
ARCHIVOS LATINOAMERICANOS DE NUTRICION 
Organo Oficial de la Sociedad Latinoamericana de Nutrición Vol. 53 N° 1,2003

Ebony (Phitecellobium flexicaule Benth) and proteins 
fractionation, solubilization, characterization and production 

of an isolate
M ario R. González-Quijada, M aría Guadalupe Alanis-G uzm an and Sergio. O. Serna- Saldivar

Facu ltad  de  C iencias B io lóg icas, U niversidad  A u tónom a de  N uevo L eón , U n iversidad  de  O riente,

M aturin , E stado M onagas, V enezuela

SU M M A R Y . D ifferent com binations o f pH s (2 to 12) and 
temperatures (25, 30 and 35°C) were tested to obtain a protein isolate 
from ebony (Pithecellobium flexicaule, Benth) seeds. Seed proteins 
contained 54.6% albumins, 32% globulins, 5.7% glutelins and 1.3% 
prolamins. The isoelectric points for album ins, globulins and 
glutelins were in the pH range of 2.3-2.7. The average molecular 
weight o f albumins ranged from 92 to 100 kDa and for the four 
globulin subunits in the range of 28.4 to 57.3 kDa. For isolate 
production, proteins were sequentially extracted with distilled water 
and a 5% NaCl solution. The resulting supernatants were mixed. 
The best extraction was achieved at pH 11 and 25°C. 45.6% of the 
total, seed protein was precipitated at pH 2.6 yielding an isolate 
with 90% protein (N x 6.25). The isolate contained high quantities 
of lysine, leucine, threonine and phenylalanine but were low in 
sulfur contain ing am ino acids m ethionine and cysteine. The 
extraction process reduced tannins, phytates and trypsin inhibitor 
in 53, 70 and 70%, respectively. In vivo protein digestibility of the 
protein isolate was 85.4% and the corrected digestibility essential 
amino acid score was of 44% due to the lack of sulfur containing 
amino acids. In order to upgrade the protein quality of ebony isolate 
it is recommend to supplement with methionine or sulfur containing 
rich foods.
Key w ords: Ebony seed, protein extraction, protein isolate, amino 
acid composition, protein digestibility.

IN T R O D U C T IO N

T h e  fas t d em o g rap h ic  g row th  p lu s  th e  low  eco n o m ic  
resources in develop ing  countries crea tes the necessity  to  look 
fo r new  pro tein  sources tha t can substitu te  anim al p roteins, 
co m p lem en t the nu tritional value o f  ce rea l-based  foods and 
p reven t m alnu trition . T he  ebony {Pithecellobium flexicaule  
B enth) is an arboreous legum e w idely  d is tribu ted  in Texas 
and no rth easte rn  M ex ico . Its  co o k ed  o r toas ted  seeds a re  
consum ed  by the popu la tion  o f  ru ral and  m arginal areas o f 
th ese  m ex ican  reg ions. T he  seed s g en era lly  con ta in  35%  
protein  and  sim ilar nu tritional va lue  and protein  quality  as

