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O i l s e e d s  c o n s t i t u t e  o n e  of t h e  l a r g e s t  p o t e n t i a l  s o u r c e s  of p r o t e i n  in  t h e  
w o r l d .  A t  p r e s e n t  a n  e s t i m a t e  of  a b o u t  135 m i l l i o n  t o n s  of  o i l s eed ,  co r r e -  
s p o n d i n g  to 50 m i l l i o n  t o n s  of  p r o t e i n a c e o u s  food ,  a r e  p r o d u c e d  a n n u a l l y .  
T h e  a c t u a l  c o n t r i b u t i o n  of  o i l s e e d s  as  s o u r c e s  of  p r o t e i n s  u s e d  b y  h u m a n s  
is a b o u t  11.3 m i l l i o n  tons ,  t h a t  is  a b o u t  8 % of  t h e  w o r l d  p r o t e i n  s u p p l i e s  
(17. 

S u n f l o w e r  (Hellanthus annuus)  is b y  n o w  o n e  of  t h e  m a j o r  o i l s e e d  c rop ,  
o c c u p y i n g  t h e  f o u r t h  p l a c e  a f t e r  s o y b e a n s ,  p e a n u t s  a n d  c o t t o n s e e d ,  a n d  
w i t h  a t o t a l  a n n u a l  p r o d u c t i o n  of  11.1 m i l l i o n  M.T. of  s e e d .  T h e  c r o p  is 
b e i n g  c u l t i v a t e d  for  oi l  p r o d u c t i o n ;  h o w e v e r  t h e  s e e d s  c o n t a i n  s u b s t a n t i a l  
a m o u n t s  of  p r o t e i n  a v e r a g i n g  26 %, w i t h  a n  e s t i m a t e  of a b o u t  300 l b s  
p r o t e i n  p e r  a c r e  (2). U n l i k e  o t h e r  o i l s e e d  p r o t e i n s  w h e r e  t h e  l i m i t i n g  
a m i n o  a c i d s  a r e  m e t h i o n i n e  a n d  i s o l e u c i n e ,  t h e  l i m i t i n g  a m i n o  a c i d  in  
s u n f l o w e r  is  l y s i n e  (3). A l so ,  s u n f l o w e r  s e e d  c o n t a i n s  s u b s t a n t i a l  q u a n -  
t i t i e s  of  y e l l o w - g r e e n  c h l o r o g e n i c  a c i d  a n d  a s s o c i a t e d  t a n n i n - l i k e  c o m -  
p o u n d s  w h i c h  Cause  c o l o u r  p r o b l e m s  in  f o o d  a p p l i c a t i o n s .  

T h e  p r e s e n t  s t u d y  h a s  b e e n  d e s i g n e d  to i n v e s t i g a t e  t h e  n u t r i t i o n a l  
v a l u e  of  s u n f l o w e r - s e e d  m e a l ,  p r o t e i n  c o n c e n t r a t e  a n d  p r o t e i n  i so la te .  
C h i c k s  a r e  u s e d  as  e x p e r i m e n t a l  a n i m a l s .  

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

Seeds of Helianthus annus, Peredovic  were obtained from local breeders.  Defat- 
ted  meal  was prepared  by  extract ing ground seed kernels  with cold hexane, 
followed by desolventization at room temperature.  The meal was finely ground to 
pass 0.2 m m  screen. 

Sunflower-seed protein isolate was prepared according to the countercurrent  
extract ion procedure  proposed  by Taha et al. (3). 

Sunflower-seed protein concentrate  was prepared by similar countercurrent  
extract ion procedure  of the defat ted meal while adjust ing the pH at each extract ion 
step to 4.0. 

Table 1 gives the analysis of sunflower seed, defat ted meal, protein concentrate,  
and protein isolate. 

