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Study on the processing optimization and modelling of enzymolysis for
Chickpea starch based on response surface method

GAO Yi-xia, WANG Shu-fang, WANG Dan-dan, WANG Ting-pu”

(College of Bioengineering and Technology , Tianshui Normal University , Tianshui 741001 , China)

Abstract: Using dextrose equivalent value(DE)as an index, the effect of temperature, pH and the ratio of enzyme
to substrate concentration( E/S)on enzymolysis of chickpea starch with a—amylase were explored based on single
experiment and response surface method.The Michaelis constant( K,) ,Maximum velocity( V.,) and corresponding
kinetics modeling were also established by Lineweaver — Burk plotting and Wilkinson statistical method,
respectively. The results indicated that the optimal parameters were pH6.5, temperature 55 °C and E/S value
0.12 U/mg,and the verification value was 23.103% +0.454%.Ea and AH were 18.977 kd/mol and 19.624 kJ/mol in
the temperature range of 30 °C to 50 °C, respectively. The study might provide a theory basis for industrial
production of sugar from chickpea starch.
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JEEWE G ( Cicer arietinum 1.) , XCHRBEFE X% 8 G SFEWFSE, S5 R FEW], Wilkinson 325 I AE 5 SE I E FEAS

S, RHEE E SR A BE R S R s 40% ~
60% * | HLAT [k IR L W A R i g A
W8 ST T A AR ARG | T A R S E R TR pHL LR
JBE S Ko B 10 B A AT G, HE K F 7 R DA
SRR S A FR S T SR AR 7 v 25T A S
FAN B L BN 12 v, LA R A A 4% AR o
Wit A G Ay T 4 T 25 A A Tl 1) B, L 4 3 4 G g
LA M ) BEA T K e 1R — a3

BERAR 2 I8 ) 3 27 bt 5 P s 1 3k J3E e JHL 52 g
R B4 85, TE R 2548 DI RE AE ML | S L 2548
KA A ST v, AT 2 i B IS RIS B R
o B B R - GEREXS /N2 R HEAT T B
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T2, AR B AR B T IR R RN ], 2 g0m Y A
W 7 TR 3 %o 4 ke 99 B 2 P B T S SRR AT
Ak, A T AT I B] JELRE  pH R T 252800
A LIRS pH Kl S5 M L (E/S) R 2K,
38 A ) B TN DL AL o — TE 93 158 i A0 T W 0 A o) B
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MEWE S JEM S RN 87% R I A A
BHE A RN T s a—JEK A (58.7 U/mg)  Sigma
77 i (Lot : STBBO5 10, 3k [ Al B ZE A AT B ) 5 15 A1 1R
HER 3,5 RN SR AR R | W FR EAN L R Iy R A
BEERN  E P= 4 AT gl W A A TR TR R OY
AR S

AL204 BIHL 7RO MERe i — FE R A28 B
) TGL-20M il 5 R R B0 L W RE AR
B HLL SR R4y Al PHS=3D #8154 pH it I
G Rl BN | 5722 BUAT L4696 i i
JREA BRA ]

1.2 ZWHE

1.2.1 JEWETIEM MG WS ENESS 3,5-2
fil B /K 418 (DNS) 351 FREUEE W &3 KY 0.1 g,
A 20 mL 0.05 mol/L pH 6.0 B§ARZE vl , Hitdk ,80 C
Witk 5 min, ¥ H1 % 50°C , # E/S =0.01 U/mg Jill A
o—TEMER , PR¥H TR AT ,50 min Ji i /K K 3G 5 min,
M5 G TR 4 BB (DE)

DE(% ) = iR JFFl &L (mg) x100/[87% x VEM &
(mg) ] (1)

v{mg/(mL+min) | =% H(2)

o W I E (mg/ (mL - min) ,m/V Jit
JEAE S (mg/mL) 52y KW I E] (min)
1.2.2  PAH EsZEy  LEIRJE 50 C, pH6.0, E/S
0.04 U/mg#%M4 T, B8t Al 43512 5,10 .20 .30 .40,
50.70.,90 .110 .140 .170 200 min B H:%F DE #5200 ;
7F pH6.0 ,E/S 0.04 U/mg, i [a] 50 min {4 R, %5
B 53508 30 .40 .50 .60 .70 °C it Hoxt DE (19 52 5
TEFRE 50 °C ,E/S 0.04 U/mg, Bf[a] 50 min £ F, %
g2 pH 4358 4 .5 .67 .8 B HXF DE (135 i) 5 78 it )&
50 °C AH[A] 50 min . pH7.0 244 F, %552 £/S 43 31K
0.01.0.02 .0.04 0.08 .0.16 U/mg B H:xt DE (5405
1.2.3 BV s f15238L  Michaelis £l Menten R
PP V-7 2% i R 57 oK [G 7 B2, Briggs A1 Haldane
RSV PO AT A, XK QO BRI T A& IE 15 2
G AR S N Bl T AF o . HE R o R AR
mE

