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CHAPTER 1.

INTRODUCTION.

The Territory of Papua and New Guinea consists of two parts:

a, The Territory of Papua, comprising the area which was called

British New Guinea up to 1905.

b. The Territory of New Guinea, made into a Trust Territory

of Australia by the League of Nations in 1920, |

In 1949 these two parts were amalgamated and since then
the whole area has been regarded as a single territory, divided into

four regions for administrative purposes only.

It comprises a huge mainland mass and large island groups
with a total area of approximately 183, 000 square miles, extending
from just sQuth of Lthe equator to 11°40" south latitude and irom the
border witﬁ West-Irian at 141° to 160° east longitude. The
Mainland has a huge mountain system running chiefly through the
centre in an East-West direction with peaks up to 14, 500 feet,

It is a rugged country with thick jungles, zome large rivers and
swamps, in which communications are still very limited; largely
dependant on air travel, as good roads are few and most of the

rivers are only navigable for short distances.




In a population of under 2. 5 million, consisting mainly of
Melanesians with some Micronesians, Polynesians, Chinese and

Muropeans, up to 700 languages are in uge.

The climate is typical monsonal; hot and humid with the

notable exception of the Highlands,

Outgide the relatively few and small main centres, most
natives live in closely knit village communities generally of 100
and 300 people only, but wide variations occur. Many villages
are virtually isolated from each other. The people's livelihood
depends mainly on agriculture, based on a subsistence economy
of staple foods, such as sweet potato, yvam, taro, banana and
sago, Eup;_:;lemented only to some degree with fish, pigmeat and
other sources of animal protein,

The indigene's diet both quantitatively and qualitatively ean
seldom be regarded as satisfactory. Indicative of this might be
the local population's generally smaller stature, body build and
lower life expectancy than that of people of Caucasian stock,
Which of the factors: deficient protein - intake or heridity plays
the major part here, is not known however. Muscular develop~

ment and physical activity also seem to be lower.




The dental health of the peoples of the Territory is far from
that state of perfection, which popular belief sometimes attributes
to the more "primitive" races, leading the more '"'natural’’ life,
But of course dental disease is not peculiar to any group of
people, whether defined geographically or ethnically, nor is its

occurrence restricied to those of a certain age, sex or economic

status.

Almauéh the indigenes of Papua and New Guinea are no
exception to this rule, there are significani differences in the
deﬁtal ci:iaease pattern when comparisons are made not only
between the Territory peoples as a whole and the more "eivilised"
populations, but also between the various local cormmunities.
Thesge differences could be, partly at least, the resultl of fhe

effect primitive and modern diets have on dental health and

diseage.




NUTRITION - AND DENTAL BURVEYS CONDUCTED IN PAPUA

AND NEW QGUINEA

2.1 INTRODUCTION:

The importance of ﬁutritian ~- and dental surveys, conducted
in underdeveloped areas such as Papua and New Guinea, is
considerable. Due to the isolation in which most of these people
are living, caused by the muliitude of languages and the terrain,
outside influences are minimised. And whilst primitive people
remain living in their own natural surroundings with unchanged
dietary patterns there will be the opportunity to study human
beings, whose environment is more br less free from those
factors regarded as controlling the onset and incidence of dental

caries and periodontal disease,

Valuable data could be provided by these surveys and they

might, when investigated intelligently, contribuie to the welfare

of these people as well as the ''civilised communities".
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2.2 1935-1937 FIELD OBSERVATIONS IN MANUS -
R. M. KIRKPATRICK 22) (24)

%
(23) did epidemioclogical surveys of 1, 976 Manus

Kirkpatrick
Island villagers in 1935 and 1937. As nearly as possible such
villages as offered average conditions of living and an equal

number of tareo and sago eating natives were visited.

Accordingly some villages on the north and south coasts and
the inland were inspected. It was therefore thought that the natives
who were examined were a good sample of the total population,
Particular care was taken io examine every native who lived in
each village visited, so that a selected grouping would not enter

into the problem.
The aim of the gurvey was the investigation of gingival
digeases in relation to diet, but during this survey Kirkpatricg(%)

also gathered data on dental caries and odontoclasia.

It was reported that those natives living principally on taro
had better developed dental arches and showed 2 smaller incidence
of acute or subacute Vincent's infection than the indigenes living

mainly on 8ago. Mention wag also made that the inhabitants of
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Manus were relatively immune to caries, for both the sago and
taro staple groups. Odontoclasia - incidence was reporied to be
higher in ¢hildren livmg inland than in the ones living on the
coast. In Kirkpatirick's surveys no precise criteria for
measurements used and no age disiributions, except for a gross
division into groups under and over 20 years of age, were given,

Algo he merely assumed that separate villages, within one

dietary group could be validly pooled as one population. These
deficiencies invalidate accurate comparisons with other studies

and reduce the value of his observations. (4)

* ‘The island of Manus is sifuated 200 miles north of the Mainland
of New Guinea and has 15, 000 Melanesgian inhabitants.




2.8 1947 - NEW GUINEA NUTRITION SURVEY ExPEDITION 1) (39),(40)

- E. H. HIPSLEY, e.t al-

The 1947 New Cuinea Nutrition Survey was undertaken at the
request of the Adminisiration of the Territory of Papua and New
Guinea, and the Department of External Territories. - The

Administration considered it desirable to collect information
relative to food-production and consumption of native groups

living exclusively on indigenous foods, and at the same time

ascertiain the nutritional status and health of thege groups.

¥

In this study five villages were chosen for intensive

investigation.

In the latter half of 1947 the Institute of Dental Research in
Sydney participated in this survey with Sinclair, Cameron and

Goldsworthy, (39), {40).

The study of the oral conditions of the village-groups was
undertaken largely because the data to be collected on nuirition
and relateq aspects of native life seemed likely to form a good

background for the interpretation of the denial observations.

The intention was to make clinical and bacteriological studies




of dental caries. And as the periodontal conditions of primitive
races living on their native diets vary greatly in different parts
of the world, it was also considered of interest to examine the

periodonial tissues of the New Guinea natives as fully as possible

in the time available.

Yo e

331 subjects in three main centres  were examined for

this purpose.

Apart from periodontal conditions and dental caries, a wide
range of observations was ineluded, such as anatomy, occlugion,

developmental aberrations and attrition.

Periodontal conditions were classified in three broad groups:
(i) Includes: (a) subjects with grades of the disease detectable
clinieally, but not severe enough to produce
discernible bone-logs and
(b) subjects with apparently normal periodontal
tissues,
(ii) Loss of bone ranging from 1 or 2 small pockets to a widespread
and general loss.
Thoge showing very slight loss of bone at the bifurcation
. of the ra;:)ta of 1 or 2 of the molars were the upper limit of

this degree of the disease.



(iii) Extensive general bone-logs greater than that in group (ii)
sometimes associated with exfoliation of the teeth and

obvious loss of bone at the bifurcation of the rootg of

more than two of the molars.

This clagsification is undoubtedly inadequate, but in 1947

indices for periodontal disease measurements were non-existent,

The discussion of the resulls of the periodontal conditions were

too general {o be of much importance. (4)

The examination for dental caries was carried out in the
shade ﬁnder.ﬁ adequate light conditions. Plane mirrvors and right
angle explorers were used and only cavities, in which an explorer
could he positively retained were recorded as carioug. Five
intra-oral films were exposed in each examination, three for

the upper anterior ieeth and two bitewings for the posterior teeth.

Bodecker's (7) modified dental caries index was used. Slight
modifications were made in the recording of deciduous teeth,

Caries incidence in each village was recorded on survey charts

after the field examinations were completed on the basis of:
(1) persons: (ia) caries free

(ib) caries other than retained roots
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(ic) with caries
| (2) Standing teeth
(3) Surfaces of standing teeth
In this survey the number of carious surfaces observed
were expressed as a percentage of the total number of
tooth-surfaces in each age-group.

(4) Teeth, including missing teeth.

Also were collected and examined samples of saliva for
bacteriological purposes and other relevant data {e. g. dietary),
Because accurate ages were not available physiological age-
grouping was used. This was based on the number of teeth erupted

and general physical appearance,

The six groups used, were 1105, 6 to 10, 11 to 15, 16 to

29, 30 to 44 and 45 and over.

Langley (34)

collected data on the food consumption and
dietary patterns of a number of households in 4 of the 5 villages
mentioned, The villages were selected each to repreéent a part-
icular economy, An attempt was made to ascertain the quantities

of all foodstuffs consumed by the members of the households

investigated and information on the food pattern of the four villages

B T ST AR T S




was also obtained. If was found that the staples in each village
contributed a very high percentage of the total food both in weight
of foodstuffs and calories, Supplementary foodstuffs such as
green leaves, berries and fruits contributed a not insignificant
quantity of food and made very valuable contributions to the intake
of nuirients, particularly minerals and vitamins. The villages
were originally chosgen as representative of stable economies
uging the main vegetable food staples common to the Territory.

It was hoped that each village would have one prinecipal staple, but

in two instances 2 staples were eafen in practically equal amounts:

VILLAGE , STAPLE
BUSAMA 2 Taro with sago as supplement.
KAIAPIT : Banana 55%, sweet potato 45%.
PATEP 2 : Sweet potato 47%, Taro 53%.

KAVATARIA Yam, supplemented by sweet potato and

taro plus sea foods.

* (1) Busama : A coastal village a few miles from Lae,
(2) Kaiapit : A village situated in the Upper Markham Valley

about 100 feet above sea level.

11.




(3) Patep 2 A village 50 miles from Lae in mountainous
country at an altitude of 3, 550 feet.

(4) Kavitaria : A coastal village on the island of Kiriwina,

one of the Trobiand Islands, with a popul-

ation of about 300.

(5) Korovagi : A village near the Purari Delia at the

Papuan Gulf -~ about 60 miles east of Kikori.

%  Only the last 3 villages were included in the dental part of the

gurvey.

12,




2.4 1958 - FIELLD STUDIES IN THE MAIN CENTRES OF
(46)

LT.P.N, G -~ J. F., WILLIANS
This survey was undertaken at the request of the Director of
Public Health, Port Moresby, who wished to develop a dental
hygiene service in the Territory with a dental nursing service
(New Zealand style) as it s basis. Its aim was to assess thé
position of the Dental Services in the Territory and the particular
dental health problems in such areas where caries had been found

by patrols to be a major problem.

(46)

Williams restricted this survey, because of limited
time available, to the more readily accessible parts of the
Territory and studied 1, 427 schoolchildren, of which 1, 069 were

indigenous, in the 6 main centres only.

Indigenous children were compared on the basis of urban,

highland and coastal divisions.

As it was impossible to obtain accurate information regarding
the ages of the indigenous subjects it was decided to classify them
in 3 dentition groups:

deciduous (dmf)
mixed (dmf, DMF)

and permanent (DMF')
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The examinations were carried out under good natural lighting
with plane mirrors and double ended explorers. No prophylaxes
were done beforechand and no X-rays taken. All groups contained
caries susceptible subjects. In some the disease could be said to

be relatively rare, whilst in others all, or nearly all the subjects

examined, were affecied.

The caries prevalence was lowest for the deciduous dentitions
and except for the coastal people, highest in the mixed dentition

groups.,

This does not necegsarily indicate an improvement in
prevalence of dental caries for the permanent dentition compared
with the mixed dentition as dmf units formerly coniributing to the
whole values for the mixed dentition, are lost by natural shedding

and, furthermore, that the permanent teeth present have not been

at risk for any appreciable length of time.

High prevalence of giggivitis and a low prevalence of

malccclusion were also recorded,.
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2.5 1956-1962 INVESTIGATIONS IN ALL FOUR REGIONS OF

T.P.N.G. - D, E, BARMES (3).

This survey started in 1956 and was primarily concerned with
a comparative study of dental caries prevalence, as found in the
various dietary groups that exist in T, P, N, G, , but includes also
investigations into periodontal diseasge, attrition, vertical
dimension, abnormalities and malocclusion. Its main aim was
to prove or disprove the hypothesis that a distincet dental disease
pattern existed for each dietary type. 2,077 subjects out of a
population of 4, 099 were examined from 15 village groups, each
with virtually unaltered traditional diets, representing 6 different
dietary groupsgi and taken from areas widespread throughout the

Territory.

All examinations were carried out in conditions of good
natural light and the instruments employed were gharp sickle

explorers and mouth mirrors.

Asg in the New Guinea Nutrition Survey Expedition of 1947
physwlaglcal age graupmg 9-1, 1-5, 6-10, 11~15, 16~29, 30-44,

and 45 + and the Bcdecker () Chart of 180 surfaces for the
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permanent dentition and a modified chart of 108 surfaces for the

deciduous dentition were used,

The deciduous and permanent dentition were considered

separately in the comparison of dental caries prevalence,
Roentgenographic aids were not available. Periodontal disease
prevalence in the permanent dentition was classified on the basis

of four grades.

