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violet to red-violet in the final 90 seconds when color 
development  is completed in the 80~ bath. Stand- 
a rd  lactic acid solutions were checked at  a final color 
development t ime of 60, 90, and 180 seconds. Identi-  
cal results were obtained af ter  60 and 90 seconds at 
80~ but  there was a marked decrease in color in- 
tensi ty  wheu the solutions were held in the bath  for 
180 seconds. Ninety  seconds was chosen for  the time, 
which must  be accurately measured. 
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The Nutritive Value of the Brazil Nut Oil 
LUIZ G. ELIAS 1 and RICARDO BRESSANI, Institute of Nutrition of Central America and 
Panama (INCAP), Guatemala, Central America 

The chemical  composi t ion  of the deeor t ica ted  Braz i l  nut  in 
the n a t u r a l  and  f a t - f r ee  s t a t e  was  de te rmined ,  alad the  resu l t s  
confirm t h a t  this  seed conta ins  s ign i f i can t  mnounts  of el l  and  
prote in .  I n  three  g rowth  exper iments  ca r r i ed  out in  ra ts ,  the 
Braz i l  nu t  oil had  a n u t r i t i v e  value comparab le  to tha t  of 
b u t t e r f a t  anrl the common tab le  oils, olive oil, cot tonseed oil, 
and  corn oil. The use of levels  of the Braz i l  nut  oil up to 
20% of the d ie t  did no t  reduce growth  or food consumpt ion  
of ra ts .  H e a t  t r e a t m e n t  of the oil up to 120 rain. a t  140~ 
d id  not  reduce i t s  n u t r i t i v e  value.  The coefficient of d iges t i -  
b i l i t y  of the Braz i l  nu t  oil was s imi la r  to t h a t  of the other 
oils, f resh  and  heated.  The d i g e s t i b i l i t y  of the Braz i l  nu t  oil 
ave raged  98% and was not  affected by  the heat  t r ea tmen t .  
The d a t a  ind ica te  t h a t  Braz i l  nu t  oil is  comparab le  to other  
an ima l  a~& vege tab le  f a t s  and  oils in common use for  human  
consumption.  

O NE OF THE GREAT number  of seeds in the Lat in  
American countries that  offers unexploited pos- 
sibilities for development and use (8) is the 

f ru i t  of the tree Bertholletia excelsa, known as the 
Brazil  nut. Available chemical analyses of this nut  
(9) indicate tha t  i t  contains oil and protein in amounts 
tha t  have pract ical  sigmifieanee for  both animal and 
human nutri t ion.  

Peeh~:ik e* aI. (10) classified the oil as a semi-drying 
type f rom studies for its density, refract ive index, 
saponification, and iodine nmnber,  and similar find- 
ings were repor ted by  Noriega (9). The digestibili ty 
of the oil was found to be 97.7% (10). I t i ld i tch (6) 
and Schuette et al. (11) investigated the f a t ty  a d d  
composition of Brazil  nu t  oil and showed that  the 
concentration of oleie acid var ied between 18 and 
58% while the linoleie acid content varied f rom 23 
to 30%. Chaves and Peehnik (3) showed that  the 
carotene in Brazil  nu t  oil is relat ively stable. Costa 
and ~{ota (4) indicated that,  for  the extraction of the 
oil, screw-pressing is very  efficient and more pract ical  
than solvent extract ion because with the la t ter  the 
oil retains traces of the solvent and the fat-soluble 
vi tamins are completely removed f rom the meal. 

The present  s tudy  was under taken to determine 
whether the oil is of a sufficiently good nutr i t ive  value 
to recommend its industr ial  product ion on a large 
scale as a table oil. This, in turn,  might  make the 
press cake available for  use in animal and human  
nutri t ion.  

1 "[nternutionM Cooperation Administra~sio~ fe]Iow and Research Assist- 
ant. XNOAP :Publication 1-150. 