E+S%ES%P+E = (3)
k,E,[S] .
VT (k, +k)/k, +[S] A
km:(kzl(;k-*) #H(5)
Vi = sz,-a It(6)
V [S
Yk "f[s],] A
L_1, K (8)

VoV, TV IS]

Lk, b ES AR pGE s K,k 3SR ES SR
R E+SFIP+E Mk, o E+ P 2Apk ES (1938
(RIHZME AT ) o [ ST RIEYHR)E (mg/mL) ;
E,(U/mL) =[E] + [ES], FIH (8) =k K,
v,
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1.2.4 By EEH SN S YSE IR AR SN IER] 7 min
pH 7.0 JEMI U E 20 mg/mL 514, 43 B/ A 0.2,
0.4.0.6.0.8 1.0 .1.2 mL U/mL [, I % B o X 52 o 3
BE RN

125 WL ILRIR T2 2
PLpH GEEE K B/S g PHF, 25 T S 0 s D R HE AT
e B A K, DE iy w5, I Design — Expert
8.06 %415 1T Box—Benhnken SZ5G, SEEG UL 1, 7F
T T 25550k pHO.5 i 55 °C )¢ E/S 0.12 U/mg i
ATHUE I

2¢1  Box—Benhnken 5256 K 2 /K- K di iy

Table 1 Level and code of variables for Box—Benhnken design
gy X, pH X, i (C) X; (E/S) (U/mg)
-1 6.5 45 0.08
0 7 50 0.1
1 7.5 55 0.12
1.3 #HiE4bE

KA Origin 7.5 %} ( OriginLab 4% &) ) 1E &,
Design—Expert 8.06 {4 ( stat—ease 2\ ) AT Ml N T
S3AT BRI £t UE2E (x =) o, AHXTHR
Wi 25 RSD( % ) = bt 25/ V-8 o
2 FER5HH
2.1 kR HEME

DNS LW E M & B An i B Y =
1.629X—0.042 ,r =0.997 (X Jy A 05 i it . me, Y A
LA
22 BREREIW

B [EIXT DE 95200 DLIE 1, 7E 0~50 min Ju A,
FrE B[R] 4 24 0, DE 32814 JC, B it B0 T B4, ml e 2
5250 AR RGE T T T G 2 M e U A K e TR
BVFAAE B2 55 0 B2 45 SV, W0 DE 1 A= ik s 7 °F
Fal R, S SERF ST P )R 50 min,

15 7
. ~+/%/{
= \Y%
T 97
a
6 -
3 T T T T .
0 50 100 150 200 250

5[] (min)

B 1 I XT DE 52
Fig.1  Effect of time on DE
i EEXS DE B2 me U IEl 2, 75 30~50 C M,
R IR B T v, B SRS 4 R Rl FEE Y OBCHS I, DE 34 n,
50 CIFikfm KAR, B i@ g B 5 5 — Jr T, 24 iR B 1Y
50 C LA, Bz #iJ b , DE FFE
pH %] DE 52 W& 3, pH7.0 B, DE 3k 2| 57 K
{8, il pHo pH S0 g i Pk v oC 0 75 JE B AR
iR B R, DTS2 W g S5 NS ) 1 45 6, JT e & 52 R
DE A
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8 - %2 Box-Benhnken SZHG 1% 113 F 45
;. Table 2 Box—Benhnken design matrix and experimental results
SRinEs] X, X, X, DE(% )
& 01 1 1 0 -1 15.524
2| 2 -1 1 0 20.540
3 0 0 0 19.433
44 4 1 1 0 15.242
3 ' ' ' ' ' ' 5 0 1 -1 18.505
30 40 50 60 70 80 6 0 -1 -1 17.480
HEECC) 7 -1 0 1 22851
K2 R DE RS 8 1 -1 0 19.814
Fig2 Effect of temperature on DE ? 0 0 0 18.671
10 0 -1 1 18.600
107 11 0 0 0 17.719
12 0 0 0 19.528
77 13 0 0 0 17.877
S 14 0 1 1 21.000
= 87 15 -1 0 -1 19.063
- }\ 16 1 0 1 17.301
17 -1 0 18.190
6 5 : z " 5 R3O ARERY AR AR 5 T 22 0
pH Table 3 Significance test of regression coefficient