Analytical procedures 

Moisture, lipids, crude fiber, and ash were determined according to s tandard 
procedures  (4). Total ni trogen was de termined by semimicro Kjeldahl  procedure,  
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Table  1. Analys i s  of s u n f l o w e r  seed,  de f a t t ed  meal ,  p ro te in  concen t r a t e ,  and  p ro t e in  
isolate. 1) 

S e e d  Meal  P ro t e in  P r o t e i n  
c o n c e n t r a t e  isolate  

P r o t e i n  % 25.4 59.1 90.8 100.5 
Oil % 27.4 0.5.  0.5 0.0 
A s h  % 14.6 8.8 1.4 0.1 
F i b e r  % 24.0 8.2 6.8 0.1 
N i t rogen- f r ee  ex t r ac t  8.3 23.4 0.4 0.0 
Avai lab le  lys ine  2.86 2.80 2.97 

l) Values  are  g iven  on mois tu re - f r ee  basis.  

and  p ro t e in  was  ca lcu la ted  as N x 6.25. Avai lable  lys ine  was  e s t ima ted  as d e s c r i b e d  
by  Hao et  al. (5) and  EI-Noekrashy (6). 

Feeding exper iments  

The  p r o c e d u r e  used  of the  eva lua t ion  of the  nu t r i t ive  value of sun f lower - seed  
meal ,  sun f lower - seed  p ro te in  c o n c e n t r a t e  a n d  p ro t e in  isolate  is bas ical ly  Heiman et  
al. (7) t echn ique .  

Male Dokki-4 ch icks  (a b reed  b e t w e e n  wh i t e  Leghorn a n d  Fayoumi, 1 day  old. 
w e r e  k e p t  in ba t te r ies  wi th  ra i sed  sc reen  f loors and  g iven  food a n d  wa te r  ad 11bitum, 
t h r o u g h o u t  the  e x p e r i m e n t .  

First ,  t he  ch icks  were  d e p l e t e d  of e m b r y o n i c  p ro te in  r e se rves  by  p lac ing  t h e m  
on  an s t anda rd iza t ion  ra t ion c o m p o s e d  of ye l low co rn  mea l  for t i f ied w i t h  v i t amins  
and  a salt  mix tu re .  This  d ie t  was  fed  for s even  days  af ter  w h i c h  the  ch icks  w e r e  
w e i g h e d  ind iv idua l ly  and  d iv ided  in to  g roups  of ten  an ima l s  each.  The  total w e i g h t  
of t he  var ious  groups ,  w h i c h  w e i g h e d  349 g, d id  no t  d i f fer  by  m o r e  t h a n  _ 2.5 g. 

Fo l lowing  the  d e p l e t i o n  per iod,  the  ch icks  r ece ived  tes t  d ie ts  w h i c h  w e r e  
f o r m u l a t e d  to con ta in  a total  of 12 % pro te in ,  6 % f rom ye l low corn  meal ,  and  6 % 
f rom s u n f l o w e r  meal ,  sun f lower  p ro te in  c o n c e n t r a t e  or s u n f l o w e r  p ro te in  isolate. 
V i t amins  and  salt  m i x t u r e s  were  added ,  and  equa l  a m o u n t s  of s ta rch  a n d  sugar  to 
m a k e  t h e  ra t ion  up  to  100 parts .  Ch icks  w e r e  fed  t es t  ra t ions  for a pe r iod  of two  
weeks .  Eve ry  o the r  clay the  total  feed  c o n s u m p t i o n  and  w e i g h t  gain of each  g roup  
w e r e  d e t e r m i n e d .  

Table  2 gives  the  cons t i tu t ion  of t he  salt  m i x t u r e  w h i c h  was  a d d e d  as 5 % of all 
ra t ions ,  and  the  v i t amin  m i x t u r e  (values be ing  g iven  as m g / k g  ration.  

Table  2. C o m p o s i t i o n  of t h e  salt  m i x t u r e  and  v i t amin  mix tu re .  

Sal t  g /kg ra t ion  

CaCO 3 15.000 
K2HPO 4 16.125 
CaHPO,  �9 2 H20 3.750 
MgSO 4 �9 7 H20 5.100 
NaC1 5.000 
Fe(C6HsO7) 2 �9 5 H20 1.375 
KI  0.040 
MnSO4 �9 4 H20 0.250 
ZnC12 0.0125 
CuSO4 �9 5 H20 0.0150 
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Table 2 (continued). 

