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Enzymatic Hydrolysis Optimization of a Snow Crab Processing By-product

Jong Tae Jang, Won Ho Seo, and Hyung Hee Baek*

Department of Food Engineering, Dankook University

Abstract The objectives of this study were to evaluate a protease suitable for the enzymatic hydrolysis of a snow crab
processing by-product (SPB) and to optimize the hydrolysis conditions using response surface methodology (RSM). The
SPB was hydrolyzed at 50°C and pH 7.0-7.2 to obtain various degree of hydrolysis (DH) using Flavourzyme at an
enzyme/substrate (E/S) ratio of 3.0%. The reaction progress curve exhibited an initial fast reaction rate followed by a
slowing of the rate. The DH was increased to 30% at 90 min with a final DH 32 to 36%. A central composite
experimental design having three independent variables (reaction temperature, reaction time, and E/S ratio) with five levels
was used to optimize the enzymatic hydrolysis conditions. Based on the DH data, the optimum reaction conditions for the
enzymatic hydrolysis of the SPB were a temperature of 51.8°C, reaction time of 4 hr 45 min, and an E/S ratio of 3.8%.
It was demonstrated that the enzymatic hydrolysate of SPB could be used as a flavoring agent or a source of precursors

for the production of reaction flavors.

Key words: snow crab processing by-product, enzymatic hydrolysis, flavor, response surface methodology

M B

A FAA A RS T Fe] dAlEe] gEERRS A8
2 ARgE] Wil B shetAEe] WA ol s
AHEE Cooper(l)e “AF BEE AMEER o]85A] o2 d8 54
72 Aotk 53] PigottQ)e FAEONA THRAAES 7
TGN HEAE AES Eske 23 98 Sdvolgal A
oale] Aj&-go] 7Fest EFolgtar SIStk AEARIAA 7
FAER T S A AAE s THES AE
3171 913t} 71 vlgo] LA gt weEkr] AFE e 9
oA BAEE 7RSS o] &3l TR AFAARE
ANEE37] st A= 214171 AFHE ] oA 6l T8 A
T 2oke] SRR QIAEL SUThQ3).

Tt TR g A9 2 R (crustacean)9t &
N (shellfish) 7Fs-ARe2] AjZ-gol Z3go] BTt Shiau
¢} Chai(dy= = AFH 5 A7) Holdle &0 e Fny
2ol EAEE gl o]F olgste] & 228 sk
Joh®} Hood(5), Peddy$} Flick(6), Reddy 5(7) 7Fiabeel =
N AN 2 WS 55, Azt Fn 2A0E BAFsA
v G40 7R 8918 3l5elith. S Burnette 5(8)y o

pil

-

*Corresponding author: Hyung Hee Baek, Department of Food
Engineering, Dankook University, Cheonan, Chungnam 330-714,
Korea

Tel: 82-41-550-3565

Fax: 82-41-550-3566

E-mail: baek@dankook.ac.kr

Received July 27, 2009; revised September 22, 2009;

accepted September 30, 2009

622

T T4 9 BT Azxsl] Fr2A)

kSR, Depacla 5(9) Alg- 7hy-RAEOA AEE ©

Stk Ochi(10)s FAHEREYE F2ES 43 9
FuAE sl A A & Tt

T

o
+

PHES

4 FollA 53] Al 7Rl st thkel Aot o]
ol R, Jaswal(11) 31-32%2] A (AL 71F)e g3l
A 7FERARES HCIR 71eEad ald 7leie) &
g ndE A2 o] &staat skt Lee T(12)
A 7R RRE AR FEE7E Fetal olF o]&ste
crabcakeS 7N, Cha $(13) A A5dS 355t H
FujAz o] &5t Al 39tk T3 Chungs} Cadwallader(14)
EA|(Callinectes sapidus)®] A&zt 7Vg-FAHEe] 3y A&
B Al TREAREe] AR FHEES I
& AYolgtal B3N Baekd} Cadwallader(15,16)=
9 A JhRLkEe] dlEds g4 VRl vHE
(response surface methodology, RSM)& ©|-&-3lo] 7}
S FAslel] AAFAE L] fgk AFEAR o]
ataral sHiTt.

SAl(snow craby= F80| Chioneceter jopanicur® 7% 32U+
oA FH2 dA e § dAg 24t A A7 U
FEhgo] 253882007 )0l ol=2H S-f-o] vt & wigol
W AFEC] HRE A HAY ik a8d § 7R EA
Zo o] g3t Utk TA= AEoE ol&He FAt 15% &
Lol YA 85%% 7habeR H71EAL o] olE Aol &
sl she At Eds] o] R AL rh(17). A T
2 FH2 754 AFRAQ 71" 2 7|EAe] AR (18
AREE T 9oy, 71El E J B & Fox B Fn|XEs)
astaxanthin 7+ JH7E7EA] AF4A7F SHEO] ST

