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CHAPTER TIII °

RESULTS AND DISCUSSION

As stated earlier, data were obtained onithe diéta:y
-intake of pre-school children in the village of Raipura.
The typical meal consumed by the children in this age group
in the lower and upper socio-sconomic groups and its compo-
sition and nutritive value are shown in Tables 13; 14, and
iS. ‘It can be seen from the same that the diet of the
children beionging to lower socio-economic group was
deficient in calories, protein, caleium, vitamin A and "

riboflavin.

As stated earlier combinations of wheat and bengal .
gram were evaluated in experiments I and II in order to
improve the protein quality of the diet. The result of these
experimenmqare shown in Tables 16 and 17,

It can be seen from the data of Table 16 that a mixture
of wheat and bengal gram combined in the ratios 1:1 and 2:1
gave the maximum weight gain and PER. This is to be perhaps -
expected on the basis of the amino acid composition of the
mixture as compared to the FAO reference pattern (Table 18),
The addition of bengal gram results not only in an appreciable
increase in lysine content,but also in smaller inereases in
the contents of arginine and histidine which are essential
for growth as well as threonine,-isoleucine, and valine, The

last two increases may be significant in view of the
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Table 15. Coumposition of the diet with regard to foodstuf
and nutrients, :

(1) Foodstuff* 4 ' Amount (g)
Lower class Upper class

Cereals (a) 140 75
Pulses (b) , 15 15
Groundnut Negligible
Leafy vegetables "5 5.
Other vegetables - ’ 30 50
Sugar or jaggery . 20 40
Milk (buffalo) 50 - BBO
Vegetable oils 10 10
Fruits Negligible 25

Eggs and Flesh foods _ nil ( , 5

(a) Bajra, wheat, rice, kodri (4:2:1:1) in the case of lower
class and wheat, rice (8:1) in ithe case of upper class.

(b) Mostly redgram (Cajamus cajam),

(ii) Nutrients¥¥

Calories ) 720 1250
Protein (g) 20 39
Calciunm (mg) 250 1200
Iron (mg) 19 13
Vitamin A (I.0.)

as carotene 590 1000

as preformed vitamin 80 1220

total 670 2220
Thiamine (mg) 0.6 0,7
Riboflavin (mg) 0id 0.9
Vitamin C (mg) ' 12,0 " 30.0

* From the raw foods equivalents of cooked foods using the
recipe method.

*#%* Calculated from values given for raw ingredients by
Aykroyd, Gopalan and Balasubramanian (1966).
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relatively high amount éf louecine in wheat, an excess of
which. inhibits the uwtilization of these amino acids and
may therefore inerease their dietary reéuiremeny (Harper,‘
Benton, and Elvehjem, 1955; Synderman, Cusworth,Roitman and .
Holt, 1959; Tannous, Rogers and Harper, 1963), It was
decided to choose the former proportion (1:1) im the foods
prepared as this gives a higher percentage of protein and
along with other'components resulted in a diet containing
15% protein calories. At the time of the study, hengal
gram was availahle in fair price shops at nearly the same
price as wheat, so that a higher proportion of bengal gram
could be used without bhoosting up the cost, However, if
‘the price structure favours wheat, a combination in the
ratio 2:1 might be just as good. Incidentally, the poor
people were seldom claiming their bengal gram rations as
they considered it a frill item and it was hoped that the
liberal use of bengal gram at the centre would educate the
parents about substituting pengal gram for part of the

wheat in their preparations,

The superior protein value of a wheat, bengal gram
mixture as compared to that of either wheat or bengal gram
is consistent with the results of previous experiments
(Phansalkaré Ramachandran and Patwardhan, 1957; Tambe,

1065) and the amino acid composition of either (Table 18),
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The greater amount of calcium in the femur and tibia
of animals fed the mixtnfes is consistent with the increase
in lysine which is believed to promote calcium utilization;
anﬁ'improvement in protein quality which may be equcted to
improve calcium status on the basis of studies carried out
préviously in this laboratery (Rajalakshmi, R. and |
PrasannakumarimZﬁhpublished; Rajalakshmi, R, and Saraswathi,S.
‘unpubl ished). The small differences in calcium intake
cannot be held responsible for the phenomenon as in that
_case the group fed om bengal gram shonld show maximum

calcification,

As stated eétlier. it was considered desirable to add
groundnut to the wheat and bengal gram mixture used for
. making 'conjee' in order to give it & more creamy and
acceptable taste and to increase its-galorie value. A few
drops of corn or cottonseed oil have been added to Laubina
(scLaren, 196?))but ii was found that fat in the form of
groundnut was much more aecéptahle.Also, groundnut gives
more food value for momey spent than oil (i kg. of oil cosis
R5.2.70 and gives 9000 calories and no protgin.whe?eas 1 kg, of
groundnut costs B5.1.80 and gives 250 g. protein and 5600
calories and 1 kg. of bengal grém costing Bs.2.00 gives
8700 calories and 200 g. of protein}, But, as groundnut is
deficient in lysine-and methionine, an experiment was e;rried

out to investigate whether the addition of groundnut atfects

' Ll
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gdveréely the protein quality offﬁheat,.bengal gram m;xture
and whether it can be feversed by milk which 1is :ich in
methionine. The results of this experiment are presented
in Table 17 from which it can be .seen that addition of
grouhdnut has no adverse effect on weight gain orxcalcium‘
content, The small deecrease in PER, which mﬁst be presuged |
to be partly due to the higher protein content, can hardly
be relevant from the standpoint of practical nutrition for
which weight gain is perhaps more rélevﬁnt. The fprther,‘
addition of skim milk as might be expected, increases thg
nutfitive value of the mixture, - Nevertheless it 1s 1ntg?eéting
to note that the wheat, bengal,gram, groundnut mixture
compare favourably with the wheat, milk powder diet which

was used as a standard.

The lack of an adverse effect following the addition
of gréundnnt which might be expected to have an unfavourable
effect on aminoacid 5a1anee must be attribﬁted'to tﬁe fact
thﬁt at higher levels of protein intake, suoh,effecta do not
operate to the same degree (Fisher, Brush, Shapiro, Wessels,

Berdanier, Griminger and Sostman, 1963).

