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Abstract: Objective: To better develop high-value products from deer antlers, this study determined the optimal process
conditions for the enzymatic digestion of deer antler peptides by alkaline proteases and evaluated their in vitro anti-blue
light activity. Methods: Select four factors: digestion temperature, substrate ratio, digestion time and pH, three levels of
each factor, based on unifactor experiment optimization, the yield of the enzyme digestion of the deer antler peptide was
obtained, and the content of the deer antler peptide was determined. The survival rate of the Human immortal keratinocyte
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line (HaCat) cultured with different concentrations of deer antler peptide was measured by the CCK-8 method. The method

of ELISA was used to analyze the secretion levels of Superoxide dismutase (SOD) and reduced Glutathione-reduced (GSH)

secretion levels. The UV method calculated the ability of antler peptides to scavenge DPPH free radicals and OH free

radicals. Results: The optimum conditions for the enzymatic digestion of antler peptides were determined to be 45 °C, 5 h,

pHS8.5, and a 6% enzyme-substrate ratio. The extraction rate of antler peptide was 52.7% at this time. With different

concentrations (12.5, 25, 50, 75, 100 pg/mL), the proliferation activity of HaCat cells was reduced, and the cell survival rate
was increased, significant difference (P<0.01). Meanwhile, the level of SOD, GSH secretion increased and the MDA
content decreased (P<0.05). In addition, the scavenging ability of antler peptide on DPPH free radicals and OH free radicals

was higher, with ICy, of 0.98 and 0.63 mg/mL, respectively. Conclusion: At the same time, this study had verified that deer

antler peptides have better in vitro anti-blue light activity. The results proved that antler peptides have certain effects on skin

whitening, anti-aging and damage repair. These conclusions provided a theoretical basis for deer antler's deep processing,

development, and utilization.
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B (figG 17 250 U/mg) . B8 ARG 77 3500 U/mg)
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SHYNAEBR, 25 BRI (X, mg/mL) Ak A8 A
2l bR i 28, A2 PR T 5 F2 A=0.0036%x-0.0007,
R°=0.9994, &5 R FT W] T B2 50~250 pg/mL JE
FEI P B], 25 PSRRI W BT TR B S O G R ARG
R AF . BB AR, /K BCHI A 1 mg/mL (9%
W, P B BUILA S A T 1.0 mL BUE T 25 mL 25
FOE R, SRS AR R B 2R, 1R A, R4S 2 RRI%
W, Y REARHEINZRE R4S, T 650 nm MIE W ICIE, SRIF
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3. 4. 5. 6. 7 )X FEFRKAERfA A S2 00 ; TS BRI 2=
P [T RE S5 ARG L 5% TRBE 45 °C . FfRRTEh 4 h,
2 EANE pH(6. 6.5, 7. 7.5, 8. 8.5) X JFEELHRFH#14
s SEEGER A R, SEIR A IR LASF A E R 22
TR
1.2.4 IEAEZLIGETE AS S 32 28401 fifg A IR
RIS LY | P AT R] . pH PO BB 28 X6 BlAf o2 il . 4
2 1 s, LIRS KB ISCR R dabn, g DU 3R —
KIS, 2k L B RE B IR A L 2454, SEgsh
B L3 IEAC TN EL
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Table 1 ~ Alkaline protease orthogonal experimental factor
design
ESEN
K- - » -
A RE(C) B A (%) C 7] (h) D pH
1 40 4 3 7.5
2 45 5 4 3
3 50 6 5 8.5

1.2.5 REERST HaCat 405G P20
1.2.5.1 4iffal%se  FAR TR HaCat AHIBE J1 )5, B2
BT 10% &4 175 B9 DMEM S ss 3k vp, 3¢
TE 37 °C. 5% CO,. MuFREE R FEFE N HEFE, 2440
B EE AR, R ER SR, FH PBS Bk 3 Ik, ILASE
SR FEILARELS FE, B 2~3 d A0 1 IR, BOT A K
AR A FH T AE DS E0
1.2.5.2 CCK-8 IEMIxEdiafeiG % KadHIa-no4n
ML 1x10* 4~/mL 3250 F 96 FLIE =M+, BEFLIMA
200 pL SERiEFREEFE, BT 37 °C 1Y CO, H55744,
Bi3% 24 h, (A 254 T AR R B R BRI 25,
M 5 A FL, UL AEFLINA 10 uL 9 CCK-8 &
W, TEEEFRFR T 37 C #EOEIEE 2 h, T 450 nm Abke
M A3-2H G RE (OD)EN™, OD R s, 40 I i
I, A7 R, AU,
%%ﬁ%%ﬁx
S =EEL S
1.2.5.3  JEI AKX 85 o' IR 5 HaCat 40 Jif () 52 i)
LED W CHTBE K 440 nm, K50 E 40 oS 1F
T 7 EATREG BE S, 5 SR E G IR ST TR, 4351 358 B
10. 20, 30. 40 F1 50 min, CCK-8 yE 131715 3%, i
FE WA RE S TE]