Vitamin g/kg ration 

Riboflavin 6.0 
Ca. pantothenate 15.0 
Niacin 100.0 
Pyrodoxine B 6 3.0 
Thiamine B1 4.0 
Biotin 0.2 
Folic acid 2.0 
Inositol 1000.0 
p-aminobenzoic acid 100.0 
Choline chloride 2000.0 
Cyanocobalamine B12 50.0 t~g 
Vitamin A acetate 10.0 
Vitamin E 6.0 
Vitamin K menadione 0.5 
Vitamin D3 0.015 

Table 3. Protein source in test rations, 1) 

Ration Protein source Amino acid 
No. added 2) 

I Casein None 
II Sunflower seed meal None 
III  Sunflower protein concentrate None 
IV Sunflower protein isolate None 
V Sunflower seed meal (autoclaved) a) None 
VI Sunflower seed meal L-Lysine 
VII Sunflower seed meal L-Methionine 
VIII  Sunflower seed meal L-Lysine + L-Methionine 
IX Sunflower protein isolate L-Lysine 
X Sunflower protein isolate L-Methionine 
XI Sunflower protein isolate L-Lysine + L-Methionine 

1) Chick were fed rations constituting 12 protein (6 % from above-given protein 
sources and 6 % from yellow corn meal). 

2) Amino acids were added at a level of 0.3% of the diet. 
3) The calculated amount  of sunflower seed meal to be used in the diet was 

weighed in a cotton plugged wide-mouth conical flask. The sample was placed into 
an autoclave and heated by passing steam (at atmospheric pressure) for 30 minutes. 

A total of eleven experimental  diets were tested. Table 3 gives the protein source 
included in each test diet. 

Resul t s  and d i scuss ion  

S u n f l o w e r - s e e d  d e f a t t e d  mea l ,  p r o t e i n  c o n c e n t r a t e  a n d  p r o t e i n  i so la t e  
p r e p a r e d  t h e r e f r o m ,  a n d  c a s e i n  w e r e  fed  to  w e e k - o l d  c h i c k s  a f t e r  b e i n g  
d e p l e t e d  f r o m  t h e i r  e m b r y o n i c  p r o t e i n  r e s e r v e s .  T h e  e f f ec t  of  e n r i c h m e n t  
of  m e a l  a n d  of  p r o t e i n  i so la t e  w i t h  lys ine ,  m e t h i o n i n e  or  a m i x t u r e  of  b o t h  
on  t h e  n u t r i t i v e  v a l u e  was  i n v e s t i g a t e d .  T h r o u g h o u t  t h e  f e e d i n g  e x p e r i -  
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Table 4. Nutritional value of sunflower seed meal, sunflower seed protein concen- 
trate and sunflower seed protein isolate. 

Wt. gain Food PER 
(g) consumed 

(g) 

Q. I. 

I Casein 434.7 1228.0 2.81 
II Meal (M) 211.5 936.0 1.88 0.67 
III Protein concentrate (PC) 240.5 1060.0 1.90 0.68 
IV Protein isolate (PI) 276.5 1044.0 2.21 0.79 
V M-autoclaved 198.5 1076.0 1.54 0.55 
VI M + Lysine 440.5 1502.9 2.44 0.87 
VII M + Methionine 164.8 972.0 1.41 0.50 
VIII M + Lysine + Methionine 478.0 1396.0 2.85 1.01 
IX PI § Lysine 423.3 1212.0 2.91 1.04 
X PI + Methionine 100.0 930.0 0.81 0.29 
XI PI + Lysine + Methionine 395.7 1360.0 2.42 0.86 

ments ,  w h i c h  e x t e n d e d  for  two weeks ,  as p r o p o s e d  by  Heiman  et al. (7), 
t h ree  nu t r i t iona l  cr i ter ia  were  eva lua ted :  Firs t ,  the  we igh t  gain " to ta l  
we igh t  ga in  of the  g roup  of t en  ch icks" ;  second ,  the  protein/ef f iciency 
ra t io  (PER) "ra t io  b e t w e e n  the  ga in  in we igh t  and  the  p r o t e i n  c o n s u m e d " ;  
and  th i rd ,  the  qua l i ty  i n d e x  (Q.I) " ra t io  of P E R  of t es t  p ro t e in  and  P E R  of 
casein" .  The  resu l t s  are  g iven  in Table  4. 