(SR
AT
=4

332 e e rR
=z

op & (&
BN OHo 2
[o &



A T AREe] A

FARS S Tl JeESES AFAAE o8t} she
ATFE Ho| o]FolxA, ImmZ} Lee(19)5 WA Ea)asiel
Flavourzyme®} SavoraseE ©|-8-31 #-2 U (Urophycis chuss)=
7Y i ASY FdvaAEgE Ao Kim (200 #H7]
He & Asds 242 7Rt FraAlE sk
e, whld JkeEslE AR R o8 W oohet 'R
g JHERSES Mailladd WHES 0] 83 Wh-3-8(reaction
flavor)e] MFEAR o]§staLAl she AFE Bol o]FoR .
Wu SRS g4480 2 7R3 2184 il Z(E-HVP)YS ©]
f3to] 718e Yehll= WSS /Es e, Back 5(22)
X E-HVPE ol&3le] 4a17] &S vehlle w83 /Ngsisich

mEbA] B Ao e AATmA ] dEZA B2 FPE
58 ShHyslal e A TR S ARV AEAA ¢
WhEERS A7) % il xR o] 8-3ly] fste] AHgh
il R aAs AdYste rEsielal RReEEHEMHeR
1=]

7Fresl 21& HA skt skt

e o
ez
A THEEAHEES AR Y A 34 7HEEAIRL ElFate]
LEERFE ALl Ao AMgSITh # Al AMge &
Al 7HEAEE AR AHTGAAN He AY F27EA A
FHoll AMg317] A7 Wsdez BaASdTh B3 A s
2bEe] @A 7RSS 918He] Flavourzyme(Novo Nordisk
Korea Ltd., Seoul, Koreay2 A3} T}

B2 7I354AEe it ME 24

FA ThgRarge] Zul, A% B Z8Ee 217 AOACH
@3)l F3te] FFBIHIL FEL HM 8 A7) (Kett. FD-
230, Tokyo, Japan)s ©]-&3le] SA3IA ). T3 21H-S MohriH
o 93k AA(Cl) AFHAS o]&3te] ATt

B 73R8 24N JlEol

9 Raadh 975 Aol AR Tl B aadl
Flavourzyme®] 97+5 E:73187] 918l caseing 7142 whild
olad drke S8t 2 g9 casein(Sigma Chemical. Co., St.
Louis, MO, USA)S 25mL 0.1 N NaOHel] ¥ 102 A% 7193}
WA Fel 3 WZAAT 01N HCIE pHE 7008 248l
10mLe] 1M QA8 (pH 7.0y B2 5 AA] g9 o
100 mLe] HE%F SHTE 343t 2% casein &S A=35
Th 2% casein 89 25mLE Fste] 37°CollA 1087F FA1A171
% FlavourzymeS ¥ 202 &<t WESAIATE 5mLel 03M
trichloroacetic acidTCAYE oA W& FZAA F Ao
20%-7F W3} Whatman No. 40 o}ZHR|2 o331tk A4l
ImLE #H3le] 5mLe] 05N NaOH®} 1mLe] 1.0N Folin &
Ciocalteu’s phenol A]¥(Sigma Chemical. Co.)% SA] &3l Th
o] EAE 30°CellM 158 < WGt LAAZ] - UViisible
spectrophotometer(Shimadzu UV-1201, Kyoto, Japan)& AH&-3}¢]
578 nmell X FREE ST 3 03M TCA 7H87d et
o|=9] RS L-yrosine TS o83l A=), L-Tyrosine
9] %7} 10, 20, 30, 40, 50, 100 pg/mLe] EE2 Axalar 2zt
ImLE #H3te] 5mLe 05N NaOH®} 1mLe 1.0N Folin &
Ciocaltew’s phenol A12Fz} SA] E3gk 5 30°CoA] 158 52t &

=
AN & FFEE SASAT E FalEa 1uits 9] wF

il

oz iR 248t 623

SENM 2087 1uLe] B Baace] ofs) AYE L-

A TFEEAREY TRl A 7HAHES Flavourzyme
o2 7prEs|ely] flste] WA WadE e A sHeRAES
WALE@CO)IAM R B9t WAete slEetint. sled &
A 7HHAHES B4 (Kenwood Ltd., Havant Hants, England)Z
A 23 100mLe] jacketed beakerdll 23 50°ColA] 308 F<F
71313tk pH meter(Inolab, Weilheim, Germany)Z ©]-&3}o] &
A 7HEEAHES] pHE 24312 Flavourzyme2] H(E/S)O] 3%7F

55 Hrketal s0°CellA 7HERalsksAnt. 0, 30, 60, 90, 120,
150, 180, 210, 24087+ 7158 T 7lRRaE | mLS 38k
2mLe] 03M TCAEo] Eof = Aol Yo WS 52
A7]13L o] EHES A2 208 B WA T A3
ok g 25 ule Fsked 0225mLe] FHS, 1.25mLe] 05N
NaOH, 0.25mL® 1N Folin & Ciocalteu’s phenol A]Fz} &
EFEFATE 30°CAlA] 1587F A7l & UVivisible spectropho-
tometers ARSI 578 nmollA] =S =4SN 03 M TCA
7Hed HEPO|=9] Y Ltyrosine T-HA-S o83t 3t
k.

