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Optimization of enzymatic hydrolysis conditions for antioxidant peptide
preparation from velvet antler collagen by response surface
methodology
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Abstract: It is believed that the velvet antler
head has the best health benefits in traditional

Velvet antler Enzymatic
Chinese medicine. But its output is small, and collagen hydrolysis
the price is high. The first section of velvet
antler is used frequently, and its
. . : : Optimal N
protein/peptide content is highest among all G END
sections. The polypeptide molecular weight is peptide?
about 5 kDa. In this work, in order to make full )
Separation by Y
use of the velvet antler resources, the water membrane

extract of the middle and low sections collagen ultrafiltration, HPLC
of velvet antler was used as an enzymatic UPLC/MS/MS gfl;ggiﬁia
substrate to prepare an antioxidant peptide

using papain. Enzymatic hydrolysis conditions (time, enzyme addition ratio, pH and temperature) were optimized by
response surface methodology (RSM). The 1,1-diphenyl-2-picrylhydrazyl (DPPH-.) radical-scavenging activity rate
was used as an index. The target antioxidant peptide (molecular weight less than 5 kDa) obtained by separation through
an ultrafiltration membrane was further separated by reversed-phase high-performance liquid chromatography. And 10
components, S1~S10, were obtained respectively and the components were lyophilized. Component S3 was further
subjected by reversed-phase ultra-high performance liquid chromatography (UPLC) on-line electrospray ionization
mass spectrometry (ESI-MS) for molecular weight determination. The polypeptide with the highest antioxidant activity
was fractionated by ultrafiltration membranes of molecular weight cut off of 50, 10 and 5 kDa respectively. The results
showed that the optimal experimental conditions were time of 56 min, enzyme addition of 1.40wt%, pH of 5.60,
temperature of 60 ‘C, DPPH- radical-scavenging activity rate was 83.09%. The molecular weight of polypeptide was
0.2~0.6 kDa. The resulting small molecule peptide has similar health benefits as the head section, is more easily
absorbed by the body, and is easier to further process and store.
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HHAE R RE 1 R R, SR R VAR E KR A6 . SRR, B SL I8 25 RS (] 56 min, BRI 1.40wt%, pH=5.60, i
JZ 60°C. iZ4MF T IS IKNT DPPH- [ HH I AOIERR 2N 83.09% . FHFBUENR . 2] 45 €t ok AT e RICRA €00 3 — o 3% BB A
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I E i R AE B E E (Cervi cornu pantotrichum) 6 1%
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Fig.1 Schematic diagram of New Zealand red deer (cervus
elaphus) velvet antler (trident)
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F 27 £ JF 3 (1, 1-diphenyl-2-picrylhydrazyl, DPPH-) i
2 R L R PR A R34, SR8 K v atik,
Heeilkm A& o rai.
22 KBS SIS
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FRA®]), DL-1 HLF )3 FAP (bt i 7k 6 B B 7 AR A PR
AF]), 200mL RKE WA RE T KFERARBIEARA
A]), PB-10 FREETHFR Z RIITRLH AR AL ) AR A A,
MS204TS/00 5532 — 1 RV [HR -4 0 2 [E PR 5
(LA R A AT, R1001-VN JE % 2 KA GBI K3k
THAAMRAR), YB-FD-20 H AR T LA L
WAHBRAR), U-5100 KAh-1] Mot sr e e H 7 (H
ENARAR], P230 mRGRAH IS (HPLC, KIEHKH]
B M A #% A R A ® ), Waters ACQUITY H-
Class XEVO-TQD 8 /&1 &% ¥ AH €4 1% — Jig 3% B¢ H X
[UPLC/MS, IRFHERHG () A RA .

2.3 SKBTEE

2.3.1 JEHERJEE A H %

FCRR[14]7748, FREL 100 g REE, I 300
mL BAKCERREE A 1:3 g/mL), B 4 h, FLHE
5 Wo RIS EEA A 5 B 5 0 B B AR VR
Ky ARITF RSB KD E IS, AT IR
KEH. HTFEZNEHEOSE, HE5HRE G-
250 VEISIINAF i J5 A 2 5 7 54 20.6Wt%.