(35)

(As Russell's index was not yet widely acclaimed at the

commencement of this survey, no use was made of it, )

The six dietary groups were classified as follows: -

Dietary Group 1. Taro, Yam or Banana Sltaple, supplemented
(56 villages, 491 with fruits, nuts, leaf foods, small mammals
males and 516 and fish., This dietary range is typical for
females) the coastal dwellers and therefore represents

a very large group. Degpite the variety there
is always a definite staple in this group.
Besides coastal areas it is common in all low
lands , but is superseded by sago diets in

swamps, river and plain regions,
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Dietary Group 2.

(3 villages: 181
males and 194

females)

Dietary Group 3.

(4 villages: 180
males and 189

females)

Mixed diets, which may be Taro, Yam or
sweet potato staple, supplemented with
banana, and most of the subsidiary foods
of group 1, except for fish, which is either

absent or gcarce. ‘This dietary complex

represents the traﬁsition from lowland to
highland diets and exhibits in its most
typical form éhly a slight dominance of
either sweet potato on one hand or taro, yam
on the other, *It is common to inland village
groups living at about 2, 000 ft. to 3000 fit.

above sea level,

Sweet potato staple. This food is eaten in
"boiled" form and supplemented with some
pigmeat and {0 an even smaller extent also
with the subsidiary foods of group 2.

This is the most unvaried diet and is exclus-

ively found in the true highland regions; that

is 3, 000 ft. or above sea level.

17.




Dietary Group 4,
(1 village: 29
maleg and 42

females)

Dietary Group 5.

(1 village: 110
males and 62

females)

Dietary Group 6.

(1 village: 46
males and 37

females)

Sweet potato staple - eaten in the ''baked”
form and supplemented by the same sub-

gidiary foods as group 3.

Apart from the cooking methm;i this group
is identical to group 3 and can beé besi

regarded as a subgroup of 3.

Ef;twa,rieci sago staple. Other lowland foods

are very resiricted because of seasonal
flooding and lack of suiiable land for
cultivation. This diet iz common to villages
totally surrounded by swamps.

Group 5 can be regarded as a subgroup of

*6*

Varied sage staple. This diet is common to

villages situated on rivers and plains. Most
other crops are also cullivated and there is
an abundance udi' flsh, gmall mammals,
crocodiles, ete. k

This group has a higher protein intake than
all others. Their diet seems to be the most

versatile and perhaps the best in the

18,




Territory in terms of nutrition,

Caries measurements are given in table i,

TABLE 1.

Means of caries measuremenis in dietary groups

Dietar:} Group  dmi ieeth per DMF teeth per dmf/DMF per

160 teeth . 100 teeth subject
1 10. 3 1.9 1.0
2 13.8 5. 3 1.8
3 25.7 = 24.8 6.9
4 9.8 8. 4 2.7
5 16.2  26.3 6. 8
6 0.0 ot 0.0

2 The mean dmf/DMF per subject for the whole survey was 8.4

With regard to DMF, dmf and def indices. Barmes (5) made the

following remarks:

(a) T {or f)is non existent,

(b} Exireme difficuliy is experienced in determining the reason
for tooth loss. Actuslly M (or e or m) is virinally nil except

for age groups over 29 and then it is inaccurate because of

the high tooth mortality effect of periodontal disease,

19,




(c) The DMF index is really only D for the young and either DM

or D for those of advancing years,

(d) In the dmf and def index m (or e) and £ are non exisient,

A high prevalence of periodontal disease and a low preval-

ence of malocclusion was reported,.

Also encountered were casges of odontoclasia.

¢ Two of these dietary groups could be considered subgroups.

20,
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2.6 1962-1966 SURVEY IN THREE REGIONS OF T.P.N. G.

- A.P. viNEs 45) o a1

Vines examined between 1962 and 1966, 4, 000 subjects in 52

villages distributed over 3 Regions: Highlands, Mainland and

islands.

The dental survey was part of a morbitity survey and aimed
to consolidate the results of Barmes! *1962 survey (3}. Dietary

groups and disease patterns, which may have been missed by

previous surveys might be discovered.

Conditions described in the 1962 Survey (3),‘ but not fully

measured, have been examined in detajl: while more modern

indices and refined criteria have been used,

Minimisation of cbserver differences had been a major ‘consiéin
eration in developing the methodology for this survey and yet diffic-
ulties have afiaen, particularly with Russell’s Periodonial Index(35).
This being a combined medical-dental survey had the advantage

that resources were available normally riot readily at the disposal

of the dental worker,

Not having publisized any of the survey results yet, Vines (45)




could only make o fevr datn nvailoble, uovering rod congus wnits,
one cach from the Highlands, Mainland and Islands.,

MIAMPG in Census Unit 9 (Hiphlands -~ Mount Hagen
sSubdistriet) includes 20 subjects, while in AWAR in Census Unit
12 (Mainlond~-Bogia Subdistrict) 39 subjects were examined ond in
TALAKUA in Census Unit 4 {Islands - Rabaul Subdistrict) 85
subjecis.  The use of betelnut was also giudied in this survey
and an atlempt was made io esiablish a relationship between
bziclchewing and hyperkeratosis, which was defined as a popular

eruption on, and a thickening of the oral mucosa,

“ An epidemiological sample gurvey of the Highlands, Mainland and
Islands Regions of the Territory of Papua and New Quinea by
A, P, Vines(%) - a not yet published thegis submitted for the

degree of M, D, at the University of Sydney.

22,
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2.7 SUMMARY

These nutrition -~ and dental surveys of primitive people
with largely unchanged dietary patterns, mainly conducted
because of the need for comparison of primitive and
modern diets and their effect on dental health and disease,
have not all recorded caries - and periodontal diseasge

prevalence as well as nutritional status and dietary paiterns.

Kirkpatrick examined 1, 976 Manus Islanders mainiy for

gingival diseases in relation to diet, but some data on

dental caries were also gathered,.

His approach to this survey was too simplified. He failed to

~ specify precise criteria and disregarded proper age-

distributions. Comparigons of his results with other

studies are hardly valid,

The 1947 N. G. Nutrition Survey expedition investigated 5
villages and collected valuable information relative {o food
production and consumption.

Sinclair et al. examined a total of 331 subjects in 3 vﬂlﬁgeﬂ
for the determination of dental caries incidence land perio~

dontal conditions, with an inadequate classification.
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Physiological age~grouping was used, The resulis were
however not age-adjusted.

Langley collected data on the dietary patterns in 4 of the 5

villages, all with basically different staples,

Williams prepared his report following a survey which
included 1, 069 indigeneg between the ages of 3 and 17,
aivided into three groups: coastal, highland and urban.
Results were sectioned for those with deéidueua, mixed and

permanent dentitions.

Barmes examined 2, 077 subjects from 15 viliages,
representing 6 different dietary groups, His main aim was
to prove or diéprmfe the existence of a relation between
denial disease patierns and distinet dietary patterns.
Physiological age-grouping waé utilised. The deciduous
and permanent dentifion were considered separately and the
resulis agé -a:djusi:ed, Periodontal digease wasg classified

on the basis of four grades, which was rather inadequate.

Vines examined 4, 000 subjecis in 52 villages. This is the
most thoroughly conducted survey in the Territory, but not

enough data are available yet.




Due to serious shortcoming in 3 of the 5 surveys only
superficial comparison of data will be possgible in all but

the Sinclair, Cameron and Goldsworthy study and Barmes'

survey.

25,
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CHAPTER 3.

NUTRITION AND DIET

3.1 INTRODUCTION

The first major systematic study of nuiritional problems

(34)

in New Guinea was the 1947 Nuirition Survey Expedition

(34) featured somewhat

The dietary report by Doreen Langley
low calorie and very low protein intakes, Vitamin and mineral
intakes appeared to fae generally adequate, It was suggested
that the low protein - intakes would particularily affect the growth
of the children. Clinical examinations did not reveal any serious
malnutrition or undernutrition, but the children appeared to be
substantially lighter than Australian children of the same age

and even of the same height. I has been shown that there is a

general retardation of growth chieily from 4 to 44 months, shown

not only in Chimbus by Venkatachalam (44), but algo in the

(27) (38)

Western Highlands by McKay' ', in New Ireland by Scragg

and in the Trobiands and elsewhere by Malcolm (25).

The adults were found to show a progressive decline in body

weight from the third decade onwards.
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It is now well egtablished that the main public health
nutritional problem in the Territory is protein-calorie
malnutrition in infants and toddlers(l). Ivinskis (21) reported
protein-calorie malnutrition in young children and in pregnant
and lactating women in the relatively densely populated Chimbu
Valley (Highlands), while Kwashiorkor (a form of protein-
calorie malnutrition) was reported in 1957 by Ivinskis and

Venkata Chalam (2 0).

Venkataehalam(gm reported that malnutrition was responsible
for 27 percent of the deaths in children under five years in the

Kundiawa. hospital (Chimbu-Highlands),

Infants are normally relatively well nourished up to about

is inadequate to meet the increasing protein needs(l). All the
available dietary data confirm the general proposition that during
the second year of life particularly, calorie intakes usually

become relatively adequate, but protein intakes remain outstand-

ingly low.

The overall incidence of mainutrition was found to be akout
3% in the 0-5 years age group in Chimbus (2) , While in the same

age group it was found to be 2, 7% in South India (42) » 8% in



(13)

Malaya (22) .

and 1% in the Lugbara tribes of Uganda These

figures are of course not sirictly comparable because the

criteria and standards are not identical, but they indicate that

malnutrition is as much of a problem in parts of New Guinea as

it is in parts of Asgia and Africa (1).

Oomen and Malcolm (31) designated the highlanders {sweet
potato staple) and the coastal villagers (sago staple) nutritior.}ally
as the two most vulnerable population groups. The highlanders,
because of the excessive dependence on the sweet potato, which
in itself is very low in protein and the rarify of animal protein -
supplements. The sago-eaters, because sago is almost pure
starch and practically devoid of protein, minerals or vitamins,
and 3upp1em_enta?y foods are often hard to come by in the sago

swamps, because of lack of agricultural land reazonably near at

hagid.

The New Guinean not only has generally a diet low in

protein, but he also usually eais only when hungry, rather than

eating or overeating to anticipate hunger, as is ofien the custom

in affluent socicties,

Despite what by our standards can be regarded as suboptimal

or even dangerously unbalanced diets, even considering the native's

28.
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more leisurely ways of living, it is rather surprising to observe
that so many New Guineans have apparently attained a satisfactory

equilibrium with thelr physical environments.

Of the various staples; yams and taro are appreciably
better in protein content than sweet potato and banana(l). Sago
is worse, being almost pure starch., The indigenous vegetables
are however usually much richer in terms of food values than the

(18}

familisry Huropean ones . ‘They ofien contain 3 io 6 percent

protein as against 0. 2 percent and equivalently higher amounts of

some vitamins and minerals.

As it is intended to investigate possible relationships
between dietary and dental disease patterns, nutritional - and
dietary factors, and habits in relation to the indigenous population

will be considered,



3.2 PROTEINS AND AMINO ACIDS

The daily allowances of protein recommended for Xuropean

men, women and children aged from 1 {0 3 years are approxim-

ately 70g, 58g, and 32g respectively and for infanis up to 1 year

of age 2.5 0.5 g per kg body weight (10) . (34)

But Langley
found these figures for persons of Caucasian origin based on

I 1g of proiein for every one kg of body weight, unduly high,

Hegsted (19) considered 18g of protein daily per square
meter of body surface io be suificient for the maintenance of

health in the adull,

On these grounds it has been assumed(%} that 40g of protein
would provide adequate daily requirements for New Guinea adult

natives: both men and women.,

(47)

Actually the profein requirements are for amino-acids
rather than for protein as such. This accounis for the higher
biological value of animal proteins as compared to vegetable
proteins; the latter being incomplete in amino-acid composition
for animal tissue synthesis. In the native's diet however, almost

the whole of the protein is of vegetable origin and the dietary intake

is generally well below the compuied requirements of 40g of protein
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(34

per day for an adult, Langley ) gave a 1947 per capita daily

protein intake range of from 19 to 41g.  Although the protein
requirement is increased during pregnancy and lactation (47),
Oomen (32) reported protein intakes of pregnant and lactating
women in New Guinea to be as low as from 9 to 29g per day

depending on the quality of the sweet potato eaten in areas where

this tuber is the staple.

