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carried out after separation by solvenl extraction.
Good recovery was achieved as shown by the
average of a number of determinations in Table I
Antimony, could not be determined directly in the
benzene layer as the layer showed faint 1odine
colour even in the reducing atimosphere of ascorbic

acid.

Number of developer liquids like water, ethanol
4 10% 5N HCI, butanol 4+ 10N HCI, pyridine
water were tried for chromatographic separation of
bismuth and antimony. With the first two deve-
lopers, both the metals formed a mixed spot. With

butanol 4 10N HCI, although the separation
was achieved, the spots eluted with KI dd
not give their characteristic  spectra. Anti-

mony and bismuth could be separated with pyridine-
water as developer when applied as their nitrates.
But when applied as chlorides, a mixed spot was
obtained. However, high acid concentration in
ethyl methyl ketone contaming 10% concentrated
HCl reduced the possibility of oxysalt formation
and thus resulted in c¢lean separation. The ketone
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F

escaped on drymg the paper and the spot eluted
with KI gave characteristic spectra facilitating their
spectrophotometric determination with an error
less than 10% in the ppm range.
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NUTRITIONAL EVALUATION OF SOME INDIAN NONCULTIVATED WILD LEGUMINQUS
SEED PROTEIN ISOLATES
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Department of Biochemistry, Allahabad University, Allahabaed

The protein isolates from some uncultivated wild leguminous seeds when supplemented
with the limiting amino acids, methionine and tryptophan and fed to animals, no untoward

symptoms were noticed and the diets

proved capable of promoting growth and maintained

positive nitrogen balance in them. Also they did not appear to induce any deletetious physio-
logical after-effects on the animals as e¢vinced by liver protein and several liver enzyme assays.

IN a prev.ous communicationl a number of wild

leguminous seeds were analysed for their
chemical composition and their essential am:no
acid content. Finding their protein and amno acid
contents only slightly inferior to casein it was
considered pertinent to supplement them with the
inadeguate amino acids and test their efliciency as
growth promoters. However, as ther unpalata-
bihity, bad odour and toxicity in some cases dis-
allowed Ifeeding of the entire seeds to experimental
ammals, their soluble proteins were extracted and
tested with and without supplementation. The
present communicat‘on describes the extraction,
isolation and purification of proteins from these
wild leguminous seceds and their evaleation by
animal feeding experiments,

Incidentally, as liver tissue and liver enzymes aore
the most sensitive to respond to alterations in dietary
protein, both qualitatively and quantitatively, liver

protein depletion and repletion studies and assays
of some important liver enzyme systems that respond
significantly during altered conditions of protein
feeding, were carried out.

MATERIALS AND METHODS

Purified protein isolates were prepared as deseribad
earlier?,

Evaluation of Proteins by Animal Experintents.—-
The biological values of the isolated proteins and
their protein efliciency ratios were determined by
animal experiments on 12 albimo rats per group,
4-5 weeks old and welghing 4048 g.  Both the
balance sheet method? 4 and the rat growth method?d ¢
were employed.

Expermental Diets—A dier practt ally nitrogen-
free but adequate in all other resp-c's was prepared.
It contained soluble starch (analy’ical reagent grad:)
80 parts ; sucrose, 10 party; groundnuot oii, 6 parts
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\alt moaatare®. 2 parts; vitamin mixture, 1 part;
and cellulose powder, 1 part. 1In experimental
dicts starch was replaced by dietary protein at 10%
Jevel.

Vitarmn mixture had the following composition
per tablet in mg: Inositol, 2:2 ;: Choline chloride,
75 Niacin, 2-0; Riboflavin. 0-4; Pyridoxine-HCI,
0-2; Thiamine-HC!, 0-4: Calcium pantothenate,
1-2; Folic acid, 40 and vitamin B,, 600 eg. One
tablet of vitamin mixture was employed per 100 g
of the diet. Shark liver oil 5 drops per rat twice
a week was administered.

