
7 3 0  T I I E  J ( ) U R N A I ,  O F  T I I E  AMERICAN O I l ,  ( ~ I t E M I S T S  . . . .  S O C I I : ' I ' Y ,  l)~cl.:.~imr, 11,14!) 

these mater ia ls  can general ly be ehopI)ed fine and 
rendered fluffy, a thing whi(;h is not possible with 
labora tory  mills when tlie oil content is high, and are 
then used in moisture and oil content determinations. 

I t  was f(mnd that  filtration is improved when some 
Polycel-RCB-80 or Super-eel filter aids are added t(/ 
the contents in the container af ter  t r i tu ra t ion  and 
mixed for a few seconds before pouring into the 
funnel. In  some cases, it was also f(mn(1, a funnel 
of coarse porosity worked bet ter  than tim nledimn 
porosity funnel used for copra. 

The removal of the solvent from the oil of 75-gin. 
samples of most of these seeds was acemnplished in 
only 1/., hour  because these materials  have generally 
a lower oil content than copra does. 

Detailed procedures for  the analyses of the various 
seeds have not been worked out because in out" mill 
we seldom crush anyth ing  other than copra. Such 
details will be left  to those who will fin(t the method 
advantageous.  Recently the Soybean anti Flaxseed 
Advisory Committee voiced the need for quick and 
ae(.urate determinations of oil content and quali ty of 
oil in oil seeds, s tat ing that  " s u c h  quick tests wouht 
fa(:ilitate t rad ing  an(t be a boon to sound prodnction 

and market ing prac t ices"  (12). The anthers  hope 
that  the present  method will assist in fulfilling that  
11 eed. 
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Oil From the Kernels of Lalob Fruit, Balanites Aegyptiaca' 
S. A. HUSSAIN, State of Hyderabad (India), and F. G. DOLLEAR and R. T. O'CONNOR, 
Southern Regional Research Laboratory,'-' New Orleans 19, Louisiana 

Balanitcs acgypti(wa is a tree 20 to 30 feet high 
which is fount1 pr incipal ly  in West Africa, Sudan, 
I 'gan(la, Tanganyika,  P a l e s t i n e ,  and Arabia.  The 
f ru i t  of this tree is known locally by  such names as 
" b e t u , "  " l u g b a , "  " h e g l i g , "  and lalob. The kernel 
of the frui t ,  which contains about  46% oil, amounts 
to 9 to 10% by weight of the whole fruit .  

The frui t ,  whi(:h usually falls to the ground on 
riI)(ming, is often parasit ized by tile larvae of an 
unidentified noetui(t moth. The caterpi l lar  develops 
insidc of the f rui t  and when realty to pupate,  eats 
its way to near  the surface, leaving a memt)raneous 
win(tow through which the adul t  moth emerges. This 
parasi t ism is responsible for  considerable loss of ker- 
nels of win(l-fallen frui t ,  a 

Except  for  two an(tnymous reports  (1, 2) from the 
hnl)erial Ins t i tu te  of London in 11`)08 and 1935, re- 
spectively, practically no inf(n'mation altpears to have 
been published on the characterist ics and composition 
of lalob kernel oil. Be(,ause of lhe era 'rent interest in 
exI)orting lalob kernels for crushing and the reported 
similari ty of the oil to cottonseed oil, a comprehen- 
sive investigation was made of the f ru i t  and oil t)y 
modern chemical anti physical methods (3). 

Experimental 
Material:  Lalob f ru i t  used in this investigation 

was grown in the Fung  district  of Sudan?  The f ru i t  

I P r e s e n l e d  a t  the  40th  A n n u a l  Mee t i ng  of the Americala 0i l  Chem- 
isis'  Society. New Or leans ,  La. ,  Iklay 10-12, 1949. 

2 One  of t he  l abora to r i e s  of the B u r e a u  of A g r i c u l t u r a l  a n d  I n d u s t r i a l  
Chemis t ry ,  Agr i cu l t u r a l  Resea rch  Admin i s t r a t i on ,  U. S. D e p a r t m e n t  of 
Agr i cu l tu re .  

a i n f o r m a t i o n  supplie~l hy A. W. M. Disney ,  D e p a r t m e n t  of Ecouom 
ica and  Trade ,  S u d a n  Gove rnmen t ,  K h a r t o u m .  

