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Abstract: [Objective] This study aims to elucidate the transformation process of black ginseng saponins and
their immunomodulatory mechanisms. [Method] An ultrasound-assisted enzymatic method was employed for the
transformation of black ginseng saponins, and the mass concentration of black ginseng saponins was determined.
Furthermore, the immunomodulatory effects of black ginseng saponins were investigated through animal
experiments. [Result] Under the conditions of an enzymatic hydrolysis temperature of 40 °C, an enzyme mass
fraction of 8%, enzymatic hydrolysis time of 60 min, and ultrasonic treatment time of 25 min, the mass
concentration of black ginseng saponins increased from 1 615.40 pg/mL to 3 351.38 pg/mL, which represented an
increase of 107.47%. The results of animal experiments showed that black ginseng saponins significantly
increased the body mass, spleen index, and thymus index of mice, and significantly elevated the serum levels of
immunoglobulins IgM, IgG, and IgA. Western blot analysis further revealed that black ginseng saponins
significantly upregulated the expression of NOD1, NOD2, RIP2, TAK1, IKKo/B, and NF-«B. [Conclusion] This

EEWB : HHE BT I H (20240303045)  [1/ &K “ DY £ 7 5 A HF & i8I H (2021YFD1600903 ) 5 % b6 1 BH% 8137 & & i1 %I
i H (20240503011)

BEEE PR 1989—), 5, W+, B #8070 28 500, 32 N H Ih RE M & W JT R R 4 4 AT E T . E-mail :
zhongba019870626@163.com

W is HEA:2025-11-20 1&E HHEF:2026-01-01



Vol. 45 No. 1

I A% BEEEEBAN MEARURREIEHAR

study provides a theoretical reference for the ultrasound-assisted enzymatic transformation of black ginseng

saponins and the research on their immunomodulatory effects.

Keywords: black ginseng; black ginseng saponin; immunomodulation; transformation
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Table 1 Linear regression equations of ginsenosides

RS M5 44 B 5 )= 7 P-4 28 P Y Fl/(ug/mL)
1 Rgl y=1.028 98x+5.296 0.997 41 90.46~541.25
2 Re y=0.845 76x+2.177 0.994 79 89.67~462.56
3 Rbl y=0.646 92x+2.693 0.996 05 127.81~755.41
4 Re y=0.870 10x-2.151 0.992 75 87.62~615.52
5 Rb2 y=1.011 35x+0.694 0.998 65 42.34~569.51
6 S-Rg2 y=0.601 89x+1.080 0.995 12 56.51~295.96
7 R-Rg2 y=0.724 43x+1.521 0.995 32 68.52~356.67
8 Rhl y=1.350 76x+3.950 0.993 65 127.03~663.04
9 Rd y=1.054 41x+4.372 0.990 96 96.59~515.19

10 S-Rg3 y=1.192 96x+1.016 0.995 07 109.91~588.62
11 R-Rg3 y=0.983 34x+0.779 0.994 88 90.85~482.62
12 Rkl y=1.569 04x+3.784 0.994 67 147.58~771.53
13 Rg5 y=3.545 34x+3.412 0.995 37 329.59~1 741.23
14 Ck y=1.903 48x-1.500 0.996 19 175.12~933.92
15 Rh2 y=1.289 33x+5.429 0.995 29 124.11~636.98
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Table 2 Factors and levels of Box-Behnken test
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Influences of different factors on the transformation of black ginseng saponins
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Table 3 Design scheme and results

