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Technological optim izatation for hydrolysis
of rapeseed album in with alcalase
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Xue Zhaohui’, W uM oucheng’, Yin Jingzhang
(1 College o Food Science and Technology, H uazhong A gricultural U niversity, W uhan 430070, China;
2 Agronany College, X injiang A gricultural U niversity, U rumgi 830052, China)

Abstract: The limited hydrolysis process for rapeseed albunin (RSA) with alcalase w as systematically studied through
repponse surfacemethodology (R ). Theoptmum conditionsw ere established, w hich included hydrolyzing tenperature
(50 ), enzyme concentration (Q 38A nnU nitsper gram of substrate) and concentration of substrate (4 87%). The gel
filtration chromatography (Sephadex G-25) profile show ed the major albumin protein w as degraded after hydrolysis In
addition, the amino acid profiles indicated that hydrolyzed rapeseed albumin could be used as an additive with great

potential in food industry.
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1 Introduction

Rapeseed, one of the most mportant oilseed crops
cultivated in the world is becoming of increasing
interest as a source of edible proteins Rapeseeds
contain 35% 47% of protein, and hence defatted
rapeseed meal may constitute a good source of proteins
for humans Its anino acid composition is well-
balanced in regard to FAO requiranents M oreover,
oilseed protein is rich in sulfur-containing amnino acids
and lysinew hich are generally limited in legumes and
cereals™?.

Protein function can be modified by enzymatic
hydrolysis, which alters, for instance, <lubility,
visoosity, emulsion and foan properties’. It has been
reported that enzymatic protein hydrolysates could be
served as suitable sources of protein for human
nutrition because of their gastrointestinal aborption,
egecially di- and tripeptides w hich seen to be more
effective than both intact protein and free amino
acid’. Therefore, in order to improve nutritional and
functional properties of protein, protein hydrolysates
have been w idely used in gecific fomulation

A Icalase is amicrobial protease from the bacterium
B acillus lichenif omis with endopeptidase activity,
which can hydrolyze protein into short peptides
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Regonse surface methodology (RSV ) was originally
described by Box and W ilon'® as being effective for
reponses that were influenced by many factors and
their interactions

In the present paper, rapeseed albumin (RSA ) was
used as startingm aterial for the generation of rapeseed
peptide (RSP). The hydrolysisw as carried out using
an endopeptidase (alcalase) w ith a function to produce
an Ilmited hydrolysate RSV w asdesigned to optimize
the hydrolysis conditions It was also discussed the
am ino acid profilesof album in and hydrolyzed rapeseed
albumin The results and data oould provide a
theoretical basis for extensive application of
hydrolyzed rapeseed album in in food industry.

2 M ater ialsand methods

21 Materials

Rapeseed albumin (RSA ): They are self-refined
from undulled and defatted rapeseed meal (81% crude
protein, calculated asN % x 6 25).

Proteolytic enzyme The enzyme is alcalase 2 4L
(Novo Nordisk, Bagsvaerd, Denmark), a protease of
B acillus lichenif ormis with endopeptidase activity.
Themain component of the commercial preparation is
serine protease subtilisin A. The secific activity of
alcalase 2 4L is2 4Ansn Units (AU) per gram.
OneAU isthe anount of enzyme that, under standard
conditions (pH 8 0), digests hanoglobin at an initial
rate that produces an anount of trichloroacetic acid-
oluble product that gives the same olor with the
Folin reagent as Imeq of tyrosine released per m inute

All chamicals including Blue Dextran 2000
( Pharnacial ), Bactiracin ( Signa), Glutathione
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(Reduced, Amresmo) w ere of analytical grade
2 2 M ater ialsand methods

221 Heat treament

Heat-treatment has been reported as an effective
way to mprove the degree of hydrolysis protein'.
Therefore, heat denaturing of the RSA w aspretreated
at 80 for 30 min using a water bath RSA was
mixed intemm ittently to ensurew ell-distributed heating
during the processof heat treatment
2 2 2 Total nitrogen detem ination

Total nitrogen was detetmined according to the
micro-K heldahl method!"®. Crude protein content
w as calculated using a conversion factor of 6 25
2 2 3 Enzymatic hydrolysisof rgpeseed albumin

