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Abstract: T he lim ited hydro lysis p rocess fo r rapeseed album in (R SA ) w ith alcalase w as system atically studied th rough

response su rface m ethodo logy (R SM ). T he op tim um condit ions w ere estab lished, w h ich included hydro lyzing temperatu re
(50℃) , enzym e concen trat ion (0. 38 A nson U nits per gram of substrate) and concen trat ion of substra te (4. 87% ). T he gel

filt ra t ion ch rom atography (Sephadex G225) p rofile show ed the m ajo r album in p ro tein w as degraded after hydro lysis. In

addit ion, the am ino acid p rofiles indicated that hydro lyzed rapeseed album in cou ld be used as an addit ive w ith great

po ten tia l in food industry.
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1　 In troduction

　R apeseed, one of the m o st im po rtan t o ilseed crop s

cu lt iva ted in the w o rld is becom ing of increasing

in terest as a sou rce of ed ib le p ro tein s. R apeseeds

con ta in 35%～ 47% of p ro tein, and hence defa t ted

rapeseed m ealm ay con st itu te a good sou rce of p ro tein s
fo r hum an s. Its am ino acid com po sit ion is w ell2
balanced in regard to FAO requ irem en ts. M o reover,

o ilseed p ro tein is rich in su lfu r2con ta in ing am ino acids

and lysine w h ich are genera lly lim ited in legum es and

cerea ls[ 1, 2 ].

　 P ro tein funct ion can be m odified by enzym atic

hydro lysis, w h ich a lters, fo r in stance, so lub ility,

visco sity, em u lsion and foam p ropert ies[ 3 ]. It has been

repo rted tha t enzym atic p ro tein hydro lysa tes cou ld be

served as su itab le sou rces of p ro tein fo r hum an

nu trit ion becau se of their gastro in test ina l ab so rp t ion,

especia lly d i2 and tripep t ides w h ich seem to be m o re

effect ive than bo th in tact p ro tein and free am ino

acid [ 4 ]. T herefo re, in o rder to im p rove nu trit iona l and

funct iona l p ropert ies of p ro tein, p ro tein hydro lysa tes

have been w idely u sed in specif ic fo rm u la t ion.

　A lca lase is a m icrob ia l p ro tease from the bacterium
B acil lus l ichen if orm is w ith endopep t idase act ivity,

w h ich can hydro lyze p ro tein in to sho rt pep t ides.

R espon se su rface m ethodo logy (R SM ) w as o rig ina lly

described by Box and W ilson [ 5 ] as being effect ive fo r

respon ses tha t w ere influenced by m any facto rs and

their in teract ion s.

　 In the p resen t paper, rapeseed a lbum in (R SA ) w as
u sed as sta rt ing m ateria l fo r the genera t ion of rapeseed

pep t ide (R SP ). T he hydro lysis w as carried ou t u sing

an endopep t idase (a lca lase) w ith a funct ion to p roduce
an lim ited hydro lysa te. R SM w as designed to op t im ize

the hydro lysis condit ion s. It w as a lso d iscu ssed the

am ino acid p rofiles of a lbum in and hydro lyzed rapeseed
a lbum in. T he resu lts and data cou ld p rovide a
theo ret ica l basis fo r ex ten sive app lica t ion of

hydro lyzed rapeseed a lbum in in food indu stry.

2　M a ter ia ls and m ethods

2. 1　M a ter ia ls
　R apeseed a lbum in (R SA ) : T hey are self2refined

from undu lled and defa t ted rapeseed m eal (81% crude
p ro tein, ca lcu la ted as N %×6. 25).
　P ro teo lyt ic enzym e: T he enzym e is a lca lase 2. 4 L
(N ovo N o rd isk, Bagsvaerd, D enm ark) , a p ro tease of

B acil lus l ichen if orm is w ith endopep t idase act ivity.

T he m ain com ponen t of the comm ercia l p repara t ion is

serine p ro tease sub t ilisin A. T he specif ic act ivity of

a lca lase 2. 4 L is 2. 4 A n son U n its (AU ) per gram.

O ne AU is the am oun t of enzym e tha t, under standard
condit ion s (pH 8. 0) , d igests hem oglob in a t an in it ia l

ra te tha t p roduces an am oun t of t rich lo roacet ic acid2
so lub le p roduct tha t g ives the sam e co lo r w ith the

Fo lin reagen t as 1m eq of tyro sine released per m inu te.
　 A ll chem ica ls includ ing B lue D ex tran 2000
( Pharnacia l ) , Bact iracin ( Sigm a ) , Glu ta th ione
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(R educed, Am resco) w ere of ana lyt ica l grade.
2. 2　M a ter ia ls and m ethods
　2. 2. 1　H eat t rea tm en t
　H eat2t rea tm en t has been repo rted as an effect ive
w ay to im p rove the degree of hydro lysis p ro tein [ 6 ].