232 JEHRIFEE A A

¥ 10 g BHEIRIEEEHA 200 mL & 40 K% fiE
(pH=6.18), FEHEEEEJy 300 r/min, VAR T ZE BT 7 iR
B, F 4mol/L HCI B¢ NaOH 75 Je BifA & pH, 1% ELH
AR IR ORI I N ARG, FFARTEIS o ORLId 2 A kb
78 0.5 mol/L NaOH 4E+7{& R 1) pH (. RMAHRG, ¥
Bl R AE B A TR 15 min {2 FIBESRIE. H 0.45
um JEBCE KA B8 3 3, TEBONREE IS, %
BT R & BT A BRI AT 64 3 4o
2.3.3 F§fR =435 K DPPH- [ H3EAE )1 &

SRR SCHR[161/ 1%, SHEE IR EES, e
Wt fife 7= Y7 B DPPH- H HHZE I HE /7. % 2 mL 0.1 mmol/L
DPPH-¥ % (DPPH-} KV T oK L) B T B O
B 10 mg/mL BEARR(FE SR Tk v TR 4l 7K)2 mL,
BERIRE], 1E 25 CRIEIR /KA AR 8 30 min,
MTE 517 nm AL HIROEIE As17: L2 mL oK QBN 2
mL BAKAE NS AR, XTIRZH N 2 mL DPPH-IEWUIN
A 2 mL #4liK, M5E 517 nm ARG E 4os 2 mL fi§
RN 2 mL K CEEIRAJSTE 517 nm AL
AW =I5 bk DPPH- H B £ 1168 7 F DPPH(%) % 7R :

DPPH(%)=[(40—As517+A4)/A0]x100%

2.3.4 RSM RALHAE 256
I IMP®13.2.0 #AF3EATSEEBeTH B o A s

R, REAA 4 AN2EM Box—Wilson FOE G
THCCD)HfE M R, AR 4 NS5 RS
[H(X1)s BRI IIZ(X,) A pH(X3) ZKBRIR AL (Xa), TR
B3 ANKE, RARE Y 2R DPPH- H H2EHIRE

14 CCD ¥t M FHKF, 4 16 MR TR 84
Bl g R 6 ANrR A, JE 30 SIS . NAE(Y) TN

Y = bﬁi bg(;i b XY D b XX,
i=1 i=1

i=1 j=i+l

Hdr, bo NEEE, by, by K1 by 3 BIDNEEYE. IRIIAIAZ
B R E . R TINME e N 3D &, BSR4,
HGREHRE R HE, HFRRGEH gD EE.

*1 POEERITHEFRKFE

Table 1 Factors and levels in central composite design

Factor

Level X . Enzyme Temperature,
Time, X;/min o pH, X3 5
addition, X>/% X/ C

-2 40 0.2 5.0 50
-1 50 0.6 5.5 55
0 60 1 6 60
+1 70 1.4 6.5 65
+2 80 1.8 7.0 70

2.3.5 JEHEUETL Sy B AL B PUA AR

5 8 P ALK (Antioxidant peptide, CAP){% T4
T HAUKE, BORKRE 50 mg/mL ER. FE-E S
TR BN 50, 10 Al 5 kDa FIHEIERNT CAP 2
OYES, EHIE RN 100 v/min, FEFEBAR H K A
N 200 kPa. WA E] 5> T B(Mw) 1453 : CAP-T(M>50
kDa), CAP-II (M,=10~50 kDa), CAP-III (M,=5~10 kDa)
FI CAP-IV (My<5 kDa), # &2 4T /5B 5 mg/mL
VE, e HiE kR DPPH- H HIERIRE /7.

