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SUPPLEMENTARY VALUE OF A PROTEIN FOOD BASED ON A BLEND OF SOYA,
 
GROUNDNUT AND COCONUT FLOURS TO A TAPIOCA-RICE DIET
 

By P. K. T ASKER, A. A. JOSEPH, H. N . A 'ANTHASWAMY, A. PAUL JAYARAJ, K. INDIRAMM , 

M. NARAYANA RAo, M. SWAMINATHA , A. SREENIVASAN AND V. SUBRAHMANYAN 

(Clmt ral Food T echnological R esearch In stitute. M y sores 

The incidence of protein m alnut rition among 
child ren is particularly high in countries wh ere 
tapioca an d ot her sta rchy tubers ar e consumed 
along with cereals-" , The possibility of using 
protein-rich foods based on oilseed meals and 
legumes as su pplements to the diets of child ren 
in the ab ove regions has been investigated by 
sever al wor kerst" , 

In ea rl ie r publications from this laboratory'?' 11 

the results of studies on the preparation and 
nutritive value of a protein food bas ed on a 4:3:3 
blend of full-fat soya ' flour, groundnut flour 
and coconut meal and adequately fortifi ed with 
vitamins and minerals have been rep ort d. The 
present investigation deals with the supple­
mentary value of th e protein food to a low protein 
diet bas ed on tapi oca and rice as compa red with 
that of skim milk powder. 

Experim ental 

Materials .' The protein food used in thi s 
investigation was the same as that des cribed in an 
earlier paper'", An imported sample of skim 
milk powder of good quality was used. The 
che m ical composition of the protein food and 
skim milk powder has already been rep orted'". 

Animal Experiments : Groups of fr eshly we an­
ed albino rats (Wistar st rain) weighing ab out 
40-45g. (10 in each group, equally di vided accord ­
ing to sex and body weight and allotted acc ording 
to a randomized bl ock design ignoring litters) 
we re fed ad lib on the different diets , th e com­
position of wh ich a re shown in T ab le 1. Suffi­
cient quantities of the protein food an d skim 
mil k powder wer e incorporated by replacing 
an equal amount of tapioca flour in the control 
tapioca- rice di et so as to provide 10 per cent 
extra protein in the diet. The co m posit ion of 
the basal d iet is g iven in Table 1. The procedure 
adopted for the preparation of th e diets and feed ­
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TARLE 1. Percentage composition of experimental dietS-

D iets 

R iee flour 39.2 39.2 

Tapioca flour 39.2 15.2 

Protein food 24.0 

S kim milk powder 

39.2 

11.2 

28.0 

• A ll the di e ts e nt ained t he following other ingredi­
en ts : redgr am dhal (Caj anus cajan), 5.0; amaran th leaves 
(A maranthus gangeticlls), 2.1 ; h rinj al (So lanum melongena}, 
8.2; skim milk po wder, 0.9; eommon sa lt , 0.3 and 
groun d nu t oi l , 5.0 per cen t . 

ing of the experim ental animals was similar to 

that of Subrahmanyan et al.12 Careful records of 
food intake were maintained for all the g roups 
and the rat s were weighed weekly. 

After feeding for a period of 8 weeks, the 
haem oglobi n and red blood cell counts were 
determined in blood drawn f rom th e ta il veins 
of the animals according to Joseph et aJl3. The 
animals were anaesthetized with. ethyl ether. 
Blood was d rawn by heart puncture and the serum 
sepa rated . T he total serum p rotein content was 
determined accord ing to King and Wootton" . 
The liver an d carcass were analysed fo r mo isture, 
pr otein and fat according to Joseph et aJl3. A 
separate g roup of weanling rats in th e sam e weight 
range was used to dete rmine the initia l body 
protein. F rom the data, the retention of p rotein 
in t he d iffer ent groups of rats ' over a period of 
8 weeks was cal culated. 

Histological examination of the liver: T he 
histological exam inat ion of t he livers of female 
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T ADL E 11. Gain in body weight of rats 0 11 ri ce-tapioca diet 
supplement ed tci th. different p rotein-rich foods' 

(5 males and 5 fem ales in each group : Durat ion of 
experimen t : 8 weeks) 

I co: 
>''t.(c'<} :g-oeD-g~0 · ­ o ~ 

u -::l >.C ...o n 
C'- ..D E ~~ -'-..c 

:.-.~ t:~ C:: .=.o'§ ~ ] .~ 
~ u·- ~ o c ._ >­ :::'2: "" ;.... ~ >_",.. ::.c; .... 

