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2011). B AR Z IR G A (HIRERSE, 2010).
KB A TR A H5 (S84, 2006) L B SCUG 2 S R
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TR YRR, I Ca WCRE m (T 1R 4,
2017). AHFSE B 7ER F 2 & B ARG RGfr, 5 L
R 00 HE T A R U S AR, R R B A A A%
P, Jfit— 2 WA A 2] B R R 5 TEHLAS B F k47
BT A B IR E A, LA UL A
TIME, A5 DU AR R D RE I 2 i 4R (ISRl e )

1 #REFE
1.1 FEFnF

S IR B DURR I MiALRE DL, W H LR B F &
TVF 5 BRI P ARG . AU
ARINEEEE . s E A ng, WAV T A Y T
BARAF,; RYUEEAH, WA REEEYRHL
oAl AT e g . AilEE, NaOH, EDTA-Na,
H R SR ES R HrhreEang . k&g .
AR I | 3l 4 8 1 RN P 2 11 I 55 T 3415
REE, WT 4CHkEEZRMEH,

1.2 (UFE5%%F

RICIEWi it s ; PHS-3C pH it, i mEILE:
J75 GL-20G-11 R R E AL, BiER Rz U8R
R TENL, Jbat e LA R A
SYKAM 4 [ 8l & 32 43 #14X S-433D, SYKAM A Fl
Tl ; K9840 4= F sl [KE /AN, Trm g ReRH A IR

NEIR
1.3 FHix

1.3.1 M & A4k CaClL# & ¥k NSl T
e, 4Ll 0.05 mol/L HCI R 2 h, LIHKKFTEH)E
2 60~80 H , K CILBR K% E R 5 BT
FHIE VISR o OGS 85 U8 DL5EHr, Senid 4 HCL i D1
FEM TRV, PRSI IR D5k 2 AR D5k
ANFREfRE N IR . 08, K IER VR | RS DTTE . Mt
T R4S DL 5 PR A AL A5 (B B VG 55, 2013),

132 RAABRARGMNZ FH I 3 2 TR (il
2003); BECHLEE FHRIIE - 9L IR 2 20 (il 5k,

2003); pH I : pH BRI TH; #5655 FH9ME . EDTA
T2 (R AR, 1989); MURMIRIIE . RICHE
%:(GB 5009.6-2016) . Z I/ /3 AT 777k : B =1l (GB
5009.124-2016).
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1.4.2 78 4 K 4 BLAg S W 5k %5 (2017)
KA SE(2017) 7 11 ekt o B 3 4 B 10 g
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WBREIK 6 min, flE, TE 2 Wk, iduE. BRI
B 8 DU A . I B B o 25 SR BOF- 39 1A
1.4.3 BT ¥ R4 fifgfif T 252 8 1 PE45(2009)
FEIE ekt o B AR I A R DURR R A 20 %
PRFRZE IR, A A i 2 G R4 T 1E 2 A 52 50
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EFEIRLIUG, 3500 r/min B0 30 min, _F R ED G
S o T A P R RS A S IR B A S R
LR, 2003).,
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Fitsf i, S IERRFL LR IK 77%.



180 ook B

2 R % 40 3%

*x1
Tab.1

BAEXBEHmENSE

Degreasing times and sample fat content (%)

ARG 2
Non-degreasing
scallop skirt powder

#1 ¥l Raw material

L R RG24
One time of degreasing
scallop skirt powder

2 WL ARHR 1k
Two times of degreasing
scallop skirt powder

Jig 5 % & Fat content 16.60 2.10 0.55
*2 EAMEXRITEZRSKEHT
Tab.2 Protease orthogonal experimental design
A% Factors
K :
Levels A WA I B A U C Rk D ik
Enzymolysis time (h) Enzymolysis temperature('C) pH Enzyme dosage(%)
1 5 55 6 0.05
2 6 60 7 0.10
3 7 65 8 0.15
*3 EAMEXIEARRERSN
Tab.3 Orthogonal experiment design and results
. Hf§fif 25} Conditions of enzyme hydrolysis FIMR L% Amino acid conversion rate (%)
“No. A B c D %1% 2% 3%
1 2 3 4 First time Second time Third time
1 1 1 1 1 72.55 72.50 72.55
2 2 2 1 2 75.25 75.20 75.25
3 3 3 1 3 76.65 76.65 76.60
4 2 1 2 3 75.25 75.25 75.30
5 3 2 2 1 77.05 77.05 77.10
6 1 3 2 2 76.50 76.50 76.55
7 3 1 3 2 76.55 76.50 76.60
8 1 2 3 3 76.55 75.55 76.50
9 2 3 3 1 75.75 75.75 75.70
B 1 K, 74.817 74.783 75.200 75.117
B2 K, 76.267 76.283 75.417 76.100
PIE 3 K, 76.283 76.300 76.750 76.150
W2 R 1.466 1.517 1.550 0.973

