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ABSTRACT

KEYWORDS

Dietary protein is one of the most primary energy containing micronutri-
ent consumed on a routine basis in humans. The influence of dietary
mustard protein hydrolysate (MPH, protein content 88.5%), produced from
dehulled, defatted mustard meal on blood and tissuelipid profileand lipid
peroxidation has been assessed in hypercholesterolemic rats. To evaluate
their hypocholesterolemic and antioxidative activity in vivo, we fed 18%
MPH with 2% cholesterol in comparison with casein to rats for 28 days.
There was no significant difference in growth rate and food efficiency
ratio between the two groups during the four weeks experimental period.
The total cholesterol, TAG and LDL cholesterol level were decreased at
21%, 38.4% and 31.6% level respectively in the experimental group than
the control casein group. Therewasasignificant lowering of LDL and EM
lipid peroxidation in the experimental group (M PH containing chol esterol)
than the corresponding control casein group. Liver lipid profile of the
experimental group was also improved than the corresponding control
group. Therefore, our results indicate that MPH can be used in various
food formulations as hypochol esteromic and antioxidative component.
© 2007 Trade SciencelInc. - INDIA
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INTRODUCTION

Mustardisgrown extensively intropical and sub-
tropica areasasanimportant oilseed crop and ranking
fifthwith respect to oil production after soybean, cotton
seed, peanut and sunflower. It isoneof theimportant oil
seed cropsinIndia. Itiswidely grownin northern part of
the country and has shown promise both under normal
aswell aslate sown conditions. Mustard seed meal is
rich source of edible protein (about 45-55%) with bal-

anced amino acid composition. Thepresenceof sulphur
containing amino acidsisan added advantagefor mus-
tard meds. The undesired components of seed proteins
can bediminaedto alargeextent by producing protein
isolateand theprotein utilization can befurther improved
by producing protein hydrolysate*3.

Diet content of proteind” isimportant for athero-
sclerosis devel opment and diet manipul ationscan re-
tard or accelerate the progression of this pathol ogy.
Dietary protein haspositivelink with the plasmacho-
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lesterol concentration and metabolism of polyunsatu-
rated fatty acidsin the liver. It also affectsthelipid
peroxidation and distribution of fatty acidsamong liver
and different lipoprotein classes. Soy protein hasbeen
extensively studied and has been found to have an ef-
fectiveweight reducer™ and a so have hypochol ester
olemic effect compared with animal proteinssuch as
casain,

The presence of anti nutritional factors such as
glucosi nolates, phenolswasadrawback for the utiliza-
tion of mustard med for human consumption. Thefibre
content in the defatted meal should be eliminated to
enrichthefinal product in protein. Defatted rapeseeds
areused to produce proteinisolatesof good quality by
variousworkerg?3,

It hasbeen demonstrated that thenutritional value
of mustard med wassimilar to canolamed if themus-
tard meal wasfirst treated with ammoniato reducethe
glucosionale content!™8. The nutritional value of low
glucosinolate cultivars of mustard (Brassica juneca)
meal was examined on broiler chicken. It was con-
cluded that the nutritional value of low glucosinolate
mustard meal wasequal or superior to that of canola
meal samples. In an animal experiment Sen and
Bhattacharyyd'® observed that mustard medl (prepared
by isopropanol extraction) was equally effective as
casein with respect to serum cholesterol, triglyceride,
and other lipid profiles.

In Indian context, mustard protein can play anim-
portant role dueto availability and favorable nutrient
composition. Functional propertiesof protein can be
further improved by producing mustard protein
hydrolysate(MPH). Dueto presence of short peptides
MPH isbetter absorbed inthedigestivetract at higher
rate. Thepresenceof sulphur containingamino acidsis
an added advantage for mustard protein. Themustard
protein hydrolysate(MPH) of improved functiona prop-
ertiescanbeutilizedinvariousfood formulations There
isnot much report published on the dietary effects of
MPH. To obtain abetter understanding of the effects
of dietary MPH on lipid metabolisminratswe com-
pared the effects of diets based on MPH and casein
supplemented with 2% chol esterol ongrowthrate, food
efficiency ratio, plasmaand erythrocyte membrane(EM)
lipid profile, plasma, LDL, EM, andliver lipid profile
and peroxidationsinrats.
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MATERIALSAND METHODS

Prepar ation of mustard protein hydrolysate(MPH)

For preparation of MPH, dehulled mustard meal
wasmilled and passed through an 80-mesh screen(80%
passed through) and mixed with water(1:10, w/v). The
pH wasadjustedto 11.0with 1IN NaOH solution, stirred
for 1h at 50-55°C, and then centrifuged at 4000xgfor
10min(to removetheinsoluble portion). The superna:
tant liquid was separated; the pH adjusted to 3.5with
1IN HCI (at isoel ectric point) and was hydrolyzed with
5%(v/w) viscozyme.. Thehydrolys sreaction was car-
ried out a 37°C for 30minwith constant stirring. After
hydrolysisthe product waslyophilized (EYELA, Ja-
pan) and stored in arefrigerator at —20°C.