RESUM EN. F raccionam iento, solubilización y caracterización 
de  u n  a is la d o  p ro te ic o  o b te n id o  de  se m illa s  de  ébano 
{Pithecellobium flexicaule, B.). Diferentes combinaciones de pH's 
(2 to 12) y temperaturas (25, 30 y 35°C) se probaron para obtener 
un aislado proteico de semillas de ébano {Pithecellobium flexicaule. 
Benth). La composición de las semillas fue 54.6% albúminas, 32% 
globulinas, 5.7% glutelinas y 1.3% prolaminas, con los puntos 
isoeléctricos para las albúminas, globulinas y glutelinas en el rango 
de pH de 2.3-2.7. El peso molecular promedio de las albúminas 
fluctuó entre 92 y 100 kD a y para las cuatro subunidades de 
globulinas en el rango de 28.4 a 57.3 kDa. Para la producción del 
aislado, las proteínas se extrajeron con agua destilada y una solución 
al 5% de NaCl. Los sobrenadantes resultantes se mezclaron. La 
mejor extracción se obtuvo a pH 11 y 25°C. 45.6% del total de las 
proteínas precipitaron a pH 2.6 produciendo un aislado con 90% 
de proteína (N x 6.25). El aislado presentó alta cantidad de lísina. 
leucina, treonina y fenilalanina y baja cantidad de los amino ácidos 
azufrados metionina y cisterna. El proceso de extracción redujo el 
contenido de taninos, fitatos e inhibidor de tripsina en 53, 70 y 
70%, respectivamente. La digestibilidad de la proteína del aislado 
in vivo fue de 85.4% y el valor corregido para la digestibilidad de 
los amino ácidos esenciales de 44% debido a la carencia de los 
amino ácidos azufrados. Se puede incrementar la calidad proteica 
del aisaldo suplementando con metionina o con alimentos ricos en 
aminoácidos azufrados.
P a lab ras clave: Semillas de ébano, extracción de proteínas, aisaldo 
proteico, composición de aminoácidos, digestibilidad proteica.

com m ercia l legum es ( 1-2 ).
L egum e seeds, m ainly  soybeans, a re  used  as raw  materials 

fo r p roduction  o f  p ro te in  concen tra te s  and  iso la tes. These 
p roducts are  p lay ing  an im p o rtan t ro le  in hum an  nutrition 
and as functional ing red ien ts to im prove processing  properties 
o f  foods. L egum e pro te ins are  rich  in g lobu lins and albumins 
and  genera lly  have isoelectric  po in ts  o f  4 .2  to  4 .4  (3). These 
p ro tein  frac tions a re  rich  in ly sine  and  o th er essen tia l amino 
ac id s bu t g en era lly  low  in su lfu r co n ta in in g  am in o  acids; 
therefore, they com plem en t p ro tein  quality  o f  cereal-based 
foods. Several au thors (4-,5) have researched  the production 
o f  protein  iso lates w ith approx im ate ly  90%  protein  from  wild
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legumes such as lupins (Lupinus albus and Lupinus mutabilis) 
and Tepary beans (Phaseoulus  acutifolius).  T he protein 
iso lation  p ro cess  e lim in a te s  p o ly sa cc h a rid e s , o lig o sa ­
ccharides and concentrates proteins based on solubility. These 
soluble proteins are precipitated by dropping the pH to their 
isoelectric point. The resulting isolates are utilized to upgrade 
protein co n cen tra tio n  in foods and to  im part d iffe ren t 
fu n c tio n a lity  to  fo o d  sy s tem s such as w ater and  oil 
absorption, foam ing, em ulsifying and gelation capacities 
(6 ).

The aim o f this research was to characterize chemical 
composition, protein fractions and am ino acid composition 
of eb o n y .seed s  and to  d e term ine  the optim um  pH and 
temperature conditions for the production o f protein isolates.

MATERIALS AND METHODS

Ebony seeds
Mature and dried ebony seeds were collected from three 

different sites (General Escobedo, General Terán and M arin) 
located in the state o f Nuevo León, M éxico. The three sites 
have sim ilar environm ental and clim atological conditions. 
A com posite sam ple was u tilized  to perform  extraction  
studies.

Protein fractionation.
Proteins from defatted flour were sequentially fractionated 

with distilled water (albumins), 5% NaCl solution (globulins), 
70% ethanol (p ro lam in s) and 0 .05N  N aO H  (g lu te lin s) 
according to the procedure o f Sauvaire et al. (7).

Electrophoresis
M olecular weights o f  proteins present in each fraction 

were obtained after SDS-PAGE electrophoresis using the 
technique proposed by Laem m li (8). Before electrophoresis 
aliquots o f protein fractions were diluted 1:1 in a buffer (pH 
6.8, 3% tris, 20%  B m ercaptoethanol, 10% SDS, 0.02%  
brom ophenol b lue  and 40%  g ly c e ro l) . 25 -30  p i w ere 
subjected to electrophoresis (S igm a Tech Ware) at 15°C. 
Protein bands were stained by overnight immersion in a 0.1 % 
Coumassie blue R250 50% methanol and 10% acetic acid 
solution. Excess dye was rem oved by soaking for 8 hr in a 
10% acetic acid solution. M olecular weight standards utilized 
were m yosine (205 kD a), B g a lac to s id a se  (116  kD a), 
phoshorilase b (97 .4  kD a), bo v in e  album in  (66 kD a), 
ovalbumin (45 kDa) and carbonic anhydrase (29 kDa).

