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ABSTRACT

Scientific studies of poi, as reported in the literature. indicate that it is a
carbohydrate food of high nutritional quality. If it is permitted to fer-
ment for a few days, it has the unusual ability of undergoing a self-
purifying process by which the number of bacteria in it are ultimately
reduced and during which any pathogenic bacteria that might be present
are killed. The fermentation process appears to be associated with the
ease of digestion and the high assimilability of its component elements,
such as calcium and phosphorus. This trait is very important for infants
with comparatively weak digestive systems and for the aged and conva-
lescent who find digestion difficult.

The mineral content of home-mixed poi (diluted to about 18 percent
solids) compares favorably with that of white potatoes and rice on a per-
serving basis. The calcium ‘content is higher than that of white potatoes
and rice, The phosphorus content is slightly lower than that of rice and
potatoes and substancially lower than that of most enriched cereals as
listed by Bowes and Church (Appendix A, table 4). The calcium and
phosphorus of poi are well utilized by humans. On a per-serving basis,
home-mixed poi contains more iren than potatoes and rice. Analvses of
taro have shown the presence of minerals other than calcium, phosphorus,
and iron; it also comtains copper, magnesium, manganese, potassium,

" sodium, and zinc in small quantities.

Taro starch is as readily assimilated as thar of rice and more so than
potato starch. Like potatces, but unlike rice, poi has an excess ol basic
elements in the ash which may be important in building and maintaining
sound teeth. Poi in general is not a satisfactory source of vitamin A, but
home-mixed pai contains more per serving (as reported by Bowes and
Church, Appendix A, table 4) than potatoes or rice and most cereals or
cercal products, which are practically devoid of vitamin A. 1t contains
Jess ascorbic acid {(vitamin C) and thiamine than cooked white potatoes.
Rice and other cereals, however, contain no vitamin C. A serving of
home-mixed poi has a higher caloric value (and a higher carbohvdrate
content) than brown and white milled rice, white potatocs, and the en-
riched cereals. All the food values of home-mixed poi are lower than
those in an equal amount of taro because of the water that is added in
converting taro to consumable pol. _

Cooked taro compares favorably with rice. potatoes, and cereals (not
enviched} in its B-vitamin content. It has more thiamine than white rice
and about the same quantity as white potatoes and cooked brown rice.
The riboflavin and niacin contents ol cooked taro about equal those of
rice and potataes. Only the enriched cereal products have higher B-vita-
min values.

Prepared baby foods. such as Pablum and other cereals with which poi
would have to compete as a baby food, are all heavily fortified or enriched
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with minerals and vitamins, cspecially thiamine (vitamin B,), calcium,
and phosphorus.

The survey of the medical profession revealed that a majority of the
doctors in the Territory recommend poi both as a staple food for healthy
infants and children and as a food for individuals with specific health
problems. There is no substantial difference between the number of doc-
tors who consider poi a good food for children and those who so recon-
mend it in actual practice. The principa] werits of poi as a food for chil-
dren, in the opinion of territorial doctors, are that it is a nutritious carbo-
hydrate food, highly digestible, with a good mineral and vitamin content,’
and that it is well tolerated and practically nonallergenic. It is impossible
to determine from the returned questionnaires exactly how many allergies
to poi have been known, but they seem to be relatively rare.

Pot’s most popular therapeutic uses are in convalescent or soft diets,
cases of malnutrition, allergies to cereals, for elderly persons without
teeth, and for people with gastric ulcers. The specific ailments checked
depend to some cxtent on the type of practice of the individual physician.
For instance, a high percentage of pediatricians consider poi useful in
cases of malnutrition and allergies to cereals, and the highest response
from internists was for convalescent, soft diets (90 percent) and elderly
persons with no teeth (90 percent), followed by malnutrition (70 percent),
cereal allergies (60 percent), gastric ulcers (40 percent), and hyperacidity
(40 percent),

A few doctors consider poi not sufficiently sterile for a baby food or
for therapeutic use. It should be noted, however, that the questionnaire
made no distinction between canned and fresh poi. Canned poi is gen-
erally considered sterile. "There was no preponderant opinion as to
whether poi should be eaten fresh or sour. Only five doctors (4 percent
ot the 126 replying) recommended sour poi or indicated that the fermen-
tation of poi kills most of the harmful bacteria that might be present in
it before it ferments. :

The frequency of feeding poi to healthy infants and children appar-
ently depends on the individual child—weight, age, appetite, or other
factors. Most doctors suggested that babies should be started on poi at 2
to 4 months of age, 3 months being the age most frequently indicated,
The majority of doctors responding indicated that, as a baby [ood, poi
should be packaged in about 4-ounce sizes, but for therapeutic uses in 8-
to l6-ounce sizes. Response to the questions concerning cereal allergy
cases and patients on poi-containing diets was inconclusive. The only sig-
nificant conclusion derived from the suggested improvement in poi is
that almost half of the respondent docrors thought processing conditions
should be more sanitary.

Six out of 97 doctors considered the likes and dislikes of the patient or
family as 2 major factor in recommending poi. About half of the doctors
stated that they leave the choice of taste, that is, “sweet or sour,” to the
patient or family. To obtain satisfactory answers to these questions,
studies are needed to determine consumer taste preferences for poi and




whether its competitive position with other foods can be enhanced by
altering its Havor, appearance, consistency, texture, or composition.

A number of doctors said they did not know enough about poi, and
some requested data as to its food value and composition (see Appendixes
D, E, and G). This report should satisfy the nced for such information.

The institutional survey indicates that the use of poi in hospitals varies
widely. Dietitians in general regard it as high in nutritional value and
include it in many restricted diets (especially soft diets) and for children,
although some consider it merely a substitute staple carbohydrate food
for rice or potatoes. It appears that more poi would be used in several
hospitals if they could afford to buy it. Tuberculosis hospitals serve poi
to their patients to a considerably greater extent than do general hospitals
(tuberculosis patients receive an average of slightly more than T pound
per week per patient). Poi is well received by mental patients. Hansen's
disease patients are the greatest consumers among the hospitals, averaging
about 4 pounds per person per week. This may be because sufferers from
this disease seem to have unusually large appetites and consmme all food-
stuffs in large quantities. The per capita consumption of poi among
them is somewhat higher than the 3.6 pounds per weck per patient used
by a home for Hawaiians and part-Hawaiians, who might be expected to
be heavy poi users.

As to the type of people who will or will not eat poli, opinion differs,
although it seems that elderly people of any race not native to Hawail are
unlikely to eat it. People of any racial background may like poi if they
are long-time residents, and are likely to eat poi if they have been accus-
tomed to it since childhood. The preference for pot in the institutions,
among the people who eat it, depends largely upon the meat dish, more
patients choosing poi with fish than with meat. Only one institution re-
ported that children will not accept poi readily, the experience in most
hospitals being that they do.

The results of research and experiments to date Iend confirmation to
the general opinion that poi is a food of considerable nutritional value.
There is need for more laboratory research to study further the nutritive
qualities of poi and for clinical research by the medical profession to test
its usefulness in various types of disorders or diseases.
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INTRODUCTION

This study was conducted in the spring of 1951 as part of an investigation
of mainland market potentialities for Hawaiian taro products. Taro is an
important agricultural crop in the Territory. For centuries poi, the most
important taro product in the Islands, was a staple food for the Hawaiian
people, but grain foods have largely replaced poi as the staff of life in the
diet of most of the present residents of Hawaitan ancestry. However, poi
15 still a staple carbohydrate food for many people. particularly Hawaiians
and individuals of part-Hawaiian ancestry.’ It is said that the fine phy-
siques and sound teeth of the ancient Hawaiians testify to the adequacy
of their diet (1, 9, 11, 13, 16), yet that diet was lacking in two items which
are generally considered essential: grain and milk. The principal staple
foods were taro (mostly in the form of poi), fish, and sweetpotatces. The
fruits available were coconuts, bread{ruit, bananas, berries, and mountain
apples. The main green vegetable was luau, the leaves of the taro plant;
seaweeds were eafen, but as a relish rather than as a vegetable (12, 13, 14).
It is also said that the early Hawaiians consumed as much as 10 to 20
pounds of poi (30 percent solids) daily, depending on the nature of their
work and the amount of poi available (11). Since poi was consumed in
such quantities and the Hawaiians possessed such fine bodies and teeth,
it is generally assumed that poi was of special nutritional importance in
their diet.

It is unlikely that poi can be introduced readily into the diet of the
mainland adult population as a staple food, for several reasons: (1) the
difficulty of changing eating habits of the usual mainland adult; (2) the
inadequacy of taro production in Hawaii to supply an extensive mainland
market; and (3) the abundance of less expensive compcetitive foods. The
most likely immediate market for pot on the Mainland, therefore, would
be as a therapeutic and/or baby food rather than as a staple.

Before instituting research to determine the size of a mainland market

" for poi as a therapeutic and/or baby food, an investigation was made and
information assembled on the use of poi in the Hawaiian Islands for these
purposes. Literature was reviewed to ascertain whether scientific investi-
gations or clinical tests of the chemical and nutritional properties of taro
and poi substantiate the established belief that these products have spe-
cial nutritional importance. A mailed questionnaire survey ol territorial
physicians was conducted to determine the extent to which poi is recom-
mended by them as a food for healthy infants and children and for thera-
peutic use, An investigation was also made of territorial hospitals to pro-
cure information on the actual consumption of poi in the hospitals and
to obtain the comments of dietitians as to its use. A similar investigation
was made of Oahu institutions other than hospitals, such as children’s
homes and homes for the aged.



MICROBICLOGICAL, CHEMICAL, AND NUTRITIONAL
PROPERTIES OF POI

Nearly all the scientific studies on the properties of poi have been con-
ducted by the University of Hawalii, mostly in the past quarter century.
A flurry of investigations took place in the 1930's when local intérest was
high in what appeared to be rosy prospects for the manutacture and ex-
port of nutritious taro products. Basic composition studies were com-
pleted at that time, but little follow-up work in nutritional and clinical
tests has been performed. Condensed results of the important scientific
investigations conducted to date that have a bearing on the planning and
findings in this survey are presented in this section.

Poi is manufactured by a simple process of grinding the cooked taro
corm (the bulbous, potato-like, underground stem) into a paste and mix-
ing it with water. The amount of water added depends on the individual
preference. By regulations of the Territorial Board of Health,! poi can
be marketed in three consistencies: (1) that labeled “Poi” must contain at
least 30 percent total solids; (2) poi containing sufficient water to make it
less than 30 percent but not below 26 percent solids must be Iabeled “Sub-
standard Poi”; and (3} pol mixed wich water and containing less than 26
percent but not less than 18 percent solids must be lubeled “Readv-Mixed
Poi”

MICROBIOLOGICAL ASPECTS

One of the interesting aspects of fresh poi is the fermentation process
which it undergoes. When freshly ground poi is mixed with water and
left at room temperature to ferment, it smells slightly and changes from
a heavy, sticky substance to a lighter and less viscous material, acquires an
acid odor and a sour taste, and, depending on the variety of taro, bleaches
or changes color. Some consumers prefer freshly ground poi, while others
claim that it has a Aat taste and that the sour, fermented product is more
palatable.

Paiai, the cooked, crushed taro corms (not mixed with water), when
wrapped in ti leaves as done by the early Hawaiians, could be kept for
several months without fermentation. When water was added and the poi
left to incubate, it fermented (1, 11). Canned or bottled poi, sterilized and
hermetically sealed by heating, does not undergo the natural fermenta-
tion process after the container is opened. TF exposed, however, this poi
will mold or spoil in a few days. Fermentation does not occur in taro
flour or dehydrated, ready-mixed poi when water is added. In this cuse,
the acid-forming organisms normally present on cooked corms and in poi
are killed during the drving process (5). The freezing of poi also stops
fermentation.

The acid fermentation process that takes place in fresh poi is similar to
that of the souring of milk or the preparation of sauerkraut and is due
primarily to the action of lactic acid-producing bacteria (1). The micro-

*Public Health Regulations, Board of Health, Territory of Hawali, chapter 4,
scetion 5.
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organisms present attack the carbohydrates, and, as fermenration pro-
ceeds, the starch content of poi decreases slightly (3, 11). Acid production
is uwsvally very rapid within the hArst 24 hours, changing from pH 6.3 to
4.5. Acidity increases less gradually thereafter; the lowest pH is reached
during the fifth or sixth day of fermentation (1).

More recent bacteriological studies show that fresh poi, experimentally
inoculated with Epa[hogenic enteric bacteria and stored at room tempera-
ture, could purify itself—the pathogenic bacteria being killed—in about
$ days, probably in consequence of the fermentation process (6).

MINERAL AND VITAMIN CONTENT

A number of analyses have been made of the composition of taro and
poi, and, as could be expected, the findings vary with the product ana-
lyzed. The research team of Bilger and Young (3), for instance, found the
composition of fresh poi to be as shown in table 1.

Table 1.—Composition of fresh poi.

Component L Percent
Moisturc G9.3
Starch (takadiastase) 2790
Pentosans 1.3
Reducing sugars 0.5
Sucrose 0.03
Protein 0.31
Fat 0.07
Crude fiber 0.39
Ash 0.46
Phosphorus 0.057
Calcium 0.018

Earlier, Carey D. Miller (11) analyzed steamed taro corms {Appendix A,
table 1) and the composition determined approximates that in table 1.
Later, Payne, Ley, and Akau (15) analyzed air-dried, cooked taro of four
different varieties {Appendix A, table 2). Their findings show some varia-
tion in composition among taro varieties. The upland varictics contained
less starch but more of the complex sugars and ash than did wetland varie-
ties. These investigators went farther than the others and determined the
kinds and amounts of inorganic clements present in taro (Appendix A,
table 3). They found that taro contains quantitatively more potassium
than any other inorganic element. Phosphorus, calcium, and magnesium,
as well as a number of other minor elements, were found in lesser
amounts.

Again, the upland varieties, particularly Mana opelu, were the highest
in mineral content. Nutritionists at the Hawait Agricultural Experiment
Station (11, 14, 16) have been concerned also with the vitamin content of
taro and poi. The food values, including vitamin content, of taro and
home-mixed poi and those of selected competitive foods are reported on a
per-serving basis in Appendix A, table 4. Home-mixed poi (diluted to
about 18 percent solids) is used for comparative purposes because this is
the form 1n which poi s generally consumed. Standard and substandard

9
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poi (see p. 8) are considered much too viscous to be eaten readily. Ahoyt
three fourths of 2 cup of home-mixed poi is the amount of the average
Serwng_

In general, home-mixed poi has a vitamin-A content about three timeg
that of potatoes and almost as much vitamin B, (thiamine). The thiamine
content is substantially greater than that of“white rice and about three
fourths that of whole-wheat flour (16). Miller, Louis, and Yanazawa {14},
in a recent study (1947) of the vitamin values of various foods grown and
used in Hawaii, state that taro and poi are good sources of thiamine when
compared on the caloric basis with whole-grain products. Thev conclude
that, of these foods (including breadfruit, potatoes, sweetpotatoes. squash,
and pumpkin) high in starch and sugar, it would seem to be as true as of
whole grains that they have “adequate thiamine to take care of the metab.
olism of the carbohydrates which they contain. .. .”

Taro, for human use, must be cooked in one way or another to destroy
the calcium oxalate crystals in the raw corms and leaves that cause ex.
treme irritation in the mouth and throat (15).

Cooked taro is a highly nutritious, starchy food (Appendix A, table 4),
Its caloric and carbohydrate values are slightly greater than those for
cooked or baked white potatoes and brown rice but are slightlv less than
for cooked white rice. Its vitamin content of thiamine, riboflavin, and
niacin about equals that of coocked white potatoes and generallv exceeds
that of rice.> The vitamin-A content is superior to that of potatoes and
vice and all cereals and cereal products. Tts mineral comyposition compares
favorably with that of potatoes and rice and it exceeds both in calcium
content. The greatest deficiency of taro and poi is in their protein con-
tent, as compared with potatoes, rice, and cereal foods. Almost all of the
cereal foods listed in Appendix A, table 4, except rice and tapioca, are
superior to taro and poi in protein content. Most of the cereals listed
in this table are enriched with calcium and the B vitamins and cannot,
therefore, be fairly compared with taro and poi in their content of these
nutrients.

As a staple food, poi must be eaten in relatively large quantities to pro-
vide what nutritionists consider the minimum basic fuod requirements.
It has been calculated, for example, that 5 pounds of poi {30 percent
solids) daily would provide about three fourths of an adult’s daily calcium
requirement and more than the minimum daily reguirement of phos-
phorus (11). Based on the information contained in Appendix A, table 4,
it appears that the food values are somewhat lessened when taro is cooked,
milled, and diluted with water to make poi.

ALKALINITY

In some foods the acid-forming elements exceed the alkaline, and in
others the alkaline-forming elements predominate. The chief acid-form-
ing elements in food are sulfur, phosphorus. and chlorine, usually found
in meats and foods rich in protein. These foods are acidic in their effect

2 Unpublished findings of the Foods and Nutrition Department, Hawaii Agriculiural

Experiment Station.
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on the body. The important alkaline-forming elements—sodium, potas-
sium, calcium, and magnesiu_m -are generally predominant in [ruits and
vegetables (with some exceptions). These foods are alkaline in their cflect
on the body. Tn taro and poi the alkaline-forming elements exceed the
acid-forming ones (Appendix A, table 3).

It has been claimed that a diet providing the proper acid-base balance
with an alkali excess will insure sound teeth (9). When babies at the in-
fant feeding center of the Ewa Plantation Health Project (started in 1930)
were fed a diet in which poi and sweetpotatoes provided the carbohydrate
supplement (potential alkalinity of the diet, 56 to 40 cc. N alkali solu-
tion), none developed odontoclasia (a form of tooth decay). A diet in
which grain foods constituted the carbohydrate supplement (potential ,
alkalinity of the diet, 6 to 10 cc. N alkali solution), fed to another group
of children, did not prevent or arrest odontoclasia. Those who conducted
the feeding experiments attribute the beneficial results of feeding taro
and sweetpotatoes to the potential alkalinity of these foods. They believe
that the type, rather than the amount, of carbohydrate in the diet seems
to be the important factor in maintaining sound teeth in Hawaii (8).

DIGESTIBILITY

Langworthy and Deuel (10) found by experiment that the raw starches
of rice and taro root were considerably more digestible than arrowroot
and potato starches, taro starch being 98.8 percent assimilable. They con-
cluded that there seems to be a direct relationship between the size of the
starch granules and their digestibility. Payne, Ley, and Akau (15) meas-
ured the starch granule size of one variety of taro (Kau uliuli) and found
it to be approximately one tenth the size of a potato starch granule but
about the same order of magnitude as the starch granule of rice.

Studies on the utilization of calcium and phosphorus by rats and hu-
mans indicate that these elements are well utilized physiologically. The
study with rats (17) showed that the calcium and phosphorus in taro were
found to be 90 percent as readily utilized by young rats as that of calcium
acid phosphate salts (the control diet). Generally, the calcium and phos-
phorus, as they exist in natural foods, are not always as well utilized.

In a separate study (18), calcium and phosphorus balances were deter-
mined on two healthy women (a Caucasian and a Japanese) on two diets,
one high in taro and one high in white rice. Taro (in the form of poi)
furnished about 80 percent of the calcium and 40 percent of the phos-
phorus in the first diet; rice furnished about 30 percent of the calcium
and 35 percent of the phosphorus in the second diet. The conclusions
were that the calcium and phosphorus of tare are well utilized by women,
but that “the need for additional calcium balance experiments on Orien-
tal and Caucasian subjects seems indicated.”

NONALLERGENIC PROPERTIES

Historically speaking, the study of food allergies, their causes, and their
effects is of recent origin in medical and allied professions. Starch aller-
gies, especially corn and wheat, are known to be prevalent in the United
States. A review of the literature on the subject and correspondence with

11



allergists indicate that little consideration has been given to the usc of poi
on the Mainland as a substitute nonallergenic food.

Dr. Albert H. Rowe (19), in an allergy handbook published in 194,
noted that ““The most commonly eaten grains produce most allexgy. Thus,
wheat 1s certainly the chief offender in America, whereas in Japan rice,
and in the Scandinavian countries rve mav be the chief cause of allergy.”
He says of taro: "“Taro, kalo (Colocasia antiquorum esculenta) is grown
in many varieties in the Hawaiian Islands, Tahiti. Japan and the East
and West Indies as an important source of starch. Poi is fermented paste
pounded from its roots. The roots may be eaten as potatoes. The cooked
leaves are a palatable vegetable.” However, this author does not indicate
whether he has tried taro or poi in any of his allergy- -elimination diets.

Dr. Walter C. Alvarez (2) suggested taro or poi as a substitute allergy
food, saying that “This tuber is tasty and highly digestible, and so differ-
ent botanically from any American food that it should be acceprable to
many highly allergic patients.”

At one time. taro flour was produced in Hawaii by cooking the corms
and grinding them into poi which is then refngeﬁred shredded. dried,
ground and sifted. According to Payne. Lev, and Akau (15), Christine
Laird, of the University of California Hospltal in San Francisco, investi-
gated taro flour for its allergic properties. They quote her report as
follows:

Our products were made egg-, milk-, and wheat-free. They were distibued w wa-
tients attending the clinic and also to allergenic patients in the Hospital. Recires were
frequently altered to fit the restrictions of the patient's diet. AL no time did we [ind a
case which was sensitive to taro flour.

Due to the mineral and vitamin content, alkaline ash and caloric value of taro prad-
ucts they are a valuable adjunce to hospital diets.

Dr. Lawrence ]. Halpin, an allergist of Cedar Rapids. Iowa, and a con-
tributing editor to Annals of Allergy, states in a letter to Edward L. Rada
(N[arch 21, 1951) that, while stationed in Honolulu with the armed serv-
ices in World War 11, he *. .. had the opportunity to use pot as a cereal
or grain substitute, It was very satisfactory for the purpose for which it
was emploved in my patients at that time. Such substitution of poi has
not been continued since my return to the Mainland.”

In another letter to Mr. Rada (June (2, 1951), Dr. Halpin mentioned
a discussion with other mainland allergists on the paossible use of poi:

Most of the comments on poi which I have received from my fellow allergists during
the past several weeks have been made up of requests for samples of the material to try
on known wheat-sensitive or other grain-sensitive patients. None of those men that have
corresponded with me or with whom I have talked have had any personal experience
with the use of poi. They, therefore, understandably have been rather reluctant to
express an opinion other than the desire to try it and see whether such a substance

would be an adequate substitute for wheat ox any other grain to which a patient may
be allergic.

SURVEY OF THE MEDICAL PROFESSION

The survey of the medical profession was conducted by means of a mailed
questionnaire, The purpose was to obtain information from territorial
physicians on the extent to which they recommended poi as (1) a staple
food for healthy infants and children and (2) « therapeutic food for chil-
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dren and adults. The doctors were encouraged to give frank, personal
opinions about: poi and to make suggestions for improving the product
now marketed. A copy of the questionnaire is included in this report as

Appendix B.

DESIGN OF QUESTIONNAIRE

Part A of the questionnaire (Poi as a Staple Food for Healthy Inlants
and Children) was designed to determine the extent to which poi is recom-
mended as a staple food for healthy infants and children and 1ts suggested
or prescribed manner of use, It was believed important, preliminary to
inquiring about recommended use in actual practice, to learn whether
physicians considered poi a good staple food for children. If physicians
theoretically consider poi a nutritional food but do net actually recom-
mend it for children, it was felt that the reasons for the discrepancy be-
tween theory and practice might be significant. Therefore, doctors were
asked to state whether or not they considered poi a good staple food and
to give the reasons for their opinions.

Part B of the questionnaire (Poi for Therapeutic Uses) attempted to
determine the extent to which poi is recommended by physicians for indi-
viduals (of any age) with specific health problems. Several specific health
problems were listed—those which secemed (from the published data on
the nutritional value and composition of poi) the most likely cases for
which poi would be recommended. Special interest in the possible use of
poi as a nonallergenic food in cases of allergy to wheat and other cereals
prompted further inquiry along this line. Doctors were asked to state how
many persons they knew to be allergic to poi. If poi allergies were com-
mon, particularly among cereal allergy cases, its use as a nonallergenic
food would hardly be practical.

An illuminating response was not expected from Part C of the ques-
tionnaire (Suggested Improvements), except on nutritional questious,
such as whether poi should be fortified with vitamins and minerals. The
other questions were better suited to a consumer preference study, but
they gave physicians an opportunity to make known their opinions. 1f a
physician found the container, texture, color, or some other aspect of the
product objectionable, it would probably have a bearing on the extent to
which he would recommend poi to his patients.

NUMBER OF DOCTORS QUESTIONED
AND RESPONSE TO QUESTIONMAIRE

Pretested questionnaires were mailed to physicians at the addresses
listed in the “Roster of Physicians Licensed by the Territorial Board of
Health as of August 15, 1950.” The 351 physicians questioned excluded
eye, car, nose, and throat specialists, anaesthologists, and psvchiatrists,
Territorial Department of Health officials, retired doctors, those out of
the Territory, or others not in active practice in the Territory at the time
of the survey were not included in the 351 total or in any of the tabula-
tions and calculations. The exclusions were based on information ob-
tained from the Territorial Department of Health, the Territorial Medi-
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cal Association, and returned questionnaires. The locations of the 351

practicing physicians questioned and of those responding are presented
in table 2.

Table 2.—Number of territorial physicians questioned and responding and percentage
responding, by location.

Laocation Questianed Responding Percent.nge
responding
Honolulu 235 104 44.3
Rural Oahu (all areas oulside the city of

Homnolulu) 27 11 40,7
Hilo 26 9 34.6
Rural Hawaii (all areas outside the city of .

Hilo) 16 8 -50.0
Maui 24 13 542
Kauai . 16 8 50.0
Molokai 5 4 80.0
Lanali 2 2 100.0
Total 351 159 45, 3

"The total of 159 usable questionnaires (45.3 percent) returned was con-
sidered representative of the Territory’s practicing phvsicians. About 75
percent of the physicians practice on the island of Oahu (which includes
the city of Honolulu); consequently, their response materially affected the
percentage of total questionnaires returned.

Professional classification of the 351 doctors questioned and the num-
ber responding are shown in table 3.

‘Table 3.—Number of territorial physicians questioned and responding and percentage
responding, by professional classification.

Profeasional classification Questioned Responding Percentnge

: responding
General practitioners 204 .76 37.3
Plantation dociors 11 28 68.3
Surgeons 23 14 50.0
Obstemcmns—«rsnecologlsts 23 8 34.8
Specialists in internal medicine 18 11 G1.1
Pediatricians 17 14 82.4
Dermatologists—allergists 10 7 70.0
Bone specialists 193 0 0.0
Tuberculosis specialists 4 1 23.0
Total , 551 | 150 J 5.3

A composite tabulation of the number of physicians questioned and
responding by location and typc of practice is presented in Appendix C,
table 5.

FINDINGS OF THE SURVEY
Answers to the three basic questions
Do you consider poi a good staple food for healthy infants and chil-
dren?
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Da you, in actual practice, recommend to mothers that they include
poi in the diet of healthy infants and children?
Do you, in actual practice, recommend the use of poi to individuals
with specific health problems?
were tabulated and computed as percentages of the 159 questionnaires
returned. The bases used for converting the answers to questions. other
than the three basic questions, into percentage terms are indicated in the
text below.

“Do you consider poi a good staple food for healthy infants and chil-
dren?”

In answer to this question, 140 out of the 159 doctors responding
answered “yes” (Appendix C, table 6). This represenrs 88.1 percent of
respondent doctors. All 14 responding pediatricians considered poi a
good food for children and 126 other doctors (almost 90 percent of those
responding) were of the same opinion. Five answered “no”; four said they
“did not know”; and 10 did not reply. Four of these 19 doctors, in reply
to a subsequent question, however, stated that they recommend poi [or
children in actual practice (Appendix C, table 8). Tlwee of the 10 physi-
cians who did not answer th question replied that they did not see chil-
dren in their practice. The reasons given by the five doctors who did not
consider poi a good staple food for healthy infants and children are in-
cluded in the list in Appendix [». pages 00 and 00.

Physicians who considered poi a good staple food for healthy infants
and children were requested to state their reasons. Of the 149 responding,
98 (70 percent) complied (Appendix C, table 7). Many doctors listed sev-
eral reasons, the most frequent (39 percent of the doctors responding)
being that poi is nutritious, a good source of carbolivdrates or calories, or
a good substitute for cereal. (Included in this category were such answers
as “ITigher protein and calories than other baby food” and “Comiparable
to rice, potato, or bread.”)

Other more specific properties of poi were mentioned. High digesti-
bility was given as a reason by one fourth of the doctors who consider poi
a good food for children. About one out of eight said that poi is well
tolerated or at least apparently not allergenic. The high mineral content
of poi was mentioned by 23 doctors; minerals enumerated included fluo-
rine, calcium, and iron. High vitamin content was listed by about 11 per-
cent (one doctor thought it high in vitamin D). Only six doctors men-
tioned that poi leaves an alkaline ash and two that poi aids in preventing,
or at least does not contribute to, dental caries. Approximately 9 percent
(13 doctors) said that poi is palatable or well liked. Ten of the reasons
(7 percent) were rather general, simply indicating that children seem to
thrive on poi, or that observation, experience in feeding, or tests have
proved it to be a good food for children. (See Appendix D for these
Tedsons,)

“Do you, in actual practice, récommend to mothers that they include
pei in the diet of healthy infants and children?”

In answer to this question, 79 percent of the physicians who returned
questionnaires answered “ves” (either in all cases or in some cases) and
18 percent answered “no.” The remainder (less than § percent) did not
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answer the question (Appendix G, table 10). Of the 140 doctots who con-
sider poi a good staple food for healthy infants and chiidren, 122 recom-
mend it in actual practice, indicating a slight discrepancy between theory
and practice. {See Appendix C, table 8.) All 14 respondent pediatricians
recommend poi for children in their practice; 48 percent recommend it
in all cases and b7 percent in some cases. Doctors other than pediatricians
do not always recommend poi for children in their practices. Twenty
percent do not recommend it in actual practice, 36 percent recommend it
in all cases, and 41 percent recommend it only in some cases. Four doctors
did not answer the question.

Geographically, the percentages of doctors who recommend poi in ac-
tual practice for healthy infants and children differed 74 percent in
Honolulu, 78 percent in Hilo, and 91 percent in all other areas (Appendix
G, wuble 9). The § percent who did not answer the question practice in
Honoluhu.

Doctors who do not, in actual practice, recommend poi for all healthy
babies and children were asked to state their reasons. (See Appendix C,
table 11, and Appendix D for added comments.) One fourth of those who
recommend po1 in some cases (17 out of 68) gave the following reasons for
not recommending it in all cases.

Likes and dislikes of the patient was the most important reason given.
Others were that poi Is expensive and not always easily available or sterile
enough. Only two doctors felt that poi is not a necessity, and two doctors
considered the inconvenience of preparation a reason for not always rec
ommending poi.

Twenty-nine of the 97 doctors replying to this question do not recom-
mend poi at all for children in their practice. The principal reason is
that two thirds of the doctors (18 out of 29) do not see children in their
practice. Three doctors consider poi not sufficiently sterile and two others
consider the processing not sufficiently sanitary. Two doctors believe that
poi has harmful results if eaten in excess.

‘There seems to be some divergence of opinion among doctors as to the
age when the feeding of poi to infunts should begin (Appendix C. table
12). About 64 percent of the pediatricians and b5 percent of the other
doctors would start feeding poi to babies from 2 to 4 months of age.
Tliirty-two of the 126 respondent doctors (25 percent) felt that poi feed-
ing should begin after the age of 4 months. (One doctor stated that he
would not start babies on poi until they were 18 months old.) On the
other hand, 18 doctors reported that they would feed poi to infants under
2 months of age.

Phvsicians were asked how frequently poi should be fed to infants and
children (Appendix G, table 13). More pediatricians (43 percent) checked
“Not daily, but in rotation with cereal foods™ than any other answer.
Other pediatricians (21 percent) would feed babies poi “Every dav, as part
of a main meal.” None indicated “Every day, as 2 between-ineal feeding,
in a milk drink.” Some combination of the three suggested answers was
checked by almost one third of the pediatricians. One did not answer the
question. More than half of the other 112 doctors who recommend poi
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for children indicated “Not daily, but in rotation with cereal foods”: one
out of four checked “Every day, as part of a main meal”; and only 8 of
the 112 doctors checked "Every day, as a between-meal feeding, in a milk
drink.” "Fhe remainder checked some combination of the three suggested
answers and three did not answer the question.

Physicians were also asked whether they recommend that poi be fed to
children in the sweet state or the sour, or whether the chojce should be
left to parents {Appendix G, table 1), The majority of the 126 doctors
replying were rather evenly divided between the opinion that sweet poi
should be given and that the choice should be left to the parents. “Sweet”
was the answer of 42 percent of respondent doctors, and “Leave choice to
parents” of 43 percent. Only 5 of the 126 doctors who recommend poi
suggested that the sour state Is preferable. One general practitioner, who
recommends sweet poi, added “sterilized.” A plantation dector who leaves
choice to parents commented, “I always recommend that poi be heated
[boiled] before giving it to infants and babies so it will be sterilized.”
Remarks by two pediatricians were, “I recommend only ‘canned poi,’ or,
if fresh po1 is used, I request that it be pasteurized in a double boiler,
which is a great nuisance” and “I recommend sterilized poi for infants,
either sterilized at home or purchased in sterile containers (glass).”

“Do you, in actual practice, recommend the use of pui to individuals
with specific health problems?”

In reply to this question, 113 doctors (71 percent) of the 159 who re-
turned questionnaires answered “yes.” Table 15 (Appendix C) indicates
that there is little difference geographically in the opinion of territorial
doctors on this subject. More than 70 percent of the doctors in all areas
recommend poi therapeutically. Table 16 (Appendix C) shows that the
response to this question by type of professional practice varies somewhat.
"Ten of the 11 doctors who practice internal medicine recommend poi for
therapeutic use. More than 70 percent of the general practitioners and
plantation doctors (considered as one group) and pediatricians and two
out of three of the other specialists recommend poi for therapeutic pur-
pOSPS.

Reasons given by doctors who do not recommend poi for therapeutic
use are grouped in Appendix C, table 17. The exact comments are listed
in Appendix E. Six of the 43 doctors who do not recommend poi thera-
peutically gave reasons, such as not believing poi to be of any particular
therapeutic benefit or no better than or not as good as other available
foods. Five general practitioners do not recommend poi because they do
not consider it sterile enough or because it is not manufactured under
sufficiently sanitary conditions. Surprisingly, however, two of them do
recommend it in some cases for healthy infants and children. About two
thirds of the reasons given for not recommending poi for therapeutic use
indicated that the physicians had never thought of it, that no need for it
had arisen, or that they were not familiar with the food value and com.
position of poi. )

Physicians were asked to check the specific health problems for which
they recommend poi (Appendix C, table 18). Seventy percent of the doc-
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tors (79 out of 113) indicated “convalescent, soft diet” as a specific use.
“Malnutrition” was next in order, at 59 percent; “allergies to cereals”
third, at 56 percent; and “elderly persons with no teeth” next, 53 percent.
Poi is also recommended for gastric-ulcer patients (81 percent), nursing
mothers (19 percent), prenatal cases (18 percent), and hyperacidity cases
{15 percent),

Almost all pediatricians recommend the use of poi in cases of malnu-
trition and allergies to cereals. Two pediatricians included answers in
addition to those checked—"Sometimes it helps constipation” and “Use-
ful during febrile illness, because of palatability.”

Internists, on the other hand, indicated almost unanimously that they
recommend the use of poi when a convalescent, soft diet is required or for
elderly persons with no teeth. A majority recommend poi for malnutri-
tion and allergies to cereals. It is also recommended extensively for hyper-
acidity, gastric ulcers, and nursing mothers. One internist prescribes the
use of poi in mild gastroenteritis, and another in certain types of colitis.

General practitioners and plantation doctors (81 percent) indicated
“convalescent, soft diet” more than any other therapeutic problem as the
principal reason for recommending poi. More than half recommend it
for cases of malnutrition, elderly persons with no teeth, and allergies to
cereals. Poi is recommended by this group less frequently for gastric ul-
cers, nursing mothers, prenatal cases, and hyperacidity.

Other therapeutic problems not listed on the questionnaire but for
which physicians stated they have prescribed poi are: “Weight gaining
diets”; "some cancer patients”; “supplementary feeding”; “nervous dyspep-
sia”; and "feeding problems.”

Replies to the questions asking how poi should be fed (sweet or sour)
showed that 66 percent of the doctors who recommend poi for therapeutic
use would leave the choice to the patients; 23 percent specified sweet poi
and 4 percent sour poi. A few stated that their recommendation depended
on the individual case (Appendix C, table 19).

“How many ‘at home’ patients now under your care are on a poi-
containing diet, at your recommendation?”

This question was answered by less than half of cthe doctors who recom-
mend poi for therapeutic use (Appendix C, table 20). Of the 62 doctors
who answered the question, 44 had patients on a poi-containing diet, and
18 did not. ‘

In connection with the above question, physicians were asked “How
many of them have cereal allergies?” The responses to this question were
such that it is impossible to show a relationship between cases of cereal
allergies and the number of individuals on poi-containing diets. Neither
was 1t possible to ascertain exactly how many individnals are allergic to
poi (Appendix G, table 21). Seventy-nine percent of the 154 doctors re-

turning questionnaires stated that they have never known of anyone aller-.

gic to pal, and 12 percent did not answer the question. Only 9 percent
(14 doctors) indicated that they have known of poi allergy cases, Seven of
these doctors were pediatricians. Six doctors have each known of only one
individual allergic to pol. The other eight answered as follows:
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“1 have no definite figures on allergic reactions to poi. 1 probably see
five or six a vear. Cereal allergies are much more frequent—more so
in mainland practice.”

“A few.”

“Five or six suspected, never confirmed in whole group. Two patients
definitely allergic to poi.”

“Only two cases.”

“Several—perhaps two to six.”

“Unknown.”

“Rare case.”

“About 1 percent, roughly. Have not time to go through my records
but from memory would say this figure is about correct.”

SUGGESTED IMPROVEMENTS IN POI

The percentage of doctors responding to the section on suggested
improvements in poi was not high, and a wide variety of opinions was
obtained from the doctors who did respond. (See Appendix F for remarks
of doctors.) "Should be a uniform color” was checked by 41 doctors (26
percent). The preferred colors were diverse, including gray, pink, lav-
ender, vellow, white, red, brown, and purple. Seven doctors checked
“IT'exture should be changed,” and four said that either it should not be
changed or that the texture does not matter. A total of 41 doctors (26
percent of respondents) expressed an opinion on the question of fortify-
ing poi with vitamins. Twenty-six of them thought poi should be [ortified
with vitamins; 10 doctors said it should not be; and 5 doctors said it was
not necessary. “Fortify with minerals” elicited a response from 33 doctors,
17 of whom thought poi should be fortified with minerals; 10 doctors said
it should not be; and 6 doctors said it was not necessary. Forty percent of
the 159 doctors returning questionnaires thought the price of poi should
be lower; 31 percent said the product is not sufficiently sterile; and 45
percent thought that processing should be more sanitary. Dehydrating to
a powder form was considered a good idea by 41 (25 percent) of the doc-
tors returning questionnaires.

In response to “Preferred type of container,” 27 percent of the 159 doc-
tors indicated glass, 9 percent tin, 20 percent cellophane bags, and 44 per-
cent had no specific preference or did not answer the question.

Forty-nine percent of the doctors responding indicated a preference in
size of container for baby food: 12 percent indicated 1 to 2 ounces; 18
percent, 2 to 4 ounces; 13 percent, 4 to 8 ounces; and 6 percent, 8 to 16
ounces. As a therapeutic food, 41 percent of the 159 doctors indicated
preferences for size of container: 3 percent, 2 to 4 ounces; 14 percent, 4
to 8 ounces; 22 percent, 8 to 16 ounces; and 2 percent, 2 pounds.

Several interesting comments and suggestions were made by doctors,
and considerable interest was shown by them in the various aspects of poi
as a local baby and therapeutic food and for potential sale on the Main-
Iand. Some doctors commented on their personal experience with poi—
two said they did not like it themselves, two said they were brought up
on it, and five mentioned the beneficial effects of poi on their own chil-
dren (Appendix G).
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Several questionnaires returned by doctors not in active medical prac-
tice were not usable for tabulation but nevertheless contained pertinent
information. Their comments are listed in Appendix G.

INSTITUTIONAL SURVEY

The Hawaii Diet Manual (7) includes poi as a mid-afternoon poi cock-
tail in its recommended “full, house, regular, or general diet” and in
many restricted diets. The latter diets include light or convalescent,
edentulous, soft, full liquid, bland, modified Meulengracht, low residue-
smooth, anemia, diabetic, pregnancy and lactation, elderly, and normal
children’s diets. Poi is also suggested as a substitute food for wheat aller-
gies in infants (as Taro-Lactin or plain Taro-co). Publication of this
manual was approved by the Honolulu County Medical Association and
by the Hawaii Territorial Medical Association for the use of doctors, hos-
pitals, clinics, plantations, and schools.

It was deemed of interest to ascertain the extent to which hospitals and
other allied institutions include poi in the diets of individuals under
their care. Therefore, Oahu hospitals and institutions such as homes for
children, elderly pcople, and indigents were surveyed in the sprlng of
1951 to obtain information on the use of poi. Personal interviews were
held at all Oahu institutions with head dietitians or other officials work-
ing with diets for patients, except for three plantation hospitals which
were questioned by letter. Similar information was obtained by personal
interview from most of the hospitals on Hawaii, Kauai, and Molokai.
The remaining hospitals were questioned by letter. Answers were not
received from five hospitals on Maui.

HOSPITALS
‘The weekly consumption of poi in territorial hospitals at the time of
the survey is shown in table 4.

Table 4—Amount of poi consumed per week by patients in territorial hospitals in
spring, 1951,

Island Hospitals Paitients Poli)::x:::"':m
namber number pounds
QOahu (includes one plantation health center) 21 5,264 2,041
Hawaii 10 366 340
Kauai 3 188 99
Molokai 2 275 1,125
Maui (five hospitals did not respond) 2 200 430
Lanai 1 i —
Total U89 | 6208 | 4085

For the purpose of classification and analysis, the 39 hospitals. are
grouped by types as follows: general, plantation, tuberculosis, leprosarium,
mental, private (convalescent homes and doctor-owned and -operated),
children, and maternity. See Appendix C, table 22, for tabulation of hos-
pitals by types, number of patients, and poi consumed per week.
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Sixteen general hospitals in the Territory, with a total of 2,524 patients,
reported the use of 461 pounds of poi per week. In one large hospital
serving rice three times a day, poi is fed twice a dav to tuberculosis pa-
tients, but to others only at their specific request. Those who request poi
constitute less than 10 percent of the total number of patients and are
mostly Hawaiians and Orientals. Qccasionally a doctor will recommend
poi to children in allergy cases. In another large general hospital, poi is
served twice a week to those patients who choose it instead of rice or pota-
toes (10 to 15 percent of the total patients), but is given in the form of a
poi cocktail to all soft-diet patients at 10, 2, or 8 o'clock, or oftener if
desired. Poi is included in the elimination allergy diets.

In three out of four medium-size general hospitals ($120- to 270-bed
capacity), doctors occasionally recommend poi for children with allergies
and for gastric ulcer cases, and it is included in other restricted diets (soft,
diabetic, low sodium-high calcium). In one of these hospitals, poi is served
on the house diet three times a week and would be used every day if the
price were lower;3 practically everyone likes it except elderly Caucasians
and Orientals. In another medium-size hospital, about one out of eight
patients requests poi regularly instead of rice or potatoes (sometimes three
times a day) and about half want it on “fish days.” If this hospital could
afford it, poi would be served to the staff also. Another hospital, which
scrves poi once a week with fish, would put it on the regular menu if the
price were lower; it reported good results with children. The other
medium-size general hospital serves poi only when it is specifically re-
quested (only about I out of 85 asks for it), it is never on the house diet;
and the dietitian “would not think of using it as a substitute for whole-
grain cereal,” believing that “one serving of poi per week might be all
right,” but that “it is no better nutritiénally than rice or potatoes,” and
that “doctors have gone too far in recommending it, without checking the
food value.” ‘

Sixty percent of the 16 small general hospitals (less than 120-bed ca-
pacity) reported that doctors occasionally recommend poi (in two of the
hospitals, for sick babies); 40 percent reported that doctors do not. In 50
percent of these small hospitals, poi is included on restricted diets without
recommendation from doctors, but the patient is given a choice between
poi and rice or potatoes. Only one third of the small general hospitals
occasionally inctude poi on the regular house diet. Two of the 16 small
hospitals do not serve poi unless it is specifically requested. One hospital
does not serve poi at all, but would if the price were lower.

One small hospital would like to give poi to all babies and serve poi
cocktails to all soft-diet patients but cannot afford to do so at present
prices. In another hospital, Hawaiian patients bring their own poi.