Analysisof mustard protein hydrolysate (M PH)

Determination of protein content by Kjeldal
method

A known quantity of the sample, containing (about
0.25-1.0g sample) wastaken ina800mL long necked
flask to which 16.7gm K_SO,, 0.6gm TiO,, 0.01g
CuSO, and 20mL of conc. H,SO, were added. The
solution was carefully heated above 300°C until it be-
comeclear greenin color or almost colorless. It was
cooled and 100mL of distilled water was carefully
added, 50mL of NaOH sol ution having sp. gravity 1.84
was added through the side tube of thedistillation ap-
paratusfilled with astopcock. Then, theflask wasim-
mediately distilled, by passing Seamthroughit. Thedis-
tillatewascollectedin 25 mL of 0.5(N) H,SO, takenin
areceiving flask and the excess acid wastitrated with
0.25(N) NaOH using methyl red asindicator. Thesame
processwasrepeated without addition of sample. The
% nitrogen was cal culated and the % protein of the
samplewas obtained by multiplying % N, by 6.25.

Aminoacid analysisof MPH

To adried sample of standard amino acid mixture
(amino acidsstd. Sol. AA-S-18) or the protein hydroly-
sates (2-200ug) 1ml of 1M sodium borate buffer(pH-
9.0) containing 0.02% of sodium azideand 0.8uL of
diethyl ethoxy methylene ma onatewasadded. There-
actionwascarried out at 50°C for 50minwith vigorous
shaking. Theresulting mixturewas cooledto roomtem-
perature and 15uL was injected into Waters HPLC
system. Separationswereattained with a300x3.9mm
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i.d. reversed phase column(Novapack C18) using a
binary gradient system. The solvents used were(A)
water containing 25mM sodium acetate and 0.02%
sodium azide(pH 6.0) and (B) acetonitrile. The solvent
wasddlivered at aflow rate of 0.9mL/min asfollows:
time0.0-3.3min, linear gradient fromA/B(91:9) toA/
B(86:14); 3.0-13.0min, dutionwithA/B(86:14); 13.0-
30.0 min, linear gradient from A/B(86:14) to A/
B(69:31); 30.0-35.0min, eutionwithA/B(69:31). The
columntemperaturewasmaintained at 18°C with a temp
controller.

Feeding experiment

Maleadbinoratsof Charles Foster strain(sel ected
for theauthenticity of thestrain) werehoused inindi-
vidual cages. Thework was done under the supervi-
sion of theAnimal Ethical Committee of the Depart-
ment of Chemical Technology, University of Calcutta.
For 7d, therats received a semi synthetic diet(18%
casain, 20% soybean oil, 4% salt mixture, 3% cellulose
and 55% cornstarch). After this adoption period, the
animasweredividedinto four groups(average body
weight 80-90g), each consisting of six animasand fed
different dietsfor 28 d. Thetwo groupsof ratsreceived
a diet containing 18% MPH(group MPH-C) or
casein(group CAS-C), 20% soybean oil, 4% salt mix-
ture™, 3% cellulose and 55% cornstarch(TABLE 1)
supplemented with 2% cholesterol as hyperchol ester-
olemicdigt.

Ratswere maintained on the abovedietsad libi-
tumfor 4 weeks. Theamount of daily diet consumed
by each rat and weekly body weight gain were noted.
Ratswerefasted overnight for 12h and then sacrificed
under anesthesia; blood wascollected, and liver, heart,
and branwereimmediady excised, blotted, and stored
at deep freeze temperature(-40°C) for analysis.

Lipid analysis

According to the standard methods, thelipid com-
ponents such astotal cholesterol™, and high-density
lipoprotein (HDL)-cholesterol*® and TAG* of plasma
wereandyzed using enzymétic kitssupplied by Ranbaxy
DiagnosticsLtd. (New Delhi, India).
Lipoprotein oxidation susceptibility (L OS) test.

A 500uL plasmasamplewastreated with 50uL of

asolution containing 0.2mM dextran sulphate(MW
50,000, Genzyme, Cambridge, MA) and 0.5M MgCl...