No significant. differences are found in the'caloium. ,
status of animals~1n the different grouﬁs¢ Tﬁe éreater
amounts of femur calcium in this experiment as compared to
the previous one is believed tg be because of the fact that
the anima}s>in this experiment were 5 weeks older at the

time of death,
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As stated earlier, the feasibility of incorporating
lime or lime water in foods was investigafed. Preliminary
studies showed that incorporation of lime water in nén—acid
foods destroyed a substantial proportion of the vitamins
for a small increase in calcium content (Table 19)+ Similar
results have been reported by Pasricha and Rao (1965). This
was therefore dismissed as a poor bargain and the incorpora-
tion of lime powder in acid foodslattempted. The effects of
such addition ai différent leveis, on pH, acceptability ‘

calcium and vitamrin content are shown in Tables 20 and 21,

The availability of the lime so incorporated in a
selected food 'dhokla' served for lunch at the centre was
investigated in an animal experiment, the results of which

are shown in Tabhles22 and 23,

Inspite of equal food intake and weight gain in the
three groups, animals fed lime-incorporated 'dhokla' showed
a significant superiority over those fed the basal diet with
fegard to calecium retained per gram of body weight gain as
well as bone develoPmeht and calecification. The radiographs
taken also confirmed these findings. (Plates, 1,2, and 3).
The somewhat better caleium status of the animals fed lime
‘incorporated 'dhokla' compared to those fed a mixture of
salts may be due to lime being converted to calcium lactaté
when added to 'dhokla'! as the acidity of fermented foods ﬁas
been found’to be almost entirely due to the laectic acid formed

during fermentation,



K

Jojem OuLy (8967 ‘oey
g 99 0e 09 3O WOTLIPPE pUBR BYITISRJ)
‘Y3ras JurNooy 801y
_ 81y ZJ-8 I0%
A4 oe 9% 00T . IDjesn oMLY seed
) uy Juideols peoysnyaqg
say gi-g I0J ,
0g €e 0g g8 a93Bn SWIY mexdeduoq
_ , uy Surdselg . payxsnyaq
' squeTpossut . *3 00%
UTARLY suTw AIp JO Zod psqx
-0qTY -2 Y] 2 001/3u ~osqge (um)
unEoyes utr 8988 2WBLY
I0 8807 oFejUa013] aspaxouy Jo junomy TUSWILOLY, JInaspooyd
*1UO3U0H UTUWSFTA PUR EWNIOTERD U
SpooF PIOB UOU U0 JOjrid SWIT JO UOCTIPPE JO 30930 °*6T °14e)



N
Fan g

UT STen 3yFIem jom WO PUB £ puUT 2

*C pur ¥ SUOLT JO 9sed 9UL

‘T smo1T JO 9SEO oY} UT SJUSTIPAITUT Aap Jo F00T x9d aaw saniep

*omyy
pooy gIT g'g 082 U}IR POTeI} pue Iaul 08 103y tmaegqng
pooyn 0 T°¥ 0 -390 pauInyd omy Oy, o2 pInd Inog Inog °g
*poqotduoco
SuToed oy} pue
poppe FSuituoseas puw 3 1es
‘pornf{ prraeme] pejesry
oWty ‘poyooo jsowye
. etqeqd S1 oam)XIW oY] uweuy - Q°Z putIewne J 0TI
-890uv JON 008 g°g 00g° ponuIIN00 JUIJ00O oY} pue - sax U3FA posn
pooy 09 0°9 -0t T¥p peyooo Afreised ct SOTABIO58A " (yg0aq)
pooy 0 0°*g 0 0} pappe ssrqeilefep T 1ep aﬁkmuom4 deyqquesg *y
orqugd ,
-990¥ jON 0%¢ G*8 0gs
pooy ovT g‘9 0ge
pooy 0 g°¢ 0 eIYoOYp J0F sB 00T 1ep meaFreSueg ueueyy °¢
arqead *peomesass roont {puiosd’
~900® 40N ()7 g°8 00071 pue pojrarl~ oWTIT g¢ A(8m7y 1w uvalioniy
pooy 08T 0°9 0g¥ ‘pojuemiay os3 oy} , . (punoxs _
pooy o - Ly o uoxy peoaudead xeggeg L9 A1e8AR00) 201y TIPI °*&
o1qesd 009 c*g 00ST *pouosesn .
-3008 q0N pue poedILs ‘perood
poo3 Axop 002 £°9 00% ‘pomealrs ‘psjvedy oe 18p meif[elueg
~ouiT‘pojucnIoy oM} oY) 1% eya .
pooy 0 0°¢ 0 moxy poesedead zagqmyg oc punioxs %aomﬁﬁou L erOYQ ¥
JU9lU0D xDoppe
unLd T80 Jopuaod
ur (Jm) SWET -
Jurqea oseoiout Jo (8u) (3) . : b
Lxosuas Bd Junowe arapesoxd unome; - SJuULIpaIFAT JInyspoog
- +£9111qvqd000E"

pue unioieo ‘ygd uwo spooJ proe ui :ow¢ﬁhomhoo=w Japunod swIT Jo 102FFH/ °0% °TdBL

x,
[

s



A,:
€D

Table 21, Effect of lime powder incorporation in acid foods .om b
thiamine and riboflavin content,

Foodstuff Amount pH Thiamine  Perce- Ribo~ Perce~
of lime Ag pex ntage flavin ntage
powder 100 g¥ loss /ug/100g*  loss
added :
mg/100g

i, Dhokla 0 5.0 422 . - - 430 -
(410~434) {410-450)
" 500 6,3 402 4.7 420 2.3
(398-406) . {(410~-430) .
" 1500 8.5 326 - 22 260 39
' , (801-350) (210-290) :
2. Iali 0 4.7 4% - 495 . -
‘ ' (477~498) (470-510)
" 450 6.0 443 9.5 446 9.9
(440-447) (420-460)
" 1000 8.5 303 38 420 25
(280-320) {400-460)
3. Khaman 1] 5.2 ' 630 - 886 . -
(628-632) (874-888)
" 350 6.5 617 2,5 818 . 7.6
, (615-619) (816-~820)
n 850 8.5 445 28 731 17
‘ (420-460) (720-740)
4, Sambhar 0 5.6 589 - 746 -
(580-598) {739~758)
" 150 6.0 554 5.6 696 6.8
(550~558) (630-702)
" 500 8.5 439 25 508 -
(437-441) {500-512)
5. ?utter milk
curd mixed ’

with water 0 4.1 (9 5012) - 33 -

in the ratio)

1: 4 280 5.5 10 0 31 6

* ‘on dry weight basis for 1,2 and 3 and wet weight basis for 4 and 5.
Values are means with range shown in parentheses.
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Table 22, Food intake, weight gain and ealcium retention in
rats fed 'dhokla' with and without lime powder

+

st

.weight gain

) treatment
Diet
S I I1X
Dhokla Dhokla lime Dhokla with
treatéd* addition of -
calcium salt*¥
Calcium content - 140 340 340
of diet(mg/100g) t .
* Food intake (g) 8.9 8.5 8.5 .