Comments from three of these small hospitals are as follows: (1) No
trouble with children under 8 or 10; among Orientals, the 30- to 40-year

3 Paying 20 cents per pound in February. The average retail price of poi per pound
in February 1951 was 20.6 cents; of rice, 11.7 cents; of polatoes, 6.3 cents (from the
records of the office of Research and Statistics, Territory of Hawaii, Departinent of
Labur and Industrial Relations).
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age group is most likely to eat poi; (2) Orientals do not like it; (3) Fili-
pinos will not eat it.

In six plantation hospitals, patients receive poi only upon specific re-
quest; in one case it is used “for special occasions.” One plantation hos-
pital reported that poi is recommended for home use in children’s diets:
another, that more would be used if the price were lower: and in four,
doctors occasionally recommend it for specific cases. One hospital reported
that poi is given to anyone who wants it as often as desired.

A plantation which operates a health center (not included in the six
above-mentioned) includes poi in school lunches for 250 children who
consume 240 pounds of poi per week and has fed it for 20 vears to chil-
dren from 3 months to 6 years of age.

The four tuberculosis hospitals, with a total of 994 patients, reported
consuming 1,112 pounds of poi per week. The largest (in which about 95
percent of the patients arc Orientals) has poi on the menu cvery day. and
patients may choose it instead of rice or potatoes. On fish days practically
evervone wants poi, elderly Orientals being the least likely to select it.
This hospital also has requests for poi cocktails. Children receive poi
every day.

Another tuberculosis hospital indicated that poi is on the menu every
day at noon and that many Filipinos and Japanese like it, even emplovees.
In the other two tuberculosis hospitals, patients who choose poi instead
of rice or potatoes may have it. One hospital reported that the demand
varies with the meat dish, those wanting poi being mostlv Japanese and
Filipinos who learned 1o eat it as children.

Approximately 560 Hansen's disease patients consume about 1.425
pounds of poi per week. It is served every dav and practically all the
patients eat it.

One mental hospital, where 450 pounds of poi are needed for one meal,
does not purchase it regularly. It is sometimes used in edentulous diets
but is rarely served to all patients; when used, it is served with a fish meai.
More would be used if the price were lower; the hospital cannot afford it
when the price rises above 14 or 15 cents a pound. (In this hospital, too,
there is the problem of washing the poi off the stainless steel plates by
hand before they are put into the dishwashing machine; this entails added
labor.)

The other mental hospital serves poi twice a week (600 pounds per
week) and reported that all 700 patients seem to like it. About 50 chil-
dren (epileptics and those without palates) on liquid diets also reccive it
regularly,

Both children’s hospitals reported that children take poi very well. It
is served on the regular house diet, and one hospital gives it to babies and
all those on soft diets.

The maternity hospital gives poi to the patients who prefer it to pota-
toes or rice. Only about 6 percent of the patients ask for it, and they are
mostly Hawaiians and Portuguese.

Ol the six private hospitals {capacity 8 to 50), two reported that doctors
accasionally recommend poi for ulcer patients and high-carbohydrate,
high-caloric diets. Four serve poi in the house diet (in two cases, once a
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week), one reporting that “all races like it,” and another that “patients
do not take to poi cocktails.” One hospital reported that its clientele is
largely Oriental and that Flawaiian patients bring their own poi.

OAHU INSTITUTIONS OTHER THAN HOSPITALS

Homes for indigents, children, and the elderly, caring for a total of
1,283 persons, reported using approximately 385 pounds of poi per week.
Kamehameha Schools, with 768 boarders, consume 345 pounds of poi [or
one meal per month. Poi would be served twice as often if the price were
lower.*

A home [or men and women of any age who are at least part Hawaiian,
with 55 people, serves poi once a day, using 200 pounds per week. Every-
one eats it, including four diabetics, .

A home for children, with 46 girls ranging trom 5 to 18 vears of age,
uses about 20 pounds of poi once a week. All eat poi, and twice as much
would be used if the price were lower.

A home for men of any age or race, with about 70 at present, uses 50
pounds per week, and poi is served twice weekly. Most of them eat it.

A home for girls (53 at present, ranging from 3 to 18 years of age) uses
24 pounds of poi every Friday with a fish meal. About three fourths of
them eat poi.

A home caring for 71 boys serves poi only every 3 or 4 months, having
tried it once a week and finding that the boys did not particularly like it.

Four other institutions use no poi at all: (1} a home for children (car-
ing for 70 at present, between 5 and 16 years of age) reported that “lots
of children do not like it”: the home served poi once daily up untit 2 vears
ago; (2) 2 home for elderly Chinese men (100 at present) reported that
“0ld Chinese men do not use it"; (3) a home for unmarried expectant
mothers (25 at the time of the survey) reported that poi is too expensive,
and, although nutritional, it is too starchy for pregnant women; little rice
or potatoes are served either; (4) a home for Caucasian women over 63
years of age (25 at the time of the survey) reported that most of the
women have resided in the Islands only a few vears and many will not eat
any native foods.

* Paying 15 cents per pound in February 1931.
& Paying 22 cents per pound in February 1951.



APPENDIX A
Chemical and Natritional Properties of Poi

Table 1.—Composition of steamed taro corms.

Component Percent
Water 64.0 s
Pratein (NX6.25) 1.18 i
Fat {ether extract) 0.169 a\
Starch (acid hydrolysis) 29.31 £
Starch {saliva hydrolysis) 24.56
Sucrose 1.40
Reducing sugars 0.391
Ash 0.588
Calcium 0.0263
Phosphorus 0.0612

Source: Carey D. Miller, “Food Values of Pai, Taro and
Limu,"” Bernice P. Bishop Mus. Bul. 87: 3-23. 1827,

Table 2.—Composition of air-dried cooked taro by varieties.

‘Wetland varieties Upland varieties
Component

Piialii Piko uliuli Lehuoa palaii | Mann opela

percent percent percent percent
Moisture (vac. 70°-75° C. for

18 hours) 6.60 6.37 640 .05

Starch 71.60 73.70 69.60 69,12
Ash 1.76 148 1.83 238
Crude fiber 1.45 1.31 1.17 1.68
Dextrins 047 0.48 0.35 0.95
Ether extract . 0.54 0.52 0.47 0.68
Peutosans 2.48 2.87 2.06 8,40
Protein (nitragenx6.25) 1.75 185 191 2.36
Reducing sugar 0.49 0.48 0.66 077
Sucrose 0.08 0.10 0.10 0,09

Source: J. H. Payne, G. J. Ley, and George Akau, “Processing and Chemical Investigations
of Tarc,”” Hawaii Agr. Expt. §ta. Bul, 86, 1941. .

Table 3.—Inorganic elements in air-dried cooked taro, by varieties.

Wetland varictics Upland varieties
Component

Piialii Piko ulinli Lehus palaii Mana opeln

percent percent percent percent
Ash 1.91 1.54 1.96 248
Calcium 0.059 0.089 0.106 0.16%
Chlorine 0.081 0.069 0.084 0.109
Copper 0.0001 0.0003 0.0004 0.0001
Iron 0.0050 0.0043 0.0042 0.0050
Magnesium 0.054 0.082 0.086 0.114
Manganese 0.0012 0.0010 0.0001 0.0001
Phosphorus 0.119 0.150 0.113 0.274 \'
Potassinm 0.500 0.408 0.632 0.879 N
Sedium 0.0076 0.0066 0.0020 0.0042 '
Sulfur 0.0196 0.0147 0.0296 0.0316 4
Zing 0.0001 0.0001 0.0003 0.0007

Snurce: J. H. Payne. G. J. Ley, and George Aksu, “Processing snd Chemical Investigations
of Taro,” Hawaii Agr, Expt. Sta. Bul. 86. 1841,
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Table 4.—Food values of selected foods based on pottions commonly used.
YVitamine
A imat Fd g 2 i
roximate . =
Food é Pproxime £ .5 E | ,c| 5 £ g : P
- 2 s a 2 = | AR a | &®
E Sid |& (S8 |u|&|<|F |#|&|<3|r | « 5 =
m, — Em gm. KT Tx‘ ? mg. 71u‘ NEE TE T‘ ;1;&_— ? acid I);xs_e I
Vegetables &
Vegctable Products:
Toi, fresh (17%, solids) 200.00 |34 cup 124| 1.2 0 |302( 24| 58} 12 70| 96| — | —| 10| —|[— —| L0
Potataes:
Paked {wt. without skin) | 100.00 | I medium, 214" diam. | 98| 24| 0.1(225| 13| 66| 08 20| 110} 50 L4 17| O 106 A
Boiled, unpeeled 100.00 | 1 potato, 234" diam. 83| 2.0 01,191 1i| 56| 0.7}, 20| lo0| 40| 1.2 15} 0 00| 4
Taro:
Hawaiian, stcamed* 100.00 | % cup, cubed 130 12| 02|81.1| 26| 61| 09 75|105 — | — 51 0 — 8
Janancse (dasheen) 100.00 | 4 small 66 14, 01(153( 13 32| 02 BOj125| —; — 41 0 — 7
Cereals & Geveal Products:
Cream of wheat, 5 minutef | 28.35 | % cup, cooked 100| 3.4| 03207 143 1601201 O ! 150| 84| 04| O 0 1
Tarina, Quaker, enrichedt | 28.35 | %4 cup, cooked 103 29| 0.1 |21.8) 125| 32| 1.5 O [125| 77| 10| O [ 400 A
Gerher's barley cerealy 23.35|1 oz., 13 ths. 107 88| 1.0j20.7( 137 232119.6; O | 570| 170| 29| 0 i3 3
Cerber’s coreal foodt 93.35|1 oz, 11 ths. 108] 441 1.1]202]| 158] 251]|17.6| 0 | 570 160| 2.1 0 1] 3
Gerber's strained oatinealt | 23.35 |1 oz., 13 ths, 111 46| 22182 141| 248|153 O | 370 140| 14| 0 4] 3
Tabenaf 28.35 | %4 cup, 12 ths. 100! 40| 06198 227| 210 85| (0) [ 300 — | — | © ¢ (03 A
Pahlum| 28.35 | %4 cup, 12 ths. 105| 43| 09193 221 184) 85| (0) | 300 100| — | 0 0 14 3
Rice:
Brownt 23.35 | 1 oz., 34 cup, cooked 102 211 05(220( 11| 83| 06| (0) | 91| 14| 13] 0© i 2
White, milledf 93.35 | | oz., %4 cup, cooked 103] 21| 0.1}225 7| %9 02| (| 20 8| 05| @ 0 |22 1
White, coked 168.00 | 1 cup 201 42| 021440 13| 76| 05| (0) | 20| 101 07| © ¢ {36 A
Tapioca, gronulatedt 10.00 | 1 tbs. 86| 01| Tr.| 86 1 i 01| (0y| © 0 0 0 0 | Neuteal | Tr.
Wheatcna+ 28.36 | 24 cup, cooked 101 29| 06121.7 8] 93| 01| (0) 371 43| 14 [} 0 |31 5

* Values alter cooking.

1 Dry weight before cooking.

Source (excepl for poi): Anna de Planter Bowes and Charles F.

Church, Food Velues of Fortions Commonly Used. Tth ed.

Philadelphia, 1951,




APPENDIX B

Medical Profession Questionnairs

Professicnal Title (Pediatrician, Plantation Doctor, City or District Island
General Practitioner, ete.)

Part A—POI AS A STAPLE FOOD FOR HEALTHY INFANTS AND CHILDREN
Do you consider poi a good staple food for healthy infants and children? [ Yes [ No
If you do, please state your reasons: - .

Do you, in actual pracuce, recommcnd to mothers that they mc]ude poi in the diet of
healthy infants and children? [J Yes, in ail cases. [ Yes, in same cases. []No.
1f you do recommend poi,
At what age should the feeding of poi be started? ......_....mos. old
How shouid it be fed: a. [J Every day, as part of a main meal.
[] Every day, as a between-meal feeding, in a milk drink.
[0 Not daily, but in rotation with cereal foods.
b. [0 Sweet. [JSour. []Lleave choice to parents.
If vou do not, in actual practice, recomwmend poi for all healthy babies and children,
please state your reasons: . - O —

Part B—POI FOR THERAPEUTIC USES {Health Food)
Do voil, in actual practice, recommend the use of poi to individuals with specific health
problems? []Yes. []No. [JSometimes,
If you do recommend it,

Tor what problems: [ Allergies to cereals [ Malnutrition O Hyperacidity
O Gastric ulcers [J Prenatal [ Elderly persons
[] Convalescent, soft ] Nursing mothers with noe teeth
diet

[J Other {enumerate) ___ R

How should it be fed: [JSweet. []Sour. []Leave chmcc to patient.
How many “at home" patients now under your care are on a poi-containing diet, at
your recouunendation? ... persons. How many of them have cereal allergies? ..
Tf you do not, in actual practice, recommend poi for therapeutic use, please state your
reasons: . . ~
How miny children or adults have you ever known to be allergic to poi? ..

Part C—SUGGESTED IMPROVEMENTS IN POI
[ Should be a uniform color......c.....(prelerred color
] Texture should be changed .. .. _{preferred texture _
O Fortify with vitamins..__._ . (which vitamins: _.
[ Foriify with minerals ... (which minerals?
[ Price should be Iower. [ Processing should be more sanitary.
[ Product is not now suiliciently sterile. [ Should dehydrate to powder form.
Preferved type of container: [JGlass. [J Tin. [] Cellophane bag.
Preferved size of container: For baby fuud, ... oz. For health food, ..oz
Remarks: . e ottt

" (Optional)



Tabulatad Respanses of Physicians

APPENDIX C

Table 5—Number of practicing physicians in the Territory of Hawaii questioned in
poi survey and number and percentage responding, by location and type of practice,

spring 1951.*

34.6 i 50.0

= = . = .
Type of practice g EE 2 ; E 4 5 ] E ]
@5 | & B2 | 28| 2 | &4 | 2 | 3
General
Number questioned [ 137 17 20 7 9
Number replied 53 6 5§ 2 3
Percentage response 387 | 353 | 25.0 | 286 33.3
‘Plantation
Number questioned — | 10 1 9 7
Number replied — 5 1 6 5
Percentage response — | 500 |100.0 | 66.7 71.4
Surgery
Number questioned 27 — I — —
Number replied 13 — 1 — —
Percentage response 48.1 — [ 100.0¢ — -
Obstetrics-gynecology
Number guestinned 21 J— 2 — —
Number replied 7 — 1 — _
Percentage response 333 | — | 500 — —
Intexmal medicine
Number questioned 17 — 1 — —
Number replied 10 -~ 1 — —
Percentage response 58.8 — | 100.0 — —_
Pediatrics
Number questioned 17 — — — —
Number replied 14 — — — —
Percentage response 82.4 — — — —
Dermatology-allergy
Number questioned B — —_ —_ -—
Number replied i — — — —
Percentage response 75.0 — — —
Bones
Number questioned 6 — — — —
Number replied 0 — — — —
Percentage response 0.0 — — — —
Tuberculosis
Number questioned 2 — 1 — —
Number replied 1 — 0 — —
Percentage tesponse 500 | — 00} — —
Total
Number questioned | 233 27 26 16 16
Number replied 104 11 9 8 8
Percentage response 44.3 | 407 50.0

68.3

G1.%
17
834
10

70.0

* Type of practice based on information obtained from the Territorial Medica)l Society, Mabel
Smyth Duilding, Honolulu ; excludes territorial doctors now on the Mainland ar in foreign coun-
tries, Board of Health officials, or doctors who are retived or for other reasons are not engaged in
practicing ; includes hogpital residents and interns on Medical Society and Board of Health rosters.
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Table 6.—Number and percentage of doctors responding, by professional classification,
to the question: “Do you consider poi a good staple food for healthy infants and

children?”
Doctors other
Replies Pediatricians than pedintricians Total doctors
responding respending responding
number | percent | number | percent | number | pereent

Yes 14 100.0 126% 86.9 140

No 0 0.0 5 3.4 5 31
Do not know 0 0.0 4 2.8 4 2.5
Did not answer 0 0.0 10t G.9 10 6.3
Total 14 100.0 145 100.0 159 100.0

* One peneral practitioner remarked, “A staple food for young and old.”
T Two obstetricians, one internist, one medical resident, three general practitioners, and three

BlUTZEONE,

Table 7.—Number and percentage of doctors responding, by professivnal classification,
to the question: “If you do, please state your reasons.” (Do you consider poi a good
staple food for healthy infants and children?)

Doctors other

Reasons Pediatricians than pediatricians
responding reiponding
number | percent | number | percent

Nutritious, good source of carbohy-

drates or calories, or goad substi-

tute for cereal 8 57.1 47 37.3
Highly digestible 6 429 29 23.0
Mineral content k] 21.4 20 15.9
Well-tolerated or apparently not

allergy preducing 7 50.0 11 8.7
Vitamin content 1 7.1 14 11.1
Palatable or well-liked 5 35.7 8 6.3
Observation, experience. or tests .

show that children thrive on poi — — 10 7.9
Alkaline ash 1 7.1 5 4.0
Readily obtainable 1 7.1 4 32
Ease of preparation 1 7.1 3 2.4
Self sterilizing, contains yeast

hacteria — 3 2.4
Economical or relatively inexpensive| — — 3 T 24
Aids in preventing, or at least is

not conducive to, dental caries — — 2 1.6
Helps to regulate bowels —_ — 2 1.6
Easy to teach infants on the spoon 1 7.1 — —_
Good for child slow te gain —_ — 1 08
Tairly good source of protein — - 1 08
Total giving reasons* 12 85.7 86 68.3
No reasons given 2 14.3 40 317
Total doctors responding 14 100.0 126 100.0

Total doctors
reaponding

nomber | percent
55 303
35 25.0
23 16.4
18 12.8
15 10.7
13 9.3
10 7.1
6 4.3
5 3.6
41 2.8
3 2.1
3 2.1

2 14
2 14

1 0.7

1 0.7
1 0.7
98 70.0
42 50.0
140 100.0

* Oglumns do not add up Lo the figures shown because some doctora gave more than one reason.
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Table 8.—Number and percentage of doctors responding, by professional clussification,
to the questions: “Do you consider poi a good staple food for healthy infants and
children?” and “Do you, in actual practice, recommend to mothers that rhev include
poi in the diet of healthy infants and children?”

Doctors other

Replies Pediatricians than pediatricians Total doctors
responding respanding responding
_ namber | percent | number | percent | number | percent
Consider poi 2 good staple food for
healthy infants and children
Recommend it in actual practice 14 100.0 108 74.5 122 76.7
Do not recommend it in actual
practice 0 0.0 18 124 13 13
Do not consider pei a good staple
Eood for healthy infants and children .
Recommend it in actual practice| — — 2 14 2 | 13
" Do not recommend it in actual
practice — — 3 21 3 19
Do not know whether poi is a good
staple food for healthy infants and
children
Recommend it in actnal practice| — — 1 0.7 1 0.6
Do not recommend it in actual
practice — —_ 3 2.1 3 1.9
Did not answer whether consider
poi a good staple food for healthy
infants and children
Recommend it in actual practice — — 1 0.7 1 0.6
Do not recommend it in actual
practice — — 5 3.4 5 32
Did not answer — —_ 4 279 4 25
Total doctors responding 14 100.0 145 100.0 159 100.0

‘Table 9—Number and percentage of doctors responding, by location, to the guestion:
“Do you, in actual practice, recommend to mothers that they include poi in the diet

of healthy infants and children?”

Replies Honolulu Hilo Rural* Totnl
nimber | percent | number | percent | number | percent | number | percent
Yes 77 74 7 78 42 a1 126 79
No 23 22 2 22 4 9 29 18
Did not answer 4 4 0 0 0 0 4 3
Total 104 100 9 100 46 100 £50 100

* All areas on all islands other than Honelulu on Gabu and Hile on Hawaii.
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Table 10.—Number and percentage of doctors responding, by professional classification,
to the question; “Do you, in actual practice, recommend to mothers that they include
poi in the diet of healthy infants and children?”

Doctors other

Replies Pediatricieans than pediatricians Total doctors

responding reaponding responding
. number | percent | number | percent | namber | percent
Yes 14 100.0 112 772 126 793
In all cases 6 429 G2* 35.8 58 36.5
In some casest B 57.1 60 414 68 42.8
No ¢ 0.0 29 20.0 29 18.2

Do not see children in their

practice 0 0.0 18 124 18 11.3
QOther reasons given 0 0.0 10 6.9 10 6.3
No reason given 0 0.0 1 0.7 1 0.6
Did not answet 0 0.0 4 28 4 25
Tatal ‘doctors responding 14 1000 145 100.0 159 100.0

* One general practitioner sanid: “Unacceptable in certain femilies because it is cheap” [im-
plying pride, not cost]. A plantation dector said: “Home-made poi may be contaminated with
germs in preperation.”

+ Eight doctors in this group checked both *“yes, in all cases” and “ves, in some cases,” but
are not included in the “yes, in ail cases” group. One dector included in the '‘ves, in some cases”
group checked alse “yes, in mll capes” and *“no.” One plantation doctor snid: 'From time to
time have nsed it for infant feeding especially when we distributed feedings to homes.”

‘Table 11.—Number and percentage of doctors responding to the question: “If you do
not, in actual practice, recommend poi for all healthy babies and children, please
state your reasoms.”

Reasons

respondent

Recommend
in some cases,
bhut not in

all cases

Do not
recommend
in actwal
practice
Total

doctors

number namber number percent

T

Do not sce children in their practice

Likes and dislikes of paticat or family

Expensive

Not sterile enough, high bacterial count

Not always easily available

Processing not sufficiently sanitary

Do not know enough about the food value

Not a necessity

Ineanvenience of preparation

Harmful results if eaten in excess

Does not keep well

Eaten fresh instead of sour, has caused gastro-
enteriLls _

Poi sensitivity in children 1

Makes children have loose siools 1

Low iron content 1

- I lO)O»—-v—'bﬁlOV“ml

Faol | rerel ol | 2
»—-l-orom;;aw;nmmo:;
:—!ogay:g.omoommcv;

S0DD Db = = hO 10 10T

— e —
—

Total giving reasons* ’ 17 28 45
No reasons given 51 1 52

T
bl
=0

Tatal dectors responding 63 29 97 100.0

* Columns do not add up to the figures shown because gome doetors gave more than one reason.
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Table 12—Number and percentage of doctors responding, by professional clussification,
to the question: “If you do recommend poi, at what age should the feeding of poi
be started?” (Do you, in actual practice, recommend to mothers that they inrtude
poi in the diet of healthy infants and children?)

Doctors other
Replies Pediatricians than pediatricians Total doctors
responding respanding responding
namber | percent } number | percent | number | percent
Up to and including 2 months 4 28.6 14 125 18 4.3
From 2 up to and including 4
months hthd 61.3 61 54.5 70 35,6
From £ up to and including 6
months 1 7.1 22 19.6 23 18.2
Over 6 months 0 0.0 9’ 8.0 9 7.1
Did not answer 0 0.0 6 54 G- 4.8
“Total doctors responding 14 1000 | 112 100.0 123 100.0

* One said: “Because wheat is B very frequent cause of infantile eczema—I do not start in-
fants on cereal until 7 months—nplsa relatively low pancreatic amylase secreted to digest starchee
in infancy (Andersen’s work). I prefer poi at 4 months--easier to digest.”

Table 18.—Number and percentage of doctors responding, by professional classification,
to the question: “If you do recommend poi, how should it be fed?” (Do vou, in
actual practice, recommend to mothers that they include poi in the diet of healthy
infants and children?)

Dactors other

Replies Pediatriciang than pediatriciana Total dectors
responding responding responding
) number | percent | humber | percent | number | percent
“Every day, as part of a main meal” 3 214 28 23.0 31 246
“Every day, as a between-meal feed- .
ing, in a milk drink” 1] 0.0 8 7.0 8 6.3
“Not daily, but in rotation with
cereal foods” i} 42.9 39 h2 65 51.6
.Different combinations of these
-three answers 4 28.6 14 12.5 18 14.3
Did not answer 1 7.1 3 27 4 32
‘Total dactars responding 14 100.0 112 100.0 126 160.¢

Table 14—Number and percentage of doctors responding, by professional classification,
to the question: “If you de recommend poi, how should it be fed?>” (Do vou, in
actual practice, recommend to mothers that they include poi in the diet of healthy
infants and children?)

Doctors other
Replies Pediatricians than pediatricians Total doctors
responding respondinp responding

number | percent | numher | percent | number | percent
214 50 446 53 42,

0.0 I 1.5 ] 3.9
429 48 429 54 42.9

Sweet,

sSour

Leave choice to parents
Different Lrmbination of these

MmO

three answers 214 1 0.9 4 5.2
Did not answer 14.5 8 7.1 10 7.0
Total doctors responding 1| 1000 | 112 | 1000 | 126 | 1000
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Table 15.—Number and percentage of doctors responding, by location, to the question.
“Do von, in actual practice, recommend the use of poi to individuals with specific
health problems?”

Replies Honolalu Hilo Rural* Total
number | percent | number | percent | number | percent | number per'(:ent
Yes or sometimes 75 70.8 7 718 31 704 113 711
No 29 27.3 2 22.2 12 273 43 27.0
Did nol answer 2 19 0 0.0 1 2.3 3 1.9
Total doctors
responding 106 100.0 9 100.0 44 100.0 159 100.0

* All areas on &l] islands other than Honolulu on Oahu and Hile on Hawail.

32



139

— . Q.

Tahle 16—Number and percentage of doctors respounding, by professional cinssilication, to the question: “Do you, in actual practiee,
recommend the use of poi to individuals with specific health problems?”

General practi- Al oth
Repliea pla;itoant?:: ‘:lzgtnm Pediatricians TInternists speci“all::s Total
- nwgnber | percent | number b;rtent number | percent | number | percent ;;nﬁ- 77percg
Yes aned sometimes*® 73 70.2 10 714 10 909 20 66.7 113 711
Not 30 28.8 4 28.6 i 91 8 26.7 43 27.0
Did not answer 1 1.0 0 0.0 0 0.0 2 6.6 3 19
“Fatal dotors responding 104 | 1000 14 | 1000 11| tooo | 80 | w06 | 139 | 1000

* Qommenis: “Many mainland Caucasiang and Orientals cannot eat poi becanse of its looks and not accustomed to it”. gencral pructili‘oner‘
“Gomd deal depends on nationalities and individual lastes™—plantalivn doctor. “Is a fuml and not a draw, 2 vitamin'’- -plantation doctor. “Think
iL is a good food but very Few people seem to like it"—surgeon.

+O1f this group, 27 recommend pni as a staple food for healthy infants and children: 13 general proctitioners, 9 plantation doctors, 4 pediatri-
cians, 1 suvgeon.

Tabte 17.—Number and percentage of doclors responding, by professional classification, to the question: “1f you do not, in actual
. practice, recommend poi for therapeutic uses, please state your reasons.”

General practi-

ATl ather

has not arisen
value of pai

other {oads just as good
I'roduct not sifficiently sterile; or

Never thought of it

Total giving reasons
e Pl

. *
0TS GIVeD

l'otal dactors respending

Reasons tinners an Pediatricians Internists by
plantation dectors . spccialists
number | percent | number | percent | number nerce? number peru.:nt
o special indication fot its use; or need
7 233 2 50.0 — — 4 50.0
Do not know encugh about the food
4 13.3 — — 1 100.0 1 12.3
Poi of no special therapeutic use; or
4 13.3 1 25.0 — — 1 12.5
processing should be more sanitary 5 16.7 — — — — — —
3 10.0 — — - — — —
25 | 766 | 3 75.0 Vo | 6 | e
7 23.4 1 25,0 — — 2 250
30 | 1000 1 | 1000 1| 1000 s | 1000

* Commert of one general practitioner : '“Not prescribing poi as

mend poi as n staple food for healthy infants and children.

yet—may eventuwlly.” A}l nine other doetors, wno

Total
nu:nbcx mem
13 30.2
6 14.0
G 4.0
] 11.6
3 70
33 76.8
10 REBY
13 100.0

did not give reasons, recora-
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Tahle 18 —Number and percentage of doctars responding, by professional c]assiﬁmlion, to the questirm: “IE you do recommend it,
for what problems?” (Do you, in actual practice, recommend the wse of poi 1o individuals with specilic health prahlemss)

Gn_nernl practi- . . All other
ta s otal
Problems plaf]‘fﬁl;‘;::[l:]:tcltnrs Pediatricians Internist specialists Tota
number | percent | number | percent | number | percent | number | percent | numher | percent

Convalescent, soft diets 59 80.8 2 20,0 2] 90.0 9 45.0 it 69.9
Malnutrition 47 644 8 80.0 7 70.0 G 30.0 GY 59.3
Allergies to cereals 41 56.2 9 90.0 6 60.0 7 35.0 63 55.7
Elderly persons with no teeth 44 60.3 — — 9 90.0 7 35.0 GO h3.a
Gastric ulcers 26 35.6 — —_ 4 40.0 5 25.0 35 31.0
Nursing mothers 16 219 1 10,0 3 30.0 1 5.0 21 18.6
Prenatal 16 21.9 —_ — — — 2 10.0 20 17.7
Hyperacidity 10 13.7 — — 4 40.0 1 5.0 15 13.8
Other problems 8 11.0 2 20.0 2 20.0 3 150 15 13.3
Tutal who checked problems* 71 97.5 10 100.0 10 100.0 19 95.0 110 97.3
Did not answer 2 2.7 — — — —_ 1 5.0 3 2.9
Total doctors responding 73 100.0 10 100.0 10 100.0 20 100.0 113 100.0

* Columns do not add up to the figures shown because some dactors checked more than one problem.

Table 19.—Number and percentage of doctors responding, by professional classification, to the question: “If you do recommend it,
how should it be fed?” (Do you, in actual practice, rccommend the use of poi Lo individuals with specific health problems?)

General practi-
Replics _ tioners and Pediatricians Enternists
plantafion doctors

ATl ather

specialists Total

number | percent | nnmber | percent | number | percent | number | percent | number | percent
Sweet 17 28.3 3 30.0 2 20.0 4 20.0 26 23.0
Sour 3 4.1 0 0.0 1 10.0 0 0.0 4 3.5
Leave choice to patient 47 64.4 (i 60.0 7 70.0 15 75.0 75 66.1
Different ways in dilferent cases 5 6.8 1 10.0 0 0.0 0 0.0 6 5.3
Did not answer 1 14 0 n.0 0 0.0 1 5.0 -2 1.8
Tatal doctors responding 73 100.0 10 100.0 1 100.0 20 100.0 113 100.0




tients now under your care are on a pol-containing diet, at your recommendation?

_Table 20.—Number of doctors responding to the question: “How many ‘at home' pa-

Have patients

Do not have

Professivnal ¢\nssification on poi-contain- | patients on poi- | Did not answer Total
. ing diet containing diet

General practitioners and

plantation doctors* 32 12 30 74
Obstetrician-gynucologists 1 2 4 7
Internal medicine 2 1 7 10
Pediatricians 6 0 4 10
Dermatologists—allergists 2 1 2 6
Surgeons 0 2 4 6
Total doctors respording 44 18 51 118

* Includes one tuberculosis specialist.

Table 21.—Number of doctors responding, by professional classification. 1o the question:
“How mauny children or adults have you ever known to be allergic to poiz”

Doctora who
have knawn

Doctors who
have never

Prafeasionsl cigsgification cases of poi knowhn cases of Did not answer Total
allergy poi allergy
General practitioners g* 64 9 76
Plantation doctors 1%% 24 5 28
Obstetrician-gynecologists — 7 ] 8
Internists 2+ 8 1 2
Pediatricians Tt 6 1 14
Dermatologists—allergists 1§ 6 — 7
Surgeons — 10 4 14
Tuberculosis specialists — 1 — 1
Total doctors responding 14 126 19 159
Percentage of total doctors
" responding 9 79 12 100
* Two replied, 1 case each; ane replied, “exact number unknown.”
** One replied, 1 case.
+ One replied, 1; the other replied, ''rare case.”
1+ Twa replied, 1 case each; the others replied, “2,” “2 to 8 a year,” G or 8 a year,” “a few,”

*“5 or 6 snspected (2 certain).”

§ One replied, "1 percent roughly.”




Table 22—Number of patients and amounts of poi consumed in hospitals in the’
Territory of Hawaii, spring 1951.

. Patients i Patients who eat Poi consumed per
Type of hospital nt;:;nit';llthe poi (approximate) week (average)
General hospitals pounds
Hospital 1 1.200 75 200
Hospital 2 425 135 20
Hospital 3 270 120 90
Hospital 4 160 30 20
Hospital b 92 10 40
Hospital 6 85 1 4
Hospital 7 65 6 12
Hospital 8 38 8 4
Hospital 4 36 32 24
Hospital 10 36 0 *
. Hospital 11 30 5 14
Hospital 12 24 3 8
Hospital 13 24 0 0
Hospital 14 20 0 d
Hospital 15 15 12 25
Hospital 16 4 1 *
Total 2,h24 458 461
Plantation hospitals*
Hospital 17 33 0 0
Hospital 18 27 2 5
Hospital 19 20 2 2
Hospilal 20 14 0 0
Hospital 21 10 o 0
Hospital 22 5 0 0
Tozal i 109 4 7
Tuberculosis hospitals
Hospital 23 600 600 350
Hospital 24 169 a7 425
Hospital 25 138 69 250
Hospital 26 87 20 a7
Total 994 776 1,112
Leprosariums -
Hospital 27 200 260 1,100
Hospiral 28 99 80 325
Total 359 340 1,425
Mental hospitals
Hospital 29 1,100 t 154
Hospital 30 700 700 600
Total 1,800 t 734
Private hospitals
Hospital 31 30 5 10
Hospital 32 18 2 5
Hospital 33 15 13 4
Hospital 34 6 0 0
Haospital 35 6 t 1
Hospital 36 4 1 1
Total 9 t 21
Children’s hospitals
Hospital 37 80 80 20
Hospital 38 28 28 10
Total 108 108 30
Maternity hospitals
Hospital 30 75 3 5
Total, all bospitals 6,048 ? 3,795
Plantation health center 250 250 240

* Given only when specifically requested by patient.
7 Number not known.
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APPENDIX D
Comments on the Use of Poi for Healthy Infants and Children

Reasons given by physicians for considering poi a good food for healthy infants and children,
included in categary "Observations, experience, or tests show that children thrive on poi

Remarks by docters who gave no other reasen:
“Because it is”"—general practitioner.
“Weight gain is pood”—plantatien dactor.
"Long usc has demonstrated”—dcrmatologist.

“Though I do not know the actual nutritional value, I suspect it is good as the ¢hil-
dren do well on poi’—general practitioner. .

“Clinical results and tests”—general practitioner.

"It has been proved at the Ewa Health Center.” "Feeding children from 3 months ta

6 years of age at Ewa Plantation Health Center for 20 years"—gceneral practidoner.
Remarks additional to reasons listed in other categories:

“. .. because my children like it and are healthy”— (horacic surgcon.

“Enfants fed on poi appear healthy”—general practitioner.

“. .. the Hawaiians seem to have done well an it”"—plantation dactor,

Comments of physicians who recommend poi for healthy infants and children in actual prac-
tice, in some cases, but not in all cases
“Poi is expensive and has the disadvantage of not keeping like the dried precooked
cereals such as Pablum, Pabena, Gerber ontmeal, cte.—pediatrician,
"Expensive {relatively) and sometimes not 2vailable"—general practitioner.
“High bacterial count”—general practitioner..
- “It is inconvenient for some parents to acquire poi in ‘small amounts™—general prac
titioner.
*Most Orienial families do not have available daily poi; do not belicve 130i so essen-
tial that I insist they buy poi daily just to feed infants"-—general practitioner.
“Chinese and Japanese families do not eat poi regularly as do the Hawalians™ -gen-
eral practitioner.
“Product not sufficiently sterile” and “processing should be more sanitary”—gencral
practitioner.
“Likes and dislikes"—internist.
"It is too expensive for many parents; many commercial cereals are less cxpensive
and about as good. It is also a lot of bother"—plantation doctor.
"No food shounld be prescribed to the exclusion of others. Manv of mv patients can-
not tolerate poi hecause of sensitivity to it, even though it is mostly carbohvdrile—
allergist.
“I recommend it for those families in which parents and other children already cat
oi and like it and want it as a part of their diet from now on"—obstetrician—
P P
gynecologist.
“Not a necessity—cost is high for food value received”—general praciitioner.
“Thase thzt are accustomed to its use or would like to try it"—general practitioner.
“Nonavailability (at times in this district [Wahiawa]}, low iron content™ —plantation
dactor,
“II the mother wants it. I do not know enough about the cemposition of poi 1o say
one way or the other’-—general practitiones.
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Comments of physicians who do not, in actual practice, recommend poi for healthy infants
and children

“. .. frankly know very Htele ahout the food value of poi, so 1 have had nothing to
do wirh it until now —internist.

“Pai, so often eaten fresh instead of sour, has been the cause in some instances' of
severe gastroenteritis”—general practitioner.

“Not convinced it is being produced under sufficiently sterile condilions to recom-
mend as infant and children's food”—general practitioner.

“Poi hecomes contaminated casily although it is fairly safe to cat when sour. Acidiry
Lills most bacteria”——general practitioner.

“Personally I do mot think we know much about the foad value of poi ourselves.”
“Certainly, 1 do not care to prescribe the crude poi for infant use”—general pracri-
tioner.,

*., . because it is staple diet anyway among Hawaiians and they get it to excess, plus
an excess of milk, leading frequently to a dietary anemia"—general practitioner.

“Tou concentrared as source of carbohydrate—chiidren eat too much—ohesity is a
disease —surgeon.

“Not sufficiently sterile”—general practitioner.

“Any objection to poi is purely personal, caused iargely by the caliber of poi tactories
in the Territory which are anything but a sanitary source of food production. If
and when theit staudavds are such as to cqual at least those of a dairy or where pure
food is processed. by at least mainland standards, then and then only will T prescribe
poi more frequently. The Board of Health has done much to improve this situation”
——general practitioner.

Remarks by doctors who do not advise on children

“No actual contact with pediatrics, but would recommend if I were .. SM—surgeon.

"I do not do this type of work, but if T did, I would certainly use it"-—surgeon.

APPENDIX E ,
Comments on Poi for Therapeutic Uses
Comments of physicians who do not, in actual practics, recammend poi for therapeutic use
“There are other good and sometimes better foods for sick babies'-—general practi-
tioner.
“Using hypoallergic and other diets, other than poi”—general practitioner.

“Product is nat now sufliciently sterile, and processing should be miore sanitary”—
general practitivier.

“People who eat poi continue to eat it. Others will not tolerate il”—general practi-
tioner.

“Am not aware of any therapentic value in poi™—plantation doctor.
“Have no real reason for its use”—general practitioner.

“Most of the patients for whom I might recommend it already use it, either regularly
or occasivnally”—plantation doctor.

“Have not come across problem for specific need”"—pediatrician.
“Am not aware of any special advantages of poi for therapeutic use"—pediatrician.

“In pediatric practice we do not recommend any food as health foods, but if there
are any allergies, poi wouid of course be considered just as we would also consider
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other types of carbohydrates to replace the offending cereal ar foods”—pediatrician.
“Only because I am a general surgeon instead ol a pediatrician”—surgeon.

“Have never considered it"—plantation doctor.

“Ignorance of therapeutic value of poi"—generul practitioner.

“I might use it more if I knew more of its properties”—plantation doctor.

“Being unfamiliar with it personally, it does not occur to me as a staple food"—

surgeon,
APPENDIX F

Comments Regarding Suggested Improvements of Poi
Color
Preferred color, pink: "Purple poi is generally unappetizing”—dermatologist. Pre-
ferred color, red: “Kauai red”—gencral practitioner.

Preferred color (other than pink, red, or gray): "“Lavender”—general practitioner;
“Gray or pink’—plantation doctor; “Red-hrown’—general practitioner; “Gray. pink-
ish gray”—general practitioner; “Yellowish or purplish™—general practitioner;
“Lighter"—general practitioner; “Red, pink, blue-gray"—general practitiener:
“Natural"—general practitioner; “White"—pluntadon doctor; “Butter-vellow"'—
general practitioner; “Purple”—pediatrician; "Softer”—general practitioner; “Darker
brown'—internist; “Present color not appetizing ta beginners"—general practitioner;
“Could use only piele variety; tao hard fo control all seurees” —internist.

Texture .
‘Texture should be changed. Preferred texture: “Mixed thin and straincd’; “finer’;
“solid form would be better for new users”; “smooth and thin”; and “thin.”

Texture should not be changed. “Doesn’t matter'—general practitioner.

Remark not tabulated: “I should think improvement in taste would be the main
prablem as I know of only a few people from the Mainland who can eat it because
of its unpleasant taste which may be in some part related to its texture.”

Vitamins

Should fortify with vitamins, Suggested vitamins: “Thiamine, miacin. riboflavin,
ascorbic acid"—internist; “B-complex group"—two general practitiouners: ““probably
B complex"—internist; "B complex and C"—general practitioner; “B. C. and I'—
two general practitioners; “"Muluiple vitaminz”"—two general practitioners: “C, B"—
surgeon; “B group and G if possible”—plantation doctor; “many as possible”—tuher-
culesis specialist; “B group and C'—planzation doctor; “whatever is lacking”—plan-
tation doctor.

Should not fortify with vitamins. "Buy separately’—internist.

Not necessary to fortify with vitamins. “Doesn’t matter’; “questionable™; “fortifica-
tion only when other diet has definite deficiency.”

Minerals
Should fortify with minerals. Suggested minerals: “Calcium and iron™ three gen-
eral practitioners; “calcium and phosphorus™—two general practitioners: “iron"—two
general practitioners and two planration doctors; “iron and copper’—plantation
doctor (“baby does not get enough iron early in diet”); “whatever is lacking”—
plantation doctor.

Should not fortify with miperals. “Buy separately”—internist.

Price should be lower
“It would be used more if same cost as cereal”—pediatrician. Another pediatrician
says price should be lower “if possible.” "Especially bottled "—general practitioner.

Pracessing should be more sanitary
“For fresh poi'--pediatrician. Another pedialrician adds that he recommends fresh
poi be sterilized for infants, “For sweet poi”—dermatologist. “Have no firsr-hand
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knowledge of interiors of poi factories but outside appearances and locations of spme
suggest that improvement in sanitation is needed”—surgeon. “From stories I hear”
kpl.mmuon doctor.

Product is not now sufficiently sterile
Onc pediatrician qualifies “Fresh product ' One general practitioner qualifies that
the preduct is not now “uniformly” sufficiently sterile.

Wat talnilated: "“Must be sterile to he sold in cans, the aciduric bacteria take care of
palhogens"—internist. “Some brands of bottle poi very sterile now"—pediatrician.

Should dehydrate to powder form
“Would be useful for mainland use"—pediatrician. Another pedmmman says “\Iay-
be.” “Tarolactin is well liked and tolerated but too expensive”——pediatrician. "If
could be precooked and palatable, I believe the dry form like Pabena, Pahlum,
Gerber oatmeal, etc., would definitely have great value”—pediatrician.

General practitioners: “Possibly.” "“Dehydrated in powder form would be the best
marketing method.” “For certain purposes.”

Plantation doctors: “Might be more economical and casier to ship.” "“Think it
would be preferable either in powder form ot more diluted.”” "“Turolactin is very
good.” .

Internist: “Would help.” Dermatologist: ““This would be ideal'” Surgeon: “Good
idea. If in powder form, clean and easy to handle.”

Corments of physicians regarding preferred type and size of container
Tin. "“No glass!"—ypediatrician.
Cellophane bag, “For everyday use’—general |)1acnuoner “But smaller sive’—

gcnenl practitioner. “Have never used canned poi as bulk poi of good guality is
alwavs available’ —plantation doctor. “Cheaper’—plmtation docior.

Gluss or tin. "Tin for dehvdrated poi''—general practitiener.

Glass or cellophane bags. “Coniainer determizes price or cost. Daes not maller as
lang as bacterial count is low”—pediatrician. “Glass tor infants, cellophane b g [or
ehildren”—pediatrician. “Celiophane bag for local use"—general practitioner. “Glass
for individuals whe use small amounts of poi, cellephane bags for families who are
accustomed to eating poi”—dennatologist.

Tin or cellophanc bag. “Cellophane bag for local consumption only”—plantation
doctor.

Miscellancous. “Paper cartons’'—general practlitioner. “Tin, cellophane bag, and
cardboard carton”—general practitioner. “I would say depends upon whether it is
shipped far and upon the economical status of the people in various economical
environments: for Hanalei type of rural people, cellophane bags; for Honolulu, glass
or tin, ete.'"—plantation doctor and general practitioner.

APPENDIX G
Miscellaneous Comments
Suggestions which have not been tabulated
“There should be a greater supply”—internist.

“Taro cakes and pancakes, muffins, etc., are more palatable to most haoles”—general
practitioner,

“Should be used for allergic childlren; other reasons mot so good for Mainland since
competition is too severe”—internist.

“Investigate guick-frozen; shredded or flaked like dry cereal. Chips were good but
seldom avnilable; also deep-fat fries, taro aunches with coconut”-—general practi-
tioner.
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“I believe that unless the price can be greatly reduced it should be markeied as a
food for allergic babies or adults. The mistake with Tarolactin was thar milk pre-
ducts were mixed with the tavo product, which, therefore, was of no value in most
cases. It might well be rarketed through some large industrial concern like Gerber,
as they should be about ready for a new low-allergenic food”—pediatrician.