—=== Regdular Peper

TABLE 1: Composition of experimental dietsof twodietary
groups

Ingredients (g/kg) CAS-C MPH-C

Casain* 180 B
Mustard protein hydrolysate (MPH)* - 180
Soybean oil® 549 549
Starch 30 30
Celulose 1.0 1.0
Vitamin mixture** 40 40
Mineral mixture' 20 20
Cholesterol® 20 20

CAS-C, 18% casein + 2% cholesterol; MPH-C, 18% mustard
protein hydrolysate + 2% cholesterol; *Casein 95.7% protein,
#Mustard protein hydrolysate (protein content 88.5%), $Refined
soybean oil provided the following fatty acids(% total fatty ac-
ids-16:0, 10.8;18:0,3.8;18:1,22.1;18:2,55.9;18:3,7.4), **Two mul-
tivitamin capsules of 500 mg (vitamin A |.P. 10,000 units, Thia-
mine mononitrate |.P. 5mg, Vit B |.P. 5mg, Calcium pantothen-
ate USP 5mg, Niacinamide |.P. 50mg, Ascorbic acid |.P. 400 units,
Cholecalciferol USP 15 units, Menadione |.P. 9.1mg, Folic acid
I.P. Img, Vitamin E USP 0.1 mg) per kg of diet, §Composition of
salt mixture No.12 (in g): NaCl, 292.5; KH,PO,, 816.6; MgSO4,
120.3; CaCO,, 800.8; FeSO,.7H,0, 56.6; KCI, 1.66; MnSO,.2H,0,
9.35; ZnCl,, 0.5452; CuS04.5H20, 0.9988; CoCl,.6H,0, 0.0476),
$Cholesterol was purchased from E. Mark (India) Pvt. Ltd.
6H,0 to preci pitate the apo B-containing lipoproteins
(LDL andVLDL) according to Bachorik and Alberd?®l,
After centrifugation at 3000xg at 20°C for 10min, the
supernatant wasremoved, and 1mL of 6% bovinese-
rum a bumin and another 50uL of the dextran sulfate
magnesium solutionwereadded. Thesolutionwashriefly
vortexed and recentrifuged as aboveto wash awvay any
HDL or residual serum proteins(except, of course, a-
bumin). The supernatant was removed and washed
precipitate(containing LDL and VLDL ) wasdissolved
in2.5ul of 4% NaCl. A volumeof redissolved precipi-
tate containing 100ug of non-HDL cholesterol was
combined with sufficient 4% NaCl to giveatota vol-
umeof 500uL (app. al:5dilution). 50uL of a0.5mM
CuCl,, 2H,0 solution was added(fina copper concen-
tration was46uM), and then the sampleswereincu-
bated at 37°C in a shaking water bath for 3 h. Next
TBARSwasmeasured by adding 2mL of the TBARS
reagent(26mM TBA in 0.25N HCI containing 15.03g
TCA in100mL ) to each tube. The mixturewas heated
at 100°Cinawater bath for 15min. After removing and
cooling thetubes, 2.5mL n-butanol wasadded, thetubes
werevortexed and then centrifuged for 15min at 3000
rpm at room temperature. The pink upper layer was
removed and theoptical density wasdeterminedina
spectrophotometer at 532 nm according to themethod
described by Phelpsand Harrig*.
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TABLE 2: Chemical composition of casein and mustard pro-
tein hydrolysate

Mustard protein

Amino acids Casein

hydrolysate
Ash (%) 3.24+0.25 2.11+0.34
Fiber (%) 0.13+0.14 3.23+0.15
Protein (%) 95.7+0.34  88.50+0.53
Amino acids (g/100 g protein)
Isoleucine 4.7 4.0
Leucine 9.5 7.5
Lysine 7.8 5.6
Phenylalanine + tyrosine 10.2 9.3
Cystine 0.8 3.2
Methionine 25 2.3
Threonine 4.4 5.0
Valine 6.4 4.6
Tryptophan 14 15
Histidine 25 3.2
Arginine 3.8 7.0
Aspartic acid 11.1 7.2
Glutamic acid +Glutamine 211 19.2
Serine 4.1 5.0
Proline - 4.8
Glycine 45 5.6
Alanine 4.8 4.9

Prepar ation and oxidativesensitivity of EM ghost*®

After plasmaseparation, thered blood celIS(RBC)
werewashed threetimes by centrifugation at 3000xg
for 20minwith threevolumeof acool ed i sotonic solu-
tion containing 0.15M NaCl and 10°M EDTA. RBC
was hemolized us ng hypotonic sol ution and centrifuged
at 20,000xgfor 40mininacold centrifugeat 4°C. The
supernatant was removed carefully with aPasteur pi-
pette. The processwas repeated two moretimes. Af-
ter thelast wash step, the supernatant wasremoved as
much aspossible and the loosaly packed milky-look-
ing membrane pellet was re-suspended at the bottom
of thetube using 0.89% NaCl solution. Concentrated
membrane sol ution wastakenin 2 mL screw cap via
and stored at —40°C.