Materials and Methods 
The nuts used for the extract ion o~ the oil were 

obtained f rmn Belem, Par~, Brazil. 2 The deeortieated 
nut  was analyzed for its proximate  composition by  
A.O.A.C. methods (2),  and the oil was obtained f rom 
it. by solvent extract ion with petroleum ether in a 3- 
liter Soxhlet extractor  and by pressure. The solvent- 
extracted oil was purified by filtration with Celite a 
a f te r  removal  of the solvent by vacuum. The pressure- 
extracted oil was obtained with a Carver  laboratory  
press, using 10,000 p.s.i, pressure, and was also puri-  
fied with Celite. Approx imate ly  85% yields were ob- 
tained by using pressure and  90-95% by  using the 
solvent method. The purified oil had a clear yellowish 
color. The pressure and solvent-extracted oils were 
analyzed for  their  iodine value, unsaponifiable mat-  
ter, and eolor by the American Oil Chemists '  Society 
B[ethods and Analysis  (1) while the f a t ty  acids were 
calculated f rom the areas under  their  gas-liquid chro- 
matographic  curves, using a Barber-Colman B[odel 20, 
t r i t imn detector. 

Nutr i t ive  value was a~essed by ra t -growth trials 
and digestibili ty studies, using albino rat.s of the Wis- 
t a r  strain. In  all experiments  the animals were dis- 
t r ibuted among the exper imental  diets by  weight and 
sex and were plaeed in individual  all-wire cages with 
raised screen bottoms. Food and water  were provided 
a,d. libftum, and growth and food consumption were 
noted every 7 days for a total of 28 days. 

The first of the three growth tr ials  with rats  was 
designed to test  the nutr i t ive  value of the solvent- 
extracted oil. Brazil  nu t  oil was tested at  5, 10, and 
20% levels in a basal rat ion composed of vi tamin- 
free casein 4 25%, alphaeel 1.80%, nfineral nlixture 5 
4.00%, L-eystine 0.20%, cod liver oil ~ 2.00%, and 
cornstarch to 100%. Five ml. of a v i tamin solution 
(7) per  100 g. were also added. Each rat ion was fed 
to groups of six female rats. An addit ional  group of 
rats  was fed the basal diet with 20% olive oil. 

The second growth tr ial  was similar to the first 
except that  the pressure-extracted oil was used at 

-~ through the courtesy of Frank Lowenstein. 
.Johns-Manville. 

a Nutritional Biochemicals Corporation, Cle~'eland, O. 
5 Hegsted Mineral Mixture (5), Nutritional Bioehemicals Corporation, 

Cleveland, O. 
a 1,800 U.S.:P. units of vitamin A and 175 U.S.:P. units of vitamin D 

per gram from Mead-Johnson, Evansville, Ind. 
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three levels: 5, 10, and 20% of the ration. Three 
groups of ra ts  fed 5, 10, and 20% olive oil and three 
groups fed 5, 10, and 20% lard served as controls. 
Each group was composed of three males and two 
females. 

The thi rd  growth tr ial  consisted of feeding groups 
of four  female ra ts  the 10% level of Brazil  nut  oil, 
either fresh or heated for 60 and 120 rain. at a ten> 
pera ture  va ry ing  f rom 139 to 142~ In  this ease 
the control groups reeeived a diet with 10% ecru oil, 
fresh or heated for  60 rain. a t  the same tempera ture  
as the Brazil  nu t  oil. The basal rat ion was the same 
as in the previous trials. 

Six experinlental  groups were included in the first 
of two digestibili ty trials. One group each was fed 
the Brazil  nu t  oil, olive oil, cottonseed oil, corn oil, 
and bu t t e r fa t  added at  the 15% level in the follow- 
ing basal rat ion:  vi tamin-free casein 25%, COmlstarch 
52%, Torula  yeast  1%, mineral  salt 7%, and folio 
acid and B12 0.1 rag. each per 100 g. of diet. A sixth 
group was fed the fat-free basal diet to obtain an 
estimate of endogenous fat excretion. The feces were 
collected in the last  5 days of a 12-day feeding period. 

