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Chemical composition and protein properties of peanuts 

T. S. K h o l i e f  

D e p a r t m e n t  of N u t r i t i o n ,  U n i v e r s i t y  Col lege  for W o m e n ,  
A i n  S h a m s  U n i v e r s i t y ,  Cairo (Arab R e p u b l i c  of Egyp t )  

Summary: Because of the shortage of food proteins throughout the world, peanut  
has attracted the interest as potential source of protein for human  as well as animal 
consumption.  It was shown that peanut  from the four different sources contained 
fair amounts  of protein and its products. Mineral elements analysis revealed that K, 
Mg, Cu, Mn, Fe and P were present in nutri t ionally significant amounts  in all 
samples. Moreover, K was found in high level. The nutrit ional value of protein is 
considered by its content of essential amino acids. Peanuts contained high levels of 
arginine and histidine. The remaining amino acids were present in substantial  
quantit ies except methionine, t ryptophan and cystine were considered low. Peanut  
proteins were extracted from defatted flour by different solvents: deionized water, 
sodium chloride and calcium chloride solutions at different pH-values. The extrac- 
ting ability at pH from 1-4 was decreased and increased at pH 4-5 by raising the 
concentrat ion of sodium chloride solutions, respectively. Whereas on using sodium 
chloride solutions at pH 6-10, the percentage of extracted protein decreased again. 
Calcium chloride solutions suppressed protein extractability at all pH-values 
tested. Both mono and divalent salts increased protein extractability at pH 4-5.5 
and the extraction increased with higher salt concentrations. 

Zusammenfassung: Der Mangel an NahrungseiweiB in best immten Gegenden 
der Welt hat auch ErdnuBprotein for die menschliche und  die Tierermihrung 
interessant gemacht, da ErdnOsse durchaus beachtliche Mengen an Protein enthal- 
ten. Aul~erdem wurde gefunden, dal~ in allen untersuchten Proben Mg, Cu, Mn, Fe 
und  P in ernfihrungsphysiologisch relevantem Umfang, K sogar ziemlich viel 
vorhanden war. Als Mall for den ern~ihrungsphysiologischen Wert des Proteins 
diente der Gehalt an essentiellen Aminosfiuren. Die Erdn/isse enthielten relativ viel 
Arginin und Histidin; die Gehalte an Methionin, Tryptophan und  Cystin waren 
dagegen gering. Die Extraktion der Proteine - aus dem entfetteten Erdnui lmehl  - 
erfolgte mit  verschiedenen LSsungsmitteln (entionisiertes Wasser, NaC1- bzw. 
CaC12-LSsungen) bei verschiedenen pH-Werten. Die Ausbeute war schlechter bei 
pH-Werten von 1-4, sic verbesserte sich bei pH 4-5 bzw. bei ErhOhung der Konzen- 
tration yon NaC1 in der Extraktionsl6sung. Weitere Erhbhung des pH-Wertes auf 
6-10 fOhrte bei NaC1-LSsungen zu einer Verminderung der Extraktionsausbeute.  
CaC12-Lbsungen waren bei allen gepriiften pH-Werten weniger geeignet; Erhbhung 
der Salzkonzentration wirkte sich bei beiden Salzen gtinstig aus. 
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I n t r o d u c t i o n  

B e c a u s e  of the  p r o j e c t e d  shor t ages  of  food  p r o t e i n s  t h r o u g h o u t  t he  
wor ld ,  it is e x p e c t e d  t ha t  p l a n t  ma t e r i a l s  wi l l  p l ay  a n  i n c r e a s i n g  ro le  i n  
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s u p p l y i n g  p r o t e i n s  for  h u m a n  as  we l l  as  a n i m a l  c o n s u m p t i o n .  O i l s e e d s  
a n d  l e g u m e s  a r e  e x c e l l e n t  s o u r c e s  o f  g o o d  q u a l i t y  p l a n t  p r o t e i n  w h i c h  
o f fe r  a p a r t i a l  s o l u t i o n  o f  th i s  p r o b l e m .  P e a n u t  h a s  a t t r a c t e d  a g r e a t  d e a l  o f  
i n t e r e s t  as  a p o t e n t i a l  s o u r c e  o f  s u p p l e m e n t a r y  p r o t e i n  for  h u m a n  f o o d  
( A l t s c h u l ,  1965; W o o d r o o f ,  1966). I t  c o n t a i n s  a fa i r  a m o u n t  o f  p r o t e i n  a n d  
i t s  p r o d u c t s  h a v e  f o u n d  w i d e  a c c e p t a n c e  as  food  t h r o u g h o u t  t h e  w o r l d .  I t  
is  a v a i l a b l e  in  m a n y  c o u n t r i e s ,  p a r t i c u l a r l y  t h o s e  r e g i o n s  w h e r e  p r o t e i n  
d e f i c i e n c i e s  ex i s t .  