Liltle is still known of the biclogical value of protiein irom
sreen leaves and root vegetables, which are the main sources

of vegetable protein for the New Guinea native, as most of the

- work on the biological value of vegetables has been concenirated

O cereals. (34)

Because vegatable protein forms such a low percentage of
the foodstuifs, huge quantities of food have to be eaten to provide
anything like a reasonable amount of protein, This iz a
physical imposgibility in the case of young children., Itis

therefore probably in this age group ithat the proiein deficiency is

)

most marked (34 .

74
Malcolm (25) reported in 19850 that children between the age

of B and 24 months around Rabaul and in Kiriwina consumed as an



average only between 50 and 60 percent of what is generally
regarded ag being the need in this age group (2.5 to 3g of

protein daily per kg body weight),

The average protein content of the main New Guinea staples

1
according {o Bailey (1) is:

Item Protein (percent)
Sweet potato 1.1
Taro 2.4
Yam 2.5
Banana 1.1

32
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3.3 CARBOHYDRATES

With the exception of refined sucrose, the consumpiion of

which can be regarded to be inordinately high wherever it is
readily available in the world, the proportion of carbohydrates

in the diet appears in general to be determined by the availability

of other foods (47).

(47)

In the U, S, A, carbohydrates provide only from 40 o

50 percent of the calories in the diet, but in New Guinea the intake

(3), (25)

of carbohydrates is excessive , due to the almost exclusive

reliance of the native on his staples, which are extremely high in

carbohydrate content.

These carbohydraies are however consumed in a natural or

near-natural state and not refined as is so much of our food(éo).
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3.4 FATS

Pats, once valued chiefly for their high caloric content, are
now assuming much greater nuiritional importance. The Iack of
fatty acids results in gemiine nutritional deficiency; a smxll
amount of fat is therefore egsential in man's diet. At first this

requirement wasg believed to be extremely small, small enough
in fact to be negligible, but this is probably an error; howsever.
it 18 not yet posgible to state definitely a reasonable allowance
for fat in the diet or to indicate the charscteristics of a fatty
acid mixture most favourable for the support of health, beyond
the general recommendation that prudence would seem to dictate

a diet in which at least one half of the fat calories come from

unhydrogenated vegetable oils (47),

In the New Guinean diet less than 5% of the calories are

derived from fat(aé) ‘

Maleolm(zs) estimated that in 1950 children in villages

around Rabaul and in the Trobriands received in general only

about 680% of their needs for fat.




3.5 MINERALS AND ESSENTIAL TRACE ELEMENTS

Caleium, Phosphorus, Iron, Iodine and Fluoride are the

minerals probably requiring most atiention here,

The phosphorus allowances should be at least equal to those
for calcium in the dieis of children and of women during the latier
part of pregnancy and lactation. For other adulis, the phosphorus
ailawances should be approximately one and one half times thosge
for calecium. Generally, if the calcium and proiein needs are
met through common diet foods, the phosphorus requirements
algo will be met (4?). The U, S. A, National Research Cé}uncil
recommendations in 1863 for calcium were 800mg per day for
adulis and children, while the requ irements for infgnts argd
pregnant and laetatiné women were respectively 100 mg, lower

and 500mg. higher (iﬂ)‘ Langley(sé}

stated that requirements
for calcium are hard to estimate as many factors influence the
abm#ptian of calecium. The averaée abgorption of European
peoples seems to be about 50 percent of the intake, whereas it

has been claimed for Singhalese that calcium absopption figures

are in the vicinity of 90 percent of the intake. As no data for any

Melanesian peoples are available yet, La.ngleywé) using the "U. 8. A,

S5



National Research Council Recommended Allowances' - figures
estimated that the calcium intake of most New Guinea populations

wag probably below these computed requirements, but she noted

that it may be well within the physiological requirements of the

natives.,

A high percentage of their calcium intake is derived from
green leaves,- Unfortunately some of these leafy producis are
also rich in oxalic acid, which can immobilise up to 50 percent
of the calcium. The fact that in New Guinea calcium is supplied
by bulk foodstuifs makes it almost certain that the intake by young
children is very much below that considered desirable(gé) ; but
- according fo Malcolmczs) this calcium deficiency for infants is
less marked during the fipst yvear, because of the consumption
of maternal milk, than during the second year when the children

recelye little or no milk or milk products.

Kirkpz—:%.ti:':'it::k"(“",3> reporied a low calcium and phosphorus intake
in mothers during gesiation on Manus Island in 1935 and he linked
the lack of these minerals with the incidence of odontoclasia - a
peculiar type of hypoplasia, mainly occuring in the temporary
teeth - which was found in 6% for the total population of Manus, hut

for the children under 6 years of age in 22. 4%.
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Sobel(él) reported that animals raised on a diet with a high
caleium-~phogphorus ratio were more susceptili to tooth decay,
It is however still unknown what relation these studies may have

to human being$(47).

In the absence of growth, pregnancy or blood loss the iron
requirement is readily met by an Buropean iype of mixed diet.
However during the period of active growth and during the active
sexual period of the female, gpecial attention must be given to
the iron content of the diet and supplementary iron may be

indicated.

The requirement for iodine is small, probably about 0, Q01

mg per day per kg of body weight or a fotal of 0. 07 mg daily for a
70 kg adult.

To ensure a margin of safety for adults, the U.S. A,
National Research Council recommends a daily intake of 0, 10 to
0.15 mg(éﬂ. Even if the intake of iron and iodine would not
always be adequate in the New Guinean diet both Malcalm(gs} and
Sindair(éo) reported to have observed no ¢linical evidence of a

deficiency in any ¢f these two minerals.

The adult requirement for magnesium has been estimated at

200 to 300 mg daily and for copper at aboui 2 mg (USA N.R.C.)



Relatively little is known about the quantitive levels for most

of the trace clements such as manganese, molybdenum, zine,
ote, , necessary for essential physiological funciien{47), although
there is some suggestion of a correlation between one or more of
these and caries prevalence in some parts of the Sepik area of

(6)

New Guinea' °,

Fluorides are ubiquitous materials, which occeur in minute

- amounis in all foodstuffs and waitersupplies., Data oblained from

epidemiologic surveys in human populations suggest a cloge
relation between the amount of fluoride ingested during tooth
development and the amount of tooth decay that cccurs in the

teeth after developraent is completed. So far only low concen-

trations of fluoride have been detected in the watersupplies in New

Guinesa.

Vines (45) reporied that the concentrations of fluorine in
samples of drinking water from 45 of the 50 sample points visited
by his survey team were all low and ranged from 0. 05 10 0.45
paris per million. In 7 of his 15 samples, where the fluorine
content in the watersupplies has been tested, Barmes(a) found
it o be between 0. 10 and 0. 20 parts per million, while the

fluorine contents of the drinking water in the three villages visited

"g#



by Sinclair (40)

and her team ranged from 0. 20 to 0. 45 parts
per million, with no suggestion of a correlation with caries

prevalence,

(5)

Barmes' ° reported recently (August, 1968) to have found

one high level of fluorine in the drinking water at Yalaku

(2. 0 p.p.m. ).

39.



40,

3.6 VITAMINS

9

Vitamins are organic substances required in minute amounts
for the metabolism of foodstuffs and the discharge of important
body functions. They are useless without substrata upon which

to act, or media in which to operate, without carbohydraies,

protein, fat, water, oxygen and certain minerals.

The vitaming are essential for the efficient and optimum

utilization of ingesied foodstufis by the body.

Recommended dietary allowances for vitamins are designed
for maintenance of good nutrition of most healthy persons, But
many healthy individuals require less than the recommended all-

owances and some apparenily healthy persons require more,

Vitamins known to be dietary essentials for man include:-

Vitamin A and its precursor - the pigment: Beta-carotene

The National Research Council of America (N.R.C.)
recommended in 1963, 5, 000 1. U, Vitamin A Value for adulis
per day( L 0). Vitamin A defic iehéy influences the integrity of

epithelial tissues including the ameloblasts.

Although it has been demonstrated in animal experiements

that enamel hypoplasia is a prominent manifestation of severe
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and prolonged vitamin A deficiency there is no evidence that

enamel hypoplasia in human beings is atiributable to vitamin A
deficiency during tooth development. It has also not been
determined whether or not vitamin A deficiency during tooth
development is in any way related to caries-gusceptibility of

‘these teeth post developmentally.

Since vitamin A deficiency causes such a profound influence
ont bone development, some of the inadequate growth patieras,
which result in orthodontic problems may have had their origin
in prolonged periods of subclinical vitamin A deficiency during

the developmental period of the child (47).

Kirkpatrick (24) reported the vitamin A intake of Taro-
eaters to be higher than that of the Sago-eating groups of 1976
Manus Islanders. But no clinical evidence of avitaminosis - A

has yeibeen detected in New Guineans (4ﬂ)l, (? 5)_.

Vitamin D is obtained by higher animals in two ways: by the action
of uliraviolet light on the skin and by the ingestion of animal fats
containing the vitamin, Because of these fwo diverse sources it
is impossible to define diefary requirementg in any precise terms.

There is no evidence that adults need any dietary supply of the
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vitamin, although a supplementary source is usually recommended

during pregnancy for the benefit of the infant (M)ﬂ

The first experimental production of rickets to demonsgirate
an infiuvence upon tooth development in dogs wasg reporied by Lady
May Mellanby (28) in 1818, Enamel hypoplasia does not occur

except in thy more severe cases of rickets in the dog.

In hwman beings there is likely fo be more than one gauvse of
enamel hypoplagia., In 2 thorough survey of the case histormes of

individuals with enamel hypoplasis, Sarnat (363

reporied that only
a small mmber of the cases had any ¢vidence of a rachitic process

during tooth development.

Data collected in elinical surveys have added supportiing
evidence that inadequate vitamin D intake during tooth development

resulls in a8 high caries incidence {29).

Sinclair'" ") reported that in 1947 in New Guinca clinical and
radiographieal evidence rovealed only a nogligible incidence of
rickeis, so that desgpile low ealeiwmp intake no permoanent damage
ic bone spiructures was suifered. She concluded therefore that

there 18 no deficieney of vitamin D in the native diet,



Ascorbic Acid - Vitamin C.

The N.R.C. of America recommends 7T0mg Ascorbic Acid
daily for adults, This seems to be excessive, when compared
with the National Health and Medical Research Council of

Australia ~ figure of 30 mg. (10)

Though changes in the odontoblasts occur readily in the
developing teeth of experimental animals as a result of scurvy,
evidence has not been presented yet to indicaie a similar
occurrence in human teeth, Theré has never been a ¢lear-cut
demonstration of a relationship between scurvy and dental caries,
although the relationship of vitamin C deficiency to gingival

changes and {6 bone pathology has been ofien shmvn(47).

Hvidence that lack of vitamin C may predispose to gingivitis

and periodontal disease has also come from other smurces(g)’

It was reported by Malealm(zﬁ) that there was generally an

ample supply of vitamin C in the native's diet.

(34)

Langley reported a very high ascorbic acid intake with

a mean daily value of 185 mg per adulf, due to the fact that

practically all foodstuffs eated by the loeals contain some ascorbic

acid and a few are very rich in this vitamin. Further, cooking

(15)
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methods are such that losses due to cooking probably would not

exceed 35 percent.

Pepperieaves, eaten with betelnut, might also provide an

(4)

important source of vilamin C for the native' ™,

Some Vitamins of the B Group:

The recommended daily allowances (N, R, C. ) per adult male
and female are for Thiamine 1.2 mg and 0, 8 mg respectively, while |

the figures for Riboflavin are 1.7 mg and 1.3 mg, and for Niacin
(10)

equivalent 19 mg and 14 mg

The mean daily value of Thiamine intake per adult, as
reported by the New Guinea Nuirition Survey Expedition 1947, was
0,71 mg with a range from 0. 57 to 0. 89 mg, which is probably

adequate as no signe of beri-beri were ohserved {34).

Malcohn(%) noted that for infants in villages around Rabaul
and in the Trobriands in 1950 the Thiamine intake may have been a3
bit low but he remarked that the carbohydrate foods are eaten
in the natural siate and with little processing, which might have
helped to maintain a proper balance. Bearing in mind the overall
insufiiciency of the diet, it can be assumed thai the supplies were

enough to ensure a fairly satisfactory metabolism. In addition he
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savw no gign of avitaminosis among these children, Reports (
show that endemic pellagra is8 associated with a high incidence of
certain types of peﬁodontitis and stomatitis, bui no clinical
evidence of deficiencies, both in riboflavin and niacin, were

detected in the native di;ets€40).

43,



3.7 CALORIES

The N.R, C, of America's recommended daily allowances for
calories are 2, 900 for a man aged 18 to 35 and 2, 100 for a woman

in that age group.