2.3 BESERSW

2.3.1 45ReykFE ARG IR 2 5 W A IO
ARINE 4, HFE AW, 5 FOREASJE XSGR IK)
M2 RA K, Hidp CaCl, 2 5 & N B A R i
(G5 89%). P, AMFFEA W BEH CaCly H55 i
X5 3CHk CH AR KCZE, 2008) BT HGE Y45 SR — 20 Ry
B DL AT R B, 2 058 R £ CaCly, #5535 I
FERIVET e, 454 0.05 mol/L HC1IEM1 2 h, DL KK
FEEE R 60~80 H, /K KikBR % KM
Je, METASARIR DSk . BOE RS DL SE ks, Jehnid
w HCL (D520 58 iR i, FRakelmes ik D ek &

R4 SETHEARMXA

Tab.4 Relationship between calcium and chelation rate (%)

EEES TR Source of calcium ion  #5* Chelation rate
Ca(OH), 57
CaCl, 89
CaCO; 38
Ca(C¢H;;07), 65
CeH19CaOg 33

AR DL FER AP N 1E . g, IR aE |
KEULTE . HET RIS D528 CaCle SSLHIEN], &%)
LT CaCly IVEES R, 504l CaCly HCRAHIA .
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233 #HAERBEEXFEBER A IEAS TR
R E 5K FHES W3 5, IFASSE T & KA R
F 6. R 6 UL, KVAFH AN pH X E SR
S R, MR N BRI, RS
SO SA s BTREE Ky 40°C, S NEBFTE] A 40 min,
A pH M 9, (EMERAET 24 F A8 A RN,

BRI IK 92%,
24 S=EBARSW

B VR R R & B mER R, BSH 7/
N TE E IR B ETGEE, 2009), AHFFE 5 0L
MR | B3 DLAE T oK B LA S B2 A R IR A4
PEAT T @R L S e, SRR 7, hk 7
AU, FE R DR IR R BT, R S A BREZRAE
iR MR AR R, PRI A VAR i ek . 16 71 DL 5%
il 5 B CaCly IEGIR, HE— 4T+ 1 ke DL E
BEAR T A= A . T IR M R (R & &R AN A3
M) 25 5y 55 #1785 (Liv et al, 2013), 7ER &

x5 BARMEXRIERITERSKEHT
Tab.5 Factors and levels arrangement of
chelation orthogonal experimental design

% Factors

KFE A B filgfif i i1 C FRTE
Levels  Enzymolysis Enzymolysis H -
time (C) temperature(h) P
1 30 20 8
2 40 30 9
3 50 40 10
*6 BARMEXIHRER
Tab.6  Chelating reaction orthogonal
experimental design and results
Rigfiee 21 LEGHER
Conditions of Result of
ORTas enzyme hydrolysis orthogonal design (%)
No. A B C 1l B2 HIW
First Second Third
1 2 3 time time time
1 1 1 1 77 76 77
2 2 2 1 85 84 84
3 3 3 1 83 84 83
4 2 1 2 84 83 82
5 3 2 2 90 90 89
6 1 3 2 85 86 85
7 3 1 3 79 79 78
8 1 2 3 80 82 81
9 2 3 3 88 87 86

PIE 1 K, 81.667 80.000 80.667
B2 K, 86.333 85.000 85.667
P 3 Ky 82.333 85.333 84.000
W2 R 4.666 5.333 5.000
R 20800 20747 20732
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Tab.7 Analysis of amino acid composition and content

AT A S
SO Percentage of amino acids

Amino acids B AR it R A

Scal.lop Hydrolysate Che}ate

skirt calcium
KA Asp 10.61 10.98 22.23
IR Thr 4.84 1.54 3.48
228 R Ser 4.92 5.41 10.76
AR Glu 15.72 20.32 33.87
& Gly 9.40 3.64 9.97
WA Ala 5.92 2.39 3.21
R Cys 0.36 11.67 0.70
AR Val 4.92 0.39 237
i 2 R Met 0.41 0.89 0.69
LR e 4.81 0.57 1.53
SR Leu 7.84 0.58 1.60
fik 2 M2 Tyr 3.39 0.62 0.42
ARNETR Phe 4.06 0.97 0.84
AR His 3.22 7.17 4.32
#A MR Lys 6.75 15.48 3.83
&R Arg 7.23 12.86 1.95
Jifi 22 Pro 5.58 0.17 3.90