T h e r e f o r e ,  t h e  a i m  of  t h i s  s t u d y  was  to i n v e s t i g a t e  a n d  e v a l u a t e  i ts  ro l e  in  
n u t r i t i o n  as  w e l l  as  t h e  f e a s i b i l i t y  a n d  a m e n a b i l i t y  o f  e x t r a c t i o n  o f  p r o t e i n  
c o n t e n t  o f  E g y p t i a n  p e a n u t s  b y  d i f f e r e n t  s o l v e n t s ,  n a m e l y ,  s o d i u m  ch lo -  
r i d e  a n d  c a l c i u m  c h l o r i d e  at  d i f f e r e n t  pH.  

M a t e r i a l s  and  M e t h o d  

One kg of peanuts  were taken from different localities. The percentage of mois- 
ture, nitrogen, fat and ash were determined according to AOAC (1975) for the raw 
seeds, protein was calculated as N2x 6.25. Eleven mineral  e lements  which are 
considered nutr i t ional ly important,  were determined in the present  study. Fe, Cr, 
Na, Mn, Mg, Cu, Zn, and K were determined in the dry ash by atomic absorpt ion 
spec t romet ry  (Perkin-Elmer Crop 1975). Calcium and phosphorus  were es t imated 
according to the method  used by Stufflns (1967), while chloride was es t imated 
gravimetr ical ly  as descr ibed in AOAC (1975). The seeds were crushed in a mechani-  
cal gr inder  and defat ted by repeated extraction with n-hexane and acetone at room 
tempera ture  (Alid et al., 1981). For the amino acid analysis, fat free flour containing 
about  4 mg protein was, hydrolyzed with 6 NHCI at I10 ~ for 24 h under  ni trogen 
(Hegazi and Salem, 1972). Methionine and cystine were de te rmined  according to the 
method  used by Moore (1963). Tryptophan was determined by the method of  
Hernandez  and Bates (1969). The hydrolysates were analyzed with a Beckman 
Model  121 amino acid analyzer. 

Protein  extract ions were achieved by treating defatted peanut  flour with different 
solvents,  namely, sodium chloride (0.01, 0.3, 1.0 M) and calcium chloride (0.01, 0.3, 
1.0 M) as well as deionized water at different pH as recorded in results. The ratio of 
solid (defatted peanut  flour) to solvents was 1:100 (W:V) (Kholief and AI-Afaleq, 
1984). The suspensions were then shaked thoroughly for 1 hour and thereafter were 
centr i fuged at 3000 r.p.m, for 20 min. followed by decantat ion of the supernatant  
(Rhee et al., 1972). The nitrogen content of the supernatant  was determined by the 
micro-Kjeldahl  method (AOAC, 1975). 

R e s u l t s  a n d  D i s c u s s i o n  

T h i s  i n v e s t i g a t i o n  was  c a r r i e d  o u t  to e v a l u a t e  p e a n u t  s e e d s  as  a s o u r c e  o f  
p r o t e i n  s i n c e  f a t t y  a c i d  c o m p o s i t i o n  o f  p e a n u t  w a s  c l a r i f i e d  b y  m a n y  
i n v e s t i g a t o r s  (Hof fpa i r ,  1953; R o s e n ,  1958; a n d  K h a l i l  a n d  C h u g h t a ,  1978). 
T h e  p r o x i m a t e  c o m p o s i t i o n  o f  t h e  s a m p l e s  i n v e s t i g a t e d  a r e  r e c o r d e d  in  
T a b l e  1. A s  s e e n  f r o m  t h e  tab le ,  t h e  p e a n u t s  f r o m  d i f f e r e n t  l o c a l i t i e s  h a v e  
a l m o s t  t h e  s a m e  c h e m i c a l  c o m p o s i t i o n .  T h u s  the  a v e r a g e  p e r c e n t a g e  o f  
s o m e  c o n s t i t u e n t s  a r e  as  fo l lows  - ;  m o i s t u r e :  3.26; a sh :  7.17; p r o t e i n  
(N2 • 6.25): 21.04; p r o t e i n  c o n t e n t  o f  d e f a t t e d  p e a n u t :  41, a n d  fat :  50.33. 
T h e s e  v a l u e s  a r e  w i t h i n  t h e  r a n g e s  r e p o r t e d  b y  o t h e r  i n v e s t i g a t o r s  ( R h e e  
e t  al. ,  1973; Kha l i l ,  1976; M c W a t t e r s  a n d  Che r ry ,  1977; K h a l i l  a n d  C h u g h t a i ,  
1978, a n d  L u s a s ,  1979). 