4 T h e  lalob f r u i t  used  in th is  inves t iga t ion  was  suppl ied  by the 
G r e e n e  T r a d i n g  C o m p a n y  inc., New York,  ria. the S u d a n  T r a d i n g  Com- 
p a n y  Ltd. ,  K h a r t m t m ,  Sudan ,  Afr ica .  

resemhles the date in size and appearan(.e and con- 
sists of a loose, thin brownish-yelh)w skin, c~overing 
a brown sticky 1)ulp, enlbedd(,(l in which is a hard 
woody shell en(.h)sing a light yellowish kernel. 

Components:  The percentage distributi(m of the 
component par t s  of lalob f ru i t  together with the con- 
terlts of moisture and lipids made (m 10 sdecte(t frui ts  
weighing an average of 7 grams each is given in 
Table I. 

'PA B IA,] I 

D i s t r ibu t ion  of 7Principal Componen t s  of I,alob Fru i t  With 
'Pheir Mois tu re  and l . ip id  (kmtent  

i) l'~176176176 1 
Component,  of whole " Moistu, 'e L i p i d s  

fruit  

% % % 

()u ter  cove r ing  ..................................... 21.6 16.2 ...... 
S l icky llulp .......................................... 34.8 ')6.8 ...... 
Siiell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34.J 10.5 
Kernel  .................................................. 9.5 5.7 46.5 

Exlraction of Oil: A large lot (8.8 kg.) of lalob 
f rui t  were (h'ied in a vaemun oven at 158~ for  
20 hours to fat:ilitate cracking and sel)aration of 
kernels. Only 2.2% moisture c(/uld be rcmoved by  
drying, and the 1)ulp was still very sticky. The in- 
coml)letely dried f ru i t  was cracked and tile kernels 
set)arated by  hand. All worm-dantaged f ru i t  (12% 
by  weight) were rejeclelt, and only sound kernels 
were used for extract ing tile oil. The original lot of 
dried lalott f ru i t  yielded 10.2% by weight of sound 
kernels. 

The kernels (908 g.) were ground in a food gr inder  
and extraete(t with commercial hexane (b.p.  146~ 
in a labora tory  all-glass extraet(n'. At  the completion 
of extraction the bulk of the solvent was removed 
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from the miscclla by  distillation and thc last traces 
by heating under vacuum and s t r ipping  with nitro- 
gcn. The residual oil (425 g.) was clear fight yellow 
in color. 

Composition of Meal: The residual meal a f ter  (te- 
solvcntizing by spontaneous evaporat ion at room tem- 
perature  was analyzed with the results given in Table 
II .  The percentages of protein, ash, and crude tibet" 
are similar to those previously reported in the liter- 
ature (2) for  this material .  

T A I I I , E  I I  

C o n q m s i t i o n  o f  E x t r a c t e d  L a l o b  K e r n e l  

A s -  
r e c e i v e d  

b a s i s  

% 
M o i s t u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 . 7 3  

8 . 0 6  
5 0 . 3 7  

6 . 3 0  
0 . 7 4  
1 . 0 2  
0 . 3 5  
4 . 6 0  
7 . 1 5  

N i t r o g e n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P r o t e i n  ( N  X 6 . 2 5 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A s h  

P o t a s s i u m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h o s p h o r u s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c i u m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C r u d e  f i b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o t a l  s u g a r ,  e a l cu l a t~ !d  a s  i n v e r t  s u g a r  . . . . . . . . . . . . . . . . . . . .  

M o i s t u r e -  
f r e e  

b a s i s  

8 . 8 3  
5 5 . 1 9  

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

Charac, tcristics and Composition of Oil: The char- 
aete, ristics and f a t ty  acill composition of the oil were 
determined by the methods prescribed by the Ameri- 
can Oil Chemists '  Society (3) except for  the unsa- 
ponitiable mat te r  (4),  thiocyanogen value (5), and 
hydroxyl  value (6), which were determined by the 
methods described in the references cited. 

The characterist ics of the present  sample of lalob 
kernel oil are cOrollated in Table 111 with the values 
previously reported in the l i terature  (1, 2). 

T A B L E  [ I 1  

P h y s i c a l  a n d  ( ?he ro i ca l  ( ! h a r a c t e r i s t i e s  e f  L a l o b  K e r n e l  O i l  

S o u r c e  

C h a r a r t e r i s t ,  ic 

S p e c i f i c  g r a v i t y  . . . . . . . . . . . . . . . . . . . . . . . . .  

R e f r a c t i v e  i n d e x ,  n}~ '~ . . . . . . . . . . . . . .  