Calories are required for all body processes and all of the
individual's activities. The need equals the total sum of the basal
metabolism plus the energy liberated in exercise plus the increment
of energy due to the specific dynamic action of food; although the

last factor is of slight imporiance only.

The pergon's requirement for cdbries depends on age, sex,
weight and physical activity and on the climatie conditions of his

surroundings,

Adjustiments in calorie allowances are also necessary for
pregnancy, lactation, growth and metabolic aberrations, It is
impossible to provide a formula by which these adjusiments could
be calculated with any degree of accuracy. In the lagi analysis,
calorie-allowances must he adjusted to meet gpecific needs, The
proper allowance for an individual is that which over an extended
period will mainiain body weight or rate of growth at the level most

conductive {o well-bein (4?)..



Accepting the N, R, C. recommendations for calorie~
allowances, it is obvious that in New Guinea few natives attain
an adequate intake. Langlay(M) egtimated the per capita daily
intake to be in the vicinity of 1, 600 which is only about 80 percent
of the computer requirements and Malaolmtz 5) stated that the
calorie intake of native children in 1950 in villages around
Rabaul and in the Trobriands reached only about 70 percent of

the allowances.
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3.8. FOOD PATTERNS

3.8.1 Introduction

In general the native's food is the produce of his garden,
supplemented in various degrees - according to climate and
tex;raiﬁ conditions - by the collection of 'wild" foodstuffs guch as
berries, nuts and greenstuffs and by such scanty game as the land

and sea will yield.
Livestock contributes little, if anything, to his diet.

The methods of cultivation are simple but not unsystematic,
The most important point in the system is the production of a staple

food, invariably a siarchy vegetable.

L.and may be communal, but it is always cultivated in small
parcels by individuals, whose persgonal rights to ite use are {ully

recognised.

48.

The long-fallow system prevails and practically no feriilisers

are used. In the rain forests and swampy lowland areas, colliection
of "wild" foodstuffs tends to replace or limit cultivation, which is
at its most intensive development in the highland plateaux,

Climate and geographic featureg make agriculture often so difficult
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that any production of food could be regarded as an achievement.
In general, decreasing fertility of the land is to be expected at

least for the near future because improvements in agriculture
are often hard to introduce due to the still rather conservative

socioreligious basis for so many of the practices asgsociated with

the present system of cultivation.

3, 8.2 Staple - and other foods.

’m“mmw-m“m

otaple foods constitute by far the greatest bulk of the food
consumed; but though the average consumption of green leaves

and other supplements is small compared to the intake of staples,
they do contribute to the diet.  The main staple foods, on which

the various dietary patterns in the Territory are based are:(sl)

1, SAGO (Metroxylon sago, ''saksak''). This is the staple in
‘all swampy coastal regions and low-lying river plains. Sago
is obtained from the pulp of the sago-palm stem. The

young suckers are also eaten,

2. SWEET POTATO (Ipomoea spp., "kaukau'')., Many varieties
are commmon. A better food than sago, it is the staple of the

highlands. Iis leaves and young shoots are algo consumed.




3. BANANA (Musa spp.) In some regions bananas are the

sole staple, but in almost all areas they are ai least a

supplementary food source.

TARO (Colocasia and Alocasia spp.) This is the traditional
staple of the lowlands. Taro is the bulb of a lily ~like
plant of the Cassava family and is probably the best of the

tubers for nutritional gualities. Young tender shoots and

leaves are a good vegetable.

5. YAM (Dioscorea spp.) This is found in all but the swampy

regions,

Begides these staple foods many supplementary foods have
found a place in the native diet, though mostly only on a

minor scale. The most important are:(sn

G. TAPIOCA (Manihot utilissima) Because of the low protein

content it is the least desirable of the starch tubers and is

1. BREADFRUIT (Ariocarpus nobilus) This is common in all

lowland areas, but often only the seeds are consumed; the

meat is usually tough or stringy.

hardly better than sago. The leaves are also edible.
8. CORN (Zea mais) Grown in many places. It is a fairly
|
|
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popular supplementary food, with a slightly higher protein
(17)

content than mosi of the tubers

PANDANUS, Grows only at fairly high altitudes., As these
fruits, which have a relatively high conient of both protein

(10 to 20 percent) and i‘at, are seasonal, they supply only an

irregular addition to the diet of the people in the highlands.

COCONUT (Cocos nucifera) It plays an important role both
in the economic life ~ the preparation of copra - and in the
diet. The nutls are eaten at different stages of their
development and on a large scale. The palm grows well in
all coastal regions up to an altitude of about 1, 500 ft,, but is
not found everywhere., The coconut is the principal source
of dietary fats and also contributes largely to the total
caloric intake, Iis dietary value is not yet known, partic-
ularly in so far as proteins are concerned(%). The young

shoot which emerges from the germinating nut is also eaten,

particularly by children.

PEANUTS (Arachis hypogaea) Are not native to New Guinea
but grow well and the indigenes are fond of them., Some

varieties have a high oil content while a low oil content is

51.
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found in others. The protein content is however high in all

varieties.

LLEAFY GREENS, The ones commonly eaten in New Guinea

Bush Spinach (Hibiscus spp., 'aibika’’) Amaranthus {(Amaran-
thus spp. ) and Rungia specieg - often contain about 3 percent

(1)

protein or more’ .

BEANS. The most widespread native bean gpecies are the
winged beans (Psophoecarpus tetragonolobus), the lima beans
(Phaseolus lunatus) and the field beans (Dolichos iabl&b) ...h
’i‘heae are relatively good sources of protein. Usually the
fibrous pods are discarded and the protein-rich seeds, siteamed
under pressure with hot stones in a "mumu’’ along with other
foods are eaten., Introduced legumes such as peas, kidney
beans and soya beansg have become quite popular too.

Crenerally the nutritive value of st;ya beans is even higher than

that of the p&anuta(l).

FRUITS. Pawpaws (Carica papaya) and pineapples (Ananas
sativus) grow well throughout the Territory. Successgive
plantings allow fruits to be obtained all seasons'.

There are several varieties of citrus fruits: lemon (Citrus

aurantiifolia), orange (Citrus sinensis), lime (Citrug medieca)
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16.
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and Citrus nobilis, which grow well in most of the villages
and are widely used, although somewhat unequally disiributed.
Watermelons (Citrulus vulgoris) are grown in some gardens
and Mangos (Mangifera indica) are abundant in certain

areas, Pumpkin (Cucurbita maxima) is also guite popular.

Of lesser importance are the Cucumber, with a nutritional

value of probably close to nil, guava, malay apple (Eugenia

malaccensgis) and passionfruit, which is only grown in the

Highlands,

Many varieties of wild fruits are gathered in season and bring

some variety to the di&ts(za).

SUGAR CANE (Saccharum officinarum) and "pitpit" (Saccharum

edule), a stunted sugarcane, with a nutritional value comparable

with that of as;:aragus(sl).

ANIMAL: FOODS

(2) Domesticated animals: The pig is quite a feature in many
villages, especially in the highlands. I does however

suggest feasts and subjective wealth rather than dietary

intake.

similarly, pouliry and eggs cannot be regarded as a

regular feature,



There are a few small herds of goats introduced by
the Administration and some missions, but they are
of such slight importance that neither the meat nor
the milk obtained can be regarded as playing any real
part in the native's diet. This is also true for the
few herds of cattle that have been introduced lately in

the Territory.

(b) Wild Animals: Such as the pig, the wallaby, the
cassowary, the opossum ("kuskus"), the flying fox,
the fieldrat, the crocodile, the lizard and the turtle,
it ig doubiful if hunting in general provides a promiging

source of protein,

(¢)  Seafoods: Although fish and other seafoods should play
a valuable part in supplementing the diets, especially of
the sago-eaters, fishing ig still in general of minoy
importance, Much time is needed o ﬂbté.m any guantity
of fish, Not many attempts are made o preserve figh

by salting, sun-~drying or 3m0king(3 . ).

54.
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1% IMPORTED FOODS., Ouiside the towns the consumption
of imporited foods is still of little consequence in the feeding
and nuirition of the indigenous population, because only few whe
live in the villages pozsess enough purchasing power to spend

a significani part of it on the acquirement of these foods.

The distribution of the staple foods in New Guinea follows a

certain pattern:

The usual staple of the smaller islands iz the yam, supplemen-
ted with other staples 10 a varying degree. The swampy coastal .
villages subgist chiefly on sago and in the sub-coastal villages of
New Guinea the diet is usually more mixed, ofien with yams pre-
dominating when in season and sago to fall back on when tubers and

bananas are not available.

The sweet potato appears to be increasing in irmportance
nearly everywhere in the Territory, but in the highlands, which
have almost one~half of the Territory's population, it is quantitat-
ively speaking almosti the only food which counts. It supplies
about 90% of the calories and 50% of the protein consumed,

Adults usually eat 4 1b. of sweéet potatoes and toddlers 1-2 1b.

daily(l).
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A congsiderable variation in the composzition of the different
varieties of New Guinea staple foods have been reported. These

variations are tabulated in table 2.

The composition of some New Guinea foods is shown in table 3.



TABLE 2. (1)

Moisture
percent
SWEET POTATO
Chimbu (a) 67-76
1947 Report(b) 67.3
Peters {¢) 68. 0
YAM
Maprik{lea)(a) 175
1947 Report (b) 70,7
Peters (c) 54.5-68. 0
TARO
Chimbu (a) 89,8
1947 Report (b) 63.9
Peters {(c) 53.5-59.0
BANANA
Chimbu (a) 73.1
1947 Report(b) 61.,7-75,0
Peters {¢) 70.5

Proiein
percent

0.75-1, 54

G. 8
Gl 62 ""’0. 81

1.6~3.9
1.9
1,69-2,15

1.98
1.4
05 75"1} 44

1.08
1.1~-1.3
1,13

Calories
Cal./100g

100~148
150

e A B iy P

N e S .

117
145

AEp A PR e iy

o win Wb e

* Quoted as composition of raw edible portion of fresh foodsiufi,

Y
.

Variation in composition of varieties of New Guinea staple foods.
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(2)

(b)

(¢)
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Analysed by D, A, S. F, Laboratories {Port Moreshy),

D, Lea, Geography Department School of Pacific Studies,
A.N.U, Canberra.

B, H, Hipsley and ¥, W, Clements (Ed. ) Report of the
New Guinea Nufrition Survey Expedition, Depariment of

Wxternal Territories, Canberra, 1947.

F, B. Peters, S.P.C., Techn. Paper No. 115, Noumea (1958).



TABLE 3(°1) [

ﬁ ; Composition of some common foods in New Guinea

i e il Il il kil e — —— i —

Water Fibre. Calcium Iron Carotene Thiamin Ascorbic
g g g g mg mg - mg mg Acid
| | mg

il il

1. STAPL__E__
FOODS:

Sweet Potato
Taro
Yam
Sago
| Banana

Breadfruit

2. SERDS

Corn

Coconut.

Peanut

90
105
95
2895
105

05

150
500

. 900

''''''''
=k

22

25

23
71
25
12

- 30

10

76
68
15
27
71

80

63
o0

_t O o O O o
Do O LW ~J O

-

. 00

20
15
15

30

10

29

75

0. 035
N1l

0. 050 .
0. 004

0. 010
N1l

0. 08
0. 10
0. 10
0. 05
0.10

0.15
0.15
1.10

60

23 43. 00 5

3. LEAFY
VEGETABLES

1..
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Taro leaves 00" 5 2.0 86 1.5 400 ~ = - 7500 0. 20 160

8 0.5 89 1.5 70 8. 0 3600 0.10 25
10 1.0 .79 2.0 175 2.0 0. 090 - 0.12 300

Sweet Potato shoots 40
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Cassava L.eaves 15

4. ANIMAL
tFOODS: ,

S
Large Sea- fish 120
Crab 80

£ - 5 50 — 1.5 1.5 0. 055 0.11 .  ---
gy 0.5 1.5 . 80 1.7 . 0.8 0.8 - Ula T

ey Sp——
- —— p— e W T - - -

. . s (1 e . .
(i) The values are expressed il gr@fhs (or milligrams) per 100 grams of edible portion.