All diets were cooked and fed to animals as
detailed earlier=,

The liver protein repletion method of Harrison
and Long® was employed for determining the liver

repletion capacity of the wild leguminous seed
prote:in isolates.
Albno rats weighing between 100-160g were

standardized for ome week on a diet containing
20¢% casein. After one week, one group of six
animals was sacrificed and to:al liver protein?,
albuminl¢, glycogen!1-12, and activities of socme
enzyme systems Lke active phosphorylasz13, succonic
dehydrogenaseI4, catalasels, alkaline and acid
phosphatases1® 17T  and xanthine oxidasel® were
assayed. Subsequently, after fasting all the anmals
for 48 hours onz more group of six animals was
sacrificed and all the aforesaid liver assays were
repeated. One of the remaiming groups of animals
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was then fed on a 109 casein diet while all the
others were mainta'ned on the experimental protein
diets at 2007 level both in the unsupplemented form
as well as supplemented with 0-2% of L-tryptcphan
and 0-15¢9, of L-methonine. At the end of the
experimental period of four days, all the animals
(6 in each group) were sacrificed and the liver

assayed for total proteins and the various enzyme
sysiemes,

RESULTS AND DISCUSSION

Most of the experimental unsupplemented pro-
tein isolates when fed to the experimental animals
failed to promote growth. However, when supple-
mented w.ith the limiting amino acids methionine
and tryptophan, recorded protein efficiency ratios
(PER) between 1-0-1-7 and net protein ratios
(NFPR) between 1:9-2-0 (Table I) as against
2-55 and 3-27 respectively for casein at 10% level.
The PER figures are much lower than for casein
end also induce less growth (12:6-25-5g) in com-
parison with casein (39:8 g) during the same period.
Ths Siolog'cal Values (B.V.) and the Digestibility
Cosfficients (D.C.) range respectively between 43—
63 and 72-84 and are not anywhere near for those
of casein. Th's suggesss that the wild seed protein
isolaies although nutiitionally much inferior to
cassin, on supplementing with the Lmiting amino
acds are capable of promoting growth and also
maintain nitrogen balance in expsrimental animals.

TABLE I
Protein efficiency ralio and net protein ratio of some uncultivated [egum nous seed proteur isolates

weight chanke

—

Protein scurce rat iﬂ(4)WEEkS PER NPR B.V, D.C.
g

Nitrsgen free (12) —13-5 . . . >
Cascin (10) 39-84 1-7 255 3-27 92-0 96-0

Acacia arabica (12) — 3-8 .. .. .. ve
* Acacia arabica (9) 2554 4-7 1-72 2-47 52-0 83-0

Acacia catechu {10) — 6-1 .o .. . .o
*Acacia catechu (11) 1764 17 1.47 2-42 46-0 84-0

Albizzia maluccana (12} — 7-9 . . e .-
*Albizzia moluccana (11) 20-24 3-5 1-45 2-25 43-0 830
Albizzia richardiana (10) 2124 25 1-352 2- 30 61:6 786

Bauhinia macrostachya (8) — 9-5 . .. . .
*Bauhinia macrostachya (8) 142+ 1-6 1-05 2-05 63-0 82.0

Bauhinia malabarica (18) — 5-3 .- . . -

* Bauhinia malabarica (12) 12:6 4 2-7 1-38 285 557 75:3
Bauhinia variegata (11) — 3-1 . .. . .
*Bauhinia variegaia (9) 16-13 1-8 1-05 1-93 56-6 722
Cassia absus (8) — 4.9 . ‘e .o .o
*Cassia absus (9) 13:-54 2 6 1:00 2:Q0 47-9 75-8
Leucira glauca (10) 13-34+ 3-8 1-16 2-10 37-0 78-0
Pithecellobium dulce (11) — 81 . .e .o .e
*Pithecellobium dulge (12) 24:834 2-0 1-54 237 62-6 77-5

~ Figares in brazkets d:note the number of animals. T

* Supplemented with L-Methionine (0:15%) and L-Tryptophan (0-20%).
level and the rats ¢mployed initially weighed between 40-48 g.