3 pH Xf DE [5¢£0

Fig.3 Effect of pH on DE
E/S X DE 1 §2ma UL IEl 4, B E/S 134N, B i
TR LT 2RI, SRR S W W S 4 o+,
P8 52N T 55 T A E L s B /S Ay RE— 2B 45 O, IS
WA, RN P e TR Ik E/S ik

0.1 U/mg,

16 1

14 1

I

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
E/S(U/mg)

K4 E/S X} DE B2
Fig4 Effect of E/S on DE

2.3 MuRE S Hr

Y =-140.651 +30.884X, +2.233X, +115.114X,—
0.367X,X, — 50.268X,X, + 3.439X,X, — 0.821X,” +
2.436X,°-610.919X,>,

Box—Benhnken 4% 5 X 7 225787 W36 2 Fli3E 3,
Tt HA W FEVE(p =0.0263) , WK B 25, KU
Ui p =0.213 >0.05, A 35, A1 AR 7Y 5 S R
WALE U, pH B 82, E/S S22, IR E B
AN FEEE WK /MRIR Sy pHE/S Bl
A HISZ M AN B . &I T2 R pH 6.5, I B
55 C I E/S0.12 U/mg, FEMLFZAF T IHEATIRUE, 45
RULFE 4,

and its variance analysis

SRR CFOrRL AME ¥r F{H P

i 48.02 9 5.34 473 0.0263
X, 32.04 1 3204 2841  0.0011
X, 0.18 1 0.18 0.16  0.7008
X, 10.53 1 10.53 934  0.0184

X, X, 3.37 1 3.37 299  0.1273

X, X, 1.01 1 1.01 090 03754

X, X, 0.47 1 0.47 042 05379

X, X, 0.18 1 0.18 0.16  0.7036
X,>  0.000156 1 0.000156 0.000138 0.990900
X,’ 0.25 1 0.25 022 06512
X, 48.02 9 5.34 473 0.0263

B2 7.90 7 1.13

ST 5.05 3 1.68 2.36 0.213
Qgg‘ﬁ 2.85 4 071
R4 BRUESLE
Table 4  Verification testing
o DEC%) BT (% )
0 FLIH

1 23.755 23.899 0.605

2 23.755 23.092 2.870

3 23.755 22.805 4.166

4 23.755 22.653 4.865

5 23.755 23.309 1.913

6 23.755 22.857 3.931

B IE S B SE A A (23.103% +0.454% ,n =6) ,
RSD = 1.964% , RARIA7 %4 , W] FH T J0E W o2 38 499 g At =
Bl o AR R B, LR — 5 T T - 3
W T e T35 2 5 7K i 1 O 52 B IX, Bl %% B
A 35 5 X 30 43 i B ) HL oK i 5% — O T R
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ST ELBE GE By 5 S BE UE MY 1Y ) 0RO/ T
AR G SSRGS S EE AT Y L A, e G Rl
RUEW o5 HEETE R IE NIE G W), %2 5 W R E
Aoy BIUIL IR A T2 I AR s At EL AT 4 o g 310V D, X
5% A ¥ i 1
2.4 FEEEXERE R NIEE R0

Pl -5 S B AU G R UL S, YR ad wE i,
Fifg {12 Sz N7 3R B 55 il e R AE LY o B ] 5 S g 3 BE 11 5%
ZULE 6,76 0~7 min B[] 5 Sz [V 3 BE £8P %8 41, i)
RE I TA] R, S 07 9 B 158 25 e R, T 5 s ) R4, )
LRPERR FERRAG , £33 25 I8, 0 B e 52 0 R PR DU < P
[&] 2% 7 min,
0.20
0.16

0.12 1

0.08
Y=0.025+0.121X,=0.991

S V3% [mg/(mL * min)]

o

=3

r
1

03 0.6 0.9 12 15
fiff F:(U/mL)
B S it X AR S5 I T B 1 52 )

Fig.5 Effect of enzyme concentrationon reaction velocity

0.7 7
E 0.6
E —"
= 0.5 1
£
) 4
2 0.4
= 0.3
=
2 024 Y=0.161+0.041X,=0.984
X
0.1 : : . . .
0 5 10 15 20 25
INf ) (min)

E 6 SR ]
Fig.6 Determination of reaction time
2.5 Lineweaver—Buck &K RS £
V=S M WLIE 7, LA 1/V SRYAAE AR, 1/S Sy fs Ak
Fr, WA 8,Y =48.546X +5.054 ,r=0.992, 1815V,
=0.198 mg/(mL-min) ,K, =9.605 mg/mlL,