Il

(ii) The figures in this table hg *et n_collected from various sources and have been compiled by F. H., Peters. Published
in Tehcnical Paper No. 10§1i

i-?-i_ir- South Pacific Commission (Noumea).
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3. 8.3 FPood Storage

Because of the hot, humid climate, which prevails in most
areas of New Guinea, food preservation and storage present special
problems, particularly foods of animal origin, With the exception
of yama, which may be stored in special yam houses for up to
6 monihs, and sago, which is ofien packed info sago leai-gyclinders
of about 15 inches in diameter and 2 feet high, and then stored for a
few months, there is little zsiorapge of harveastied crops. The usual
practice is io harvest the crop as needed and 1o keep it only for a
day or two .  However to overcome seasonable shoriages of more
desirable cropg, casesava and taro are sometimes allowed {o remain

in the ground,

For animal foods there are few examples of sitorage. Partly
cocked and smoked meat is sometimes kept gsuspended over the
fireplace for several months, and in the Trobriands _smoked fish
is occasionally kept for several days., Further, the pig on the hoof
is always a reserve of food and crabs rendered iramobile by binding

(34)

their claws can algo be retained for some time N
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3.8.4 Food preparation and cooking

Preparation of food is generally minimal and rough. The

main cooking methods are: -

1. Boiling -

2. Baking ~

3. Mumu -

Hither in clay pots or in metfal saucepans using a

small quantity of water or coconutmilk.

In the embers of a fire while the food is protected

by the skinsg of the vegetables or by leaves wrapped
around it. Someiimes use ig made of a hamboo

stick on which the food is placed.

or oven in the ground. The mumu is made in

a hollow in the ground, or in a drum, ora |
hollowed-out log., Rounded siones are heated and
placed in the boitom of the hollow or drum,
followed by a layer of leaves (banana and other)
and then a layer of foods; followed by another
layer of leaves, stohes leaves and food. Swéral
such layers are made and then the top is sealed
over with a large banana leaf. Before gealing,
cold water is poured in. Thus cooking is
effected by ff?am under pressure for about

i~-1% hours
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In Sepik a shell oven ig often used., A large piece of
shell-shaped earthenware (about 40 by 70 em) is set at
an angle (larger poriion upwards, acting as a chimney
and protecting the wall against burning) on a small pile
of stones inside the houses, Most families have a
variety of clay shells at their disposal. A small fire
ig 1it inside the shell, and a round-bottomed plate of
earthen ware set inside to act ag a frying pan. This
cooker fuel burns very sparingly. It is especially used

for preparing dry sago pancakes(sn .

4. Hoasting ~ Over the flames, sometimes with the use of coconut~
milk as grease. Outer poriions of the food become very
crusty and hard in this method and when it ig used for

small mammals, the flesh becomes black and {ough.

The boliling « and mumu methods allow the inelusion of much

sand, which is a significant factor in teeth atta?i*tien(m

The staples taro, yam, sweet potato and bananas are consumed
in variable fashion, either in the natural staie, or prepared with the

addition of coconutmilk, grated flesh of ripe coconuis, or the young

green shoots of various plants; while sago is prepared by washing




and coarse filtration of the substance gathered from the interior of

the palm~irunks and then made into small balls or flat cakes.

Cooking of the gtaples is mostly done by boiling or in the mumu,

either direetly, or aficr the food has been wrapped in leaves.

In general, recepiacles used for boiling are firmly covered
by the interposition of green leaves between the pot, or whatever

gerves as suech, and the lid(zm )

Vegetableg are usually boiled, but occasionally baked in their

sking.

¥ish is boiled with the staple or baked wrapped in green

leaves.
sheelfish and crabs are added to the pot or roasted.

Cooking ig never a prolonged affair, and there is no waste:
even the cooking water is not discarded, but rather used as a ac}up(%g)
The women do the major part of the food preparation and cooking,

The young girls do generally not asgist in the actual preparation
of the fcod but might be used {o fetch and carry wood and water.

The men have mostly the privilege of organising the distribution of

the coocked food(%}‘
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Foods arc seldom gpecially prepared for the infants, other
than being reduced to a mash, cither by premastiention or erushing,

When a cild is older the food ig mostly given as it is.

3, 8.5 Diet and nutritive re quirements

Diet patierns and food habits vary not only from one nation
to another but algso from individual to individual., There is no
single pattern of diet which must be followed to ensure good
nuirition, There is no single food that can be called essential
for life or health. The human body does require calories,
certain fatty acids, amino acids, vitamins, minerals and water in
suificient amounts and in prepef combinations to permit oplimum
growih and maintenance and repair of tigsues under the environ-

mental conditions to which the particular individual is exposed.

Not only do diet patterns and food values vary but also do
requirements for speeific nuirients, depending on genetic and
environmental faciors, severity and nature of stress situations,
age, sex, rate of growth, ete. Because of these differences in
nutritional needs of individuals and the variation in nutritive value
of foods, it is impossible fo devise a general food plan just right

4
for everyane( *7) .



Recognising the difficultics in defining the nutritional
requirements of the New Guinea races, Langley(%) prepared a
table of dietary allowances, based on the National Research
Council of America’s dietary allowances-scales, but with
correciions made to compensate for the differences in stature
between the New Guinea people and the average North American

and their mode of life and degree of activity (table 4).

For comparison the N, R, C, scales are given in table 5.
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TABLE 4,

Some suggested Daily Dietary Allowances for New Guinea Natives -

Weignt Calories Protein Calcium Thiamine Ascorbic

kg g g mg Acidmg
MAN
Age 21-49 54 2, 500 40 0.8 0.84 50
Age 50 plus  48.6 2,000 = 40 0.8 0.70 50
WORIAN
Age 21-49 46 2,100 40 0.8 0.77 50
Age 50 plus 40 1,600 40 0.8 0. 53 50
CHILDREN
1 year 8.2 850 35 1,0 0. 30 30
Z2-3 years 1.2 1,000 40 1.0 0.35 30
10-12 years 27.3 2,000 70 1.2 0. 70 30

»ha
Pyt

From: ithe Report of the New Guinea Nuirition Survey Expedition,

1947%, Depariment of External Territories, Canberra(%}

X
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TABLE 5,

some recommendesd Daily Dietary Allowances for Healthy Persons

L,
-4

in the U.S. A,

Welght Calories Protein Calcium Thiamine Ascorbic

kg g g mg  Acid mg.
MAN
Age 18-54 70 2,600-2,900 70 0,8 1.0-1.2 70
Age 55 plus 70 2,200 70 0.8 0.9 70
WOMAN
Age 18-54 58 1,900-2,100 58 0.8 0.8 70
Age 55 plus 68 1,600 58 0.8 0.8 70
CHILDREN
0-1 year 8 Lkgx115 <15 kex 0.7 0.4 30

2.5 -0.5

1-3 yvears 13 1,300 a2 0.8 C.5 &0
9-12 vears 33 2,200-2,400 55-860 1.1 0.9-1.0 T6-86

=% From: National Research Council, Food and Nutrition Board:

Recommended Diefary Allowances, Revised 1963, N, R, C.

Publication 1146, Washingion, D.C., 1946(16).



The gverage aduli intake of nutriets, determinad by Oomen

(31)

and Llaleolm in the two arcag of New Guinea, TAMBANUM

(Sepik) and JOBAKOGL (Chimbu~Highlands) in 1956 and by
4) . . .
Langley(s ) in 1947 in four villages, BUSAMA, KAIAPIT, PATEP

and KAVATARIA, arc toabulated in table 6.

The information collected in this table hag of course no
statistical value and the quaiitative data are not strictly comparable
because of the differences in the number of subjecis and ‘i:h? wide
variaiions from household to houschold that were normally
sncouniered, but the figures pregented are probably a sufficiently

cloge approximation of the average adult intake in each village (34)*

When comparing table 6 with table 4 it is obviocus that the
caloric adequacy of theadult dief in those 8 villages was rather
suspect, the protein intake definitely low and vitamin C intake very
high, The calcilum intake vwae a bit low but geﬁez*a]ly probably
satisfactory, while iron~intake in the first two villages seems to
be within traditional requirements, although a moderate anaemia wasg
not uncommon among the younger children (31) . The only

significant source of thiamine came from some leaiy vegetables,

but could be considercd generally as adequate. A-avilaminosis,




if prosoent, was probably counected with conversion of caroiene
into vitamin A rather than with unsatisfactory ingection of carotenc

itsell (31 ).
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TABLLE © .~.
~ ages of New Guinea

The mean daily adult intake of nutrients in 6 vil

e

B -

Village Site Number Staple food Calories Protein arbo- Fat Calcium Iron Ascor- Thiamin Carot-
of Animal Vegatable Total hydrates bic Acid ene
Subjects . ,
g g | g -8 g mg mg meg meg
Tambanum -Sepik 14 Yam, Sago,
Banana 1,395 5.0 14. 0 1910 314 5 0 4 19 120 0 7 4 8
Jobakogl - Chimbu 08 Sweet potato . 1,830 0.6 25.0 2516 410 10 0.6 12 - 400 29 9 13.8
Busama - Huon Gulf 340 Taro 1,223 4.8 14. 4 191 2 | —_— - 0.5 - 137 07 -—---
Kaiapit - Markham Sweet potato j |
Valley 137 Banana, 1,609 . 3.1 21. % 4L 8 | - --- 0 6 - 216 1 1 —=---
2 \ | )
Patep - Mountains Taro, - E , , |
| near L.ae 211 Sweet potato 1, 904 2.1 - 22.3 © 24. 4 t . - 0 3 - 244 1.7 -—---
Kavataria - T'ro- , * ~ f .. )
briand Islands 124 Yam 1,600 22.4 18. 9 41, 3 B 0.3 --- 142 1.3 ----

-
il - - R

. _ A il

. mhilal

“From: H.A,P.C, Oomen and S, H, Malcolm - Nutrition and the Papuan Child, echn. Paper No. 118 5. P.C. (Apr.) 1958

Noumea(Bl), and from: Reporf of the New Guinea Nutrition Survey |Expedition 1947, Dept. of Ext. Territories,

(34) | . {

Canberra

I o L TR =SS . B
-




3.8.6 Food habits and taboos

The general practice is for the village natives to eal only one

main mean at the end of the day's gardening activities. This takes

mostly place sometime between 3 p.m. and 7p.m. For
"breakfast!" they eat occagionally some cold food left over from the
previous evening's meal. Small snacks of cold cooked food,

edible raw fruits, vegetables or puts are alsc consumed at irregular
intervals during the day, especially by children(%), BExcept in

very few cases, all the infants are breast-fed for about 12 to i3

months and this period is often extended. Supplementary feeding
begins often at the age of about three months and sometimes even
sarlier, mostly with premasticated sweet potate, taro, yam or

banana. If sago is given it is mostly in the form of a clear soup.

At a much later stage the infant is introduced to coc onut(é:ﬂ}..

Contrary to most Europeans, whoare generally accustomed 1o
consume their food cut into smail pieces, the village native is
uged to filling up his whole mouth with large pieces of food prior to
chewing. This habit, tagetherh with the tough and fibrous nsture of
hig foodastufis, the regular inclusion of sand in his food due fo

cooking habits, and the wide variely of other uses he puis his teeth




to: such as siripping sugarcane and holding a variety of articles,
has no doubt a marked effect on the masticatory apparatus of the
native in general, and on the atirition of his teeth in particular.

(24)

Kirkpatrick reported both occlusal and approximal

attrition in many subjects in New Guinea apparently due to their

(30) (8)

food habits. He quotes Miller

and Box ' ', who both claim

that the wearing away of the buccal cusps of the lower teeth and

~ the lingual cusps of the upper teeth necessitates the use of greater
force to produce thée same degree of comminution of the food, and
believe that the greater force required for mastication produces
alveolé.r resorption and tréumafic occluSic;n, while Gottlieb and

(16)

Orban consider that such degrees of wear as will eliminate the

cusps of the teeth are desirable and conducive to the health of the

periodontal tissues.

Attrition of the teeth might also be caused by the habit of
(3)

betelnut chewing' ’ indulged in by many: men, women and even

children. The natives consider the chewing of bételnu’c to produce
a feeling of intoxicaﬁ,ion, xsimilarj' to alcohol. In addition, it is
thought to lessen the desire for food. It is a distinctly social
practicga, without any nutritive value. Three ingredients are

required: -

12.




(a) the betelnut from the palm: Areca catechu

(b) a leaf or bark from the pepper vine: Piper betle

(c) powdered lime.

Great variations occur in the manner of preparation and

application of the lime. -The usual source is from shells which
are heated and pounded to powder, but there are several other
constituents or additives. The application is made with a stick

- or looped wire. The lime mixture is sometimes slaked lime,
sometimes quicllz lime and often a mixture of the two.  The initial
effect on the oral tiésues appears to be of an astringent nafure.
Badljr lz;urned‘ mucous méﬁbranes have often given marked evidence

of the presence of calcium oxide. This habif might have an effect

on cancer, caries and periodontal disease prevalence.

It is, in any case when prolonged, detrimental to the health
of the oral tissues and results in the deposition on the iteeth of a

dark red to black substance, which finally covers the whole crown

of all the teeth.

