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A b s t r a c t  

A vegetable protein mixture made up of 50% 
edible peanut flour and 50% full-fat soya flour 
and fortified with 1% each of 1-1ysine and dl- 
methionine and adequate amts of essential vita- 
mins and minerals has been developed. Two 
formulations, 1) unseasoned and 2) seasoned 
have been developed for use in sweet and savoury 
preparations; both the formulations keep well for 
more than 9 months at 37C when stored in herme- 
tically sealed cans. The protein mixture contains 
49.2% protein which possesses a PER of 2.80 and 
NPU of 72.3; these values compare favourably 
with those for skim milk powder. Growth studies 
on albino rats and feeding trials on school children 
have shown that the protein mixture has a signifi- 
cant supplementary value to poor cereal-based 
diets. The mixture fortified with methionine alone 
is equally effective as skim milk powder for the 
treatment of kwashiorkor. 

Introduction 

p ROTEIN MALNUTRITION, affects a great majority of 
pre-sehool children in the low income groups in 

most of the technically underdeveloped areas of the 
world (1). Milk and other protective foods of animal 
origin are in short supply (2) in these regions and 
efforts have been made by a number of workers (3-6) 
in developing highly nutritive supplements based on 
plant protein sources like edible oil seed residues, 
legume flours, etc., for supplementing the diets of chil- 
dren and other vulnerable groups. Plant proteins in 
general are lacking in one or more of the essential 
amino acids and possess a nutritive value lower than 
that of milk proteins (7). However, it is possible to 
prepare protein supplements of high nutritive value 
by suitably blending two or more vegetable proteins, 
which mutually supplement each other or by fortifi- 
cation with the essential amino acids in which they are 
deficient (8,9). Synthetic lysine and methionine are 
at present available in commercial quantities and can 
be advantageously used for fortification of protein 
foods. The protein supplements so far developed con- 
tain proteins of moderate nutritive value (10,11). 

T A B L E  I 

Chemical C o m p o s i t i o n  a of  P r o t e i n  M i x t u r e  

C o n s t i t u e n  t [ 

M o i s t u r e  ( g )  . . . . . . . . . . . . . . . . . . . . . . . .  ] 
Protein ( N  X 6 . 2 5 )  ( g )  . . . . . .  
Fat ( g )  . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . .  / 
C a r b o h y d r a t e  ( g )  . . . . . . . . . . . . . . . .  t 
C a l c i u m  ( g )  . . . . . . . . . . . . . . . . . . . . . . . . .  
Phosphorus ( g )  . . . . . . . . . . . . . . . . . . .  
I r o n  ( r a g )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Thiamine ( m g )  . . . . . . . . . . . . . . . . . . . .  
R i b o f l a v i n  ( r a g )  . . . . . . . . . . . . . . . . . .  
Niacin ( r a g )  . . . . . . . . . . . . . . . . . . . .  
" V i t a m i n  A b ( I . U , )  . . . . . . . . . . . . . . .  
" V i t a m i n  n b ( I , U . )  . . . .  

P r o t e i n  m i x t u r e  

S e a s o n e d  U n s e a s o n e d  

7 . 4  7 . 6  
4 7 . 8  4 9 . 2  
1 5 . 8  1 5 . 5  
1 8 . 4  1 8 . 5  

0 . 9 3  0 . 9 8  
0 . 7 2  0 . 7 5  
7 . 4  6 . 2  
2 .2  2 . 3  
3 ,1  3 .3  

1 1 . 6  1 2 , 2  
3 0 0 0  3 0 0 0  

3 0 0  3 0 0  

S k i m  
m i l k  

powder 

3 .1  
3 5 . 0  

1 ,0  
5 3 . 1  

1 . 3 0  
1 . 0 5  
0 . 6  
0 . 3 5  
1 . 3 9  
1 .1  

a V a l u e s  p e r  1 0 0  g .  
b A d d e d  v a l u e s .  

There is need for standardizing protein blends of high 
nutritive value approaching that of milk proteins and 
which can be used in place of milk in the treatment 
and prevention of protein malnutrition in children. 