Digtary protein was at 1034
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Table I1 shows that rats fed on 20% casemn diet
for one week had about 21¢% liver protein. After
48 hours of fasting it declined to 15% which on
resumption of the casein diet re-attained almost
the original level., On feeding the fasted amimals
with the unsupplemented diets, the liver protemn
lovels further declined. However, feceding of diets,
supplemented with methionine and tryptophan,
brought about some improvement in liver proten.
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Increase of glycogen in the liver tissue in some
cases and depletion thercof in others have been
observed during feeding of wunsupplemented test
diets after fasting period. This could be attributed
to the derangement caused in the normal carbo-
hydrate metabolism, probably by the unbalanced
am'no acid pattern of the diets resulting in the
failure tO resynthesize the enzymes required for
giycogen synthesis and breakdown. This assump-

TABLE II

Repletion studies on fiver profeins and glycogen in rais during feeding of prortein isolates from some
uncultivated leguminous seeds

ey

Liver wt.

% Liver

. Y Liver % Liver glycogen
Dzt (g) protein albumin (Mg A :
20%; Casein 4:994-0-61 21-0+3-0 6-6-41-6 344454
Fasting 3-2340-33 15:143-3 4:834+07 24123
109, Casein 4-7540-48 19:9+1-3 6-441°3 366+ 83
Acacia arabica 4-3140-59 16-2-42-3 5:74+2-2 96 4-29
*Acacia arabica 5:034+0-76 17:943-6 6-0+2 8 223138
Acacia catechu 449 +0-67 15-14+2-5 5:6+1-2 10032
*Acacia catechy 4-63+0-63 17-0+3-4 6:3+40-¢ 259-L39
Acacia melanoxylon 5:.054+0 *1 16:54+2-0 4:-94-1-7 16919
* Acacia melanoxylon 4-3840-59 17°34£2-2 62421 24223
Albizzia richordiona 6-35+1-10 17-044-3 5:341 9 2054.2¢
Bauwhinia macrostachya 5:86-+1-16 13- 74£3-1 5¢14%1-6 RO-L28
*Bauhinia macrostachya 4:49 +0- 85 14-54+£3-4 62312 3 169-L 41
Bauhinia malabarica 4-86+1-02 13-54-2-6 4-9-4-1-3 G52
*Bawkinia rialaharica 3:96+1-01 14-2+2:9 5-8-12 0 179426
Bauhinia variegata 5-224-0-39 13-84-2-5 3-31+0-4 79449
*Bauhinia variegata 4-51=-1-48 14-34+0-9 5-412-5 1894190
Cassia absus 4:42-10- 89 13-6-4-1-3 4 4+11 104 118
BCavsia absus 5-45 3098 16-4-1-8 5-241 5 [53-415
Pitheceliobium didce 414 1+0-43 12-34-1-2 50421 93174
*Pithecellohinm dulce 4874+ 041 15:6+2-1 5444 12

e g . p—

Studies on liver catalase and alkaline phosphatase
(Table JII) showed that during starvation the
activity significantly {ncrcased which on feedng of
unsupplemented diets did not improve. However,
the supplemented prdtein diets brought dcwn the
activity. Acid phosphatase, succ¢in.c dchydrogenass
and xanthine oxidase activity during starvation and
on unsupplemented  incomplete  protein  diets
depicted marked decline which, hcwever, got
enhanced on feeding the animals with supplemented
diets (Table HI).

The enhanced active phosphorylase activity
accompanied with liver glycogen depletion could be
interpreted in the light of increased metabolic
reactions with enhanced rate of glycogen breakdown
in the liver tissute, This c¢ould also be due to tihe
hormonal stimulation caused by the stran during
stasvation. However, the overall improvement mn
all the enzymic activities as well as n glycogen
concentration points out and emphasizes the nutns
tional adequagy of the supplemented test proteins.

* Supplemented with L-Methionize (0-15%) ang L-Tryptoplan {0 262, ).