“Also consider taro for export—sliced or in chunks—for making patties or frving in
slices (like potaroes)”—general practitioner.

“A more uniform source of supply”"—plantation doctor.

“More people would eat poi if directions for preparation (i.e., mixing) were more
available and if its beneficial effects were promulgated (e.g., yogurt, brewer’s yeast,
etc.) "~—obstetrician,

“Poi is an excellent food for everybody, but at present it is not attractivelv marketed
for the non-Hawaiian population”—general practitioner.

“Mainlanders as a rule do not Jike poi. There is not enough to supply the island
. demand”—general practiticner.

“An improvement could be made in the favor as most people have v develop a

taste for it as it is now"—physiologist.

“I da uot feel that peaple not accuscomed to rthe taste of poi would find it palatable

enough for 2 health food"—plantation doctor.

Requests for information about poi on questionnaires received from doctors
"1 would like to have the chemical analysis and the price of poi made known to the
doctors, We wonld then have somerhing to compare with other foods”—general
practitioner,

“Please send me an analysis of poi”—plantation doctor.
“1 should like any published data you have on poi”"—plantation Aoctor.
"Would appreciate literature”—internist.

"I have been back in the Islands 6 months and, frankly, know very little about the
food value of poi, so 1 have had nothing to do with it until now. Where can 1 get
information on the subject?”—internist.

“Here poi i5 largely home-prepared, I am personally nnacquainted with local com-
mercial processing. Suggest that the Experiment Station could render a greater
service in roaking food components of all island fruits and vegetables more widely

known, especially to physicians"—internist.
“Do not know exact mineral and vitamin content; suggest testing all brands and
circularizing results”—general practitioner.

“Let us have some scientific data on use”~—surgeon.

Remarks on personal experience of respondents
“1 am not a pediatrician, buc I accasionally see babies and children for diabetes and
heart discase. My own two children have been on poi since 2 months"—general
practitioner.
*“It is nurritious and a good wholesome food. Being Hawaiian, T was naturally raised
on it and it continues as a main part of my diet. I have never known anyone who
eats poi to suffer a deficiency disease”—dermatologist.

“I was brought up on poi with milk and poi with fish as an infant and during youth.
Never had a very sick day until T was not able to eat it regularly”—mdustrial physi-
clan and surgeon. )

“Don't like the stuff myself, so each individual to his own taste”—general practi-
tioner.

“I consider it a good food for healthy infants and children because of its known
calaric content, and because my own children like it and are healthy”—surgeon.
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“Dao na pediarrics. However, poi added to formula satisfied one of mv own children
at 3 to 4 months, when all (and I mean alll) other foods failed to satisfy his hunger,
Method: evaporated milk formula thickened with poi; holes in nipple enlarged with
red hor ice pick"—obstetrician.

“No actnal contact with pediatrics, but would recommend poi il T were. My owp
children began eating it at 4 months; everyday, as part of main meal; sweet poi"—
surgeon. .

“1 doubt if poi would ever have much appeal on the Mainland because of its taste;
I feel you must learn to like it; T personally dislike it and don’t recommend it unless
others in family like it and it will always be available”-—obstetrician—gynecologist.

Comments not noted elsewhere
“Mav I add an interesting commentary concerning poi. While I was training at the
Children's Hospital of Harvard Medical School in Boston, a baby was brought in by
his Army Officer father, He came to sec me to learn where he could obtain poi for
his child. The 8.5, Pierce Company of Boston carried poi in stockl”—pediatrician,

“You can laufich a good food like poi especially for infants but it will take a lot of
maney for advertising on a national scale”-—pediatrician,

“This should be another industry for Hawaii to chalk up both for local and main-
land markets"—plantation doctor, Hawaii.

“Poi powder is marketed on the Mainland by a Berkeley firm—Galen B Company-—
wider a different name. It was extensively scudied by the University of Galifornjia
Hospital. Poi is one item to make Hawail industrially prosperous. 1 am in hearty
approval of popularizing poi”—pediatrician.

Comments contained on unusable questionnaires
“Good source of thiamine, riboflavin, calcium, and phosphorus.”
“Few allergies.”
“Nat teo many calories and nonallergenic.”

“Good source of calcium, phosphorus, and boron as well as easily digested carbohy.
drates, etc.”

“Nutritious and forms bulk."”

“Poi has more vitamins and minerals than polished rice. Poi can be used as a
variety.” ’

“Supplies needed calories in an easily digested form.”
"Readily utilized by my own children on pediatrician’s recommendation,”
“We use poi at home principally because we like it.”

“Children ger pai in families using this staple. It is too expensive to be purchased
especially for children in families not using this food for all members.”

“We are receiving poi in large wooden barrels, which are unsanitary. Improvements
along this line woull help a great deal. Canned products on the markets have a
peculiar fioury raste”—hospital dietitians. .

“individualize all diet prescriptions whether for poi, potato, or other food stuffs.”

“We have used poi as an alternate for cereal or potatoes and have been under the
tmpression that few, if any, babies were allergic to the food.”
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Poi appears to be well tolerated by babies. Its use may be considered
in the potentially allergic infant, particularly when there is a family

history of cereal allergy.

USE OF POI IN THE PREVENTION OF
ALLERGIC DISEASE IN POTENTIALLY

ALLERGIC INFANTS

ALEXANDER ROTH, M.D,, ROBERT M. WORTH, Ph.D., and

PREVENTION of disease has been
an aim of medicine for many years. At-
tempts to prevent allergic disease, how-
ever, were not made until quite recent-
ly. Early in this century reports of un-
favorable reactions to cow’s milk began
to appear. It was also noted that
the introduction of egg, wheat, and
orange juice into the diet of infants fre-
quently caused trouble. Schless and
Worthen,'” Ratner and Gruehl’® and
others explained this by showing that
proteins can pass unchanged through
the intestinal wall into the circulation
and set the stage for the production of
antibodies. Applying this knowledge,
it was found that many children could
be relieved of their allergic symptoms
by eliminating the offending foods from
their diets. This left somc patients in
whom allergic symptoms, once started,
continued unabated, in spite of the best
possible management. Others, although
their symptoms subsided, went on to
develop other allergies. It seemed
therefore desirable to avoid initial sen-
sitization if at all possible. Glaser and

From the Department of Pediatrics, Kaiser
Foundation Hospital, and Departments of
Public Health and Nutrition, University of
Hawaii, Honolulu, Hawaii,

VorLume 25, SEpTrmpER, 1967

IRA ]. LICHTON, Ph.D.

Johnstone*® suggested that this could
be achieved by omitting the early feed-
ing of allergenic fouds to the potential-
ly allergic child. They felt that this not
only lessened the incidence of allergy
in intaney, but somehow prevented or
decreased the development of allergy
in later life as well. Although their
studies as well as the conclusions
reached*™® have been criticized,'2* a
later prospective study using a larger
sample produced similar results.* The
management of the potentially allergic
child calls for avoidance. of egg. cow’s
milk, and cereal during the first few
months of life. From a practical point
of view, egg avoidance is relatively
simple. Several milk substitutes are
now available to the mother who can-
not nurse her baby. There remains only
the problem of finding a good cereal
substitute, since even rice may be al-
lergenic,®*%1® and all cereals are closely
related members of the grass family.
Fortunately, such a substitute exists
in the form of poi made from the tarc
plant (Colocasia esculenta). The plant
is shown in Figure 1. It has been used
for centuries by Hawaiians as food for
infants and adults. Poi is made by
mashing and straining the boiled or
pressure-cooked underground stem
{corm) of the plant. Poi may be con-

501




POl IN THE PREVENTION OF ALLERGIC DISEASE—ROTH ET AL

TABLE I. COMPOSITION OF PO! COMPARED WITH RICE

Pra-  Fat CHO

Cale-  tein

Ca P Fe Thia- Ribo- C

mine flavin

ries gm gm gm mg mg ma meg meg mg
Pai, fresh .
(17% salids) 67 0.5 0.1 16.0 11 22 6.4 42 15 5
100 grams .
Rice, white
cooked 120 2.5 0.1 26.2 g 8 0.3 12 9 0

{unenriched)
100 grams

sidered as mainly a carbohydrate food.
Its composition has been analyzed?-1#:2
and is given in Table I, which also
shows the composition of rice for com-
parison.

The first suggestion that poi be used
as a cereal substitute in allergic persons
was made by Alvarez in 1939.* Glaser”
became interested in its use for infants
in 1963 and found it to be well toler-
ated. The present study was under-

taken to test his experience on a larger
scale.

Methods

Physicians in five Honolulu gronp
practices cooperated in a study to test
the use of poi in potentially allergic in-
fants. A potentially allergic infant is
defined as one who has a parent or
sibling with major allergy. Mothers
who agreed to participate in this study

Fig. 1. Taro {Colocastu esculenta} from which poi is made.

ANNALS OF ALLERGY

e e el e = v ver



POI IN THE PREVENTION OF ALLERGIC DISEASE—ROTH ET AL

were asked to start their infants on
breast or soy bean milk. Babies were
alternately assigned to one of two
groups, one receiving poi, the other
rice cereal, beginning at about six
weeks. The mothers were advised not
to add other foods during the first four
months of life. Babies who received
forbidden foods were dropped from the
study. Table II shows the four hypo-
allergenic regimens and the composi-
tion of each group.

Surveillance was carried out by tran-
seribing dietary and clinical data from
each infant’s record for each clinic visit.

. Table IIT lists the items from the clin-
ical record used in determining pres-
ence of allergic discase. It should be
stressed that these symptoms, particu-
larly those involving the gastrointestinal
tract, may also occur in the nonallergic
baby.

An infant was considered to be ade-
guately observed if he was seen at least
three times during the first four months
of life. At the end of this period, the
clinical record for each infant was en-
tered onto a new card bearing only a
code number without dietary or other

TABLE 11. NUMBER OF INFANTS
ASSIGNED TO EACH OF FOUR
HYPO-ALLERGENIC REGIMENS

Soy Milk Breast Milk
Rice Cereal 30 25
Poi 49 28

TABLE I11. LIST OF ENTRIES ON
CLINICAL RECORD USED IN
DETERMINING PRESENCE OF

ALLERGIC DISEASE IN INFANTS

Colic Excessive crying

Gus Nasal stuffiness
Yomiting Mucus in chest

Diarrhea “Wheezing (bronchespasm)

Constipation Eczema

identifying data. These cards were
then presented to two pediatricians
who judged independently if allergic
disease was present. Three choices
were permitted: “Yes,” “No,” and “Not
sare.” If there was any disagreement
between the two judges, or if they were
both “Not sure,” the card was submitted
for a third independent judgment,
along with some cards on which there
was no disagreement,

TABLE V. DISTRIBUTIOK OF 132 HONOLULU INFANTS BY
DIETARY REGIMEN, RACE, AND SEX

Soy Milk Breast Milk Breast- Sey o

Male Female Male Female Maie Female Total

Rice Cereal Caucasion 7 4 1 0 4 0 16

lopanese 5 4 0 0 1 3 13

Hawaiion Part-H. 1 5 1 2 4 1 14

Chinese 0 1 1 0 0 2 4

Other 2 1 0 1 1 3 8

Poi Caucasian "4 11 3 0 2 1 21

Japanese n 10 0 1 0 3 25

Hawaiian Part-H. 3 4 0 1 3 2 13

Chinese 0 ¢} 1 1 1 0 3

Other 0 2 0 1 4 4 11
Poi- Cavcasian 0 0
Rice Cereal Japanese 0 0

Hawaiian Part-H. 0 1 1

Chinese 1 o] )

Other 1 1 2

Totals 35 44 7 7 20 19 132

VoLuMEe 25, SEpTEMBER, 1987
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TABLE V. DISTRIBUTION OF 132 HONOLULU INFANTS AMONG
TWO JUDGES AND ONE REFEREE AS TO FRESENCE OR
ABSENCE OF ALLERGIC SYMPTOMS

Respense of Judges Yes-Yes Yes-No Yes-? 2.? No-? No-No Total
No. of Infants 6 5 7 4 25 85 132
No, Submitted to 3 5 7 4 25 2
Refefee
Response of Referee Yes Yes ? No Yes ? No Yes ? No Yes ? No No
3 0 3 331 0 22 3 418 2
Final Allocation Yes ? No Yes ? .? ? No Neo
of Cases 6 32 3 4 4 7 18 85
Totals Yes ? " Ne '
' 9 18 105 132

TABLE ¥YI. DISTRIBUTION OF INFANTS WITH DEFINITE OR
POSSIBLE ALLERG'C DISEASE BY ORGAN SYSTEM INVOLVED

Definitely Questicnably
Organ system invelved allergic allergic
. Respiratary only 2 16
Respiratory and skin 3 1
Respiratory and Gl 2 1
Respiratory, skin, and Gl 1 0
Gl and skin 1 0
Totals 9 (6.8%) 18 (]3.6%)

Results

Of 191 infants who started in the
study, 59 were dropped for the follow-
ing reasons:

Seen less than three times during fol-
low-up period—25 intants

Added other foods or otherwise broke
regimen—=25 infants

Seriously ill—in the hospital fre-
quently—one infant

Severe, definite gastro-intestinal in-
tolerance of soy milk (before poi
or cereals started )—eight infants

Table IV shows the distribution of
the remaining 132 infants by dietary
regimen, sex, and race, with the infants
who were shifted from one regimen to
another listed separately. The racial
distribution corresponds closely to that
found in the general population on the
island of Oahu { Caucasian 29 per cent,
Japanese 29 per cent, Hawaiian and
part-Hawaiian 18 per cent, Chinese 6
per cent, other 18 per cent).? It is un-

504

fortunate that the number of infants
breast-fed throughout the first four
months was too small for useful an-
alysis.

The diagnosis of allergy in early in-
fancy tends to be difficnlt and subjec-
tive. It is therefore instructive to see
the evaluations of the two judges and
the one referee (summarized in Table
V). ,

Table VI shows the distribution of
children with definite or suspected al-
lergies by symptoms. The low inci-

.dence of atopic dermatitis and the pre-

ponderance of respiratory involvement
is- of interest. It is encouraging that
only T per cent of these high-risk infants
developed allergies during the four
months observation period. As might
be expected, the breast-fed babies
fared best and all remained symptom
free. Of those receiving cow’s milk
substitutes, four out of 55 given rice, .
and five out of 73 fed poi showed signs

of allergy.

ANNALS OF ALLERGY
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TABLE VII.

DISTRIBUTION OF 132 HONOLULU INFANTS BY DIETARY

REGIMEN AS TO PRESENCE OF ALLERGY DURING THE FIRST
FOUR MONTHS OF LIFE

Soy Breast Breast— Soy Combined Totals
: Yes ? No Yes 7 HNo Yes No Yes ? No
Rice c 7 23 i 0 6 1 4 11 40 55
7.3%  20.0% 73%
- Poi 3 4 38 0 1 7 16 5 7 61 73
6.8% 9.6% 84% -
Poi=Rice 0 0 4 9 18 101 ‘128
2 = 2.885 (2d)
*Excluded fram y* analysis. p=025

Conclusions

1. Seven per cent of 132 potentially
allergic children developed definite
symptoms of allergy during their first
four months of life while on a hypo-
allergenic diet.

2. Infants fed rice cereal and those
fed poi (taro) had a similar risk of
developing allergies.

3. Poi was well tolerated by babies.
Its use may be considered in the po-
tentially allergic infant, particularly
when there is a family history of cereal
allergy.
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HAWAI'lL
Existing Commercial Cultivation and Techniques
Used for Corm and Leaf Production and Poi MlllS
1991

Hawaiian Farmers of Hanalei

Waimea Poi Kapa'a Poi
& Kaua'i
Oahu Waiahole Poi
. /
Ni'ihau Moloka'i Poi
Haleiwa Poi Moloka k
Kaliki Poi Aloha Poi
Honolulu Poi M aui
Lana'i
Kaho'olawe

Puueo Poi

KEY Kona Ohana Poi
Wetland cultivation techniques used hore
Dryland cultivation techriques used hes  -CF
Luau leaf grown here m



Market Interaction and Range of Farm-gate Prices for Taro 1990
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THE REALITIES IN THE PRICE OF POI

Cost of Production Inputs

Costs of Processing

All Other Goods and Services

All Other Foods in the
. Waianae Diet

-Labor (lots of other cleaner, better
paying jobs)--you can't tell
people what job they must have,
or how much money they can
make...when is the last time you
turned down a raise?? Not so
may kids around, they are off
getting educated and the like,

-Land

-Fertilizer (tied to the price of oil}

-Transportation costs

-Equipment costs

-Lots of others

-Labor (have to pay going wage)
-Electricity

-Transportation

-Equipment

-Land

-Prices up

-Fish (was about as “free” as the cost
of poi in old time Hawaii.)

-Fruits '

-Greens

-Starchy Vegetables

SOLUTIONS??



HAWALII
ECONOMIC REVIEW

DEVELOPMENT

Oncvear-old Rodney Loo enjoys eatmg poi fur his lunch, according (o his socher, M. Paul C. T, Lo,

T Fujise phote,

POI HAS POTENTIALITIES

By CLARENCE L. HODGE

Foi—"stull of Liv” for the Polynesians and o mainstny
in the diet ot old Hawalinus—was given 1 hoost toward o
come-back at the hrst State Taro Conlerenee held in Hone-
lulu last March.

Major objectives of the conlerence were w: (1 craluare
medical rescarch done on taro s a baly and headih [ood:
(2 analyse the national market porential of mra: aud |
duorernine i Howail can grow taro o weer this wmarket.

The conierence was autended by some 130 busiessinen,
pedinricians. nuitinionists. and governmenal ollicials, Koy
research officials and excoutives lrom e Carnation Coni-
pany, Ralstan Puring Company, Foremost Daivies, [ne - and
Love's Biscult & Bread Cowpany anended

The conterence was sponseed by the Channber ol
Commerce of Honolulu, the Huwali St Departmeny o
Planning and  Economic Devtlopment. and the Kauai
Economic Development Counnission,

Chairman and conlerenre moderan was Rivhard A,
Cacke. Jr. director, land utilization depatment. C. Brewe
< Co.

Tun speakers were heavd at the eonlerence. The major
highlight was a report given by Dr. Jerome Glaser, profes-
sor ol pediawic ;o the University of Rochester, on his
study: “Poi—Tts Use av a Food for Normal. Allergic and
Porentinlly Allergic Intans.”

Claser said: “Paic as v substinne tood lor pattenes al-
lergic o cereals ind as o prophvlads fpreventive trearment
for allergy o cevead i imlants and childven. ofters a tre-
mendous potendal market for Hawaiil”

Tweney per cent of the ehildren 10w 12 years of age
are potendally allevgic, an indication of 1he vast market
potential, he said.

As lor the price compention ol ceveals, Dy, Glaser spid
that in s judgent, poi might be able o hold its own,
He e el milxing poi with brufe just as other baby
loods are. This would bring the cost 1o abou the same wa
for cereals. he added,

Cow’s milk, milk 1)l‘nd\ltl\. on and cerealy, aie e
privcipal fnods 1o which babics we allevgic. No adequate
carbohvdrates Tond o sabstitane Tor cercals had been toune
il poi was suggested. Allersy 1o poi does exist, but it iy
very e aceending o Glaser s fimdhings,

Do Claser siressad she inportan yole e joi could
plav i the treatiment ol allergic discases such as asthinn
et dianerhen, and gasoro-iesvinal diseases. He furthe
suggested that asudy be made on the use at poi in the
eatment ol uleers.

[y

Among othey suggestions he made were the lollowing:
oA ot study shwuld be made by Hanolulu phys-

1 verify lus hadings.
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SUMMER 1965

DR. GLASER

20 A sy shoulel be rmzde as 1o what e the best leatnres 1o
develop in a cereal substite.

3 Redipes Tor pai should be developed which showd oot con-
o cgg, milk, ar rue cerdatls,

A Poi in colors other than gray shonkd be develaped.

5 Further experiments in the nmes ol hosen pol should be
enrowged,

it Po1 should be a unilorm color, comistency. aud camposition.

7. Experiments with the debivedration of poi should e encout-
e s well an efforts 10 auke pala
1o studies now vaing on g the Unner

Cosauthors in ahe suely with Dy, Glaser were Dise Ruth 3,
Panwrence, Ave Havvison, woed Mo Richard Ball,

The atudy was muinde posable Ty a gram rom the [owse Policy
Committee of the Haiwaii Stawe Legishioure w dhe Universiee of Fa-
iou by the Kawsi Economic Develapiment

Ll cockios il pai—simi

noal F

anau

witll, tpon veconunentdh
Cammision, T awvas sulb-ot by
Rachester's School of Medicine and Dentistry.

Other major highlights brought out at the conlerence:

Lo Taro is a dedining indusery, Acr > deopped lrem LO10
acres i TWIR o 70 weves i 196 oe aboun 33 per cont. Lo was the
cansenius ol the conlerence thay iy tunoe depends el on e

canttart 1o the Univosinn ol

ducnion ol praduction rosts ind developing uew markers.

2o he gross vadue ol tara at the preseni tnne 1y abaut 375,000
livwever, processed tam fon poi is vadued at abaue $3 naillien. This
is o dseable crap in Hamweadi's agricudineal econom
unl i anadlable, e @ ted theve dee about 10000 aores
Bottem: Lind suable Ter (b limed wno prodection, plos
several thaasand acres ol eplameds,

A Labor costs are sieadily mcoreasing and there s a0 de ein
the kind of b needed lor mowing wetland o, This Jabor
nrarket Ias ta he tilled

A0 Dyl growing ol airo s probahly die answer 1o e prob-
lem—plus mechanization. Tt was suggested g the mduste adopt
sume ol the madern medheds of production cunent]y heing used
Iy beets tobacen. and strawherry producers.,

G ihdanel o will vegnive selection o e liest vooeties Lo

highest production togediar witle fevtilizaton, weed contol, ol
irvigation.

Yo The wrowing al deyLnd tno s leasibles accanding o expar-
ments conducted by dhie Universus ol Thon’s brand esperimem
stadon at Waila, Koo, N\ paaty ol 2
madle s inspecdon ip af bode dey wnd wetlond oo Gelds on
Kawal lollowing the conlerence.

A fuli report on de lindineg ol the conlerence will be philished
In the Conperative Extension Seviee ol the Thiversin ol Hoawadi

fmmediawely fallowing the conlarence. Chainnan Gooke ap-
pointed @ sinanan eomuitee w develop an acten pogra e im-
plement the fndings el recommendations emeaging lrom the
venlerence. The commitiee agreed that the conlerence delmitely

comlerence g tiopany

vevealed taro as a cap ol considerabile promise, It likewne vesealest
the major prablens o be resolved belore o G become o maye
crop.

The committee adopted the Jollowing bye-pom o

I Request the State Covernmens 1o establish o ganein-aisd
preterably with pediaone allergixs in Thovaie o conlivm Dy, Claser -
contentions on the value ol wre as a clinwal Toads (Bt own ethel
recommended by Dr. Glaser vt o Incal physician be greeny o gran-
in-aid 10 study the wse of taro inthe peatnent ol st estitind
disorders.)

2. Requeast the Llinwaii Agrvivndroral Experiment Stiton o op
crate a demonstration drand iarm using mwchanued spe
Such a demomoration shauld e the pracucabilin ol these
mechanical methads as well as indhcne costs ol aperanian,

3. Estahlnh o Stite pesticitle residue Jaboruory m it ro
expedite the elearance ol hierbicides and fungicides that e used
modert agriculural pracices.

1. fnitinte @ project with the Food Saence and 71 eehnology
Laboratory at the Univerais ol Flawaii o develop wavs of valiitnc-
ing the acceprability of tira and its products.

5. Plan and exccute o mankeung test program in Hwatl o
determine consumer reacton w tara wnd i peodoce.

T'he committee set a target deadline lor completion ol this pre
am o July 1, HI67, e mtihor i Dt Docein 0D

ans

o
8

Research Center

Ling-Temen-Vought. Tiatlas, Toxashined actospace onganizms.

and one ol i navion’s lesding delense cannactms, his estuhlishad
aresearch center in the 30ch Ste,
The [TV Rescavel Cemer-Flawain Division, at 1H0 U nsversin
enlie. will work clasely with the Universio o Thawigl on sanions
arcas ol scientilic veseavch, The Hinaaii Division is under the e
rectjon of Dr. Felix Fenver, asistant ditecir ol LTV Daliay ve
search cemter. I work will emplusize hut will not necesanly be
Limited w oceanic syaenn. according to Fenter,

Members of the Hlaw Division staft include Jumes Morrow,
ane of LTV Jeading technical men an antisubmarine warlare and
GELEITIE 3TN GCorge Cnros, i Py vt with ety oxpert
once i autisubmarine warlare saseemis and weonstion, st Dy
Fugene Wilkms, specialist it mieteorologs and ocennography, The
{lener [1]:|n>. to augment its stall with gadume students frem the
Umversitv of Hawain who will woik lor thie compiny on o part-
tnie hasis,

Ling-Temo-Vonght alsa aperates a Hawatl-based elecuronics
substdiary. Kentron-Haws

- % -
Military Population

The number o members of the mmed farves and dheir depend-
ents in Flawaii diopped shavply during the fist duee mouaths ol
1963, according 1 sastion compiled by the Swaee Depirtmen ot
Planuing and Economic Developmeut [ront local commanding of-
licers., The April [ 1965 tatal was 1260, 792 compined wich 185 648
an January 1, 144 d FELOSK v April 1, 1060,

The new tatal inclides bt olheers and enli
stavened ashore sad 12278 aboard ships homeporeed in B
and TO456 dependents dowiciled oo Hawini, The nuimber of
urry damilies was 2254,

All branches ol the armed forees were vepresented. Adr Force
parsonnel and dependents numbered 25038, omy, 388110 Conae
wardd, 3,369, Mavine Gorps, 12507 and Navy. 16,255, The ouly
braneh to repart @ omaor chanpe duing the preceding monthy wi
the Marne Carps, which ad pombered 21358 personnel ancd
dependenty ws al Januany 1 !

e

ed men (L1063
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" AKRON, Ohié (AP) — The Summit. County Weltare
Department said it is pitrchasing dehydrated poi from

Hawaii for a 3-year-old girl unable to eat, anythmg bul ’
pm and rabbit. -

“It's-a life or death 51tuat10n,” a soclal worker saui
The little girl weighs about 23 -pounds, suffers from
cerebral palsy and is- allergic to every ofhér food
according fo social worker Sally Crist..

“The doctors discovered some time ago that pai was
quite agreeable, and we were using a.canned pol,” Mrs.
Crist said. ‘*“But now the doctor pops up and says we
need a powdered poi.’

She said she located a firm in Hawaii that agreed to- *
ship 15 pounds of freeze-dried poi, about a three-month
supp%jy to Akron. Mrs Crist sald the poi costs $1.25 a
poun

“It’s really a small money matter compared to the
other medical expenses the child has,’* Mrs. Crist said.
She is fed through a gastnc tube.

The girl's mother receives Aid to Dependent Children
and purcclilases the rabbit herself with food stamps, Mrs.
Crist sal

P :mnmfk !

e AR

" ‘Pozﬁp lown To Akron

To Save Girl’s Life

Mrs. Crist said, “The doc-
‘tors discovered some time
ago that pol was quite agree-
able, and we were using a
canned poi” ‘(2 Hawaiian’ food
for a 3-year-old girl unable to ~made from the taro root which
eat anything hut poi and rab- is mashed and allowed" to fer-
it. ment). d
"aqps ‘2 life-or-death sltua- Doctors said, however, ' that
tion,” said social worker Sal- the little girl needed a pow-
:ﬁlcrfht&"g:ﬁtm?rfgnafﬁt e dered poi. Mrs. Crist discov-
-pounds of freeze-dried poi ar- ered the Hawaiian firm that
rived by air freight Saturday. agreed to ship 15 pounds of

Robert McDonald, assistant the freeze-dried poi, about a

. Beacon Journal Staff Writer -
“ Poi is being :shipped. in
r from Hawail by the Summit
4 - County - Welfare Department

\g . By 4. CURTIS BROWN

welfare director, authorized tbree-month supply, for about
the air freight transport of 51-25390““5:

the poi. The child is fed through a

‘ R gastric tube and reguires

THE. GIRL, who weighs medical equipment at her

bedstde. The girl’s mother re-
ceives Aid to Dependent Chil-
dren and-purchases the abbit
herself ,w;ith food stamps.

?,’J

only 23 pounds, suffers from-
cerebral palsy and is allergie
to every other kind of food,
the Welfare Department said.

We tead about t'ne littie
child:- 5,; Akton who is a
cerebral palsy victim and can
only eat rabbit and ‘‘pei”,
which is grown only in
Hawaii. Tom Hughes, from
Rittman, and originally of
Hawaii, inadvertently
became the middle man in
1 the shipment of the ‘“‘poi" the
& other night, when his. sister,
"N\ Mrs. Claire Ho, of Hawaii,
calied him long distance to

:é say that she had the shipment
ready for the frip, but could
R net contact the right person in
Akron. Mrs. Ho is the

} Assistant State Nutritionist in
% Hawaii, and had the

§assignmeﬂt of shipping the

Iyl
NS
~
(‘?

poi to Akron. Tom contacted
the authorities in Akron and
x arranged for the shipment of
the vital food to keep the chiid
alive, v
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SUMMIT COUNTY WELFARE DEPT.

COMMISSIONERS 6395 S. Main St Jur;u :ozorr;il :gzn
:':-IUBMRNEE sggs:;m 762-0681 AID TO DEPENDENT CHILDREN YED

' ARR AID TO DEPENDENT CHILDREN--UNEMPLO
DON M. STEFRERS ON" OHIO 44311 AID FOR PERMANENTLY DISABLED

FOOD STAMP PLAN
FRANEK BIRKEL GENERAL RELIEF

DRESS REPLY
PLEASE AD DIRECTOR SERVICES TO CRIFPLED CHILDREN

ATTENTION OF WRITER

Mrs., Claire Ho

State of Hawaii
Department of Health
Nutrition Branch

P, 0. Box 3378
Honolulu, HI 96801

Dear Mrs. Ho:

On behalf of our client and ourselves, we wish to express our deep
appreciation for your fast and hard work in locating the freeze-dried
poi.

The poil arrived in Akron the very next day and now the little girl
is using it.

The articles which you sent us were very informing. I will be xerox-
" ing these to send to the physician involved and alsoc our local Children's
Hospital of Akron.

Again we thank you so much. If we can ever be of service to you
please don't hesitate in contacting us.

Very truly yours,

SUMMIT COUNTY WELFARE DEPARTMENT

Approved by: Comprehensive Family Service
Franc1s J. Birkel (Mrs )} Fleeta Bodosi
Director Supervisor

SC:mem




October 12, 1973

Mises Sally Crisp
Summit County Welfare Department
Akron, Ohio 44311

Dear Sally:

I have xeroxed three articles for your information. The list of
references in the Roth article will give the pediatricians some back-
ground reading if they are interested.

The "starchy arolds'' article provides information on the entire
taro family., Taro is cooked and then mashed into poi. Hawaii's poi
comes from wet-land variety of taro. The shape of Hawali taro is more
pear-shaped as shown in the Roth article. Because land values in Hawail
are high, the taro farmers are fewer in number. The retiring farmers
are not being replaced by younger men. So poi is quite expensive and is a
luxury item for many families.

Hope things work out well with the Honolulu Poi Company.

Sincerely yours,

{Mre.) Claire Ho
P. H. Nutritionist
Nutrition Branch

CH:dh
enclosures



SOME FACTS ABOUT TARO
HISTORY

Taro is one of the oldest of cultivated crops. Chinese bool:s make mention

of it as early as 100 B.C. and it was grown in Egypt before the time of Pliny

(23-79 A.D.) for he mentions it as one of the established food plants of the

., country, The earliest European navigators saw it cultivated id Japan and_as far

south as New Zealand.

Taro {Colocasia esculenta (L) Schotl.) was truly the “sﬁaff of life" of the

old Hawaiians and it was an important source of carbohydrate in the move southerly
Pacific Islands where it continues to be extensively used.

In Hawaii and other areas, it is natural that varieties best sujited to the
uses in the area would be selected out of any varleties available gnd thus have
civen rise to types peculiar to the area and not necessarily found in other
locations.

Taro was used for many purposes besides the staple food, poi, in Hawaii.
Varieties were selected as being particularly suited as offerings to the Gods and
other varieties for the making of puddingc. Some were used for medicinal pur-
poses but just how they were used is not clear. The royal taros, producing a
pinkish or purplish poi, were reserved exclucively for the use of royalty and
tigh chiefs. The gray or white taros were the staple food of the commoner.

The varietieﬁ of Hawalian taros which have been studied may be grouped into
four ggneral classes as to corm color--red, yellow, light gray or white, and dark
gray. ''The yellow varieties are of interest in that the pigment is carotenﬁid in
nature. A calorimetric analysis showed approximately 13 ppm of carotene in dried
taro. This compares-:‘ with less than 1 ppmn found in white and red vafieties. Due
to the close relationship between carcotenoid pigments and vitamin A the potenti-

alities of the yellow taros as a socurce of this vitamin are indicated."

- v~
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CULTURE

The cultivation of the taro crops was developed into a fine art in old Hawaii
with variations of management to f£it the peculiar ecological environment of soil,
rainfall and nutrition.

| The crop was grown in paddies under submerged culture, whose size varied from

as small as 20 square feet to areas of a third of an acre of more. Extensive and
intricate irrigation systems were constructed to insure continued and adequate
control of water flow through the paddies and permitted isolation for drying any
single paddy or sections for fallowing. In areas of fairly uniform and high rain-
fall, the crop was grown 'dry land" or non-submerged, and great care was taken to
conserve moisture with mulches to carry fhe crop through dry periods. Here again,
field management of selected varieties and time of planting provided a system
perﬁitting continuous harvest.

As would be expected, yields varied considerably as harvesting and planting
were conducted on a continuous basis., The good grower could predict within
fairly narrow limits the yield and time of harvest for each patch or paddy, and
timed his plantings accordingly. The varieties used also provided a basic
variant in cropping time as some varieties could be matured in an eight-month
period while others required 18 or more mouths. The longer growing types produced
the higher per-acre tomnages. It is zeported that tonnages up to 65 T.P.A. were
obtained on favored areas where fertility, sunlight, water and disease were not
limiting factors.

The taro indusﬁry today produces tonnages of 10 to 25 T.P.A. on 500 acres and
the average crop time is about 14 months according to the last crop census. This

supplies the present'local taro needs with some export to the mainland as a canned

or bottled product.
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The increased use of commercial fertilizers in taro production has been a
mixed blessing as it has increased the continuous use of the paddies with a
possible increase of imbalance of the nutritional elements and a more rapid build-
up of pathogens of root and corm rots. ZPythium sp. is the most severe of the root
and corm rots, and a “hard rot," locally called “guava seed," 1is suspected to be a
physiological microdgficiency possibly compbunded by an imbalance in nutritional
levels. Losses from both of these diseases vary from ! or 2% to as much as 1007
in rare cases. |

A debilitating leaf spot disease of wet-land taro is caused by Phytophthora
colocasiae, one of the downy mildews, closely allied to the late blight of
potatoes. Recent tests have shown a close relationship between leaf spot inci-
dence, high humidity, low temperature and little or no eir movement. Currently
fungicidal agents are being evaluated which appear to show promise of effective
control of the disease.

Losses from the disease vary greatly, depending upon the degree of damage to

the leaf surfaces. When leaf surface and even the petioles are damaged, then

crop loss is very high.

Another foliar disease, Phyllosticta calocasiophila leaf spot, occurs ex-
¢lusively in the upland faro, occasionally becoming very serious. Mechanical
wind damage provides entrance of the oréanism and the disease is considered quite
signifi;ant in wet weather when the spores are splashed from one leaf to another

and under such conditions may result in serious loss of yield,



Nutritive Value

The following table of retention values of thiamine, riboflavin and niacin in home cooked taro was

taken from a station publication by Carey D. Miller, et al. entitled '"Taro is a source of thiamine, riboflavin

and niacin.”

Thiamine Libofiavin Hiacin

As Dry As Dry As Dxy
Taro assayed wt, Retention assayed wt, . Retention assayed wt. Retention
corns mg/ 100 mg/ 100 mg/ 100 mg/ 100 mg/100 mg/ 100
cooked Moisture grus. gns % pms gms % gms gms %
Piko keo 74.3 0.111 0.432 77 0.030 (0.117) 0.47 1.G3 (112)
Bun Long 59.6 0.100 0.248 59 0.025 0.062 98 0.506 1.44 91
Dasheen 74.6 0,073 0.291 39 0.015 0.060 97 0.60 2.39 96

=%
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The following table is from Pacific Subsistence Crops and was drewn from

several food composition tables based upon 100 grams of edible material:

Water
Proteins

Fats

Carbohydrates

Fibre
Ash

Czlcium

Phosphorus

72,

1

0.

24,

5

.9

2

0

.3

.3

gm

g

gm

gm

gm

gm

30 mgm

80 mgm

Iron

Vitamin A
Thiamine
Riboflavin
Hiacin
Ascorbic Acid

Calories

1 mpm

30 1.U.

0.04 mgm

0.03 mgm

0.4 mgm
10 mgm
100

Another table from the same publication coupares different carbohydrate

sources and thelir weights in gms to provide 100 calories.

| Wwt. piving
100 calories | Thiamine | Riboflavin Niacin Calcium
gns meg mcg meg mg

White flour- 26 20 ¥ 226 5.4
Pelished rice 28 25 8 560 2.5
(Polished, washed 28 5 - 390 2.5

and cooked rice)
" Sweet potatoes g0 80 48 559 24.0
Breadfruit 70 96 59 720 14,7
Taro 70 149 25 424 16.0




.

It must be noted that theve are discrepancies in the fipures from the various
tables for the same material. The tables were talien from different publications
and the analyses prepumably we:e done with materials grown under divergent con-

_ditions. Under these conditions, complete agireewent could not be expected.

Poi ha§ been used in Hawaii as an infact's first solid food, initiaily as an
admixture in the bottle with milk and later az a cereal substitute. The starch
grains being of small size and readily digested, proﬁide a3 starch easiiy assimi-
lated and without the occasional allergy difficulties found with some of the other
starches. A substantial part of the fresh and canne& or bottled poi is being
used in infant feeding.

An estimate of the acreage at one time devoted to taro-culture would probably
be considerably in excess of 10,000 acres. Much of this acreage is now being
utilized as house lots or pasture for the‘culture of other crops or forest land.
There still remainsvseveral of the larger valleys with adequate water sources
which could be returned to the culture of tavo should the need arise.

The areas of high rainfall below 2,500-ft. elevation unsuited fo:\sugat
g?owing could also be converted to taro culture with the possibility of mechani-
zation to a greater extent than possible’in wef paddies under the present system.
A possible modification of the paddy system could increase mechanization in this
area also.

It is difficult to éstimate the extent to which an increase in taro acreage
could be expanded as the factors of land rental, labor and the other farm oper=-
ations all enter thé picture as well as the value of the crop to the processor.
Conservatively, two to four thousapd acres are now available. It is visualized
that there are about 10,000 acres of valley bottoﬁs suitable for taro culture
plus several thousand acres of high rainfall uplands suitable for 'dryland”

taro production.
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TARO (COLOCASIA ESCULENTA) AS A FOOD!

MARTHA POTGIETER
Howois Agriculiurd Experiment Station, Honoluly

ARO  (Colocasia  esculenta (L.}

Schott.) for many centuries has been
a common food crop in the islands of the
mid-Pacific, in sections of southern Asia,
in countries bordering on the Mediter-
ranean, and in parts of South and Cen-
tral America. Varieties known as da-
sheens? have been grown in Florida and
other southeastern states for more than
a quarter of a century. Several varie-
ties are sold in the San Francisco Chinese
markets, where they are purchased by
Caucasians as well as Chinese.

The edible starchy corm (an enlarged
subterranean stem) of the taro plant is
somewhat similar in size and composition
to Irish and sweet potatoes. The young
leaves and the thick, succulent stems of
the plant are also eaten. Taro seldom
blooms, but the flowers when cooked are
considered a rare delicacy.

Taro as a crop is one of the greatest
food producers per acre in the world. It
is easily grown (by both primitive and
modern agricultural methods) and the
great number of varieties makes produc-
tion adaptable to many conditions of soil
and moisture. The yield per acre is in

! This and two succeeding papers on taro to
be published in subsequent issues of this
Journal, were presented in condensed form as
one paper before the General Session, American
Dietetic Association, Los Angeles, August.2Y,
1930, Publiched with the approval of the di-
rector, Hawaii Apricultural Experiment Station,
as Technical Paper No. 61. .

2 The name dasheen is believed to be a cox-
ruption of the French “de Chine” (from China).
This term was probably introduced from the
West Indies, where the vegetable was originally
called “taro de Chine” {Chinese taro).

some cases two to four times that of
potatoes. In Hawail an acre of taro
yields, on the average, 5 to 10 per cent
more calories in one year than an acre of
rice. The time required for the crop to
mature ranges from about 6 to 18
months, depending on variety, climate,
and method of cultivation.

TUSE OF TARO IN HAWATT

The culture of taro probably reached
its highest development in the Hawaiian
Islands (4). A recent study of taro
varieties at this station showed that out
of more than 80 distinct forms, 69 were
native to Hawaii (26). In these islands
taro is usually eaten in the form of a soft
paste called poi. The taro corms are
steamed or boiled, peeled, then pounded
or ground, with the addition of a little
water, into a thick paste called paiai
(containing about 30 per cent solids).
In this form it keeps for several weeks
without refrigeration, the resulting fer-
mentation being considered a desirable
quality. To prepare it for eating, paiai
is mized with water to make a slightly
thinner paste and strained through a
coarse cloth. - This mixture is the well-
known poi of the Hawaiians. The or-
ganisms of fermentation include yeasts
and lactic acid bacteria. Allen and
Allen (1) found the souring of poi to be
similar to the souring of milk; namely, a
production of organic acids (chiefly
lactic) through the action of lactobacilli
on the carbohydrates present. Bilger
and Young (3) noted a decrease in sugars

536
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and Miller (21) reported a decrease in
the starch content of poi from 10.5 to
9.9 per cent during fermentation,

Taro, and the poi made from it, con-
stituted the staff of life of the Hawaiian
people at the time of the discovery of
these islands by Captain Cook in 1778
(9, 10). The estimated 300,000 people
in the islands at that time lived chiefly
on poi, sweet potatoes, fish, lzamn (sea-
weeds), and a few greens and fruits (10).
They had no milk other than human
milk. The good physique and excellent
teeth of the ancient Hawaiians (7, 16)
testify to a diet adequate in bone- and
tooth-building material. Taro, though
relatively low in calcium, was eaten to
such an extent, at least by adults, that
it could have furnished the greater part
or all of the daily requirement for this
mineral. No doubt this one food fur-
nished the early Hawalians a large part
of the calcium required to produce their
strong skeletons and good teeth. The
many hours of sunshine and the custom
of wearing but little clothing no doubt
afforded ample vitamin D to aid in the
efficient utilization of the calcium and
phosphotus in the diet.

Since the advent of the Caucasians the
production and consumption of taro
have greatly fallen off in Hawaii. Im-
ported ‘‘civilized” foods (refined grain
products and sugar) have been for some
time replacing taro in the diet of the
Polynesians, both in Hawaili and in
Samoa. This change in diet is accom-
panied by an increase in dental caries
(11, 23, 24).

COMPOSITION

The composition of steamed taro
corms was given by Miller (21) in 1927
as follows:
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Per cent
Water.................... 64.0
Protein................... 1.18
Ether extract. ........... .. 0.17
Starch (acid hydrolysis). . . .. 29.31
Sucrose................... 1.40
Reducing sugars........... 0.39
Ash.... ... .. .. ... .. 0.59
Calcium. . .............. 0.026
Phosphorus. . ............, 0.061

Composition data for the dasheen, given
by Young (29), are similar to these
figures. Chung and Ripperton (8) re-
ported a range of 0.0015 to 0.0017 per
cent iron in peeled taro corms. Ham-
mond (12) found the iodine content of
poi made from taro corms grown in
Hawaii to be 300400 parts per billion.
The excess alkalinity of the ash of
100 gm. of air-dried taro corms was re-
cently found, in this laboratory, to be
equivalent to 18.1 cc. of normal alkali,

Miller (21) reported the corms to be
rich in vitamin B (B complex) and to
contain appreciable amounts of vita-
min A, but to be poor in vitamin C.
Recent tests in the nutrition department
of this station show taro corms to contain
about three-fourths as much vitamin B,
(on the dry weight basis) as whole wheat
flour. Preliminary tests show taro corms
to be a good source of vitamin G (flavin).