The method of Javier V ioque et al'® was used for
enzymatic hydrolysis of ragpeseed albumin The RSA
of assumed concentration w as hydrolyzed batchw ise in
a vessel equipped w ith a stirrer, a thetmmometer, and a
pH -electrode Hydrolysiswas carried out for 60 min
using the assumed hydrolysis parameters including
tenperature (T), enzyme/substrate ratio (E/S) and

substrate  concentration (S). Hydrolysis was
tem inated by heating at 90 for 8min Hydrolysates
were clarified by filtration to remove insluble

substrate fragnents The filtratew as lyophilized after
ilation each time and kept freeze-dried for next use
2 2 4 M easuranent of degree of hydrolysis

The degree of hydrolysis ODH ), defined as the ratio
of amino nitrogen/total nitrogen (AN /TN ), was
calculated according to the method of Zhao Xinhua et
a.|[9,1O].

DH % = AN (amino nitrogen) /
TN (total nitrogen) X 100%

TheAN , produced by hydrolyzing, w as detem ined
by formaldehyde titration procedure Total nitrogen
was detemined acoording to the micro-Kheldahl
m ethod mentioned above(2 2 2).
2 25 Optmization of hydrolytic conditions

A three-factor central composite design was
enployed to examine the regonse, degree of
hydrolysis OH %) of RSA by alcalase as changed
w ith the independent variables, temperature ( ,X 1),
concentration of enzyme (AU /g protein, X2) and
oconcentration of substrate (%, Xs). A quadratic
polynomial regresson model was assumed for
predicting the reponse Every factor (CodeX 1 t0 X s)
had three levels correponding to three code values
There were totally 15 independent experiments In
every experiment, levelsof the factorsw ere arranged
according to table 1  The model proposed was
described in table 2 Experimental dataw ere analyzed

for reponse surface regression for a quadratic
polynom ial model using SA S ftware (SA S Institute
Inc 1990).

Table 1 Design of factorsand levels in exper ments

Factor Code Code value L evel
+1 45

T/ X1 0 50
-1 55
+ 1 Q2

E/S/AU * gt X2 0 Q3

-1 Q4
+ 1

S/% X3 0

Table 2 Different levelsof factorsarranged in exper ments

Code value of experiment

Test number

X1 X2 X3
1 -1 -1 0
2 -1 1
3 -1 +1
4 -1 1 0
5 0 1 1
6 0 1 + 1
7 0 +1 1
8 0 +1 +1
9 + 1 -1 0
10 + 1 0 -1
11 + 1 0 + 1
12 + 1 + 1 0
13 0 0
14 0 0
15 0 0 0

2 2 6 Gel filtration chromatography

Gel filtration was carried out in system equipped
w ith a Sephadex G-25 lumn (50 anx 2 6 an) and
distilled w ater as eluent at a flow rateof Q 5mL /min
Elution was monitored at 280 nm and the fractions
were llected every 10 min intervals The molecular
m assesw ere detemm ined using a calibration curvem ade
with Blue Dextran 2000 (2000 kDa), Bactiracin
(Signa, 1422Da), and Glutathione (Reduced,
Amresoo, 30Ma) which were used as molecular
w eight standards
2 2 7 Amino-acid analysis

Am ino-acid analysisof HCI-hydrolyzed samplesw as
carried out using an automated Beckman instrunent
Thiswork was completed by the amino-acid analysis
service of theOil Institute of the Chinese A cademy of
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A gricultural Sciences (CAAS). All anino acid data
w ere corrected for 100% recovery.

3 Rewaultsand discussion

3 1 Effect of material pre-processing on hydrolysis
degree

It has been documented that protein coagulates at
80 , and show schangesin theordered structurew ith
increased surface hydrophobicity, decreased anount of
sulphydryl groups®. Therefore, heat-denaturing of
protein can cause the molecules to unfold and become
more accessible to proteases for hydrolytic reaction
than in their native state in theory. Figure 1 showed
that the hydrolysis values only mproved a littlew hen
RSA was treated at 80 for 30 min before the
hydrolysis experment T he enhanced effect onDH is
not significant possibly because the RSA structure is
simple (only 1 7Sprotein). Therefore them aterialsof
the follow ing experments were still used w ithout
heat-treatment