' per'day A : , "
Weight gain (g) 6648.5 66+3.1 57+4.8
in four weeks .

Hembglobin S ‘ ' .
content of . 11.640.3 11:640.4 11.8+0.8 -
- blood (g#) Y
" Balance studies. for 6:daxs
Caleium intake 75+2.9 1684+5.3 179+4.4
(mg) (65=89) (157-197) (153-193)
Feeal calcium C 2141,7 62+ 3 18+8.1
(mg) | - (14=27) (46 = 75) (62 = o1)
Urinary calecium 440.46 639.58 6+0.72
(mg) (2-5) (3-8) (2-19)
Amount, of 5042.4 1004+6.0 954+5.7
caleium retained (42«63) (74 <124) (60 -113)
(mg)
Caleium retained 0.36+0,02 0,78+0,06 0.71*0 04
as percentage of (0.30-0.49) (0.57=1. 1) (0.45-0.83)

- * 500 mg. of lime powder added to batter prepared from 100 g.

of dry material.

- xR 750 mg, of a mixture of calcium carbonate, calcium ,
phosphate and caleium citrate (46:19:11) added to 100 g.

of dry food.

Values are means + S.E.'s with range shown in parentheses.
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Plate 1. Radiograph photo of right tibia of rats fed
dhokla alone. '

T S

PR

Plate 2. -Radicgraph photo of right tibia of rats fed
‘dhokla lime treated. ' = '

Plate 3. Radiograph phlioto of right tibia of rats fed
dhokla with calcium saltsg

—
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The results of the semsory, chemical, and biological
studies suggest that lime incorporation to acid{féods is a
simple and inexpensive way of increasing the caleium content
of foods. Housewives can be easily eduoéted to make such
incorporation by adding about 1/4 tea spoon of lime powder
for about two cups of batter or other acid foods(using the '

maintenance of the acid taste as a criterion.

Regarding caroctene, independent investigations in this
laboratory have shown that caroiene in leafy vegetables has

fair availability (Table 24) (Rajalakshmi and Chari, 1968).

For the preparation of conjee from wheat and bengal
gram, wheat was presoaked in watgr for a few hours and
allowed to sprout for about twelve to twenty four hours,
dried partially in the shade, roasted and ground. Bengal
gram dal was steeped in water, dried similarly and roasted.
This was domne in order to improve acceptability, nutritive
value and digestibility. Studies being carried out by
another investigator (Kaushik, unpublished) show that
sprouting of cereals and pulses increase their riboflavin
and niacin contents. Similarly,studies being carried out
suggest that roasting may not affect the nutritive value of
the food mixturé. In this connection heat treatment of
legumes is found to result in an improvement in nutritive
value (Aykroyd and Daughty, 1964). Previous studies in this

laboratory showed that sprouted and roasted bajra (Pennisetum



Table 24, Vitamin A content of serum and liver in
rats fed different leaf greemns™*

8

Leaf green

Vitamin A in

vitamin A

Vitamin A Vitamin A
used value . liver (i.u. in serum
: (i.u. per per g of ' (pg per
day per fresh weighty 100 ml)
rat)**
‘Amaranth ’
(Amarantus 23 90 + 5.2 21,3 + 1.3
Gangeticus) : o
.Colacasia , .
(Colacasia 23 96 + 6.0 20.2 + 2.6
esculenta) .
Drumstick
(Moringa 26 153 + 11,0 17.0 + 1.4
ollifera) '
?enugrgek
Trigonella ‘“ ey
foenum- 25 210 # 7.0 21.1 + 1.1
graecum)
Sginach ) )
(Spinacera 19 197 + 15.2 24.7 + 1.8
-oleracea)
Standard 38 280 + 22.0 17.2 + 2.9

Values are means + S.E.'s.

% Rajalakshmi and Chari (1968).
of vitamin A acetate and0.6 pg

*%0,3

as equal toli.u.

of }B-ca,rotém taken
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typhoideum) have a greater nutritive value than raw bajra

(RajalakshmiRénd Ila Patel, unpublished).

Similé&ly, fermentation involved in the preparation
of dhokla from wheat and bengal gram was found to result in
an improvement in nutritive value (Table 25). Similar
increases with fermentation have been reported by other

) Radhakrishna
investigators (Aykroyd and Doughty, 1964;/Rao, 1964),
Previous studies in this laboratory had shownthe benefiecial

effects of fermentation on growth and body composition of

rats (Rajalakshmi and Vanaja, 1967).

As stated in the previous chapter, the diets fed at
the baby centre and whole day diets consumed by experimental -
.and control children were fed to rats., The results of
this experiment (Expt. IV) are shown in Table 26. It can
be seen from the same that the diet fed at the cenire has
a superior nutritive value as compared to the home diet in
terms of the criteria employed. It is interesting to note
that the imprevement brought about by simple changes in the
diet resulfed not only in better growth and body composition
but also in greater activities of brain enzymes and improved
learning performance. These results are believed to be due
to ﬁhe improvement brought about in the nutritive value of
the diet with regard to protein, vitamins and minerals. In
this conneetion previous studies in this laboratory have

shown the relation between the content aud quality of proiein



Table 25, Etfeot of fermentation on thiamine,
riboflavin and niaein content of certain
foods

ng per 100 g. of dry ingredients

* before after % increase
fermentation fermentation .

‘Thiamine in

Dhokla* 0,36 ' | 0,42 16
T Ta1iwx 0,24 0.49 . 104

Riboflavin in

Dhokla | 0.31 0‘43’ B

Iari . 0426 x | 0,49 f. 88

ngman 0.56 - 0.88" s
Niacin in

Dhokla | 1.11 | 2{40‘ .110 o

raut 1,18  aam 95

%  Ingredients are wheat and bengalgram dal (1:i)
iy %ngr§dients are rice and blackgram dal (Phaseolus mungo)
{4:1 ' ' ’ :
*##% Ingredient is bengalgram dal.
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Table 26, Biological data, cerebral enzymes, liver enzymes
and psychological performance of rats fed home
diet, home plus fermulated diet and formulated
diet. ’

Home diet Diet at centre Diet at
+ diet at home the centre

Body composition

Weight gain (g) in 70 + 6.5 685 + 4.8 90 + 4.9
8 weeks '

Blood hemoglobin 13.5 & 0.14 13.5 + 0,14 14,0 & 0.12
(g/100 m1) :

Cerebrel enzymes (Enzyme units/g wet weight)

L~glutamate: NAD-~ 61 + 0,88 65 + 0,71 66 + 0.80
oxidoreductase

L-glutamate: i~ i6 + 0,91 19 + 0.82 23 + 0.61
carboxylase

4-aminobutyrate: 22 + 0.54 24 + 0,63 26 + 0.61

2-oxoglutarate
aminotransferase

Liver enzymes

Xanthine oxidase® 6.2+ 0.10 7.6 & 0.13 7.6 + 0.06
(activity number)

Succinate dehydro-~ 18,5 + 0.28 22.0 + 0.42 29,5 & 0,91
genase¥* -

Psychological performance

Error scores an the 241 &+ 9.2 184 + 13.4 171 + 11,7
Hebb~-Williams Maze .