T herefo re, hea t dena tu ring of the R SA w as p retrea ted

a t 80℃ fo r 30 m in u sing a w ater ba th. R SA w as

m ixed in term it ten t ly to en su re w ell2dist ribu ted hea t ing
du ring the p rocess of hea t t rea tm en t.

2. 2. 2　To ta l n it rogen determ ina t ion
　 To ta l n it rogen w as determ ined acco rd ing to the

m icro2Kheldah l m ethod [ 7, 8 ]. C rude p ro tein con ten t
w as ca lcu la ted u sing a conversion facto r of 6. 25.

2. 2. 3　Enzym atic hydro lysis of rapeseed a lbum in
　T he m ethod of Javier V ioque et a l[ 3 ] w as u sed fo r
enzym atic hydro lysis of rapeseed a lbum in. T he R SA

of assum ed concen tra t ion w as hydro lyzed batchw ise in

a vessel equ ipped w ith a st irrer, a therm om eter, and a

pH 2electrode. H ydro lysis w as carried ou t fo r 60 m in
u sing the assum ed hydro lysis param eters includ ing

tem pera tu re (T ) , enzym eösub stra te ra t io (E öS ) and

sub stra te concen tra t ion (S ). H ydro lysis w as

term ina ted by hea t ing a t 90℃ fo r 8 m in. H ydro lysa tes
w ere cla rif ied by filt ra t ion to rem ove in so lub le

sub stra te fragm en ts. T he filt ra te w as lyoph ilized after

iso la t ion each t im e and kep t freeze2dried fo r nex t u se.

2. 2. 4　M easu rem en t of degree of hydro lysis
　T he degree of hydro lysis (D H ) , defined as the ra t io

of am ino n it rogenöto ta l n it rogen (A N öTN ) , w as

ca lcu la ted acco rd ing to the m ethod of Zhao X inhua et

a l[ 9, 10 ].

　 D H % = A N (am ino n it rogen) ö
TN ( to ta l n it rogen)×100%

　T he A N , p roduced by hydro lyzing, w as determ ined
by fo rm aldehyde t it ra t ion p rocedu re. To ta l n it rogen

w as determ ined acco rd ing to the m icro2Kheldah l

m ethod m en tioned above (2. 2. 2).

2. 2. 5　Op tim iza t ion of hydro lyt ic condit ion s
　 A th ree2facto r cen tra l com po site design w as

em p loyed to exam ine the respon se, degree of

hydro lysis (D H % ) of R SA by alca lase as changed
w ith the independen t variab les, tem pera tu re (℃, X 1) ,

concen tra t ion of enzym e (AU ög p ro tein, X 2) and

concen tra t ion of sub stra te (% , X 3). A quadra t ic

po lynom ia l regression m odel w as assum ed fo r
p red ict ing the respon se. Every facto r (Code X 1 to X 3)

had th ree levels co rresponding to th ree code values.

T here w ere to ta lly 15 independen t experim en ts. In
every experim en t, levels of the facto rs w ere arranged

acco rd ing to tab le 1. T he m odel p ropo sed w as

described in tab le 2. Experim en ta l da ta w ere ana lyzed

fo r respon se su rface regression fo r a quadra t ic
po lynom ia l m odel u sing SA S softw are (SA S In st itu te

Inc. 1990).

Table 1　D esign of factors and levels in exper im en ts

Facto r Code Code value L evel

+ 1 45

T ö℃ X 1 0 50

- 1 55

+ 1 0. 2

E öS öAU õ g21 X 2 0 0. 3

- 1 0. 4

+ 1 3

S ö% X 3 0 5

- 1 7

Table 2　D ifferen t levels of factors arranged in exper im en ts

T est num ber
Code value of experim ent

X 1 X 2 X 3

1 - 1 - 1 0

2 - 1 0 - 1

3 - 1 0 + 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 0

14 0 0 0

15 0 0 0

2. 2. 6　Gel filt ra t ion ch rom atography
　Gel filt ra t ion w as carried ou t in system equ ipped
w ith a Sephadex G225 co lum n (50 cm×2. 6 cm ) and

dist illed w ater as eluen t a t a flow ra te of 0. 5 mL öm in.