Both the corms and the leaves of most
varieties of raw taro have an acrid qual-
ity which causes a stinging sensation in
the mouth and throat. This is due to
the presence in the plant of microscopic
raphides of calcium oxalate (6). These
crystals and the acrid quality are de-
stroyed by thorough cooking. Though
raphides are visible in the corms under
the microscope, the amount of oxalate
present is so small that it cannot be de-
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tected by chemical methods satisfactory
for determining one part in 5000.3

NUTRITIVE VALUE OF TARQ

Taro was considered by the early Ha-
wailans to be a very healthful food, easily
digested, “most soothing to the stomach
and highly beneficial to an invalid” (28).

Langworthy and Deuel (19) found the
digestibility of taro starch, even when
eaten in comparatively large quantities,
to be 98.8 per cent. Langworthy and
Holmes (20) found the starch of cooked
dasheens to be 97.6 per cent digestible.

In olden days the Hawailans com-

‘W'.monly fed poi along with breast milk to

infants, and this custom is continued
even today. Plantation physicians in
Hawaii have recently fed poi to a large
group of young infants of Oriental ances-
try with good results (13, 14). Taro
flour and other taro products are being
successfully used in infants’ formulas in
several hospitals in the mainland of the
United States (15).

Kirkpatrick (17) reports that the Mel-
anesians on the Island of Manus, north-
west of New (Guinea, who live chiefly
on taro, have better-developed dental
arches and less Vincent’s gingivitis than
do others of the group whose carbohy-
drate food is largely sago. He ascribes
this to the higher vitamin content of taro
(over that of sago). Larsen and others
(18) found a high incidence of dental
caries in a group of infants and young
children in Hawalii, of Oriental ancestry,
who received rice as their main source
of carbohydrate. In children of the
same ancestry fed an adequate diet in
which poi replaced rice, only a small per-
centage showed evidence of dental caries.

3 Unpublished data from the taro processing
division of this station.

Due to its ready digestibility and its
bland nature, taro is a satisfactory food
for many individuals with digestive dif-
ficulties. Its high calcium and vitamin
B, content make it preferable to refined
grain products in restricted diets.

Since taro is so different botanically
from any foods commonly used in the
mainland of the United States, it has
been suggested as a possible substitute
for the frequently allergenic wheat and
other cereal foods (2). For patients
allergic to wheat, the dietary department
of a California hospital has devised some
recipes in which taro flour takes the place
of wheat. None of the patients was
found to be sensitive to taro (15).

TARO PRODUCTS

Various products have been prepared
from taro corms from time to time during
the past 60 years in Hawaii, both for
local use and for distribution elsewhere.
At present a taro flour is being manu-
factured by steaming, drying, and grind-
ing the corms (3, 15). Taro flour has
beer used successfully to replace 15 to 20
per cent of the white flour in bread. In
other products, such as cookies, dough-
nuts, cakes, waffles and muffins, as much
as 50 to 100 per cent of the wheat flour
may be replaced by taro flour. Due to
its hygroscopic nature, the taro flour
causes the baked products to retain
moisture for a longer period than do the

‘same products without the taro flour.

Since refined wheat flour contains little
vitamin Bj, the substitution of taro flour
for part of the wheat flour improves the
vitamin B, content of these products.
Recently a division of the United States
Army stationed in Hawaii found taro
bread to be palatable and generally as
well liked as regular issue bread. Pre-
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liminary experiments in the nutrition
laboratory of this station showed a taro
bread to contain approximately 30 L. U.
vitamin B, per 100 gm.—a value equal to
that of one sample of whole wheat bread
tested at the same time.

An infant food for use in formulas, and

a beverage powder, both prepared from -

‘taro corms, are also on the market (13).

Taro corms are not suitable for starch
manufacture because of the extremely
small size of the starch granules and the

mucilaginous nature of the juice.

INCREASED USE OF TARO ADVOCATED

The increased use of taro, in preference

to other and less nutritious carbokhydrate

foods, is being urged in many localities.

_In the Dutch East Indies it is recom-
mended as preferable to cassava, a com-
mon food in some sections there at pres-
ent (25). In the island of Cyprus (27)
the increased production and use of taro
are advocated as a means of improving
the nutrition of the people. Young (29)
urges the growing of more dashcen (taro)
in southern United States for human
consumption and mentions its possibili-
ties as a stock feed. He also lists recipes
for the preparation of various dishes from
this vegetable. Increased production
and use of taro are being encouraged in
various islands in the Pacific.

-{ More extensive use of taro is being
urged in Hawaii because of its capacity
for correcting specific local dietary defi-
ciencies (3). Published data (22} and
unpublished studies in progress at this
station among some of the various racial
groups in Hawaii show many family
dietaries to be deficient in calcium and in
vitamin B,. Additional indication of
calcium deficiency, in a land where sun-
shine is abundant, is the occasional oc-
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currence of mild rickets in infants; and a.
further evidence of a dietary shortage of
vitamin B, is the recorded annual beri-
beri death rate in the Territory ranging
from 5 to 36 per 100,000 during the past
ten years. Increased production and
use of taro would tend to decrease the
amount of imported refined foods used
and increase the calcium and vitamin B,
contents of the deficient diets. Greater
taro production would also aid in making
these islands nutritionally self-sustaining
(instead of being dependent on outside
sources for over half of the food con-
sumed) in time of possible maritime
strike or war and consequent isolation
from the mainland of the United States

and other countries.
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DESCRIPTIONS OF CLASSIFIED VARIETIES ‘

JAPANESE VARIETIES

The Japanese taros are probably of Asiatic origin, having been
introduced, presumably during he latter part of the last century, by
carly immigrants from Japan: They.are characterized by symmet-
rically ovoid corms which produce as many as 20 or more cormels,
or oha: The oha begin to develop early in the life of the mother plant,
scveral generations having developed by the time the plant is mature.
Except for a few of the oldest ones, the cormels remain dormant,
and these dormant cormels are marketed.

The Fapanese taros differ markedly from the Polynesian taros,
more closely resembling the dasheens. They are generally more
hardy and disease-resistant, earlier maturing, and heavier yielding ;
vields of 15 to 20 tons per acre of salable cormels in 6 to 10 months
arc not unusual. They have better keeping qualities, remaining in
excellent condition after 2 or more months of storage. Japanese
taros are grown almost entirely under nonsubmerged culture, but
they are usually irrigated. The dormant oha are used for planting
material whereas with the Polynesian varieties the huls are used almost
L\cluswely

The Japanese varieties are not adapted to poi making but are
used almost entirely as table taro. The plant is usually less acrid?
than the Polynesian taros, and the petioles of the young leaves are
viten cooked as a vegetable.

There are three Japanese varieties in the Territory,

1. Tsurunoko
{Araimo)

General characteristica: Short, spreading, moderately stocky, often maturing’
within 6 months, producing as many as 40 oha, mostly dormant; distinguished
by light green petioles and divergent petiole sinus,

Petiole: 55 to B0 cm, long, light green with slight light brown flecking near base,
white to greenish-white at base, reddish-purple at apex, with inconspicuous
reddish edge; sinus widely divergent,

Leaf blade: 35 to 50 ¢m. long, 25 to 40 cm. wide, 30 1o 45 em. from tip to base
of sinus, narrowly ovate, firm-chartaceous, light green with bluish cast;
margins Bnely undulate, the marginal veins often purplish; pike yiltowish
to light purple; lobes obtuse to slightly acute with shallow, wide sinus.

VAl party of the taro plant contain small needle-like crystals of celrium oxalate whith

tause lrm:uon of the throat unless thoroughly cooked. They occur to a marked degree in
some varieties but to only 2 negligible extent in others.
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Corm: Flesh white witl: yellowish Abers; skin white; cormels about 3 to 5 cm.
in diameter.

Origin, and derivation of name: Probably native of Japan; Tsurimoko refer:
to the prolific production of oha.

Distribution: Most important Japanese variety in Hawaii,.grown throughott
the islands, almost exclusively tinder upland culture by Japanese gardeners.
usually under irrigation alongside other vegetable erops.

Use: Mainly as table taro; to 2 certain extent for taro sprouts.

Remarks: Parcat corins are discarded because of their pronounced acridity, The
oho are much smaller than those of the other Japanese varieties and are the
only ones which cause irritation, They are pared under water to prevent
itching hands, If the cormels develop top growlh they become acrid and

are discarded. The popularity of this varlety is due primarily to the exc:llen‘

keeping quality, N
2. Akado

(Ekaeko)

General characteristics: Medium in height to tall, stifity erect, stocky, maturing

within 10 months, producing more than 20 ofia which remain dormant for -

several weeks; outstanding among the Japanese taros because of the vivid
petiole coloring.

Petiole; 60 lo 90 cm. Jong, greenish-bronze shading into dark reddish-purple at

base and apex, indistinctly edged, curved abruptly at apex so that blade
hangs more or less vertically.

Leaf blade: 40 to 55 em. long, 30 to 40 em. wide, 35 to 45 ¢m. from tip 10 base
of sinus, broadly ovate, firm-chartaceous, dark green with bluith cast, often
tinged with pprple on lower surface when young, with conspicuous purple
veins on lower surface; piko prominent, purple; lobes acute with shallow,
wide sinus,

Corm: Flesh white with vellowish Rbers; skin purple; ohia usually 4 !o 0cm. in
diameter.

Origin, and derivation of name: Probally native of Japan; callcd Akado
because of coloring of petioles. Ekaeks, meaning “dirty reddish,” is the
name given by the Hawaiians, probably also referring to the petiole coloring.

Distribution: Grown sparingly, almost entirely by Japanese gardeners in small
paiches, vsually under upland culture.

Use: Oha used principally as table taro; petiole stalks sometimes sold as greens;
sprouts from small oha grown in darkness sold in limited amount,

Remarks: The parent corms are edible but an aversion to them exists because
of their extreme acridity. This variety is highly resistant to disease. It has
the larfrest ofie of the Japanese taros and probably has the best quality but
ts grown only to a timited extent beczuse of its comparatively poor keeping
quality,

3. Miyako

General characteristics: Short to medium in height, stifily erect, moderately
stocky, maturing in less than 10 months, producing more than 20 oha

&l A Frts e 4
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6. Aweu
(Aweo, Aweoweo, Awewweu, Mamawweo, M asuweo)

General cbaracteristics: Medium in height to tall, moderately spreading,
maturing within 9 to 12 months, producing from 10 to 15 leng, slender
rhizomes; distinguished by length of rhizomes.

Petiole: 70 to 105 ¢m. long, light green often inconspicuously flecked with
dark green near base, white at base, with narrow, light purplish to

_indistinct edge, curved sharply at apex so that blade hangs vertically,

Leaf blade: 40 to 65 cm. long, 25 to 45 cm. wide, 35 to 55 cm. from tip to base
ol sinus, nmarrowly ovate, thin in texture, light green; margins slightly
undulate; piko greenish to fainmtly purple; lobes acute with shallow, narrow
sinus,

Corm: Flesh white with yellowish fibers; skin cream-colored, usually with
pink or purple along leaf-scar rings, the outer skin shaggy and fibrous.

Origin, and derlvation of name: Native variety; derives ils name from
shaggy outer skin of corm.

Distribution: Formerly widely dlstnbuted in wild state, now scattered along
streams and in forests in the mountains,

“Use: Good as poi, but not used at present becausé the corms are usually
small; the leaves are used for luau.

Remarks: This variety was used by the old Hawaiians for poi only when
other food was scarce. The corms are too acrid to be used as table taro
unless cooked for a long time, Awen is often called wild taro because
of its frequent cceurrence in the wild state, The rhizomes, sometimes as
long as 70 cm., come so close to the surface that they appear like
creeping stolens.

7. Kakakura-ula
(Kakakura)

General characteristics: Medium in height to tall, moderately spreading,
maturing within 9 to 12 months, producing very earty from 6 to 12 short,
thick rhizomes; distinguishable by brilliant reddish-purple coloration
overlying light and dark green striping on petioles.

Petiole: 75 to 95 cm. long, dark and light green-striped with strong tinge of
reddish-purple almost - obscuring stripes, indistinctly edged, white at
base, curved at apex so that blade hangs almost vertically.

Leaf blade: 45 to 60 cm. long, 30 to 35 cm. wide, 35 to 50 cm. from tip to
base of sinus, sagittate, firm-chartaceous, dark green with bluish cast;
Vclins reddish on lower surface; piko purple; lobes acute with shallow,
wide sinus,

Corm: Flesh white with yellowish fibers; skin cream-colored to white.

Inflorescence: Peduncle striped pink and light brown; spathe 24 to 32 cm.
long, the Jower tubular portion 4 to 5 em. long, whitish, flecked or indis-
tinctly striped with pink and light brown, with reddish-purple margins,
the upper portiont orange with reddish margins, abruptly acute at apek
but loosely convolute below, sometimes open near comstriction at
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malturity; spadix 9 to 1! cm. long, the sterile appendage 7 to 13 mm. long,
noticeably constricted, conspicuously acute,
Origin, and derivatiop of name: Introduced from South Seas; since four

varieties were received under the name Kahkakure, the descriptive suffix -

“ula” has been added to indicate a red Kakakura.
Distribution: Limited; the variety has done well at Pensacola Strcct Sta-

tion under upland culture.

Use: Primarily as table taro.

Remarks: This varicty is one of the most beautiful of all the taros The
predominating impression given by the plant is of the brilliant dark
pinkish-red color; on closer examination almost every color of the
rainbow may be found on the petiole. This taro might well be propa-
gated as an ornamental plant,

Groupr Mana

The word mana means "“branching” and refers to the habit of divi-
sion of the pargnt corm, which is characteristic’of this group. A single
parent corm of Mane Uliuli may produce seven or more imana, or
branches: the usual number for the other Afana is two or three.
Branching takes place with most varieties only when the corms are
fairly well matured ; under some conditions of growth only a small
percentage of the plants produce branches. Probably because of the
branching habit, oha are produced sparingly and much later than in
other taras.

The petioles of the Mane are curved sharply at the apex, causing
the Llade to hang almost vertically, The blades are very narrow,
and the primary veins are oblique, giving the impression that they
are much more numerous than in the other groups although actually
the number is practically the same in all taros. The coloring of the
piko is also rather unusual in that color splotching extends along the
midrib and the main veins of the basal lobes, forming a more or less
distinet Y. The Maua are usually quite upright in growth, with rather
stiffly erect petioles.

The corms of the Masna taros have a somewhat dry, mealy, flaky
texture when cooked. They are excellent as table taro but usually
make very poor poi. The shape of the corms is irregular because
of the Lranching. Most varieties are fairly heavy producers and
mature comparatively early, in from 7 to 12 months.

The Mang are usually planted under upland culture. They are
grown fairly extensively on the island of Hawaii, especially in Kona,
Puna, and Kau. Mana Keokeo and Mana Uly are the two most
popular varieties in this group.
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b
Origiz, and derivation of name: Introduced from South Seas under the

name “Yellow,” which referred to the color of the corm flesh; it has -

since been classified as a Mana taro and given the descriptive name Ulinfi
because of the dark olive-green petioles.

Distribution: Limited; grown primarily under upland culture.

Use: Makes good poi of distinictly yellow color.

Remarks: Because of excessive branching, the shape of the corms is very
irregular. This is probably the only South Sea introduction desirable
for poi. The corms are similar to those of the Koi group, being tough and
rubbery when cooked,

12, Mana Ulaula
{Mana Hae Ulaula)

General characteristics: Medium in height to tall, slender, erect, maturing
within 9 to 12 months, producing two or three branches; readily identi-
ficd by purplish-red flecking along the entire petiole, with almost com-
plete absence of green coloration.

Netiole: 70 to 90 cm, tall, slender, slightly curved at apex, flecked with
purplish-red, almost lacking in green, with narrow reddish edge, a dark-
reddish-purple ring at base with lilac-pink for about 3 cm. above.

Leaf blade: 40 to S0 cm. long, 30 to 35 cm. wide, 35 to 45 em, from tip to hase
af sinus, ovate, thin in texture, light green; margins slightly undulate;

- piko small, purple; veins purplish on lower surface of lobes; lobes acute
with narrow sinus,

Corm: [lesh white tinged with pink, especially near apex, with yellowish
fibers ; skin dark lilac-pink.

lofloregcence: Peduncle light purplish flecked with dark reddish-purple areas
at hase and abave constriction; spathe 14 to 17 em. long, the lower
telular portion about 3 cm. long, light purplish flecked with dark reddish-
purple at base and at comstriction, the upper portion yellow, tightly rolled ;
spadix 4 to § em, long, slender, the sterile appendage 5 to 6 mm. Jong.

Origin and derivation of name: Native variety; Ulanlo refers to purplish-red-
flecked petioles,

Distribution: Comparatively rare; planted in a few scattered localities on
Hawaii and Maui, nearly always under upland culture.

Use: Mainly as table taro for home use.

13. Mana Lauloa

Geoeral characteristics: Medivm in height to tall, stiffiy erect, maturing
within 9 to 12 months, producing two or three branches; characterized by
large, somewhat ovate leaf blades and dark green petioles with dark
brownish-purple on lower portion.

Petiole: B0 to 90 cm. long, dark green -tinged with brownish-purple, dark
brownish-purple on basal third, fairly broadly edged with pink to
whitish, a dark reddish-purple ring at base with lilac-pink-flecked area
ior 110 3 cm. above.

Leaf blade: 45 to 50 cm. long, 35 to 40 cm. wide, 35 to 45 em. from tip to
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base of sinus, ovate, thin in texture, medium green; margins undulate;
piko purplish; lobes obtuse, sometimes overlapping, with narrow sinus.

Carm: Flesh white with pink apex and yellowish fibers; skin pinkish-lilac
to purple.

Origin, and derivation of name: Native variety; Louloa refers to large leaves.

Distribution: Limited; grown primarily under upland. culture.

Use: Chiefly as table taro,

14, Mana Eeokeo
(Meua Kea)

General characteristice: Medium in height, erect, maturing within 7 to 12
months, producing two or three branches; characterized by dark green
petioles witlr distinct pinkish-red edges.

Petiole: 60 to 85 cm. long, dark green, distinctly pinkish-red at edge, white
at base,

Leaf blade: 40 to 55 cm. long, 20 to 40 em. wide, 30 to 40 ¢m. {from tip to base
of sinus, ovate, thin in texture, medium green; margins undulate; piko
small, yellowish; lobes obtuse, often overlapping, with narrow sinus.

Corm: Flesh chalky white with vellowish fibers; skin white, light lilac-pink
to purple at leaf scars.

Origin, and derivation of name: Native variety; Keekeo refers to white corm
flesh and white color at base of petiole.

Distribution: Grown cxtensively at Kona, Hawaii, almost exclusively under
upland culture,

Use: Mainly as table taro; one of the favorite varieties for making kulolo,

Remarks: This is probably the most popular of the Mana, due to its large

corms and 2bility Lo produce good yields even under adverse conditions.

15. Mana Eukuluhema
(Manua)

General characteristics: Short to medium in height, moderately spreading,
maturing. within 9 to 12 months, preducing two or three branches; dif-
ferentiated from Mana Kcokeo by lighter petioles and whitish rather than
light lilac-pink or purple leaf-scar rings of corms.

Peticle: 50 to 70 cm. long, pale green, often with light brownish fleckings
near base and along margins, pink at edge, purplish at apex, white at base,

Leaf blade: 40 ta 45 cm. long, 30 to 35 cm. wide, 30 to 35 em. from tip to.base
of sinus, ovate, firm-chartaceous, medium green: margins slightly revo-
lute; piko yellowish 1o light purple; lobes acute with marrow sinus.

Corm: Flesh chalky white with conspicuous yetlow fibers; skin white.

Inflorescence: Peduncle whitish; spathe 21 to 24 ¢m. long, the lower tubular
portion 3 to 4 cm. long, light green, the upper portion yellow, tightly
ralled; spadix 7 to 8 cm. long, the sterile appendage 4 to § mm. long.

Origin, snd derivation of name: Introduced from Samoa under the name
Manua, Because of the close similarity between Afana and Maonua, the
Hawaiian Kuwkuwluhema, meaning "‘south,” hag been substituted for Manua.

Distribulion: Very littie known.

Use: A [air table taro.
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*Js;:u[ Iljll:f A]gen!:ral view of commercjal taro grown under wetland culture
Carens “‘r “’;1 )alllrx_nlxents usF(I for fncding the petioles) : middle: [linana, a
i e arO wath unusuatly large leal hlades and corms which, althongh
™ L-}l viekler, is seldam grown because it cannot be made into poi; lower
. adoa Polakeaseleele, with large, long leal blades with a few large
tedims and the tall, ereet petioles characteristic of the proup Larloa

i et A puneai, characterized by short, stocky growth and mare or
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mstribation: Widely planted on all the islands, almost exclusively in wet-
Jand patches; although grown extensively in the lowlands, it appears to
\hrive better up loward the mountaios where the water is cooler.

Tse: A very impartant poi targ, particularly on Oahu.

Remsrks: The corms have fairly firm texture and will absorb more water,
in the preparation of pafai}! ‘lhan most varieties. The poi is light bluish-grey
in color and of very good quality.

19. Piko Keockeo
(Hachoe Keokeo, Uaua Keokeo)

General characteristies: Closely resembles Piko Kea, but maturing within
17 10 15 months; differs in having white petiole base and chalky white
corm flesh.

Petiole: 60 to 95 cm. long, light green, pinkish red it edge, usually with
adjacent dark green blotclies especially near base, white at base.

Leaf blade:- 30 to 45 cm. long, 25 to 35 cm. wide, 20 to 35 cm. from tip to
base of sinus, ovate, pendant, light to dark green; piko whitish; lobes
narrow and obtuse with narrow sinus.

Cuim: Flesh challky white with light yellow fibers ; skin cream-colored.

Ongn, and derivation of name: Native variety; Keokeo, meaning light or
white, refers ta the corm flesh.

Distribution: Mainly as a mixture among ather Piko vatieties,

Use: Makes fairly good poi.

20. Piko Uaua
(Uana Piko)

Geeeral characterislics: Medium in height, erect, moderately stocky, maturs
ing in 12 to 15 months, producing from § to 10 oha; distinguished from
viher Piko by dark green petioles and pinkish base.

Petiote: 63 1o 100 cm. long, dark green, usually edged narrowly with dark
pink or red, light pink at base with pink ring.

Leaf blade: 30 1o 45 cm. long, 25 to 35 cm. wide, 20 to 35 em. (rom tip to base
of sinus, ovate, nearly horizontal, chartaceous, light to dark green; piko
whitish; Jobes obtuse with narrow sinus.

Corm: Flesh white with slight pinkish.tinge near apex and yellowish fibers;
skin cream-colored.

Otigin, and derivation of name: Native varicty; the descriptive name Uaua,
meaning “tough,” indicates that the extensive roat system makes this
variety dificult 10 pull under wetland culture.

Distribution: Throughout the islands under both upland and wetland cul-
tures; grown most extensively in Waipio Valley, Hawaii, under wetland
culture. ! .

Use: Makes poi of good quality. ‘

Remarks: This is one of the hardiest of the Piko tarcs, and probably the only
onc grown to any extent under upland ctilture.

'1n the production of paigi, the cooked corms are ground and waler is added to bring
”‘T‘S o a terqain consistency. [ougn, ruobery, cooked taro, while difficult to pound uoder
w ‘er methiods' of preparavon, is rcgarded as desirable because of 1ae good quality of the
“*\dung pal, The yiclds of paiai and af poi, which is simply a diluied form of paioi, depend
2 the amount af water the taro will absorb during grinding and that added later.
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white at base, the apex whitish on cuter surface and reddish-purple
" on inner, ' ‘

Leaf blade: 40 to 50 cm. long, 25 to 35 cm. wide, 30 to 40 ¢m. from tip to base
of sinus, sagittate, fairly concave, conspicuously motiled with green and
dark purple especially on lower surface; margins quite undulate; pikp

© purple; veins light reddish-purple on lower surface of Iobes; lobes
" obtuse to slightly acute with deep, narrow sinus, ’

Corm: Flesh white with yellowish fibers; skin white with pink or light to
dark purple leaf.scar rings.

Izflorescence: Peduncle lilac-purple with occasional dark purple streaks;
spathe 18 to 24 ¢y, long, the lower tubular portion 3 to 4 cm. long, green
with lilac-purple fecks and a few purple streaks, the upper portion
yellow, tightly rolled or sometimes open near constriction; spadix 6 em,
long, the sterile appendage 6 mm. long,

Origin, and derivation of name: Native variety; called Ushiapele, or “smoke

© of Pele” becayse of smoky appearance of purplish- and green-mottled
leaves and smoky gray poi made from ‘the corms. .

Distribution: Formerly grown to some extent at Ewa, Oahu, under wetland
culture, but at present found most comménly on Hawaii and occasionally

on Kauai, under upland culture,

Use: Makes 2 high-quality smoky-gray poi; formerly highly prized for
medicinal purposes and as an offering to the gods. .

Remarks: This variety has many of the characteristics of the Kaf group, in
particular the tough, rubbery consistency of the cooked corm.

25, Manspiko

General characteristics: Medium in height, erect, stocky, maturing within
12 to 15 months, producing from 2 10 5 oha, recognized by purplish
blotching on pike extending along midrib and on Primary veins of the
fobes, forming 2 more or less distinct Y. ' '

Petiole: 65 to 80 cm, long, dark green, conspicuously whitish at edge, dark
reddisk-purple at apex, white {or 3 to 4 ¢m, above base, abruptly curved
at apex,

Leat blade: 35 to 50 cm, long, 25 to 35 cm. wide, 25 to 40 cm. from tip.to base
of sinus, sagittate, vertical, dark green with bluish cast, a dark’ purple
streak on lower surface running from base of sinus to piko; margins
slightly undulate; pito cotispicuously dark purple, blotched, the color
extending along midrib and veins of lobes ; lobes acute with narrow sinus,

Corm: Flesh white with yellowish fibers; skin cream-colored, occasionally
faintly pink along leaf-scar rings,

Origin, and derivation of name: Native variety; the name Manapiko refers™
to the branching colotation of the piko.

Distribution: Rare variety. .

Use: Fair table taro, |, - S e - .

Remarks: This variety does not belong to cither the Mana ar the Piko group
as the name might imply.

b
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26, Tahitian )
ics: i i ight, moderately spreading, stocky,
General c‘h"a:ftiet:;:l;a;o Iiich:;r:thlsr,l :reogucing from 2 to 5 oka; similar to
72‘:::[::1% but with much lighter petioles and leaA( blades. st |
y " 70 to 85 cm. long, rigid, light yellowish-green, mdlst'mcty pale
pm::;i-hh- to whitish at edge, light reddish-purple at apex, white for 3 to
. ai!e. abruptly curved at apex. '
:':Ir:é:?odv; lbo 55 cm. long, 30 to 35 cm. wide, 35' to 40, cm. from tip t? ba.:e
b [ sinus, sagittate, vertical, light green; margins .shgh'lly undl:xlale. p: 0
:anvspiculously blotched with dark purple, rum'u:gd into Y;ln:i;!‘u\;elns
reddish on Jower surface of lobes; ]obef acute with deep, wide ,
Corm: Flesh white with yellowish fibers; skin cream-colored. be lover
Inforescence: Peduncle light green; .spathe abouE 30 cm..l:ng, t! et z“e
whular portion about 5 em. long, light green with purplis a_reta siat ,
the upper portion yellow, rather widely open at b'as: upon ma'.ru;.:.f.. i
QOtigin, and derivation of name: Introduced blf Wilder fmmb a| na.“ :
name has been found for this variety so it has merely been calle

“Tahitjan,”

“Duribution: Little-known variety of limited distribution.

Use: Muinly as a table taro,

Grour Kai

This group, comprising three varieties, is distingu'ished by .the
soneave, pendant blades with distinct, finely undulating ma.rgmsf,
il by the tough rubbery texture of the cooked.corms. The time o
.-uu‘;:iu'u: is often twice as long as for other varieties. A fragrant odor
-l is usually emitted when the corms are cooked : hen'ce t‘he name
<lu is sometimes used, instead of Kai, for this group. Itis difficult to
nuke poi from the Kef taros by the old Hawaiian’ method of hami
i=mnding the cooked corms on & poi board, ar}d even in the commercial
I-3# factories, where machines are used for gr:n'dmg t?le corms, the Kaf
tarus generally must be run through the mac}.nnc twlce.b'eforc the poi
i+ sutisfactory. However, they give a high yield of paiai. _

The Kai, the Piko, and the Lehus are the three most u:nportant
=roups of commercial taros. They are used almost exclusively for
tol making, and are almost invariably grown under fvetland cultur;. .
The Aof are very popular on Kauai and are planted in several local-
ities on Oahu. Observations seem to indicate that they are more
'“lerant of alkaline conditions than any otlﬁ:cr group, and of stag-
1Nt water. They are also tolerant of deep or soft Ratches wherea.s
Most varieties require a firm, relatively shallow soil, and there is

¢vidence that Koi are more resistant to soft rot.
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V' User This variety is ngw ETOWN mainly for its leaves which a7 highly

Leaf blage: 45 to 55 em. long, 35 0 40 cm. wide, 35 {9 40 em. ?o:._ tip to

Corm: Flesh challly white with inconspicuoys yellowish Abers ; skin cream-
Origin, and derivation of name: Native variety; it derives its name from the
Distribution: A little-known taro at the present |time; the only planting

Use: Sparingly as a table tarp,

General characteristica; Short, moderately spreading, stocky, maturing with.

Petiole: 40 ¢g 60 cm. long, rigid, light green with inconspicuous greenish
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30. Apuwaj

General characterigtics; Shaort, moderately Spreading, very stocky, maturing
within 6 tp 9 months, producing from 5 to 10 oha readily jdentified hy
the cup-shaped, defnitely crinkled blades and light self-green petioles,
Petiole: 35 to 50 cm, long, broad at base, thick ang rigid, light Ereen with
white for 3 ¢o 5 em: above base,
Leaf blade: 35 ¢ 40 nus lang, 25 to 35 cm. wide, 25 to 30 cm, from tip 1o basle
of sinus, _.Bz.uoﬁnm_, ‘very crinkled and tonspicuously cupped, medium
mina.. Piko and veing light green; lohes obtuse, &m::n:w overlapping
with deep, narrow sinys, -

Corm: Flesh white with indistinet, yellowish fibers; skin cream-colored.
H.Ea;mn.uunﬂ Peduncle light green; spathe usuzily Joosely enclosing spadiy
to base of plant, light green on Jower tubylay portion, the upper portion

20 to 25 om, long, Jight yeliow, usually open and ordinarily rolleq only

at the tip; spadix usually 17 10 20 cm. long| a spongy naked base with the
ovulate portion extending along about 8 0 9 em. angd ovaries sparsely
arranged on the lower part, the sterile appendage about 1 gy long.
Origin, ang derivation of Dame: Native variety; it derjves its mame from
the fact that its feaves are shaped like 2 cup (api) and held water {wwaf)

in the form of dew and rajp,
Distribution. Mmmma:.u_:w 2 wetland targ although it is found in g few scat-
tered localities i Kona under upland cujtyre, Formerly it was widely
planted, especially in Kohala, Hawaj;. It is | now sometimes foung grow-
ing wild in wet Places near the woods.

rrized for luay, The corm makes good poj of very light color, sofy in con.

sistency, and tasy to pound ang Prepare, and also serves g6 2 good
table taro. ’

31. Apu
(Cap)

inétog months, producing from 10 to 15 oha; resembles A puwa; very
closely, the latter having a more crinkled leaf blade and a deeper-get piko,

edge, white a1 base,

base of sinus, roluo:nm_. ovate, somewhat cupped, light green; piko light
Breen; [obes obtuse, frequently overlapping, with deep, narrow sinys,

colored.

fact that the leaves ark somewhat cup-shaped,

found was on Mani, -
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32, Piialii :
(Ahapii, Moiula, Mokohe) 12 monthe

\] i i : i —U_Nn_nm
d i :OE 2 to m QPQ__. nﬂm.:w__ &mm:ﬂ.—n.ﬂ—mroﬁ U% .U_..Om.&. ﬂH:.;nuv.
pro ucing

" and short, stocky, dark green vazo_nm _:zmnﬁhm_":aﬂw_ﬂrwin: y
o . i thick and rigid, .
iole: 5 cm. long, fairly ark

?.:o.:. L_umzn__onm.mmumnnc:m narrow red edge, a reddish-purple ri
tinge
with lilac-pink for 3 to 4 em. above, ide. 40 10 45 om. from
Leafl blade: 45 to 55 em. long, 30 __o ..“am_na._. g:u nn._ ke de
T . ! . _
{ si i l, ovate, slightly cupped, ! , g
i sinus, orizontal face; piko small, light pinkish to
iR inkish cast on lower sur ace; p . e
___”_q_“,.mﬂ_,__h__ veins often tinged with red; lobes obtuse with ‘
tH b

th pinkish
ng at base

tip to base
rreen with
greenish;
low, wide

1 . ) . i illian
Curmi Flesh litacepurple with darker porple fbers; skin brilli
erm.

o lowish-green; spathe 26 10 33 cm, long,
ence: Paduncle yellowish-g ; ; b
__th_ﬁ.nh_uﬂ portion usually 4.5 to o.n_.? or sometimes mwwﬂw_“ o
Ilowish-green, often tinged with red, the Eu_unq_ p on yells
vy - , red
._.”.,_:4 open or loosely rolled; spadix 9 to 12 ¢m. long,
aee 1210 2 em. long: i means

¥, ive var H me Pii
Ougin, and derivation of name: Nati ¢ varety; _._.-n na
+

dascendimn TO alfi n _.ﬂn to n_—n hi m— esteem in E__ n—u it 'was
li g n m nTﬂ , @ d re 5 g
sc

lield by the chiefs. to sar
:;:m.h””:nuu. Essentially a wetland taro although grown

i me Mo

under upland Q_:S.w in Ho:mu Mﬂmﬂ _“” Mwowrm:ﬁm._pw“auwom e
varicty is one of the most im t

ilanted extensively on the imzmim._d n:‘_o am* OM__.u“.na quality.
Use: Makes a red poi that is highly E_nn.n_ ._o_. av it Sobonds,
R tka: This is one of the oldest varieties grown e Jengun in
na,...“,a n.E:. days of Hawaiian history as one oﬁngm._n_.wﬂ&. b Crimes
runsidered particularly desirable ss an offering to Hawaitan chorms o
e " h st this taro at 12 to.14 months, the Ha 4
“ H_cq_wo:wso””ﬂmn when the quality is considered better althoug
. 1)

t reddish-

the lower
cm, long,
w, usually
¢ append-

me extent
snle. This
s, and is

known in

vicld is not so great. .

- 33. Pazkai
(Lawnui Pagkai) it
H turin -
T hatacleristics: Short, maderately spreading, distingeihed b toor
i 2 ths, producing frem o Y ona, dilsh edges.
““dowr“.onw_.oiﬂww:a aw:.n green petioles with ﬁ_ﬂ_nn».. :.n.._‘noih_wwc‘“ reddish
v...:m_o. ..G 10 60 cm. long, very dark green with a distinet, n

dee, white at base, J ip to base
rcﬂcm“.nn" &n to 45 cm. long, 25 to 30 cm. wide, 25 ,_o umaww__ﬁ._o_moﬂmﬂnn green;

of sinys, narrowly ovate, slightly concave, fairly c .

piio light yellowish; lobes zcute with wide sinus. am-colored, ‘sametimes
Corm: Flegn white with yellowish fibers: skin cre '

reddish-nurple along the leaf-scar rings.
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Iuﬁoreqcence: Peduncle purplish-black; spithe 30 to 35 em, long, usually

- . curved and drooping, the lower tubular portion 5.5 to 6 cm, long, dark
reddish-purple, ‘the upper portion orange with reddish-purple margins,
usually tightly rolled byt somelimes slightly OPen near constrictian,

Origln, and Gerivatioy of name: Natjye variety; the descriptive name Eleele
refers to the purplish-black color-of the petioles and the suffix omao 10 the
light green edges, )

Distribution;: Planted fairly extensively in the uplands throughout the
islands but especially so in Kona, Hawaij, _

Use: Mainly as 3 table taro, ’

Remarks: This variety resembles Lowloe Eleels-ulg so closely that at times

- it is practically impossible to distinguish the two, Although the outward
appearance s almost identical, the quality of poi made from Laufoa Eleele-
ula is far superior to that from this variety, The two varieties may be
differentiated by the greenish edge and continuance of the petiole colar into
the leaf veins of Larufog Eleele-omao in contrase to the more pinkish edge
and the changing of the dark petiole color 0 a yellow green just below the
apex of Laulog Eleele-ulg,

37, Lauloa Eleele-ula
(Eleele Lauloa)

General characteristics: Tall, erect, stocky, maturing within 9 to 12 manths,
producing from 2 to § oha; recognized by purplish-black petioles with
pinkish edges. -

Peticle: 100 to 140 cm. long, purplish-black with pinkish edge, light green at
apex, z dark red ring at bage with pink for [ to 2 cm, above.

Leaf blade: 40 10 60 em. long, 30 to 40 cm, wide, 35 to 45 cm, from tip to base
of sinus, sagittate, slightly concave, dark green; margins with a few
large undulations, the marginal veins purple; piko small, purplish: lobes
obtuse with narrow sinus,

Corm: Flesh white tinged with pink, especially near the apex, with yellowish
fibers; skin light to brilliant dark pink and occasionally purple along
leaf-scar rings,

Origin, and derivation of name:
pinkish color of the edges.

Distribytion: Planted somewhat extensively in the uplands throughout the

islands, particularly in Kona,

Native variety; the suffix wig refers to the

-Use: Grown mainly for home yse a5 poi taro.

Remarks: Although in vegetative characters this variety is very similar to
the other Lauloa, and it has occurred as a mutant form, in carm texture and
quality of poi it is more closely related to the Eleele group,

38. Lauloa Palalea-eleele
(Paiakea; Laulog. Palakea)

General characteristics: Tall, erect, stacky, maturing within 8 ta 12 months,
producing from 5 to 19 oha; the conspicuous black edge is a distinguish-
ing feature.
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“ i i ddish-
heavily suffused with dark re
iple: 100 to 40 cm. tong, dark green : ! s
Pw;i;erplc especially on upper half, dark purplish at apex, white at base, ¢
i sly blackish at edge. ' . bas
Lufsi‘lcal:ic: :5 to 65 em. long, 30 to 40 cm. wide, 35 to 50 Fm.:lli':)hmahf]:;olarg:
inus i i dark green; margins
us, sagittate, slightly concave, ; .
3:1::;3!1‘0115; piko. purplish; Yeins dark purplish on lower surface of lobes;
obtuse with narrow sinus. ) ) .
C nixo'belsﬂesh chalky white with yellowish fibers; Skl'l'l white or y;ll;:;h.oum
Ioﬂor'escmcﬂ Peduncle yellowish-green with faint I;lrmlvmser gubul;r e
® reddish-purple at apex; spathe 32 to 37 cm. fong, the low [ tubular por
tion 5 to 6 cm, long, reddish-purple, the upper portion 'd;rt] y;olded ooh
reddish-purple margins, bent and drooping, u'sually hgll y e ot
sometimes slightly open near constriction; s;;ad.lx about. em. g,
i 13 mm. long.
ile appendage conspicuous, about ;

f s:EH :d l(JlI:rlvatiou of name: Native variety; ffmr members of the“Lau}.‘I;:
Orieln, & have the descriptive name Pglakes, which r:(crs. to the sof ,dw e
S;O:il:tency of the cooked corm. The distinguishing suffix, eleele, indica

can
the black edge of this form of Lauloa }_’alakec. I
Distrivution: Grown quite extensively in Xona, Hawaii, 2 : C
2 opand o, being considered superior to both
: d primarily as a table taro, being : th
UR‘LUEZCB Pﬂlakea.keokeo and- Lauloa Pa!akea-ula: altho%ghlt:; p;n 'f:r::?;dg
ered inferior to that of any of the standard poi taros; highly fav,
icinal taro by the early Hawaiians._ . ) )
* R r::::ltl::?m'l‘his variety is one of the hardiest of the Farps. wlthstandmgv?v:i
Emvmc- weather conditions under which other van'cln:s will n_ot lsururl’:
Under {avorable conditions it yields well and is co'mpar:t::[:r);‘y o
maturing. It is less acrid than most taros; hence its pop
medicinal purposes,
’ 39. Lauloa Palakea-ula
i ithi ro-
General characteriatica: Tall, erect, m?lunng w'lth'mhg;oelfn?‘::l:?:; gase
ducing from 5 to 10 ohe; characterized by pinkish edg
tiole. ' ) -
Petiuo{e]?e ;00 to 140 cm. lorig, dark green he‘awly suffused wtlh dar: Zedd:il:h
pux:pie especially on upper half, purpl:;h at apex, white at base,
i i itish edge.
istinct reddish-pink to almost whiltis ' i
Leaflbslt;;e: 45 to 65 cm. long, 30 to 40 cm. wide, 35 to SO‘cm. f{'g]m “:[I::l::;
of sinus, sagittate, slightly concave, dark green; marging wi facae e
undulati'ons' piko purplish; veins dark purplish on lower sur H
lobes obtuse with narrow sinus. . . i
COII:' cFlesfl chalky white with light yeltowish F!bcrs, skin yelIDWfshi recent
Origizll and derivation of mame: Native variety of (compirat;ve )‘;a[ak,a
! : ising tic mutation {rom Lauloa -
igin, probably arising through soma ¢ mutatio! g
:[rclf[’cn g‘;vcn the suffix ulg because of the dlsllr}gulshlng pmlk ed}gc;ak"-d”k.
Dislributi})n: Found gccasionally ameng .plantmgf of La::lz:t a
It is considered inferior in qualily and is usually rogus .

Use: Primarily as a table taro.
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mature usually within 8 months and are fairly high producers. The

- corms must be harvestéd soon after maturity as they begin to rot

.very quickly. Even the huli deteriorate if held over for any length
of time after harvesting. They are grown primarily under upland
culture and are especially popular in Kona where they are made into
red poi of excellent quality. :

" 43, Eleele Makoko
(Nohu, Makoka)

General characteristicss Medium in height, well spreading, maturing within
8 to 12 months, producing from § to 10 oha; characterized by light purplish-
black petioles shading into yellowish-green at apex and light lilac-purple
corm flesh. '

Petiole: 60 to 85 cm. long, drooping, light purplish-black on lower part
shading into yellowish-gresn at apex, with an inconspicuous, narrow
reddish edge, 2 dark reddish-purple ring at base with dark lilac-purple
for 3 to 4 cm. above.

Leaf blade: 35 to 45 cm. long, 25 to 35 cm. wide, 25 to 35 cm. fram tip to base
of sinus, sagittate, medium green; margins undulate; prko light brownish;
lobes acute with medium-cut sinus,

Corm: Flesh light lilac-purple; skin light reddish-purple.

Inflorescence: Peduncle blackish; spathe 22 10 25 cm. long, the lower tubular
portion 15 to 45 cm. long, yellowish-green tinged with brown, with
purplish areas at base and at constriclion, the upper portion yellowish,
slightly open at maturity; spadix 7 to 9 cm. long, the sterile appendage
6to7 mm. long. -

QCrigin, and derivation of name: Native variety: makoko is a reddish fish,

Distribution: Not planted as widely as Eleele Naioea but its distribution is
quite general; chiefly under upland culture.

Use: Makes light red poi of good quality; although not important com-
mercizlly, it is grown fairly extensively for home use.

44, Eleele Najoea
(Ndioen, Eleele)

. General characteristicaz Medium in height, well spreading, maturing within

8 to 12 months, producing from § to 10 oha; characterized by blackish
petioles, similar to those of Kumu-eleele, Lavloa Eleele-omao, and Lauloa
Eleelesulo, and by dark purplish-lilac corm flesh,

Paticle: 65 to 90 cm, long, blackish with inconspicuous narrow brownish
to greenish edge, yellowish-green at apex, a dark reddish-purple ring at
base with dark lilac-purple for 3 to 4 cm. above,

Leaf blade: 40 to 50 cm. long,'25 to 35 cm. wide, 30 to 40 cm. from tip fo base
of sinus, sagittate, drooping, slightly undulate, dark green, oftén with
pinkish cast when young; piko inconspicuous, light reddish-brown; labes
acute with wide sinus. .
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7 — ight: AMaeno Ulinli, characterized by branching parent corm and

Fie: [fe'ndgr?tpelrcarflgglladeﬂsi: upper lcit: Moana, \_v:lh short, stocky g.rn‘wth anc{
slightty crinkled, hoerizontal leqf blgdes; middle ]d!: PlkohUhuh, gr;leuc:
the leading wetland varieties, ?Vllh sinus cut to point of attac n'_lcilt wit. o e
petiole’s middle right: Mannu Tqrrmre, with striped penol_cs. ower d”:
Elepate, a picturesque variety with mottled green and white leaf blades;
lower r'ight: Awenr. one of the few varieties of taro producing rhizomes.
Nole the slender rhizomes on the {oreground.
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48. Ulzula Eumu
(Kuma)

General characterisucu Medium in height to tall, moderately spreading,
maturing within 8 to 12 months, producing from 5 to 10 ohe; identified by
the brilliant light red petioles. .

Petiole: 75 to 100 cm. long, briliant light red occasionally faintly diffused
with yellowish-green, indistinctly dark reddish at tdge, a dark red ring
at base with dark pink for 3 to 5§ cm. abave.