2.3.6 SORH iy RO (2 4y B il

e I S 4 B P A5 1 S AL BT SR A K B — 20 R I
FH = R AR L5 (RP-HPLC) /0 B, il & B (il
SinoChrom ODP-BP (¢10 um, 20.0 mmx250 mm), 5%
10 M S1~S10. JEIE I E A4 73F R DPPH- B Hi2&
(RRE JIRASIE B A D 2R 47, 33— 0 F e v 250U
0% (UPLC) 7 £ 7 42 1) L8 55 B8 -1 ot 1% (ESI-MS) Il 5&
HoyTE.

3 HREW®

3.1 REHE
e T Bl R AR A ) 4 DA AL BE S8 v
HEMEER W 2. #HFK57EF DPPH- H 368 /1%
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AL 0 REVA TR T

Y(%)=—672.00+0.86X1+3.21X2+210.61.X3+4.44.Xs—
0.072X1.X2-8.38x1073X1.X3+2.39x 103 X1 Xa—
0.08X2X3+0.13X2X4—0.4 1.X3X2—7.66x 1073 X1 2+
0.65X2%-16.53X3%-0.02X4?

R 3 Al A, 1% kOB AL E B AR B 3 OK T
(P=0.0001<0.01), HZKHI P=0.8389>0.05, J7HL&
B, s ZE/N, n] T BT AT AC TR e A
JEH R BUR IR R B fl S BrE Ik L2

FHRZREL R~ BPRLEY AT DUR G MOl S B 45
e b N B R B A B I UL IkIG B DPPH- H
HJEAE SRR () 7 2250 W 45 B (ANOVA) Y R=0.9684,
F IR ARG b T S PR R G AT e — IR TR N
FXO)H pH B (G) —IRIH X32 % DPPH-J5 4 %A 1 5
ERM, S FEXE R DPPH- H HEERE 1R A H &

E)

BT 2P0 &R i IMP®13.2.0 B R T FE, 5 H
A TR AR e o 2 1 SR EPT S A IR ) B AR 2% A
Rt fgof 7] 55.69 min, BRI 1.40wt%, pH=5.62, [
fil iR B 59.26 °C, I 2% AT T S AR SR ) B A AL IR R
DPPH- [ F 75 B 3N 83.88%. 1% I8 SR {5 i K 1 4%
A& IE BT 1E] 56 min, BN I 1.40wt%, pH=5.60,
FEfFIRE 60°C, WIE M5 T DPPH-H HEEHIERR
Fig KN 83.09%, HTRIMMEIEA—F, HAE 95%HE[E X
[P, RZME T2 5.

4 AR FN T ST A ALK BR DPPH- F BR8]
s LI 20 MNEEITT I, BERGIA N2 . pH B AR AR,
ity fift i) 18] S5 PR Bk X DPPH- B H 5 (1375 b R 45 & 1F
Aofiass, BHAE 1 h BB EmNE. B 2(),2(d),
2(e)E W], BRI 5 DPPH- [ HE:% 4 % 2 IEAH G,
HAREEP<0.01). K 2(b), 2(d), 2(0F W, pH<6 I,
Fr il AR5 Bk DPPH- H H 214168 7166 pH B i

