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Summary

The effect of Lupinus angustifolius L. (sweet lupin) grown in Western Australia; Cv.
Unicrop seed meal or of its fractions on different parameters of blood, plasmal serum
and liver were studied from two experiments. A group of four growing rats were pair-
fed for 10 days diets that contained the same amounts ofisocaloric and isonitrogenous
items based on sweet lupin and its five fractions were tested. Of these, four were protein
fractions (aqueous dialysed soluble LPADand insoluble LPADI at pH 7.0 after dialysis;
Phosphate-citrate buffer extracted, dialysed soluble BUSOL and insoluble BUDI at pH
7.0) and one fibre (residue) LMR containing material from the meal insoluble in water
and buffer and dialysed. Lactalbumin (LACT) protein was used as control diet. The
parameters of blood plasma and serum were subjected to detail studies. Significant
changes, were observed in plasma urea (P<O.OS), albumin (P<O.OS), alkaline
phosphatase (P<O.OS),total cholesterol (P<O.OI),triglycerides, liver lipid and cholesterol
level. A significant lowering effect on total plasma cholesterol in growing rats fed on
seed meal and it's fractions compared to those obtained from the lactalbumin control
was detected (P<O.OS).The buffer dialysed insoluble (BUDI) fraction, which resembled

y-conglutin and was found to be in an almost pure form, lowered total plasma
cholesterol by 34% compared to control group. These results indicate that one
mechanism by which y-conglutin modulated cholesterol metabolism might be its unique
amino acid profile viz. high cystine and low methionine in it's protein make-up.

Introduction

Atherogenic effect of animal proteins was
successfulIycounteractedinexperimentalanimals
and human beings by using plant proteinsl.
HoWe~er,it was not until a report of substantial
cholesterol hyperlipoproteinaemia on a diet
basedbn soya protein was isolated by SirtorF,
that interest in this field was rekindled. In

subsequent years numerous research articles
have been published but the underlying
mechanisms remained as ambiguous as ever.
The mechanism by which soya protein lowers
serumcholesterolispoorly understood.Difference

in amino acid profiles compared to that of animal

protein, saponin in the diet, an increase in HMG-
COA reductase activity in the liver, the binding

of a cholesterol-rich lipoprotein fraction to hepatic
celI membrane, reduction in absorption and
enhanced faecal excretion of steroids may be

considered as the putative general mechanism

for the cholesterol-lowering action by plant foods.

Therefore, by no means, scientists uneql!ivocalIy
agree to accept a single mechanism of action,

how plant protein controls the cholesterol

metabolism in living systems. Therefore, Beynen

and Sugan03 suggested renovation of research on
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cholesterol dynamics by using new plant
proteins by abandoning classic soya protein and
caesin as experimental model.s. In the present
report, a nitrogen balance study in whichLupinus
angustifolius L.(sweet lupin), its protein (LPAD,.
LPADI, BUSOL and BUDI) and fibre fractions
(LMR) were prepared as described by Rahman4
and biological evaluations were carried out in
growing male rats using lactalbumin (LACT)
protein as control and the hypocholesterolaemic
effect observed from this experiment was
recorded.

Materials and methods

Fractionation of the lupin seed meal and
chemical analysis: The procedure was followed
as described in ~he publication by Rahman5.
However, the steps were essentially as follows:
sweet lilt>in(Lupinus angustifolius cv. Unicrop)
grown in Western Australia was sequentially
extracted withcoldwater (1: 10;w/v),centrifuged

(48,000 xg,30min)andthesupernatantsubstance
was dialysed against distilled water. Two high
protein fractions were recovered after
centrifugation and freeze-drying; aqueous
dialysed soluble (LPAD), and aqueous dialysed
insoluble at pH 7.0 (LPADI). The water
insoluble pellets were re-extracted with

Mcllva.ine'.~~f~ (1:8; w/v) at pH 7.0,
centrifuged, dialysed and the pH was re-fixed to
7.0. Then, two different high protein fractions- /
were recovered after centrifugation and freeze-
drying: buffer-dialysed soluble (BUSOL) and
insoluble at pH 7.0 (BUDI). The final residue
(LMR) was recovered after dialysis against
distilled water and freeze-drying. Total N of the
seed meal and fractions was determined

according to the method of Davidson6while
amino acid composition was determined
according to themethod of Moore7(Table-I).The
carbohydrate composition was determined by

the method ~escribed by Englyst and Cummings.
Meal and fractions were run on Sodium-dodecyl-
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sulphate/ polyacrylamide gel electrophoresis
(SDS/P AGE) under reducing condition as
described by Laemmli9.