Farago(lé) and Chester, who did a pilot survey in 1960 on 277

adult members of a native village in Port Moresby to investigate

the incidence of cancer in the mouth, reported that almost all the

3.
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subjects chewed betelnut with lime and "pepper'' bark. Some also

used the ""pepper' bean.
(45)

Vines tried to correlate betelnut chewing with oral hyper-

keratosis in his 1962-1966 survey. His resulis are tabulated in

table 7.

Naturally there is litile awareness among the natives of the
relative nutritive values of the different foods available. A general
notion however of the supremacy of meat, perhaps ‘even a craving
for it, and likewise for fish, is not absent. Malnuirition does
not seem to be recognized as such by the unsophisticated New
Guinean.  The infant who fails to thrive is usually counsidered to
be a victim of malevolent spirits or sorcerers or of an inauspicious

(1)

season or dther unfavourable circumstances: /.

Taboos also appeaf to be of superstitious origin, but they don't seem

to be nutritionally of much importance.

In New Ireland and the Trobriands, according to Malcolm(za)

pregnant and lactating women are not allowed to eat certain types of

fish and thisg taboo is sometimes extended to the husbands and the

parents. ‘This prohibition seems to result from the belief that the

eating of those fish may cause the death of the child or produce on it




TABLE 7
ﬁ' E Oral Hyperkeratosiszﬁ and Betel-nut chewing
30-—4”" | | . 45 years plus - 30 years plus |
Pers. exam r-i-.ﬁ" %q without HK Pers. exam. With HK Without HK  Pers. Exam. With HK Without HK

Highlands
Persons examined 249 169 148 3] 117 . 397 111 286
Non betel users 239 167 145 31 114 384 103 281
Betel chewing occas. 9 2 2 U 2 11 ! 4
Betel chewing daily 1 0 1 ( 1 2 1 1
Signif. P = - (% P = - 6002" B P -o01

| (Exact test aft ‘, 3@ bining occass. + daily chewers) |
Mainland
Persons examined 180 90 152 85 67 - 332
Non belel users - 40 29 39 11 28 79
Betel chewing occas. . 69 37 39 23 16 108
Betel chewing daily 71 24 74 51 23 145
>gnil P P - 001
Islands :
Pero ns examined 236 165 111 42 . 69 - 347
Non betel users 34 26 26 & 20 60.
Betel chewing occas. 16 9 12 T 5 28
Betel chewing daily 186 130 73 2¢ 44 259,
Signif | N. P 025

L — s g AEp— T

- 1
"
l.-_r: L .
r _oh
. =

* Hyperkeratosis was defined as a p§¥SESl eruption on, and thickening of, the oral mucosa.

- ¥, 0
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certain blemishes.

Eating of {fresh-water eel is also forbidden, but shark flesh
i not affected by taboo. Pregnant women are also not allowed to
eatl certain grubs. The eating of pigmeat is thought to dry up the

breast milk and during lactation the mother is not allowed to eat

the flesh of the possum.

- With the exception of a red sauce, ''buruma' prepared from
three different fruits, there are few or no taboos affecting the
diets of chilslrexl. Hggs are sometimes blamed for caus’:mg the
appearance of boils and a series of digestive disturbances. This

could quite well be true considering the state of freshness in which

the eggs are often consumed.

There is a taboo on gexual relations during weaning and there
is reason to believe that the use of abortives is known, these being

derived from preparations of fruits, barks and plants.

But the ancestral taboos are disappearing following lasting

25)

contacts with Europeans(

(1)

Bailey'™ ' reported that an almost infinite variety of food taboos

-

prohibiting the use of certain foods at certain seasons or more

particularly for women during pre gnanéy or lactation, but Langford(%)



(P

found it impossible to confirm most of the reported taboos. Both

Langford(34) and Bailey(i)

agreed however that, because the foods
available are generally so low in protein, taboos could any-way

not often be of much nutritional significance.

Feasts seem generally also not very important from a
nutritive viewpoint, despite the fact that they are often the only

occasions where animal protein is consumed by the village native.

They are usually held {o observe some special occasion:
religious, or in relation to family events such as birth, puberty,
marriage, sickness or death and are in some villages a rather

regular occurrence. The larger feasis, mostly held at 1 to 3 years

interval, invariably include pig as the main dish.



3. 9.

18.

SUMMARY

Villagers live mainly on the produce of their own gardens
and to a much lesser extent on animal bush and marine

life,

The principal economic factors effecting native agriculture
are:-
(a) the generally low population density,

(b) the low degree of technological development associated

with food production.
(c) the limited scope for trade provided by local sociological

and geographical conditions.
Animal breeding is practically unknown.

Reliance for food-intake is almost exclusively on staples,

with low protiein and high carbohydrate contents.

Protein intake, especially of animal origin, is very low, while"
caloric and fat intakes are considered o be generally

inadequate too, especially where pre-adolescent children are

concerned,

Intake of vitamins and minerals appears to be sufficient, but

the intake of carbohydrates is generally excessive.
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79.

Relative few cases of malnutrition or undernutrition have

been observed, especially among adults, although diets could

be regarded in general as sub-optimal.

Food preservation, preparation, storage and cooking

methods are rather crude,

The native's masticatory apparatus is ofien required to perform
many functions in preparing foods for deglutition that are

periormed by cooking methods and cutlery in more developed

communities,
Meals are generally restricted to a main one per day.

Attrition and oral hyperkeratosis can probably be related to

the native foodhabits.

Taboos and feasts do not significantly contribute to nutritional

well-being.




CHAPTER 4,

DENTAL CARIES AND PERIODONTAIL DISEASE

4.1 INTRODUCTION

Until dietary changes will occur due to Westernization,
dental caries prevalence in primitive people can be regarded

to be very low compared with data for Europeans(éj’ (33).

Although the diets of these people are generally rough in
texture and low in refined carbohydrates, the periodontal disease

prevalence pattern projects however a less rosy picture(4)’ (33).

The results of the five surveys under review might provide
some indications about the validity of these canceptions and could
confirm the claim that different primitive groups in the same race
present different dental disease-patterns because of different diet-

patterns.

80,




4.2. SURVEY RESULTS

4.2.1 Kirkpatrick (23), (24)

ol.

1, 976 Islanders were examined for caries in three groupings:-

(a) Sago and Taro
(b) Imnland and Coast

(¢) North Coast and South Coast.

In every grouping the results for subjects under 20 years of

age were recorded separately (table 8):
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TABLE 8

2
Dental Caries in diet, districts and age - groupings in Manus ( 3).

Number Percentage of Number of Number of
Groupings of Subjects with Carious = Carious teeth

Subjects Carious Teeth Teeth. . per affected

subject.

5a.g0 1020 3. 2 62 1.9
Taro 356 1.7 32 2.0
Under 20 years of age: ==-=rcemccmcmmcmc e bbb Dbl
Sago 521 6.0 60 1.9
Taro 478 2.5 24 2.0
Inland 443 2.5 | 22 - 2.0
Coast 726 | 3.2 44 1.9
Under 20 years of age: =~~~ rmmmcm o e e
Intand 222 2.9 12 2.0
Coast 360 5. 8 42 2.0 |
North Coast: 468 3.9 - 33 . 1.8
south Coast: 258 i.9 11 2.2
Under 20 years of age: --~-emeccmaean- e e
North Coast: 222 7.2 31 1.9
South Coast: 138 3.6 i1 2.2

‘The findings for the fotal group were that approximately 2. 5 percent of
the subjects had caries with 2 carious teeth per affected subject. Tests
on significance based on three times standard deviation indicated no

(4)

significant differences in any of the caries comparisons
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If chi-square tests of significance are applied to the caries
results, a significant difference at the five percent level is obtained
between sago and taro staple groups and at the one percent level

(4)

between the same groups restricted by an upper age limit of 20" ™.

Kirkpatrick examined the same 1, 976 subjects for:(zé)

1. Recession of gingival attachment,

2, Crowding of teeth,

3. Traumatic occlusion,

4, Calculus formation,

5. Chronic gingivitis,

6. Acute or sub-acute Vincent's infection and
1. suppurative periodontitis.

Kach condition was compared between taro and sago staple

groups, again using a test based on three times standard deviation.

Significant results were obtained for 2, 3, 6 and 7,

The results for 1, 5 and 7 are tabulated in table 9:




TABLE 9 (24)

Cral conditions pertaining to the gingival.

Number of Percent recess- Percent Percent

Diet Subjects ion of gingival chronic suppurative
| attachment, gingivitis periodontitis
Sago 1020 23. 4 21.7 27,3
Taro 956 26. 7 24. 7 15,2
oignificant | ) No . No xes
(24)

suggested causes for the differences were:""

Firstly: there appcoored to be a much higher intake of vitamins A
and B in the taro - than in the sago eating groups.
Secondly: masticating effort required in these two types of diet

was different,

In the incisal region more effort was required in the taro diet

whereas, posteriorly, the sago diet, because of added ground up

coconut, required greater effort,. Kirkpatrick(zé)

further suggested
" that a dietary deficiency in the sago diet might predispose that group

to acute or sub-acute Vincent's infection, and that by virtue of




narrowed arches induced by intensive posterior grinding, the sago

diet might predispose also to anterior crowding and general

malocclusion.

He assumed that the 'firm pear' consistency of taro, by
optimal gingival stimulation, might lessen the prevalence of
gingival disturbance. The betelnut chewing habit was considered

by Kirkpa'trick(zé)

to be a ifactor for traumatic occlusion as the
abrasive lime additive would cause wear on the posterior ieeth

while anterior teeth remained comparatively unworn.
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(34)

4.2.2 Nutrition Survey - 1947

‘The non age-adjusted results of 190 subjects examined for

periodontal conditions follow in table 10:

TABLE 10

Population of three New Guinea villages grouped according to the

Periodontal Conditions.

Approx. Number of subjects in each Percentage
age in group of subjects
years. gpl op2 gp3 with some
no bone moderate extensgive bone loss.
loss bone loss bone loss
16 - 29 32 11 O i4
Patep 2 3l ~ 44 H i3 4 21
45 + 1 13 1 17
16 - 29 14 3 1 /i
Kavataria 30 - 44 3 12 10 40
4.5 4+ 0 1 11 22
16 - 29 9 4 3 12
Korovagi 30 ~ 44 3 14 9 42
45 4+ 1 5 7 22

* Results are based on radiographical evidence

(34)

86.

Total

92

69

6
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(39) claims that on the basis of the results shown in

Sinclair
table 10 that "'the incidence and severity of the condition were less

in Patep 2 than in the two other villages'. 1In the case of severity

the large proportion of subjects in Kavataria and Korevagi with

extensive bone loss does appear to make the claim walid irrespective

of age-~adjustment.

However, as far as prevalence is concerned, adjustment of
Kavataria and Korovagi data to the Patep 2 age-distribution reduces
the figures for some bone loss to 55 percent Kavataria and 56
percent Korovagi, compared Wi’th.52 percent for Patep 2 (4).

These resulis present merely a questionakle difference Hr Korovagi,

(39)

Sinclair observed also that in all three New Guinea villages

the clinical appearance of the gingivae of the children was almost
invariably healthy and this applied also to most of the adolescents
and young adults, but in the middle aged and older people she
frequently observed a condition, the clinical features of which were

similar to those of Gottlieb's ”Schmutzpyorrhoea”(m)

(43)

, a condition

also described by Thoma

The high incidence of periodontal disease was suggésted to be

causally associated with diet and food habits(sg).
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Darkly stained debris and large amounts of sub and supra-
gingival calculus were present in almost all adults, while the

teeth of tho children were usually found to be clean.

Actual {(non age-adjusted) results for caries are shown in
tables 11, 12 and 13.

TARLE 1139

Dental caries in three New Guinea villages

No. of No. of No. of No. of Perceniage
subjects subjecis subjects  subjecis  of subjects
Village examined caries with with roots caries free
iree caries . present;
other teeth
carieg free

Patep 2. 136 61 67 8 45

Kavataria 94 52 39 3 55
Korovagil 101 70 30 1 69
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TABLE 1249

Dental Caries in three New Guinea villages

No. of Number of teeth Percentage
Village subjects Standing Carious teeth carious
examined
Patep 2 136 3607 228 6.3
Kavataria 94 2529 114 4.5
Korovagi 101 2852 T 2.7

N. B. (4)

When Kavataria and Korovagi resultis are age-adjusted to
the Patep 2 age-distribution, percentage subjects caries iree was

calculated as 57 Kavataria and 69 Korovagi and percentage teeth

carious as 5.0 Kavataria and 2. 4 Korovagi.