Values are means + S.E.'s

* Time required for reduction of methylene blue at 3708 under
assay conditions.

*¥ umeles of 2,3,4,Triphenyl tetrazolium chloride reduced ﬂgr
g of wet tlssue per hour at 37°C under assay condltions.

r
%
i
}



in the diet on learning performance and brain enzymes
(Rajalakshmi, Govindarajan and Ramakrishnan, 1965;
Rajalakshmi, Pillai and Ramakrishnan, 1968). Preliminary
studies suggestisimilar relation with regard to vitamin A
(Rajalakshmi and her associates, unpublished). It is not
surprising that a global improvement of the diet results

in similar changes. It is significant that this improvement
is achieved with relatively minor changes in the diet

accomplished without much inecrease in cost.

Field trials during 1965-66

Comparative data on the status of different groups at
the start of the investigations are shown in Tables 27 to 33.
It can be seen from the same that the experimentals and
controls were matched with regard to the parameters
measured. The upper class children on whom comparative
data were collected during the second session were superior
in physieal, e¢linical and biochemical status and had better
dietary intake. A question may be raised regarding the
validity of the comparison made with the uppef class children
who were studied after the conclusion of the first session.
Unpublished studies carried out in the department on upper
class families show mno change in dietary pattefns between the
years 1965-66 and 1966~67., Ve therefqre feel justified in
using the data for comparative purposes for the studies

made in both years.
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Table 28, Composition of the diets consumed by
different groups at the start of the

investigations
Foodstuf?® Approximate amount (g) consumed
per day {(a) =~
Fed children  Controls Upper class
. (1965 Nov) (1966 Nov)
Cereals and 125 140 75
‘millets (b)
Pulses (c) 15 15 15
Groundnut - o~ ~ -~ ~--negligible -~ -
Leafy ﬁegetables 5 .5 ‘ 5
Other vugetableg 30 30 50
Sugar or jaggery 20 20 40
Milk (buffalo) 60 50 550
Vegetable oils 10 10 10
Fruits - negligible 25

Eggs and flesh foods nil nil 5

(a) Values derived from records of food intake using the
recipe method,

(v) Bajra, wheat, rice"f@%ari,‘taken in the proportion of
4:2:4:1 in the case of controls and experimentals and
wheat and rice taken in the proportion of 8:1 in the
case of upper class,

(c¢) Mostly redgram. '
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"Table 30, ¢Clinical status of children in the
. different groups at the start of the

investigations
Cliniecal symptoms No.and percentage having symptoms(c)
showing deficieney
of (a)
Fed children Contrels Upper class
(n = 25) (n = 20) (n = 20)
1965 Nov. 1965 Nov. 1966 Nov,
Calories
(1) stuntea o (36) 7 (35) 0 (0)
physieal
growth(a)
(ii)adipose tissue 6 (24) s (as) . 0 (0}
deficient :
Protein 10 {40) 8 (40) o (0)
Vitamin A 16 (64) 10 (50) 2 (10)
Riboflavin . 5 (20) 4 (20) 0 (0)
Clinical assessment .
score (ICMR,1948) (b) ,
0 3 (12) 2 (10) 18 (90)
i-3 7 (28) 6 (30) 2 (10)
4 -~ 6 o (36) 6 (30) 0 (0)
7 - 10 4 (16) 6 (30) o (0)
ahove 10 2 (8) o (0) o (0)

(2) Children having less than 75% of the average body weight
of upper class children.

(b) Zero scors indicates normal clinical status and the
scores increase with deficiency symptoms.

(e} Prercentages shown in parentheses.

(d4) Criteria used for assessment of deficiency are shown
in Table 30a.



Table 30a. Criteria used for assessment of clinieal status

Deficient Nutrient Item No., in Symptoms
. . the ICMR :
Schedule
Vitamin A 7 Conjunctiva slightly dry

on exposure for % minute,
- lack of luster & Bitots!

spots,
v * 8 Slight discolouration of
. conjunctiva,
Riboflavin ' 17 Tongue .pale but not
coated -
" 18 Tongue fissured
Vitamin C ~ 20 . Bleeding gums
Protein 8 Pigmentation of
conjunctiva
" . 23 Dry, brittle aml lusterless
hair,
" 24 Dry, rough and lusterless
skin.
n ‘ 31 Oedema
n 35 Diarrhoea.
Calcium ‘ - 32 Stigmata of past rickets.
Anaemia - Pale appearance.

- * 20 Pyorrhoea
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The diets sp;cified in Table 8 were given to the
children for 154 days out of 180 days. But many of the.
. children were not regular in attendance and the average
attendance worked out to 56% (Table 34). This means that
the children were fed on an average for only 48% of the
total period. Consequently,the overall dietary intake of
the fed children during the entire period under study was
different from that on days when they took the meal at
centre, as seen from Table 35, with the result that the
dietary intake of the children was less than the amount
intended for many of the <foodstuffs., The resulting
- differences and the nutrient content of the diets consumed

are shown in Table 36.

Inspite of the above limitations, there was considerable
improvément in the physical status of the fed children as |
can be seen from Table 37.  The increment obtained in weight
compares favourably with that in the upper class studied.
This is probably because the fed children had an acceleratead
growth with an appreciable improvement in the diet. Similar
findings have been reported by many investigators
(Subrahmanyan, Reddy, Moorjani, Sur, Doraiswamy, Sankaran,
Bhatia and Swaminathan, 1954; Srikantia and Gopalan, 1961;
Parpia, 1966b). It is a common finding that children
previously undernourished and thenrehabilitated show a

greater rate of weight gain than children with a normal rate



‘Table 34. Attendance of the children fed at the play centre
(1965 Nov. - 1966 April)

No. of childrén
Period of treatment
No. of days diet was:prqvided

Average attendance at the cenire
as percentage of the days fed e

No. of children with attendance
above average and their mean
attendance (a)

No. of children with attendance
below average and their mean
attendance (a)

a5

‘180 days

154 days

56 %

15 (70%)

10 (36%)