The results of studies on the preparation, chemical 
composition and nutritive value of a vegetable protein 
mixture based on peanut and soya flours fortified with 
lysine and methionine and with adequate amts of vita- 
mins and minerals are presented in this paper. 

Experimental 
Process ing of  Raw Materials  

Peanut Flour. This was prepared from good quality 
peanut kernel free from spoilt seeds according to 
Subrahmanyan et al. (12). The process consisted of 
the following steps: 1) light, roasting of pealmt ker- 
nels freed from foreign matter at about 90-100C for 
5 rain ; 2) removal of testa using a blanching machine ; 
3) separation of shrivelled, spoilt and fungus-at- 
tacked seeds by hand picking; 4) pressing the oil in a 
screw press; and 5) powdering the resulting cake in 
a hammer mill. The product had a light cream colour 
with a pleasant nutty odour and acceptable taste. 

Full Fat-Soya Flour. Decorticated soya bean dhal 
(split dehusked legumes) was soaked in water for 1-2 
rain and autoclaved at 15 psi for 30 rain. I t  was then 
debittered by treatment with sodium bicarbonate. The 
processed dhal was dried at 50-55C in a cabinet drier 
and powdered in a hammer mill to pass through 50 
mesh. The full-fat soya flour so prepared was slightly 
yellowish brown in colour and had a pleasant odour 
and taste. The flour, as tested by the method of Anson 
(13) was completely free from tryptic inhibitor. 

Seasoning Premix. A mixture of coriander seeds 
(60 parts), black pepper (30 parts), turmeric (9 
parts) and asafoetida (1 part) was lightly roasted 
with a small quantity of hydrogenated fat and pow- 
dered to 60 mesh. 

Process Details 
The protein food was prepared in two forms: 1) 

unseasoned and 2) seasoned. The unseasoned protein 
food was prepared by blending peanut, flour (50 parts) 
and full-fat soya flour (50 parts) in a suitable mixer. 
The calcium salts, vitamins A and D, thiamine and 

T A B L E  I I  

E s s e n t i a l  A m i n o  A c i d  C o m p o s i t i o n  of  P r o t e i n  M i x t u r e  

F A O  
A m i n o  a c i d  P r o t e i n  S k i m  m i l k  reference 
( g  / 1 6 g  N )  m i x t u r e  o o w d e r  o r o t e i n  

oattern 

A r g i n i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I t i s t i d i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L y s i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
l ~ I e t h i o n i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cystine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total S-amino acids . . . . . . . . . . .  
Phenylalanine . . . . . . . . . . . . . . . . . . . . .  
Tryptophan . . . . . . . . . . . . . . . . . . . . . . . . .  
T h r e o n i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V M i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L e u c i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I s o - l e u c i n e  . . . . . . . . . . . . . . . . . . . . . . .  

8 . 9  3 . 7  
2 , 4  2 . 7  
6 . 9  7 , 9  
3 .1  2 . 5  
1 .6  0 . 9  
4 . 7  3 . 4  
5 .0  4 . 9  
1 .2  1 . 4  
3 .3  ~ 4 . 7  
5 . i  7 . 0  
6 . 9  1 0 . 0  
4 . 7  6 . 5  

4 . 2  
2 . 2  

4 . 2  
2 . 8  
1 .4  
2 . 8  
4 . 2  
4 . 8  
4 . 2  
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riboflavin were added to the above as suitable premix. 
The lysine and sulphur  amino acid contents of the 
mixture were 4.9 and 2.7 g/16 g N, respectively. The 
protein food was also fortified with 1% each of 1-1ysine 
and dt-methionine so as to raise the lysine content 
to 6.9 g/16 g N and sulphur  amino acid content to 
4.7 g/16 g N. The unseasoned product  was flavoured 
with vanillin at 0.05% level. The seasoned form was 
prepared by adding' the seasoning premix at 3% level 
and common salt at 2% level to the mixture. 

Chemical Composition. The chemical composition 
of the protein food (seasoned and unseasoned forms) 
determined according' to s tandard methods of AOAC 
(14) is given in Table I ; the composition of skim milk 
powder is given for  comparison. 