M) Rz T 52 SR IR THFNEE R

Table 2 Experimental design used response surface methodology and the results

Run Level Radical-scavenging activity rate of
Time, X; Enzyme addition, X> pH, X5 Temperature, X4 DPPH., Y/%
1 -1 -1 +1 +1 60.12
2 -1 +1 +1 +1 68.51
3 0 0 0 0 76.21
4 +1 -1 -1 +1 76.07
5 0 0 +2 0 47.10
6 -1 -1 -1 +1 74.85
7 +1 -1 -1 -1 76.96
8 0 0 0 0 83.78
9 +1 -1 +1 +1 63.67
10 0 -2 0 0 73.01
11 -2 0 0 78.53
12 0 0 0 0 75.46
13 +2 0 0 71.98
14 0 0 0 80.91
15 +1 -1 +1 -1 64.01
16 0 0 0 +2 71.98
17 0 +2 0 84.46
18 -1 -1 -1 -1 74.10
19 0 0 0 -2 80.50
20 -1 +1 -1 -1 81.12
21 0 0 -2 0 76.48
22 -1 -1 +1 -1 66.87
23 -1 +1 -1 +1 83.09
24 +1 +1 +1 +1 68.17
25 0 0 0 0 76.76
26 +1 +1 -1 +1 82.07
27 +1 +1 -1 -1 80.85
28 -1 +1 +1 -1 70.55
29 +1 +1 +1 -1 72.32
30 0 0 0 0 75.60
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Table 3 Analysis results of response surface test variance

Source Sum of squares df Mean square F-value Prob<F
Model 1742.067 14 124.4334 15.96004 <0.0001"
Xi 2.788003 1 2.788003 0.357594 0.5588
Xo 221.6645 1 221.6645 28.43108 <0.0001Y
X; 983.6404 1 983.6404 126.1634 <0.0001Y
Xa 30.97763 1 30.97763 3.973245 0.0647
XX 1.342875 1 1.342875 0.17224 0.6840
XX 0.029041 1 0.029041 0.003725 0.9521
XXy 0.227691 1 0.227691 0.029204 0.8666
XX 0.004646 1 0.004646 0.000596 0.9808
Xo X4 1.116361 1 1.116361 0.143186 0.7104
XXy 16.72794 1 16.72794 2.145554 0.1636
X2 16.07078 1 16.07078 2.061267 0.1716
X? 0.294787 1 0.294787 0.03781 0.8484
X2 468.1099 1 468.1099 60.04059 <0.0001"
X2 7.369628 1 7.369628 0.945241 0.3464
Residual 116.9483 15 7.796557
Lack of fit 58.19617 10 5.819617 0.495268 0.8389
Pure error 58.75218 5 11.75044
R? 0.9684
Adjust R? 0.8784

Note: 1) Super significant difference.

ZARIEIN, pH>6 I, Frilfia LIKiE R DPPH- H H1%&:
[RIREJIBE pH E3GIN T SUR PR, 5 ANER B 1
pH Bl 4.8~6.2 #1755, B 2(c), 2(e), 2(DE M, IRESAT
HilPUA L IKIE B DPPH- H B2 8t R R A /A
s K T REfERT ], 28 ERTIR, 4 AN R il
SAALIKIE R DPPH- [ H LR /750 I S 28 pH (>
EEVR JIT 256> P55 > g g b 1)

32 BEESBENBEENSMW

SR F i J9E T V23R A5 ) B R 2 AR & LR AL 2 ik, F
ANFICRE 7 B HRIE R A 5, 193 4 Bhor 1B
oy, 39N CAP-I (My>50 kDa), CAP-II (M,=10~50
kDa), CAP-III (M,=5~10 kDa)fl CAP-IV(M,<5kDa), ¥
AT R LR 5 mg/mL [, T 3 iEFk DPPH-
H MR ST, & MRS 2 R PUEE TR
4 Fimn. RERIETEMZ KA AE 93.5% MK Bk
BT 8/AINT 5 kDa, o] WEFPUAMZ K ETZ Hh
S ERBAN. AL EE D RS FIRIEEA
BE A T 55k BB My<5 kDa i B2 ik, H45
CAP-IV (My<5 kDa)i#Fk DPPH- [ 3R AL E 3
Rl oo, 1ERRRILE] 66.96%, 54T 8/NMUIk4L5 t
oy B b T I 4L 5y PSR AR S P T SR ) 45 RO A .
Puchalska %510V I FH R B8 70 28 K 5 2% ) LIE 7 Woksy »