(a) Shown in perentheses.
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of growth, Similar*étudiQBVhaye,been made in animal subjects_
in this laboratory (Rajalakshmi,R., Pillai,K.R., Thomas N,T.
;nd Mehta, A.R., unpublished). As may be expected ohildfen
with less attendance showed a smaller weight gain than
children with a greater attendance. The controls had poor
weight gain. The data on height show a similar pattern,

' except for the fact that the increment in height of the fed

children was less than that of the upper class children,

The change in the clinical status of the fed and coéﬁrel
" ¢hildren during the period of treatment is shown in Table 38,
" It must be emphasized in this commection that the clinical
examinatiog was done byDr., K. Bagchi, Nutrition Adviser to.‘

. the Government.of India and he was not aware to which groups
the subjects were assigned. 1In the fed group with a better
attendance 53% were found to be free from clinical deficiency
symptoms as against 6,6% initially, The percentage with
high deficiency scores above 5 changed from 60% to 13%. A
smaller degree of improvement is found in the fed childrenl
with less attendance, The improvement cammot be attributed
t0 seasonal variations in food intake or factors such as
infection or requirementé as no such improvement is found in
the control group. Protein deficiency symptoms were found
to clear in 9 out of the 10 children. Vitamin A deficiency
symptéms were found to clear in 10 out of ;é children and’

riboflavin in all, The question may be raised as to how far



Table 38, Change in the clinical status of fed and control

children during 1965 Nov, - 1966 April.
(No.and percentage (¢} showing symptoms)

Controls

Clinieal Fed children having attendance
symptoms ' (n = 20)
showing (36% (n = 10) 70% (n = 15)
deficiency e .
of :‘(d) Inttial Final  Initial Final Initial Final
Calories '

(i} stunted 4(40) 2(20) 5(33) 1(66) 7(35) 8(40)
physical . -
growth(a)

(ii) adipose 2¢20) o( oy -4(28) o( 0) 5(25) 5(25)
tissue -
deficient

Protein 2{20}) | 1(10) 8{53) of( o) g8(40) 6(30)
Vitamin A 6(60) 4(40) 10(66) 2(13.2) 10(50) 9(45)
Riboflavin 2(20) o{ o) 3(18) o( 0) 4(20) 3(15)
Clinical
assessment {b)
score(ICMR 1948) :
0 2(20) 4(40) 1(6.6) '&(53) 2(10) 2(10)
1 -3 2(20)  2(20) 5(33) 5(33) 6(30) 7(3%)
4-6 3(30) 3(30) 6(40) 1(6.6) 6(30) 8(40)
7 - 10 2(20) 1(10) 2(13)  1(6.6) 6(30) 3(15)
above 10 ;(10) 1(6.6) 0 0) 0(‘0) o( o)

o( o)

(a) Children having less than 75% of the average body weight of
upper c¢lass children,

(b) Zero score indicates normal eclinical status, and the scores
increase with deficiency symptoms.

(¢) Perecentages %Elecwn in parentheses.
{d) Criteria used indicated 'in Table 30a..
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symptoms attributéd to riboflavin deficiency are due to
other féctors.Although glossitis and cormeal vasculari-
sation may oceur due to other deficiencies, ribof;avin
defiéiency is' a reasonable diagnosis when the diet is
deficient in the vitamin. This view has also been expressed
by Goldsmith (1964)., A clinical deficienoy of adipose tissue
was not found in any of the fed ehiléren at the end of
treétmént; There was no significant change in the control

i

groupe.

It is to be noted that the fed children with a better
attendanee compare with upper classlchii&ren in elinical
. status with regard to protein, vitamin A~anq ribfflavin. The
ehanges‘in the éompqsition of blood and;séruﬁ in the fed and
control children are shown in Table 39, There is a signi-
ficant improvement in the fed children as judged by all the
parameters employed, No such improvement is evident in the
control children. As may Bg expected, the improvement is
greater in children with more regular attendance. The
biochemical status of this éroup compared with that of wupper
class children as can be seen from Table 40 and there is mo
significaht diffefence betweeﬁ the’two‘grbups with;regard to
ény of the parameters measured except serum protein. It is '
encouraging to note this ,to he the case, inspite of differences
in food intake between the fed children and upper‘class children

shown previously in Table 36, and inspite of the previously poor
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Table ’,41)"1: Comparative data on the biochemical status of fed

children with upper class (a)

Fed children having

Upper class

creatinine)

attendance 7T0% n = 20)

{n = 15) 1965 Nov, 1966 Nov. to

to 1966 April. 1967 April
Increment in 1.7 £ 0.12 1.0 % 0.4
weight (kg) ’
Increment in 3,1 % 0.13 3.6 + 0,35
height (em) .

' 1966 April* 1966 Nov,**
Hemoglobin in 10,7 & 0,40 11,4 & 0,33
blood (z%)

Serum (per 100 ml) .
protein (g) 6.5 % 0.03 6.9 &+ 0.12
albumin (B) 440 £ 0,00 3.9 & 0,13
vitamin € (mg) 0.50 + 0,08 ° 0.66 + 0,11
carotene {(mg) 76 + 5.2 .86 + 7.6
vitamin E (mg) \ 0.65 Ly 0.04 0,70 + 0,25
alkaline 4,9 # 0,.3, §.6 + 0,3
phosphatase (b) :

Urine
creatinine (mg/100 ml) 46 + 6 46 + 5
vitamin C (mg/z . ‘144 &+ 24 756 % 9.5
ereatinine) ‘
thiamine {(mg/g 2179 & 250 2437 + 234
creatinine) '
riboflavin (ng/e 1535 & 212 2062 + 172
creatinine) . : c

.. nitrogen (g/g 15,6 % 1,5 20,3 + 1.2

(a) Values are means & S.E.'s

(b) Millimoles of p-nitrophenylphosphate split per litre

per hour.

* Investigated in 1966 Aprn.
*® Investigated in 1966 Nov,
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nutritional status of the fed children. We can therefore

‘conclude that the diets formulated are reasonably adequate

for children in this age group. The difference in serum

protein may be due to the difference in average protein

intake between the two‘gfoups,’ This difference would not

have existed, if the diet formulated have been available to

" the child on all days as can be Seen from Table 36.

The changes in the compositioﬁ of urine are presentéd

% in Tableifd) The same pattern of differences between the

fed and control children is found, differences varying with

attendance at the feeding centré; The significant increase

in the exeretion of creatinine (Tables 41 and 42) show an

increased rate of endogenous protein metabolism, It is well

. known that the same is decéreased in conditions of under- \

nourishment. (Arroyave, 1962). The urinary excretion of
vitamins is found to inerease in the fed children both in
absolute terms and as expréssed per g. of creatinine. The
latter is evident inspite of the inerease in creatinine

excretion itself, The values compare with those of upper

/ class children (Table 42) except perhaps in the case of

oY
g nitrogen/g creatinine (Table/dczg
U

A question may be raised regarding fﬁe validity of

extrapolating forf24 hours from values derived for 4 hours.