Shelf-Life Studies. The protein food packed in 
hermetically sealed cans was stored at 37C for a period 
of 9 months. Control samples were kept  at 0C. The 
samples were analysed periodically once in 3 months, 
for peroxide value, fat  acidity, thianline and vitamin 
A. The organoleptic quali ty of the protein food was 
tested by a panel of eight judges selected from among 
the Insti tute staff. 

Amino Acid Composition. The essential amino acid 
composition of the protein food and of skim milk pow- 
der determined according to Kr i shnamur thy  et al. 
(15) are given in Table II.  

Evaluation of the Nutritive Value. Growth studies 
on albino rats and feeding trials on school children 
have been carried out to evaluate the nutr i t ive value 
of the protein food. 

The results of studies on the protein efficiency ratio 
and net protein utilization of the food at 10% level of 
protein intake as determined according to Osborne et 
al. (16) and Miller and Bender (17) are given in Ta- 
ble III .  Since the incidence of protein malnutr i t ion 
is very  high in children whose diets consist predom- 
inant ly  of maize and tapioca (18), the supplementary 
value of the protein food to a poor maize-tapioca diet 
was studied in albino rats. The protein food was in- 
corporated at a level to provide 10% extra protein. In 
addition, histological examination of the livers was 
also carried out. The results are given in Table IV. 

Supplementary Value to the Diets of School Chil- 
dren. A controlled feeding trial over a period of 51/~ 
months was carried out in a local boarding home to 
assess the effect of a daily supplement of 40 g of this 
protein food on the growth and nutri t ional  status of 
school children, belonging to the low-income groups of 
the population. Fo r ty  girls, aged 5-12 years, were se- 
lected for  the experiment. They were paired on the 
basis of initial height and weight and the members of 
each pair  allotted at random to the control and experi- 
mental groups. The two groups received the boarding 
home diet, which consisted mainly of cereals and only 
small amts of legumes, milk and meat. Each child in 
the experimental group received a daily supplement 
of 40 g of protein food as against 40 g of rice. The 

T A B L E  I I I  a 

P r o t e i n  Eff iciency Ra t io  and  Net  P r o t e i n  Ut i l iza t ion 
of the  P r o t e i n  Mix tu re  

Source  of pEp~ b N P U ¢  
p ro t e in  in  diet  

P r o t e i n  m i x t u r e  ....................... 2 .80 I 72.3 t 
~---0.068 4--2.23 
(21 dr)  (21  dr)  

S k i m  m i l k  p o w d e r  . . . . . .  2 ,96  79.9 

a D a t a  inc ludes  two  m o r e  groups ,  r e su l t s  of wh ich  a re  not  inc luded in 
the table. 

b M e a n  v a l u e s  for  8 males  in  each g r o u p ;  d u r a t i o n  of exper iment ,  4 
weeks  

c M e a n  va lues  for  8 males  in  each g r o u p ;  d u r a t i o n  of exper iment ,  10 
days .  

T A B L E  I V  a 

G a i n  in  B o d y  W e i g h t  of ]~ats on a Maize-Tat ) io ta  Die t  
Supp.~emented wi th  the  P r o t e i n  M i x t u r e  

W e e k l y  g M n  Feed  
D i e t  in  w e i g h t  efficiency 

( g ) b  rat io¢ 

Maize- tapioca die t  . . . . . . . . . . . . . . . . . . .  - -0 .15  - -0 .003  
Maize- tapioca  diet  @ 

p r o t e in  m i x t u r e  .................... 19.9 4-0.94 0.26 ~ 0 . 0 1  
Maize- tapioca diet  @ ( 30 df)  ( 15 dr)  

s k i m  mi lk  p o w d e r  ............. 18.6 0.26 

a D a t a  inc lude  one more  group ,  resu l t s  of which  a re  no t  included.  
bMean va lues  for  6 males  a n d  6 females  in  each  g r o u p ;  s t~t is t iea l  

ana lys i s  w a s  ca r r i ed  out  omi t t i ng  the  maize- tapioca  diet. 
CMean va lues  for  6 ma les  in  each g r o u p ;  s ta t i s t ica l  ana lys i s  w a s  car- 

r ied  out, omi t t i ng  the  maize~tapioca diet.  

nutr ients  provided in the diets are given in Table V. 
At the end of the feeding period, height, weight, hemo- 
globin, red blood ceil count and nutri t ionM status of 
the children were determined and their nutr i t ional  
status assessed. The results are presented in Table V. 
The results of a metabolism study to determine the 
retention of nitrogen, calcium and phosphorus carried 
out on eight children in each group, when the feeding 
trial had been in progress for  a period of 3 months is 
given in Tables VI and VII.  