T A B L E  I 

P r o x i m a t e  C o m p o s i t i o n  of  t h e  B r a z i l  N u t  

D e c o r t i c a t e d  B r a z i l  n u t  
N u t r i e n t  B r a z i l  n u t ,  f l o u r ,  

% % 
M o i s t u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 0 0  1 5 . 6 0  
P r o t e i n  ( N  x 6 . 2 5 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 . 3 0  4 4 . 8 0  
Ether extract ................................................ 68.30 0.44 
Crude fiber .................................................... 2,60 7.80 
A s h  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 6 1  7 . 3 6  

TABLE II 

S o m e  P r o p e r t i e s  of  C r u d e  B r a z i l  N u t  Oi l  

P r e s s u r e -  
e x t r a c t e d  

o i l  

I o d i n e  v a l u e  ( W i j s )  . . . . . . . . . . . . . . . . . . . . . . . . .  
U n s a p o n i f i a b l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L o v i b o n d  co lo r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F a t t y  a c i d s  a 

M y r i s t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P a l m i t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P a l m i t o l e i e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t e a r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L i n o l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T o t a I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S o l v e n t -  r e d  
e x t r a c t e d  

o i l  

9 8 . 1  
o.61% 

35  y e l l o w / 3 . 3 9  

O.lO% 
1 6 . 6 0  

0 . 3 0  
1 0 . 3 5  
3 1 . 0 0  
4 1 . 6 5  

9 9 . 6  
0.54% 

3 y e l l o w / 0 . 4 7  r e d  

0.05% 
1 3 . 8 5  

0 . 4 5  
1 0 . 2 5  
3 0 . 5 0  
4 4 . 9 0  

1 0 0 . 0 0 %  lOO.OO% 
a E s t i m a t e d  f r o m  t h e  a r e a s  u n d e r  g a s - l i q u i d  c h r o m a t o g r a p h i c  c u r v e s .  

T A B L E  I I I  

T h e  E f f e c t  of  D i f f e r e n t  L e v e l s  of  t h e  B r a z i l  N u t  Oi l  on  t h e  
G r o w t h  of Y o u n g  R a t s  

T y p e  of  o i l  

F i r s t  t r i a l  
( 6  r a t s  p e r  g r o u p )  a 
B r a z i l  n u t  oi l  b . . . . . . . . . . . . . . . .  
B r a z i l  n u t  oi l  . . . . . . . . . . . . . . . . . .  
B r a z i l  n u t  oi l  . . . . . . . . . . . . . . . . . .  
B r a z i l  n u t  o i l  . . . . . . . . . . . . . . . . . .  
O l i v e  oi l  . . . . . . . . . . . . . . . . . . . . . . . . . .  

S e c o n d  t r i a l  
(5  r a t s  p e r  g r o u p )  a 

B r a z i l  n u t  o f f  . . . . . . . . . . . . . . . . .  
B r a z i l  n u t  oi l  . . . . . . . . . . . . . . . . . .  
B r a z i l  n u t  oi l  . . . . . . . . . . . . . . . . . .  
O l i v e  oi l  . . . . . . . . . . . . . . . . . . . . . . . . . .  
O l i v e  oi l  . . . . . . . . . . . . . . . . . . . . . . . . . .  
O l i v e  oi l  . . . . . . . . . . . . . . . . . . . . . . . . . .  
L a r d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L a r d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L a r d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P e r c e n t -  
a g e  i n  

d i e t  

15o 
1 5  
2 0  
2 0  

lO 
2o 

1 0  
2 0  

A v e r a g e  
f i n a l  

w e i g h t ,  g .  