2034 27

e e g —

tion 15 partly- lent support by an carlier report1d
wirich points out that accumulation of liver glyco-
ccn is characteristic during protein deficiency,

Based cn the above investigations, it could be
concluded that the wild legum'nous seed protein
isatates have a fairly balonced cmino 2¢'d pattern
although in most of them moth enune and  trypto-
paan happen to be the I'miting facto.s. Ho wever,
when  foriificd with the miss g essential amino
acids, the experimiental aanimals consumcd the dicts
with as much avidily as for any o.hor no.mal et
and what s more no untoward symptoms whistso-
ever were noficed in them,

The supplemented protein solates also proved
capable ©of maintain'ng posiiive npitrogen balange
and restored normal growth in expernnental animals,
The resufts while compared with those obtaned for
some cdible sceds®™ with respect to PER, weight
gain, Biological Value and Digestibihity Coeflicient,
cte,, indicate the supplemented uncultivated seed
protein isolates to be nutritionally at par—if not
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TaprLe III

Studies on some ral liver enzymes during feeding of prolein isolales from some uncultivated
lecuntnols seeds

Djet Alkaline Acid

Active Catalase? Xanthine Succinic
phosphataset phosphatase® phosphorylase® oxidase® dehydrogenase

209 Casein 2.754-1-41 5:314-2:35
Fasling 3-5 +2-41 1-99+1-01
19°7 Casein 2:-164+0-97 4-28-+0-61
Acacia arabica 540:&275 291:;023
* 4cacia arabica 4-624+2-32 4-87+0-65
Acacia carechu 5651272 2-884-0-16
* Acacia catechu 4-914+1-62 5-494-1-36
Acacia melanoxylon 4-324+1-16 2-324+2-13
* Acacia melanoxyvion 4-004+1-93 4-45-+1-064
Albizzia richardiana 4-114+1-26 2-93+4+1-83
Bauhinia macrostachya 6 76+6-02 3-164+0-36
*Bauhinia macrostachyva 5:644+3-14 5-304+0-70
Bauhinia malabarica 6-854-2-14 4-304-1-18
*Banhinia malabarica 5-124+1-42 4-604+0-91
Bauhinia variegata 5474172 1-024+0-12
*Bauhinia variegata 4-454-1-35 3-4141-27
Cassia absus 7-984+0-93 3-90+1-13

4-92

4-96

*Cassia absus -0-74 5-204+2-17
Pithecellobium duce * -0-50 1-36-L0-11
*Pithecellobium dulce 3954+1-07 3-504-0-64

3:7841-91  17-2441-83  275-0+£17-0 2802186
6‘03::1'65 2496::125 78'7::1]‘2 956:{;28
3-931+0-69 18-11-41-63 132-64+15-4 2430486
4:98+0-86 20-76+1-06 73-94+13-6 1430418
3+714+1-13  19-014+1-78 152-4+16-2 20054-13
59541-32  19-9842-01  115-0X14-6 1632415
4-084+0-93 18-264+1-59 154-0+18-9 2020421
4-5140-75 16:66+6-20 129-0-+17-1 1978414
5:234+1-25  19:49+3-37 69-8+15-6 2220423
4-223+0-78 18:6241-86 148:-6+12-9 2495432
5-994+1-42 22-13+43-82 65-94+10-6 23804-29
4-6240-39 18-444-3-08 152-3412-1 2415453
3-3141-24  16-834+1:96 161-1-+12-3 2125486
4-304-1-00 16-33+4-77 180-04-13-6 2243421
5:264+0-94 21-9543-18 98-34+11-1 1070289

3:50

0-56 18-594+2:06 169-04-12-7 1517453

* Suppremente_d with L-Methionine (0-15%) and L-Tryployhan (0-20%).

% ®mg P liberated/g liver prot;ip[hour, ¢ ug P liberated/mg liver protein/30 min., 4 Residual
Q, In mg after 10 min. catalase activity at 2° C/g liver protein, ¢pl O, consumed/g wet liver/hour,

f ug formazan formed/mg wet liver.

better—with the ed:ble seeds. Furthermore, they do
not appear to induce any deleterious physiological
after-effects on the experimental animals, as evinced
by liver protein and several liver enzyme assays.
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