The animals, diets, feeding regime and
experimental procedures were all described by
Rahman5.On the 10thday of the experiment the
rats were killed by ether anaesthesia overdose

and as soon as breathing ceased, t~e rats were
decapitated and blood samples were collected in
EDTA containing tightly stoppered polystyrene
test tubes. Aliquots of these blood samples were
centrifuged at 3,000g for 15 min in a bench top
centrifuge. Clear plasma samples were analysed
for glucose using the procedure 1° outlined by .

PetersonandYounglO,cholesterolbyAllainII,and
triglycerides by Bucolo and Davidl2.All theses
analyses were done on a Kone Chemical System
AutoAnalyser (TechniconInstruments Company
Ltd, Basingstroke, England, U.K) and were
carried out by the Analytical Division of the
Rowett Research Institute. Urine samples were
subjectea- to amino acid analyses by using
reverse phase BPLC system at the Analytical
Division of the Rowett Research Institute. Liver
cholesterol was determined by a colorimetric
procedure described by Myel3.

Results

Sweet lupin seed meal,-it's..se.mi-purified and
almostpure protein (Y7conglutin)obtained during
extraction whose detail chemical analyses were
carried out before being incorporated into the
diet. Analytical results showed that y-conglutin is
a glycoprotein and appeared on SDS/PAGE as
two non-identical polypeptides with 2-
mercaptoethanol and moved at rates
corresponding to molecular weights between
17,000 and 33,000. However these had not been
separated in their native forms. The changes in
different plasma values of rats fed on the above
diets are shown in Table-II. Plasma triglyceride
concentrations in the LMR group were
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significantly higher (P<0.05) than the lactalbumin

(LACT) control group. Compared to that ofLACT

control, total plasma cholesterol values were

significantly lower (P<O.OI) in rats fed on lupin
seed meal and it's fractions. However, this effect

was most pronounced with BUDI fraction (Table.

1). Total lipid concentration per g of liver (dry
weight) was found to be significantly higher

(P<O.O 1) in rats fed on lactalbumin than in fully

supplemented lupin seed meal or the other fraction

groups. Lipid content was about 1/3rd less in the

fully supplemented diets than those obtained from
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the lactalbumin control group when calculated on

100 g dry weight basis. Cholesterol concentration

per g dry liver tissue did not differ significantly.
However, when expressed in per 1O().g.-Grybody

weight, the fully supplemented lupin seed meal

group (LMUS) and the fractions group were

lower (P<O. 05 to P<O. 0 1) except with BUSOL

which did not differ significantly, but had a very

large SD. It appeared that the rats f.ed on LMFS
diet excreted about 40 times less taurine than the

corresponding lactalbumin group, while cystine

level was found to be similar in both the groups.

'The factor 5.5 was used to convert N content to protein content for seed meal and its fractions while 6.25

was used for lactalbumin. bLACT-Lactalbumin protein. "Rahman (1994) dMethionine+Cystine.
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Table-I: N, total protein & amino acid composition of lactalbumin (LACT)",L.angustifolius
seed mealflour and itsfractions.

Meal/fractions Lupin seed meal (LM) LPAD LPADI BUSOL BUDI LMR
Weight (g)" 100 19.6 4.5 1.9 1.0 46.7
(N%) 5.05 12.3 14.7 13.4 15.2 1.39
CP(g) 27.77 13.2 3.6 1.3 0.15 3.6