T 8 Ak i B2 /°C ity % o o 5 3 50/ % ifg fi7E B 8] /min jE8 75 B 8] /min B2 B K /(pg/mL)
1 30 6 60 25 3163.21
2 30 10 60 25 3 145.41
3 30 8 60 20 3159.07
4 30 8 60 30 3 158.37
5 30 8 50 25 3110.54
6 30 8 70 25 3119.62
7 40 8 50 20 3172.41
8 40 8 70 20 3139.35
9 40 8 50 30 3132.42
10 40 8 70 30 3129.18
11 40 6 50 25 3162.20
12 40 10 50 25 3108.19
13 40 6 70 25 3 143.15
14 40 10 70 25 3103.26
15 40 6 60 20 3214.41
16 40 10 60 20 3161.35
17 40 6 60 30 3182.41
18 40 10 60 30 3144.23
19 40 8 60 25 3334.35
20 40 8 60 25 3332.41
21 40 8 60 25 3328.63
22 40 8 60 25 3329.87
23 40 8 60 25 3327.26
24 50 6 60 25 3201.32
25 50 10 60 25 3129.26
26 50 8 60 20 3192.21
27 50 8 60 30 3151.18
28 50 8 50 25 3 147.45
29 50 8 70 25 3107.42
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Table 4 Variance analysis of regression equations

T7 75 KU T 5 Al A ¥07 F P E
il 1.56x10° 14 11173.23 1059.94 <0.000 1 ok
A 440.08 1 440.08 41.75 <0.000 1 ok
B 6302.08 1 6302.08 597.84 <0.000 1 o
c 693.58 1 693.58 65.80 <0.000 1 *
D 1658.16 1 1658.16 157.30 <0.000 1 o
AB 736.04 1 736.04 69.82 <0.000 1 *
AC 602.95 1 602.95 57.20 <0.000 1 *
AD 407.64 1 407.64 38.67 <0.000 1 **
BC 49.84 1 49.84 4.73 0.047 3 *
BD 55.35 1 55.35 5.25 0.038 0 *
cD 222.31 1 222.31 21.09 0.000 4 ok
A 53 930.65 1 53 930.65 5116.08 <0.000 1 ok
B’ 43 638.10 1 43 638.10 4139.68 <0.000 1 ok
c? 89 436.47 1 89 436.47 8 484.30 <0.000 1 ok
D’ 33 851.98 1 33 851.98 3211.33 <0.000 1 ok
ik 72 147.58 14 10.54
2 AU 35 114.72 10 11.47 1.40 0.400 2
afi % % 32.86 4 8.22
MBS 1.57x10° 28

T RIRZE R B (P<0.05) ;%" RIR Z2 F R (P<0.01),

2 R K (ug/mL)
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Fig. 4 HPLC chromatograms of black ginseng saponins before and after ultrasound-assisted enzymatic transformation
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Table 5 Mass concentrations of black ginseng saponins before and after ultrasound-assisted enzymatic transformation

P Ul i A AL BRI PR 2 R Y

T AL AL B S R S

o \
L Ry J R /(pg/mL) JR R B /(pg/mL)

1 Rgl 55.42 29.42

2 Re 26.43 40.14

3 Rb1 59.94 147.35

4 Rc 81.43 51.26

5 Rb2 24.65 71.38

6 S-Rg2 85.26 250.04

7 R-Rg2 40.52 128.05

8 Rhl 73.21 156.68

9 Rd — 18.12

10 S-Rg3 272.10 511.75

11 R-Rg3 229.79 470.98

12 Rk1 303.11 869.99

13 Rg5 363.48 569.35

14 Ck — —

15 Rh2 — 36.80
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Table 6 Comparison of body mass, spleen index, and thymus index of mice between groups

41531 )5 B /g A 45 £/ (me/) ¥ R 35 #r/(mg/g)
NC4l 34.84+1.87 3.47+0.49 1.82+0.19
MC 4 31.65+1.88" 2.86+0.60" 1.08+0.41%
PC 4 35.80+2.24" 4.05+0.85" 2.24+0.18"
BG 41 35.71+2.417 3.95+0.85" 1.94+0.35™

S NCHMU, “#”RRZE 7 B E(P<0.05), “$#” RN Z F IR (P<0.01); 5§ MCH AL, “**” LK ox 7 T 25 (P<0.01D) .
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Fig. 5 Influences of black ginseng saponins on the mass concentrations of immunoglobulins in mice
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