S e e d  meal, protein concentrate and protein isolate 

The da ta  o b t a i n e d  on food c o n s u m p t i o n ,  we igh t  ga in  and  pro te in /  
e f f ic iency ra t io  t h r o u g h o u t  the  two-weeks  pe r iod  are  d i a g r a m m a t i c a l l y  
r e p r e s e n t e d  in F i g u r e  1. 

I t  is ev iden t  tha t  case in  s u p p o r t s  be t t e r  g rowth  for the  ch icks  than  the  
th ree  i nves t i ga t ed  sunf lower - seed  p ro t e in  p roduc t s .  T h r o u g h o u t  the  
e x p e r i m e n t a l  per iod ,  case in  d ie t  s h o w e d  m o r e  food c o n s u m p t i o n  and  
r e su l t ed  in more  we igh t  gain  and  gave  h ighe r  P E R  c o m p a r e d  to the  o the r  
th ree  sun f lower - seed  p ro t e in  diets .  By  the  end  of the  two-weeks  per iod ,  
the  ga in  in we igh t  of the  ch icks  fed meal ,  concen t r a t e  and  i so la te  was ca. 
49, 55 and  64%, respec t ive ly ,  the  we igh t  ga in  r e su l t ing  f rom feed ing  
c a s e i n - s u p p l e m e n t e d  diet .  The  P E R  va lues  b y  the end  of the  two-weeks  
p e r i o d  we re  in  the  fo l lowing order :  2.81, 2.21, 1.90, and  1.80 for casein,  
isolate,  concen t ra t e ,  and  meal ,  r espec t ive ly ;  (Q.I.: 0.79, 6.68, 0.67 for iso- 
late, concen t ra t e ,  and  meal ,  respect ive ly) .  The  resu l t s  also ind ica t e  tha t  
sun f lower - seed  p ro t e in  i sola te  has  be t t e r  nu t r i t i ona l  qua l i ty  than  the mea l  
f rom w h i c h  i t  is i so la ted .  

The  isola te  r e su l t ed  in  we igh t  gain  30.7 % h ighe r  than  the  mea l  in the  
two-weeks  f eed ing  per iod .  A m i n o - a c i d  ana lys i s  (g/16 g N) of mea l  a n d  
i so la te  ind ica t e s  the  fol lowing:  Lys ine ,  3.9 a n d  4.0; ava i l ab le  lys ine ,  2.86 
and  2.97; m e t h i o n i n e  2.6 a n d  3.0, r e spec t ive ly ,  c o m p a r e d  to the  r e p o r t e d  
r e q u i r e m e n t s  of ch icks  4.5 a n d  2.25 for lys ine  and  me th ion ine ,  r e s p e c t i v e l y  
(3). The  da ta  reveal  t ha t  sun f lower - seed  p ro t e i n  p r o d u c t s  con ta in  all essen-  
t ia l  a m i n o  ac ids  in p r o p o r t i o n s  tha t  m e e t  ch i ck  r e q u i r e m e n t s  wi th  the  
e x c e p t i o n  of lysine.  
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E n r i c h m e n t  o f  sunf lower-seed  meal  with lysine, methionine ,  or m i x t u r e  o f  
both 

The amino acids were added  at a level of 0.3 % of the diet. A four th  
group of chicks  were  fed sunflower-seed meal  that  has been s teamed in an 
autoclave for 30 minutes.  F igure  2 shows the nutri t ive value of meal  
samples.  

The s team-heated sunflower-seed meal  resul ted in an increase in the 
weight  gain of the chicks, compared  to uns t eamed  th roughou t  the first 
twelve days of feeding. In  the four teenth  day  of feeding, the chicks '  weight  
was slightly h igher  with the unhea ted  meal. After  two weeks,  total food 
consumpt ion  and P E R  were lower for the s team-heated  meal. l:'iroska (8, 
9) repor ted  on the effect of heat  on sunflower-seed meal  and found  that  
dry- or moist -heat  t rea tment  at 120 ~ for 10-20 minutes  decreased  protein 
solubility, increased denatura t ion  of prote in  and  causes loss in 
methionine,  cystine, leucine, tyrosine, and serine. The nutri t ive value on in 
vitro digestabil i ty was also reduced.  The presence  of an ant i t rypsin  factor 
in sunf lower  seed, which is k n o w n  to be deact ivated by heat, has been a 
subject  of investigation. While Shp i rko  (10) found  that  sunf lower  cake 
inhibits t ryps in  activity, R o y  and Bha t t  (11) repor ted  that  some sunf lower  
varieties were  free from t rypsin  inhibitor. 