LACT Amino acids (g AA/16 g N) Target %C
ASP 9.0 11.6 9.36 11.94 5.51 6.63 10.43
THR 4.9 3.7 3.88 3.29 4.27 3.75 5.09 4.0
SER 4.0 5.0 4.52 5.31 4.39 5.68 5.08
GLU 14.8 20.9 24.0 27.6 18.9 16.3 12.9
GLY 2.1 4.1 4.41 4.28 4.25 3.75 4.86
ALA 5.4 3.6 3.9 3.23 3.23 3.22 4.35
VAL 5.9 3.5 3.93 3.72 3.82 4.37 4.98 '5.0
ILE 5.8 33 3.71 4.78 4.06 4.23 3.91 5.0
LEU 9.5 6.7 6.51 8.09 6.23 8.41 7.68 8.0
TYR 1.5 3.8 3.42 3.73 3.62 4.0 4.5
PHE 5.6 3.9 3.37 4.09 3.63 4.62 4.83 5.0
HIS 2.9 2.6 2.28 2.55 2.12 3.39 3.50 2.5
LYS 8.9 5.1 5.36 4.62 5.08 4.08 5.91 6.0
ARG 4.5 11.3 9.72 11.94 9.17 8.98 5.72 5.0
PRO 4.9 4.4 3.89 4.45 4.34 3.86 4.73
CYS 2.1 2.6 1.62 1.83 1.02 1'.91 1.7
MET 2.4 0.7 0.69 0.27 0.78 0.68 1.58 4.5d
TRY 1.5 1.0 1.11 0.12 0.55 0.2 1.0 1.5

Arginine to
lysine ratio

0.51 2.22 1.81 2.58 1.81 2.20 0.97
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Table-II: Effects of L.angustifolius seed meal, itsfractions and control diets on plasma, serum
values and body composition of growing rats.

Note: Values expressed as a mean SC of number of rats in parentheses. a, b Values in a row with disting superscript
differ significantly at least to a level of 95% confidence (P=O.05). For details of the ingredients used to prepare
diets see Rahman (1995). PSD - Pooled standard determined.

Discussion

SDS/PAGE and amino acid analyses showed
that sequential extraction with water and
Mcl1vaine's buffer produced different fractions
from sweet lupin. However, BUDI fraction
apparently corresponded to y-conglutin reported
by Blagrove and Gillespie14and was almost pure.
Eaton-Mordas and Moore1Sreported that the
two band polypeptides on SDS/PAGE from
Lupinus angustifoliuswereglycoproteinsandthat
y-conglutin was different from other conglutins
in it's physical properties with high content of
cystine and galactomannans and the presence of
fructose.Analyticaldataonprotein,carbohydrates,

amino acid profile and SDS/PAGE results on
BUDI confirm that with the fractionation

protocoP, y-conglutin like protein was isolated in
almost pure state. The occassional finding of
threebands insteadoftwomay bedue to alteration
in ionic strength during dialysis. From feeding
trials, it appeared that rats after being fed on diets
preparedfromlupinseedmeal andother fractions,
resultedinremarkablehypochlesterolaemiceffect.
Rats fed on BUDI fraction reduced total plasma
cholesterol by about 34% in 10 days compared
with lactalbumin group.McMohan16showed that
after being fed on 900 mg garlic powder/ day
(standarized to 1.3%Alliin, KWAIR., Lichtwer
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Group
LACT LMFS LPAO LPAOI BUSOL BUOI LMR PSO

(4) (4) (4) .(4) (4) (4) (4)

Weightchange(g) +19:t4' +15:t5b +12:t3b +6:t2b +6:t3b +10:t2b +19:t2b

N balance(mg) +960:t86b +783:t89b +729:t60b +665:t2P +620:t27b +724:t29b +871:t41b

Totalliverlipid (mg)800:t74' 512:t82b 535:t109b 574:t107b 575:t75b 604:tW 64?:!:113b 92

Totalliver 23.2:t1A' 16.7;t3.7b 19.9:t1.5' 21.2:t0.9' 19.8:t5.0' 18.:t1.1' 17.2:t0.5b 2.7

cholesterol(mg)

Plasmavalues(mM/L)andserumvalues(u/L) (4 rats/group)

Urea 2.14:t0.3' 3.72:t1.13b4.3:t0.8b 3.6:tOAb 3.9:tOAb 3.6:t0.33b 3.5:tOAb

Albumin 4.13:t0.15' 3.7;t0.5' 3.6:t0.5' 3.6iP.2' 4.0:t0.3' 4.0:t0.05' 4.2:t0.01'