A modification of the 2-thiobarbituric acid test!'¥
was used to measurethelipid peroxides. A 0.5mL ali-
quot of thered blood corpuscle membrane suspension
wasmixedwith 1.0mL of 10%trichloroacetic acid and
2.0mL of 0.67% of 2-thiobarbituric acids. Themixture
was heated at 95°C for 15min, cooled, and centrifuged.
The absorbance of the supernatant was measured at
534 nm in aspectrophotometer(Shimadzu, Tokyo, Ja-
pan), and the amount of malonedialdehyde(MDA)
formed was cal culated by taking the extinction coeffi-
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cient of MDA to be 1.56x10°M-cm™.
Liver tissuelipid extraction and lipid pr ofileassay

Totd lipidswereextracted from anaiquot of tissue
homogenate by the method of Bligh and Dyer®., Lipid
profilewas determined by using enzymatickit asdis-
cussed earlier.

Assay of protein

EM proteinwas estimated by themethod of Lowry
et a2y,

Total phospholipid content in tissuelipid

Phospholipid content intissuelipid was measured
by the method of Chen et al.[?2,

Satistical analysis

The datawere expressed as mean + standard er-
ror of mean(SEM). A one-way ANOVA wasa so used
for statistical analysisbetween groups. Fratio of one-
way ANOVA issgnificant when pvaue<0.05. Tukey’s
multi plerange method® was used for comparison. The
statistical program was MINITAB release 13.31
(MINITAB, State College, PA).

RESULTSAND DISCUSSION

Thechemica compositionsalongwithamino acid
profileof mustard protein hydrolysate (MPH) and casain
weregivenin TABLE 2. The protein content in MPH
and casein was 88.5% and 95.7% respectively. MPH
content 3.23 % fibre where as casein content 0.13%
fibre. Cygtineand argininecontent washigher andlysine
content waslower in MPH than that of casein. Other
amino acidsin MPH weremoreor lesssimilarin com-
parison with casein. Figure 1 and 2 represent growth
patternsand food efficiency ratio (FER) of ratsfed casain
and M PH respectively. Therewasno significant differ-
encein growthrate and FER between thetwo groups
during thefour weeksexperimenta period.

TABLE 3liststhe plasmatotal protein, total cho-
lesterol, HDL-cholesterol, LDL cholesterol, and TAG
leve of ratsrai sed on casain containing 2% cholesterol
(CAS-C group), and MPH contai ning 2% chol esterol
(MPH-C group). Thetotal cholesterol, TAG leve and
LDL-cholesteral level weresignificantly reducedinthe
M PH-C group than the corresponding control CAS-C
group. Thetota cholesterol level wasdecreased about

An udéan Journal



BCAIJ, 1(4) December 2007

Santinath Ghosh et al.

173

=
£ _
Sg nCAS-C
(=]
% 2 BMPHC
[]
2 0
.2
(=]
>
<
1 2 2 4
Week

CAS-C, 18% casein+2% cholesterol; MPH-C, 18% mustard
protein hydrolysate +2% cholesterol; Values are mean *+
SEM, n=6

Figurel: Growth responseof ratsfed casein and mustard
protein hydrolysate(M PH) of two groupsat different time
period.
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CAS-C, 18% casein+2% cholesterol; MPH-C, 18% mustard
protein hydrolysate +2% cholesterol; values are mean =SEM,
n=6
Figure2: Food efficiency ratio of ratsfed casein and mus-
tard protein hydrolysate(M PH) of two groupsat different
timeperiod

21% than the corresponding control casein group.
Where as, TAG and LDL cholesterol level was de-
creased at 38.4 and 31.6% level respectively. The
plasmaprotein content and HDL-cholesterol level was
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TABLE 4: Plasmalipoprotein and erythrocyte membrane
lipid per oxidation of twodietary groups
EM lipid peroxidation n

L DL -peroxidation

Groups mole of MDA/mg of (n mole of MDA/mg of
protein non-HDL cholesteral)
CASC 6.3+ 0.71 10.6 +0.61
MPH-C 3.56 + 0.482 5.93+0.742

Values are mean + SEM, n=6; CAS-C, 18% casein +2% choles-
terol; MPH-C, 18% mustard protein isolate +2% cholesterol,

aMPH-C vs CAS-C(p<0.001)
moreor lesssimilar in control and experimenta groups.