L o v i b o n d  c e l e r ,  5 1 ~ -  ce l l  . . . . . . . . . .  
T i t e r ,  ~C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S a p o n i f i c a t i o n  v a l u e  . . . . . . . . . . . . . . . . . .  
I o d i n e  v a l u e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T h i o c y a n o g e n  v a l u e  . . . . . . . . . . . . . . . . . .  
H y d r o x y l  v a l u e  . . . . . . . . . . . . . . . . . . . . . . . . .  
I / , e icher  t -Me. i s s l  v a l u e  . . . . . . . . . . . . . . .  
P o l e n s k e  v a l u e  . . . . . . . . . . . . . . . . . . . . . . . . . .  
A c i d  v a l u e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n s a p e n i f i a b l e  m a t t e r ,  ~ . . . . . . . . . .  

P r e s e n  t 
s a m p l e  

S u d a n  

0 . 9 1 5 6  a 

1 . 4 6 4 3  

3 5 Y - 3 . 9 R  

1 9 1 . 3  
1( )2 .2  e 

6 6 . 6  
2 . 9  
0 . 1 9  
4 . 2 7  
0 . 2 6  
2 .0  

I , i t e r a t u r e  v a l u e s  ( 1 ,  2 )  

N o .  t h e r n  
U g a n d a  N i g e r i a  S u d a n  

0 9 2 2 0  b 0 . 9 1 9  b 0 . 9 1 6 7  ~ 

1.464o ...... 

1 9 1 . 6  1 9 6 . 7  1 9 4 . 2  
9 8 . 0  d 9 2 . 5  e 9 8 . 2  e 

. . . . . . . . . . . .  t r a c e  

0 . 9  5 . 0  1 .4  
0 .3  0 . 6  . . . . . .  

e a t  2 5 o / 2 5 : . C .  hAt  1 5 o / 1 5 r  e W i j s ,  3 0  m i n .  d Wi)S, 3 h r s .  
e U i i b l ,  17  h r s .  

The fa t ty  acid composition was calculated f rom the 
iodine-thiocyanogeu value and f rom spectrophotonlet- 
ric measurements  of the oil before and a f te r  alkali 
isomerization for 25 minutes at 180~ with an ethyl- 
Pile glycol-potassium hydroxide reagent,  using nitro- 
gen protection. Calculations f rom spectropllotometrie 
data were made according to the equations of Brice 
et td. (7).  The results are shown in Table IV. Ref- 
erenre to this table shows that  the results obtained 
by the two methods are in close agreement.  The sat- 
urated acids were also determined independent ly  by 
the modif ied-Bertranl  oxidati(in method (8). These 
results are also included ill Table IV. The l)resent 
results are somewhat higher for linolcin and some- 
what lower for  sa tura ted  glycerides than those pre- 
viously repor ted for  lalob kernel oil (1).  

Fract ional  distillation of a small batch of methyl  
esters prct)ared f rom the sa tura ted  acids, which were 
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F I G .  1.  U l t r a v i o l e t  a b s o r p t i o n  s l ) e c t r t ~  o f  l a l o b  k e r n e l  o i l ,  b e -  

f o r e  ( - C ) - )  a n d  a f t e r  ( - A - )  q l k a l i  i s o m e r i z a t i o i L  

separated by low tclnperaturc crystallization, and de- 
terminat ion of the saponification equivalent of the dis- 
tilled ester fl'a(.tions gave quali tat ive indications that  
the sa tura ted  acids of lalob kernel oil are conlposed 
mainly of palmitic and stearic acids. 

Spectrophotometric Absorpt ion:  The absort)tion 
spectra of lalob kernel oil before and af ter  alkali 
isomerization is shown in F igure  1, and Ill(', absorp- 
tion spect rum of the oil in the near  ul traviolet  and 
visible region is shown in F igure  2. The observed 
values of the absorpt ion maxima and nfinima are 
recorded ill Table V. 

Lalob kernel oil has a ra ther  low absorpti(m in the 
ul traviolet  and visible region compared to other crude 
oils (9),  indicative of the presence of only a small 
number  of oil-soluble pigments.  The sha rp -banded  
absorpt ion maxima of low intensity at 425, 450, and 
478 m~ indicate the predominance of a specific caro- 
tenoid pigment ,  in  order to ehara(:tcrize this pigment  
a solution of lalbb kernel oil in isooctane was passed 
through a cohunn of specially act ivated magnesium 
oxide? I ;nder  these conditions the magnesium oxide 
will retain the non-carotene carotenoids as well as all 

- ~ - ~ c t - i v a t e d  m a g n e s i a ,  M i c r o n  b r a n d  No.  2 6 4 2  W e s t v a e o  C h l o r i n e  
P r o d u c t s  C o m p a n y ,  N e w a r k ,  C a l i f .  