Triglycerides 0.19:t0.02' 0.17;t0.03'0.20:t0.04' 0.16:t0.04' 0.21;t0.05'0.20:t0.04'0.33:t0.09b0.1
Totalcholesterol 1.96:t0.23' 1.65:t0.2b 1.39:t0.25b1A2:t0.1Sb1A7;t0.13b1.29:t0.03b1.75:t0.72' 0.3

SerumALP(u/L) 285:t17' 319:t6b NO NO NO 369:t43b NO 0.54

SerumSGOT(u/L) 160:t27' 155:t27' NO NO NO 168:t18' NO

SerumSGPT(u/L) 33:t4' 37;t5' NO NO NO 40:t14' NO

Urinevalues

Urinarytaurine(nM/ml) 972:t50' 27;t5b NO NO NO NO NO



Vol. 22, No.3

Pharma GmbK Germany), human volunteers
indicated 6% reduction of total serum cholesterol

in 12weeksthanthecorrespondingplacebogroup.
Furthermore, thepresent valuesforBUDI fraction
on cholesterol was lower than recorded values

from rat feeding studies with plant proteins' as
reported by FumagaIlil7 and Nagata1H.The
hypocholesterolaemicactionof vegetableproteins
were ascribed to its natural contaminants like

saponins'9. Although no attempt had been made
to quantify the saponins and alkaloid levels in the
present investigation, L.angustifolius seed meal
contains saponin in the range around264 mg/ kgl9
which was nearly 25 times less than the
correspondingsoyabeanvalue20.Therefore,itmay
be unlikely that the low level of saponins in
L.angustifoliushadanyinfluenceontheratplasma
cholesterol in the present study.

In this study results of carbohydrate composition
of the seedmeal and other fractions, totalnitrogen
and amino acid content have shown that apart
from the raw seed meal there was no free NSPs in

the diets prepared from the fractions (except
LMR). The lowest level of plasma was achieved
with the BUm fraction and this had 15.2% N4.

There were negligible amounts of covalently
bound carbohydrates to the proteins, therefore, it
is unlikely that carbohydrates could have
produced such a profound effect. Kritchevski1
suggested that the ratio of arginine: lysine(1.13: I
in soy bean protein compared with 0.49: I in
casein) was responsible for controlling serum
cholesterol in rabbits. The arginine:lysine in
lupin seed meal and its protein fractions ranged
from 1.8 to 3.0: I (LMR 1: I) while that of the
lactalbumin was O.5: I, similar to that of casein.

Thus as with soyabean, the arginine: lysine ratio
is high in lupin seed meal and its fractions
which could be possibly linked to its
hypocholesterolaemic properties.

Compared to that of lactalbumin group, the liver
lipid and cholesterol levels were found to be
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lower. Botham22 has suggested that by the

activation of cholesterol 7 -a-hydroxylase

enzyme, liver cholesterol may be catabolized to
bile acids and excreted in the faeces through bile.

Sugiyama and Muramatsu23 showed that 7-a-

hydroxylase, the rate limiting enzyme for bile

acid biosynthesis is stimulated by the end product

of cystine metabolism. In fact, cystine is readily
reduced to cysteine and cysteine is metabolized

to taurine or incorporated into glutathione. Since,

taurine participates in the bile acid conjugation

and glutathione is one of the stimulators for this

enzyme activation, the cholesterol-lowering effect

of cystine might be explained, at least in part, by
the stimulation of bile acid metabolism. Indeed,

cystine content which was 3.71 times higher than
that of methionine in the seed meal (the di fference

remained almost same after fractionation) might

have significantly enhanced the excretion of bile
acids in the faeces. Therefore, assessment of bile

acids in the faeces seemed to be an important step

towards elucidating the underlying mechanism
of cholesterol lowering effects of lupin seed

proteins in rats.

BUDI fraction that was almost pure and gave
highest plasma cholesterol lowering effect
resembled cystine rich y-conglutin in Lupinus
angustifoliusseed whoseproteincontent is 15.2%
N. Thus, this protein in contrast to soya protein2,
with negligible amount of non-protein material
may contribute to our understanding as to how
plant protein reduces plasma cholesterol. Further
work and more investigation is required in this
matter.
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