Isolate Production
The testa from raw ebony seeds was manually removed. 

The resulting cotyledons were ground in a Cofert mill (Model 
518) into a flour that passed the 100 mesh sieve. The flour 
was defatted with n-hexane at 35-37°C for 6 h in a water

bath regulated to oscillate 80 cycles/min. The hexane was 
c h a n g e d  a f te r  3 h . T h e  re su lt in g  d e fa tte d  f lo u r  w as 
desolventized by drying at room tem perature for 16 h and 
im m ediately stored in a refrigerator set at 4°C. Proteins were 
extracted at 25, 30 and 35°C at pH values between 2 and 12 
accord ing  to the m ethodology  o f B ello  and O kezie (9). 
Proteins were extracted sequentially first with distilled water 
and then 4 consecutive tim es with 5%  NaCl solution. The 
supernatants o f these extractions were com posited. The pH 
was adjusted with 0.1N  HC1 or 0.1N NaOH. A mixture of 
1:20 (w/v) flounsolvent was agitated at 150 rpm for 20 min 
at the preset tem perature (Labline Incubator Shaker Orbit 
M odel 3595) and then centrifuged (Beckman J2 -2 1) at 25,000 
x g for 20 m in. T he tem peratu re o f  the cen trifuge  was 
regulated at the same predeterm ined extraction temperature. 
Supernatant protein concentration was determ ined in a UV 
spectrophotom eter (Beckman DU 650) set at wavelengths of 
280 and 260 nm. Protein isolates were obtained following 
the procedure described before. The optim um extraction was 
achieved at pH 11 and 25°C. Proteins were precipitated by 
adjusting the pH to 2.6 and centrifugation for 20 min at 25000 
x g in a centrifuge set at 4°C. The supernatant was discarded 
and the resulting  pellet lyophilized for 24 hr (Labconco 
Freezone 6). The dried isolate was stored in a desiccator under 
refrigeration.

Proxim ate com positions of raw flour, defatted flour and 
resu lting  protein  iso lates w ere determ ined  accord ing  to 
standard AOAC (10) procedures.

Amino acid composition
All amino acids, except tryptophan and sulfur containing, 

were determ ined after a 6N HCL hydrolysis as suggested by 
M oore and Stein (11) in a Pico Tag unit. A m ino acids were 
separated  in a T echnicon (M odel N C -2P) au toana lyzer 
equipped with ionic exchange colum ns. Sulfur containing 
amino acids were obtained after perform ic acid hydrolysis. 
For tryptophan analysis, samples were hydrolyzed with 5N 
NaOH and partially hydrolyzed potato starch that acted as a 
reducing  agent. A ll am ino acids w ere quan tita ted  afte r 
ninhydrin reaction in a spectrophotom eter set at 490 and 570 
nm.

Antinutritional compounds
Tannins were quantitated as catequin equivalents by the 

H C l-vanillin  m ethod proposed by P riece et al. (12) and 
D esphande and C heryan  (13). P hytic acid  con ten t was 
determined by the m odified extraction procedure o f W heeler 
and Ferrel (14) in w hich 3% TCA is used to precipitate 
p ro te ins and 1% F eC l, in 3% TCA  used to p rec ip ita te  
p hy ta tes . T he q u an tifica tio n  o f p h o sp o ru s-p h y ta te  w as 
d e te rm in e d  c o lo r im e tr ic a lly  in a sp e c tro p h o to m e te r  
(Beckm an DU 650). Trypsin inhibitors w ere determ ined
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acco rd ing  to  th e  m ethodo logy  o f  K akade et al. (15).