T A B L E  I V  

( ! O m l ) o s i t i e n  e f  l , a l o b  K e r n e l  Oi l  C a l c u l a t e d  
a n  a G l y e e r i d e  B a s i s  

I M e t h o d  of  d e t e r m i n a t i o n  

G l y e e r i d e  S p e c t r e -  I I o d i n e -  B e r t r a n l  
t )ho to-  l h i o c y -  o x i d e -  
m e t r i c  I a l l o g e n  t i o n  

I 
% I "~ V, 

O l e i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 1 . 1 4  I 3,),50 . . . . . .  
L i n o l e i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 2 . 9 6  -13 .84  . . . . . .  I 
I , i n o l e n i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.( 2 7  . . . . . . . . . . . .  I 
S a t u r a t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5 . 3 0  2 q . 6 6  2 2 . 0  
L ' r n s a p o n i f l a b l e  m a t t e r  . . . . . . . . . . . . . . . . . . . . . . . .  2 . 0  . . . . . .  [ 

L i t e r a -  
'5ll re  

v a l u e  a 

% 
33  
;I 3 

a M e t h o d  o f  e a l c u l a t i o u  n o t  r e p o r t e d  ( 1 ) .  
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TAB l.G V 

SpeetrM Ab,orption Ch~ra(.teristics of ladob Kelrnel Oil 

Minima Maxima 

Wave 
] . g . / l .  

Wave 
length, L z era. X 10 a length, F g ./I. �9 1 e , , , .  X 10 a 

259 I 68.51 27 ."l 7~.56 
',/66 I 0.62 425 1 .:~;0 
430 1.26 45O 1.61 
468 1.17 478 1.34 
6:I5 0.016 670 0.05 

of the chlorophyll  derivatives in the form of bands 
near the top of the column and the carotenes through- 
out tile h)wer portions of the eohunn. The solution 
passing through the column was found to be free of 
pigment .  

The carotenes are adsorbed so loosely on this type 
of coh,lmn that the ad(lition of a snmll l])ortion Of a 
polar  solvent will elute them without renloving the 
other earotenoids or ehh)rophyll i)igments (10). The 
column was develope, d by washing with a sohltion of 
isooetane eontaining 2% absolute ethanol. The solu- 
tion passing through the eolunln was colored br ight  
yelh)w, and the eolunln was ahnost completely de- 
eolorized by this t reatment .  At tempts  to elute addi- 
tional pigments fronl the column with other more 
polar  solvents gave only weakly colored solutions, 
indicating that  except for  extremely small traces of 
other eoM'ed substances, the p igment  of lalob kernel 
oil is a carotene. 

The colored solution in tile isooetane-two-per cent 
absolute ethanol solvent was examined with a Beck- 
man I)U speetrophotometer.  The, speetrophotometrie 
curve (F igure  3) obtained was identical with thai, 
of a-carotene as shown in F igure  3. The t r i angula r  
points on Figure  3 were obtained with a highly purl- 
tled sample of a-carotene prepared  by a previously 
(leseribed chromatographic  method (11), when meas- 
ured in the isooctane solvent eontailfing 2% ethanol. 
The agreement  between the absorpt ion spectrum of 
the lat ter  solution and tha t  obtained with a sohltion 
of lalob kernel oil proves ra ther  eone, lusively that  the 
pigment  of this oil is mainly a-carotene. 

Summary 
Lalob f ru i t  fronl tilt', Sudan has been examiue, d by 

modern  ehenlical antl physical methods. The kernels 
which amount  to 9 to 1 0 ~  of the f ru i t  contain ap- 
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u l t r a v i o l e t  a n d  v i s ib l e  r eg ions .  
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FIO. 3. A b s o r p t i o n  s l ) e c t ru m of the  p i g m e n t  isolat.ed f r o m  
la lob  ke rne l  oil l - C ) - )  c o m p a r e d  wi th  t h a t  f o r  p u r e  a - c a r o t e n e  

( -A-) .  

proximate ly  46% oil. Extraei ion of tile ground ker- 
nels with connncrcial hexalle yields a light yellow oil, 
having a composition calculated f rom iodine-thioey- 
anogen values eorresI)onding to 43.8% linolcin, 30.5% 
olein, 23.7% saturated acid glycerides, and 2.0% un- 
saponifiable matter .  (Talculation of the eonlposition 
f rom ultraviolet absorption measurements  gax'e re- 
snlts in fa i r ly  close agreenlent with those obtained by  
the iodine-thioeyanogell method. I t  was shown that  
~tle c.olor of the 1,rude oil was due ahnost entirely 
to the presence of a-carotene. 
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