153 
1 6 7  
1 7 2  
1 7 9  
1 8 2  

1 9 0  
2 1 8  
2 1 5  
1 9 3  
1 9 1  
2 1 3  
1 9 9  
1 7 9  
2 1 8  

Average 
weight 
g a i n ,  

g. 

9 7  
1 1 1  
1 1 6  
1 2 3  
1 2 4  

1 3 4  
1 6 2  
1 5 9  
1 3 7  
1 3 5  
1 5 7  
1 4 3  
1 2 3  
1 6 2  

A v e r a g e  
food  

consul[Ile(~ ~ 
g. 

3 3 8  
3 2 6  
3 1 9  
3 0 6  
3 1 6  

3 4 7  
3 5 8  
3 3 3  
3 5 6  
3 4 5  
3 4 6  
8 4 9  
2 9 2  
3 2 8  

b X a A v e r a g e  i n i t i a l  w t .  5 6  g.  S o l v e n t - e  t r a c t e d  oi l .  C P r e s s u r e - e x t r a c t e d  oi l .  

The fa t  content of tim diets and of the d ry  feces was 
determined by  A.0.A.C. methods (2).  True fa t  di- 
gestibili ty was then calculated. 

The second digestibili ty tr ial  was carried out in a 
sinIilar fashion except that  the animals used were 
those f rom the third growth experiment,  and the fa t  
analysis of the feces was done by  the method described 
by Squibb ct al. (121. 

R e s u l t s  
The high oil content of the decorticated Brazil nu t  

in the na tura l  state and the high protein content in 
the fat-free meal are shown in Table I. Scale physical 
and chemical propert ies  of the solvent-extracted and 
pressure-extracted oil are given in Table I I .  The d ig  
ferences in coniposition are not marked except in the 
color of the oil, which is higher for  the solvent-ex- 
t r a d e d  nlaterial. The results of the two rat-growth 
trials are shown in Table I I [ .  There was a progres- 
sive increase in weight gain with increasing amounts 
of the oil fed. The rats  fed 20% olive oil gained 
weight at  the same rate  as those fed 20% Brazil nu t  
oil. There was no large difference in the average food 
consumed in the five experimental  groups. 

In  the second trial, growth with the 10 and 20% 
levels of Brazil  nut  oil was about equal to and slightly 
higher than  at the 5% level. Olive oil and lard re- 
sulted in growth similar to tha t  with Brazil  nnt  oil 
at all three levels tested, and food eonsunlption was 
similar in all experimental  groups. 

In  the th i rd  growth trial, as shown in Table IV, 
differences were not observed in either the growth 
or food consunlption of ra ts  fed fresh as compared 
with heated Brazil  nu t  oil. Compared with fresh and 
heated corn oil used as standards,  the Brazil  nut  oil 
resulted in slightly higher weight gains. Food con- 
sumption was also similar in all experimental  groups. 

E f f e c t  of  10% F r e s h  

T A B L E  I V  

o r  H e a t e d  B r a z i l  N u t  a n d  C o r n  Oi ls  on  I h e  
G r o w t h  of R a t s  a 

T y p e  of  o i l  

[ 
] 

Treatment 

[ 

B r a z i l  n u t  oi l  . . . . . . . . . . . . . . . . . . .  F r e s h  
B r a z i l  n u t  oi l  . . . . . . . . . . . . . . . . . . .  ' H e a t e d ( 1  h r . )  b 
B r a z i l  n u t  oi l  . . . . . . . . . . . . . . . . . . .  i H e a t e d ( 2 h r s . )  ~ 
C o r n  o i l  . . . . . . . . . . . . . . . . . . . . . . . . . . .  F r e s h  
C o r n  oi l  . . . . . . . . . . . . . . . . . . . . . . . . . . .  H e a t e d  ( 1 h r . )  b 

A v e r a g e  ! A v e r a g e  A v e r a g e  
i n i t i a l  I w e i g h t  food  con-  

w e i g h t ,  i g.  g a i n ,  g- s u m e d ,  g- 

i 1 4 1  344 
1 3 4  3 3 4  

5 4  1 3 1  3 3 4  
55  ~ 1 1 6  2 9 8  
55  ! 1 3 3  3 2 9  

a F o u r  r a t s  p e r  g r o u p ,  b 1 3 9 _ 1 4 2 o c .  