Leaf blade: 35 to 45 cm. Jong, 25 to 35 em. wide, 25 to 35 cm. from tip 1o base
of sinus, ovate, dark glossy green with bluish cast; piko conspicuous,
purple; veins reddish on lower surface; lobes obtuse, undulate on mar-

) gins, with narrow sinus,

Corm: Flesh white with pinkish tinge, especially near apex, the fibers yellow-
ish; skin pinkish-lilac.

Inforescence: Peduncle light red; spathe 21 to 23 ¢cm, long, the lower tubular
portion 3 to 4 cm. long, dark reddish-purple, tightly rolled, the upper
portion dark yellow with tinge of red throughout, dark red with dark red
streaks at margins, light red inside, partially open near constriction at
maturity; spadix about 7 ¢m. long, the sterile appendage 4 to 5 mm. long,
not clearly differentiated from staminate portion.

Origin, and derivation of zame: Native variety; named after the brilliant ted
Hawaiian fish, fumu, because of the brilliant reddish color of the petioles.

Distribution: Found scattered throughout the islands in small patches under
both wetland and upland cultures.

« Use: Both as poi and as table taro, principzlly for home consumption; for-
merly this variety was used as an offering to the gods.

Remarks: This is one of the most brilliantly colored of the taros.

49, Ulaula Poni
(Poni Ulaula)

General characteristics: Medium in height to tall, moderately spreading, ma-
turing within 8 to 10 months, producing from 5 to 10 oka; recognized by
the dark reddish-purple petioles, inconspicuously striped with lighter
color, with bright reddish edges.

Petiole: 75 to 100 cm. long, dark reddish-purple shading to purplish-lilac on
upper third, inconspicuously striped with lighter color, distinctly bright
reddish at edge, a purple ring at base with narrow, bright red area for
2 to 4 cm. above.

Leaf blade: 35 to 45 cm. long, 25 to 35 em, wide, 25 te 35 em. from tip to base
of sinus, ovate, dark glossy green with bluish cast; piko comspicuous,
purple; veins bright reddish on lower surface; lobes obtuse, undulate
ont margins, with narrow sinus. : )

Corm: Fiesh white with pinkish apex, the fibers yellowish; skin brilliant
lilac-pink, often dark purple along leal-scar rings. )

Origin, and derlvation of mame: Native variety; poni, meaning “purple,
refers to the petiole coloring. : ’

”
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Distribution: Often found assotiated with the other Ulawla, ustally in the
uplands.
Use: Occasionzlly as a table taro; in early times a purple pigment was
" extracted from the petioles and used by the natives for dyeing tapa,
straw hats, stc.

50. Ulaula Moano
(lese, Iaic)

General characteristica: Medium in height, moderately spreading, maturing
within 8 to 10 months, producing from 5 to 10 oha; characterized by
reddish-purple petioles with inconspicuous yellowish-green stripes.

Petiole: 70 to 95 cm, long, red near base shading to reddish-purple above,
with inconspicuous yellowish-green stripes especially on midsection, in-
distinctly dark reddish 2t edge, a dark red ring at base with dark pink
for 3 to 5 cm. above,

Leaf blade: 35 to 45 cm, long, 25 to 35 cm. wide, 25 to 35 cm, from tip to base
of sinus, ovate, dark glossy green with bluish cast; piko large, distinct,
purple; primary and marginal veins reddrsh on lower surface; lobes
obtuse with narrow sinus.

Corm: Flesh white with pinkish tinge, especially nezr apex, the fibers yellow-
ish; skin pinkish-lilac,

Origin, and derivation of name: Native variety; named after the Hawajian
fish, moano, which is reddish to reddish-purple with brownish markings.

Distribution: Planted in a few scattered loczlities throughout the islands,
usualfy under upland culture,

Uze: Both for poi and as table taro, principally for home consumption,

51, Niue-ulnula
(Niue)

General characleristics: Medium in height, well spreading, stocky, maturing
within 9 to 12 months, producing from 5 to 10 ohe; distinguished by its
deep reddish-brown petioles and white base.

Petiole: 65 to 80 cm. long, deep reddish-brown slightly diffused with green,
purplish-red at apex, white at base, with a narrow, dark pinkish edge.
Leaf blade: 40 to 55 cm. long, 25 to 35 cm. wide, 30 to 45 cm. from tip to base
of sinus, sagittate, dark green with bluish cast; piko large, conspicuous,
purple; veins distinctly purplish-red on lower surface, usually purplish

oh upper ; lobes acute with narrow sinus.

Corm: Flesh chalky white with yellow fibers; skin white 1o cream-colored.

Origin, and derivation of name: Introduced from South Seas by Wilder as
one of two distinct forms named Nike; the suffix wlauls has been added to
designate the reddish hue oI1the petioles. .

Distribdtion: Limited; grown primarily under upland culture.

Use: Principally as a table taro,

Remarks: According to Christophersen (2), Niue is apparently the narme for
a group comprising at least three varieties; the writers have not, how-

)
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o 45 i ip to base
) ) de, 30 to 40 em. from tip ‘
: S ¢m. long, 35 to 45 em. wide, \ Ip (0 base
L e e i ttled dark and light green w
“of si i spicuously mottle ; '
% Smus‘:k:vl:tregl'em:::m?ncnt, purple; veins reddish-purple ati:':irgms and
cas;'\fclr surface's of lobes; lobes acute with deepb, na.rr:a\..n:‘ sc"a;;pcglored,
on g‘l sh chalky white with conspicucus yellow ﬁ ers ; e the abodt
chf!i::.es:e:ce' Peduncle striped dark purple tarlxd ;:g]?;cg;::ir‘:;mle e
. ion stripe
28 cm. long, the lower tubu]al; portllon "pw‘ e e bout S e, fong,
urple at constriction, the upper poruo'n yello :j ot & .
:)h staminate portion yellow, the sterile appendage 3
t ‘ .
b duced from South Seas; Torelore is
r tion of name: Introduce ; orsiore &
Ongi:’ ‘:d cd:!,;lg:r which it was introduced but it has bezn classifie
the nam

he Manini group. ' o S
Dist‘ri;uﬁon: Little-known variety of limited distribution

Tge: A fair table taro.
56. Papakolea-koae

(Papakolea)

i ading,
: i in height, moderately spre
istica: Short to medivm in | P
Gmemlkﬂmn::i::r%g within 9 to 12 months, produs:mlg ftrlom Stoilo
;trci};:li:r.\t]y red-streaked apex of the II;CE;;,i]:nlts];?:::k::;.with ed at aper,
iole: 80 cm. long, dark green bri lia . h red at 2pex,
Fete isgll;owhen young,' a brilliant deep px_nk ring aI:' b:s:t, ;d;:.
:zgt\:'ilh a {ew broad green stripes, ind:sf:incl;%l ﬂ;nﬂ;im 15 base
: m. long, 30 to 35 em. wide, ) lip to base
reet ';laﬂ:e- 540;?2‘;5“; concave, thin in te.xture, x:ncdxucx;:' 5:]&::1 ,brrirlllmgmy
0‘l' ;IITU ;xndulate' piko light green or tinged w:('hhre ':;1 eins
~eddish \ ; lobes acute with wide X )
i faces of lobes; lo R owish
' rcddfl‘slhsznx-llcl’:\itr\:";:ha;inkish tinge, especially near apex, and yellowi
: Fle 1 ; :
Cu'nr:bers- skin a brilliant pink, pl;\;p:‘c :t‘f::ife:;.ar;;::ksdm. being the name
. ' . . f name: ativ ; Py ing e
Orlgi;!, alndcld:!irsltvx"l’it;ltul:not:i koae, meaning “the food of,” probably indicates tha
a lan , ang fooc
?1"'5 e ot atusin I{‘Jod ? :hz;l:;gc:ulture in a {ew scattered
ibuti lusively unde
Distribution: Planted exc v n
l localities, chiefly in Kona and Puna, Hawaii.

i i le taro, ) ‘
R P”m;l';")' asdac;Tt?r::ion nisar the base of the petioles is o[tcﬂ S0 Narrow
Remarks: ere :
that it may not be noticed.

57. Ula

hara i i y ding,
i height, moderately sprea ‘
Genera istice: Short to medium in h P
eneral char ctel"‘:g within 9 to 12 months, producing 'fer 2 Ito 5 ohsa] dr_
S'tﬂck? 'hmd tb;]a few narrow green stripcs on t}_u: brilliant pink basal po
tinguishe

e Oﬁiot?e 0 tcifx:e;mg rather rigid, nearly solid pink at base with narrow
Petiole: [ . !

ipes, the upper hall green, distinctly reddish-pink at edge, a
green stripes,

white ring at base,
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Leaf blade: 40 to 55 cm. long, 30 to 40 cm. wide, 30 to 40 em, from tip to base
of sinus, ovate, thin in texture, medium green: margins slightly undulate ;
tika yellowish-green to light green; Jobes acute with narrow sinys,

Corm: Flesh chalky white with large, conspicuous, yellow fibers; skin white
to cream-colored. ) ’

Origin and derivation of vame: Introduced from Samoa by Wilder, ula

means “red” in Samoan and probably refers to the brilliant pinkish-red
coloration of the petiole bases,

Distribution: Upland taro of limited distribution.
Use: A good table taro,
Remarks: The similarity between this variety and Papakolea-koge is rather

striking, further indicating the close relationship betwesn certain Hawaj-
ian and South Sea forms,

58, Nihopuu

General characteristics: Medium in height to tall, moderately spreading,
maturing within |2 months, producing from 5 to 10 ohz; identified by
light and dark green-striped petioles and distinct purplish-black edges.

Petiole: 75 to 90 cm, leng, light and dark green-striped, the light green pre.
dominating, conspicuously purplish-black at edge, white (o greenish-white
at base, '

Leaf blade: 45 to 50 cm, long, 30 to 35 em. wide, 35 to 40 cm. from tip to base
of sinus, sagittate, indistinctly light and dark Breen-mottled; piko purple;
lobes acute with deep, narrow sinys,

Corm: Flesh white with yellowish fibers; skin white.

Origin, and derivation of Bame: Native variety, collected at Ewa, Oahy;
the derivation of the name is unknown,

Distributign: Rare; formerly grown to considerable extent in valleys near
Schofield Barracks,

Use: Makes a light-colored poi of good quality, .
Remarks: This variety is said to be susceptible 10 soft rot soon after matur-
ity, necessitating early harvesting. .

59. Manini-opely

General characterigtics: Medium in height, well spreading, maturing within -
9 to 12 manths, producing from 5 to 10 oha; distinguished by profuse light
and dark greep striping of the petiole, with reddish tinge on upper third.

Petiole: 65 to 90 cm, long, distinetly and profusely dark and light green-
striped, strongly tinged with reddish-purple on upper third, white at base,
light pinkish at edge, curved slightly at apex.

Leaf blade: 45 to 55 cm, long, 30 to 40 cm, wide, 40 to 45 cm. from tip to base
of sinus, sagittate, thin in texture, droopiqg, inconspicuously light and dark
green-mottled; margins undulate;; piko purple; veins rcddish-pu_rp!e on
lower surface; lobes acute with narrow sinys.

Corm: Flesh white with vellow fibers; skin whilte to cream-colored.

Inflorescence: Peduncie green- and white-striped with diffusion of reddish-
purple; spathe 28 to 32 cm. long, the lower tubular portion 4 to § cm,
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63. Lehua Maoli
' .- T (Lehua)

General characteristics: Medium in height, well spreading, slender, maturing
within 8 to 12 months, producing from 5 to 10 oka; identified by yellowish-
green, widely spreading petioles and light purplish-litac corm flesh.

Petiole: 65 lo 80 cm. long, yellowish-green with pinkish cast, slightly tinged
with brownish-purple at apex, pinkish-lilac at edge, a dark reddish-purple
-ring at base with light purplish-lilac for 3 to 5 em. above. .

Leaf blade: 40 to 55 cm. long, 30 to 40 cm. wide, 35 to 45 cm. from tip to base
_of sinus, sagittate, very smooth in outline, thin in texture, drooping,
medium green, often with pinkish tinge when young; piko small, light
binkish; lobes acute with narrew sinus,

Comi: Flesh light purplish-lilac with darker purplish fibers; skin dark -
pinkish-lilac. s

Inflorescence: Peduncle pale green with pinkish flush; -spathe 14 to 20 cm.
long, the lower tubular portion 2.5 to 3 cm. long, olive green with pinkish
tinge, the upper portion deep yellow, open near constriction only upon

‘maturity; spadix 6 to 7 cm, long, the sterile appendage 6 to 8 mm. long.

Origin, and derivation of name: Native variety; snaoli means “the more com-
mon” or “ordinary”” This variety is commonly known simply as “Lehua.”

Distribution: A favorite variety of the Hawaijans, grown throughoul the
islands under both upland and wetland cultures. It is the most widely
distributed of the upland poi taros and is planted extensively in Kona,
Hawaii, .

Ose: The widely advertised “Lehus red poi,” which often commands a pre-

mium in price, usually comes from this variety. :
64. Lehua Keokeo
(Waickea)

Geperal characteristics: Medium in height, well spreading, maturing within
8 to 12 months, producing from § to 10 oha; identified by pale green peti-
oles with broad, purplish-black edges.

Petiole: 70 to 90 cm. Jong, pale green often tinged with reddish-brown at

" apex, pinkish. at base with a reddish-purple ring, the edge conspicuous,
broad, purplish-black with adjacent dark green blotches.

Leaf blade: 40 to 55 cm. long, 35 to 45 cm. wide, 35 to 45 cm, from tip to base
of sinus, broadly sagittate, drooping, medium green with pinkish cast

* when young; margins slightly undulate; piko pinkish; veins reddish on
lower surface; lobes acute with medium-cut sinus.

Corm: Flesh pale pinkish with purplish fibers; skin dark pinkish.

Origin, and derivation of name:. An old native variety; the descriptive name
Keokeo is derived from the pale coloring of the petiole.

Distribution: Grown in a few scattered localities, primarily under upland

culture,
Use: Makes red poi of good quality.

0 . - -.
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Remarks: This variety i ‘
s: ety is reputed to mak i i i
sections, rivaling the Lauloa growp., © vory fosuriant growth fn certal

65. Lehua Eleele
{Wailane)

Generat jca; i i i
wflthii.h;r:;tirziw“. Medium in height to tall, slender, erect, maturin
dart s pe(;:;enthsl.fp;loducmg from 2 to § oha; distinguisited by th:
s whic i i
a0t stone mogb are shaded with purple, especizlly near base
Petiole; 7
b:se ai‘;oa}gg cm. !on.g, dark green with purplish shading especizlly near
purpmh-bl“kgcr:;:_gl:s,dpu;ple da‘; apex, with 2 narrow dark reddish to
ar g ; . .
ettt (oo ,m g dar abr;ve ish-purple ring at base with lighter
L H '
enfn;ﬂsaj:z.s ::;ic:(if crg, long, 30 to 35 ¢m. wide, 35 to 45 cm. irom tip to base
’ e, drooping, dark ;o i
il bl green; piko small, dark purplish; lobes
Corm: Flesh lilac i :
E -purple with darker reddish- i ski illi
0 ,reddlsh-purple; roots light reddish-purple. porple fbers; skin brillisat
rgin, AT . . \
g;v::dmde:r}:'mm'm name: mev: variety; the name Eleele is probably
Biven 1o is va_rufty because it has much darker colored petioles than
o hua varieties, although the petioles are far from being bl ki
i is 'vanety is known as Wailana in Kona, Hawaij  Dlackish.
is rlliutmn: Planted quite extensively in Kona, Hawaii, usuall
upland culture, but practically none is grown elsewhere ’ ly under
gse: Makes a very good red poi. '
em;:l;sa:rv’:ftx:d)s an carly-maturing taro of high viclding capacity, It must
as soon as it is mat i ) ily i in
for 20 oo oon ure as it rots readily if held in the field

66. Lehua Palaii
(Pelaii)
[ jes: ; :
en;r::u:il:na;::it:}]r}st;;s; JSahcm to medium in height, stiffly erect, siender
¢ in o 18 months, producing from § to 10 he; distinguished
. t.bly hl;c-purple corm flesh and dark green petioles © 10 ohoi distinguished
e : i :
1:;“ ;) ;oar?'f ;m. :on;:, dark green slightly tinged with reddish-brown at
. urple ring at base with light purplish-lila
d ng at -lilac {
Lufa:;av;, with a narrow, indistinct, reddish to whitish edge. ordto dem.
' :inz; :ggtic:t.’ia[:ecrz. ]ong. 25 to 35 cm. wide, 30 to 40 cm. from tip to bage
) ' , drooping, dark green with faint pinkish i
slightly undulate; piko light i h: Tobes aenns i
] faitly deep, wide iy ght green to faint brownish; lobes zeute with
I:ﬂr:;:sf‘lcsh'lll,;c-purplc with darker purplish ﬁbersA; skin light pink
{ubu]e:r“' ._-.eduncle dark greeh; spathe 18 to 23 cm. long, t-he lower
portion 3 to 4 cm. long, dark green, the upper portion clear, deep

yellow, open near constriction
! only upon maturity ; i
the sterile appendage 5 to 8 mm, long. Vi spadix7to 8 cm. long,

-r
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Petiole: 65 to B0 cm. long, dark green with dark brown flecked shading on
1ower portion, yellowish at apex, white at base, a narrow reddish edge
usually with adjacent yellowish-green blotches, especially near basec.

Leaf blade: 40 to 50 em. long, 35 to 40 cm. wide, 30 to 40 cm. from tip to base
of sinus, ovate, slightly crinkled, dark green; piko light green to yellow-
ish; veins conspicuous; lobes obiuse to slightly acute with wide sinus.

Corm: Flesh white with yellovﬁsl} fibers; skin cream-colored,

Inflorescence: Peduncle green; spathe 15 to 17 cm. long, the lower tubular
portion 2.5 to 3 ¢m. long, green, the upper portion yellow; spadix 6 to 7
cm, long, the sterile appendage B to 11 mm. long.

Origin, and derivation of name: Natlve variety; leo, meaning “influence aris-
ing from station, character, or reputation,” indicates that this may have
been an important variety in the old days.

Distribulion: Little is grown except for some plantings in Puna, Hawaij,
usually under upland culture.

Use: Primarily as a table taro.

72. Maea

General characteristics: Medium in height, well spreading, maturing within
9 to 12 months, producing from 5 to 10 eha; characterized by dark green
petioles, whitish at base with reddish-brown flecks immediately abave,
and conspicuous broad whitish edges. .

Peticle: 60 to 80 ¢m. long, drooping, dark green flecked with reddish-brown,
the flecking most pronounced near base, with a conspicuous, broad whitish
edge, often tinged with reddish-purple adjacent to the edge, white at base.

Leaf blade: 35to 45 cm. long, 25 to 30 cm. wide, 30 to 40 cm. from tip to base
of sinus, narrowly sagittate, dark green; piko yellowish; lobes acute with
wide sinus, -

Corm: Flesh white with yellowish fibers; skin cream-colored, usually with
dark purple along leaf-scar rings.

Origin, and derivation of name: Native variety; maee means “strong smell-
ing" or “pungent” in Hawaiian, and probsbly refers to the odor of the cooked
corms.

Distribution: Little-kngwn variety, found occasicnally under upland culture
in Puna, Hawaii. .

Use: Mainly as a table taro.

n

‘ " 73, Haokea
(Haakea, Haawikea, Ahakea)
General characteristice: Medium in height, erect, stocky, maturing within 9
to 12 months, producing from 10 to 15 oha; distinguished by the light self-

green petioles and narrowly ovate leaf blades.
Petiole: 65 to 90 cm. ong, light green with indistinct greenish edge, white

at base. :
Leaf blade: 45 to 60 cm. long, 35 to 50 cm. wide, 35 to.45 cm. from Llip to base

of sinus, narrowly ovate, medium green; piko light yellowish-green; veins
rather conspicuous; lobes obtuse with wide sinus,

-l
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Corm: 'Flesh white with yellowish fibers; skin white;
white. '
Inﬂt:rel;zc]ence: Il’cdunclc light green; spathe 26 to 37 em long, the lower
' - L
bl:u: a:afhomc;n 4 t[o S clr?.dlong, light green with {aint tinge of purp!e at
. cr 0csely rolied, the upper portion dae 1l

constriction and loosely rolled above; spadix 8 e long, the spear

i spadix 8 to 11 em. long, the steril
o ;:ip:r:;agc 9 to. 14 mm. long, cle‘arly constricted from staminate portiol:
gin, envallc? of name: Native variety; the name is probably derived

o from the firm white corm flesh, e

istribution: Quite common throy ho i :
iplang e gnout the islands, under both wetland and
Uae: A c;)mmc:l:c;']al Poi taro in certain areas on Oahu, making 2 good quality
Pot ol grayish color. The young leaves ar i
c © comparatively nonacrid and
are used extensively for lugu Form i ering
) erly, this taro was used i

t r ; ¢ ed as offerings
o‘thc gods, the luau.b‘cmg highly prized by the kahino. It was also m‘d '

quite widely for medicinal purposes, ‘

74. Ralalau

Gener.a! Fharacteristics: Short to medium in height, welj spreadin i
\wlt[hm O1t0 12 mqnths, p.roducing from 5 to 10 oha; identified g; T::L;:“;g
o t.s; .-gsge:n spreading pc.tm]es and sagittate leaf blades, .
etiole: 10 70 cm. tall, light green, inconspicuousty greenish at od i
ot base edge, white
Leaf hl!'dE: 35 to. 50 em. long, 25 to 35 cm. wide, 30 to 40 crm. from tip to b
1ol sinus, sagittate, medium green; margins slightly undulate: I;:'k o
owish; lobes acute with wide sinys. ' @k
gz::,; ﬂ;sgei?::g,::;u with )}:llo‘wish fibers; skin whitish,
, . C .
_ lay, g tabletand on Mt.n:&x',:?alealaeinl,:a::li'.wty. Possibly nioned atter Kala-
Distribytion: Planted Quite extensively on Maui, Molokai, and Kauaj
Use: _Nol very important commercially as it is inclined l::n rot rcad?lll- d
silgh.tly adverse conditions. The lugu is relatively nonacrid. Poj }fun ¥
quality may be made from this variety. ol ol good

roots conspicuously
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Leaf blade: 45 to 65 ¢m. long, 30 10 40 cm. wide, 35 to 50 cm. from tip to base
of sinus, sagittate, slightly concave, dark green; margins with a few large
undulations; piko small, light purplish; lobes obtuse with narrow sinys.

Corm: Flesh white with pinkish tinge, especially near apex, and yellowish
fibers; skin light pink, occasionally purple along leaf-scar rings,

Origin, aad derivation of name: Natiye variety; the descriptive name Uliuls
refers to the dark green petioles with brownish tinge,

Distribation: Found occasionally among other Lanloa,

Use: Mainly as table taro, )

. ' 78. Lihilihimoling

General characteristics: Short to medium in height, well spreading, produc-
ing a few ghg; easily identified by the unusual coloring of the corm flesh—.
lilac-purple in the center, surrounded by white, This is the only taro
having bicolored corm flesh,

Petiole: 55 to 70 cm, long, rather drooping, yellowish-green flecked with
reddish-brown near base, a faint, pale pink ring at base with while for
J to § em. abave. :

Leaf blade: 35 to 45 ¢m, long, 2510 35 em, wide, 30 to 35 cm. from tip to base
of sinus, sagittate, thin in texture, smooth and regular in outline ; Jobes
acute with wide sinys.

Corm: Conspicuously lilac-purple at center and white outside; skin white
with purple along leaf-scar rings.

Origin, and derivaticn of rame: Native variety; the derivation of the name is
unknown,

Distribution: Foung only occasionally under upland culture on the island of
Hawaii, '

Use: Primarily as a table taro,

79. Mana Eleele
(Poni Mang)

Geaeral characteristicg: Medium in height, erect, maturing within 9 (o 12
months, producing two or three branches: readily distinguished {rom
other Mana by blacksh petioles,

Petiole: 55 to 85 cm. long, purplish-black, pink to whitish at edge, a dark
reddish-purple ring at base with lilac pink for 3 to 4 em. above,

Leaf blade: 35 to 50 cm, long, 25 to 40 ¢m. wide, 30 to 40 em. from tip to base
of sinys, ovate, dark green; veins purplish on lower surface; Jobes acute
with shallow sinus.

Corm: Flesh white tinged with lifac near apex, with yellowish fibers; skin
dark purple.

Origin, and derivation of name: Native variety; the descriptive name Eleele
refers to the color of petioles,

Distribution: Limited, confined chiefly to the island of Hawaii; planted almost
exclusively under upland culwyre.

Use: Mainly as table taro for home consumption, .
Remarks: This variety is said to be the most drought.resistant of the Hawaifan
taros. e

H
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80, Mana Okoa .
tioles are
General charactetistics: Resembles Mono Keokeo ..e_xctcptratti;l‘aetr f;:: s A
decidedly lighter green and leaf blades are sagittate e ovate.
Petlole: . 60 to B5 cm. long, light green, pin!ﬂsh-r:d :::Oedgc;r:vm o b
Leaf blade: 45 to 55 cm. long, 30 to 35 cm. \a{!dc. 35 tcla .cn:';w P
of sinus, sagittate, medium green; margins undulate; p ]
lobes acute with narrow si:}us. ] i
Corm: Flesh white with yellowish fibers; skin \:Vhltl{:fh.H waiis 45 5o mame
Origin, and derivation of name: Probably native o ' a' ;me o O
‘ cm'sld be ascertained it has been given the descriptive n
ning "another.” ) o keo.
Dist::';iti!o;" Limited; occurs as a mixture in large plantings of Manc Keoke

Use: Fair table taro.
81. Moi

(Neenee) N

isti i i \ 11 spreading, maturing within

’ teristics: Medium in height, we . s within

Ge“;“:‘ clh"“x:;mhs producing from 5 to 10 oha; characterized by its ligh
o 12 .

n petioles with pinkish base. ' . o -

Peliglr:'e 08 to 85 cm. long, siender, drooping, light preen, mdlaslm;lly w};:;svc

grc.en at edge, a pink ring at base with lighter pink for 3 to 5 cm. X

Leaf blada: 40 m. lon: 0 to 4 wide, 30 to 45 cm, from tip to base
f P
: to 55 cm. £ 3 5 em. wi d ) ! oy
of sinus narrowly ovate, thin in texture, nedium green; P‘ko “i""s“n

veins conspicuous, light green; lobes acute wiﬂ.1 shaltow, w:edxe s‘anu;.hers
Corm; Flesh white with light pinkish tinge, especially near apex,

rellow ; skin pale pink. - . e
Orig)ii nmll derivation of name; Native variety; probably named after

whitish Hawaiian fish, moi. .

Distribution: At the present time this Vll.'lcly. is one o e o
taros but it is quile popular in certain districts, espec
aro

Molokai, and in Puna, Hawaii; grown principally under upland culture
o .

but also doss well under wetland culture,
Use: Good poi and table taro.

{ the lesser-known

82, Oene
{ Cwene Ulaula, Owene) N
isti i in height, moderately spreading,
leristics: Short to m:dlum- in ly sprea
Geneu:ui?:u\:ithin 9 to 12 months, producing from 6 1o 15 ofm, fll‘slmgx::s::g
{)mthe lﬁac purple fiecked petioles which are almost lacking in' gree
y >
i ha. oo
P ﬁi:;\::lytsgutr;e?rso:;fr]sngl light lilac-purple flecked, almost l:ckmg in green,
) a d‘ark pink ring at base with lighter pink 1or2§ to .Zscm. a‘;):; o to base
» i to 35 cm.
: 45 em. long, 25 to 30 cm. wide, n m tip
Leaf }Jlalc:;s .'505‘;'::':e dark green; piko purple; lobes _oblusc with w:df s:::s.dark
Corno:' SF!e:s'h whit'c with light pinkish tinge, especially near apex; ski

pink.
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PrmaniLy Dark Green

Maea* Paakai Wehiwa’

APPENDIX Apowale? . Mana Keokeo - Papapueo
R Bun-long? Mana Lauloa Piiatii®
C - ) Kuoho Mana Uliuli! Pikoele
FinDING LisTS - Lauloa Uliuli ) Mana Weo Piko Uaua
‘ : Lehua Palaii® Manapike Piko Ulaula®
L ! . Leo! ' Miyako! Piko Uljuli
PerioLe COLORING

PriMArILY RED
CorM CoLORING

- . . hizpele
Niue-ulaula Ua
Akado e i Ulaula Kumu Fresu PurpLe At CENTER, WHITE Ourse
Hapuu : Niue-uliv Ulaula Moano
Kai Dliuli Oene Ulaula Poni Lihilihimolina
Kakakura-ula’ Pololu .

Fresk Wxite witn PureLe Fiseps

PriMamiLy BLack _ Bun-long
o : T ‘ Eleele
- Lauloa Eleele-ula Mana . .
g::::: 11\\?:;(;120 T,auloa Palakea-eleele  Manini-owali’ Fesu YeLLOw
Kumu-sletle Lauloz Pzlakea-papamu N-awao { Mana Opelu Mana Ulu Mana Weo
Lazloa Lauloa Palakea-ula Piko Eleele - Mana Uliulj
Lazuloa Eleele-omao Lehua Eleele FresH PureLe
. STRIPED Eleele Ma_koko Lehua Maoli Piko Lehua-apei
_ B _ Ellcele Naioea Lehua Palaii Piko Ulaula
. ini-owali® Uahiapele Lehua Eleete Oopukai
Akuug.awal ﬁ::;"i Toretore - Ula Lehua Keakeo Piialii
ElealO Manini Uliuli Ulaula MOB:T"\O‘ .
E;?guiﬁz-ula‘ Nihopuu Ulaula Poni i ; FLesn Write wit Yeriow Fisers: SKIN WHITE 10 CreAm-CoLorep
Man?ni Kea Qopukai " ; (Makes a gray poi unless otherwise indicated)
Manini-opelu Papakolea-koa | . Akuugawai Leo Niue-ulaula
Apu Maea Paakai
PrmariLy Ligut To MeDuM GREEN i Aguwai‘ ° Mana Keokeo Piko Keokeo
. Awcu * Mana Kukuluhema Piko Uaua !
lakea-keokeo Moana .
Apu i‘:;;:’i{izsw Obe’ Elepaio ~ Mana Okoa Piko Uliuli
Apuwai Lehua Maoli® Piko Kea Haokca* Manapiko Pikoele
Awen Lihilihimolina® Piko Keokeo Hinupuaa Manini Kea Pololu
Haokea Mana Kokuluhema® Piko Lehua-apei Kai Ala Manini-opelu Tahitian
Ilivaua Mana Okoa Tahitian Kakakura-ula Manini Toretore Tsurunoko
Kai Ala Mana Opelit . Tsurunoko® Kalalau > Manini Uliuli _ Uahiapele
KaiKea' Mana Ut . o . Laaloa + Miyako | Uta
Kalalau L MZ?a Lauloa Palakea-eleele Moana
Lauloa Keokeo' . Lauloa Palakea-ula Nihopuu
3 D0 Honcd with other colors. : - BTt ek aer colore. !

¥ Flecked with other colors. - * Makes a silvery poi. , i
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Ban-long o~
Hackea '
Hapuu
Lehua Elecle
Lehua Keokeo
Lehua Maoli

Apowale
Apuwai’
Eleele Makoko
Eleele Naioca’
Elepaio
Haokea"
Hapuy

Kai Ala’
KaiKea”

Kai Uliuli’
Kalalau
Kuoho

Apuwal’
Aweu
Bun-long’
Haokea
Hapuu

Lauloa group

Akado
Apuwai

Apuwai

Bun-long

Lauloa Keokeo
Lauloa Palakea-eleele

Lehua Palaii -
Manini Kea .
Manini-owali
Manini Uliuli -
Moiv” - -

- Piko Elegle

UsAGE OF VARIETIES
Por Taros

Lauloa Eleele-ula
Lehua Eleele
Lehua Keokeo -
Lehua Maoli".
Lehua Palaii”
Manini Kea

Moi

. Nihopuu

Ohe’
Paakai
Papapueo
Piialii’

Luau TaroS

-Kalalan

Lauloa group

Lauloa Palakea-elecle’
Mana group |

Mana Keokeo'

Kutoro Taros
Manz group
SerouTs Usep As GREENS

Haokez
Lauloa group

ImporTanT TasLe Tuo@

Mana Keokeo
Mana Uly
Piko Elecle
Piko Kea

* Indicates the most important varictics.
" All varieties may be used as table 1aros.

Piko Uaua

" Piko Ulaula

Uahiapele

© Ulaula Kumu

Piko Eleele
PikoKea" -
Piko Keokeo
Fiko Lehua-apei
Piko Uauna” .
Piko Ulaula
Piko Uliuli”
Pololu
Uahiapele
Ulaula Kumu
Ulaula Moano
Wehiwa

Qopukai

Piko Eleele
Piko Lehua-apei
Wehiwa

Mana Keokeo'

Miyako
Tsurunoko

Piko Uliuli

. Tsurunoko
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EARLY- OR LATE- MATURING VARIETIES

EARLY-MATURING

Akado Kai Ala Lehua Maoli-

Apu Kai Kea Miyako

Apuwai Kakakura-ula Oopukai

Eleele Makoko Lehua Eleele Piialii

Eleele Naioea Lchua Keokeo Tsurunoko
LATE-MATURING

Hirupuaa Piko Eleele Piko Uaua

Ohe Piko Kea Piko Ulaula

Palaii Piko Keokeo Piko Uliuli
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maea. Strong or bad.smelling,

makoko. A reddish fish. . .

makua, Parent or older one; i.e., kalo-makus or parent corm. X

mana. Branching; also the name of a group of taro varieties characterized
by branching of the parent corm at the apex. c

manini. A striped fish living in the coral reefs,

maolj. Native; genuine, _ y o —

moarna. Broad.

moano. A fish.

moi. A fish.

nawso, Wild taro; bad. )

oha, Primary lateral cormlets or suckers produced {rom the parent corm.

ohe. Hawaiian bamboo.

okoa, Diflerent; another.

omao. Green.

copukai. A fish.

opelu. A fish (mackerel).

owali, Weak.

owene. The first crop of taro,

palai, (Pai, a bundie, and ai, food.) A round bundle of pounded taro don
up in ti leaves (Cordyling ferminalis). :

pake, Chinese.

pala, Soft; ripe, as fruit; mellow; cooked soft.

papa. Old; ancient.

pele, Goddess of the volcano. .

piko. Navel; the upper surface of a leaf hlade at the point of junction with
the petiole, Also the name of a group of taro varieties.

poi. Pasty mass made by pounding or grinding cooked taro corms, with sufi-
cient water added after thorough pounding to obtain the proper consist-
ency, and allowed to {erment for 2 shorter or longer time before it is
consumed.

pololu. Spear; a valley on Hawaii.

ponk. Royal; purple.

pub. Secondary cormlets, too small to cook and not yet producing leaves,

uaua. Tough, elastic, viscid, glutinous, not easily separated.

ula, Shortened or condensed form of ulaula.

ulaula, Red, rosy, reddish.

uli. Shortened or condensed form of ulivli.

ulivll. A dark or dusky hue.

ulu. DBreadfruit.

wai. Water.

- \
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SUMMARY

At present, the largest mainland demand for
poi is from former residents of’ Hawaii and
tourists who have been to Hawaii. This
volume could be increased to some extent by
improving and standardizing the gquality of
the delivered product,

Canned. ready-~to-serve poi as a baby food
has limited possibilities. It would add
variety to the carbohydrate foods now being
packed by the baby-food industry but, on
the whole, would have severe competition.
The market is already supplied by a large
number of established products; prices and

~profit margins in the baby-food industry
are low, and no significant expansion in

sales volume is expected for this decade,

The best opportunity for expanding the mar-

ket for taro products is in the field of
If the total of hyper-

dietary foods.
tension, allergy, and gastrointestinal uses
could be developed together, they would
provide a substantial sales volume for poi
or .taro flour in any of the large metro-
politan areas. ' ’

Several conditions must be fulfilled before
the dietary market can be developed:

(1) There must be & series of clinical
tests in mainlend clinics to provide the
medical profession with authent1c informa-

tion on the value of poi in vdrious diets,

{2) Processing, packaging, and storage

difficulties must be solved soc that =
standard quality in easily usable form will

reach mainland users. (3) The labels and

descriptive material thataccompeny the pro-

duct must be improved and also must conform

to regulations of the Federel Food and Drug.
Administration. Clearance with the American

Medical Association woild accelerate mc-
ceptance hy the medical profession. (4) The

supply situation reguires careful orgeni-
zation, not only in the production phase in’
the Territory but in msking the product'a—
veilable in mainland markets at all times.

In recent years, the frequent maritime
freight interruptions have discouraged:
meinland stores who have attempted to
handle taro products., Physicians are
reluctant to sStart patients on a diet
unless they are sure it can be continued.

INTRODUCTION

Poi is a product of the taro root. Taro
(Colocasia esculenta) haslong been a staple
in the diet of Polynesians. The taro tuber
is usually cooked and ground into e viscous
paste (poi) that ferments with the eddition

of water, High heat or freezing will halt

the fermentation process. The consistency
and viscosity of poi depend on the amount
of liquid that is added. It is most fre-
guently eaten as “ready-mixed” poi contain-
ing about 18 percent solids; the balance is
usually water. Poi can be dehydrated and
converted to flour which is referred to in
this report’ as taro flour, although it has
been marketed under many commercial names,
Also, poi can be frozen solid and later re-~
converted by placing it’ in hot water,

A .recent survey of Hawaii’ s physicians and
dietitians in hospitals and allied insti--
tutions indicated that poi is recommended
and used by them for many therapeut1c ‘and
dietary purposes (5) Local physicians
elmost unanimously recommend poi for
children and healthy infants. Pei is also
recommended by physicians for infants
exhibiting allergies to cereals and for
malnutrition. Infants and adults with cer-

. tain digestive disturbances and convales-

cents requiring an easily digestible food
are frequently given pol, Poi is especially
recommended because of 1ts high calcium-

. Iumbers 1n [ rentheses refer to bibliograph-
lcal references found on page 15«



phosphorus content and the beneficial

effect of these minerals on teeth and
bone formation. The dietary usage of

poi by physicians and dietitians in Hawaii

has developed over the years from ob-

serving the responses of selected'pa-

tients to poi and from leboratory studies,:
rather than from exhaustive clinical

tests. Nutritional studies have estab-

lished the fact thet poi is a good, health-

ful carbohydrate food and is superior
to the grains and potatoes in vitamin and

mineral content.

Because of its known nutritionalvvalues and
dietary usage mede of poi in Hawseii, a re-

connaissance survey of the possible mainland

market for the product was conducted in
January and February of 1852. The investi-~

‘- gation followed up the leads uncovered in

the Territorial physicians' survey and in
the scanty literature on the subject.’ The
discussion and conclusions on the u;rket
potential for poi are limited, bynecessity,
to broad observations and opinions of main-
land doctors, ‘heslth food” distributors,
nutritionists, and other interested indi-
viduals,

"EXPORT HISTORY

Taro flour was promoted and marketed on the
Mzinland as a baby .and allergy food prior
to World War XI. Frozen and chilled poi
has been shipped to the Mainland for more
than 20 years. Canned, ready-mixed poi (18
percent solids) has been exported to the.
states only since World War II., Standard
pol (30 percent solids) cannot be canned
satisfactorily at present.

Early records show that taro flour was
manufactured in Hawaiil as early as 1874,
and that King Kalakaua signed a legislative
bill in 1886 authorizing the payment of a
subsidy for the manufacture and export of
taro flour (16). The flour was marketed
under the trade names of Taroena and Taro
Mano.

In the mid-1930's, Hawziian Taro Products,
Ltd., was formed, It manufactured for ex- '
port a taro flour and also such praducts as
Taro-Lactin, a taro flour with milk solids
added for infant feeding, and Taroco, a taro
powder to whichother ingredients were added
to make it palatable in liquid form. This
firm spent considerable time and money pro-
moting its products on the local and main-
land markets as .*health” foods, for infant
feeding, and for making bread and pastries
(10). The f.0,b. Honolulu prices for taro
flour were §6.30 per S5-pound tin and 16
cents per pound in 100-pound bags.? The

zlnrormacion from Hawallan Tero Products, Ltd.,
glven to the Lowe Corporatlon, Chicags, Illinots,
April B, 1938.

Hawaiian Taro Products could not make its
operations pay and sold its equipment to

another firm that occasionally manufactures
Taro-Lactin and Taroco on a limited scale
for the local market,

In 1939, the Galen Company of Berkeley,

Celifornia (not now in business upder this
original name) imported Hawaiian taro flour
and marketed it as Poy-o-Meal for allergy
purposes, and Poy-o-Lin, a taro flour base
with solids added, as an infant food. It
also made a product called Poy-o-Malt which-
was sold to dairies, The company contracted
for about 100, 00 pounds of flour a month,

The Galen Company spent 3 years in develop-
ing these products and about $25, 000 in
promoting them chiefly among the physicians
throughout the United States., (A market
for the products was also developed in
Venezuelz.) Poy-o-Lin retailed for $1.00 &

‘pound in 1939-40 and Poy-o-Meal for §1.25

per 1% pounds., At that time Hawaiian
growers were receiving $1.00 to $1.50 per
hundredweight for taro. World War II cut
off the taro flour supplies, and the busi-
ness was not revived after the war.

The Galen Compeny sold 211 the poi products
it manufaptured. Poy-o-Lin sold better at
first, but Poy-o-Meal outlasted it in pre-
ference., Even today inquiries.forPay-o-Meal
are being received by ‘the sueccessor company
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from medical men throughout the country.®
The promotional efforts of these companies
have left their imprints on the mainland
markets. A number of doctors interviewed on
the Mainland had used the taro flour prior
to World War II, principelly in allergy
work, and still enthusiastically endorseit.*

In 1951, exports of fresh poi from Hawaii
to the Mainland amounted to 16,000 pounds
and of canned, ready-mixed poi, 9,000
pounds. Little, 1if any, taro flour is
being exported at present. Some taro
is shipped to the Mainland for use as a
vegetable,

TARO PRODUCTS FOR SPECIALTY FOOD STORES

Poi has little chance of becoming a staple
food on the Mainland. Rice and potatoes
are well-established staple foods; further-
more, most adults dislike the viscosity and
fiat taste of poi. On the Pacific Coast,
where most of Hawaii’s tourists originate

poi has an unsavory reputation that extends

substantially beyond those whohave actually

tasted it. This unfavorable public reaction
creates . a formidable barrier to the sale of
poi as a staple, whether fresh, sour, or
artificially flavored.

At present there is s sSpecialty market for
fresh, standard poi.® mostly frozen, in a
few fish and meat markets and restaurants
in California’s coastal cities where the
Portuguese, Hawaiians, and other migrants
from Hawaii have settled. The migrants
still like their poi to the extent of paying
49 to 50 cehits a pound for the frozen poi
that, when thawed and reconverted, bears
little resemblance to the fresh product in
taste or appearance.

Most of the fresh poi is shipped in the 2-
and 4-pound pliofilm bags in which it is
marketed locally. Some of the poi is merely

- chilled in transit while some shippers have

it frozen en route. The chilled poi con-
tinues to ferment slowly so that it is more
sour on arrival than poi that is frozen. A
shrinkage of about 12 percent in weight
oceurs during the g-day trin from Honolulu
to the Pacific Coast. Poi shippers have
found that they must pack more poi in the

5Inror'matinn from W. Worswick, formerly sales
manager of the Galen Company, Berkeley, Calif-
ornla, February 26, 1952. )

4Informatlon from Dr. J, M, Frawley, Fresno,
California, 4&pril 24, 1952, and Ifrom Dr, Jerome
Glazger, Rochester, New York, May 3, 1852.

ostandard pol, by Territbrial law, must con- -

tain st B ast 30 percent splids.

bags if the 2- and 4-pound net weights, as
stated on the label, are to be maintained
on arrival. Many of the Hewaii people on
the Mainland would prefer tobuy the canned,
ready-mixed form inplace of the frozen poi,
which requires considerable time and labor
to reconvert to a usable form. Some poi
eaters object to the frozen poi because it

_ is impossible to tell the degree of sourness

when they buy it. Sales could be stimulated
if shippers indicated the age of poi on the
label at the time of freezing.

Some canned, ready-mixed poi is sold along
the Pacific Coast in fancy food stores and
delicatessens for cocktail, snack, hors
d' oeuvre, and luaw purposes. These markets
are the principal sources of supply for
touri’ts and others who have been to the
Islands and whowish to serve Hawaiian foods
on special occasions (see table } for number
of delicatessens on the Pacific Coast).
Fancy food stores provide a limited market
for canned, ready-mixed poi, but of the
2,000 meat markets and 300 fish markets on
the Pacific Coast, not more than a dozen
stores now carry the product. Not all of
these stores would have customers for fresh

or frozen poi, butwith a little promotional
"work, canned, ready-mixed poi in small con-

tainers could be sold to this trade.