-

The rate of excretion of many urinary constituents is

believed to be more or less uniform during the day (Arroyave,

1962), However the validity of this approach was investigated
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in a selected subjlect and the data arve presented (Table 43).

The extrapolated values are found to be in close agreement

with actual values,

The biochemical status of the different groﬁps studied
is considered in terms of standards laid dcwnviﬁ the iFNNb
laboratory menual for nutrition surveys (1963). Except in
the case of hemoglobin, iess than 10% of the fed children are
found to have deficient values and a high pfOpoition afe
found to have acceptabie valuées (Table 44). The urine values

‘with fegard to riboflavin were not found to be seriously
deficient even in the coﬁtrﬁl ehildren although many of them
are found to havé clinical deficiency symptoms. Similar

: obsef#ationa have been madée in ingependent invest;gations

in this laboratory on school children and adult women includ-
ing pregnant and lactating., These studies raise questions
regarding the validity of the norms suggested by the ICNND
(1963) for riboflavin excretion in wrine. However, the extra-
polated values derived for the amounts exoreted are consistent

with data on dietary iniake.

In using thevﬁmount of riboflavin per g. of ecrestinine
‘as an inﬂex of riboflavin status it is assumed that riboflavin
exeretion will be proportional to creatinine excretion.
Gﬁildren excrete less creatinine than adults and the volume

of urine is also less, so that the values may become
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exageerated when expressed in terms of amount per g. of
ereatinine. It would therefore seem moyre reasonable to

cousider 24 hour excretiun‘as we should expeot that a signifi- -
cant préportipn of vitamin consumed would spill over in the
urire and that this amount would vary with the nuiriture of

the subjeet with regard to this vitamin;

- An output of more than 200 /ug in 24 hours is considered’
satisfactory. (Horwitt, Harvey, Hills, Liebert, 1959). Further
it wonld scem reascunable to extrapolate from 4 hour values
for 24 hour excretion, as exoretlon in 4 hour has been found
to be proportional to that in 24 hour (Horwitt, Harvey, Hills,
Liebert, 1950). As stated earlier, this has been fonfirmed in

., a selected subject studied in this laboratory,

Field trials during 1966-67

Data on the results of investiigatioms carried out im
1966;67 are presented in Table 45. The different groﬁps are
' found to be reasonably mateched with regard to height and
weight at the beginning of the study,The eliniecal status of
the subjects at the start of the investigations are shown in
Table 46. The initial status of the fed and control children.
are somewhat better than that of the previous year hecause
both groups included some children belonging to the experimental

group in the previous year.

The attendance this year was found to be much higher than

in the previous year (Table 47). This was because of better



108

Table 45, Age, s&x, height; weight nond cconomic status of ,
different groups at the start of the investigation

in 1966

Fed-childron{a) - Controls{n)

Upper class{e)

. 1966 Oote {1966 Nov, )
Age (yoars) 4.5 de4 . 8,8
{ 1.5~5.0 )

( 256,56 )

No.of subjeets

boys ’ 10
girls 13
total a3
Height { on)* 03,932, &
‘ {74,0-~106,8)
Weight (kg)* © 12,240.51

{800 "“"iﬁgS)

Ineomo (rupsos  less than
per wonth pey
farally) 100

{ 2.5-6.5 )
s
8
14

53‘4.4}_‘.-9
{83,0~105,0)

- 120‘3’{3"55
{Bs0 =18.5)

loss thon
160

20

00 T22.3
{73,0-108.0)

12,840, 74
(8;0 "’1?'9}

more than
300

(a) Includes $2 subjeots from the fed group and soven suhjoots

from the conirel group of previcus year.

-

{d) Inecludos 5 subjoots from tho fed group and feur subjects
from the cantroligraup of the provious yoar,

(¢) The subjocis in this were same &g shown in provious

tables.,

# Volues are means with S.E.'s and range shown in parenthoscs,
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Table 46, Clinical status of children in different groups at
the start of investigations in 1966.

Clinical " No. and percentage (c¢) showing symptoms
symptoms
showing Fed children Controls Upper olass
deficiency {n = 33) (n = 14) n = 20)
ot : : ~1066 0t~ -1966 Nov.-
Calories
(1) stunted 10 (30) 4 (28) o (o)
physical
growth(a)
(11) adipose 8 (24) 3 (21) o (0)
tissue
deficient
Protein 10 (30) 5 (35) "~ 0 (0)
Vitamin A 11 (33) 6 (42} 2 (10)
Riboflavin 2 (6) 2 (14) . o (o)

Clinical assessment
Score (ICMR,1948)(b)

0 | 7 (2e1) 1 (1) 18 (90)
1 ~383 ' 9 (27) 4 (28) 2 (10)
4 -6 . 12 (36) 6 (42) 0 {0)
7 ~10° 5 (15) 3 (zii o (0)

(a) Children having less than 75% of the average body weight
of upper class children.

(b) Zera score indicates normal olinicsl status and the score
increases with deficianey symploms: -

(e) Percentage Valnes are shown in parentheses.
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Table 47, Attendancoe of the children fod at the play centre
(3066 Ootaber to 1967 Pebruary)

No. of chitldren . 33

Period of treatmont ' 150 days
No, of days diet was provided 122
Average attandance at the contre as | 80 %

percentoge of days fed. -

No. of childron with atteondance » 20 (95%)
above average and their moan
attendance{a)

No., of children with attendance 13 {eod)
bolow average and thelr mean
attendonce(a)

(a) Shown in parantheses.
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cOOperation from the parents after they were assured that
no blood samples would be collected, Incidentallx)in the
prev1ous year, many of the parents believed that the
collections (0.3 - 0.5 ml of blood) was for blood banks
\jL\and complaime d that what -was being given at one hand wase

/
! peing taken away at the other,

The dletary intake of the different groups is shown
in Table 48. The diets fed at the centre differed from the
oﬁe fed in the precedlng year in the following respects,
Fruits were Omitfed, and skim milk powder was reduced from
12 to 2 g. Lime powder was incorporated in the fermented
foods prepared (Dhokla). The reduction in skim milk and
omission of fruit were dome in order to make the diets fed
at the centre closer to that at home andltq reduce the
increase‘in cost without seriously decreasing the'nntritive
_Wﬁiiue. Thé resulting decrease in calcium content was sought

to be compensated by incorporating lime powder in dhokla.