~ ~ ~ I .s ~ 0'­ .?: 

S upplement to 
d ie t· 

None 

P rot ein foo d 

Sk im m ilk pow der 

I 5.4 I 44.3 7.8 5.5 tI ± 0.6 3 
I 15.2 44.1 9.5 18.1 ) (16 d. r.) I 

18.1 9.515.3 44 5 

I 1 . 

Critical differ en ce at 5% level 1.89 
1% level 2.60 

0.1% level 3.59 
, The differen t pr otein-rich foods sup plied approx i­

mately 10% protein . 
2 Replaced on eq ual weigh t of tapioca in rice-tapioca 

di et . 
" E xpressed on moi sture fre e basis. 

rats was carried out acco rding to Venk at Rao 
et aPr,. In addition f roze n sections were taken 
fr om each specimen and stained with Sudan IV 
in prop ylene glycol to study th e distribution of fat. 

Results and Discussion 

Growth rate and composition of blood: Table II 
gives th e ave rage weekly gain in body weight 
of rats over a peri od of 8 weeks on th e tapioca-rice 
diet and th e sam e suppleme nte d with the p rotein 
food and skim milk powd er. Inc orpor ation of 
the differ ent foods in the tapi oca-rice diet resulted 
in a highl y significant (P <O.OOl) increase in 
th e g rowth rate of rats. There was no significant 
difference in th e growth rate of rat s receiving 
supplements of protein food or skim milk powder. 
The results sh ow that both th e protein food and 
skim milk powder , when providing 1() per cent 
extra protein ar c equally effective in supple­
menting tapioca-rice diet. The serum proteins, 
haemo globin and red blood cell counts of rats 
(Table III) receiving th e supplements of protein 
food and skim milk powd er were significantly 
high er than th ose of th e control tapi oca-rice 
diet . 

Composition of liver and carcass: Table IV 
shows that supplementati on of tapi oca-rice diet 
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TADLE III. Composition of blood of rat s on a rice­
tapioca di et supplemented with differen t p rotein-rich foods 

Supplem ent 
to di et' 

Haemo­
globin· 

(%) 

R ed blood 
cell count" 

(IO"!cu .mm) 

T otal se r um 
protein" 

(%) 

N on e 

Prot ein food 13~ l15.18 ± 0.36 

6.00, 15.141 

6.,,}±o.16 5.78 ± O.14 
(16 d .f.) (16 d .f.) [<8 d. L) 

Sk im milk 
powder 15.00 6.87 6.1U 

I 

Criti cal 
difference 

at 5% level 1.07 0.49 0.46 
" 1% level 1.48 0.67 0.67 
,, 0.1% level 2.03 0.93 1.01 

, Replaced an equal weight of tapioca in rice-tapioca diet. 
2 Average of 5 males and 5 females per group. 
:t Average of;; males per group. 

with the protein foods caus ed a significant 
increase in liver protein and decrease in liver 
lipids. Ther e wer e no significant differences in 
th e mean moisture, nitrogen and fat contents of 
th e livers or carcass of rats receiving th e protein 
food or skim mil k powder. The protein conte nt 
of th e carcass of rats fed on the control, tapioca­
rice diet, however , was significant ly (P < O.OOl) 
less and th e moisture content higher (P < O.OOl) 
than those of rats receiving the protein supple­
ments. 

Histological structure of liuer : T he livers of 
rat s receiving the tapioca-rice diet showed a 
mod erate degree of cytoplasmic vacuolation and 
par enchymal damage of th e protein deficienc y 
type and mild degree of periportal fatty infiltra­
tion. There was no necrosis of the liver cells. The 
liver s of rats receiving th e supplements of protein 
food or skim milk powder were quite normal 
indicating thereby that addition of 10 per cent 
ext ra protein was quite effectiv e in correcting the 
pr otein deficienc y in tapioca-rice diet. 