In vivo protein digestibility
In  v ivo p ro te in  d igestib ility  o f  ebony  p ro tein  iso la te  w as 

de term ined  acco rd ing  to  the  m ethodo logy  p roposed  by  the 
FA O /W H O  (16). S ix teen  S p rague  D aw ley m ale  w ean ling  rats 
w ere  d iv ided  in to  tw o g roups. E ach  g roup  consisted  o f  tw o 
b locks o f  4  ra ts b locked  by in itia l w eigh t. O ne g ro u p  w as fed 
a p ro tein  iso la te  based  d ie t and  th e  o th er a  pro tein  free  diet. 
T he  experim en ta l d ie t w as b a lan ced  to  con ta in  10% pro tein ,
10%  e th e r ex trac t, 5%  c ru d e  fiber, 3 .5%  A IN  m ineral m ix tu re  
76 and 1% A IN  76  v itam in  p rem ix . T he  d ie t w as ad justed  to 
100%  w ith corn  starch. A n im als w ere  housed  ind iv idually  
in m etabo lic  cages designed  to  m in im ize d ie t sp illage. F eces 
w ere  c o lle c te d  fo r  5 c o n s e c u t iv e  d a y s  an d  feed  in ta k e  
reco rded . Fecal m o istu re  and  nitrogen  w ere  determ ined  using 
AOAC (10) p rocedures.

Statistical Analysis
In  o rd e r to  study th e  e ffec t o f  pH  and tem p era tu re  on 

p ro te in  e x tra c tio n  a b if a c to r ia l  A N O V A  p ro c e d u re  w as 
u tilized . M eans w ere com pared  using  T u key 's  test (a lpha  =
0 .05). A  non  lineal reg ression  analysis tha t re lated  pH  in the 
range o f  1 to  7 and  prec ip ita ted  p ro tein  o f  a lbum ins, g lobulins 
and g lu te lins w ere p e rfo rm ed  to  p red ict isoelectric  p o in ts  o f  
each p ro tein  fraction .

RESULTS AND DISCUSSION

E b o n y  seed s  c o n ta in ed  3 6  a n d  2 5 %  p ro te in  and  e th e r 
ex trac t respectively . T h e  h ex an e  trea tm en t o f  th e  raw  flour 
decreased  th e  oil co n ten t to  a  level below  2 % and therefo re  
concen tra ted  p ro te in  and  n itrogen  free  ex trac t (T able 1).

T A B L E  1
C hem ical com position  o f  raw , hexane ex trac ted  
and  a  protein  iso la te  ob ta ined  from  ebony  seeds 

(g  /1 0 0  g  d ry  sa m p le )“

Raw flour Hexane extracted Protein isolate
flour

Protein (N x 6.25) 36.1 ± 0 .17 52.45 + 0.71 89.98 ±0.41
Ether extract 25.43 ±  0.34 1.67 + 0.18 0.35 ±0.01
Crude fiber 3.64 ± 0 .1 4 3.82 + 0.17 1.69 ± 0 .04
Ash 3.95 ± 0 .0 6 5.20 + 0.22 1.23 ± 0 .03
NFE" 30 .1 7 + 0 .3 6 36.86 ±  0.88 6.75 ±  0.37
Moisture 3.39 ± 0 .0 9 4.59 ± 0 .18 4.46 ±  0.07

“Each value is the average of three observations ±  standard deviation 
h Nitrogen free extract, calculated by difference.

