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Abstract: [ Objective] To optimize the extraction process of black ginseng polysaccharides (BGP) by an enzyme extraction method, and to
investigate the antioxidant activity of BGP. [ Methods] The optimal dosage of compound enzymes for BGP extraction is obtained using the
orthogonal method, and the process conditions for BGP extraction by compound enzymes are optimized using the response surface method.
The in vitro antioxidant activity of BGP is evaluated using the DPPH and the ABTS " radical methods. [ Results] The optimal enzyme ratio
is 120 mg cellulase, 120 mg pectinase, and 80 mg papain. The optimal enzymatic hydrolysis process conditions are an enzymatic digestion
liquid ratio of 1:50 (mg/mL), pH of 7.5, extraction time of 2.5 hours, and extraction temperature of 45 °C, at which the BGP yield can reach
up to (20.04+0.14)%. When the BGP concentration is 3 mg/mL, the DPPH radical and ABTS ' radical scavenging rates are 54.38% and
92.14%, respectively. [ Conclusion] BGP yield by the compound enzyme extraction process is high. The process is stable and feasible, and
the resulting BGP exhibits certain antioxidant activity.

Keywords: black ginseng polysaccharide; complex enzyme; extraction process; response surface; antioxidant

M % (black ginseng) & ¥ T MPBL N2 (Panax ginseng B V& ILTR AL 0" Y H H F B H 1R NS B A
C.A. Mey.) il 1 Z &R AN T4, AL LR BRI R BBk, RS RAa 2 & S0 B4,
SUIN TG A R R A4 . ik B0 A SR A BT MO U TR M DA OCT Y
LR, BN AEEa AR ERIRETRELE S 5ASMASMIL, RS20 (BGP) & & T, HIL
", ASMBS R EE NSRRI AN .2 X DPPH [ LT bR A8 ) s ™, SEAF R, LB SN

EETB 5 AR R RITRITH (45 :20210401058YY,YDZJ202401032ZYTS)

BREEE:HRZ22(1979—), &  KEPEL R A4 20, 45 . E-mail: czxuduoduo@163.com

i fs B #3:2024-10-02 B [E B #1:2025-06-12

SIRMESC X0, iR 2 2 WA, 45 . RS SRR G EHRICT 2 )]. frdh 5 HLhK, 2026,42(1) £ 153-160.

Citation:LIU Xin, XU Duoduo, QIU Chaonan, et al. Extraction process optimization of black ginseng polysaccharides by compound
enzymes[J]. Food & Machinery, 2026, 42(1): 153-160.

153



154

% K Fl DEVELOPMENT & APPLICATION

JEURREL T 2t — 22 50 () 4 B 7 Al B Aot 0 oA T
(¥ o VS A1

ANZ ZRE NG PR 35 MR IR A R AT, BN TR
BT FEH B, M SR 2 AT 58 £ 4 T e R Ry
X B2 2B TR AT TSR X B TR 2 A A AR BT
il gR AR s S ) A D5 T B AT B Y R IR B TR
PIUﬂLJZ#o FUAT, 208 J2 M 32 2R M B2 & Ml ik KR 42
R ARG A b W B SRR
RO RS PESR HR AT A AR I A, 5 AR ST K B A
LU, TR 15 S R IR, BT AT LI R 2D SR T b, B
BT A& R R 2 AR R R R A
RE AR OB 2 20, R T w11 325 D0 A0 FE T2 464, LA
RS R o5 T B 2 T B R

HE 2918 | 20265 1 A | RGBS

27 4 R W (50 U/mg) R B (500 U/mg) AR
fiti (800 U/mg) .DPPH (4l Jif 96%) .ABTS (4l & 98%) : I
TR A R A PR A

R A ==99.5% , 22 [ Sigma /A 7l

fit§ R A% : M200pro &Y, [ A BHU IR BRA A 5

B ML : Anke TDL-5-A B, B2 SRl U285

G R : XS-204 B MR — 4R 2 AU A IR A
1.2 A&
1.2.1 %%zﬁéamﬂﬂlm HBUAE S ] AT M AR A L oK
e i 18 o T ﬁ01mg/mLEﬁﬁ’aé5:% W, U1 mL 3%
Y&,%Fﬁzs%—ﬁﬁ&u SIEAT A LA A R T VR
FE AR AR b, W' B N A8 s, 22 W 4 70 0 s o Wil 2
i H y=15.23x+0.090 7,R*=0.999 7., Hti& & BGP, fin/k

1 RS ik B A 8 O AR I 017 PR 5T BGP o Bk
11 #E 122 EAMENBGP T.X S MM 1 kIR
Wb 2K G E 2k By EBSGRBURRWE 1R (DI RS 2
hnﬂffmmﬂsﬂaxméfﬁm, (ER
g ALA0 G e JMEKI20 mL R —R iR A — gk
BB —— G gBSHR 250 mLAEE #F(pH 2.2)i {7 pHE
T, 50010 min 2.5h,50 C - min l
e IO 10, Kt SO e AL AT
l BRI
o5z mimy 4 CHB i pypm AKEFEREE Bo10min RHTHR mapg
YLZE80% e Ik sz 10 000 t/min (BGP)
H1 S6MmRRIASERLTLRE
Figure 1 BGP extraction process by compound enzymes
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Figure 4 Effect of extraction process optimization by compound enzymes on the BGP yield
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Figure 5 Effect of the interaction of various factors on BGP yield
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