T A B L E  ~* 

T h e  D i g e s t i b i l i t y  of  B r a z i l  N u t  Oi l  a n d  S o m e  O t h e r  N a t u r a l  F a t s  

F i r s t  T r i a l  

% of  f a t  . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i g e s t i b i l i t y  

% r a n g e  . . . . . . . . . . . . . . . . . . . . .  

A v e r a g e ,  6 r a t s  . . . . . . . . . . . . . . .  

B r a z i l  
]ant  
o i l  

15 i 
9 8 . 0 -  ] 
9 9 . 6  
9 8 . 8  [ 

O l i v e  C o r n  Co t ton -  
o i l  oi l  s eed  

o i l  

1 5  1 5  15  

9 8 . 2 -  9 8 . 4 -  I 9 8 . 3 -  
9 9 . 1  9 9 . 8  1 0 0 . 0  
9 8 . 9  9 9 . 0  ] 9 9 . 4  

F r e s h  i H e a t e d  
[ B r a z i l  i B r a z i l  
] n u t  l n u t  oi l  
i o i l  ' ( 1  h r . )  

% of  f a t  .......................... i 1 0  : 10  
D i g e s t i b i l i t y  I ! 

% r a n g e  . . . . . . . . . . . . . . . . . . . . . . .  9 4 . 8 -  9 5 . 5 -  
! 9 8 . 3  9 9 . 6  

A v e r a g e ,  4 r a t s  . . . . . . . . . . . . . . .  t 9 7 . 0  i 9 8 . 1  

S e c o n d  T r i a l  

} t e a t e d  i F r e s h  
B r a z i l  

i c o r n  l i n t  oil  0:1 
(2 h r . )  

1 0  - 10  

9 6 . 0 - -  ~ 9 6 , 1 - -  
1O0.0 I 98.0 
98.5 97.1 

B u t t e r -  
fat. 

15  

9 2 . 0 -  
9 9 , 3  
9 7 . 5  

~'teaged 
c o r n  

oil  
(1  h r . )  

1 0  

96.5- 
i00.0 
98.1 
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The results of the two digestibili ty ~rials are shown 
in Table V. In  the first, Brazil  nu t  oil showed a co- 
efficient of digestibili ty of 98.8% while olive oil, corn 
oil, cottonseed oil, and bu t t e r fa t  resulted in average 
digestibili ty of 98.7%. In  the second trial, the fresh 
Brazil  nu t  oil showed a coefficient of digestibili ty of 
97.0% while the Brazil  nu t  oil heated for  either 1 or 
2 hrs. presented coefficients of digestibili ty of 98.1 
and 98.5%, respectively. Corn oil, fresh and heated, 
resulted in similar digestibilities. None of the dif- 
ferences in digestibili ty observed in this tr ial  were of 
practical  significance. 

Discussion 
The Brazil  nu t  has two components, fa t  and pro- 

tein, which could make the product ion and indus- 
tr ial ization of the f ru i t  desirable for  countries capa- 
ble of growing it. The deeorticated nut  in its na tura l  
s tate contains 16.3% protein and 68.3% fat, both of 
which could be used in animal and human nutri t ion.  
In  general, the chemical composition of the nut  found 
in this s tudy is similar to that  described by other 
workers. The data show tha t  the oil contains signifi- 
cant amounts of linoleic and oleic acids al though the 
values for the former  are higher and  for the lat ter  
arc lower than previously repor ted (4,9-11). 