Beveral inquiries were received from fancy-
food distributors during the survey for taro
chips as a cocktail item and canned taro as
a fancy food delicacy. These are not being
processed in the Islands at present but -
were patked on 2 limited scale prior to
World War II. The “taro investigations,”
conducted by the Hawaii Agricultural
Experiment Station from 1936 through 1941,
explored the methods of processing these
and many bakery products from taro (8).




of fact and intrusions inte professienal
practice, Nevertheless, the food faddists
have made Americans ‘health’ food conscious.

Even though foods and diets are receiving

grester attention, & recent analysis of the
number and kinds of treatments given new
patients in medical clinics in the United
"States shows that only 7. 3percent are given
a dietary treatment while 57.4 percent of
the new patients are treated with drugs,
The dietary treatments are principally for
digestive disorders (27.9 percent) and
cardiovascular ajlments (13.4 percent) (12).

The increasing importance of the dietetic
uses of food 1s evidenced by the growth of
the dietetic canned food business. In 1949,
the National Canners Association surveyed
the field and found 17 packers processing
33 products. In 1951, a repeat survey
registered 85 canners and 53 products (3).

Poi for Allergies

Many diseases and disorders formerly at-
tributed to other causes are now traceable
to allergies, and the study of the causes

- and cures of food allergies is one of the
rapidly developing phases of medical re-
search, Poi and taro flour have been used
from time to time in treating allergles,
principally as a cereal substitute, and, if
clinical tests of poi are favorable, there
may be a large potential market for poi.
The actual size of this market cannot be
determined from the many different medical
estimates und opiniens on the incidence of
allergies,

A handicap to thedevelopment of this market
is the strong object ion most adults have to
the taste of ready-mixed pol and the incon-
venlence of preparation., A few mainland
phy¥sicians have attempted to place adults
on a poi diet by masking the objectionable
taste with flavoring, Physicians who know

about the nutritional and allergenic va’lue‘
of taro flour and' pol feel that perhaps the’

flour is the vetter product for adul t ‘use.

as the principal ingredlient for speclalty
bakery products such as cookies, breads,
and crackers. Bakery products made from

taro-or poi are more acceptable and palata-
ble than is ready-mixed poi.

- The greatest mainland market for poi would

result from the physicians’ recommendations
for its use in diets for babies with alier-
gies. Most babies take to poi readily, and
pol is not likely to cause an allergy.

Poi for Gastrointestinal Disorders

Some 15 million people in the United States
suffer from ulcers at one time or another
during their lifetime. More than a half
million ulcer patients receive medicel
treatment or are hospitalized for at least
1 month during the year. 'Practitioners of
intzrnal medicine in Hawaii indicate that
pol has great value in alleviating gastro-
intestinal difficultles'(s). '

One mainland physician reports good ‘results
with pol in a limited number of ulcer and
other gastrointestinal cases.® The follow-

ing is a quotation from the physicien's
letter:

“1 feel that it Zpel7 is a very walua-
Ble carbohydrate supplement for infant
diets and I also have used it extensively
for adults who have gastrointeatins}] dis-
function., We have found it very valucble
in the treatment of peptic ulcers, during
convilescence, foellowing acute illnems, in
the postoperative state, and also in the
aged individual who so freqaent}.y how - di-
gestive chsturbrmces.

The physician stated that one mejor ad-
vantage of using poi was that it le ft no
secondary effects such as constipation, oc-
cationally encountered when using pharma-
ceutical treatments. 1In addition, poi has
8 food value that is lacking in most medi-
cal treatments. The trial feedings, however,
were on toolimited a scale to be considered
conclusive, The digestibility of poi, its
“softness” on the gastrointestinal linings.

and {ts alkaline residual effects seem to .

be the properties that make poi valuable

' for alleviating many gastrointestinal dis-
‘Taro flour can .e made into gruel or used

turbances.,

8Information from Dr. Rachael Jenkins, Lomita,
Calitornia, given to Thomas 7. Tatelsh! Company,
Henolulu, Hawall, Octover 18, 1951




The ease of digestibllity gives it promise
in other fields, toco. Elderly people,
people with no teeth, and postoperatives
are prospective clients for soft foods.
Being a carbohydrate food and relatively
high in caleric content, poi provides an
easily obtainable source of energy for con-
valescents and & nutritious food for those
who might be suffering from malputrition.
Also, the ready utilization of the calcium

and phosphorus in poi is of importance to

the nutritional and physical well-being of
elderly people as well as of youngsters.
The number of aged in the population of the
United States is steadily increasing, To-
day, some 12 million people are 65 years
old or older, and by 1980 the number is ex-
pected to rise to 24 million (11).

Poi in Low-Sodium Diets

Another possible but unexplored use of poi

in diet therapy is in the field of feeding

hynertension patients., A diet low in salt,
fluid, and nrotein but relatively high in
carbohydrates is prescribed for persons
suffering from 8 chronic heart disease with
edema. The rice diet,

low in sodium, is

perhaps the most widely used hypertension
diet, but it heas been observed that the
rice diet is generally unpopular among
patients (especially embulatory patients),
and meny medical researchers believe that 8
more palatable substitute diet is needed.
Future investigations are planned to test
diets that are more palatable and that
would provide @ higher carbohydrate content
than does the rice diet (i4).

Poi has & low-sodium content, Chemical
analyses show a sodium range of from .0020
to .0076 percent in air-dried, cooked taro
(16). This sodium content is low enough
for taro and poi to be used in low-sodium
diets, Patients already on a salt-free or
“severely restricted” diet are generally
accustomed to eating bland foods so poi
should be ‘acceptable to most adults on this
type of diet. The greatest drawback " to
those persons on a “moderately restricted”
salt diet would be itslack of palatability.

A prominent mainland nutritionist reports
that the potential market for low-sodium
foods 1s thought to be about as large as
the present baby-food market of some 123
million dozen cans annually (2).

PROBLEMS OF MARKETING POI ON THE MAINLAND

Promotional and Educational Problems

If the mainland market for poi as a dietary
food is to be developed and firmly es~
tabl ished, considerable promotional effort
will have to be expended to accomplish the
task. S

It is difficult at best to acquire new
consurers when selling an unknown pro-
duct. Food habits change slowly, and
usually there must be a sirong motive
for » person to change his eating habits
or to buy an unknown food. The two prin-
cipal motives for chenging dietary habits
are fashion and health (18). The “bealth”
aspects are important when selling poi
as a special dietary food, while the
“fashion” aspects are more important for

selling poi through fancy food stores and
delicetessens, ‘

Some basic work was done more than a decade
ago with tarc flour products among the
medical profession, but the effects of the
initial promotional efforts have been’
largely dissipated. The least expensive
and most effective means of establishing a
dietary market would be clinical research
work conducted by reputable medical men.
Most new dietary products are introduced to
the medical protession and then to the
public in this manner., The clinical work
should be done on the Mainland to establish
the special dietary usefulness of poi under
mainland conditions, If the results were
favorable, as anticipated, their dissemi-
nation through medical journals would be
highly effective in. introducing the product -
nationally. Physicians must be sold on a
new product before the consumer market can
be developed. A little support from the

doctors, and the market for pol could be

expanded, -
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Chart. Territorial taro acreage and annual averege.prices of taro,

1944-311
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Source: Stutistics of Diversified Agriculture (pnnual), Hawail Univ. Agr. EXt. Serv. -
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University of Hawaii at Manoa

College of Tropical Agriculture and Human Resources
Department of Agricultural and Resource Fconomics
3050 Mails Wav » Gilmore Helf

Honululu, Hawail 96822
MEMORANDUM
May 10, 1990

TO: All UH Taro researchers and other interested faculty
FROM:  Jim Hollyer, The Taro Projec,t/'//‘
VIA: Dr. Ken Rohrbach /

RE: Update on taro happenings

This note is to bring you up to date.on a number of issues.

1) Please find attached the latest list on all funded taro research. Congratulations to all of you who
worked so hard getting the proposals assembled.

2) The taro bibliographic databasg is on line and should be up to date, through April 1990, in the
next few weeks. It is very complete with some 3,400 citations and abstracts (from Biosis,
Agricola, Food Technology, Agris and CAB, and covering Colocasia, Xanthosoma,
Cyrtosperma and Alocasia). We encourage everyone to use it as opposed to spending their own
research funds. However, if you have the need, it would be best to coordinate the search with
Scott Campbell, Pete Rotar or myself so that we can get the data on disk and thus be efficient.
Please make an appointment for your research assistants or yourself to use this tool with Scott
Campbell (948-6971). '

3) The Fourth Taro Industry Analysis will be on Friday, June 15 in Hilo from 1 to 5 pm, with Dr.
Rohrbach heading up the meeting. We will be sending out the DRAFT of the discussion and
worksheets by the end of the month -- please work on these with your clients and collegues well
before the meeting. We will have extra copies at the meeting. We will be able to fund one agent

- from each island on Dr. Rohrbach’s extension account. Please decide amongst yourselves who
will go and then call Genny, Dr Rohrbach’s secretary, at 948-8157 to get the account
information. If there are going to be any morning activities that day, Dwight Sato will let you
know in advance.

enclosures

cc: Dr. Kefford
Dr. Nishmoto
Dr. Fuchigami



UH RESEARCHERS ON TARO PROJECTS as of May 3, 1990

PRINCIPAL PROJECT PLANNED PROJECT | ACTUAL/PROPOSED| STATUS OF PROPOSAL
INVESTIGATORS NAME DURATION FUNDING SOURCE OR PROJECT
Paull, Coltman Tara corm growth and de- 6/89-6/92 Fed-Diversified Ag. On-going
velopment as related to yield,
storability and chipping
characteristics
de la Pena, Rotar Taro, breeding, production & 7/90-7/91 GACCCAPE Recently funded
indusiry development .
de la Pena Taro variety eval. & impravement 7/90-7/91 GACCCAPE Recently funded
Sato, Silva Optimum _fertilization and 1/89-12/90 GACC-Taro On-qoing - refunded
liming practices for dryland
and wetland taro
Kawate, Miles Registration of insecticides for 1/90-12/95 GACC-Taro On-qoing
the control of the taro root
aphid in dryland taro
DeFrank, Sato Weed control in taro 6/86-12/91 GACC-Taro On-going - refunded
DeFrank Safe chemical use (on targ} video Investigators' funding |Pending 0.k. on chemicals
Hollyer The Taro Project (marketing and 1/89-12/90 Fed-Diversified Ag. On-going
information_ management) )
Vargo, Sato, Manner, [A comparative study of low- 6/89-6/91 LISA - Fed On-going
Natus, Raynor, Ragus, |input and high-input taro
Fallanruw production in the American
Pacific
Wyasaka Utilizing genelic potentials 6/1/90- 406 Begining
of crop plants to solve
prablems of acid soils {using taro)
Caldwell, El-Swaify, [Sustainability of taro cropping 6/1/90- 406 Beqining

Uehara

systems in Hawaii




{Uehara

Taro production model development /87- /92 USAID-SPRAD- On-going
{subcontracted to International IBSNAT Coop.
Fertilizer Development Center, Al

Nip Physico-chemical properties 5/90-5/91 GACCCAPE Begining
of taro starch (subcontracted out)

Nip Targ production, handling 6/88-5/91 4086 On-going
and processing-Am. Samoa

Huang Specification data development 5/90-5/91 GACCCAPE Begining
for Hawaii's tarc producis

Huang Physical and chemical properties 6/1/90- 406 Begining
of taro qum and de-qummed taro
products

Campbell, Rotar, Taro researchers’ databasé 12/89-3/90 Fed-Diversified Ag. QOn-qoing

Hallyer

Teng, Ferreira Integrated control of taro 1/90-12/91 GACC-Targ On-going
diseases in Hawaii ‘

Smith {Ray) USP Alafua campus (taro) research 3/80-12/91 LISAID-SPRAD On-going

(various projects)

|Abbott Assembling Hawaiian taro varieties 5/90-5/91 Cooke Foundation Begining

(Botany) from private & public_collections
for preservation purposes

Giambetluca, Penn Estimating Water Requirements for 8/89 - 6/92 LSGS, St of Hawaii, On-going

(Geography) Wetland Taro Cultivation in Hawaii Water Res. Center

GRADUATE STUDENT RESEARCH

Ferentinos {Caldwell}| Traditional Hawaiian taros for 12/89-6/92 HATCH-Fed On-going
upland production

Prasad (Uehara) Effect of temperature & photoperiod 4/89-4/82 USAID-SPRAD- On-going

on growth and development of taro

IBSNAT Coop.
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Taro as.a Source of Thiamine,

Riboflavin, ‘and Niacin’

CAREY D. MILLER?, ADELIA BAUFRE, and
HELEN DENNING*

Foods and Nutrition Department, Hawail Agriculiural Ezperiment
Station, University of Hawaii, Honolulu

ARO (Colocasia esculentu (L.) Schott) was

truly the “staff of life” of the old Hawai-
ians, and it was an important source of carbohydrate
in the more southerly Pacific Islands where it con-
tinues to be extensively used, especially when bread-
fruit is out of season. The ancient Hawaiians, who
were excellent farmers (1)}, developed many varieties
and their two types of taro culture—wetland (sub-
merged culture) and upland or dry land (nonsub-
merged culture)—form the basis of segregating vari-
eties. Both types of culture continue today (2).

Taro, one of the oldest cultivated crops in the
world, is propagated by vegetative means rather
than by seed, and the identification of taro varieties
presents a difficult botanical and horticultural prob-
lem. The Hawaii Agricultural Experiment Station
published u study of taro in Hawail in 1939 (2)
and described 84 named varieties. It is believed that
the “old Hawaiians recognized 150 to 175 distingnish-
able forms™ (2).

The Japanese taros in Hawaii were introduced by
immgrants from Japan. These are similar to the
type of taro referred to as ”d‘rsheen in the southern
United States.

The prinecipal green vegetable of the ancient Ha-

1 Published with the approval of the director as Tceh-
nical Paper No. 236, Hawaii Agricultural Experiment Sta-
tion. Reeeived for publication July 19, 1951.

? The wuthors wish to thank Francis A. Bowers fur
identifying the varieties of tavo and turo leuves; Leonard
Wong who raised and furnished the samples of Bun Long
and Piko Kea taro corms and the taro leaves; and Kiye
Nakatani of Captain Cook, Hawaii, who furnished the
Japanese tara. We are also indebted to J. P. Kapua, Poi
Inspector for the Board of Health, Honolulu, who arranged
for the samples of taro and poi; and to the Aloha Poi factory,
Kalihi Poi Shop, and Waimea Poi Mill for providing,
without charge, the samples of raw and cooked tare and

- commercial poi.

? Present mrddress, National Dairies Research Labora-
tory, Oakdale, N. Y.

* Present address,

The Pennsylvania State Coliege,
State College.

wailans was tender taro leaves which they cooked
with fish or pork in thelr underground ovens (imu).
Other Polynesians also used taro leaves, and the
Samoans today make a delectable dish, palu sami,
by combining taro leaves with expressed coconut
“milk,” wrapping them both neatly in a large taro
leaf, then im banana and breadfruit leaves, and
cooking the package in an earth oven heated by
hot stones.

In Hawali, when taro is cooked and pounded
{ancient times) or mechanically ground (modern
times), the resulting thick paste is commonly called
paiai. Patai or commercial pol, which by law must
contain not less than 30 per cent solids, is thinned
with water for home and institutional use to produce
poi which contains 16 to I8 per cent solids. (Ready-
wmixed poi sold commercially must contain not less
than 18 per cent solids.) Poi is the form in which the
ancient Hawailans ate most of their taro and which

. 1s preferred by Hawaiians today.

If poi is permitted to stand at room temperature,
acids, chiefly lactic, are formed (3). The resulting
subacid, pasty product has a characteristic flavor
much enjoyed by those accustomed to it.

Poi is an excellent food for babies and is well
tolerated by people with digestive disturbances (4},
Tarn has also been recommended for use in the diets
of people allergic to common starchy foods ().

‘Taro can be made into flour which may be incor-
porated info many baked products or which may be
recoustituted with water to make poi ().

Potgieter found the calcium and phosphorus of
tarc well utilized by human subjects (7) and by rats
(8), when pol and taro flour respectively were the
principal dietary sources of those minerals.

Biologic experiments have shown the cooked taro
to be a relatively good source of thiamine (9). Since
rats will not readily eat the raw vegetable [all the
taros are irritating to the mueous membranes be-
cause of the raphides of minute calcium oxalate
crystals which they contain (10)}, 1t was not possible
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to learn by hiologic means how much thiamine s
lost as a resull. of cooking,

This paper reports the losses in thiamine, ribo-
flavin, and niacin when several varieties of taro
were cooked by laboratory (home) methods and
when cooked commercially and ground to make the
thick paste known as commerciul poi or pafai. In-
cluded also are data on the amounts of the three B
vitaming in raw and cooked taro leaves.

SAMPLES AND METHODS

Corms of two distinet wetland varieties of taro—
Piko Kea (an Hawaiian type much used for poi)
and Bun Long (introduced from China and used
both as cooked taro and for poi}—were obtained
directly from the grower and identified by a station
agronomist familiar with taro varieties. The Japa-
nese taro was helieved to be the Tswrunoko variety
(2).

Three corms 4 to 6 in. long were used for each
raw sample. Three different corms cocked in the
skins at 15 1b. pressure for 45 min. were used for the
cooked samples. For the Japanese taro, 5 cormels
(2 to 3 in. in diameter) were used for the raw sample.
Six cormeis were cooked without paring in boiling
water for 35 min. In each case the skins were re-
moved and the corms and cormels chopped and
mixed before sampling.

Two varieties of taro leaves—Haokea (Hawatian)
and Bun Long (Chinese)—were analyzed in the raw
state and after steaming for 1 hr. (The leaves were
placed In a pan without water in a pressure cooker
but not under pressure.) Stems and the heaviest
part of the mid-ribs were removed and discarded.
Fifteen to twenty-five leaves were used for each
sample. .

Since most of the taro in Hawaii is eaten in the
form of poi prepared by small commercial factories,
it was desirable to learn if the three B vitamins in the
" taro and their retention after commercial cooking
were of the same order as for the home-cooked prod-
uet. Three poi factories cooperated by furnishing
samples of (a) raw taro, (b) cooked taro, and (c)
freshly ground taro (paier). Tive corms were used
for each of the taro samples, and the pazai was taken
from 5-1b. lots. Two of the paia? samples were al-
lowed to stand at room tempersture for three days,
attaining the degree of acidity desired by most poi
eaters, when the B vitamins were again determined.

The taros from each factory were not identified
but were of mixed varieties.

Satisfactory information on the preparation of
commercial poi by Faetory No. I could not be ob-
tammed. As the methods and cooking periods used
in Factory No. 2 and No. 3 differed considerably,
they will be described in some detail.

" In Factory No. 2, about 3000 lb. taro (thirty 100-
Ib. bags) are cooked at one time n a large rectangular
container with {wo metal sides and bottom, and two
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sides of removahle wooden planks. The hottom of the
cooker contains 6 to 8 in. water which is beated to
steam by an oil hurner. Eight bags of taro are placed
on an iron frame about  in. above the water and on
the bags loose corms are piled in o thick layer. A
second layer of-taro corms, removed from the bags,
is separated from the lower one by an iron frame to
permit better cireulation of steam, and a number of
burlap bags cover the top. The entire Ioad of taro
to be cooked at one time is approximately 4 ft. thick.
Cooking begins at 3 P.M. and is continued for 33
to 4 hr. The cooked corms remain in the container
until 5 o'clock the next morning when processing
begins, but all the taro is not removed from the
cooker until about noon, The taro corms are shoveled
from the cooker into a large tank of water and the
peels removed by hand. The corms are then placed
in a second vat of water, where they are washed
twice and trimmed if necessary, before being ground
into the paste called paiai.
In.-Factory No. 8, thirty to forty bags, each con- -

taining 100 1b. unpeeled taro, are placed in a cooker
similar to that used in Factory No. 2. The water in

~ the bottom of the container is heated by steam

pipes from 2 boiler that is maintained at 80 Ib.
pressure for 2 to 24 hr. Again the taro is cooked in
the early evening and held in the cooker overnight.
The next morning, the bags of cooked taro are
emptied into washing machines where running tap
water and continuous agitation remove most of the
Iooze skins on the taro. The tare is transferred to a
large shallow tank containing yunning water where
each corm is inspected and trimmed hy hand before
being mechanically ground. The paiai emerges into
another shallow tank of water from which it is lifted
by hand and placed in Cellophane bags rveady for
the market. .

Thiamine was determined by the thiochrome
method and riboflavin and niacin by mierobiologic
methods (11}, '

RESULTS AND DISCUSSION

Cooked taro, such as used for poi, contained 0.08
to 0.1 mg. thiamine per 100 gm., confirming the
biologic experiments which showed 0.09 mg. per 100
gm. {9). The sample of Japanese taro (dasheen)
gave a lower value (0.07 mg. per 100 gm.) than was
previously obtained by biclogic means (0.125 mg.)
(9). These values of approximately 0.1 mg. thiamine
per 100 gm. proved cooked taro and cooked potatoes
to be ahout equally good sources of thiamine (12).

As would be expected, the more labile thiamine
showed a greater degree of destruction than did
riboflavin or niacin. Rather wide variations in losses
of thiamine are indicated by the figures in Tables
1 and 2. In round numbers as much as 75 per cent
or as little as 35 per cent of thiamine may be re-
tained when taro is cooked before making into poi.
Grinding the taro, making it into pazei, and allowing



[

MAY 1952]

Taro as a Source of Thiamine, Riboflavin, and Niacin 437
TABLLE i
Retention of thiamine, ribaflavin, and niacin tn home-cooked taro and toro leaves
; THIAMINFE RIBOFLAVIN NIACTN
FOHM OF TARD AMOISTURE - D e i ‘ T T T T -
| assayed \v&i?ht. ' Retention | :Lss‘?t;ed i wgﬁl ‘Retention uss‘z;cd \\'Ei?l;t i Reteution
', o s omg, /100 l mg./ 100 - Lo 0 w00 o mg.1on my./I/J[T“ B -
; e ! am, | m. e I om. am. ¢ o ent. 20
Taro corms, raw : [ : ‘
Piko Kea (Hawaiian) : 62.6 0.210 | 0.562 ' 0.030 § 0.080 0.61 1.63
Bun Long {Chinese} ! 58.4 | 0.174 II 0.419 | U.1126 'l 0.063 .86 1.538
Dasheen {Japanese) | T4 0.084  0.328 ' | 0.016 | 0.062 0.64 . 230 |
Tare corms, coaked ‘ ' ; '
Pilko Kea | 743 0.1 0.432 77 | 0.030 : (0.117) - 0.47 1.83 | (112)
Bun Long . 596 0.100 | D.248 50 0.025  0.062 ; 98 0.58 1.4 o1
Dasheen ; 74.9 0073 - 0.291 ‘ 8 | 0.015 0.060 97 0.G0 2.30 ¢ 06
—_— ‘ — _ I
Taro leaves, raw - | ! : ;
Huaokea (Hawaiian) ‘ 82.5 0.230 1.315 i 0.464 | 2,650 i 1.60 ' 9,15
Bun Long ‘ 80.5 0.168 0.862 f o 0,440 | 2,256 1.34 | 6.87 |
N —— —_— |
Taro leaves, cooked | 1 ] i ‘ \ }‘
Haolkes : 838 0073 | 1055 | S0 0430 | 2742 103 '1s6 o952 104
Bun lLong PooSIg 0131 ) 0704 D 82 2.230 |oheT [T

0.415 | oy 124

it to sour appear to have little effect upon the
thiamine values. The retention of thiamine in the
Japanese taro was greater (80 per cent) than in
either of the poi taros (59 and 77 per cent).

It was expected that the longer cooking period
(3% to 4 hr.) used by Factory No. 2 would cause
greater losses of thiamine than the shorfer cooking
period (2 to 2% hr.) used by Faetory No. 3, but this
did not prove to be true. Judging from the figures
in Table 2, approximately 20 per cent more thiamine
was retained by both the cooked corms and the
paiat in Factory No. & than in Tactory No. 3.
Whether it was an unusually low value for the raw
corms from Factory No. 2, a greater leaching of
thiamine resulting from more washing in Factory
No. 3, or whether it. was a problem of sampling
cannot be decided from these data. More carefully
controlled experiments than are feasible in the small
factories and many more assays would be required
to obtain a conclusive answer. However, it is be-
lieved that the data presented in Table 2 give a
true picture of the range of values for thiamine,
riboflavin, and wniacin in raw and commerciully
cooked taros and in commercial poi.

Variations between corms were not determined,
but they are probably as great as between other
units, such as leaves of turnip greens and sweet
potatoes (13). The difficulty of sampling products
from the factories might well account for the seem-
ing lack of cousistency in the retentions of all three
vitamins when the raw taro corms, the cooked taro
corms, and the paiai are compared. Judging from
the results in Tables I and 2, it may be concluded
that thiamine is less well retained (33 to 75 per cent)
than rboflavin and niacin which, though showing

wide variations for the factory samples (60 to 95
per cent), are well retammed in the home cooked
produets (91 to 98 per cent).

Taro cooked in the underground oven (omu) by
the ancient Hawalians doubtless retained as much
or more of the vitamins than does that cooked by
modern methods.

Since the ancient Hawaiians had no grains, they
needed to eat large quantities of taro to satisfy
their caloric requirements. The senior author has
been reliably informed (10) “that an amount of poi
equal to 3 Ib. of modern commercial pol would be
an average amount for a man or woman, but that
the old Hawaiians might eat 10 or 13 lb. of such
pol a day depending on the work they were doing
and the abundance of the supply.”

Sufficient taro to supply 2400 calories (about 2000
em. paiaz, or léss than 5 1b.) would furnish approxi-
mately 1.6 mg. thiamine, 0.36 mg. riboflavin, and
10 mg. niacin. This would suffice to meet the Recom-
mended Dietary Allowance of the National Research
Council for thiamine, but would furnish less than
one-third the riboflavin and more than one-half the
niacin.

SUMMARY AND CONCLUSIONS

Three varieties of taro cooked in the laboratory
and samples of raw taro, cooked taro, and paiad
obtained from three poi factories were used to study
the retention of thiamine, riboflavin, and niaein.

The relatively long cooking period and/or high
temperature required to make taro palatable re-
sulted in rather poor retention (35 to 75 per cent)
of thiamine in taros used for poi. The better reten-
tion of thiamine (89 per cent) in the Japanese taro
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‘ TABLI 2
Retention of thiamine, riboflavin, and niacin i cooked taro and paiai from three poi faclorics

- ]
i RIBOFLAVIN !

i. THIAMINE NIACIN
FORM AXD SOURCE OF TARQ MOISTURE f N ; - | o ‘ T 5 ‘
‘ assa;cd 1 wci?ht ‘ Retention ! assayed weight iRctenimn ! assa;Ed weif':-\l:lt Retention
[ J— ! R - e —
o i mg. /100 mg./100 o L. 00 mg. /100 | - Vomg 00 mg./ 100 i o
i ! L. i, e N am. : w0 | am. . e 2
Turo corms, raw . ) ‘ ' ’
Factory 1 S Bl P0.988 | 0.618 0.043 - 0.112 i 0.73 1.05
Factory 2 T 0.172 0.409 0.035 0.085 | 0.78 1.85
Factory 3 i 61.4 0.256 0.664 ‘ 0.043 ¢.111 | . 0.74 1.92
Taro corms, cooked ) : ! ‘ i :
Factory 1 A3.8 0.080 0.221 36 0.028 0.077 80 | 0.57 | 1.57 50
Factory 2 ) 63.3 0.086 0.234 ¢ 57 0.029 0.079 | 9o+ 0.64 - 1T O4
Factory 3 P08 0.103 | 0.256 i 30 0.027 | 0.067 © 60 ¢ 0.58 @ 1.4 75
‘. ‘ | 1
Tare corms, cooked and | |
ground (paiai)- ' i ‘ i | i
Factory 1 60.8 0.068 0.225 36 0.025 . 0.083 ° Y1 . 0.45 . 1.49 76
Factory 2 70.0 0.078 0.260) 6+ | 0.023 0.077 | 43 ‘ 0.40 ‘ 1.63 38
Factory 3 : 4.0 0.093 | 0.238 39 1 0.038 0.106 - 95 0.6 178 93
Taro corms, cocked and ! i : || |
ground (paiai), and held 3 ‘ | '
at room temperature for ’ J ! i ! |
3 days . 1 : I ' !
Factory 1 69.8 0.060 0.198 | 32 | 0.027 @ n.080 ‘ 80 0.45 1 1.40 76
Factory 3 64.0 0.082 | 0.228 34 | {0.040) — o — 0.67 1 1.86 97
" I . !

{dasheen) was probably due to the shorter cooking
period,

Taro cooked in the laboratory showed excellent
retention of riboflavin and niacin (91 to 98 per cent),
hut retention in the commercially cooked taros was
less and there was a greater range of values (60 to
95 per cenl), the lutter possibly the result of varia-
tions due to sampling.

The ancient Hawaiians who depended on taro as
their main source of calories could easily satisfy
their needs for thiamine and meet the modern Na-
tional Research Council’s recommendation for this
vitamin by the daily consumption of 2000 gm. pazar.
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Poi, prerared from taro, one of the oldest of cultivated crogs,
has been the staple carbohydrate food of Polynesia and rarticularly
the Hawaiian Islands for centuries. Other rarts of the worlk depend‘
largely on the cereal grains; especially wheat, rye, corn, rice and
others but none of these were grown in ancient pre-~Captain Cook Hawaii,
and for this reason, as well as other limitations of food supply, poi
was the major food stuff. The Hawaiians were a tall, handsome race,
characterized by spendid physique and good teeth. DMuch of this is
attributed to the enormous amounts of poi they consumed. However,
since the Islands were discovered by Captain Cook in 17786, with the
introduction of the wide variety of foods used elsewhere such as the
various cereal. grains, beef, pork, milk. etc., the use of roi has
gradually declined. Desrite this. its value as foocd for infants, has
long been recognized by Hawaiian physicians, including the very very
capable pediatricians of Honolulu. 4

It has recently been felt, more on the mainland United States
than anywhere else in the world, that allergic disease has been in-
¢creasing both felatively and absolutely. .Physicians are gradually
avakening toe the importance of the prophylaxis of these disorders
phich start largely in early infancy and childhood with manifestations
6f various types, rarticularly gastrointestinal disturbances, eczema
{a very stubborn skin rash), frequent respiratory illnesses.and asthma.
When initiated by foods; which is very commonly the case in early
infancy, the most important are the most commonly used, such as eggs,
cereéls (particularly wheat), and milk Adequaﬁe substitutes for
eggs and milk are readily available but not for céereals. Poi, be-
cause of its relatively low allergenicity.  has proven to be ideal |

for this purpose. 4s interestin the prevention of allergic disease
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grows, poi should be used more and more for the starting carbohydrate
food as a cereal substitute fdr infants born in allergic families who;
because a tendency to develop aliergic disease is inherited, are more
likely to show such manifestations than those in non-allergic families.
The importance of this problem is illustrated by the observation that
about 20percent of.children on the mainland U.S. suffer from allergic
disease. .A recent publication from the U.S. Department of Health,
Education and welfare, which did not become available until after this
report was written, indicates that allergic disease accounts for al-
most 33 percent of all chronic disease reprorted in children under 17
years of age, and that éne allergic disease alone, asthma, accounts
for nearly one-fourth of the days lost from scheol because of chronic
illness in this age group.

In the Department of Pediatrics,. University of Rochester School
of Medicine and Dentistry; Rochester, New York, it has been shown that
rol is as adequate as the customary cereals for infant feeding. DMore-
bver; it is very well tolerated even by rremature infants. The ex=
perience of pediatricians in Honolulu with infants suffering from-
gastrointestinal disorders has been highlyhsatisfactoryc The taste
of poi;, which must be acquired by older children and édults, is not
a factor in its acceptance by infants.

Poil also has a special property, unique in carbohydrates, in that
it is an alkaline rather than an acid food and this doubtless éccounts
to a large degree for the excellent teeth of the ancient Hawaiians.

It is also free from gluten as determined by chemical analysis, and
its use in celiac disease, an illness of infants, caused at least
in part by gluten in the ordinary ceréals, deserves further investi-

gation. It may also prove to be of help in a more common disorder

—
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of infants, cystic fibrosis; one of the symptoms of which may be
severe gastrointestinal disturbances. This is now being studies.
Poi has already proven invaluable as a cereal substitute in indivi-
duals allergic to cereals and will eventually find a place in the
trecatment of various gastrointestinal diseases in older children and
adults as well as normal,vpotentially allergic and allergic infants.
The manufacture of poi should be standardized so that each
tatch will have the same composition as every other batch. Research
directed at making the taste of pol more.acceptable to older childre:
and adults, already initiated by the Parke, Davis Company, should be
continued. Because pol is low in iron, this should be added just

as has been done with the customary infant cereals which are also

- lacking in this respect. Studies should be continued relative to

the dehydration ofpoi for shipment overseas as this will greatly re-
duce its bulk and cost. DMistures of poi with vegetables and fruits
similar to the manrer which is employed in the case of cereals shoul!

also be developed.
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In Hawati,
The Staffof Life

By ROBERT TRUMBULL

Poi Is

"‘mmmwwmmm
you ferment It,” says Randy Lee, the part.

7 ou haven't realty been to Hu-
wall untll you've tasied pol,"”
residenta of America's 50th
mate tel) visitors. Pol, the
pounded oot of the taro, once a

sucred plant whose heart-shaped leaves were

used In sacrifices 1o ancient Polynesian gods,

i as much a symbol of Hawail as the surt-
board '

Native islanders, sspecially the ooes de-
scended from the original Polynesian ssttlers
of Eawslt, regard pol as their *“staff of life,"
the equivalent of bresd in the Western diet.
Pui is oftan the first prepared food given toln-
fants of all Hawall’s many races, and they
bever Jose their tuste for the tangy, slightly
sour concoction.

Pol — it rirymea with boy — Ls an (ndispen-

sable mccompanimerit to the steaming meat .

and fizh, servad wrapped in isavea, that are
ths main dishes of the luau, or traditional
Hawalian feast, but many Istandebs eat It for
breakiast as well, in piace of cereal, or uss it
£3 & dip for canapes. Manufacturers of the
product ship it in bags by air to the malntand
for Hawallanaliving there.

For the typical newcomer to Hawali, how-.

ever, the first taste of pol in frequently the
last. **Moat of it comes back,” Tom Caulfield,
the catering manager of the Rayal Hawalian
Hotel on Waikikl Beach, ssyn of the poi
served to towurists at the hotel’s regular Sun-
daynight lusu. Pol at these events ls
*'mainly for decoration,” or because it Iy’
traditionai, Mr. Caulfisld says.

Visitors are put off sven before trying pol
bacause the light brown, viscous mass **{ooks

~ something like walipaper paste,”” Mr. Caul-

fleld says. A common tourist reaction to the
first sarupling of the preparation Is that i1
tastes llke wallpaper paate, too, or sc they
imagine. “They always screw up their
mouths,” gays Mi. Caulfield.

Hawaiiana wince at such axpressions, The
freshly made pol served at most commercial
lunus i too bland for connoisseurs, who
prefer the stronger flavor of the pulverized
romt, to which water is added to produce the
desired consistency, afteril has been allowed
to ferment for three or four days.

ROBERT TRUMBULL, formerly a Times
corresponden, lives in Hawati.

- sald, adding, ‘1 love pirza

Poly DwTer: of the Willows, a
Honaolulu garden nt that
perves Hawailan delicaclea in addition to

more standard fare. *'Some pecpla say Itisat

ita beat when it locks up at you and winhs."
The thickness of the mixture is a question

and spoonas, unknown Ln old Hawail, provided
at modetn lusus fot the uninitiated.

““Pol 13 definitely an acquired taste,” says
Mirlam Tottorl, a second-generation Islander
of Japanese descent who works at the Honos
lulu Poi Company, one of sevefal concerns
that manufacturs the product for sale at pu-

in plastic bags or glasa jars {the
metal can, once plentiful on Honolulu
shelves, seermns to have disappeared). “It's
like I had to acquire a tasta for pizza,” she
now.,"

A brochure on Pacific lsland foods put out
bythn&mh Pacific Commission, An Interna-
tional developrient agency based in Noumes,
In the French territory of New Caledoriia,
Isuds taro root, the solld ingredient of pol, as
“an excellent source of calories” that “also
provides fiber”’ and is 'a good source of cal-
fum and iron.'* The stalwast build charmc-
taristic of both saxes mmong native Hawal-
lans and ather Polynesian peoples has been

Taro roat, the source of poi.

Visitors to the islands often have mixed reactions to their first taste of poi.

Phoogragha by Watner S0y /Camers Eawall

sttributed to their heavy ctnsumption of
tarp, elther as pol or ln other forma.

But the principal value of pai as baby food
is its “"hypo-aliergenic" qu.lllty. says Claire
Ho, & nutritionist with the Hawall State De-
partment of Health, who says she has
brought up “two beautiful specimens of chit-
dren** of her own on the preparation. “‘Pol
causes no allergles st all,” says Mrs, Ho, A

‘few years ago, ahe recalls, a hospital in

Akron, Ohie, telephoned for an emergency
shipment of pol for 4n Infant girl with an ex.
treme allergy problem. ‘‘Hospitals keep pol
on hand now,”’ she says.

Taro root, under different local names such
as dalo or tale, j2'a popular lnod throughout
the Pacific in various formas.

rly Hawalians,'* publiahed by the Unl-
verjty Presa of Kentucky in 11!1'4 Inthis way,
he says, the Hawall: b d the
organic acids supplisd to other people by
frults that were inckingin ancient Hawall.

Elderly Hawallans can remember when
much of community life revalved around the
famlly tarc patch. Women participated in
cultivating and harvesting the plants, but the
physically taxing work of beating the hard
tuber into pulp with a heavy stone pestle was
perfornied by the husky males.

Hawailans mourn the fact that there are
few taro patches left on the laland of Oahu,
where Honolulu s situated. The raw material
for polnow comes tnainly from other Islands,

being
made lnio poi, a laborious process, it is botled
or fried, like potatoes. In Hawali tarc chips
are a favorite alternatlve to the common
potato chip. The leaves of the plant, which
are rich in vitamins A, € and B2, are widely
eaten as a vegeteble but must be thoroughly
cooked to dissolve the calclum crystals that
Lrritate the throat and mouth.

*‘The Hawallans were the only Polynesiana
to consume most of their tare In the form of
pol," says Charles E. Snow, in his hook,

: ]

P y the scenic Hanalel valley on
Kaual. And most of the preparaticn of pol, ex-
cept the hand cly 1g, ls done by m.

“Pol has become 50 expensive that people'

are eating less of it,** says Malle Yardley, the
food columnist of The Honolulu Advertiser
and author of several Island cookbooks, who
is part Hawalian. At @ Honolulu supermar-
ket, an eight-ounce jar of pol costs $1.39.
Bought in bulk, with the necessary water to
be added by the purchaser, it costs $1.75 for a
plasticoag of 18 ounces.

Tily; tastes of pol arv taken alter-
nately with bllL of such Hawnllan delicacles
as laulau, or pork and butterfish with succu-
lmtnmgmml,mppedma large leafl and
staamed; kalua pig, or pork baked over hot
stones in an undargronnd oven; lomiloml
salmon, a cold mixture of salted salmon,
onlons and tomatoes, or plpikaula, s 'beef
Jerky flavored with soy sauce.

A mampling of Hawaljan dishes, including

* pél, is offered at the Royal Hawalfan Hotgl on

Sunday evening along with a program of Is-
land songs and dances, for £28. The telaphome .
dumber for reservations is 808-923-7311. A

less elaborate but authentic Hawallan kmch -

is sorved at ths Willows, 901 Hausten Street
(808-846-4808), for $8.93. Dinner with more
courses and Hawallan entertalnment is
slightly more.

On morming expeditions to the Ala Moana

Center, Honolulu's glant stiopping complex
near Waikiki, which can be reached by the
No. 5, No. 8 or No. 20 bus, I often stop at a
small restaurant with a takeout counter on
the ground level called the Pol Bowl and take
home for luach a couple of lauiaus at $2.50
each, with a §1 portion of lomiloml| salmon
and a 45-cent serving of pol. |




Religious Prohibitions

Since @k of the top ranks, both male and fcmale, were
(antamount to gods, both their persons and their bclongu"lgs
were sacred and under kapu that no one, even lower-ranking
244, could violare without punishment by death. A .kapu
which barred members of the two sexes or people c_)f differ-
ent ranks from cating together was universal, str‘nctlyt en-
forced, and also punishable by dc:arh.'f1 Thi.-,: kapu is said to
have been invoked by Wakea, the primordial sky god and
male principle; and to have derived from the s:%cred kalo. '

Kalo was one of many foodstuffs thar, in this male-domi-
nated religion full of phallic symbolism, were kapu for
women to handle, even to prepare for food. Only men could
cultivate and harvest kalo, this body of Kane, and.mzke it
into poi. Mai'a, sacred to Kanaloa, were also forbidden to
women, except for three varieties which Wakea had declared
o, free of kapu. The coconut,!5 an embodiment of Kii, was
kﬂpﬂ to women as well; they never made “ha (coconut
cordage or rope), although women made all other kil:lds of
cordage. The puaa (pig), a kinolau of Lono, was forbidden
to women, too. The punishment for a woman eating a food
kapu 10 her sex is not spelled out, but the rationale for these
restrictions appears to have been religious: that women
should not consume foods that were used sacrificially.'6

QOverall, women’s lives were governed by many more k2pu
than men’s were. The places 2 woman could go and what
she could do were in many respects tighdy circumscribed.
Kapu effectively excluded her even from the central religious
practices, for women were not permitted to go where images
of the gods were — to enter either the beiau or the hale mua,
where the family altars were kepc and the daily offerings
presented.

Men or women who violared major #apx had no recourse
bur to flee to pu'uhonua, places of refuge, that were main-
rained on each island, occasionally occupying whole ahu-
puaa. Pu'uhonua were a third variety of Aeiau specifically for
this purpose, and their priests were charged with caring for
those who sought protection within their walls. The

Pu'uhonua o Honaunau in Kona, a national historical park,
is the most famous of these places of refuge.

The Seasonal Calendar

Hawaiian religion regulated the timing of many events, in-
cluding planting and fishing, according to a lunar calendar.
The lunar, or synodic, month started and ended with the
new moon, lasting the roughly four weeks that it takes the
moon to go through all of its phases. Each day had a specific
name, often linking it to a particular god. Nine of the days,
comprising four periods during each lunar month, were

dedicated to worship of the four principal gods— Ki, Kane,
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Lono, and Kanaloa. During these periods, planting and cer-
nain kinds of fishing were disallowed, as were some other
forms of work such as beating kapa. It is not clear what sort
of work was permissible.

The remaining days were held to be propitious for various
purposes, such as planting particular kinds of fruits or vege-
tables.!”” For example, the interval preceding the nights of
Kine was thought to be a good time to plant mai'z. At the
full moon, planting ‘walzand kalo was recommended, as was
weeding and mulching 4alo. These activities were to be
coupled with prayers to Kanepua‘a,'® one of the lesser gods
associated with Lono and, secondarily, with Kine.

Rituals Related to Crops, Including Makahiki

Prayers for the crops were offered not only during the four
kapu periods but also at the time they were planted, at
intervals during their growth and maruradon, and ar the
harvesting.1? The first yields of any crop were offered to the
gods, primarily the god most revered by the individual who
had raised it. During a period kapu to that god,2° the food
was cooked in a ritual fire,2! and one portion became the
offering, while another was eaten by the maka 'dinana and
members of his family. After this cetemony, the food was
7noa and could be eaten with no more than the customary
daily offering, .

The large ceremonies associated with crops, one writer
has observed, attained a scale of size and a level of organiza-
tion and cost (in terms of energy and material goods) that
qualifies them to be labeled “state religious cults.”?2 Certainly
this holds true for the annual Makabiki na o Lone (ime of
the coming of Lono), parmicularly as it was celebrated at the
Hiki‘au Aeiau-on the shores of Kealakekua Bay, on Hawai'l.
Though now marred by the presence of two Christian
monuments at its entrance, this stands as one of the best
preserved of the old Hawaiian seiau, and it was here that the
annual observance of Makahiki started and ended.?3

Makahiki was a religious occasion, welcoming the return
of Lono as the bringer of rain and winds.?¢ The observance
occurred during the season when southerly (%on4) cyclonic
storms start in Hawai'i, warering the islands’ leeward slopes.
Its beginning was set at the first new moon after the constel-
lation Makali‘i, known in the West as the Pleiades, was seen
rising in the eastern sky at sunset. The date of this celestial
phenomenon varies from year to year, but in Hawaiian his-
toric time, it has always fallen berween mid-October and
mid-December. The Makahiki lasted about four months for
the 4/i'% and priests involved in preparing and carrying out
its elaborare ceremonies,25 but it lasted only half as long for
maka'dinana.

The ceremonies centered on a procession around each
island. Three nights before the start of the procession, the
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Fig. 17. [aBoVE] Altar enclosure, the only remaining structure on
the platform of Hiki'au heiau at Kealakekua Bay, Hawai'i, which
played a key role in Makahiki ceremonies.