E lu t ion w as m on ito red a t 280 nm and the fract ion s

w ere co llected every 10 m in in terva ls. T he m o lecu lar
m asses w ere determ ined u sing a ca lib ra t ion cu rve m ade

w ith B lue D ex tran 2000 ( 2000 kD a ) , Bact iracin
( Sigm a, 1422D a ) , and Glu ta th ione ( R educed,

Am resco, 307D a ) w h ich w ere u sed as m o lecu lar
w eigh t standards.
2. 2. 7　Am ino2acid ana lysis
　Am ino2acid ana lysis of HC l2hydro lyzed sam p les w as

carried ou t u sing an au tom ated Beckm an in strum en t.

T h is w o rk w as com p leted by the am ino2acid ana lysis

service of the O il In st itu te of the Ch inese A cadem y of
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A gricu ltu ra l Sciences (CAA S). A ll am ino acid da ta
w ere co rrected fo r 100% recovery.

3　Results and d iscuss ion

3. 1　Effect of ma ter ia l pre-processing on hydrolysis
degree
　 It has been docum en ted tha t p ro tein coagu la tes a t
80℃, and show s changes in the o rdered structu re w ith
increased su rface hydrophob icity, decreased am oun t of

su lphydryl group s[ 6 ]. T herefo re, hea t2denatu ring of

p ro tein can cau se the m o lecu les to unfo ld and becom e

m o re accessib le to p ro teases fo r hydro lyt ic react ion
than in their na t ive sta te in theo ry. F igu re 1 show ed

tha t the hydro lysis va lues on ly im p roved a lit t le w hen

R SA w as trea ted a t 80℃ fo r 30 m in befo re the
hydro lysis experim en t. T he enhanced effect on D H is

no t sign if ican t po ssib ly becau se the R SA structu re is

sim p le (on ly 1. 7S p ro tein). T herefo re the m ateria ls of

the fo llow ing experim en ts w ere st ill u sed w ithou t
hea t2t rea tm en t.

F ig. 1　Effect of heat treatm en t on hydro lysis of

rapeseed album in w ith alcalase (0. 3AU ög p ro tein)

3. 2　Optim iza tion of technology for RSA hydrolysis
　R esu lts of 15 experim en ts w ere show n in tab le 3.

Con ten t of hydro lysis degree (D H ) w ere u sed as

respon se va lues in ana lysis of respon se su rface

regression (R SR EG ). T he equat ion D H (Y ) = a0 +

a1X 1 + a2X 2 + a3X 3 + a11X
2
1 + a22X

2
2 + a33X

2
3 + a12X 1X 2

+ a13X 1X 3 + a23X 2X 3 w as u sed as regression m odel.

T he p rocedu re R SR EG of SA S also gave values of
param eter est im ated ( tab le 4) and p red icted values of

the equat ion ( tab le 5).

Table 3　D egree of hydrolysis of 15 exper im en ts

T est num ber 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

D egree of hydro lysisö% 5. 37 7. 11 5. 58 12. 89 8. 39 5. 79 13. 39 12. 92 6. 09 11. 06 10. 25 10. 43 14. 25 14. 23 14. 29

Table 4　Param eters estimated by regression m odel

Param eter a0 a1 a2 a3 a11 a22 a33 a12 a13 a23

V alue in model about

degree of hydro lysis
2407. 468 14. 927 214. 35 3. 375 20. 144 2196. 958 20. 541 21. 590 0. 018 2. 663

Table 5　Pred icted va lues of regression m odel

Response variab le

T

ö℃
E öS

öAU õ g- 1
S

ö%

D egree of hydro lysisö%

Calcu lated
valuea

O bserved
valueb

50. 07 0. 38 4. 87 14. 61 14. 72

　N o te: a—Calcu lated using the p redicted equation;

b—M ean value of th ree rep lications of the hydro lysis

experim ent.

Table 6　Var iance ana lysis of regression equation s

V ariance
source

D egree of
freedom

D egree of hydro lysis

Sum of
square

M ean
square

F V alue

M odel 9 155. 259 17. 251 6. 393

E rro r 5 13. 494 2. 699

Co rrect to tal 14 168. 753

L inearly dependent coefficien t　　 R 2 = 0. 9591

　N o te: 3 3 f 0. 01 (9, 5) = 10. 2; 3 f 0. 05 (9, 5) = 4. 8.