The biological trials indicated tha t  the Brazil  nu t  
oil, as measured by  growth and percentage digesti- 
bility in rats, is comparable to other vegetable oils 
and animal  fats  now in cmmnon use for human  con- 

sumption, either fresh or heat-treated. Fur the rmore  
the ra t -growth tr ials  give no evidence of toxicity and 
indicate that  the Brazil  nu t  oil could be used as an 
edible oil. The highest level tested, 20% of the diet, 
produced good growth and did not lower the consump- 
tion of food. I ts  high linoleic acid content as reported 
here and also found by  other workers (6,11) is an 
addit ional  p rope r ty  to be desired in a good table oil. 
In  view of the favorable characteristics of the oil, it 
is highly desirable tha t  the protein quali ty of the 
Brazil  nu t  press-cake be investigated for  both human  
and animal diets. 
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Composition of the Oil of Asphodclus Fistulosus 

(Piazi) Seeds 
SHAFIQ AHMAD KHAN, MUHAMMAD ILYAS QURESHI, MUHAMMAD KHURSHID BHATTY and 
KARIMULLAH, West Regional Laboratories, Pakistan Council of Scientific and Industrial Research, Lahore 

T h e  s e e d  oi l  o f  Asphodelus fistulosus (piazi) c o n t a i n s  0 . 5 %  
m y r i s t l c ,  5 . 7 %  p ~ l m i t i c ,  3 . 6 %  s t e a r l c ,  3 3 . 1 %  oleic ,  a n d  5 4 . 9 %  
l i n o l e i c  a c i d s .  

T h e  1 . 8 %  n o n s a p o n i f i a b ] e  m a t t e r  a p p e a r e d  to  c o n t a i n  f u c o s -  
t e r o l  a n d  a y e l l o w ,  u n i d e n t i f i e d  s u b s t a n c e .  

A S P H O D E L U S  F I S T U L O S U S  ( F I A Z I ) ,  N.O. LILIACEAE, 
weed grows abundant ly  along with wheat  in the 
Indo-Pakis tan  subcontinent.  I t  is a pest of the 

wheat  crop, and efforts have been made to eliminate 
it. Annual  collection of the weed seeds in wheat  in 
West  Pakis tan has been repor ted to be 8,750 tons (1). 
This estimate is based on an assumption that  the total  
harvested wheat  contains 0.25% of the seeds. 

Since eradication of the weed has not been ac- 
complished, it is desirable to find a commercial use. 
Muhammad (1) reported that  the seeds contain 21% 
of a dry ing  oil and (2) that  the protein value of 
the seeds was higher than  that  of several cereals. 
However  composition of the oil was not determined. 
In format ion  about  the oil might  lead to industr ial  
applications. In  addit ion to the work on oil compo- 
sition repor ted here both the oil and the protein val- 
ues of the seeds are being intensively studied at the 
West  Regional Laboratories.  

Experimental 
The seeds were crushed in an iron pestle and mor- 

tar.  The meal was extracted with petrolemn ether 
(50-70~ in a Soxhlet apparatus .  The solvent was 
distilled f rom the extract  a f ter  dry ing  over anhydrous  
sodium sulphate. The last traces were removed at 
80-90~ 

Physical  characteristics and chemical values of the 
oil were determined by the usual nlethods (3,4). 
They are recorded in Table I. 

T A B L E  1 

:Physico-ChemicaI Character is t ics  of the Oil 

Refrac t ive  index ~ 1~4740 at  21.5~ 
Specific g rav i ty  ~ 0.9230 
Color (Lovibond) ---- 2 0 Y - - 1 . 0 R  
Saponification value ----I 85.4 
Iodine value ~ 1 4 2  
Acid va lue  ~- 2.07 
R.M. value ---- 0.86 
Folenske value ~ 0.45 
Kirschuer  value ---- 0.08 
:Hehner value ~ 94.73% 
Satura ted  acids (Ber t , ' am oxidation) ---- 10 .50% 
Nonsaponifiable mat ter  ~ 1 .9% 