58 Zeitschrif~ s Ern~hrungswissenschas Band 26, Heft i (1987) 

Table 1. Proximate chemical composition of peanuts from different sources 
(g/100 g). 

Sample No. Moisture Ash Protein Fat 
(N: • 6.25) 

1 3.2 7.0 20.9 50.0 
2 3.2 7.3 21.1 50.9 
3 3.3 7.6 21.2 50.0 
4 3.3 7.4 21.0 50.9 

Mean 3.3 7.2 21.0 50.3 

Minera l  e l e m e n t s  are of d i s p u t a b l e  i m p o r t a n c e  in the  b i o c h e m i c a l  pro-  
cesses  in vivo (Bell e t  al., 1976). The  mine ra l  e l emen t s  ana lys i s  of  the  
i n v e s t i g a t e d  s amp le s  are  s h o w n  in Tab le  2. E leven  e l emen t s  are  d e t e c t e d  
w h i c h  are  cons ide r ed  to be essen t ia l  in h u m a n  nut r i t ion .  I t  is n o t e d  tha t  
p o t a s s i u m  con t en t  as p r ev ious ly  r epo r t ed  in some  pub l i ca t i ons  e x c e e d s  
t ha t  of  o ther  e l emen t s  (Khali l  and  Chughta i ,  1978, 1983). K, Mg, P, Fe, Cu 
and  Mn were  found  in nu t r i t i ona l ly  s ign i f ican t  amounts .  The  ave rage  
a m o u n t  of Cr in p e a n u t  seeds  is 0.31-0.40 mg/100 g, w h i c h  is nu t r i t i ona l ly  
s ign i f i can t  c o n s i d e r i n g  tha t  a Cr in t ake  of a b o u t  150 ~g/day is t en t a t i ve ly  
r e c o m m e n d e d  for adu l t  sub jec t s  (Anonymous ,  1980). Because  of Cr low 
r e q u i r e m e n t ,  its de f i c iency  is r a the r  ra re  and  occurs  in c o n j u n c t i o n  wi th  
p r o t e i n - e n e r g y  malnu t r i t ion .  C1, Na were  p r e s e n t  in low amoun t s ;  there-  
fore  sa l t ing  p e a n u t  seeds  wi th  s o d i u m  ch lo r ide  d u r i n g  roas t ing  wil l  ra ise  
t he i r  content .  The  rat io  of  Na/K is low wh ich  is of  d ie te t ic  i m p o r t a n c e  for 
p e o p l e  on low Na in take .  These  resul t s  are c o m p a t i b l e  wi th  da ta  p u b l i s h e d  
b y  Der i se  et  al. (1974) and  Galvao  et  ah (1976). 

In  the  las t  two  decades ,  m u c h  in t e re s t  has  been  s h o w n  in p e a n u t  as 
p o t e n t i a l  sources  of  s u p p l e m e n t a r y  p ro t e in  for h u m a n  foods.  This  in te res t  
has  r e su l t ed  f rom the  lack  of  a d e q u a t e  p ro te in  to p r ov i de  n e e d e d  nour i sh -  
m e n t  for large  s e g m e n t s  of  the  wor ld ' s  p o p u l a t i o n  n o w  and  in the  yea r s  
ahead .  P e a n u t  p ro te in  at  h ighe r  level  is equa l  to tha t  of bee f  p ro t e in  (Khal i l  
and  Chughta i ,  1977; Rhee  et  al., 1972; and  McWat te r s  and  Cherry ,  1977). 

One of  the  i m p o r t a n t  c r i te r ia  of  the  nu t r i t iona l  va lue  of  p ro t e in  is its 
a m i n o  ac id  compos i t i on .  The amino  acid  m a k e - u p  of p e a n u t  p ro t e in  has  

Table 2. Mineral element contents of peanuts from different sources (mg/100). 

Sample C1 Fe Cr Na Mn Mg Cu Zn P Ca K 
No. 