Efficacy of the Protein Food ,in the Treatment of 
Kwashiorkor. The protein food fortified with meth- 
ionine alone has been successfully used in the treat-  
ment of kwashiorkor in children, 2-5 years old. The 
patients were clinically examined, immediately on 
admission. Except  for traces of albumin, their  urine 
was normal. No intestinal parasites (except round- 
worm ova in sonic subjects) were found in the stools. 
Anaemia was present to varying" degrees in all pa- 
tients. Blood samples were analysed for the following 
constituents soon af ter  admission; cholesterol and 
thymolturbidi ty  according to King and Wootton (19), 
hemoglobin and red blood cell count according to 
R e d @  et al. (20). 

The protein food was reconstituted with six to eight 
times its weight of water and sweetened with cane 
sugar. The supplements were administered orally in 
four to five doses daily. The quant i ty  of protein feeds 
was gradually increased until  each child received 30 g 
protein from the food by the end of the first week of 
treatment.  Additional calories were provided in the 
form of cooked rice, bread and vegetable soup. The 
protein derived from these sources was about 8-10 g 
daily. The protein intake by the subjects was approx 
4-5 g per kilogram body weight. The calorie intake 
was about 120 per kilogram body weight. Specimens 
of blood were taken on admission and on the 10th and 
30th day of t reatment  for estimation of serum proteins 
according to King and Wootton (19). 

T A B L E  V 

I n c r e a s e s  a in  He igh t ,  Weigh t ,  H a e m o g l o b i n  Content  
a n d  Red  Blood Cell Coun t  

ControlC I E x p e r i m e n t a l a  
} (R ice  (R ice  diet  4- 

P r o t e i n  
d i e t )  m i x t u r e  

H e i g h t  ( cm)  ... . . . . . . . . . . . .  0.66 2.21 
W e i g h t  (kg )  ................. 1.92 
}~I aenlogl obin 0.45 / 1.21 

( g / 1 0 0  mi )  ................ 
I¢.B,G. count  

( 1 0 a / c a  r am)  0 .19 I 0 .38 

Di f fe rences  in  
the  inc rease  4- 
s t a n d a r d  e r r o r  

1.17b~_~0.20 
1 . 2 6 s ~ 0 , 0 7  

[ 

0 .76~±0 ,10  

0.19b_-~0.05 

~Meun v a l u e s  f~r 20 g i r l s  aged. 5--12 y e a r s  
of e x p e r i m e n t  5~/~ months .  

b t I i g h l y  s igni f icant .  

T h e  n u t r i e n t  i n t a k e  in  the  two g r o u p s  w a s  as  fo l lows:  
e d 

P r o t e i n  (g )  ...................................... 39.9 57.1 
Ca lc ium (g)  .................................... 0.27 0.65 
I~iboflavln ( m g )  ............................... 0 .56 1.90 
V i t a m i n  A ( I . U . )  ............................. 882 2222 
Calor ies  ( c a d  ................................... 1520 1521 

m each  g r o u p :  a u r a t i o n  
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TABLE VI 
Nitrogen Metaboliara a 

Nitrogen intake Nitrogen excreted Nitrogen balance 
Group 

Total (g) ]. mg/kg Urinary (g) Faecal (g) Total (g) (g) m g / k ~  
] 

Control (rice diet) ...................... 6.35 ~ 298 3,23 1.63 4.86 1,49 70 

1 ~0,20 
(7 dr) 

Experimental (rice diet -~- 
protein mixture) ..................... 9.13 427 5.28 1.31 6.59 2.54 ] 19 
a Mean values per day; average of 8 girls, aged 9-10 years, per group. 