7153 =(Degree of hydrolysis, DH): &7 7} -2 7}
I5-3) T (degree of hydrolysis, DH):= Baek} Cadwallader(15)2]
el wet o) 2ol g elsieit.

(D'at timet Do)

x 100
(D D)

max

(D FlavourzymeS #7454 @& 57| 74334089 03M
TCA 71873 REel=] d(El=T), D, 7Hesld =+ = &
Al 7FAHES] 03M TCA 7184 HElol=2] A, D, . ¢
tA1ZF Fol Flavourzymedl] &J3ll 7Hiallel S 7F-AE<
03M TCA 714 HEle]=9] )

B 7ISRuE eHE TRl FXSt

78 e 9% QWS A TR Tl
Ml s HAg ] fete] W2 (T), WHAIZHY 2 S
7 EARES] i3 Flavourzyme?] H(E/S)S Q¥4 z AA 3}
At 7FFEEE auk] 7HEd $A ThEAbEe] FHdgem
3L, pHe AR @3 7R E AAIsHIT

WkS-FHE2AH (response surface methodology, RSM): 27| 7}
TR wd TR 218 HAe] st Tt 2
E/SE &4 (independent variable)Z sl RESEALAS 4
AlSFATE T, t B E/Se] W9l & tig a2 dudd
ABEZ 7)|ZE slo] AUt 370 AF Qo1 s/l &
ol wet Fsstete] e Folstal(Table 1) ©15S SAEA
A A% (central composite designyg ©|-&3}o] WREFHEAS 24
st} 7Rl E(DH)E 4<% (dependent variable)® =48}
A3, SHE FEL oA BYA S HLet] oI AEA
o elsted EASFATE AREE o3-Sl T okt

3 3 2 3
Y=b,+ z b; x+ z b, x+ z z bij xxX, (i)

i=1 i=1 i=1j=2

(b by by bd=r, x x; SHW)



624 =21 E 3818 %] 2| 41 WA 6 T (2009)

Table 1. Levels of independent variables expressed in coded and
natural units for the enzymatic hydrolysis optimization of a
snow crab processing by-product using Flavourzyme

Independent variables
Coded

units Temperature ~ Reaction time E/S"
('0) (hr) (%)

-1.682 41.6 232 1.32

-1 45 3 2.0

0 50 4 3.0

+1 55 5 4.0
+1.682 58.4 5.68 4.68

UThe ratio of Flavourzyme to substrate
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Fig. 1. Reaction progress curve for the enzymatic hydrolysis of a
snow crab processing by-product by Flavourzyme.
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Table 2. Response of the dependent variables to the hydrolysis
conditions for the enzymatic hydrolysis of a snmow crab
processing by-product using Flavourzyme

Independent variables Dep fendent
Design variables
point Temperature Reaction time E/S }]?y iigrflirs(;g

O (hr) (%)" %)

1 -1 -1 -1 53.1
2 +1 -1 -1 49.6
3 -1 +1 -1 552
4 +1 +1 -1 56.4
5 -1 -1 +1 51.0
6 +1 -1 +1 54.0
7 -1 +1 +1 54.0
8 +1 +1 +1 55.3
9 -1.682 0 0 52.0
10 +1.682 0 0 532
11 0 -1.682 0 51.0
12 0 +1.682 0 58.5
13 0 0 -1.682 51.1
14 0 0 +1.682 60.7
15 0 0 0 56.2
16 0 0 0 574
17 0 0 0 59.6
18 0 0 0 56.6
19 0 0 0 57.1
20 0 0 0 57.0

DThe ratio of Flavourzyme to substrate

Table 3. Model coefficients” estimated by multiple linear
regression for the enzymatic hydrolysis of a snow crab
processing by-product using Flavourzyme

Estimated values for regression

Factor coefficients
Degree of hydrolysis (%)
Intercept 57.321%%%*
Linear
T 0.297
t 1.899%*
E/S 1.175%
Quadratic
T -1.795%
£ -1.049*
(E/S)? -0.639
Interactions
Txt 0.375
txE/S -0.580
T>E/S 0.838
R’ 0.770
F 3711
Probability>F 0.027

YModel on which X =temperature (T), X,=time (t), X,=the ratio of
Flavourzyme to substrate (E/S).

***Significant at 0.001 level

**Significant at 0.05 level

*Significant at 0.1 level
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Fig. 2. Contour plot for the effect of temperature and reaction

time on degree of hydrolysis (DH) at 3% Flavourzyme/substrate
ratio (E/S).
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Fig. 3. Contour plot for the effect of temperature and
Flavourzyme/substrate ratio (E/S) on degree of hydrolysis (DH)
at 4 hr reaction time.
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Fig. 4. Contour plot for the effect of reaction time and
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at 50°C.

Table 4. Critical values and true values estimated by RSM

Factor Critical value True value
Temperature 0.3495 51.8
Reaction time 0.7431 4 hr 45 min
E/S (%) 0.8110 38
Stationary point (DH" value %) 58.6
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