1 6.1 1.8 0.3 8.2 1.1 174.2 1.3 4.1 250 .5  63 .1  671.7 
2 6.0 2.1 0.4 13.2 1.1 168.4 1.4 5.1 230 .8  55 .1  670.7 
3 6.7 1.9 0.4 15.2 1.1 170.2 1.3 4.1 290 .6  54 .1  672.3 
4 6.5 2.1 0.3 14.3 1.1 167.8 1.3 5.1 246 .1  63 .2  593.3 

Mean 6.3 2.0 0.3 15.2 1.1 170.1 1.4 4.6 254 .5  58 .9  652.0 



Kholief, Chemical composition and protein properties of peanuts 59 

Table 3. Amino acid composition of defatted peanut from different sources (g! 
100 protein). 

Amino acids Sample No. 

1 2 3 4 

Lysine 3.9 3.8 3.6 3.2 
Histidine 2.4 2.6 2.5 2.5 
Arginin e 11.2 12.4 13.3 13.1 
Threonine 2.6 2.7 2.8 2.7 
Cystine 1.1 1.0 1.1 1.2 
Valine 4.3 4.4 4.5 4.4 
Methionine 0.8 1.2 1.1 0.9 
Isoleucine 3.8 3.6 3.5 3.9 
Leueine 6.5 7.0 6.9 7.2 
Phenylalanine 5.0 5.5 5.3 5.4 
Tryptophan 0.9 0.8 0.8 0.9 

been  repor ted  by a n u m b e r  of workers (Busson et al., 1960; Chopra  and 
Sidhu,  1967; Khalil, 19.76; Lussas, 1979). 

Table 3 shows the amino acids present in the different peanut  seeds. Of 
the ten essential  amino acids, arginine and histidine are a b u n d a n t  as in 
whole  egg protein. The remaining essential amino acids are present  in 
substant ia l  quantities. Peanut  protein is mainly deficient in methionine,  
t r yp tophan  and cystine. This is in accordance  with publ ished data by 
McOsker  (1962); Ory et al. (1978); Lusas (1979); Khalil and Chughtai  (1983). 

Ext rac t ion  of oil is the first step in preparat ion of food protein ingre- 
dients. However ,  the severe heat t reatment  applied dur ing process ing as 
well as solvent  extract ion seriously reduce  the nutri t ional  quality of pro- 
tein (Rhee et al., 1973; Kholief  and A1-Afaleq, 1984). In  this report  the effect 
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Fig. 1. Protein extraction by sodium chloride solutions at different pH-values. 
O---| H20; A--A 0.01 M NaC1, 0.3 M NaCl, 1.0 M NaC1. 
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Fig. 2. Protein extraction by calcium chloride solutions at different pH-values. 
•215 H20, A--A, 0.01 M CaC12, D--n, 0.3 M CaCI~, |174 1.0 M CaC12. 

of  salt solutions at different pHs on the percentage  of extracted proteins  
were compared .  High percentage  of  proteins were found  from either acidic 
or alkaline solutions of sod ium chloride and water. As shown from Figure  
1, the inf luence of  pH of the dispersion on protein extractabil i ty indicated 
that: Using deionized water, the m a x i m u m  extracted a m o u n t  was at pH 
2.8 and 10 and the m i n i m u m  amoun t  was at pH 4,5. These data are 
s o m e w h a t  similar with that  of  0.01 M sodium chloride solution. 

In these exper iments  the tested salt solutions were used in place of 
deionized water  followed by pH adjustment .  Sod ium and calcium chloride 
solut ions acted to suppress  the protein extractabil i ty at all tested concen-  
trat ions (acidic and alkaline pH). This suppress ive  effect was more  pro- 
n o u n c e d  with calcium chloride. In  case of monova len t  salt, ext ract ion of 
prote in  was decreased mos t  by the higher  salt concentrat ions ,  wheras  with 
divalent  salt, the suppress ion was greatest  at lower concentrat ions .  Both  
m o n o  and divalent salts increased protein extractabil i ty in pH range, pH 
4-5.5 whereas  peanut  protein is least extractable  in water. At pH 4-5.5 the 
prote in  ext rac t ion increased with higher  salt concentrat ions .  

In  acid condi t ions  (pH 3.5 and lower), the protein extractabil i ty sup- 
pressed significantly with increasing the concent ra t ion  of  sod ium chlo- 
ride. The same effect was observed with calcium chloride solutions (0.3 M 
or higher). The behavior  of proteins in the presence  of  decreased levels of  
ca lc ium ions is considerable  of  practical significance. There is c o m m o n  
interest  in ex tending  milk supplies by nonmi lk  proteins.  It  is accepted  
that  such  produc ts  should contain nutr ients  equivalent  to cow's  milk. 
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