The nutrient content of the diets consumed by the
different groups is shown in Table 49. A somewhat greater
calorie consumption was found in the fed and control children
as compared to the prévibus year prﬁbably heeégse of
difference in age by about 0.6 years.and 0.9 yvears in the
case of controlsg and eiperimentaISa hpart from a decrease
in vitamin C content due to the omissmon of fruit, and

preformed vitamin A due to the reductzon in skim milk powder
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(which was enriched with vitamin A) there were no serious

differences in the mutritive value of the diets of the fed

children, . .

| The cﬁange in heights and weights of the fed children
as compared to that of controls is shown. in Teble 50, The
fedlehildren are found to show greaier increages in weight,
the children with a higher atiendance rate showing a greater
weight gain than the upper.elaSS'ehildren.Althodgh the
fed children shawed a gréatar inerement in height than the
controls, this was less than that in the upper class
subjects, Both these observations ave consistent with
those in the previcus year. The weight increments in the

two years were also comporable,

The elinical status of the different groups at the
beginning and at the end of staﬂy-is shown in Tabls 51,
There were no great differences between tﬁe clinical stabus
of the suhjeéts at the sfart of the first and secoud sessions
except with regard to the percentage of subjechs having Vitaminfx
. deficiency symptoms and of fhose~free from ﬂefigieney‘symptoms
although the subjeets in the latter ;nsluded some who wére
in the experimental group im thé previoﬁs vear, This wmight
have been because of épme'deterioration during thé period
1966 A§r11 to 1966 Getobgr, when the feeding programme was
not in operation. As«in the previons year the fed children

are found to show a significant improvement in clinical status.



115

.wwcpﬂwcaog 20UBPUIILY xx
S ers ¢ SUURE QXU SONTUA

g2*0 * 98 2% ¥ ¥ 2E*C F I ¥I'O ¥ 2'¢ 91°0 ¥ o2 (wo) sudrog
¥1°0 ¥ 0°1 wué 80 0F0T ST IO T 8'FT  80°0 F 0°% (8%} uSres
(02 = ®) {(¥1 = ©) {86 = u} (08 = w) (EF = B}
‘ . (FE . i1 ‘ ne
11 + 1 « S0 « 509
(rxady 2963 “eﬁ 1967~
- seRTo doddp HT0XJWOY - QOAPLTGS DPOA

poyaad Hawﬁaawua&us Buyanp sseyoe xoddn

o

puw sjozu0e aﬂ@h@ﬂgﬁ@ pex Jo judrea puw 3ydioy wy soluvyy *0g8 o1qeL



{15

Table 51, Change in elinicnl statnu of fod ami control eﬁaimmn
aurmg 1066 Ogt. to 1967 i‘ab.

Clinical - ,zm. and porcentagele) showing symptons

gymptoms .

showing Fed children baving atétendonee Controls
deficicnoy - . . -

of ¢ {60% {n = 13} g% {(n = 20) {n = 14)

¥

Initial Final Initial Fimsl  Initlal  Finel

21)

28)
85)
7}

7}
as)
85)
21)

Calorias
(1) stunte@  3(23) 1{8) 7(35) 1{5) 4{28) a{21)
rhysical SR '
growthia) '
(11)adipose 2(15) 0{0) 6{20) o{o)- 3(21) 3¢
tiasun ' ,
doficieont )
Protein 3(23) 1{7.7) 7(33)  1(5)  "s(3) 4
Vitamin A 4(31) 2(15) 738}  2(10)  6(42) o
Riboflavin 17,7 olo)y . 1(s) 6{0) a(sa)  1(
Clinical assessmont score {b)
0 . (8} 4(31) e(s0) (1) (7)) i
1-3 5(38)  6(46) 4(20) 3(18)  4(28) 5
£ -6 ~ 5(a8)  2(18)  7(35) 2(10)  ef{42)  o5(
7 - 10 2(18)  1(s1)  3(15) ofo)  3(21) B

{a) ¢Children having loss than T34 of the average body weight of
upper c¢lass children.

(b} Zorc seore indieate normal elinicel status amd the score
increase with deficionoy synptons. .

(o} Yerccntages are ghown in pareutheses.
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Hdere again, the elinical.exaﬁﬁnat;on was done by Dr. K.Bagehi,
‘Nutrition Adviser to the Gov¢gnmgnt of India, ﬁho‘was unaware
of the treaiment giygn tqbthe~subjects, The improvement is
found to be of the same order with a greater percentage in
the secénd‘year free from deficieney symptoms. The clinical
isfatus'of‘the fed children with a higher rate of attendance
compares reasonably with that of the upper class children at

the end of the session,

The data on urinavy éxc;etioh'of fed and econtrol children
aré given in Tables 52 and 53, The pattern of differemnces is
similar to that found in the p:e&ious yéar {Table 54). The
differences in the incvement in the excretion of some of the
constituents in the two experiments is believed to be
possibly due to the difference ih age of the smbjects,
differences in the peried of traaiment,‘and some differences
"in protein and riboflavin content of the diet. (The diet
provided at the centre in the first year'contained an extra

80 g. of skim milk powder).

Tﬁe results of radiological examination are shown in
Téhle 55+ The fed oh;lhren are found to have a superior
bone status in terms of ﬁhe parameters employed. However,
they are inferior to the upper class children..Thiaﬁay be
because the upper class children were receiving diets
adequate in ealcium content from birth onwards ﬁhereas thé
fed children had a previously poor intake and rétarded bone

development onr the basis of the data obtained in controls,
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Reaults of the radiologlcal exemination of the
right wrist and poalm of fed, control and upper
olass children.

Table 5B,

Upper class

" Fed ohildven  Control
‘having 95%
. attendance .
s o o s !.967 | <} PRT J6iNe 1968w
Numbor of subjeocts
hoys 1t 4
girls 6 4
total 11 11
Chronological age 4.9 5.0 4.4
{years) - ' (3-6,5) (3~6,5) ({3 -6)
Bone age (yoars) 4,7 » 4.7
(2 -7) (2 =7 {3.8~6,40)
" Done_eage < 100 064244 6625.3 10646,5
chronological age . (66-110) (50~-100) ( 55~125)
Nunber with normal - ~ ‘
ossifiontion centros 9 {53%) 2 (16%) 6 (100%)
Average o
No. ‘of ossification 448 3.2 4.7
centres . (2«7} (2 -7 {4 ~6)
No. with normal . : ‘ 4
caleitication 10 (60%) 2 (18%) 6 (100%)
© gtetus{a) :

(a) Significance

P < Gt
t = iq.B
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1t has been found that the respohse obtained with dietary
rehabilitation with regard:tq calcium may be slow and may
take as lohg as two years (Garn, 1966). It is encouraging
that the fed children have shown a significant improvement,
Typical radiographs of a selected subject from each group

are shown in plates 4, 5 and 64

The data on salivary amylase are given in Table 56,
It is interesting to note from the same that the activity‘
of this enzyme is greater in the fed children, As mentioned
earlie{>serum amylase is found to be lowered in‘protein
deficiéncy (Brock and Hansen, 1962). The results on
salivary amylase are consistent with this finding and

suggest the feasibility of using this simple procedure as

a measure for the assessment of nutritional status.