5315 5~10 kDa $&IUMM BT EALRE i i T R B
“H77, Ghiselli ZEISHEAR [ 3X P [ RN
3.3 RIEFEHERECIERESBHEWLCAP-IV

VAR IEVE 7 B B2 5y CAP-IV RV T Ja 347 SUAH
b & TBOAH (0 T A 7 B, AR R B IS 1], 75 31 S1~S10 3%
10 Ny, 3 Bios . B &40 fE LA | mg/mL
(VA W52 o35 B DPPH- | HI3E 1AL 11, W2 5 BT

FHUE T %0, 204> S3 J&F% DPPH- H HEEMIRE /1 d
1K 54.25% o 7 o RIGIRURH €50 1 10 2% 36 2% 10 FEL S 35 8 1 o
HHESI-MS)IE S3 W T&, K 4 NHAE TR
BI(TIC), VAL B~ IL  F XoF N (R 478 P, e o W o7 P
FEITE] A 15.60 mino BEMA AR T B Wil 5 fros, 3
43 F &8N 0.2~0.6 kDa.

ATIASEEE 1, 500 mg/mL Ji )i 25 FKy KX DPPH-H
EH A IS R 2N 16.71%, i B T LA R B 5 10K 2
W HUEAR T, 10 mg/mL B fEFA Y% DPPH- E ik
B RRZERT 80%, HLELAE T RN, B
HH HPLC ;B4 i3 sriG k% DPPH- H A RE /)
PR SRR =GN T 6 £, 5 SCHR[7,.8145 RAHRF. ok
U e AR, I AR TCER A /K A AT 1) % R /N oy
FRIFEERAMK, FHrldE—PRAeEIk, &2k
13 HEIE M IR B S 51
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300
Table 4 Ultrafiltration separation products of antler protein
hydrolysate and their antioxidant activities
Molecular Content Radical-scavenging activity > 200
Product £
weight, M,,/kDa wWt% rate of DPPH-, Y/% 23
<
VAP-I >50 0.5 27.72 c
Z 100
VAP-II 10~50 1 42.73
VAP-III 5~10 5 34.01
VAP-IV <5 93.5 66.96
0
Time/min
3

57 CAP-IV ¥ SR ] 4 WURH €5 3%
Fig.3 RP-HPLC of component CAP-IV
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Table 5 Radical-scavenging activity rate of component

separation from CAP-1V by RP-HPLC to remove DPPH-

Radical-scavenging activity

Component Content/wt%
rate of DPPH-, Y/%
S1 12.1 35.72
S2 3.1 42.13
S3 8.9 54.25
S4 27.8 34.41
S5 13.9 34.65
S6 52 44.37
S7 2.6 28.81
S8 14.2 34.18
S9 8.4 46.06
S10 3.7 18.42

Relative total ion current/%

25

Time/min

4 Mo S3 MRS TR

Fig.4 UPLC-MS-TIC spectrum of component S3

100 -
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40

Abundance/%

20 -

200 250 300 350 400 450 500

m/z

Bl 5 TIC {f B89 15.60 min ) 32 04 5 3%

Fig.5 MS spectrum of the main peak detection time of 15.60 min
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% %

DA ER 1 iy Bl 0 BB R B 1 i & TR

ARk, i CCD N AU B A, X AR 2 ik

HEATAYBES A0, BT e

(1) ARJICER A Pl A oG 2 S 2R 1 R AR T 2 2% AF

H:

P fge i) (] 56 min, BEVNIIZE 1.40wt%, pH=5.60,

J 60°Co 122 T T PrEALIRIRE N 10 mg/mL B,
15 DPPH-H HHFE I EE /1M 83.09%.

(2) BB THEAL 5 kDa LUF M2 Ik BA B = 1T

Fx DPPH-H HIEE MR /1, i Hia M IKERE N 5
mg/mL I, &K DPPH-H HEEMEE TN 66.96%. 4T
i 0.2~0.6 kDa I/INIKAL & 1 PR AT S8 AT P Bt e
WEEN 1 mg/mL WEER DPPH-H B3 68 71 & om A
54.25%.
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