Also when the two dentitions were considered separately, the
results for percentage teeth carious calculaited and age-adjusted
for Patep 2, Kavataria and Korovagi were in that order:- deciduous
dentition: 3.9, 21.0 and 6.1 and permanent dentition: 6.8, 1.7 and

1.8.

Kavataria is an outstanding example that high caries prevalence
in the deciduous dentition does not necessarily predispose the

permanent dentition to a similar experience.
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TABLE 13(40)

Dental Caries in three New Guinea villages.

Subjects No. of teeth surfaces Percentage of
Village examined Standing Carious carious surfaces
per person
Mean Median
Patep 2 128 19067 330 1.73 0. 60
Kavataria 91 13841 166 1.20 0. 00
Korovagi 100 15829 101 0. 64 0. 00

N. B. bdubjects with roots, but other teeth caries free were not

included under the heading of ''subjects examined'.

Results for the mean number of D. M. teeth per person was
3.43, 1.23 and 0. 83 respectively for Patep 2, Kavataria and Korovagi.

(39)

Sinclair stated that:

(a) On examination of_ the results of carious incidence and
distribution of carious lesions, when comparison of the
3 villages, each lconsidered as ‘a unit, is made, it appears
that irrespective of the basis (whether persons or teeth

or surfaces) for assessment of the severity and extent of

the carious process, the disease is must prevalent in

Patep 2, less so in Kavataria and least in Korovagi (see

table 14).
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TABLE 14— (40)
Dental Caries in three New Guinea villages.

Percentage Percentage Mean percentage
Village people with teeth surfaces

caries carious carious
Patep 2 52 6.3 1.73
Kavataria 43 4.5 1.20
Korovagi 30 2.7 0. 64

% Calculated on the basis of 128, 91 and 100 subjects in Patep 2,

Kavataria and Korovagi respectively.

(b) The difference in the degree to which deciduous and
permanent teeth were affected in any one village ca;l best be shown
statistically when humber of persons rather than number of teeth
are compared.

(1) Within each village:
The figures for the percentage of persons with caries
in the permanent dentition only and in the deciduous
dentition only were for Patep 2, Kavataria and
Korovagi respectively 62 and 22, 25 and 63, 26 and
33.

(2) DBetween the villages:
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More people in the permanent-teeth group suffered
from caries in Patep 2 than in Kavataria or Korovagi.
But in the deciduous teeth group more children in

Kavataria suffered from caries than in Patep 2 and

Korovagi.

Other features associated with caries were:

(a)

(b)

(c)

(d)

Frequency of attack was highest in lower molars,
upper molars and upper incisors in descending order,

with third molars the most frequently attacked.

Probable causes of missing teeth were very
uncertain. Periodontitis as a cause was only slightly

higher than caries for the three villages combined.

No relationship between caries and periodontitis

could be established.

Occlusal attrition, besides removing susceptible

areas, at times actually overtook the caries process

in Kavataria and Korovagi, but in Patep 2 the rate of

attrition was much slower. Proximal attrition was

(40)

not shown by the authors to be a factor which

effected caries susceptibility.



(e)

(£)

No relationship could be found between diet and

nutrition on the one hand and dental caries on the

other.

The existence of odontoclasia was reported.
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4,2, 3. Williams(46)

The results for caries prevalence for 1, 069 indigenous

children between the ages of 3 and 17 follow in tables 15 and 186.

TABLE 15(46)

Prevalence of Dental Caries

Group Dentition  Number of
Subjects

(g}
212

293

Coastal

42
132
157

Highland

35
61
66

Urban

49
173
42

bruropean

U 2 U|vWE OjlvYE gl g g

*N.,B. D, M and P stand for: deciduous, mixed and permanent

respectively.

Number of
Subjects
with caries

13

89
127

25
92
97

25
54
o4

35

165

40

Percentage of
Subjects with
caries

18
42
43
60
70
62

71
89
82

11
95
95

94.




TABLE 1 6(

Group

Coastal

Highland

Urban

(1) The overall incidence for indigenes was highest in the urban
group and lowest in the coastal group, and is in the urbanized
group fast approaching that of the European group, probably

influenced by the change in diet-habits, from native to

european foodstufis.

That the dental caries rate is not as low at the coast as could
be expected considering the low refined food intake, might be

due, ih part at least, to the consumation of large amounts of

46)

Dentition

o 2 gl" 2 ol e g

dmf/ DMF Teeth

Number of
Subjects

71
212

293

42
132
157

39
61
66

Total dmf/
DMEF teeth

44
341
443

109
447
017

153
374
400

Mean dmf/

95.

DMF teeth per

Subject.

0.
1.
1.

6
o

3

2SN

fd et
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glucose, in the form of coconut-water and milk, according

(12)

to Davies In the highlands, where the almost sole item

of diet is the boiled sweet potato, many subjects in this group
presented themselves with tooth surfaces covered with thick

gelatinous food plagques. Where dental caries had not as yet

commenced in such cases, initial decalcification was visually

evident when the plaques were removed irom the teeth(és).

(a) The dmf/DMF index has one important drawback.
it does not give any indication of the extent oi the

caries attack.

(b) Except for the urban group, dental treatment

previously received, was practically nil.

The resulis for oral hygience and calculus formation follow

in tables 17 and 18.
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TABLE 17(49)
Oral Hygiene=ii
Group Dentition  Number of Degree of oral hygiene
Subjects Good Fair Bad
v % %o
D 71 55 45
Coastal M 212 21 79
P 293 32 67
D 42 76 24
Highland M 132 23 5
P 1567 23 13
D 35 11 89
Urban M 61 10 389
P 66 23 16

of cleaning their teeth, except for a few, who lived by the sea or on

river ban#is and used sand.

ats
i

Criteria used for oral hygiene:-

Good = no discernible debris
Fair = discernible debris
Bad =  pronounced debris
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TABLE 1840
Prevalence of calculus formationhk
Number of Degree of calculus formation
Group Dentition Subjects None slight moderate severe
% %3 %l %}
D 71 100 0 0 0
Coastal M 212 o6 2 2 0
P 293 41 15 44 0
D 42 100 0 0 0
Highland M 132 91 1 5 3
P 157 43 8 43 1
D 35 100 0 0 0
Urban M 61 05 3 0
P 66 21 28 48 3

* Criteria used for calculus formation:-
Slight =  thin deposit confined to one or more of the
lower six anterior teeth.

Moderate = slight deposit involving more than the

lower six anterior teeth.

Severe =  heavy deposit involving more than the
lower six anterior teeth.
None =  no deposit,
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Of the various local aetiological factors that contribute
to the breakdown of gingival tissues in the older age-groups
many invesiigators have shown that the strongest association
exisis between calculus formation and the degree of gingival
(46)

pathosis

Results for the gingival conditions are presented in table 19:

s
TABLE 19 (46)

Prevalence of various degrees of gingivitis

Number of Degree of gingival involvement
Group Dentition  Subjects. None Mild Moderate Severe SXEQI
D 71 87 5} 8 0 0
Coastal M 212 47 16 37 0 0
P 293 26 20 53 0
D 42 81 5 14 0 0
Highland M . 132 30 8 58 4 0
P 157 12 13 69 6 0
D 35 46 31 23 0 0
Urban M 61 12 27 59 2 0
| P 66 6 21 70 3 0
% Criteria used for the degree of gingivitis: P, M, A, -~ Index(37).
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It 1s apparent in all groups that the gingival condition tends

to deteriorate with age.

An examination of tables 17 and 19 indicates that there seems

to be a direct relationship between oral hygience and gingivitis(ée) .

4.2.4. Barmes (3)

Caries measurements - results in the six dietary groups

follow in tables 20 and 21; and intra-group variations for dietary

groups 1 to 3 in tables 22 and 23:

TABLE 20'°

Means of caries measurements of dietary groups

Deciduous Dentition

Dietary Number of Number of Percentage dmf teeth
Group Subjects subjects Subjects per 100
with caries with caries teeth

1 326 133 41 10.3

2 118 67 5¥| 13.8

3 98 69 70 250. 7

4 17 4 24 9.8

o 46 25 55 16. 2

6 25 0 o . 0.0
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TABLE 21(3)

Means of Caries measurements by dietary groups

Permanent Dentition

Dietary Number of Number of Percentage DF teeth DMF teeth
Group Subjects Subjects Subjecis per 100 per 100
teeth teeth

i 817 206 25 1.6 1.9
2 307 152 50 3.8 0.3
3 3138 275 86 16.3 24.8
4 64 40 62 4.9 8.4
5 149 123 83 5.0 26.3



. TABLE 22(3)

Means of caries measurements by village for dietary

groups 1 to 3. Deciduous Dentition.

102.

Dietary Village Nmn!?er of PerFentagg dmi teeth

Group Subjects Subjects with per 100
caries teeth

Kranket 108 30 8.3
Maprik 26 22 4.2
1 Wari 88 40 10.7
Awals 69 o4 15.9
Yalaku 35 44 8.3
Amele 60 57 12.8
2 Togarau 40 438 11.7
Tiaraka 18 14 20.3
Okiufa 35 15 24.1
3 Kwasang 19 89 20. 1
Kundumbu 23 79 29.2
Pari 21 35 8.3




TABLE 23(3)

Means of caries measurements by village for dietary

Dietary
Group

groups 1 to 3. Permanent Dentition

103.

Village lium?aer of Perf:entage DE teeth DMEF teeth
ubjects Subjecte  per 100 per 100
with teeth teeth
caries
Kranket 243 22 1.7 1.8
Maprik 17 16 0.7 - 0.8
Wari 223 28 2.2 2.9
Awala 179 - 33 1.6 2.1
Yalaku 95 20 1.1 1.4
Amele 146 45 3.3 4.1
Togarau 111 58 4.4 .1
Tiaraka 50 45 3.7 4,7
Okiufa 130 85 15.9 23.0
Kwasang 48 09 21.6 32.8 .
Kundumbu T2 91 14. 6 21,7
Pari 68 83 15.2 25.8
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N. Bi(s):

(1)

(2)

(3)

Tables 20 to 23 provide age-adjusted results, in the expectation

of correciing any variation between villages due to grossly
different age-~distributions, but it turned out that the adjusted
results were only minimally different from the untreated

resulis.

‘The under-one age group has been omitted from all tables as
being of no significance to the study and the 45 and over age

group has been omitted, as wholesale loss of teeth due to

periodontal disease at that age, resulis in misleading caries -

prevalence levels,

‘The variations in caries-prevalence between the six dietary

groups and within group 1, 2 and 3 could be related to:

(a) Diet.
Although variations withip a N. G. village and even from
one village to another, are generally not so great they
still should be taken into account, especially in dietary
groups 1 and 2, which have a greater variety in foodstuffs

than the other groups. Most villages in these two groups

are also placing a different emphasis on their main staple.




(b)

(c)

(d)

Race.

Racial and language barriers keep villages in all the
dietary groups separated, sometimes even when only
a few miles apart. As certain levels of caries
prevalence exist however across racial boundaries,
it is doubtful if race is an important factor in caries

prevalence,

Climate.

Within all groups variations occur in climatic conditions,
such as: - humidity, rainfall and temperature levels.
Temperature differences are especially encountered in
group 2, which has most variation within the group, with
villages ranging irom coastal level to 3, 000 feet above
sea level. But same as for racial differences there is
also no evidence of a significant %t‘elationship between

climatic and caries
Soil composition.

Variations in soil composition, which are to an extent

dependent on the climatic condition, are likely to be far

more marked between the dietary groups than within each
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(e)

(£)

(4)

group, with group 2 as a possible exception. A link between

soil composition and caries could very well be significant.

Customs and habits.

Habits, such as betel~-chewing and toothcleaning methods,
which rely on the use of sand, husks and sticks might have

some small effect on caries, but this has been by no means

proven. The big difference in habit occurrence and/or

intensity between the sexes might be related to the differences

in their dental disease patiern. "
Fluorine content.

Except for the village Yalaku, where the F~content in the
water was 2.0 p.p.m., all other samples gave resulis not
greater than 0.2 p.p.m.  The variation caused by such
an isolated case of high F-level is hard 1o assess in a
population where caries is already low and the intake of

fluorine from other sources is unknown.

Statistical tests placed the results for percentage subjects
with caries of all samples from groups 2 and 3 within
acceptable limits of variation from the overall mean after

ithe 'Parai' - results were omitted in the deciduous dentition
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(6)

because of an inadmissible sample.

In group 1 the village Maprik was significantly different
from the overall mean at the 5% level. The consistently
lower caries - measurements in Maprik, compared with
all other group 1 samples could be due to the annual dom-
inance of sago, which has a high F-content, in the diet.
Due to this variation in diet it might be even correci to
put Maprik in a separate dietary group with a lower

preﬁalence of dental caries than group 1, but higher than

group 6.