After  two weeks, the group fed sunf lower-seed meal  enr iched  with 
lysine gained 440 g, compared  to 212 g gained by  the  group fed non- 
enr iched meal, i.e. 108 % higher. This was also coinc ident  with 60 % 
increase in food consumpt ion ,  and the P E R  was highly  improved  (2.44 and 
1.88, respectively,  for meal  with and wi thout  lysine). It  is qui te  evident  that  
sunflower-seed meal, wh ich  was found to result  in a weight  gain a lmost  
half that  of casein, suppor ted  better  g rowth  after en r i chmen t  with lysine 
t h roughou t  the exper imenta l  period. The food c o n s u m p t i o n  was  higher, 
while the P E R  was lower  (2.88 and 2.44, respectively,  for casein- and 
lysine-enriched meal). 

Surprisingly,  addi t ion of methionine  to sunflower-seed meal  did not  
improve  g rowth  and even resul ted in lower gain in weight  and P E R  values 
dur ing the last eight days  of the exper iment .  However ,  en r i chment  of 
sunflower-seed meal  with bo th  lysine and meth ion ine  resul ted in superior 
nutr i t ional  criteria. This g roup  of chicks showed weight  gain 126 % higher  
than  that  fed non-enr iched  meal, which  is also higher  than  the casein-fed 
group.  The P E R  values were in the following increased order: 

meal  + meth ion ine  < meal  < meal  + lysine < casein < meal  + 
lysine + met ionine  (1.41, 1.88, 2.44, 2.81 and 2.85, respectively). Pokrovsk i i  
et al. (12) came  to a similar conclus ion  w h e n  feeding sunflower-protein 
isolates to rats. No improvemen t  in the weight  gain of rats was obtained by 
the addi t ion of methionine,  wlzile the addit ion of both  lysine and 
methionine,  or only lysine resul ted in great increase in the weight  gain. 

Amino-acid  analysis of sunflower-seed meal  suppor ts  the fact that  
lysine is the limiting amino acid (3). 
E n r i c h m e n t  o f  sunf lower-seed  protein isolates with lysine, meth ionine ,  
or m i x t u r e  Of both 

Figure  3 is a d iagrammat ic  representa t ion of results of feeding sun- 
flower seed protein isolate after en r i chment  with lysine, methionine ,  or 
both. Amino  acids were added  at a level of 0.3 % of the diet. 
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Similar to that  found  with sunflower-seed meal, en r i chmen t  of the 
protein isolate with lysine, or lysine + meth ionine  resulted in great 
impr ovemen t  of its nutr i t ional  quality, while enr ichment  with meth ionine  
resul ted in a decrease in the nutri t ional  qual i ty  of the isolate. 

After  two weeks  of feeding, values for weight  gain and P E R  were in the 
following order: non-enr iched isolate 277, 2.21; lysine-enriched isolate 
423, 2.91; lysine- and meth ionine-enr iched  isolate 396, 2.42; methionine-  
enr iched isolate 100, 0.81. 

F r o m  the overall f indings of feeding sunflower-seed protein products  
the fol lowing conclus ions  could be drawn:  

Lys ine  is the first l imiting amino  acid in sunflower-seed protein. Nutri- 
t ional studies using chicks (13-16), rats (17-22), mice (23) and pigs (24-27) 
as exper imenta l  animals proved beyond  any  doub t  the l imitation of this 
amino acid in sunflower-seed meal  and protein isolate. 

Methionine enr ichment  of sunflower-seed produc ts  does not  inprove 
the nutri t ional  quali ty and even results in decreased  g rowth  rate of chicks, 
while enr ichment  with both  lysine and meth ion ine  results in considerable  
improvemen t  of the nutri t ive value. There  has been a cont roversy  in 
regard to methionine.  While S c h i l l e r  (18), R o b e r t  (21) and A f i f i  (13) 
reported difficiency; P o k r o v s k i i  et al. (12), N e h r i n g e t  al. (28), G y o r g y  (29) 
and Taha et al. (3) revealed adequacy.  