£
]
Q g ~—&— No treatment
3 —8— 80°C, 30 min
0 15 3 45 60 75 90
T/min

Fig 1 Effect of heat treatment on hydrolysisof
rapeseed album inw ith alcalase (Q 3AU /g protein)

3 2 Optimization of technology for RSA hydrolysis
Results of 15 expermentswere shown in table 3
Content of hydrolysis degree ODH ) were used as
reponse values in analysis of regponse surface
regression (RSREG). The equationDH (Y) = ao +
aiX 1+ aX 2+ aX 3+ anX i+ axX 3+ amX 3+ anX X2
+ aX X3+ axsXXswas used as regression model
The procedure RSREG of SAS al gave values of
paraneter estimated (table 4) and predicted values of

the equation (table 5).

Table 3 Degree of hydrolysisof 15 exper ments

Test number 1 2 3 4 5 6

7 8 9 10 11 12 13 14 15

Degreeof hydrolysis/% 537 711 558

1289 839 4579

1339 1292 609 1106 1025 1043 1425 1423 14 29

Table 4 Parameter sestmated by regression model

Parameter ao ai az as

ai az ass ai ais azs

V alue in model about

. -407. 468
degree of hydrolysis

14 927 214 35 3 375

-0 144 -196 958 -0 541 -1 590 Q 018 2 663

Table 5 Predicted values of regression model

Response variable Degree of hydrolysis/%

T E/S S Calculated  Observed
/ /AU » g ! /% value? value®
50 07 Q 38 4 87 14 61 14 72

Note a—Calculated using the predicted equation;
b—M ean value of three replications of the hydrolysis
experiment

Table 6 Var iance analysis of regression equations

Degree of hydrolysis

V ariance Degree of
urce freedom Sum of M ean FV alue
sguare square
M odel 9 155 259 17 251 6 39"
Error 5 13 494 2 699
Correct total 14 168 753
L inearly dependent coefficient R2= Q 9591

Note * * fom(9,5 = 102 * foos(9,5) = 48

V ariance analysis of regression equation was
oonducted (table 6). F value of the model w as bigger
than foos(9,5). R?>was Q 9591, which showed that

linear relationship between dependent variable and
w hole independent variablesw as significantly distinct

Figure 2 was regponse surface diagrans of DH.
High ooncentration of enzyme (E/S) and low
substrate concentration (S) were good for degree of
hydrolysis Considering the interaction of all the
variables, the optimum conditions for hydrolyzing
rapeseed albumin with alcalase can be calculated by
the assumed equation as follows, hydrolyzing
temperature 50 , enzyme concentration: Q 38AU
per gran of substrate, concentration of substrate
4 87%. The degree of hydrolysisof rapeseed albumin
can reach 14 72% after reacting 1 h on thisoptmum
condition The values obtained from validation
experiment showed a very good agreament with the
predicted values (table 5). Consequently, the
regression model could be used to analyze the results
of the experment and to predict Themodel was alo
applied to choose the perfect hydrolysis conditions for
the Imited hydrolysisof rgpeseed albumin
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Fig 2 Regonse surface diagran sof degree of hydrolysis

3 3 Gel filtration chranatography

RSA profile on gel filtration was characterized by
the presence of themajor protein component of protein
iolated from rapeseed that correponds to the 1 7S
albumin, with molecular masses much larger than
5kDa(Fig 3). Asa result of the hydrolysis process,
RSA hydrolysates showed a major chromatographic
peak of intermediate molecular mass between 5 kDa
and 1 kDa Among the final hydrolysate, the relative
anount of this peak decreased w hile the amounts of
othersw ith low er molecular w eights increased T hus,
after hydrolyzing for 60 min, the maxmal protein
absorbance changed The results showed that the
molecular weight of rapeseed albumin hydrolysates
decreased w ith an increase in degree of hydrolysis

0.8 = Rapeseed albumin
T —— Albumin hydrolysate
E o6l umin hydrolysa
o
3
a8
8 04}
:
3 0.2
<
de ol 1 [l J
0 50 100 150 200 250