— 0.15 -
=
£ 012+
’_:] . /.
S 000
2009
=
9 0.06
£
= 0,03
0 5 10 15 20 25
JE A (mg/mL)

P77 SN R e R JE 1 G 2R
Fig.7  Relationship of reaction velocity

and substrate concentration
2.6 Wilkinson Giiti& KBS
2.6.1  d/Dh TARIESRAN MR Wilkinson STt iksR
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1/S(mL/mg)
IV R
s & & 3
L ]
L]

—_
=]
L

0'.1 0'.2 0'.3 O'.4 O'.S 0'.6 0'.7 0'.8
1/V(mL *min/mg)

B8 XUEIEAE
Table 8 Double-reciprocal plot
fi#,V, =0.155 mg/(mlL-min) , K, =6.043 mg/ml., =\
HROVL R K A A g K R N R R oK B R KA
HAE,
2.6.2  ZEEEITACRKER S Wilkinson 53R A5H5 1
fit V, =0.132 mg/mL+-min,K, =5.736 mg/mlL,
2.6.3 Lineweaver— Buck ¥ 1 Wilkinson 4¢3+ 09 b
2 3£ 5 Al A, Lineweaver— Buck 3 Fl1 Wilkinson 4t
TR R A — 00 2200 . U8B e BE AR AT,
Lineweaver— Buck 22" HUE] 5505 52 22 5, IR 25 B4R
Bk, HS &G E-—8 NTE 0.33 K, ~2K,, , R
ma K, ATV, 0 A PE, (B ik 7 ek, 5
/NPT Wilkinson GRS R HE , e EA T
R E , 2R A Wilkinson SEit ki 45 1, s 445
H Vv, =0.132 mg/(mL-min) ,K, =5.736 mg/mL,

25 Lineweaver—Buck £ Wilkinson 48 i1 804 1L ¢

Table 5 Comparison of Vm and Km values calculated

o
=

by the Lineweaver—Buck and Wilkinson methods

. K, V.,
Ik (mg/mL) {mg/(mL-+min) |
Lineweaver—Buck 1 9.605 0.198
Wilkinson 4¢3t 5.736 0.132

2.7 Ea M AHitE

TE 30~50 °C 3t Bl Po, 2 o 8 B o 8 B 1749 34 Jom v
B, LA Inv XF 1/T( x 10°) FEE, WE 9, 5 B2k ¢
Z , AR 28 531 ( Arrhenius) J7 #2845

Ea

hlI(3 =_ﬁ+B ;T:t:(g)

KA R AT E8.31{1/(mol - K) | ; Ea i
feBE (kJ/mol) ;B B0 H 4.

K, = A xexp(—Ea/RT)

b, A HFEATEF { mg/ (mL-min) |,

DL InV AR FR, 1/T ( x 10°) AL FR, Y =
4.654—2.284X,r =0.97, K44 Ea = 18.977 kJ/mol,
A =104.962 mg/(mL+-min) ,

In Ks = —AH/RT + InC F(11)

K, =K, , K =K, ,UANFEEET K, 5 1/T [H9,
ULIE 10, A InKs S ZAAL bR, 1/T( x 10°) Ry 8 AL B,
Y =7.078—-1.76X,r =0.99, 3R75 AH =19.624k]J/mol ,
3 i

ALY 2 -G B PR 2 ST A e B T VR G A oo— VE Y
Tt Pk it S W T SRR 04 T80, I X Tl 3 g 24 A TR

A (10)
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InV
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310 315 320 325 330 3235
1/T(X 10

K9 Inv 5 1/THXR
Fig9 Relationship between Inv and 1/T

310 315 320 325 330 335
1/T(X10%

K10 InKs 5 1I/T X%
Table 10  Relationship between InKs and 1/T

o GEARRM W T2 8 pH 65, 7 )ES5 C Al E/S
0.12 U/mg, FEM T, DE B UFE(E N 23.103% =+
0.454% ,RSD = 1.964% ., F| /] Lineweaver — Burk Az
Wilkinson Zeit:dbAT T £ M, If 04 e s e %
Wilkinson &t 11 &, 5K fif 13 3 J1 %% = % K, =
5.736 mg/mL,V, =0.132 mg/(mL-min) ., 7E 30~50°C
BB, Ea =18.977 kJ/mol., AH =19.624 k]/mol , iZ %
AU AT R b, 25 DR 52 i K i s BE 1 PR P
FRARSEAE R, ZET R IR TT R oo — T893 Tl Tl it 5 1o
SLVEMY I Bl T 2 R AT AR RIS A 2 o

S 3k
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