Feeding  sunflower-seed meal + lysine + methionine,  or protein iso- 
late + lysine results in weight  gain and P E R  similar to or h igher  than 
casein. This is i l lustrated d iagrammat ica l ly  in Figure  4 where  casein is 
given a value of 100. 

The gain in weight  of chicks fed non-enr iched  prote in  isolate, t h o u g h  
far lower than those fed casein- or amino-acid-enr iched isolate at early 
stages of chick growth.  It  is believed that  the isolate migh t  suppor t  
comparab le  g rowth  rate at later stages even wi thou t  amino-acid  enrich- 
ment.  
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Fig. 4. Weight gain and PER compared to casein. 
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Fig. 5. Increase in weight gain of chicks fed casein, protein isolate enriched with 
lysine and protein isolate enriched with lysine and methionine compared to non- 

enriched protein isolate. 

F igure  5 r ep resen t s  the  pe rcen tages  increase  in the  we igh t  ga in  (Wt.G.) 
of chicks  fed casein  (CAS), sunf lower -seed  pro te in  isolate  en r iched  wi th  
lys ine  (PI+Lys) ,  or lys ine  and  m e t h i o n i n e  ( P I + L y s + M e t ) ,  c o m p a r e d  to 
non-enr i ched  p ro te in  isolate  (PI), t h r o u g h o u t  the e x p e r i m e n t a l  period.  

[Wt.G. CAS (or) P I + L y s  (or) P I + L y s + M e t ]  - [Wt.G. PI] x 100 
[Wt.G. PI]  

The  F igure  i l lustrates  tha t  t h o u g h  the  we igh t  gains by  the  four th  day  of 
feeding were  125, 141 and  168% higher  w h e n  feeding CAS, P I + L y s ,  
P I + L y s + M e t ,  respect ive ly ,  t han  w h e n  feeding non-enr iched  pro te in  iso- 
late, ye t  the  pe r cen t age  decrease  gradual ly  to b e c o m e  57, 59 and  43 %, 
respect ive ly ,  b y  the  four t een th  day. 

Non-enr i ched  sunf lower -seed  pro te in  isolate  suppor t s  be t te r  g rowth  
t han  non-en r i ched  mea l  at la ter  s tages of ch ick  growth.  F igure  6 i l lustrates  
the  pe r cen t age  increase  in the  weigh t  gain  of chicks  fed casein  and  
en r i ched  sunf lower -seed  mea l  c o m p a r e d  to non-enr i ched  mea l  t h r o u g h o u t  
the  e x p e r i m e n t a l  period.  The  Figure  is s imilar  to F igure  5, bu t  wi th  
sunf lower -seed  meal .  

The  F igure  shows  tha t  t hough  there  is a decrease  in the  p e r c e n t a g e  
we igh t  gain  as the  chicks  grow, ye t  it is no t  as p r o n o u n c e d  as in the  case  of 
the  isolate. Af ter  the  four t een th  day  of feeding casein,  mea l  + lysine,  and  
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Fig. 6. Inc rease  in we igh t  gain  of ch icks  fed casein,  mea l  e n r i c h e d  wi th  lys ine  a n d  
mea l  e n r i c h e d  wi th  lys ine  and  m e t h i o n i n e  c o m p a r e d  to n o n - e n r i c h e d  meal.  

mea l  + lysine + meth ion ine ,  va lues  were  still 106, 108 and  126 %, respec-  
tively, h igher  than  the non-enr i ched  meal .  

Summary 

Defatted sunflower-seed meal, sunflower-seed protein concentrate and protein 
isolate were fed to protein-depleted chicks. The effect of the enrichment of meal 
and of protein isolate with lysine, methionine, or a mixture of both on the nutri- 
tional value was investigated. Sunflower-seed protein products are primarily 
limited in lysine. Food consumption, weight gain and protein/efficiency ratio reveal 
superior performance of lysine- or lysine- and methionine-enriched meal or protein 
isolate, as compared to the correponding non-enriched products. Methionine 
enrichment does not improve the nutritional quality and even result in inferior 
performance. Non-enriched protein isolate supports better growth than non- 
enriched meal specially at later stages of chick growth. 
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