Table 56

Salivary amylase activity of £8d and control children

: Fed children Controls,
f n=13 ‘ - n= 10
Salivary amylase 326 + 11.14 b 280 + 9.0
mg; of maltose (285 - 389) (225 - 315)

liberated/3 m1nntes/m1
of saliva.

The data on psychological performance obtained by a
coinvestigator are shown in Table 5T. A significant
increase in the I1.Q. scores of the 'fed! children is evident

whereas no such increase is : found in the controls.However,
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the two groups differed not only in nutritional status but
also in environméhtal stimulation and it ié hard to conclude

that the increase was brought about by nutritional improve-

ment .,

It will be recalled that some of the subje cts used in
the second session also participated in the first session.
Table 58 gives comparative data on increments in weight
"found in different groups during different phases of the
investigations. It is interesting to nqte that the increments
were greater when the children were fed, and decreased, when
if gither the programme was not in Operatiop or the children
switched to the control group. A similar picture is found
when the incrgmeﬁt in weight is considered in relation to
increment in height (Table 59). <Similar data on urine values
bpreseﬁted in Table 60 give essentially the same picture, but
the increments obtained ;n the second year seem tolbe less
presumably because of differences in the age of the childrenﬂ
period of treatment and amounts consumed of protein and

riboflavin.

The present studies demonstrate that pre-school children
fed on mainly vegetable sources of foods can achieve an
adequate nutritional status, if the vegetable foods are

suitably combined and processed,
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Incremont in weight of fed and control ehildren
during porlods feoding and non-feeding

Moon incremont in wolght (hg)

Group affiliation
during peried

-~

Now, Y65 ‘ to Moy, :6@ to Ogt. : 86 to
Ed 131 I 11+ 111
Exptl.  Exptl. 1,63 © 0.28 1018
{n = 12) {0B~8.5) {=1,0=1,0) {0,0=2,0)
Exptl. | Coumtrol 1,03 2.30 . 0.5
(n=5) (6.8~2.0) (~045=1,0) {0.0~1,0)
Control Bxptl. 043 046 1:26
(n=17) (0.0-240) {~008-140)  {GeB=2,5)
Control  Control - 8,55 0.30 0s86
(ﬂ = 4 ) ‘(Goﬁ“zgﬁ) (*9&5’113) (QQG~QQ5>

Table'59.ﬁaﬁi6~o! increment in woight (kg) to incresent
. inm height (om) of fed snd control children

during poriods of feeding and non~feoding

Exptl. Txptle
in= 12)

Exptl. Control
' (Q~a 5) -
Control  Dxpbl.

(ne17)

Control Control
{n =4 )

. .54

- (040=0,77)

{1, 48
{0, 0-0,02)

0,23
{040=0.87)

0.27

(0.0~0,62)

0,665
(=0.,06-0,21)

0,09
{=0,18-0,29)}

0228

(*G;aaﬁﬁcaﬁ}‘

0.13
(-0, 27~0.42}

0,42
{0.0-0474)

0.24
{0, 0=0445)

O.41
{0eO~DeT9)

0430

{0400, 30)

*Fpoding. progratme not in operation during pericd IX.

Values are moon with range shown in porentheses.
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Table 60.. Change in the urinary excretion of fed and
aeontrol children during period of feeding and

~non~Teeding

(8) Hoan change in creatinine (mg/100 m})

Group affiliotion Nov.'65 to Moy '68 to  Oct.'66 to
daring period April,*686  Sapt, ‘6o Fab, '67
| 1065/66  1966/67 | | .
1 531 1 1 113
Exptl, Exptls +29 -21 +14
(ne 1) (7~30) («356-11) (~18-48)
Dxptl, Contrel  +13,8 2 #
(nea) (9-18) (-8 -12) (=1 -2 )
~ Contrel Exptle a5 -6 16 -
n=8) (~i~25)  (-25- 2) (4 ~35 )
(b) Moon change 1in vitamin C {(mz/g ocreatinine)
Beptl. Bxptls +118 -102 +74
(n = 11) (=10-322) («271- -17) (-B7- 202) -
Exntl, Control +126 ~408 +15
(n=23) (30 -223) {(~187- -31) (-7 - 8¢ )
Control Fxptle +28 v4 +46
(nes5) (13 ~ 48) (-35 - 40 } ( 14~ 115)
(e} Moan change in thisming gng/g‘creaﬁining) .
Exptl. Exptle +1047 =1 000 +185
(n = 11)  {(=117-24817 (-3503-700) (~-10-535)
Exptl,. Conbrol = 4035 -1003 - +30
(n=3) {275 ~1716) (-2416-270) (-165-107)
Control Bxptls ~400 -436 . 879
n=56) (~866-155) - (=856 -~135) (171-1269)

*Feeﬁing pProgrammy not-;nluperatiaﬁ during period I,
"Valucs pre meon with ronge shown in parontheses,
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(@) Heon change im ribﬁflavin ng/g ernatinine)

Group ai'tination
during period

Nove'65 to May '8¢ to  Oot. 60 to
1965/66 1966/67 April 66 BSopt.'66%  Tob. '67

11 , 4 ix 11
Bxptle Exptl. +5486 ~525 +387

{n = 11) ‘ (~03-1618} (~2310-107) (~181-13G4)
Exptl, . Conmtrol #1113 -1239 + G2

(n=3) (181-2075) (=»1452- “1078) (5 =141 )
Control Exptl. +160 +42 244

n=5) , (~103-331) (~583 - 204) (-181-714 )

{e) Mean change in ;zitzmgan {e/g creatinins)

Exptl, Exptl, 42,8 ~8ud +1.7

(n = 11) (26,0-1643) (=1140-4.3) (~104,0=11,0)
Exptl, Control 46,3 ~842

(n=23) (a.aeﬁﬂ.o ) (~1o.4~ »a.ﬁ¥(0.6 - 1.9 )
Control Bxptle e d 41,8 +5,2

{ﬂ = B ) ’ ("8.3"359) AR 2 - 33;3} (2&5 - BeB )

* Feeding progropme not in opératian during period II.
Values are meon with ronge shown in paronthoses.