T EEIRARN
Note: Tryptophan is not detected

FIERREEA 7= S, FR R R LR 10 2 B AR G T Rl At
Wt — AT il R A E R 10.89% T8 22.23%,
DNREFRH 20.32% FF5) 33.87% , Hifli 1548 4 2 5
RSG5 77 A 3 Bk 3 RO SRR 5 (R TR Pk S R
kS 28 . B IR A &Rkl , INENIA S 585
THATES, TUER G @ MBS 5 b 5 &
YA BT R B X ROk UL, ER AR ERE A
G = gt v R R TR R MU

3 i

AR 5T R LR R, X R DR i B A
IR A , R FHIE A S e AT AL e 45 1, (i
B IEMR AL R IR B 77% , B H T TR 8 00 B 4%
4 (Choi et al, 2012)4 ¥ & W AL MRFE L%, HREGH
R h & AR 2 NR W T IR . R & i R 3
RS B 14545 BE J1(Bao et al, 2008), 15 BH# 2 ¥
S IR A T SR U T DL SE ) CHLES B A TR
il 5 2 A @ ERE A, Wi LB A RO 5%, B

LAFEEA IR H 92%, %7 b T LASE i A A4 B
(94 1) F %8 (Hou et al, 2015; Jeon et al, 2010), [l
I, ARBFFRES R S A 6 DR, B
FEMRUE B ORI AL B A A SR A, i HAH
DUFEs H A 40 AR 55 R IR 5 A B 5 T,
VUM TR =R R E, Er- R E A & R A
AMUEA SRR, T HBA LR, fTRESR
A5 ) B T e R A o O HR R  DUIN TR A
BB IR, [t R B AT v B A A R At K ™ fin T
B/ IR 7S R SN (i R e S OIS 2 43195
RSP T B i B A
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Study of the Preparation of Compound Amino Acid-Chelated
Calcium by Protease Hydrolysis of Scallop Skirts

JIAO Kui', GAO Xiang', YU Jia', WEI Yuxi'”, GAO Jie',
ZHANG Xuemei', WANG Jinmei’, LI Yujin*
(1. School of Life Sciences, Qiingdao University, Qingdao  266071; 2. Rongcheng Taixiang Food Co. Ltd, Rongcheng  264309)

Abstract Scallop skirts are by-products of scallop processing that are rich in nutrients such as
proteins and lipids. Owing to the limitations of the existing processing technology, they have not been
used on a large scale and are not currently of much value. In this study, to effectively utilize the scallop
skirt, neutral protease, animal-complex protease, flavor protease, papain, and acidic proteinase were used
to hydrolyze the scallop skirt. The free amino acid nitrogen content in the hydrolysate was used as an
indicator for optimized reaction conditions. First, alcohol was used to degrease the scallop skirt, which
increased the degree of enzymatic hydrolysis. Subsequently, single-factor experiments were performed on
five enzymes to select the optimize enzymatic hydrolysis time, temperature, pH, and enzyme dosage.
Subsequently, orthogonal experiments were performed to determine the optimum hydrolysis conditions
for the five enzymes. The results showed that the amino acid conversion rate of the hydrolysate prepared
under the optimum hydrolysis conditions was as high as 77%. In previous studies, calcium chloride was
determined to be the most suitable calcium source. The scallop shell was used as a raw material to obtain
calcium chloride by acid treatment and water flying, and then calcium chloride was mixed with compound
amino acids in the hydrolysate to prepare complex amino acid-chelated calcium. The calcium ion content
in the chelated calcium was chosen as an index; subsequently, single factor experiments were performed
to determine the time, temperature, and pH of the chelation process. The optimum chelating conditions
were screened by an orthogonal experiment. A chelation rate of up to 92% was obtained in the final
products. The compound amino acid-chelated calcium not only functions as a calcium supplement, but
also has a delicious taste; it can be used as a calcium supplement or functional condiment. Our findings
will assist in achieving additional value from scallop-processing waste, and also provide us with novel
insights and methods for high-value utilization of other aquatic processing waste.

Key words Scallop skirts; Degrease; Enzymatic hydrolysis; Amino acids conversion rate; Amino acid
chelated calcium; Chelation rate
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