Intake and retention of pr otein : The data on 
th e int ake and retention of p rotein by th e rats 
fed on th e different diets is given in Table V. 
No signifi cant differences wer e observed in th e 
amo unt of protein retained per 100 g. increase 
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TAULE IV. Comp osition of liner and carcass of rat s 0 /1 a rice-tapioca diet snpplemented rcith pro tein- rielsfo ods 

F resh C omposition of liver-
Supp lcm enr to diet ! w e ighr of I ­[ive r" 

(g) Moistu re I F at 

I
P rotein 

0 / 0 / % / u \ 10 

Bod y 
wcight" 

(e) 

C om posit ion of ca rcas s" 

-
Moisture I Fat Protein 

% (% (Yo 

None 

Pr otein fo od 

S kim mi lk p owd er 

Standa rd e rro r of t he mean with 
degrccs of free dom 

Cr it ical differen ce a t 5'X, le ve l 
1% level 

0.1% level 

4 .1 68.7 4. 3 

7.3 68. 5 3.6 

704 67.7 3.5 

± 0.99 ± 0.11 
(8 d .f.) (8 d .f.) 

3.21 0.37 
4. (i() 0.54 
7.0 1 0.81 

1 R epl aced an equal we igh t of tapioca in ri ce -tapioca die t . 

15.1 83.4 I 62. 2 16.8 17.8 

18.2 225.6 59.2 18.2 18.6 

18,4 224.5 58. 9 18.2 18.7 

± O.15 ± 0.23 + 0. 19 ± O.20 
(8 d. f. ) (8 d .f ) (S tl.L) (8 d .f.) 

0.48 0.74 0.61 0. 64 
0.69 1.07 0.87 0.93 
1.04 1.61 1.34 1.40 

" A verage of 5 ma les p e r gro up . 

T All LE V. lntake a1/(1 rete ntion of protein by the different g rq ll pr of ra ts ? Gil a rice-tapioca diet 
supplemented tci th pro te in fo od or shim mille pouider 

Bod y protein Prote in r et a ined 

S up p lement 

- - - -- -

to d iet ' 
T o ta l protei n 

int ake 
(g) 

T o tal in crease 
in hody wciuh t 

(g) In it ia l" 
(g) 

) 

I 
F in al 

(g) g g / 100 g . inc re ase 
in body weight 

N one 24.8 39.6 7.66 14.85 7.19 18.16 

P rotein food 

S kim m ilk powd er 

85.9 

865 

182.2 

182.3 

7.60 

7.38 

41. 96 

41.98 

34.36 

34.60 

18.86 

18.98 

}±O O5 
(8 tl. f.) 

1 A"cr age of 5 males per g ro up. Cr itica l d iffer cnce at 5ex, level O. IS 
R ep laced an eq ual amou nt of tapioca in r ice -ta p ioca die t. 1% level 0.26 

, Ca lcu lat ed at 17.5% of the ini tia l we igh t. 

in weigh t of rats, rccciv irur th e d iffer ent prote in ,.., 
supplem ents showing ther eby that the inc rease 
in body weight of rats was acco m panied by a 
corresponding increase in tissue p rot ein also. 

A poor d iet based on eq ual amounts of rice 
an d tapi oca AOll! is deficient in p rot ein, an d 
several othe r d ieta ry essen tial: such as calcium, 
vitami n A and riboAavin . Su ch a d iet p romotes 
vc ry littl e g rowth in ra ts . Suppl emen tation of 
th e diet wi th I ) pe r cent ext ra prote in f rom a 
protein food based on a 4 :3:3 b lend of ful l-fa t 
soya flour, groun d nut Houi and coconut meal or 
skim m ilk powd r made u p the deficiencies in 
the diet and p romot ed goo d g rowth of ra ts, 
the re being no sign ifica nt difference in the g rowth 

0 .1% level 0.39 

resp on se obta ined wit h th e di fferent p rot ein 
foods . The livers of rats fed on the tapioca- rice 
d iet sho wed mode ra te deg ree of cytop lasm ic 
vacu olation and mi ld perip or tal fatt y infiltrati on . 
T he p rote in food, when incorpora ted in th e 
tap ioca- rice d iet was eq ually effective as ski m 
mil k powder in p revent ing the liver damage in rats . 

The results obtained in the present investiga­
tion a re of cons ide rable importa nce to several 
count ries p rod ucin g soyabean. coconu t and 
ground nut in la rge quan tities . S ince mi lk and 
other ani mal foods a re in sho rt supp ly in several 
develo ping countries, productio n an d consump­
tion of p roc essed protein foods based on ~'O ya 

bean, coconu t an d grou ndnut and for t ified wit h 
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vitamins and m in erals will help to make up the wh en provid ing 10 per Cent extra p rotein, the 
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