A lb u m in s w ere  th e  m o s t a b u n d an t p ro te in  fraction  in 
defa tted  ebony  seeds fo llow ed  by g lobu lins (T able 2 ). Sathe 
and S a lunkhe  (3 ) m en tioned  tha t these  frac tions a re  the most 
p rev a len t in  o th e r  leg u m e  seeds . G lo b u lin s  a re  th e  main 
p ro te in  fraction  in  com m on beans (3 ), soybeans (17 ), lupinux
(5) and  leucaena  (18 ) w hereas album ins in  adzuki beans (19) 
and  fenug reek  seed  p ro te in s  (7). A  la rg e  varia tion  in  albumin 
co n ten t w ith in  a  p a rticu la r legum e seed  has been  reported 
(20 ,21). A cco rd in g  to  B hatty  (2 2 ) these  d isc repanc ies  are 
due  to  the a lbum in  ex trac tion  p ro ced u re  and  pH  u sed  during 
extraction . Som e salt so lub le  g lobu lins m ight have solubilized 
in the  album in frac tion  due  to  th e  neu tra l sa lt co n ten t o f  the 
ebony  seed  flour. E bony  seeds con ta ined  low  quantities of 
g lu te lin s and  a lcoho l so lu b le  p ro lam ins. Sauvaire  et al. (7) 
a lso  found  that legum e seeds a re  low  in p ro lam ins.

T A B L E  2
Protein  frac tionation  and  iso le lec tric  po in ts o f  proteins

from  ebony  seeds

Protein fraction Experimental % Total protein Calculated
isoelectric point isoelectric point

Albumins 2.7 54.62± 0.67 2.64
Globulins 2.3 32.22± 0.64 2.43
Glutelins 2.5 5.77± 0.59 2.62
Prolamins ND 1.31± 0.19 ND
Residual Protein ND 6.07± 0.05 ND

ND= Not determined

T em pera tu re  an d  pH  sign ifican tly  (P  <  0 .0 1 ) affected 
p ro te in  ex trac tio n . A t all pH s te s ted  th e  ex trac ted  protein 
p ro g ressiv e ly  d ec reased  w hen  th e  tem p e ra tu re  increased: 
therefo re , the best ex trac tion  occu rred  at 25°C  (F igura  1) 
T h e  in c rea sed  p ro te in  so lu b ility  a t lo w er te m p e ra tu re  is 
re la ted  to  p ro te in  den a tu ra tio n . F o r each  tem pera tu re , the 
b est ex traction  occurred  a t pH  increasing  g radua lly  from  pH 
8  to  11. T h is  is d u e  to  th e  e le c tr ic  c h a rg e  an d  protein 
denatu ra tion  tha t increased  a t h ig h e r pH s. B ello  and  Okezie 
(9 )  w o rk in g  w ith  w in g e d  b e a n s  ( P sophocarpus  
tetragonolobus L ) repo rted  a  m ax im um  p ro te in  extraction 
at pH  12 and  30°C. T he  low est p ro te in  ex trac tion  occurred 

in the pH  ran g e  o f  2 to  3 w here  th e  iso e lec tric  points of 
these  pro te ins genera lly  lie.

Isoe lec tric  p o in ts  o f  a lbum ins , g lobu lin s  and  glutelins 
w ere in the ac id ic  pH  (F igura  2 ) as p rev iously  detailed  b) 
Sethi and  K ulkarn i (18). A lbum ins, the m ost concentrated 
protein  fraction  in ebony seeds, had  isoelectric  po in ts in the 
pH  ra n g e  o f  2  to  4  w h e re  76  an d  94%  o f  th e  proteins 
p re c ip ita te d . T h e  b es t p re c ip ita tio n  o c c u rre d  a t pH  2.7. 
L ikew ise, from  80  to  98%  o f  g lobu lin s  p rec ip ita ted  in a pH 
range o f  2.1 to  2 .3 . F o r g lu te lin s, th e  pH  value  w here  proteins



precipitated the most was 2.5. In conclusion, the three protein 
fractions precipitated the most in the pH range of 2.3 to 2.7. 
Similar isoelectric point values are reported by Sethi and 
Kulkarni (18) for Leucaena. A non linear regression analysis 
that related protein precipitation with pH predicted very 
closely ex p erim en ta l iso e lec tric  po in ts o f  each pro tein  
fraction. The difference between experim ental and predicted 
values for all fractions studied was less than 0.15 pH units 
(Table 2).

FIGURE 1
Effect o f pH  and tem perature on the am ount o f extracted 
proteins from ebony seeds. Each value is the average of 

three replications.