Fig. 18. [LEFT] Image of the god Lono at the top of the akuz loa
staff, which headed the procession to each a4upua 'z during che
Makahiki. Collection of Bishop Museum. Bishop Museum
photograph.

feather gods were worshiped, and on the final nighr, priests
prayed all night long before wooden images of the gods. The
following day, a very sacred day, priests prepared the gkwuz loa
(lir,, che “long™ god), a pole abouc cighreen or twenty cend-
meters (seven or eight inches) in diamerter and two or three
meters (six or nine feet) long which bore at its tip a head of
Lono. Oné or more white pieces of tapa hung from a cross-
piece below the head, with che result char, from a distance,
the akua loa resembled a sail. The crosspiece also held a
feather lez and, as symbols of starvation or famine, skins of
the &z ‘upu (a native bird) and fronds of the pala fern, which
Hawaiians resorted to as a food in times of hardship.26

Thar night everyone feasted and celebrated, and roward
midnight they bathed in the sea, a custom of purification
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all major religious observances.?’ "I"h’e follow-

he akua loa was brought out and exhibited, -for—
ing day. 1€ ¢ ne the Makahiki. The akua loa symbolized
mally beglnnlthi Makahiki and would be the ricual center
Lono durl?%he ceremonies during this period. The staff was
for mosf‘;Z ;2,28 perhaps selected because irs name means
mladﬂ O_f d”uand, lightning was considered a &inolan of Lono.
“hgv};.n}l]n[%e Makahiki, many special kzpu came into force, as
F orn;;dﬂr describes in ringing, poetic language:

thar Precedcd

“And Lono had decreed that man was for‘bidden to kill; war
was prohibited.- there was to be no ﬁghtllng; the ocean was
kapu, nOL A CAN0E Was 1o sail; the 4apa anvil was kapu, and no
cloth was to be beaten; the drum was £2pu, not to be tapped;
the conch shell was kapu, not to be blown; the land was kgpu
t0 Lono, the earth, life, the mountain, the ocean, th”e raging
surf, the family, the sailing canoe was kapu to Lono.™??

" §imultaneously, the usual kapu of the lunar cycle were set -

aside, peiau closed, and religious services were suspended.?0

The akua loa procession, consistng of the mé'% (ranking
chief), other /i, and priests; set off the next day to visit
each abupua’z in trn, circling the island counter-clockwise.
At the entry to each @hupua’a, the procession stopped at a
stone altar topped with a block of kukui wood representing a
pig. It was these altars thac gave rise to the designation
ahupua'a, for the word “ahu” refers to an altar, and ‘pua’a”
means pig. The pig being another of Lono’s kinolau, these
altars were places full of import, and it was there the proces-
sion received ho'okupu (offerings) from each ahupuaa.
Ho ‘okupu consisted mainly of food -~ live pigs and dogs, dried
fish, salted sea urchins, and conrainers of pei and other pre-
pared foods -~ but also non-food items such as plain £apa,
bundles of feathers, and decorated loincloths and bedding
(kapa moe).

The word Ao ‘vkupu means “to cause to grow.” In keeping
with the Hawaiian conception that the ma7 was the scion
and living embodiment of Lono, these contributions were
understood as méhai (ceremonial gifts), fruits of the land
and the sea and of human labor, tendered to those who were
the very source of nature’s preductivity.3! In this context, it
is compietely inappropriate to think of so okupu as the Ha-
waiian equivalent of taxes, as many recent writers have.
Monetary offerings made to churches today are not regarded
as taxes; neither should the material Ao vkupu of Makahiki be
considered as such.

Once the Ao vkupu were accepted as sufficient, the akua loa
procession continued to the next #hupuas, and a group of
bearers took the offerings back to the home district of the
md i, This returning group followed a second symbol known
as the akua poko (the “small” god). As the name indicates,
this staff was shorter than the aéua /o, lictle more than a yard
long, It was decorated with the figure of 2 man in a feather

Fig. 19. Pala fern (Marartia douglasii), used as a sign that the
Makahiki #2pu had been lifted from an abupua a. Courtesy of
Florence Wagner. '

helmet, had no crosspiece, and was sharpened at its lower
end so that it could be placéd in the ground.

When the akua loa and akua poko had departed, maka-
ainana gathered paia fern to carry on their backs as a sign
that the land had been released from 4zpu.32 Worshipers of
Kane gathered kalo leaves, roasted them, and displayed them
on the sides of their houses, showing that the £2pu on labor
in their o 7 had been released. At the same time, the /% sent
out canoes 1o fish, indicating abupua'a by abupua'a that the
#apu on the sea was ended.?3

After the akua loa procession had finished its circuit of the
island and just before it returned to the house of the ms¥,
people from every ahupuaa and district gathered for boxing
matches (mokomoko), wrestling, games of skill, and Aulz.
Boxing -and wrestling commemorated the legend that Lono
killed his wife in a fic of jealousy, traveling thereafter from
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place 1o place and engaging in boxing martches in a display of
grief and regret. Boxing was a cruel, punishing sport in
prehistoric rimes. >4 _

Several other ceremonies were held to honor Lono, in-
cluding one in which the akua loa and akua poko were dis-
mantled and stored again in the hesan fuakini. This indicated
that the close of Makahiki was at hand and perhaps was the
concluding event on some islands, but at least on Hawai'l, at
Kealakekua Bay, the final ceremony entailed putting
ho okupu to sea in an unpainted canoe — Lono’s canoe. With
a large basketful of foods between its outriggers, the cance
was sailed back and forth across the bay to signify thar all
kapu had been lifted from the land and sea; then the canoe
was headed into the open ocean and set adrift.

For four decades after Western contact, certain ceremo-
nies of the Makahiki continued to be observed.?3 In Kona,
during the time of Kamehameha I, the accumulated bo'‘okupu
were divided by the mé% and distributed to the priests, spe-
cialist craftsmen, members of the courr, lower-ranking /%,

TRADITIONAL HAWAIIAN USES OF PLANTS

and those who served in bacle. After Kamehameha’s death,
with abolition of the old Hawaiian religion and especially
with the destrucrion of images and Aefau that began in 1819,
Makahiki ceremonies as described above no longer were
practiced. '

I have recounted the elaborate ceremonial of the Makahiki
in detail because I believe thac it shows how deeply their
religion penetrated the lives of both maka'rnana and ali%.
To pass off this annual celebration as unimportant (or as a
subject that has been given too much emphasis) is to over-
look what it tells us about Hawaiian society. Makahiki was
much more than a gesture of thanksgiving and a break from
routine; it gave form to the belief that maintaining a right
relationship with the gods and the earth is humanity’s basic
spiritual challenge. It is also imporrant not to ignore Maka-
hiki’s biological significance: a two-month period when the
land could rest, plants could grow without being harvested,
and the ocean could replenish itself.



CHAPTER 4

| ‘The Staple Crops, Kaloand Uszla

E Ku-ike-olo-walu-e,

I olowalu ka buli i ka makatua a kaua.
1 olowalu ke kalo i ola au ka mahi‘ai,
1 ola ka hono hale,

1 ola ka ‘obua

[ ola ka ‘ohana,

1 ola na malibini kipa maj,
Aiolaiauia (ka inoa o ka mabi'ai).
‘Amama. Ua noa.

KALO (taro, Colocasia esculenta) and ‘wala (sweet potato,
Ipomoea batatas) were the most important crops for the an-
cient Hawaiians. They furnished not only the carbohydrate
base of their dier and goodly amounts of high-quality vira-
mins and minerals but also were Ainolau of the gods Kine
and Lono, respectively. One sign of their cultural impor-
rance lies in the large number of varieties of the two species
that developed and the even larger number of names thar
were applied to them: interviewing in the 1930s, Dr. Handy
gathered 342 names for Aa/o varieties and 230 for ‘wala.!

All Polynesian societies probably started our with a set of
four or five food plants that could provide the carbohydrate
base of their diets — taro, bananas, yams, breadfruit, and in
most cases sweer potatoes, t00.2 In each island group, one of
these came to predominate, though others were grown as
well. Social factors may have affected Polynesian dierary
preferences o some degree, but peography was probably the
conrrolling force. The Marquesas Islands, for example, are
mountainous, with few coastal plains that could accommo-
date a large taro crop. Breadfruit became the Marquesan
staple because the trees could be grown on steep ridges and
in narrow valleys, which is exactly where they were placed
and can be found now. Seventy names were known for
breadfruit in the Marquesas,3 bur only one in Hawai'i.

Hawailan geography prescnted an opposite situarion, fa-
voring the emergence of kalo as the principal staple. Bread-
fruit grows successfully here but does not produce as well as
it does in the Marquesas, which lie ten degrees closer to the
equaror and have a slightly warmer climare. The broad, flat
valleys of Hawai'l (particularly of Kaua‘i. O%hn. Mani and

O Ku-ike-olo-walu,

May the taro top in our planting hole grow large.
May they grow large that  the planter may live,
The dwellers in the house may live,

That the dependants may live,

That the family may live,

That the visiting stranger may live,

Thar I (the name of the planter) may live.
‘Amama. It is free of tabu.

— from June Gutmanis, Na Pule Kahiko

Moloka'i) afforded the Hawaitan planter excellent acreage
for kalo and adequate-to-abundant supplies of cool warer
necessary to cultivate wetland 4alo varieties.*

Kalp Traditions and the Ancestry
Of the Hawaiians

The myth of the origin of the Hawaiian people is known in
several versions, but all of them begin similarly and give ka/o
a prominent place.> When the sky principle Wakea coupled
with the earth principle Papa, their first child, Haloanaka,
was stillborn,é but a £a/p plant sprouted from the place where
the fetus was buried. Their second child was a daughter,
Ho'ohokitkalani, by whom Wakea later had a human son
named Haloa, the ancestor of the Hawaiian 4/7 and thus of
all Hawaiians.” In order to make a union with his daughter
possible, Wakea established the soctal code that separated
the sexes, including the kapu requiring thar they eat sepa-
rately — the first £zpu— and the kapu isolating women dur-
ing menstrual periods and childbirth.®2 This creation story,
the Kumulipo, set the foundations of Hawaiian society such
that, in the nincteenth century, when King Kalakaua felt
constrained to demonstrate his rightful claim to the throne,
he authorized a genealogical search thar traced his family line
all the way back to Haloa, and the £al leaf appears on the
crown he wore during his reign.

Biogeography may also have shaped the Hawaiians’ affini-
ties for their gods. It appears that the Polynesians who settled

rhe telaadr vraea Eallaceiaan LT/ -~



La'au Hawast - TRADITIONAL HAWAIIAN USES OF PLANTS

lau
ka'e lau (LEAF BLADE)

(MARGIN)

‘ opu/epule

(MOTTLED)

ha

(PETIOLE)

(WATER LINE)

(CORMLET)
To kalo
(CORM)

Fig. 20. Diagram of the ‘elepaio variety of kalp, which has green-and-whire mottted
leaves. Hawaiian and English terms for important parts of the plant are indicated.



THE STAPLE CROPS, KALO AND 'UALA

southern Polynesia, and they came to populate areas that
had the water necessary for growing the crop that is his
kinolaw. During the Expansion Period, however, as popula-
tion pressure drove some people into drier lands, more suit-
able o ‘wala crops, the traditions of Lono seem to have
strengthened correspondingly. -

The Biological Origin and Diversity of Kalo

Although controversy remains about where taro originated
and was domesticated, anthropologist Douglas Yen, a stu-
dent of early plants in the Pacific islands, believes ic was
under cultivation in the New Guinea highlands between five
and ren thousand years ago.? Before they started rending the
'Plant, people must have discovered by a protracted and
probably painful trial-and-error process that long cooking is
necessary to make it edible. Taro is full of needle-like and
knob-like crystals of calcium oxalate that make it very pain-
ful to eat raw bur which can be dissolved and rendered
harmless by exposure to heat.

Once taro’s usefulness as a food was known, the ancients
evidently studied its preferences, learned to raise the yield by
cultivating it, and then began to share che crop with neigh-
boring peoples. Genetic analyses of taro varieties show that,
early on, two distinct varietal lines developed, with different
chromosome counts. The wlltale genetic evidence has en-
abled researchers to conclude thar both lines were carried
from mainland Asia through the Ryukyus to Japan and
China as well as southward through Timor in present-day
Indonesia and on to New Caledonia.'® Only one of the pair

was established in northern Melanesia (New Guinea, the:

Solomon Islands, and the New Hebrides) and passed on
from there to Polynesia. Prior to Western conrtact, the sec-
ond line was not grown anywhere in Polynesia, with the
possible exception of New Zealand.}?

Of the 342 names for kalo varieties that Handy recorded
in the 1930s, only about half could still be matched to par-
ticular plants. Handy himself was later able to confirm sixcy-
seven varieties, using the same characteristics Hawaiians had
used in developing their kafo classifications: the color of the
corm or stem (which is also known as “kafs”), the petiole
(ha), its base (kumu), its margin (Ihi), the color of the junc-
tion of the periole and blade (pika), the color of the blade
(lat) and any markings on the surface, differences in lobing,
color of the margin, the veins, and differences in color of the
" top and bottom surfaces.!2 The greac difference between the
number of varieties that Handy could identify and the num-
ber of names he compiled suggests that some kalo varieties
had been lost. It is impossible to determine how many vari-
eties had disappeared, however, since many of the 342 names
he gathered were surely duplicates, resulting from one variery

L e
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Fig. 1. Kalo growing in mounds, which was the method the old
Hawaiians used for cultivating “wetland” kalo. I. Abbore
photwograph.

Kalo-Growing Practices

Both wetland and dryland (also called “upland”) kale prob-
ably were grown in each ahupua'a, with different varieties
planted to ensure a stock of kalo for poi all year-around.
Wedand varieties could be grown on stream banks, in -
marshy areas of freshwater springs, or in the “patches” or
pondfields that the Hawaiians called £ % Its name noctwith-
standing, dryland /alp also favors very moist climates, doing
best in shady areas where the annual rainfall exceeds 127
centimeters (50 inches).!3

Forest land was frequently cleared for dryland 44, and
two centuries ago, such #alo beds in upland Kona earned
Hawaiians an excellent reputation as farmers in the eyes of
the early European explorers.! In the rainy zone mawuka of
Hilo and along the Hamaikua coasr, similar beds of dryland
kalo are still commonly seen today. In upland Kona, at
Haina, Maui, and in other places where there are few streams,
good planting practices and adequate rainfall usually per-
mitted growth of dryland 4o sufficient to support large
populations. [n these forest plantings, one of the steps Ha-
walian planters took to protect kalo beds was to use fern
fronds as mulch during periods of bright sunshine and 1o
remove the fronds during rainy spells.

In contrast, wetand kale came to occupy much of the
flac, arable land in each valley in Hawai'l. Dr. Handy’s
careful exploration of ahupua'a in the 19305 revealed that
even small valleys, now thought to be too dry for £ farming,
had kalo terraces in them.! Demonstrating the extent of
prehistoric wetland 4alo cultivation was one of Handy's most
meaningful contributions to Hawaiian ethnobotany and to
our knowledge of Hawaiian culture in general.

While maintaining existing &7 was a routine and rela-
tivelv simple rask requiring little more than releveling the
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Fig. 22. The huli, a cutting including the top of the corm and the
stem tip enclosed in the petioles, used as the vegetative means of

propagating kalo. Courtesy of Calvin Hirai.

Fig. 23. ‘Obana (cormilets of kals), formed by adventitious roots
issuing from the parent plant. They may be left in place after the

parent plant is removed to start new plants, buc often they ate
! 1/~ B [ BUL N i SN

soil and shoring up the banks, making new /&% must have
been a major underraking, probably carried out just once in
a generation. The initial work usually involved all the men
of an ahupua’a— men only, since kalo was a sacred plant of
Kine and 42pu to women — and consisted of burning off the
vegetation, then using 2 to remove roots, dislodge boul-
ders, and loosen the soil. After the dry soil had been re-
moved, water was run into the fo% several times until the
bottom was roughly level, and a treading or stamping party
was held to pack the soil. For this final step in the project,
men, women, and children were all invited into the b7,
“and no chief or chiefess held himself too tabu to tread in
the patch.”16 A feast followed this event.

After the soil had setded, pu'epu'e (mounds) were made
about three feet apart in straight rows, and the /% was ready
to inundate and plant. Since k2o rarely produces seeds, it is
always propagated in one of three other ways. The most

- common is to take Aulf (vegetative cuttings) from the upper

six to eight centimeters (two to three inches) of the corm,
containing the stem apex, and the lower ten to twelve centi-
meters (four to five inches) of the A2 The alternative meth-
ods are to plant buds borne in the axils of the leaves'” or o
plant ‘o4z, which are ourgrowths produced by adventitous
roots of the parent plant.!® In modern times, 9ha have usu-
ally been harvested for family consumption, leaving the main
plant to marure further.

Cutting off the tops of the 42l corms to make huli was
accomplished with a palan, a ool with convex curting edges
at each end. This wooden implement was approximarely
twenty centimeters (eight inches) long and abour three cen-
timerers {one inch) thick at the blade ends, which were
finely honed.!? It was grasped in the center with one hand
and the ends used alternately to make the cuts. These tradi-
tional kalo cutters were replaced in the post-contact period
by knives, particularly machetes.

Huli were made well in advance of the planting dare and
left immersed in water or in a damp place to encourage
development of abundant adventitious roots. These were
then set out three to a mound. The water level in the b
never reached the bottom of the Auli; contrary to the popu-
lar impression, the mounds were never submerged. Weeds
were removed as they appeared during the first six months
but thereafter were mostly shaded out by developing plants.
Excepr for regulating the flow of water, the grower left his
{0 undisturbed until harvest.20

In experiments with eight varieties of 4al, all maruring in
six to twelve months, Dr. Handy found only onc that needed
0 be harvested promptly at maturity. The other varieties
could remain in the flooded %% for two to twenty-four
months after reaching maturity. This feature of the plant
makes kalo a very flexible crop and allowed a &% to double as
a storehouse. The planter could harvest what he needed,
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THE STAPLE CROPS, KALO AND ‘UALA

Dryland kalo was grown in much the same way as the
wetland varieries, also being planted in mounds.2! Today,
where Hawaiian families hold land in moist regions, small
dryland patches are frequently seen. Dryland varieties take a
little more time to marure than wetland &als — eight to
rwelve months. Depending on the variety, they may remain
in the soil three to twelve months beyond maturity,?? or even
Jonger. The La'aloa variety, Mrs. Pukui’s family favorite, can
be left growing indefinitely.??

Preparation and Consumption of Kalo

Kalo corms were sometimes eaten in chunks after being
baked, but the most imporrant way of eating them, of course,
was in the mashed form known as poi. Making pof in olden
days was strictly the province of men, bur Mrs. Pukui learned
how to do the pounding when she was young, with the
justification that women needed to know this skill in case an
emergency called the men of the family away.4 I, too,
learned the process, by warching and helping as my greac-
uncle made por each Friday for my family on Maui.

For us, the process began with my great-uncle’s bringing
kalp from the high valley of Kahoma where he lived and
planted tc my grandmother’s house on the beach in Lahaina,
He set the #alo to boil in a clean, five-gallon kerosene can
while he fished or wenrt into town to buy a few groceries.
After he returned, he let my brother and me help peel the
hot #afo, then laid our his poi board on Zwhala mats and be-
gan pounding the kzlo. His poi board measured about one
meter (three feet) in length and was slightly hollowed out,
like a shallow tray. He periodically dipped his fingertips into
a bowl of warter as he worked, adding several cups of it, bit
by bit, to the mass. He constantly turned the mass as he
mashed it with the pounder. The lwwhalz mats beneath the
board cushioned the blow of his stone.

As the poi gradually became a smooth, somewhar sticky,
grayish-red paste, my brother and I were frequently scolded

Fig. 24. Stone
pounders for
mashing falo.
The stirrup-
shaped pounder
is from the island
of Kaua'i.

Fig. 25. Cooked #alp being mashed on a poi board made of 64z
lehua wood. 1. Abbotr photograph.

for trying to steal fingersful before it was propetly finished.
Freshiy made poi has something in common with freshly
made bread; few things are quite as enticing. By my greac-
uncle’s standards, poi was “finished” long before it reached
the consistency of the poi sold in supermarkets today. He
stopped at the state called pa%4i, when the mass was smooth
and solid. It ferments less readily in this condition and is
lighter than ready-ro-eat pot, an important consideration
since my great-uncle would carry his portion back to the
high valley.

Apart from the fact that he cooked the £2/o in a metal can
instead of an smx (carth oven), my great-uncle made poi just
as our ancestors did a thousand years ago. His pounder
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(pohaku ki) was a smooth l§va rock fashioned wich a knob
on top (poheoheo), a handle or Aizzu, and 2 flaring base
(mole). 1 am not sure what wood his poi board was made of,
but most were ‘wluor ‘¢hi'a lehuawood, and some were large
enough for two men to use at once, about two-thirds larger
than a one-man board like my great-uncle’s. Most ‘of the
"upper surface was recessed to a depth of abour eight centi-
meters (three inches), with a rim to contain the £afs and the

“water being added as the pounding went on. These were
highly valued tools. I remember my great-uncle, in those
magical days of my childhood, washing his pes board care-
fully after each use and keeping it covered when stored.

Portions of the pa%'ai that he left us were mixed with
additional water each day, as needed for our meals, I watched
my mother perform this procedure (called ho'owali'ai)
countless times in our Honolulu home. Turning the mash
with her hand in a rorating motion (‘ewa:), she added very
small quantities of water and made cerrain it was entirely
absorbed before adding more. As she did so, she used her
middle and index fingers to wipe (kahbi) the inside rim of the
bowl above the po7 so that the sides were clean. When the
poi was mixed to her liking, she strained it through a kind of
cheesecloth thicker and denser than any I can now find. In
earlier times, the straining was done with 22, the fibrous
cover of developing néx fronds. Further derails of poi prepa-
ration are given elsewhere by Mrs. Pukui.2s

As for eating poi, some prefer it fresh and others like it
two or three days old— slightly fermented or “sour” —and no
doubrt this question of raste is very old, indeed. Certainly
there is no doubt that pe7 was at the heart of the traditional
Hawaiian diet, routinely eaten at every meal except in times
of shortage. Though poi was sometimes made from other
ingredients, namely, walz or ‘wlu, Hawaiians of old unques-
tionably preferred por kals to any other. It was their carbo-
hydrate of choice probably to an even greater extent than
bread and other baked wheat products are for North Ameri-
cans today.

In the 1930s, when poi was consumed in larger quantities
than currently and could still be found in five- and ten-
pound bags in the grocery stores, it was not rare to find a
Hawaiian man who could consume the contents of a five-
pound bag ar one sitting. Probably his ancestors would have
eaten poi in such portions, too, and large, old storage con-
tainers for per now in museum collections indicare thar it
once was prepared in very big amounts. Maka'zinana prob-
ably made poi for themselves every few days in smaller
quantities.

Kalo was prepared and eaten in other ways besides as poi.
Its leaves (fiz'au) were cooked, wrapped in # (Cordyline
fruticosa)} leaves, and baked in an imu. When the /it 2u were
combined with fish or pork and baked in such a wrapper,
the dish was called laulau; afrer Western contact, chicken and
beef were often substituted for the fish or pork. Wharever its

exact ingredients, to this day the lwlsu remains a favorice
dish in the islands, popular with many ethnic groups other
than Hawaiians.

Another Hawaiian use of cooked kalo is kulolo, a dish in
which the fresh corm is grated, mixed with coconur cream,
wrapped in # leaves, and steamed in an imu. The origin of
this dish, now used as a dessert, is not known, bur if it was
eaten prior to 1819, it must have been rescrved stricely for
men. Consumption of coconut was forbidden to women.

‘Uala, the Second Staple

Sweer potato, or %als, ranked second only to kal in pro-
viding carbohydrates and minerals in the Hawaiian diet.
‘Uala were cultivated and eaten throughout the islands bur
were important especially in settlements on leeward coasts
oo arid even for “dryland” Aals. The hardiest varieties of
‘uala will tolerate habitats with less than thirty inches of
rainfall annually, and the plant will grow successfully in
almest any kind of earth except a sticky, clay-like soil. Even
pockets of semi-disintegrated lava can support %426 and at
Keone'd'io, Maui, ‘%alz are being grown today in soil-filled
depressions on the dry lava fields of southern Haleakala.

A vine with large, underground rubers, a single ‘ualz plant
often covers a sizable area. The leaves may be eaten either
raw or cooked, but the crop was raised principally for its
tubers, which are enlarged storage roots. Uala vines tend to
produce tubers quite prolifically; with some varieties, as
many as three crops can be harvested from the same bed
annually. '

The Mysterious Origins of ‘Uala

The origins of wala are even more tangled than those of
#alo. There are three separate lines of sweet poratoes, known
vernacularly as the Kumara, Batata, and Camote lines, and
all of them entered the Pacific region ar relatively early
dates.?” The three are genetically unstable, so their pre-
historic dispersion cannot be reliably traced by analyzing the
sort of chromosomal patterns that help clarify the travels of
taro, but documentary, archacological, and linguistic evi-
dence offers reason to believe that it was the Kumara line
that reached Hawai‘i and thar it did so without European
assistance,

The three lines of sweer potatoes all originated in South
America, and at least two of them, the Batata and Camore
lines, were established in Central America before European
explorers arrived. Columbus carried the Batata line from the
Caribbean to Europe, and from there it was spread rapidly
eastward, reaching Yunnan province in southwestern China
by 1525. By the early seventeenth century, it was growing in
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The Possible Role of Poi in the Epidemiology of Infectious
Intestinal Diseases

GEORGE FUNG and C. A. BUSHNELL, Ph.D.
HONOLULU

CCORDING to Allen and Allen,* who made
the first study of the microbiology of poi,
the foodstuff is prepared by allowing crushed,
cooked taro to undergo fermentation by bacteria,
yeasts, mycoderms, and oidia. They conciuded
that the process of fermentation occurs in two
phases: the first, in which acid-producing bac-
teria predominate, effects the characteristic changes
in souring poi in a kind of fermentation _whichlrr:-
sembles that which takes place in souring milk;
the second, in which yeasts, mycoderms, and
oidia become prevalent, does not lead to any ap-
preciable changes in the poi, at least during the
period in which it is normally kept before being
eaten or discarded.

Allen and Allen also reported that freshly
ground poi contained a varied flora, made up
not only of the species of Streptococcus and Lacto-
bacillus which cause the souring of the poi, and
of the yeasts, mycoderms, and oidia which pre-
dominate in the second phase, but made up also
of a number of ‘‘contaminants” derived from the
equipment and the water of the poi factory and
from the persons of the workers who help to
prepare the poi. These contaminating bacteria
mmclude Escherichia coli, Aerobacter aerogenes,
Pseudomonas aeruginosa, chromogenic bacteria,
spore-forming bacilli, and various other forms in
rather large numbers, but they were found to
persist “for only three or four hours . . . due to
the unfavorable growth conditions created by the
actd-producing organisms.”

Bilger and Young® made a qualitative inven-
tory of the products of the fermentation of poi,
and showed that lactic acid, acetic acid, formic
acid, {ethyl] alcohol, acetaldehyde, and carbon
dioxide were produced in the course of eight days
by the action of microorganisms on the carbo-
hydrates of poi. Their analyses of poi indicated
that about 29 per cent of poi is made up of these
carbohydrates, about 27 per cent being in the
form of starches, and the rest being present as
pentosans, reducing sugars, and sucrose, In the

1 Allen, ©, N. and Allen, E. K. The manufacture of poi from taro
in Hawaii: with special empbasis wpon jts fermentation, Hawan
Agr. Exp. Sta.. Bull, 70, Nov. 1933.

2 Bylger, L. N. and Young, H. Y. A chemical investigation of the
fermentations occutring in the process of pa:i manufacture. Jour.
Agr. Rescarch 51: 45-50, {Jan.) 193s.

first twelve hours of fermentation the reducing
sugars were rapidly decreased, but no appreciable
change was noted for the starches until the second
day, after which they decreased steadily,

An interest in the history of infections disease
in Hawaii, combined with an awareness of the
methods by which poi is manufactured, mixed, and
served, suggested that poi might have been—and
might still be—an important vector in the dis-
sernination of infectious intestinal diseases among
the inhabitants of Hawaii, This paper reports
the results of a study to determine whether bac-
terial pathogens of the enteric group can be dis-
seminated under natural conditions of prepara-
tion, storage, and use of poi.

Methods

The procedure employed consisted essentially
of inoculating a measured volume of poi with .z
known number of test organisms of the colon-
typhoid-dysentery group, and in making daily
enumerations of these test organisms during the
subsequent course of storage, observing the effect
of time, temperature, pH, and numbers and kinds
of associated microorganisms upon the test or-
ganisms as the poi underwent fermentation. The
test organisms used were Escherichia coli, Eber-
thella typhosa, Salmonella schottmuelleri, and Shi-
gella paradysenteriae. 'The strain of E. coli em-
ployed was isolated from human fcces in the Uni-
vetsity of Hawali bacteriology laboratory. The
strains of pathogens were obtained from the Bac-
teriological Laburatory of the Territorial Board of
Health at the beginning of this study. Nothing
is known of their history.

Zero-hour poi was obtained from the poi fac-
tory* and, after being taken to the University
taboratory, was immediately mixed with tap water
to the consistency of “three-fingert poi.” (Mix-
tures of one part of poi to two parts of water
gave a product of this consistency.) A Waring
Blendor was used for mixing, to insure a uniform
sample. A 200-cc. portion of this mixture was
T}cSes Wo Poi Factary. Honolulu, generausly furnished sam-

ples of .poi whenever they were nceded, and their cooperation is
gratelully acknowledged.

. 7 The allusion is to the number of fingers required to be dipped
into a bowl of the poi in order to secure a mouthful of it: the
thinner the mixture, the more fingers are needed.—Ep.
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then measured into each of twa clean beakers.
Duplicate plate counts to determine the number
of microorganisms present in the diluted poi were
prepared from appropriate dilutions, using 1 per
cent glucose agar as the plating medium.

At the same time the pH of the diluted poi was
determined electrometrically with a Macbeth pH
meter,

The inoculum of test organisms being studied
was then added to each of the two beakers of di-
luted poi, and was thoroughly distributed by vig-
orous mixing, using a clean glass stirring rod. It
was early decided that relatively small numbers
of the test organisms should be added to the sam-
ples of poi being studied. Preliminary tests sug-
gested that onc cc. of a 1:1000 dilution of a four-
hour culture in nutrient broth of the test organisms
would give a conveniently small number of or-
ganisms for each cc. of pol. In every instance
the number of test organisms being added to the
poi samples was determined by making plate
counts in duplicate of suitable dilutions of the
four-hour broth culture, using 1 per cent glu-
cose agar as the plating mediem.

One sample of the inoculated poi was incubated
at room temperature, the other at refrigerator

" temperature (in these studies, about 13° C.).

Daily attempts were made, once each test was
begun, to recover the test organisms from each of
the inoculated samples. Platings of appropriate
dilutions of one-cc. portions of the poi were made
in duplicate, the medium used depending upon
the organisms being sought. Endo's agar was
used for the enumeration of Escherichia coli,
bismuth sulfite agar for both Eberthella typhosa
and Salmonella schottmuelleri, and $-§ agar for
both Salmonella schottmuelleri and Shigella para-
dysentetiae. The first plating was made twenty-
four hours after the inoculum was added, and
platings were continued until no recovery of the
test organism could be obtained, either in direct
cultures or from enrichment cultures in Selenite-F
enrichment medium. In order to be certain that
no surviving organisms were being overlooked
when the end of each test was being approached,
suspect colonies from the plate cultures were trans-
ferred to Kligler’s iron agar slants, Those giv-
ing typical cultural reactions were checked im-
mediately in spot-agglutination tests with specific
diagnostic antisera.

At the same time, total counts of all organisms
in the poi samples were made by plating in dupli-
cate one-cc, porttons of appropriate dilutions of
the sample, using 1 per cent glucose agar as
the medium. The samples were thoroughly mixed

with a clean glass stirring rod before any portions
of them were removed for Pplating.

Daily determinations of pH were made elec-
trometrically after each day’s portion for plating
had been removed.

During the course of a year, 13 different tests
were made to determine the effect of fermenting
pot upon these test organisms. Escherichia coli
was studied first because it was a good indicator

organism, being readily identified as long as it -

was present, and because, of course, it was a safe
organism with which to work while defining the
general technics of these investigations. Five suc-
cessive tests were made with E. coli. Once the
experimental procedure had been outlined and
proved, the pathogens were studied. ZEberthella
typhosa was used in four tests, Salmonella schott-
muelleri in two, Shigela paradysenteriae in one,
and all four of the test organisms, in a2 mixed inoc-
ulum, were used in a last climatic test,

No attempt at using “aseptic technic” to keep
the po1 from being contaminated with air-borne
or water-borne organisms was made during the
mixing of the poi and its subsequent distribution
and testing, because jt was the intention of these
studies to subject the poi samples to the same
treatment that they were likely to receive in the
home. Once the poi samples were inoculated with
pathogens, however, they were treated with proper
tespect and precaation, -

Data and Discussion

Results of some of the tests petformed are
summarized in Table 1. All of the data assembled
are too plentiful even to summarize, but those pre-
sented in Table 1 will suffice to reveal the fidelity
to pattern which all of the tests with any one test
organism exhibited throughout the series.

TABLE 1.——Length of survival of test ‘orgam‘.rm: i inocu-
lated pos.

NUMBER ADDED
FER CC. QF POI

LENGTH OF SURVIVAL
AND FIMAL PH*

at room temp, at refrig. temp.
days pPH days bH

TERT QRGANISM

E. coli 100 4 3.7 10 4.1
1150 4 3.7 15 4.1
E. typhosa 250 2 4.3 B 4.4
570 2 4.3 8 4.4
S. schattmuelleri 1470 2 4.0 8 4.6
375 1 4.0 6 4.6
S. paradvsenteriae 2925 2 3, 5 4.

* Figures indicate the last day on which platings sevealed test
orgarisms in one-cc, portions of the incubated poi, and the pH read-
ings of the poil obtained at the same time these platings were made.
(The test organjsms disappeired, in other words, in the twenty-four-
hour intecval following the times indicated in this table, when the pH
af the poi had become slightly more acid than the readings given
in the table.)

These results show that pathogenic organisms
of the enteric group are able to survive in refrig-
erated poi for considerable periods of time—for
from five to eight days—longer than poi is usually

-
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stored in the home without being eaten. It can
be concluded, then, that poi contaminated with
these organisms, either at the factory or at” the
time it is mixed by hand in the home,.is poten-
tially dangerous to consumers provided that the
inoculum 1s not so small as to be unable to initiate
infection in any event, and provided that the poi
is refrigerated during the time it is kept in the
home before it is eaten.

On the other hand, poi which is stored at room

temperature probably becomes safe enough to eat
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poi on rate of disappearance of E. typhosa in poi
stored at room temperature.

in a short time, far pathogenic organisms are
rapidly killed during the process of fermentation,
which is hastened, of course, by the warmer tem-
peratures. ‘The poi is potentially infectious only
during the first one or two days after it is mixed,
during the earlier stages of fermentation. Fresh
pot, or sweet poi, as it is sometimes called, is pre-
ferred by many people to sour poi, and is fre-
quently served in place of sour poi at public luaus
and in the home. People who eat this kind of
poi might be endangered. Those who prefer sour
poi, and who hasten the process of souring by
leaving the fermenting pot at room temperature,
will probably be safe from infection.

The rate of disappearance of the pathogenic
organisms from the souring poi is correlated with
the accumulation of the products of fermentation
in the poi. The rate of accumulation of these
products obviously depends, in turn, upon the
temperature of incubation and upon the number
of microorganisms of the natural flora growing
in the poi. Figures 1 and 2 show this relation-
ship quite clearly for Eberthella typhosa. Similar
curves were obtained for the other two test or-
ganisms. The increasing concentrations of the
products of fermentation are reflected in changes
in pH (as well as in other manifestations, like
color, odor, consistency, etc.), and pH determina-
tions offer the most convenient criterion for meas-
uring the extent to which fermentation has prog-
ressed. It is not yet possible to say which prod-
ucts of growth of the microorganisms in the poi
are responsible for the destruction of the patho-
gens. Perhaps it is merely the “hydrogen-ion con-
centration” achieving the “critical pH’ of the
early authors that accounts for the disappearance
of the pathogens, or perhaps it i1s some more spe-
cific substance that acts upon them. The fact
that the pH at which the pathogens last appear
in the pot samples kept at refrigerator tempera-
tures is measurably higher (that is, less acid) than
is the pH at which they last appear in the poi
samples incubated at room temperature, would
suggest that nothing as simple as the hydrogen-ion
concentration alone is the lethal agent, but that one
or more of the products of growth must be lib-
erated in sufficient quantities before the bacterici-
dal effect can be achieved, or that, at least, the
pathogenic organisms must be exposed for longer
periods of time to lower concentrations of the
products of growth which act against the bacteria.
The numbers of pathogenic organisms introduced
into the poi also have some significance, appar-
ently; when very small inocula were used, the
pathogens disappeared sooner than was the case
with larger inocula,
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In any event, the pathogens ate destrayed, for
attempts to reclaim them by dilution and plating
in appropriate media and by subculturing in en-
richment broths were uniformly unsuccessful.

A few secondary observations can also be drawn
from the data obtained, and should be noted here.
These tests showed that E. coli and A. aerogenes
and other coliform organisms present in the nat-
ural inoculum of the poi can survive in the fer-
menting poi for longer periods than the observa-
tions of Allen and Allen indicate they did. In
poi incubated at room temperature E. coli was still
present at the end of four days; and it persisted in
refrigerated poi for as long as fifteen days. In
these investigations A, aerogenes and the other
coliform organisms were found to be less hardy
than E. coli, even though originally they may have
autnumbered the E. coli cells added to the poi.
(The great numbers of A. aerogenes and coliform
organisms found in the carlier platings of all poi
samples wonld suggest, too, that they play an im-
portant part in the initial stages of the fermenta-
tion.) E. coli survived the other members of the
coli-aerogenes group by as much as five and six
days at refrigerator temperature, and by two days
at room temperature. When, after a few days,

the Aerobacter and coliform organisms did dic
out, they disappeared almost overnight: they were
plentiful in poi samples in which the fermentation
process had achieved a pH of 4.0, but had dis-
appeared completely twenty-four hours tater, when
the pH was 3.8 Even before they disappeared, the
yeasts, mycoderms, and oidia had begun to sup-
plant them.

Conclusion

In view of the results obtained in this series
of investigations, it can be concluded that poi,
if it should become contaminated with pathogenic
organisms of the intestinal group, can serve, like
other foods, as a vector in the epidemiology of the
enteric diseases. Paradoxically, it is the poi which
is stored most carefully, in that modern triumph
of sanitation and preservation, the refrigerator,
which is potentially the most dangerous agent, for
the pathogens may persist for as long as eight
days in refrigerated poi. Poi which is stored at
room temperature succeeds in purifying itself
within three days. Under the usual conditions in
the home, then, the more sour the poi is—and the
sooner it gets sour—the safer it will be to eat.

Department of Bacteriology,
University of Hawaii, Honolulu. -
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WORK SHEET NO. 4 - TARO INDUSTRY ANALYSIS 1990 - SECTION I

A. LAND

1. Analysis:

a.

b.

Taro requires land with an ample supply of water for either paddy culture of wetland taro or irrigation of dryland taro.

For dryland or upland taro, land must be relatively level with few stones. It should also have a deep soil profile and fine textured.
Currently, wetland taro production is limited to the large rain-fed stream valleys such as Hanalei, Waioli, Waipa, Waimea, Wailua
and Hanapepe Valleys on Kauai; Waipio Valley on Hawaii; Waihee, Wailua and Keanae Valleys on Maui; and Windward Qahu.

On Maui, Keanae and Wailua Valleys will remain in taro production, although the area can be increased if more farmers, especially
from Alu Like and other Hawaiian groups, are given lands to cultivate. The water delivery system needs to be improved and
watershed cleared if more land is to be put into lowland taro production.

. On Qahu, high land prices, high lease costs and water shortages have discouraged large scale taro production. Upland taro

production, of traditionally wetland varieties as well as others, on former sugar lands has started to show the feasibility of
expanding into this type of production for the poi market. The relatively lower labor requirement of upland taro production will help
encourage new taro farmers.

. Kauai provides the key for the expansion of the wetland taro industry. There are lands available in Hanalei Valley suitable for taro.

The U.S. Fish and Wildlife Service has completed the irrigation project which has improved the water distribution system and
opened up additional acres of taro land. The Hawaii Department of Land and Natural Resources has made repairs and maintenance of
the water system in Waioli Valley and the Hawaiian farmers have opened up some taro lands in Waipa Valley for lowland taro
production.

Approximately 12 acres is a good economically feasible and labor efficient unit for a full time family taro farming. With proper
mechanization, 25 acres is a good economical unit for a full time farmer.

2. Bottlenecks:

Overall priority __

a.

Existing State policdes do not adequately protect suitable taro lands and water sources from being taken away for domestic and other
use.

(1) Impact if this bottleneck is (is not) ehminated:




(a) If existing farm lands are not kept in production and if more lands are not made available, the industry cannot expand when
and if the demand for taro and taro products increases. If an objective evaluation of taro lands can be completed, the State
and Counties will have the information necded to establish proper land and water use policies.

(2) Action required and agency responsible for eliminating this bottleneck:
(a) Evaluate current and potential taro production areas.
{b) Enforce State and County policies which protect the limited amount of lands where water suitable for taro production is found.
DLNR - Department of Land and Natural Resources DOA - Department of Agriculture CTAHR - College of Tropical
Agriculture and Human Resources State LUC - State Land Use Commission
B. WATER
1. Analysis:
a. On average, taro requires approximately 0.2 inches (5,400 gallons) of water per acre per day for growth. To this amount, additional
water is required to compensate for seepage and evaporation from the paddy. Additional water is also needed to adequately cool the

paddy. Water requiremnents are higher in the summer, and water requirements vary with location and farm.

b. On Hawaii, the main problem of the Waipio Vailey is flooding. The difficult road and poor accessibility of Waipio Valley is also a
problem and is not conducive to the improvement of taro production on Hawaii. '

c¢. Oahu farmers do not have enough water because their sources are being intercepted to provide domestic and irrigation water for other
areas.

d. A study of the tvater availability and flood control requirements of major taro growing areas is needed.

e. On Maui, the water shed area is blocked and the irrigation ditches for Keanae and Wailua Valley are in need of repairs and clearing
of debris, sand and gravel which are blocking the normal flow of water into the taro fields.

2. Bottlenecks:
Overall priority —

a. Less than optimum distribution and control of water (flooding) in the important taro production areas.
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(1) Impact if this bottleneck is (is not) eliminated:
{a) If the water distribution systems in taro production areas can be improved, existing areas can be made more productive and
more areas can be used for taro production. Periodic floods and crop destruction can be eliminated with proper flood control

measures. ¢

{2) Action required and agency responsible for eliminating this bottleneck:

(a) Enforce the law on water rights to provide sufficient water in Waiahole Valley and other areas on Oahu for taro production.

(b) Develop a water system to provide sufficient water, especially in the summer, to allow the Wailua and Keanae Valleys on
Maui to remain in taro production. :

(c) Study the water distribution and control concerns of the important taro production areas so that the most important water
related bottlenecks can be specified.

DLNR, City and County of Honolulu, County of Maui

C. CAPITAL
1. Analysis:
a. A full time farmer would need working capital in order 1o start. If land were purchased, this would be additional expense.

b. Income would be zero for the first two years and would not reach its potential until almost four years from the start.

D. LABOR
1. Analysis:

a. The taro industry needs young people to insure a future for taro in Hawaii. New young farmers need practical training to adequately
prepare them for taro farming.

b. Mechanization of production and harvesting is needed to compensate for the labor problem.



¢. Taro industry as well as agriculture in general, has to compete for labor and as more development takes place, labor will become
limiting. Better management to insure maximum production will increase labor efficiency.
E. CULTIVARS
1. Analysis:
a. There are many different cultivars or varieties of taro available in various nurseries throughout the Pacific and Asia.
b. Over 130 varieties have been identified in the UH variety nursery, each with different characteristics. A comprehensive program to
evaluate host resistance to diseases including Pythium soft rot, hard rot (guava seed), Phytophthora leaf blight under both upland

and lowland conditions needs to be established.

c. Efforts to find varieties with high yields is continuing. A breeding program to develop varieties with the specific qualities and
characteristics which meet the demands of processors and market outlets needs to be established.

2. Bottlenecks:

Overall priority ___ =

a. No comprehensive system to classify and index currently known varieties for disease and insect resistance, quality and yield.

b. No breeding program to develop new varieties with qualities such as Jonger shelf life, better chipping recovery, etc.

(1) Impact if this bottleneck is (is not) eliminated:

(a) If improved varieties are developed or found, taro farming can be made more profitable. Farmers will enjoy higher yields and

less loss to pests and diseases. The market for fresh and processed taro can be expanded if varieties with longer shelf life are
available.

(2} Action required and agency responsible for eliminating this bottleneck:

(a) Establish a program to breed, screen, classify, and index taro varieties for yield, resistance to diseases and insects, low
acridity, optimal growth characteristics, high starch content (for poi), and acceptability for the fresh market.