The hypocholesterol emic effect of vegetable pro-
teiniswell documented. We haveno direct explanation
for the mechanism of cholesterol lowering effect of
MPH. It wasthe amino acids or the non-protein com-
ponents e.g. isoflavons that was responsible for the
hypochol esterlemic effect asobserved by otherd?,
Thedietary proteinswith low ratiosof methionine/gly-
cineand lysine/arginine have hypochol esterolemic ef-
fect?¢21, In MPH lysineto arginineratiowas 0.8 and
methionineto glysineratio was 0.4 and corresponding
valuesincaseinwas 2.0 and 0.6 respectively. During
the production of protein isol ates and respective hy-
drolysatestheisoflavonesweremoreor lesseliminated.
Probably, the hypochol esterolemic effect wasmainly
dueto theamino acid composition aswell asthe small
size of the peptide moleculesin hydrolysates.

TABLE 4 showed the plasmaLDL peroxidation
and extent of lipid peroxidation in EM ghost of rats.
Therewass gnificant lowering(44%) of LOSintheex-
perimental group (MPH-C) than the corresponding
control (CAS-C) group. EM lipid peroxidationinthe
M PH-C group significantly decreased(43.5%) than the
control CAS-C group.

Lipid peroxides haveattracted much attention due
totheir deleterious effectsre ated to aging and athero-
sclerosis. The antioxidative effect of protein hydroly-

TABLE 3: Plasmaprotein and plasmalipid profileof ratsof two dietary groups

Total Protein Total Cholesterol

Triacylglyceral

HDL-Cholesterol LDL-Cholesterol

Groups (g/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
CASC 752+ 0.22 181.4+2.62 83.84 + 3.110° 11.3+0.88 161.15+2.11°
MPH-C 7.56+0.08 143,01 + 2.22° 51.66+ 3.55° 13.13+1.97 110.27+ 2.66°

Values are mean + SEM, n=6; CAS-C, 18% casein +2% cholesterol; MPH-C, 18% mustard protein isolate + 2% cholesterol, M PH-

C vs CAS-C (p<0.001)

TABLE5: Liver weight and liver lipid profileof twodietary groups

Groups Weight of liver Total lipid Total cholesterol Phosphalipid TAG
(gm)/100g rat (gm/g of tissue) (mg/g of tissue) (mg/g of tissue) (mg/g of tissue)
CASC 5.67+ 0.31 0.197+0.012 11.16+0.79 10.96+ 0.72 187.32+7.56
MPH-C 4,18 +0.23% 0.128+0.01% 7.78:0.82" 11.21+ 0.84 99.41+7.91°

Values are mean + SEM, n=6; CAS-C, 18% casein +2% cholesterol; MPH-C, 18% mustard protein isolate + 2% cholesterol; ®M PH-
C vs CAS-C (p<0.01), "MPH-C vs CAS-C (p<0.02), ‘MPH-C vs CAS-C (p<0.001)
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sates containing short peptides is aready been re-
ported?29, Previous research on di- or tripeptidesin
oil or metd catalysed lyposoma suspensionsindicated
that it wasthe chelation of prooxidativemetal ionsand
termination of freeradical chain reaction by thepres-
enceof antioxidant peptideseither through the specific
amino acid residue side chain groups or through the
specific peptide structure®-3Y, But the detail mecha-
nism by which protein hydrolysatesisworking asanti-
oxidantsisnot clear inthe present work. Only it sup-
portsthe others observations.

Liver weight, totd lipid, total cholesterol, phospho-
lipidsand TAG of thetwo dietary groups of ratswere
presented in TABLE 5. Theweight and lipid content of
liver tissuewere significantly decreased inthe choles-
terol fed experimental group than the control group.
Therewasasignificant decreaseinliver lipid choles-
terol andtriacylglycerol content in MPH-C group than
the CAS-C group. Aoyamaet a® havealso observed
thedecreasein liver weight when soy protein hydroly-
sate wasfed to ratsin comparison with casein. This
may be dueto the hydrophobic nature of the short pep-
tidespresent in mustard protein hydrolysates.

In conclusion, the present result indicated that mus-
tard protein hydrolysate reduce plasmalipid profiles,
LDL and EM lipid peroxidationsandliver lipid profiles,
suggesting itsbeneficia effect. Therefore, MPH may
berecommended asanitrogen sourcein variousfood
formulations ashypochol esteromic and antioxidative
component.
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