　 V ariance ana lysis of regression equat ion w as

conducted (tab le 6). F va lue of the m odel w as b igger

than f 0. 05 (9, 5). R 2 w as 0. 9591, w h ich show ed tha t

linear rela t ion sh ip betw een dependen t variab le and

w ho le independen t variab les w as sign if ican t ly d ist inct.
　 F igu re 2 w as respon se su rface d iagram s of D H .

H igh concen tra t ion of enzym e (E öS ) and low

sub stra te concen tra t ion (S ) w ere good fo r degree of

hydro lysis. Con sidering the in teract ion of a ll the
variab les, the op t im um condit ion s fo r hydro lyzing

rapeseed a lbum in w ith a lca lase can be ca lcu la ted by

the assum ed equat ion as fo llow s, hydro lyzing
tem pera tu re: 50℃, enzym e concen tra t ion: 0. 38AU

per gram of sub stra te, concen tra t ion of sub stra te:

4. 87%. T he degree of hydro lysis of rapeseed a lbum in

can reach 14. 72% after react ing 1 h on th is op t im um
condit ion. T he values ob ta ined from valida t ion

experim en t show ed a very good agreem en t w ith the

p red icted va lues ( tab le 5 ). Con sequen t ly, the

regression m odel cou ld be u sed to ana lyze the resu lts
of the experim en t and to p red ict. T he m odel w as a lso

app lied to choo se the perfect hydro lysis condit ion s fo r

the lim ited hydro lysis of rapeseed a lbum in.
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F ig. 2　R esponse su rface diagram s of degree of hydro lysis

3. 3　Gel f iltra tion chroma tography
　R SA p rofile on gel f ilt ra t ion w as characterized by

the p resence of the m ajo r p ro tein com ponen t of p ro tein

iso la ted from rapeseed tha t co rresponds to the 1. 7S
album in, w ith m o lecu lar m asses m uch larger than
5 kD a (F ig. 3). A s a resu lt of the hydro lysis p rocess,

R SA hydro lysa tes show ed a m ajo r ch rom atograph ic

peak of in term edia te m o lecu lar m ass betw een 5 kD a
and 1 kD a. Am ong the fina l hydro lysa te, the rela t ive

am oun t of th is peak decreased w h ile the am oun ts of

o thers w ith low er m o lecu lar w eigh ts increased. T hu s,

after hydro lyzing fo r 60 m in, the m ax im al p ro tein
ab so rbance changed. T he resu lts show ed tha t the

m o lecu lar w eigh t of rapeseed a lbum in hydro lysa tes

decreased w ith an increase in degree of hydro lysis.

F ig. 3　Gel filt ra t ion ch rom atography of rapeseed

album in and p ro tein hydro lysate after they

w ere treated by alcalase fo r 60 m in

3. 4　Am ino ac id com posit ion
　T he am ino acid com po sit ion of R SA w as sim ila r to

the am ino acid com po sit ion of Zhongshuang 119

album in [ 11 ]. Glu tam ic acid, leucine, aspart ic acid and
p ro line w ere the dom inan t am ino acids accoun t ing fo r

m o re than 40% of the to ta l am ino acids.

Table 7　Percen tage of am ino ac id in a lbum in

and its hydrolysa tes %

Am ino acid
H ua2Za 3
A lbum ins

A lbum ins
hydro lysate

Ref value [11 ]

E ssen tial

Iso leucine 3. 77 3. 89 2. 87

L eucine 8. 17 7. 77 11. 48

L ysine 4. 55 3. 05 5. 54

M eth ion ine 2. 54 2. 79 2. 73

Phenylalan ine 7. 61 10. 70 5. 15

T h reonine 5. 91 6. 17 4. 81

V aline 3. 69 3. 32 5. 84

T ryp tophan - - 6. 64

N onessen tial

T yro sine 3. 79 7. 47 2. 89

Cystine 2. 64 1. 85 0. 34

H istidine 6. 94 8. 92 2. 80

A naline (A la) 3. 23 3. 06 9. 96

A rgin ine 8. 30 5. 42 2
A spartic acid 7. 28 6. 27 4. 15

Glu tam ic acid 13. 97 12. 53 15. 56

Glycine 6. 53 6. 52 6. 59

P ro line 7. 22 5. 99 7. 33

Serine 3. 86 4. 28 5. 33
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　T he am ino acid com po sit ion of R SA hydro lysa te and
R SA w ere sim ila r ( tab le 7) excep t fo r som e gained in