CTAHR



F. INSECT CONTROL
1. Analysis:

a. Root aphids and mites on dryland taro can be major problems on the Island of Hawaii.

b. Taro leafhopper (Tarophagus proserpina) is a serious taro pest but can be controlled with predators. Most of the farmers are sati‘sfied
with this control method. At times, it may be necessary to transfer or introduce the predators into leafhopper infested areas., There
are no major uncontrollable insect pests of paddy taro at this time.

c. There are no insecticides registered for use on taro at this time.

i Bottlenecks:

Overall priority

a. Lack of effective controls for mites and root aphids which are pests in dryland taro production.

(1) Impact if this bottleneck is (is not) eliminated:

{(a) Without effective control of taro root aphid, dryland taro yields can be reduced by as much as 75 percent.

(2) Action required and agency responsible for eliminating this bottleneck:

(a) Identify effective chemicals for controlling mites and root aphids.

CTAHR, Industry

{b) Register effective chemicals.

CTAHR, DOA, Industry

{c} Develop integrated pest management schemes for taro.

CTAHR, DOA, Industry




G. DIS

EASE CONTROL

1. Analysis:

a. Diseases which affect the corm are important in both wetland and dryland cultivation of taro.

b.

In wetland taro culture, the most serious corm diseases are Pythium soft rot and hard rot (“guava seed”).

. The epidemiology of Pythium soft rot is not well understood. The environmental component of soft rot needs to be elucidated and

incorporated into tests before the efficacy of fungicides may be reliably stated. Some varietal resistance (o soft rot has been observed.
Reduction of pathogen populations may be expected by a dry fallow of the paddy between crops.

d. Hard rot (guava seed) is of unknown etiology and epidemiology. Control of this disease is difficult to study because of inability to

reproduce it on demand.

. The corm diseases of dryland taro, although not well defined as those of the wetland crop, include black rot (Ceratostomella fimbriaia

and Endoconidiophora sp.), Southern wilt (Sclerotium rolfsii), Pythium root and corm rots (Pythium aphanidermatum, P. splendens, P.
myriotylum, Pythium spp.), bacterial / fungal /nematode rot and others.

Epidemiology and etiology of rootand corm rots in dryland taro cultivation are not well known. They have not been studied
intensively. Since impact on aquatic flora and fauna are minimal, fungicide identification and registration in the dryland crop should
be more expeditious. :

. Foliar diseases of taro are sometimes devastating. Corm yield and quality could be reduced and leaf yield could bé¢ drastically reduced
by leaf diseases. High rainfall areas are vulnerable to great losses in a short time from diseases such as leaf blight (Phytophthora
colocasiae) and leaf spot (Phyllosticta colocasepphila).

h. Several chemicals will control foliar diseases most of the time. Work should be done to register chemicals for foliar disease control.

i

J

Virus diseases do not appear to be a problem at present. The quarantine on taro from the Solomon Islands and Papua New Guinea will
reduce the chances of alomae and bobone from entering Hawaii. Dasheen mosaic virus is wide spread in taro here. Yield loss resulting
from dasheen mosaic virus infection of commercial cultivars is not known.

Refrigerated shipping would probably reduce transit and storage rots. The cost benefit ratios of refrigeréted shipping are not known.

2. Bottlenecks:

Overall priority __.



a. Lack of sufficient integrated control measures (biclogical, cultural and chemical) to control diseases.

{1} Impact if this bottleneck is {is not) eliminated:
(a) Both growers and processors will continue to saffer from insufficient and poor quality product. .
(2) Action required and agency responsible for eliminating this bottleneck:

(a) Identify and quantify host resistance; identify and register effective chemicals and identify cultural practices for controlling
Pythium root and corm rot, guava seed and other taro diseases.

CTAHR

kb) Study etiology and epidemiology of root and corm rots with emphasis on Pythium root and corm rot and guava seed.
CTAHR

(c) Identify host resistance to Pythium soft rot and guava seed.
CTAHR

(d) Determine the role of fertility and methods of fertilizer application on the incidence and severity of Pythium soft rot and
guava seed.

CTAHR

(e} Determine the role of herbicides and methods of herbicide application on the incidence and severity of Pythium soft rot and
guava seed.

CTAHR

(f} Determine the role of fallow and sanitation on the incidence and severity of Pythium soft rot and guava seed.
CTAHR

(g) Determine the role of water management in the incidence and severity of Pythium soft rot and guava sced.

CTAHR



(h) Determine the etiology of dryla;\d taro corm rots.
CTAHR

(i) ldentify control points -- cultural, biological, chemical -- of dryland taro corm rots. '
CTAHR

(j) Determine the causal agents of storage and transit rots and the point of corm infection.
CTAHR

(k) Determine the role of cultural practiceé on the incidence of storage rdts.

CTAHR

H. WEED CONTROL
1. Analysis:
a. Preplant cultivation and paddy preparation are effective weed control measures.

b. Chemical control of weeds is possible, but no herbicide is registered at this time. The herbicide Goal is very promising and will be an
effective chemical for weed control if properly applied.

c. Azolla as a ground cover is effective for weed control.
2. Bottlenecks:

Overall priority .
a. Lack of effective control measures for weeds.

(1) Impact if this bottleneck is (is not) eliminated:

(a) Weed control is a major operation in laro production. The average cost of weed control amounts to 15 to 20 percént of the total
cost of production. This cost increases with the increase in cost of labor.

8




(2) Action required and agency responsible for eliminating this bottleneck:
(a) Register herbicide for weed control in dryland and wetland taro production.

CTAHR

I. CULTURE AND MANAGEMENT
1. Analysis:

a. Itis possible to harvest one crop of Chinese taro every 9 months with a net yield of 30,000 lbs/acre/crop, and every _
months with a net yield of lbs/acre/crop. Luau leaves can be produced at the rate of 15,000 lbs/acre/crop.

b. Many farmers are satisfied with their current cultural practices. However, the farmers do not know what the optimum cultural
practices are. Optimum water management for paddies need to be determined. Optimum practices of flooding and drying paddies need
to be determined. Optimum fertilizer practices (through the irrigation system or broadcast application) need to be determined as well
as the effect of paddy flooding or drying on fertilizer uptake and use.

c. There are some who feel that large future expansion of the industry will occur on dryland because more of this type of land is available
and it is easier to mechanize dryland taro production. Under ideal conditions, dryland and paddy taro yields are about the same on a
per month basis.

d. Taro responds to fertilizer and lime applications well and the need to develop techniques of predicting nutrient needs through plant
and soil analysis should be given serious considerations. Taro requires fairly high levels of calcium also.

2. Bottlenecks:
Overall priority -
a. Optimum water management for wetland and dryland taro production are unknown.
(1) Impact if this bottleneck is (is not) eliminated:
() If the water requirement of wetland and dryland taro are accurately known, farmers can make more efficient use of the

available water. With better information on taro waler requirements, government officials can make objective decisions on
water use issue in taro production areas based on hard data.



(2) Action required and agency responsible for eliminating this bottleneck:
(a) Determine the optimum water management for wetland taro production lin paddies.
CTAHR
{b) Determine the optimum waler requirement for dryland taro production.
TAHR
2. Bottlenecks:
Overall priority
a. Optimum fertilization and liming practices are unknown.
(1) Impact if this bottleneck is {is not) eliminated:

(a) If optimum fertilization and liming practices can be determined, some farmers will be able to increase their per acre
production. Farmers who are over-fertilizing will be able to lower their cost of production.

(2) Action required and agency responsible for eliminating this bottleneck:
(a} Determine optimum fertilization and liming, practices in wetland and dryland taro.

CTAHR

(b) Determine optimum or critical levels of nutrients in dryland and wetland taro tissue.

CTAHR

J. MECHANIZATION
1. Analysis:

a. Harvesting machinery must be developed. Several existing machines show promise, but some modifications are necessary.

10




b. A small and easy to handle tractor for the harvesting machinery is needed. A big 4-wheel tractor is difficult t6 get in and out of the
paddies.

¢. Mechanization for dryland taro production needs (o be developed.
2. Bottlenecks: .
Overall priority _
a. Lack of machines that can be used in dryland taro production for leveling, huli planting, harvesting, etc.

(1) Impact if this bottleneck is (is not) eliminated:

(a) Many operations could be mechanized, thus leading to more productive labor and better management through operation
scheduling if useful machines could be found or developed.

(2) Action required and agency responsible for eliminating this bottleneck:
{a) Evaluate and modify existing machines from mainland and foreign countries.
CTAHR
2. Bottlenecks:

Overall priority

a. Inaccessibility of paddies to conventional machines and lack of sufficient traction in available machines for use in paddies.
(1) Impact if this bottleneck is (is not) eliminated:

{(a) Farmers would be able to use wider selection of tractors if the traction of existing tractors can be improved or the accessibility
of the paddies can be improved.

(2) Action required and agency responsible for eliminating this bottleneck:
{a) Examine ways to improve traction of tractors and accessibility of paddies to existing machines.

CTAHR
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2. Bottlenecks:
Overall priority __
a. Lack of mechanical harvesting machinery.
(1) Impact if this bottleneck is (is not) eliminated:

(a} Since harvesting is currently up to 40 percent of the total time required in taro production, availability of mechanized
harvesting system could make taro production more profitable.

(2) Action required and agency responsible for eliminating this bottleneck:
(a) Develop machines for mechanical harvesting upland and wetland taro.

CTAHR

K. POST-HARVEST HANDLING AND PROCESSING
1. Analysis:
a. Hulis must be saved from harvested corms. Hulis must be selected according to vigor and corm quality.
b. Corm losses after harvest depend on the time of the year and the arca the corms came from.

c. Corms can be stored for 3-4 weeks if the corms are refrigerated immediately after they are harvested. However, this is not
economically feasible.

d. For poi sold in the Honolulu market, it is more econemical to import the taro corm from the neighbor islands and do the processing on
- Oahu.

e. Surface transportation causes losses because of disease and dehydration.
2. Bottlenecks:

Overall priority

12




a. Surface transportation causes losses because of disease and dehydration.

(1) Impact if this bottleneck is (is not) climinated:

(a) Losses of 50 to 100 percent occasionally occur during transportation of taro corms from the Neighbor [slands to Oahu. Better
post-harvest handling and/or treatments can eliminate or reduce serious iosses and deterioration of taro corms during,
shipment and storage. The U.S. Mainland market for taro corms cannot expand if better and proper handling techniques are
not used to increase the shelf life and storage of taro corms from Hawaii.

(2) Action required and agency responsible for climinating this bottleneck:

(a) Evaluate better post-harvest handling practices to reduce losses in transportation.
CTAHR, DOA, Industry

(b) Investigations of methods to increase post-harvest life to shipments from Hawaii to U.S. mainland.

CTAHR, DOA, Industry

L. MARKETING
1. Analysis:
a. There is potential for exporting fresh taro corms to'the Mainland which needs to be developed.

b. The market for other uses of taro, especially taro chips, have become popular and there seems to be lack of raw materials to keep up
with the demand.

¢. College researchers have developed taro products that require market testing.
2. Bottlenecks:
Overall priority _

a. Inadequate commercial market development for taro and taro products.

(1) Impact if this bottleneck is (is not) eliminated:

13




(a) Farmers may have problems marketing taro if supply exceeds demand. Farmers will not be able to expand production without
causing an over supply or glut on the market.

(2} Action required and agency responsible for eliminating this bottleneck:
(a) Produce several new taro products at pilot plant level for test marketing.

CTAHR, DOA, Industry

(b) Develop new taro products such as breakfast food or energy food.
CTAHR, industry
2. Bottlenecks:
Overall priority ) ' ) .
a. Insufficient information on market potential.
(1) Impact if this bottleneck is (is not) eliminated:

(a) Farmers will continue to have problems in marketing taro. Farmers will not be able to expand production without causing an
over supply or glut on the market.

(2) Action required and agency responsible for eliminating this bottleneck:
{a) Make an economic feasibility study of selected taro products.

CTAHR, DOA, Industry

(b} Launch a market promotion of taro products if found economically feasible and acceptable by consumers.

CTAHR, DOA_ Industry
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PART 1. The State of the Industry

for your careful review and comment

.




TARO INDUSTRY ANALYSIS NO. 4

Taro forms the basis or is an intricate part of many traditional diets worldwide. In its various forms, (e.g. baked, boiled, fried, whole
or mashed) taro is a nutritious food consumed by millions of people everyday. According to the FAO Production Yearbook, 12.6 billion pounds of
taro (Colocasia) were produced worldwide from 2,440,360 acres in 1987. Major producing areas are Africa (8 billion pounds), Asia (3.9 bnlhon
pounds), and Oceania (667 million pounds). Taro is the 14th most consumed vegetable on a world-wide basis.

A. The Taro Market in Hawaii: An Intreduction

While there is some cross-over buying by consumers/ processors, there are basically four somewhat distinct markets for taro in Hawaii:
the dasheen, poi, Chinese, and Samoan markets. The dasheen, Japanese, or "sato imo” type taro (the small cormels are eaten, but the mother
corm is usually not), is consumed cooked, but unprocessed, primarily by oriental consumers and is typically eaten as a side vegetable to a meal.
The "poi taro" (produced under both dry and wet cultivation conditions), usually the Lehua variety for commercial usage, is more often than not
processed and is the basis for two primary products: poi (the traditional Hawaiian pudding-like starch-staple) and kulolo (a equally
traditional fudge-like confection). Raw corm-to-poi/kulclo processing facilities presently number about 12 State-wide. The market for poi taro
products is typically the "local” population and the visitor industry as an introduction to traditional Hawaiian foods at staged luaus. Chinese
taro is consumed in its cooked non-processed form; as an increasingly popular snack chip and in more traditional Chinese dim sum dishes, among
others. Lastly, the Sampan taros (Niue [Samoan pink], Manu'a and Palagi) are consumed almost exclusively by the Samoan population in
Hawaii and are very often eaten in a cooked whole form as a substantial part of a meal.

As each taro variety caters to a somewhat distinct clientele the demand for the product often varies throughout the year with the
social activities of that clientele, for instance, the demand for Chinese taro may be higher around the time of the Chinese New Year as there
are many Chinese rituals or celebrations observed at this time, with taro being an important ingredient in many foods.

The supply of each taro variety depends on a number of conditions. For example, poi taros are very susceptible to flooding conditions in
the valleys where they are usually grown. Chinese taro availability is governed by the former condition, along with its own price, and (often)
the price of ginger, i.e. as the price of ginger goes up, the supply of taro often goes down, as currently most Chinese taro farmers (located on the
Big Island) grow the often more profitable ginger as well. In the case of dasheen, some 80 percent of local demand was meet by Hawaii farmers
in 1989 (Hawaii Agricultural Statistics Service). Dasheen will not be discussed further in this analysis. Samoan tarc demand is meet almost
exclusively by Western Samoa and to a lesser extent by growers in American Samoa. The demand for these varieties of taro appears to be
greater than supply during most of the year, in which case both poi taros and Chinese taros are consumed by the Samoans (and other Polynesian
groups) living in Hawaii. Some other Polynesian groups, such as the Tongans grow taro for their own needs in places such as the North Shore of
Oahu. There does not appear to be a constraint on the production end in the Samoas, more that the available air-cargo space is very limiled,
and boat-shipped taro is often considered undesirable as the taro often arrives in less than marketable shape. The Samoan taro market in
Hawaii must compete for the limited supply with the much larger L.os Angeles market.




B. Market for Hawaii Grown Taro on the U.S. Mainland and Canada

Taro is consumed by various ethnic groups on North America; the primary type is the Chinese taro. The ethnic groups in the West Coast
markets that eat Chinese taros include the Chinese, Vietnamese, Thais, Malaysians, Filipinos, and Laotians, among others. These people
consume taro in much the same way as do their Asian counterparts in Hawaii. However, in the frozen section of the oriental markets in Los
Angeles, nearly a dozen different processed taro-based products are available. These include taro bun, ice cream, ice bars, and tofu-like
products. The major taro product that is consumed, however, is the corm itself. Major competilors in this market include the Dominican
Republic, Costa Rica, Florida, and Brazil. '

Fresh taro leaves and taro stemns are marketed in Hawaii and on North America. Taro leaves are a traditional part of Hawaiian luaus
as Laulau, are eaten by Samoans as Palusami, and the peoples of the Caribbean region consume taro leaves in various types of soups, e.g.
Callaloo. Taro stems are commercially produced in green houses in California and are eaten by the Vietnamese and other Asian groups there.
The Vietnamese use the stems in soups as well as in other dishes. Countries importing taro leaves to the U.S. in 1986 include Brazil, Dominican
Republic, and Jamaica. It is unknown how much fresh and frozen taro leaves are shipped from Hawaii to North America.

II. CURRENT STATUS AND POTENTIAL OF THE TARO INDUSTRY IN HAWAII

Taro production in Hawaii is currently undergoing a metamorphosis which is begin driven by a combination of market signals and
production conditions.. The areas traditionally used for the production of wetland taro are being cultivated less and less each year, while
acreage slated for the production of taros under dryland conditions has increased over the same period (Table 1). Total taro production
Statewide declined from 6.2 million pounds in 1988 to 6.0 million pounds in 1989. Despite the decrease in total production, the farmgate value
(for the corms alone) increased slightly to $1,996,000 in 1989, up from $1,904,000 in 1988, due to the increased average farm price of taro per
pound (Table 1) (Hawaii Agricultural Statistics Service, 1990).

Table 1. Acreage and Price of Hawaii Grown Taro in 1989 for the State

General Acresof Taro  Percent and Direction Farm Gate Percent and Direction
Taro Commercially of Change Price of Change
Type . Grown in Hawaii  Over Year Previous ($/1b) Over Year Previous
Poi 290 7% ‘ $.285 +10%

Chinese 140 +21 $.401 +2%

Sarmoan very little n/a $.790* : + 77

TOTAL 430 +23

Source: Hawaii Agricultural Statistics Service, 1990.
* This is the landed price in Hawaii: Farm Gate in Samoa + Air shipping, industry contact is source.




. The Island of Kauai remained the largest overall producer of taro with 64 percent of the State's total production in 1989; nearly all of it
of the wetland type. However, Kauai's 1989 production of all types of tarc was only 4.16 million pounds; 250,000 pounds less than in 1988. The
Big Island was the major force in Chinese taro production in 1989, with 130 acres under cultivation (Table 2). The other 3 major islands, very
important in a regional sense, contributed less than 50 percent of the taros for the Statewide poi market and about 10 percent to Statewide
Chinese taro supply.

Table 2. Acreage and Price of Hawaii Grown Taro in 1989 for the State and by Island

Area Acres of Poi Taros Percent and Direction Acres of Chinese Taros  Percent and Direction
Commercially of Change Commercially of Change
Grown by Area Over Year Previous Grown by Area Over Year Previous

Kauai 180 -6% 2 2

Hawaii 35 -14 130 +23%

Maui/Molokai/Oahu 75 -7 10 ‘ 0

STATE 290 -7 140 +21

Source: Hawaii Agricultural Statistics Service, 1990.
ZKauai combined with Maui, Molokai, and QOahu to avoid disclosure of individual operations.

Approximately 32 percent of taro corms produced in the State were processed into poi and taro chips. Most of the corms processed into
poi were grown under wetland culture and those made into taro chips were grown under upland conditions. The Honolulu Arrivals for taro corms
for chips increased from 289,000 pounds in 1988 to 560,000 pounds in 1989, an increase of 94 percent. Taro corms sold as fresh taro declined from
600,000 pounds to 500,000 pounds in that year (Hawaii Agricultural Statistics Service, 1990}.

Foreign taro imports of 733,000 pounds, the most ever imported to Hawaii and mostly from Western Samoa, accounted for
approximately 10 percent of the State’s total taro supply in 1989 (Table 3). Imported taro corms were used mainly as table taro for the Samoans
and other Polynesian groups.




Table 3. Volume of Hawaii Grown Taro and Imports in 1989 for the State

General Amount Amount - Percent and Direction Share of
Taro Commercially Imported of Change Hawaii
Type Marketed in Hawaii (Ib) (Ib) Over Year Previous  Market 1989
Poi 5,270,000 0 8% 73%
Chinese 1,230,000 0 , +11 17
Samoan/ very little 733,000 +16 10

Source: Hawaii Agricultural Statistics Service, 1990 and per communication.

Looking at a 5-year trend, taro consumption in general is on the rise (Figure 1}. While poi taros have decreased in usage, the Chinese
and imported taros, the latter mainly from Western Samoa, are experiencing some growth due to the demand created by their specific markets.

Figure 1. A 5-Year Trend of Marketings of Poi, Chinese and Imported Taro in Hawaii
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A, AnIsland by Island Perspective of Taro Praduction Conditions

Production possibilities for taro are a very island-specific, area-specific and input-specific phenomenon. For instance, in one area on one
island, land and water may not be a problem, but the availability of affordable labor is (e.g. Hanalei Valley, Kauai). While in another,
there are willing farmers, but little capital for inputs (e.g. Molokai). In still another, Jand and farmers are available, but the condition of the
watershed area limits water flow (e.g. Keanae area, Maui). .

Hanalei Valley on the Island of Kauai has maintained its position as the center of wetland taro production in the State. Improvements
in the irrigation system by the U.S. Fish and Wildlife Service is continuing to benefit local farmers, however, the lack of readily available
and affordable labor, due to increased competition for labor between agricultural and non-agricultural industries, has started to affect taro
production in Kauai and elsewhere. Much of the lands made available in Hanalei Valley as a result of the irrigation project of the U.S.
Department of Interior Fish and Wildlife Service are still unused. This represents a potential increase of 125 acres if farmers are able to put it

- into production. A portion of Bishop Estate lands in Waipa Valley, Kauai is being farmed, but much still remains unused. Repairs and
maintenance of the Waioli Valley water system will also enable farmers to increase the production in that area.

Production of lowland taro in Waipio Valley on the Island of Hawaii has also continued to decline. Some taro farmers in the Waipio
Valley who have traditionally grown wetland taros, have now started to plant Chinese taro for the luau leaves. The recurring floods in the
area continue to make the production of lowland taro difficult, however, some of the previously established taro growers are starting to put
some fields back into production. In the Hilo-Hamakua area, Chinese taro production is on the upswing. Limiting supply from that area is the
concurrent growth of ginger.

The Island of Molokai has a great deal of farmable land, however, at the present time there is only a relatively small local demand
for poi taros and only one poi miller. For this area to become a larger producer farmers will need to secure start-up capital.

On the Island of Maui, there is considerable acreage that can be used for lowland taro production if irrigation systems are improved.
For instance, in the Keanae area the watershed is clogged with trees. In the West-Maui area, traditional wetland growing areas are being
revived. In all some 200 additional acres of lowlands can be put into production.

As measured in acres, luau leaf is the dominant taro product on Oahu, with at least 4 major producers. Some lowland taro farms are
slowly going into preduction on Oahu despite the increasing difficulty to keep lowland fields under continuously flooded conditions. Production
of poi taro under upland conditions on OCahu is slowly gaining a foothold. It is this method of production which could help ease the declining
supply of poi taros for the poi market and change the face of the industry for a long time to come.

B. Conclusions

Taro has a long and honored tradition in Hawaii as it has in many other parts of the world. Life style and population-mix changes;
affecting markets, and increased competition for water, land, capital, and labor by both agricultural and non-agricultural enterprises; affecting
production, has forced a change in the appearance of Hawaii’s taro industry. A review of historical documents, including newspapers, reveals
however, that these type of influences have always been a part of Hawaii’s post-contact taro industry. The task at hand for today’s taro
farmers is to incorporate the impact of these changes into their current and future production and marketing plans. One example of where this
is working is that of the increased planting of taro varieties (which here-to-fore were considered only to be “wetland” varieties), under
dryland-irrigated conditions. By using this method it may be possible for the farmer to substitute capital (a scarce commodity) for labor (and




even scarcer commodity) in the form of mechanization. So too are the following methods for today’s farmer to increase profits and remain
competitive.

® The vertical integration of farm and processing facility

® The diversification of taro varieties and products .
® Year-round crop availability

® The coordinative planning between producer and buyer

® The cooperative use of labor and equipment

~




Taro

Economic Fact Sheet # 1
Jyne 1989

Department of Agricultural and Resource Economics
College of Tropical Agriculture and Human Resources

University of Hawaii

By
Kevin M. Yokoyama, James R. Hollyer,
Stuart T. Nakamoto, and Kulavit Wanitprapha

CROP PROFILE

SPECIES

Thereisa great deal of confusion surrounding the
taxonomy of taro. Taro (cocoyam) is often used as
a collective term for the edible aroids, of note the
genera Colocasia and Xanthosoma. According to
one classification scheme, there are two majo'r
varieties of C. esculenta, var. esculenta and var.
antiguorum. The dasheen of the West Indies
(which is generally referred to as taro in the Pa-
cific) is considered var. esculenta, and the eddoe of
the West Indies (generally referred to as dasheen
in the Pacific and in Asia) is var. antiguorum.
Xanthosoma, a Hispanic staple, has a similar ap-
pearance to Colocasia and is often confused with
taro. Some common names for Xanthosoma are
tannia, malanga, and yautia.

In Hawaii, important varieties of taro are Chinese
(Bun Long), poi (usually Lehua Maoli), Samoan
(Niue), and Japanese taro (dasheen or araimo).
The first three are varieties of C. esculenta var.
esculenta; the fourth is a variety of C. esculenta var.
antiguorum.

PRODUCTIVITY

Taro is often categorized by the location where it
grows, i.e., in the wet lowlands or the drier up-
lands. Wetland taro is planted like rice, while
dryland taro is cultivated similarly to corn. The
number of pieces of planting material required
per acre ranges from 8100 to 16,200.

Most taros mature six to 10 months after planting.
FAQ's 1987 worldwide production statistics for

Colocasianote an average yield of 5200 poundsper
acre.

In experimental trials in Hawalii, intercropping
dryland taro with other plants, especially leg-
umes, appears to increase taro corm yields.

Major diseases and pests of taro include Phyto-
phthora leaf blight, Pythium rot, dasheen mosaic
virus, and nematodes. Phytophthora, for example,
can destroy up to 30% of a crop’s final yield, and
Pythium is capable of destroying the entire crop.

USES AND PRODUCTS

The taro plantis widely used in the Pacific [slands,
Africa, Asia, the West Indies, and Central and
South America. The taro corm is fried, roasted,
baked, or boiled. '

Nutritionally, the taro corm is high in carbohy-
drates and potassium, but low in calories and
sodium.

Taro has hypoallergenic properties that may make
itappealing for the manufacture of specialty items
such as baby food. The small starch grains (1 to 4
pm) are easily digested by those with stomach
ailments.

Some popular uses of the corm include the pro-
duction of poi. This traditional Hawaiian food is
considered a good first cereal for infants, and is
sold fresh, dried, and in airtight containers. Yield
of poiranges from 25 to 60% by weight, depending
upon the quality of the corms.

Taro leaves can be eaten like spinach and the
shoots like asparagus. A half cup of cooked leaves
contains 97% and 39% of the U.S. RDA of vitamins
A and C, respectively.

Taro flour production was investigated in Hawaii
as early as the 1800s, but successful commerciali-




zation of this product has not yetoccurred because
_ of the availability of other inexpensive starches,

e.g., cornstarch. The conversion yield of taro corm
. to flour is between 21 and 25%.

Taroslicescanbe fried aschips. Approximately 30
pounds of chips can be made from 100 pounds of
whole fresh taro. In Hawaii, Chinese taro is the
preferred chipping variety because it can be fried
without precooking, and the purple veins produce
a unique-looking chip. However, due to the large
and irregular shape of corms, large-scale produc-
tion may be somewhat limited because of con-
straints in mechanization.

In experimental trials, cooked taro packaged in
airtight containers retained its original flavor and
texture. :

Some other potential uses for taro corms include
silage for animal feed, fabrication of cosmetics and
plastics, and flavoring for ice cream.

WORLD SUPPLY AND DEMAND

Mikons of Pounds

TARO SUPPLY

In1987,12.6billion poundsof taro (Colocasia) were
produced worldwide from 2,440,360 acres, ac-
cording to the FAQ Production Yearbook. Major
producing regions are Africa (8 billion pounds),
Asia (3.9 billion pounds), and Oceania (667 million
pounds).

In 1987, the countries of Oceania produced the
following amounts, in millions of pounds: Papua
New Guinea{411.4), Western Samoa (85.8), Tonga
(66), Solomon Islands (52.8 ), Fiji (24.2), American
Samoa (8.8), Kiribati (6.6), New Caledonia (6.6},
Wallis (4.4), and Niue (2.2).
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TARO DEMAND

Tare is consumed primarily in producing coun-
tries and is often the major dietary component.

World trade statistics on taro are scarce because
data are combined with those of other root and
tuber crops. Limited information can be found
under the Standard International Trade Classifica-
tion (rev. 3) number (054.83.

U.S. MARKET

SUPPLY

Domestic production of taro is limited, mostly to
the states of California, Florida, and Hawaii. In
1988, the area under commercial cultivation was,
in California, fewer than 20 acres of Colocasia; in
Florida, 50 to 100 acres of Colocasia and 2000 acres
of Xanthosoma ; and in Hawaii, 430 acres of Coloca-
sia.

In 1986, 47.4 million pounds of fresh, chilled, or
frozen taro (dasheen and tannia, TSUSA number
1360000) were imported to the United States.
Major suppliers were the Dominican Republic
(41,767,636 pounds), Costa Rica (1,995,663
pounds), Jamaica (1,219,104 pounds), and West-
ern Samoa (888,202 pounds), accounting for 97%

- of the total. (Effective in 1989, the Harmonized

Tariff Schedule of the United States number
(0714.90 replaces TSUSA number.)

Some producing countries have high quality stan-
dards for export taro. For example, the Dominican
Republic sizes the corms, then individually wraps
them in paper, and ships in boxes.

Hawaii ships Chinese taro to the U.S. Mainland.
The corms are ungraded, unsized, and shipped in

50-pound bags. Hawaii-grown Japanese taro is

graded, but little if any is exported.

Fresh and cooked taro leaves are supplied by
Hawaii and countries such as Brazil, the Domini-
can Republic, and Jamaica.

In Los Angeles, the price of taro root from Hawaii
was 50 to 80 cents per pound on February 1, 1989.
Taro from Costa Rica and the Dominican Republic
was 50 to 75 cents per pound. For latest market
information, contact the Federal-State Market
News Service in Honolulu, (808) 548-7161; Los
Angeles, (213) 894-3077; San Francisco, (415) 556-
5587; Seattle, (206) 764-3753; New York City, (212)




® Asian & Pacific
A Hispanic
M Bath

Concentration of Asians, Pacific Islanders, and Hispanics: Present and Potential Markets for Taro

542-2225; Chicago, (312) 353-0111; Miami, (305)
326-1254; and Houston, (214) 767-5375.

DEMAND

Corm and Leaf Market

Taro corms are a traditional part of the diet for
many immigrants to the United States. Some
Asian, Hispanic, and Pacific island people pre-
pare and eat them like a potato. Others consume
them in soups or as a complementary vegetable.

In some Oceanic countries, the edible aroids are
the most widely consumed starchy staple, fol-
lowed by sweet potato, cassava, and yam. For
example, in Western Samoa, the average daily per
capita consumption of taro is 1 to 1.5 pounds.

Asian, Hispanic, and Pacific islander populations
are heavily concentrated in California, Florida,
Ilinois, and New York. These locations and oth-
ersare presentand potential markets for freshand
processed corms and leaves (see map).

A produce industry magazine, The Packer, lists
buyers of taro root in California, Florida, New
York, and Canada.

Possibilities: Snack Chip Market

Eighty-three percent of all Americans snacked in
1987, and the snack food market is increasing
despite the new health-conscious attitude. Esti-
mated sales in this industry have grown from $8.5
billion in 1578 to $25.2 billion in 1987, up 4.2%
from the previous year.

In 1987, potato chips accounted for 11.5% of the
total snack food sales, while corn/tortilla chips
accounted for 5.6% of the market.

Frito-Lay accounted for 33% of the $2.9 billion
potato chip market in 1987. Borden, Inc., sales
were estimated at $375 million. Other major
manufactures include American Brand, Eagle
Snacks Division, Suncoa (Food Product) Division,
and Heileman Baking Division.

Chips are also made from various species of taro.

. For instance, in Western Samoa chips are made

Mo of Dollars

from Xanthosoma, while chips in Hawaii are made
from Colocasia. Presently, there are five taro chip-
pers in Hawaii.

There is a potential for taro chips in the traditional
chip market as well as in the novelty, upscale, and
ethnic submarkets. Some examples are sweet-
potato chips manufactured by Yammers (IHBInc.)
and Zapp's, and rainbow-colored potato chips
marketed by Chips & Dips by Eula. Ethnic snacks
include yucca, plantain, and cassava chips.
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Distributlon Channels for Fresh Chinese Taro Corms in Hawall

Possibilities: Baby Food Market

Retail sales of baby foods in 1987 amounted to $2.2
billion. Of this, cereals and vegetables accounted
for 8% of the market, or $16 million. Because taro
is also a nutritious vegetabie, it may be able to
capture some of this valuable market.

Up to 20 percent of the infants in the United States
are said to be allergic to standard baby food made
with eggs, milk, and cereals. Therefore, taro-
based products, such as poi, may have a potential
to satisfy some of this demand. Currently, there
are 13 poi processors in Hawaii.

Gerber Products Company had about 70% of the
baby food market share in 1988. Other major
manufactures of baby foods include Beech-Nut
Nutrition, and Heinz. The Thomas Grocery Reg-
ister lists specialty baby food producersincluding
Loma Linda Foods, Mead Johnson Laboratories,

and Health Valley Natural Foods.

TARO IN HAWALII

In 1988, there were 153 farms planting 420 acres of
Chinese and poi taro in Hawaii. Total value for
these two crops was $1.9 million for the 6.8 million
pounds harvested. Anunknown number of farms
planted 10 acres of Japanese taro in the same year,

valued at $147,000.

Eighty farms grew the Chinese variety on approxi-
mately 110 acres. The value of the 1.1 million
pounds produced was $433,000. The average

statewide farm gate price for taro used in chipping
and table consumption was 39 cents per pound.
Typically, the higher quality table taro received 5
cents more per pound than did chipping taro.

Chinese taro can be harvested in six to 12 months,
poi taro in 12 to 18 months, and Japanese taro in
seven to 10 months. The yields range from 8000 to
20,000 pounds per acre, 24,000 to 32,000 pounds
per acre, and 20,000 to 25,000 pounds per acre, re-

" spectively.

Nearly 50% of the Chinese taro was used for chip
manufacture in 1988. The Big Island produced
about 90% of this variety.

Taro for poi was produced on310acres on 75 farms
in 1988. The 5.7 million pounds were valued at
approximately $1.5 million, for an average farm
gate price of 26.9 cents per pound. Sixty-one
percent of the taro used for poi making was grown
on Kauai,

Hawaii consistently imports more taro for the
fresh market than it produces. In 1988, Hawaii
imported 615,000 pounds of fresh taro(C. esculenta
var, esculenta Niue), accounting for 51% of the total
supply. Major suppliers included American and
Western Samoa, the latter accounting for the
greater percentage. Sixteen percent of the total
market supply of Japanese taro (43,000 pounds)
was also imported in the same year.

Hawaii exports taro primarily to the Los Angeles
and San Francisco markets. Wholesalers on the
West Coast cater to restaurants and retail outlets.

Referance 10 a company or product name does nat Imply approval or recarwrendatlon of the product by the College of Tropical Agricuture and Human Resources, University of Hawail.
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Taro Industry Analysis No. 4 - Taro Morksheet

June 1, 1990

Land
Prio- Possibility | Resources
rty Bottleneck Action Required Agency of Duration Required Allocated Suppl ement Impact if bottleneck
Responsible Success Saource not el iminated

Existing State (a). Evaluate current and L If existing farm lands are nul

policies do not patential tafo production kept in production or if more

adequately protect areas. DOA2 lands are not made availsable,

lands suitable for the industry capnot expand

taro production and {(b). Enforce State and County CTAHRS when and if the demand for

water sources from policies which protect the taro and taro products

being taken away for limited amount of lands where Luch increases. |f an objective

domestic and other water suitable for taro evaluation of lends suitable

use. production is found, for tare production can be
completed, the State and
Counties will have the
information needed to
establish proper land and
water use policies.

l l | } | | I
3 College of Tropical Agriculture and lluman Resources

1 Depr. of Land and Natural Resources




Water

Prio- Possibility Resources
rity Bottleneck Action Requireéd Agency of Duration Required Allocated Supplement impact if bottleneck IR
Responsible Success Source not eliminated
(a). Enforce the {aw on water |DLNR Good If the water distribution

Less than optimum
distribution and
control of water
{flooding) in the
important taro

production areas.

rights to provide sufficient
water in Waiahole Valley and
other areas on Oahu for taro
production.

(b). Develop B water system
to provide sufficient water,
especially in the summer, to
allow the Wailua and Keanae
Valleys on Maui to remain in_
taro production.

(c). Study the water
distribution and control
concerns of the important
taro production areas 50 that
the most important water
related bottienecks can be
specified.

City and County
of Honolulu

County of Maui

systems in tara production
areas can be improved,
existing areas can be made
more productive and more areas
can be used for taro
production. Periodic floods
and grop destruction can be
eliminated with proper flood
control measures.




Page 3

Diseases
Prio- Possibility Resources
rity Bott Leneck Action Required Agency of Duration Required -| Allocated Supplement Impact if bottleneck
Responsible Success Source not_etiminated
No comprehensive {a). Establish a program to CTAHR Good 3-5 years If improved varieties are
system to classify and |breed, screen, classify, and developed or found, taro

index currently known
varieties for disease
and insect resistence,
quality and yield,

No breeding program to
develop new varieties
with qualities such as
tonger shelf Llife,
better chipping
recovery, etc,

index taro varieties for
yield, resistance to diseases
and insects, low acridity,
optimal growth
characteristics, high starch
content (for poi), and
acceptability for the fresh
market.

farming can be made more
profitable. Farmers will
enjoy higher yields and less
(oss to pests and diseases.
The market for fresh and
processed taro can be expanded
if varieties with {onger shelt
life are available.




Pest Control
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Prio- Possibility Resources
rity Bottleneck Action Required Agency of Duration Required Allocated Supplement Impact if bottleneck
Responsible Success Source not el iminated
Lack of effective (a). ldentify effective CTAHR fair to 2-5 yeérs Without effective control of
controls for mites and |chemicals for controlling Industry Good taro root aphid, dryland tero
root aphids which are mites and root aphias. yields can be reduced by as
pests in dryland tara much as 79 percent.
production. (b). Register effective CTAHR Unknown
chemicals DOA
Industry
(c). Develop integrated pest | CTAHR
management schemes for taro. DOA
Industry




Diseases
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Prio-
rity

Bottleneck

Action Required

Agency
rResponsible

Passibility
of

Success

Ouration

Resources

Required

Allocated

Shpplement
Source

Impact if bottleneck
not eliminated

Lack of sufficient
integrated control
measures (biological,
cultural and chemical)
to control diseases.

(a). ldentify and quantify
host resistance; identify and
register effective chemicals
and identify cultural
practices for controliing
Pythium root and corm rot,
guava seed and other taro
diseases.

(b). Study etiology and
epidemiotogy of root and corm
rots with emphasis on Pythium
corm rot, and guava seed, \A

{(c). ldentify host resistance
to Pythium soft rot and guava
seed.

(d). petermine the role of
fertylity and methods of
fertitizer application on the
incidence and severity of
Pythium soft ror and guava
seed.

(e}. Determine the role of
herbicides and methods of
herbicide application on the
incidence and severity of
Pythium seft rot and guava
seed.

(f). Petermine the role of
fallow and sanitation on the
incidence and severity of
Pythium seft rot and guava
seed,

(cont inued)

CTAHR

CTAHR

CTAHR

CTAKR

CTAHR

CTAHR

Good

Good

Goad

Good

Good

Fair

3 years

3 years

3 years

3 years

3 years

6 years

Growers wWill continue to
produce less than optimum
coras, which will in turn
affect processors.

v
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Prio- Possibility Resources
rity Bottleneck Action Required Agency of Duration Required Allocated Suppl ement Impact if bottleneck
. Responsible Success Source not eliminated
(g). Determine the role of CTAHR Good 3 years
Water management in the
incidence and severity of
Pythium soft rot and guava
seed. i
(h). Determine the etiology CTAHR Excellent 3 years
of dryland taro corm rots.
(i). Ildentify control points |CTAHR Excellent |3 years
- culrural, biological,
chemical - of dryland tarc
corm rots.
(i). Determine the causal CTAHR Good 3 years
agents of storage and transit
rots and the point of corm
infection.
(k). Determine the rale of CTAHR Fair 3 years

cultural practices on the
incidence of storage rots.




Weed Control

Page [

control measures for
weeds

weed control in dryland and
wetland taro production

Prio- Possibility Resources
rity Bottleneck Action Required Agency of Duration . Required Allocated Supplement Impact if bottleneck
Responsible Success Source not eliminated
Lack of effective (a). Register herbicide for CTAHR Good 2-3 years Weed control is a major

consideration in taro
production. The average cost
of weed control amounts to 15
to 20X of the total cost of
prodction. This cost
increases with an increase in
the cost of labor.
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Water and Fertilizarion

Prio- Possibility | ‘Resources
rity Bottleneck Action Required Agency of Duration Required Allocated | Supplement Impact if bottleneck
Responsible Success Source not_eliminated
Optimum water -|(a). Derermine the optimum CTAHR Good 2-3 years 1f the water requirements of
management for wettand |water management for wetland wetland end dryland taro are
and dryland taro taro production in paddies. accurately known, farmers can
production are make more efficient use of the
unknown. {b). Determine the optimum CTAHR Good 2-3 years available water. With better
water requirement for dryland information on taro water
taro production requirements, government
officiels can make objective
decisions on wWater use issues
in taro production areas based
on hard data.
Optimum fertilization (a). Determine optimum CTAHR ‘Good 2-3 years If optimum fertilization and
and liming practices fertilization and Liming (GACC Liming practices can be
are unknown practices in wetland and funded determined, some farmers will
drytand taro project in be able to increase their pe
progress) acre production. Farmers who
(b). Determine optimum or CIAHR are over-fertilizing will be

critical levels of nutrients
in dryland and wetland taro
tissue.

eble to lower their cost of
production,
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pPrio- Possibility Resources
rity Bottleneck Action Required Agency of quation Required Allocated Supplement Impact if bottleneck
Responsibie Success Source not_eliminated
Lack of machines that |(a). Evaluate and modify CTAHR Good Many operations could be
can be used in dryland |existing machines from Industry ' mechani zed, thus leading to
taro production for maintand and foreign more productive labor and
leveling, huti contries. better management through
planting, harvesting, operation scheduling if usetin
etc. machines could be found or
developed.

Inaccessibility of (a). Examine ways to improve | CTAHR Good Farmers would be able to use
paddies to traction of tractors and Indus try ! wider selection of tractors it
conventional machines {accessibility of paddies to the traction of existing
and lack of sufficient |existing machines tractors can be improved or
traction in available the accessibility of the
machines for use in paddies can be improved.

) paddies.

Since harvesting is currentiy

Lack of mechanical (a). Develop machines ‘for CTAHR up to 40X of the total time
harvesting machinery mechanical harvesting of Industry required in taro production,

upland and wetland taro.

availability of mechanized
harvesting systems could make
taro production more
profitable.




Post Harvest
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Prio- Possibility Resources
rity Bottleneck Actijon Required - Agency of Duration Required Allocated Suppl ement Impact if bottleneck
Responsible Success Source not eliminated
Surface transportation |(a). Evaluate and implement CTAHR Losses of 50 - 100X
causes losses because better post-harvest handling Industry occasionally occur during
of disease and practices to reduce losses in |DOA transportation of taro corms
dehydration. transportation. from the Meighbor lslends to
Oahu. Better post-harvest
(b). Investigations of CTAHR handling and/or treatments can
methods to increase post- Industry eliminate or reduce serious
harvest shelf-life to DDA losses and deterioration of

shipments from Hawail to U.S.
mainland.

taro corms during during
shipment and storage. The
U.S. Hainland market for taro
corms cannot expand if better
and proper handling technigues
are not used to increase the
shelf life and storage of tarv
corms from Hawaii.
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Marketing
Prio- Possibility Resources
rity Bottleneck Action Required Agency of Duration Required Allocated Supplement Impact if bottleneck
Responsible Success Source not_eliminated
tnadequate commercial (a). Produce several new taro | CTAHR Good 2 years Farmers will not be able to
market development for |products at a pilot plant industry expand production without
taro and taro level for test marketing. DOA causing an over supply or glut
products, ol the market.
(b). Develop new taro CYAHR Good \
procucts such as breakfast industry
food or energy food.
Insufficient (a). Perform an economic CTAHR Good farmers will not be able to
information on market feasibility study of selected | Industry expand production without
potentiat tare products. DOA causing an over supply or glur
on the market
(b). Launch a market CTAHR
promotion of tara products if | Industry
found economically feasible DOA

and acceptable by consumers.