Volume elution/mL

Fig 3 Gel filtration chromatography of rgpeseed
albumin and protein hydrolysate after they
w ere treated by alcalase for 60min
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3 4 Aminoacid canposition

The anino acid composition of RSA was similar to
the anino acid composition of Zhongshuang 119
albumin™!. Glutamic acid, leucine, aspartic acid and
prolinew ere the dominant anino acids acocounting for
more than 40% of the total anino acids

Table 7 Percentage of amino acid in album in

and its hydrolysates

%

Amino acid AHIubaL-ri?n?; r@ clil?cl:l?/;fe Ref value!*!!
Essential
Ileucine 377 3 89 2 87
L eucine 8 17 777 11 48
L ysine 4 55 3 05 5 54
M ethionine 2 54 279 273
Phenylalanine 7 61 10 70 515
Threonine 591 6 17 4 81
V aline 369 3 32 584
T ryptophan - - 6 64
N onessential
Tyrosine 379 7 47 2 89
Cystine 2 64 185 Q34
Histidine 6 94 8 92 2 80
Analine(A la) 323 3 06 9 9
A rginine 8 30 5 42 -
A sartic acid 7 28 6 27 415
Glutamic acid 13 97 12 53 15 56
Glycine 6 53 6 52 6 59
Proline 7 22 5 99 7 33
Serine 3 86 4 28 5 33
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The amino acid composition of RSA hydrolysate and
RSA were smilar (table 7) except for some gained in
Tyrosine, Phenylalanine and loss in Cystine, L ysine
and A rginine for secificity of alcalase, a bacterial
endopeptidase The results indicat that the process of
enzymatic hydrolysis is a gentle procedure that do not
change the amino acid profile of the starting protein
significantly. ~The final hydrolysate of rapeseed
albumin show the high solubility and gastrointestinal
absorption, which make than become the suitable
materials for the suppleanentation of liquid foods or
high-energy beverages

The hydrolysate compared favorably w ith the FAO /
WHO (1985)" suggested pattern of amino acid
requireanents for adults, school children, and
preschool children (table 8). Compared to the
standards for adults, RSA hydrolysate only has a
modest deficiency in the lysine content T herefore,
RSA hydrolysate can al®o be used as a potential
ingredient for formulas for adults

Table 8 Camparison of FAO AV HO (1985) - suggested
pattern of am ino acid requirementd®with the
canposition of RSA hydrolysate (mg/100mg protein)

Suggested pattern of requirenent  composition
Amino acid infanie Preschool  School of RSA
Chlldb child® hydrolysate
H istidine 26 19 19 16 39
Inleucine 46 28 28 13 17
L eucine 93 6 6 4 4 19 34
L ysine G 6 58 4 4 16 13
'\é'yz?r:(e’”'”” 42 25 22 17 20
Z{hrﬁ?i'r'lzla”'”w 72 63 22 19 79
Threonine 43 34 28 Q9 27
T ryptophan 17 11 Q9 -
V aline 55 35 25 13 15

Note a—A veraged anino acid composition of human milk;
b—2 5years
c—10 12years

4 Conclusions

Heat-treatment could not significantly mprove the
DH of rapeseed albumin digested by alcalase The
optimum oonditions for hydrolyzing rapeseed albumin
w ith alcalase were established by regponse surface
methodology. These paraneters included hydrolyzing
temperature 50 , enzyme concentration: Q 38AU
per gran of substrate, concentration of substrate
4 87%. After the reaction was conducted for 1 h
under this optimum condition, the degree of

hydrolysis of rapeseed protein iolated can reach 14
72%. The results obtained from this pattern tallied
with the actual experiment results Therefore, the
response surface methodology could be used to predict
the DH of rapeseed albumin hydrolysates, and to
screen the perfect hydrolysis conditions for the Imited
hydrolysis of rapeseed albumin Hua-Za 3 rapeseed is
very low in both erucic acid and glucosinolates
Consequently, the RSA hydrolysatew ith high quality
isone of the ideal protein sources for human nutrition
productsw ith high-added value in the future
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(alcalase)
1 1 2
(1 , 430070, 2 , 830052)
: (alcalase)
50 Q 38AU /g 4 87% , (Sephadex G-25)
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