T yro sine, Phenyla lan ine and lo ss in Cyst ine, L ysine

and A rgin ine fo r specif icity of a lca lase, a bacteria l
endopep t idase. T he resu lts ind ica t tha t the p rocess of

enzym atic hydro lysis is a gen t le p rocedu re tha t do no t

change the am ino acid p rofile of the sta rt ing p ro tein

sign if ican t ly. T he fina l hydro lysa te of rapeseed
a lbum in show the h igh so lub ility and gastro in test ina l

ab so rp t ion, w h ich m ake them becom e the su itab le

m ateria ls fo r the supp lem en ta t ion of liqu id foods o r

h igh2energy beverages.
　T he hydro lysa te com pared favo rab ly w ith the FAO ö
W HO ( 1985 ) [ 12 ] suggested pat tern of am ino acid

requ irem en ts fo r adu lts, schoo l ch ild ren, and
p reschoo l ch ild ren ( tab le 8 ). Com pared to the

standards fo r adu lts, R SA hydro lysa te on ly has a

m odest deficiency in the lysine con ten t. T herefo re,

R SA hydro lysa te can a lso be u sed as a po ten t ia l
ingred ien t fo r fo rm u las fo r adu lts.

Table 8　Com par ison of FAOöW HO (1985) -suggested

pattern of am ino ac id requirem en ts[12 ]with the

com position of RSA hydrolysa te. (m gö100 m g prote in)

Am ino acid

Suggested pattern of requirem ent

Infan ta P reschoo l
ch ildb

Schoo l
ch ildc A dult

Compo sit ion
of RSA

hydro lysate

H istidine 2. 6 1. 9 1. 9 1. 6 3. 9

Iso leucine 4. 6 2. 8 2. 8 1. 3 1. 7

L eucine 9. 3 6. 6 4. 4 1. 9 3. 4

L ysine 6. 6 5. 8 4. 4 1. 6 1. 3

M eth ion ine+
cystine

4. 2 2. 5 2. 2 1. 7 2. 0

Phenylalan ine+
tyro sine

7. 2 6. 3 2. 2 1. 9 7. 9

T h reonine 4. 3 3. 4 2. 8 0. 9 2. 7

T ryp tophan 1. 7 1. 1 0. 9 0. 5 2
V aline 5. 5 3. 5 2. 5 1. 3 1. 5

　N o te: a—A veraged am ino acid compo sit ion of hum an m ilk;

b—2～ 5 years;

c—10～ 12 years.

4　Conclusion s

　H eat2t rea tm en t cou ld no t sign if ican t ly im p rove the
D H of rapeseed a lbum in digested by alca lase. T he
op t im um condit ion s fo r hydro lyzing rapeseed a lbum in

w ith a lca lase w ere estab lished by respon se su rface

m ethodo logy. T hese param eters included hydro lyzing

tem pera tu re: 50℃, enzym e concen tra t ion: 0. 38AU
per gram of sub stra te, concen tra t ion of sub stra te:
4. 87%. A fter the react ion w as conducted fo r 1 h

under th is op t im um condit ion, the degree of

hydro lysis of rapeseed p ro tein iso la ted can reach 14.
72%. T he resu lts ob ta ined from th is pa t tern ta llied

w ith the actua l experim en t resu lts. T herefo re, the

respon se su rface m ethodo logy cou ld be u sed to p red ict
the D H of rapeseed a lbum in hydro lysa tes, and to

screen the perfect hydro lysis condit ion s fo r the lim ited

hydro lysis of rapeseed a lbum in. H ua2Za 3 rapeseed is

very low in bo th erucic acid and gluco sino la tes.

Con sequen t ly, the R SA hydro lysa te w ith h igh quality

is one of the idea l p ro tein sou rces fo r hum an nu trit ion

p roducts w ith h igh2added value in the fu tu re.
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碱性蛋白酶 (a lca la se)水解菜籽清蛋白的工艺优化

薛照辉1, 吴谋成1, 尹经章2

(1. 华中农业大学食品科技学院,武汉 430070;　2. 新疆农业大学农学院,乌鲁木齐 830052)

摘　要: 采用响应曲面法对碱性蛋白酶 (a lcalase)水解菜籽清蛋白工艺进行系统地研究。确定最佳水解条件如下: 温度
50℃、酶浓度 0. 38 AU ög、底物浓度 4. 87%。同时,葡聚糖凝胶 (Sephadex G225)柱层析显示水解物较原清蛋白分子量变小。
氨基酸组成分析结果表明菜籽清蛋白水解物可作为一种营养丰富的食品添加剂加以广泛利用。
关键词: 脱脂菜籽饼粕; 酶解; 菜籽清蛋白; 碱性蛋白酶 (a lcalase) ; 水解度; 响应曲面法
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