Generally a higher caries prevalence in males than in
temales occurred in both dentitions, an exireme example -
being Rongo (group 4) where 7 males produced a dmf of

16. 96 per 100 teeth and 10 females a dimf of nil and 25
males produced a DF of 6. 40 and 39 females of 3. 63 per

100 teetn.

A very common trend was observed of a decrease in caries
prevalence from the 6 - 10 to 11 - 1510 16 - 29 age group,
with the upturn at the 30 - 44 age group. Barmes(5)

suggestes relationships with occlusal attrition early and

cemental caries-onset later.
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(8) Ratios of carious surfaces to carious teeth ranged from
1.09 to 1.38 in the low caries prevalence groups 1 and 2.

In the moderate to high caries groups 3, 4, 5 the range

was from 1.47 to 1. 53.

Periodontal disease measurements - resulis for dietary

group 1 to 6 were respectively: 182, 200, 180, 158, 189 and
150. These resulis were calculated by multiplication of the
percentage in category 0 by 0, percentage in category 1 by 1,

(3)

ete., while grading’ ’ of the categories was as follows:-

no abnormal conditions discernable

Category 0 =

't 1 = gingivitis only

't 2 = shallow pockets

. 3 = deep pockets and or moderate loss of
bone in molars as far as the bifurcation.

' 4 =  extensive loss of bone with looseness of
teeth.

(3) admits that this classification is not ideal, but

Barmes

(35) was not

at the commencement of his survey Russell's index
in use yet to any extent, otherwise advantage would have been

taken of its far more meaningful measurements,

108.
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A slightly higher periodontal prevalence was reporied for

males than for females in all six groups.

4.2.5 Vines\ ™)

Caries-prevalence results in three villages, the permanent

and deciduous dentitions taken as separate identities, follow in the

next two tables (24 and 25):

- paABLE 24(49)

Caries measurements in three villages - Permanent

Dentition.
Number of Number of Percentage DMEF teeth
Village Subjects Subjects of Subjects per
with caries with caries
MIAMPO
(Highlands) 43 34 (! 3.2
AWAR
(Mainland) 39 13 34 0.5
TALAKUA

(Islands) 85 , 13 16 0.3
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TABLE 25(45)

Caries measurements in three villages - Deciduous

Dentition.

Number of Number of Percentagedfteeth DMF/dmf

Village Subjects. Subjects of subjects per teeth per

with caries with subject subject
caries.

MIAMPO 20 9 32 1.5 2.7

(Highlands)

AWAR

(Mainland) 14 10 71 0.61 0.6

TALAKUA

(Islands) 29 17 57 0.9 0.5

(1) Overall caries rate was ‘highest in the MIAMPO (highlands)

(2) Caries rate of the permanent dentition was much higher than
that of the deciduous dentition in MIAMPO but in the other two
villages: AWAR (mainland) and TALLAKUA (islands) the sit-
uation was reversed.

(3) The three villages were of course not fully representative of

the regions from which they were drawn.
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The results, using Greene*s(”)

Oral Hygiene Index per
subject for the permanent dentition in MIAMPQO, AWAR and

TALAKUA were:; 4.6, 3.0 and 3. 2 respectively, while for the

deciduous dentition the figures were: 2.1, 2.1 and 1. 9.
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4.3 DISCUSSION

Caries data for comparison from all five studies follow in

table 26.

TABLE 26

A comparison of caries data from five studies.

Number of Number of - Percentage
Area Subjects subjecis with Subjects with
Caries. Caries.

Manus 1976 49 . 2.5
Patep 2 128 67 52
Kavataria 91 39 - 43
Korovagi 100 30 30
Williams!:
Coastal 576 229 40
Highland 331 214 G5
Urban 162 133 82
Barmes':
Group 1 1143 339 30

2 425 219 51

3 416 344 83

4 81 44 54

5 195 148 16

6 91 1 1




TABLE 26 (Cont'd)

Number of
Area subjects
Miampo 76
Awar h3
Talakua 114

Number of
Subjects with
Caries.

43
23
31

113.

Percentage
Subjects with
Caries.

27
43
27

(1) Only Barmes' group six and Kirkpairick's results are

exceptionally low.

(2) Next to Williams' Urban group the highest caries prevalence

is found in the Highlands. (Patep 2, Williams' Highland group,

Barmes! Jgroup three and Miampo)

Table 27 gives caries data for comparison of Barmes'(3) and

Vines(ém

studies results.




TABLE 27

Author (a) Rugion (b) Permanent DF Range Deciduous df
- per person (c)

< W< U< W] < W

o,
LY
-

(b)
(c)
(d)

114,

C arice data for comparison of Barmes' and Vines' sfudies
Results.

Highlands 3.5
2,5
S.H. D, 1.5
only 1,1
N ainland 0.7
1.1
Islands (. 8
.8
B = Barmes(?’)
4
V o= Vinea( )

1.5-4.5
0.6-4.2

N. A,
N. A,

0.0-4. 4
0,1-3. %

g,3-1.1
0.2~3.5

per person (d)

2.4
1.8

1.1

N, A.

1.5
1.8

1.7
1,7

S.H. D, = Bouthern Highlands District,

The 45 and over age group has been omitted.

Range

1.1-4,0
0.5-3.1

N. A,
N, A,

0.0-4.0
0.56-5.1

1.2-3.0
0.5-3.9

Although proper comparison is not possible as Barmes!

figures should rcad dmf per person, the difference

between dmf - and df per person is negligible.




(1)

(2)

Of interest is the lower D, F. per person rate in the
southern Highlands District in comparison with the figure
for the three Hi-ghland Digtrict combined. Barmea(s)
stated last year that later investigations suggest that the
alkaline soil is more likely to account for the Southern
Highlanders® lower caries rate than dietary - or cooking
differences. The dmf/DMF rate per subject for 8. H, D.
was only 2.7 against 6. 9 for group three (= the combined

Highlands).

(6)

Barmes

in D, ¥, rates in all the dietary groups might indicate that

the dietary siaple is not such a significant factor in the

carieg pattern as hag been agsumed in the past.

(3)

Table 28 compares Barmes

has recently also suggested that the wide range

11 5!

carieg data with other studies:
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TABLE 28

Caries data for comparison between Barmes'! and other

SUrveys.
sample dmf teeth per DY teeth per Diet Stanle
100 teeth(a) 100 teeth

Dictary

Group 1, 10.3 1.6 Taro - Yam
2. 13.8 3.8 Taro - Yam
3. - 25. T 16. 3 oweet Potato
4. 9.8 . 9 Sweet Potato
3. * 16. 2 15. 0 Bago
6. 0.0 .1 Sago

Patep 2 3.9 6.8 Taro - Sweet

. Potato

Kavataria «+ 21,1 1.7 Yam

Korovagi « 5.8 1.8 Sago

Samog W 3.0 - Taro

Puka Puka =‘3-"=- 27.5 2.3 Coconut - Flish

= From: Barmes(

wi Age-adjusted to Patep 2 - age distribution.

3)'

(a) DNiost figures represent aggin df teeth per 100 teeth and not dmf

but the differences are small.
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Patcp 2 can possibly be regarded as a Barmes‘(s) dictary
group~two sample, notwithstanding iis altiti:.ude of 3, 550 fect above
sea level. Kavataria is a dictary group-one sample, bui due
regard should be given to the fact that two years previous to the

1847 survey the diet had been affected for a period of threc years

by the presence of numerous service-men.

Korovagi's diet is a problem. It may belong to a seventh

dietary group, but is probably closest related to dietary group six
with a sago-~varied ciiei:. For 3 moﬁths annually however sago is

(4)

replaced by sweet potato and iaro

Vines! Miampo can probable best be filted in Barmes! dietary

group 3 and Awar and Talakua in dietary group 1.

If an attempt is to be made to link diet and nutrition with
dental diseases, several factors associated with diet should be |
considered, such as:

{a) Food patterns.
(b) Soil ~ and water content

(c) Nutritional value of the food.

ad () In New Guinea three factors in food patterns are in this

concept of major importance:
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(1) ‘Type and characier of the foodstuff
{2) Cooking method

(3) Food habhits,

ad (1) The lack of refined food in the native's diset
and the cleansing - and deter gent character
of the food he eats; are prokably the major
factors in the overall low prevalence of
caries. Variations between the villages in
nutritional factors ean probably be hest
expiained on the basis of distinet food paiierns,
which differ widely both in siaple and

supplementary foods,

(3)

Barmesg'  e. g, tried to correlate an almost

exclusive and wmvaried sweet potato~-diet with
this highest carieg-prevalence for village

natives,

ad (2) Barmes(s) alse distinguighed between ¢coked-
and baked sweet potato and connected the first
form with a very high cariegs-incidence, while

sweet potato, when baked was thought to




ad

add
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cause much legs caries. This assumption
was based on 1 sample only in the 'baked

. TR (4) (6)
sweet potato ~dietary group' . Later he
repudiated this suggestion and now accepts

differences in soil conicent to be a more likely

factor.

(b) It has not been ghown yet that the cxistence of certain
minerals and trace elements in the soil could in any way
contribute to the dental diseage patiern; Barmesw} only

suggested the possibility.

Nor could fluorine concentrations in drinking water be a very
important factor in Mow Guinea as test-results with one

exception only, ranged from 0. 05 to 0. 45 parts per million.

(c) Which bearing the native's definite low intake of
proteins and posgibly a few other nutrients as well, has on
dental disease is as yet unsolved;.although Kirkpa.’crick(zé)
suggested that lack of essential food constituents - without |
however specifying them - could be partly responsible for

the pradisposition of the gingivae of the Manug Islanders to

severe fusospirochetal infections.




CHAPTER 5,

SUMIMARY AND CONCLUSION
mmeanx Al CONCLUSION

Nuirition - and dental Surveys, conducted in lesser developed

countries such as Papua and Woew CGuines have distinet

advantages such ag: -

() readily available mate rial,

(b)  several specific levels of dental disease prevalence

(¢} comparisons between primitive villagers and those
at varioug stages of civilisation.

(d} clearly defined populations, such as:villages,

(e)  variety of conditions, some of which have not been

reported in civilized communities.

Attempis have been made to correlate dental disease-patterns
with diet-patterns, not only within village groups, but also
when these groups are compared as one unit with more

sophisticated communities,

Dental caries prevalence varied widely within the groups and
indeed within the same race. It was found to be very low
in some of the Sepik-arecas and Manus, and high in the Urban

areas and Highlands, A higher prevalence in the deciduous -

120.
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than in the permanent dentition has been roported, but
carieg prevalence differences by sex were less significant
Overall this prevalence in Neow Guinea was far lower than

is usually observed in most Western societies.

Caries prevalence was found to be highest in the "boiled"

sweet potato - and the urbanised "Wegiern style" dietary

groups, and very low in some sago eating groups,

Not before at least all the resulis of Vinets survey(%) are
avallable, can Barmes! hypei:hesim{s) that caries prevalence
in New Guinea is associated with distinet dietary pattern
groups, be supported or rejected, taking into account of
course the po&giﬁﬂiﬁy that in some areas the dietary habits
could have changed significantly during the period between the
p survejrs, and also that other factors, such as soil
composition, could prove to be more significant. Other
workers have been unable to show any conneciion between

caries and diet, other than the complete absence from the

village native diet of refined ingredients.

Many factors, such as lack of age-distribution and separate
consideration of the two dentitions, use of different indices
and not always clearly defined eriteria, have reduced the

validity of a general comparison of the caries prevalence -

results from the studies reviewed.
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Gingivitis and periodontal disease were commonly
encountered all over the Torritory with a very high
prevalence, especially in the Highlands, but the data
were {oo variable for comparison., The overall
prevalence is probably higher than in mosi Western

commumnities,

It wvas found impossible to relate in any way periodonial
4

digease {o diet, except that Kirkpatricl;(z*) claimed {o

have found a significant difference for suppurative

periodontitis between taro and gago eaters at Manus.

Except by Sinclair(sg), whose data wer anyway drawn from

too small a range, no relationship between caries and

gingival - and periodontal disease could he eptablished.

Betelnut chewing and its possible relation to oral hyper-

keratogis has been discussed.

The fluorine -conceniration in the drinking water was found to

be low.

The diet of the villags native was in general considered to

be poorly balanced and to be deficient in proteins, especially

2
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in those of animal origin, and in fats; probably adequate in

“calories, minorals and vitaming; but excessive in carbo-

hydrates.

As civilisation is making iis inroads on the primitive races
of New Guinea, data of the type supplied hy these surveys
are becoming scarcer. The time available to uﬁdertake
more of this {ype of studies ig therefore becoming very

Himited.

12
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