FIGURE 2
Effect o f pH on the am ount o f precipitated proteins from 
albumins, globulins and glutelins extracted from ebony 

seeds. Each value is the average of three replications
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SDS-PAGE electrophoresis o f  album ins indicated the 
presence o f 5 subunits with m olecular weight ranging from 
51.4 to 100 kDa (Table 3). Four subunits with m olecular 
weights ranging from  28.4 to 57.3 kDa were detected in 
globulins whereas only two subunits with m olecular weights 
of 21.6 and 64.2 kD a in glutelins. In all fractions, lower 
m olecular w eight po ly p ep tid es  w ith m olecu lar w eights 
rang ing  from  1.3 to  12.3 kD a w ere  d e te c te d . T h ese  
compounds may have resulted from the partial hydrolysis of 
larger subunits that occurred during lipid extraction. Chan 
and Phillips (23) working with cowpeas reported the existence 
of four albumin subunits, two with m olecular weights o f 99 
and 91 kDa similar than the ones found in this study. Likewise, 
the same authors found sim ilar globulins and glutelins bands 
as the ones found in this study.
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The protein content o f the protein isolate reported in Table 
1 was sim ilar to counterparts obtained from soybeans (24), 
lupin seed (25), adzuki beans (19) and higher than isolates 
obtained from chickpeas (26), faba beans (27) and soybeans
(28). The isolate yield (45.6% ), calculated based on total 
protein content, was lower than the reported for soybeans
(29), winged beans (30) and higher than adzuki beans (19). 
Protein precipitation was optim um at pH 2.6.
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T A B L E  3
M o lecu la r w eigh ts (kD a) determ ined  by SD S-PA G E 
e lec tropho resis  o f  a lbum ins, g lobu lins and glu telins 

ex trac ted  from  ebony  seeds

Albumins Globulins Glutelins

1 00 .0 57.3 64.2
92.1 46.2 2 1 .6

62.4 33.5 5.7
55.8 28.4 4.7
51.4 12.3 3.4
12.3 5.7
5.7 4.7
4.7 3.4
3.4 1.3
1.3

In v ivo  p ro te in  d ig e s tib ility  o f  th e  eb o n y  iso la te  w as 
85 .4% . S w am y lin g ap p a  and  S rin ivas (29 ) and  S athe  et al. 
(25) rep o rted  h ig h e r and  low er in v itro  p ro tein  d igestib ilities 
fo r a  soybean  iso late (88 .4% ) and a lup inus concentrate  (75% ). 
T o run  (3 1 ) re p o r te d  th a t so y b e a n  is o la te s  h ave  p ro te in  
d iges tib ilitie s rang ing  from  84 to  87% . It is recogn ized  tha t 
p ro tein  iso lates are  h igh ly  d igestib le  due to their low  fiber 
con ten t and trypsin  inh ib ito rs (32). Table 4  show s the essen tia l 
am in o  acid  p a tte rn  o f  th e  ebony  p ro te in  iso late . T h e  m ost 
lim iting  am ino  acids w ere  the su lfu r con ta in ing  m eth ion ine  
and  c y s te in e  fo llo w ed  by  iso leu c in e . T h e  p ro te in  iso la te  
prov ided  approx im ate ly  50%  o f  the su lfu r con ta in ing  am ino  
acids requ ired  by a g row ing  child . T he rest o f  the essen tial 
am in o  ac id s ex ceed ed  th e  q u an titie s  req u ired  by g row ing  
in fan ts . In te res tin g ly , th e  eb o n y  p ro te in  iso la te  co n ta in ed  
h ig h er am oun ts o f  ly sine, leucine , pheny la lan ine , ty ro sine , 
th reo n in e  and  h is tid ine  than  coun terparts  from  soybeans (17), 
ch ickpeas (26), and  a  com m ercia l soybean  iso late (33). D ue 
to  th e  h igh  quan tities  o f  ly sine  and th reon ine  the experim ental 
iso late  can  be used to  supp lem en t and  upg rade  p ro tein  quality  
o f  c e rea l-b ased  foods. T h e  co rrec ted  essen tia l am ino  acid  
score o f  th e  ebony  iso late , ob ta ined  by  m ultip ly ing  chem ical 
score by the protein  d igestib ility , w as 44% . In o rder to  upgrade  
th e  p ro te in  q u a li ty  o f  e b o n y  iso la te  it  is re c o m m e n d  to 
sup p lem en t w ith m e th ion ine  or su lfu r con ta in ing  rich  foods. 
P ro cess in g  raw  ebony  seed s in to  p ro te in  iso la tes  red u ced  
tann ins, phy ta tes and  trypsin  inh ib ito rs in 53 , 70  and  70% , 
respectively . T he reduc tion  in phy ta tes and  tann ins can be  
d u e  to  s o lu b il i ty  a n d  p H  c h a n g e s  u se d  to  e x tr a c t  a n d  
p rec ip ita te  p ro te in s. S aeed  and  C heryan  (34) de term ined  th e  
so lu b ility  o f  ph y ta te s  in a  pH  ran g e  o f  2 to  12. T h e  least 
so lu b ility  ( le ss  than  2 0 % ) w as o b se rv ed  a t pH  11, va lu e  
utilized  to  ex trac t p ro te ins in  th is study. C hen  and M orr (28) 
repo rted  s im ila r phy ta te  co n ten t is soybean  iso late as the one 
fo und  in th is study. D esphande  and C heryan  (35) found  that