Results and Discussion 
Chemical  Composi t ion  and  Shel f -Li fe  S tudies  (Table  I )  

The protein food contains about 50% protein and 
substantial amts of vitamins and minerals. A supple- 
merit of 40-50 g of the food will supply one third to 
one half the daily requirements of proteins, vitamins 
and minerals for children. Both the seasoned and un- 
seasoned forms of the food kept well for over a period 
of 9 months at 37C when packed in hermetically sealed 
cans. The loss of vitamin A and thiamine during the 
period were 25% and 15%, respectively. The peroxide 
value (7.8) and fat acidity (6.1) of the seasoned pro- 
tein food at the end of 9 months' storage were slightly 
lower than the values (9.7 and 6.3, respectively) for 
unseasoned protein food; this may be due to the anti- 
oxidant, activity of the spices (22) present in the 
seasoned food. 

Amino Acid  Composition (Table  I I )  

The protein food contained lesser amts of all the 
essential amino acids, except arginine, phenylalanine 
and total sulphur amino acids than milk proteins but 
judged by the FAO reference protein pattern (23) 
the food was deficient only in tryptophan. 

Protein Efficiency Ratio  and  I~et Protein  Ut i l i sat ion  
(Table  I I I )  

The protein efficiency ratio (2.80) and net protein 
utilization of the food (72.3) at 10% level of protein 
intake are comparable to those (2.96 and 79.9) ob- 
tained for skim milk powder. While there was no sig- 
nificant difference in the PER of the protein food and 
skin1 milk powder, the values for NPU were significant 
at 5% level (P ~ 0.05). 

S u p p l e m e n t a r y  Value  to  Maize-Tapioca  Die t  (Table  I V )  

The rats fed on the maize-tapioca diet did not grow 
but lost weight during the experimental period. In- 
corporation of the protein food in the diet to provide 
10% extra protein made up the deficiencies in the diet 
and caused a marked improvement in the growth rate 
of rats. The growth of rats receiving the supplements 
of protein food (19.9 g/wk) was slightly higher than 
that (18.6 g/wk) of rats receiving skim milk powder. 
The livers of rats receiving the diet based Oll maize 

TABLE VII  
Calcium and Phosphorus Metabolism ~ 

I Intake } Excretion (mg) / Balance 
Group (rag) Urinary 14~aecal T-oral I (nlg) 

Calcium 
Control (rice diet) . . . .  

Experimental 
(rice diet + 
protein mixture) ...... 

Phosphorus 
(Control (rice diet }. 
Experhnenta] 
(rice diet - i -  
protein mixture) 

267 ] 25 

634 65 

826 357 

1 1 8 0  ~68 

210 [ 235 

386 451 

314 671 

529 79~ 

32 
~25.7 
(7 df) 

183 

155 
+52.2 
(7 dr} 

388 

and tapioca showed cytoplasmic vacuolation and peri- 
portal fatty infiltration, whereas those of rats receiv- 
ing the protein food or skim milk powder supplements 
had a normal histological appearance. The results ob- 
tained show that the protein food is as effective as 
skim milk powder in making up the deficiencies in a 
maize-tapioca diet and in preventing liver damage. 
The periportal fat ty infiltration obscrved in livers of 
rats receiving the maize-tapioca diet is mainly due to 
the deficiency of protein in the diet (24). 

Feeding Trials on School Children (Table  V)  

A highly significant (P ~ 0.001) increase in the 
height, weight, haemoglobin content and red blood ceil 
count of blood as well as improvement in nutritional 
status of the subjects receiving a 40 g daily supplement 
of the protein food was observed as compared with the 
control group. Sixteen children in the experimental 
group ilnproved in their nutritional status as com- 
pared with only five children in the control group. 
Further, four children in the control group deterio- 
rated in their nutritional status while none in the ex- 
perimental group showed any deterioration. The chil- 
dren in the experimental group have also retained 
significantly larger amts of N, Ca and P than those 
receiving the control diet (Tables VI and VII).  