B 5 G RE AL A0 NS Y6 +45 25 40 (12.5, 25,
50. 75. 100 pg/mL) #E4 7GRS, 25 (%) HRZH AE[H]
SR N HRECEE SR . AR MBS 58 AU KRR A
FER P AkLE BT IR, 24 h J5UEFT CCK-8 &, 3154340
HFFEZRS
1.2.5.4 FEFHKXT HaCat 4 SOD. GSH £ MDA
SYULEEAIRER REE A AR AS L AN, W AL SR
W, BERIZH N2 LA A A 58 e B 32 W, 45 245941
(12.5. 25, 50, 75, 100 ug/mL) I A [F 5254,
B53% 24 h J5, FIH R dRmhid b rAn e, 55000
W . RYE ELISA 50 & va B A B TH4E, 5051
Koz I A AR AL ) B Ak 1 (SOD) | s JEL R A5 b H Ik
(GSH) /K20 3 i (MDA) (¥ & &, SEY ST
HAT 3 K.
1.2.6 REERRAARSMNILEALBE 14307
1.2.6.1 FEERKXT DPPH [ H L4 MR HE 1 A9l E
S35 30wk [21-22] M BEAIKTE % DPPH H 3k
fEJ1. AJG/K ZBEHE i DPPH % 2x10 ~* mol/L,

MAAFIE R (Y) = 100
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HEG, PRAFES o ASERIZER 2 mL #E 5 T4 b,
A 2 mL DPPHIFWE, o434 #5551, 7K 27 °C 30 min
JEE A LI, T 517 nm &b 52 H 0 6 8
Ao AT E = U, 45 5 LISV BB b o 25 K oR
(x£SD), XJHELH LI JO/K Z B4 DPPH Jo/K £ By
W Ay, 25 FILH L TEK Z AR RE S Ay, BHT S B
XTHRZH . #% FUHE DPPH A LSRR

DPPH A Hi3£7E R (%) = (1 - A‘; Az)x 100

0

1.2.62 X7 A HIEIGFEREII WM E S35 CHk
[23—25] PAE EFIE IR A h3LmIRE 1. Ml 1 mL
BIRE S W, 43 B A 2.0 mmol/L FeSO, %
1.5 mL. 30 mmol/L H,0, #¥ 1.5 mL. 6 mmol/L 7K
WBRS W 1.5 mL, Y835, #£5) . 37 °C 51 F /K%
15 min /5, 7 510 nm &b EWOGRE Ao FHZEMRK
AREEIRAGBR RN E R HELH, FHIC/K B A ke
AR RAE A VA, P AT E R, A SR
{HEPRAEIR R, SR ZIBKACER H,0, 1 A% B2,
i FHIC/K Z AR S AV A 23 P 4 43 500 e W G R
S A, FIT Ay, Ve M BHMEXTREZH . #2 F =015 OH A
EEES I

0

OHE HIZIERRE (%) = (1— )x 100

1.3 HEALIE

K Graphpad Prism 8.0 A4 3EAT1EE, B FH
SPSS 21.0 ZFAFHATE R 10 BT, n=3, 1T %K
P8 LIBRAE2E (+SD) 7, ZHA] BN FH LRI 3Ry 22
SRR € ARG
2 HBRESH
2.1 FEEBAEBRRE BRVIFIE

ZERANE 1 R, TEARRIZRAE T DLRE IR
SFEHR, FITASEfi FEE B IS 3T A i P 2 1 > Jie
2 P> v PR AR P> T T, R 2 R T S
IK AR, PR, A SRS e 20 PRy MR I A
SR RETEEAR (00 7K e it

209 LR (el R i ]
= uEHm B HEAE

I I

& & & @

NG & > &
S

BT R BRSO RE R A 2

Fig.1 Effect of protease species on enzymolysis rate

2.2 FEERKHIE RN R E R TFLER

2.2.1 AS[EEEEXT FEELIRE AR R A5 A 2,
B TR A T, RE IR M B SR S e T e B
BAEas, YRR IR E] 45 °C i, R IR At mk
WA BRI 19.52%, 3w THAAE S AH . 2SR
KT 45 C i}, BRIBCERE G BT FRE. X2
S T, A3 HGE A, S35 S Rl
JUSRSEIN, SEMTIN TR BIE SN, 4 ¥ 5 e — a2 BB
BsF, il 1) kA R, e A g AR P L A
W, N LR IR EAE 40~50 °C SAEL.