saline so lu tions such  as the  u tilized  in th is study  reduced  
condensed  tann in  so lubility . T he inh ib ito r is c lassified  as 
g lobulin  and is reported  to  possess a low  m o lecu la r w eight 
(8 -20  kD a) and  an isoelec tric  p o in t o f  4 .2  (36). T h e  hexane 
ex trac tio n  tre a tm e n t an d  th e  sm a ll s ize  o f  th e  m o le c u le  
e x p la in  th e  lo s s  o f  th i s  a n t i n u t r i t io n a l  c o m p o u n d . 
S w am glingappa and  S rin ivas (29) rep o rted  the  reduction  o f  
138 to  52  T IU /m g  p ro te in  w hen fu ll fa t soybean  flou r w as 
defatted  w ith hexane at 28°C. A cco rd ing  to H enn  and  N etto  
(33) the trypsin  in h ib ito r co n ten t in soybean  iso la te  is g reatly  
reduced  w hen  p ro te in s are  ex trac ted  w ith  sa lt so lu tions and 
p re c ip ita te d  at a c id ic  pH s. T h e se  a u th o rs  re p o r te d  th a t 
soybean  iso lates con ta ined  from  5 to  95 T IU /m g  protein .

TA B LE 4
C om parison  betw een  the essen tial am ino  acid  com position  

o f  a p ro tein  iso la te  from  ebony  w ith the requ irem en t 
FA O /W H O  fo r p reschoo l ch ild ren  (m g /g  p ro te in )

Essential Ebony protein FAO/WHO % Requirement
amino acid isolate requirem ent“

Isoleucine 25.6 28 91
Leucine 81.6 6 6 > 1 0 0

Lysine 75.2 58 > 1 0 0

Methionine
+ cysteine 12.9 25 51
Phenilalanine
+ tyrosine 1 1 0 .2 63 > 1 0 0

Threonine 52.4 34 > 1 0 0

Tryptophan 11 ,2 10 > 1 0 0

Valine 35.2 35 100

Histidine 28.1 19 > 1 0 0

“ FAO/WHO (19).

TA B L E  5
C om parison  o f  condensed  tann ins, phy ta tes and  trypsin  

inh ib ito r con ten ts  be tw een  defa tted  flou r and  p ro te in  
iso la te  from  ebony  seeds

Defatted flour Protein isolate

Tannins
(mg equiv. catechin/lOOg protein) 38.7 + 0.27 16.35 + 0.94
Phytates
(mg phytic acid/g protein) 72.5 + 0.80 18.66 + 0.31
Trypsin inhibitor
(TIU/mg protein) 616.7 + 0.60 139.44 + 0.51

“Expressed on dry matter basis. Each value is the average of three 
replications + standard deviation.
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