Treatment of  Kwashiorkor in Children 

After a few days of treatment the edema began to 
decrease and disappeared completely as treatment 
was continued. The average time taken for the disap- 
pearance of the edema was 11.4 days, as compared to 
12.3 days obtained in the case of skim milk powder 
in an earlier study (21). Diarrhoea began to subside 
within s week of the institution of protein therapy in 
a large number of cases. The average time taken for 
the disappearance of edema was 8.5 days, as compared 
to 9.8 days obtained for skim milk powder in an earlier 
study. The slightly longer time taken for the disap- 
pearance of diarrhoea in the case of skim milk powder 
may be because lactose is not well tolerated by kwashi- 
orkor children (25). The rate of regeneration of 
serum proteins and albumin (2.38 and 1.92 g by the 
30th day of treatment) on the protein food are slightly 
lower than those (2.88 and 2.20 g, respectively) re- 
ported for skim milk powder. This may be due to the 
fact that the protein food contains lesser amts of lysine 
and threonine than skim milk powder. The results 
indicate that the protein food is quite effective in 
initiating a cure of kwashiorkor. 

Conclusions 
The results of investigations reported in this paper 

have demonstrated that it is possible by fortification 
with lysine and methionine to prepare a vegetable pro- 
tein mixture of high nutritive value, comparable to 
that of skim milk powder, which can be Used in the ef- 
fective treatment and prevention of protein malnutri- 
tion in children. Though lysine and methionine are 
at present available in commercial quantities, their a Mean va'.ues per day; average of girls, aged 9-10 years, per 

group. 
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cost is still high and restricts their use in the prepara- 
tion of processed protein supplements for the supple- 
mentary feeding programmes envisaged in the tech- 
nically developing countries. Much headway has yet 
to be made in the technology of these products and in 
organ]sing distribution. Large scale production and 
consumption of processed protein foods, suitably forti- 
fied with vitamins and minerals, will help considerably 
in making up the many dietary deficiencies and in im- 
proving the health of children and other vulnerable 
sections of the population in several developing coun- 
tries. I t  is gratifying to note that several international 
organizations like FAO, UNICEF and WHO are help- 
ing various governments in the production and use of 
protein-rich foods for the prevention and treatment of 
protein malnutrition in children. 
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Continuous Recovery of Acid Oil 

LOIS S. CRAUER, The De Laval Separator Company, Poughkeepsie, New York 

Abstract 
A continuous process for acidulation of all 

types of caustic soapstoeks is described. The soap 
is diluted, heated, acidulated and centrifuged to 
yield three products: acid oil, acid water and a 
sludge phase. Typical performance data on var- 
ious grades of soapstocks and the recovered prod- 
ucts are given. 

Introduction 

C ONTINUOUS PROCESSING has been practiced in the 
Vegetable 0il Industry for three decades, but is 

a recent development in the acidulation of soapstock 
for recovery of acid oil. 

Soapstoek acidulation by the batch method is widely 
practiced, but is a marginal operation (1). It  is time- 
consuming, a labor problem, often a hodgepodge of 
miscellaneous equipment, high in reagent demand, 
creates disposal problems and too frequently may pro- 
duce a degraded acidified oil. 

Today, however, with technological developments, 
such as, corrosion-resistant metals, automatic control 
systems and new types of processing equipment, acidu- 
lation of soapstock in a continuous system has become 
a reality. A fair price for quality acid oil and demand 
for a nutritive meal additive have given the process 
economic advantages. Under the impetus of legal regu- 
lations for waste disposition, continuous acidulation is 
becoming a necessity. 

For  the past four years, The De Laval Separator 

Cmnpany has been developing and extensively testing 
oil a variety of soapstocks from many sources, a proc- 
ess for continuous recovery of acid oil in its pilot plant. 
A schematic flow sheet of this development appears 
in Figure ]. 

General Process 
Tile caustic soapstock, received directly from the 

refinery, is blended in a surge tank with a diluent in 
order to provide a homogeneous mixture of proper 
viscosity range as feed stream to the systenL The di- 
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FIG. 1. S c h e m a t i c  f low d i a g r a m  f o r  e o n t i n u o u s  r e c o v m T  o f  
ac id  oil. 