}
181 / \b
] ¥
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141 / e
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124 ¢
3I0 3I5 4I0 4I5 5I0 5I5
TREE (°C)
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Fig.2 Relations between temperature and yield of antler
peptidas
TE: B ARDING R R AN R B ) 254422 57 (P<0.05) 5
2~ 5 [l

2.2.2  ASIWEIFEIS X B ARE SR g AIE 3
WD, Bl BRES LU Y E A3 N, BEEIR A AR
SRS R, 2B ol 5% 22 AR, KA & ff
=1 18.25%. H1T Ml &R B A3 i m] LU P
R, Y O 2 7o o iR T, AkSehg hnfg o (iR R
PATRDIN 6 aatar = (N3 ST e L 1 L 3 Y SR VAR N 16338
EER 2 HITE 4%~6%

N

8 e
6 g/i
4 1

12 3 4 5 6
HEIEEE (%)
K3 WSRO IR R ICR AR 5 2R

Fig.3 Relation between enzyme base ratio and enzyme unyield
of antler peptides

2.2.3  AS[RIA (A BE L AR A ISR I s e AIE 4
R4S, Bl B A RE RS, R A AR B A B ]
PO EE I 52 B0 S e DO I T S 35 -2, PRI a3,
TE 6 h B, FEF IR EAFISCR R = 17.66% . X2
FER G2t NI LR B R B a) e sE st iS5 i)
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181 c f/i Table 2 Analysis of the orthogonal test results
16 _— d
= 147 L FE ABHRE BEUSI CEEAE  DpH  BHERACE(%)
N;Jr 1(2) . 1 1 1 1 1 194
= 2 1 2 2 2 23.6
E 87 3 1 3 3 3 51.8
6 4 2 1 2 3 38.4
411 5 2 2 3 1 44.7
21 6 2 3 1 2 495
0 > 3 4 P 6 7 7 3 1 3 2 38.5
1] (h) 8 3 2 1 3 335
‘ s . 9 3 3 2 1 527
Vel 4 R -5 RECEE IR ISR A G R K, 94.80 96.30 10240 116.80
Fig.4 Relation between enzymatic digestion time and the yield K, 132.60 101.80 11470 111.60
of antler peptides K, 124.70 154.00 13500  123.70
R 12.60 19.23 10.87 4.03

VEFIARGE FE Sy, B I TR] B i) T B TS A, 72
RGN, SN H BRSE G PR R A R O T A
K2, (BT 4 h 5 5. 6 h B4 Z2 IKEFEAR A 3 AH 22
AN, MV ARAY £ BE 25 1, G B ] 2 3~5 he
2.2.4 A[E pH % BEEAKEG IR 52m - IE 5
HRRT A, REEER R P A LA R R A T A T ) v S
KIG U/, 24T pH 53 8 ZEA B, JREF KR I
IR B K 18.65%, X & K M g # A — 4~ il
pH S 2544, >4 pH b vy sl IR S35 M g 1) R AR 25
(A 2R, R i) s A2 B sl e 16 Y, Rk, pH N
EHIAE 7.5~8.5 &ifq .

201 a
%,

181 b
= 16 C/f/ \d
S 4 : :
$ e/
= 12
=
10-

f

6T0 615 7T0 715 8..0 8.‘5 9..0
pH
K5 pH 5 REEIRBHRICR AR
Fig.5 Relationship between pH and unyield of deer antler
peptides

23 IEXTWLER

ARYE R R R IR A5 L, YA IE A S S R 2= N
BRI (A) | BEIGLEL(B) | Bigf#asE] (C) . pH(D), LA
SRR SR (YY) R da bR, A E g T 25
B, BT SGO0 A FE M KA T 25, IE RS SE g ik it
R 2 T LI 1, SR PSR (X BB R T 7K B
I I 225 TR S5, 45 PRI ZE R IR A TS b
>V B > A >pH; B L T. 25 & 80 A,B;C;D;,
RIS EEARIEEE S 45 °C L BIC LR 6% . BT EIA 5
h, pHS8.5, 2R IR fefd: T 20 S48, Bl e
N 52.7%. MY 3 AN, B (NE FEZSLE, B
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