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[ Abstract] This study employed orthogonal design and AHP-comprehensive scoring method to optimize the processing technology of

wine-processed Polygonati Rhizoma, and then explored the immunomodulation performance of the product. Orthogonal test was
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established based on single factor test results to study the effects of soaking time, steaming time, and drying temperature on the quality
of wine-processed Polygonati Rhizoma. Further, the analytic hierarchy process ( AHP) and comprehensive scoring method were
employed to determine the optimum processing parameters. The immunosuppression model of mice was established by injecting
cyclophosphamide intraperitoneally. The body weight, immune organ index, and white blood cell count ( WBC) and red blood cell
count (RBC) in peripheral blood were compared between the mice administrated with the non-processed Polygonati Rhizoma and the
wine-processed Polygonati Rhizoma prepared with modern and traditional methods. Further, the levels of interleukin-2 (IL-2) and
interferon-gamma (IFN-y) in serum were determined by enzyme-linked immunosorbent assay (ELISA) for comparison. The processing
parameters were optimized as follows; soaking in Chinese rice wine for 10 h, steaming for 20 h, and drying thick slices at 60 °C. The
wine-processed Polygonati Rhizoma prepared with both modern and traditional methods can significantly enhance the immune function,
with similar performance. The optimized processing technology of wine-processed Polygonati Rhizoma is stable and feasible and the
product prepared with this process has obvious immune-enhancing effect, which provides a basis for the quality standard formulation
and the modern research of wine-processed Polygonati Rhizoma.

[ Key words] wine-processed Polygonati Rhizoma; processing technology ; orthogonal test; AHP ; immunomodulation
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Fig. 1 Conditions of different soaking time periods
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Table 4 Conditions of different steaming time periods
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Table 5  Conditions of different drying time periods
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Table 6  Orthogonal test results of processing technology of wine-processed Polygonati Rhizoma

A B C D B/ % EZ2 LIS UREIN Z4
ML ZERIE/h TEREE/C %A P K /% {akes B & P4y

1 8 16 60 1 86. 32 87.90 4.65 2 3 2 80. 82
2 8 20 70 2 84.75 85.82 4.70 3 2 3 75.85
3 8 24 80 3 83.28 85.19 4.07 2 1 2 11.59
4 10 16 70 2 88.16 88. 49 4.48 2 1 2 70.52
5 10 20 80 3 86.33 86.24 4.51 3 3 2 66.97
6 10 24 60 1 85.01 85.32 4.53 2 3 3 61.68
7 12 16 80 3 84.72 85.05 4.43 2 1 3 48.12
8 12 20 60 1 88.51 89. 50 4.49 3 3 3 82.76
9 12 24 70 2 81.79 82.59 4.36 3 3 1 27.76
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7 OWEOREM T T2 A W B

A,B,C,, B I 1] 10 h, ZE I FE] 20 h, 45

Table 7 Direct analysis of orthogonal test on processing technology of wine-processed Polygonati Rhizoma

Bt ! b ¢ b
Tl A ]/ b ZE i At E]/ h TR/ C 25
AR K, 20. 00 18. 00 24. 00 22.00
K, 21.00 25.00 20. 00 22.00
K, 22.00 20. 00 19. 00 19. 00
R 2.00 7.00 5.00 3.00
R IR A/ % K, 254.36 259. 20 259. 83 254. 44
K, 259. 50 259. 59 254.70 254. 48
K, 255.02 250. 08 254.34 259. 95
R 5.14 9.51 5.50 5.51
IKIFHER B W)/ % K, 258.91 261. 45 262.72 256.73
K, 260. 04 261. 56 256.91 256. 19
K, 257.15 253.09 256. 47 263. 18
R 2.90 8. 47 6.25 6.99
ZHH/ % K, 13.42 13. 56 13.67 13.52
K, 13.52 13. 69 13.53 13. 66
K, 13.28 12.96 13.01 13. 04
R 0.24 0.73 0. 66 0.62
LEATES K, 1. 68 1.99 2.25 1.76
K, 1.99 2.26 1.74 1.86
K, 1.59 1.01 1.27 1.65
R 0. 41 1.25 0.99 0.21

T FE SR B B = (PR AR 48 bR/ M) / (8 bR KAE - s/ IME) , 285 7845 = (SR LS BE X 0. 077 + v PRI W SR J BE X 0. 168+ 7K
P SR B X 0. 238+ M sl E < 0. 517) x 100,
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T, DAL T2 A48 3 kel , 3 A AT R (A s
M3 4 31k 88.20% (89. 29% . 88. 53% , ZHE T

RN 4.38% 4. 50% 4. 49% , RSD #/N T
3.0% , Vi T2 A HAT 17,

2.6 PRI

2.6.1 fHLZ5YaHlg  BUER 254 100 g, BR &
ZAHIM &I A 20 g B FEAY %5 b i i
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Table 8  Analysis of variance of orthogonal test on processing technology of wine-processed Polygonati Rhizoma

g2 Sictan E-= 3 B2 A e Uk F L2 5
SRR ZE B ] 8.67 2 4.33 6. 50 -
TR 4.67 2 2.33 3.50 -
R 2.67 4 0.67
BRI/ % 2% 1l e Ji) 19.32 2 9. 66 3.18 -
R 18.23 6 3.04
IR W/ % ZE s ] 15.72 2 7.86 2.92 -
w7 16. 14 6 2.69
ZH/ % FR A i [ 0.10 2 0.051 2.53 -
T AL 0. 080 2 0. 040 1.99 -
W 0. 080 4 0. 020
AV EER ] 0. 030 2 0.015 4.15 -
ZE Tl B ] 0.29 2 0.14 39.93 *
TR 0.16 2 0.081 22.50 *
R 0.007 2 2 0.003 6
L F0.05(2,6)=5.14;F0.05(2,4)=6.94,F0.05(2,2)=19; —. A3, = . ¥
10 h, FiAKZEH] 4 b, R BB 65 Ot .
Wit BRI LB O W MR R, T, RIS E 4 2 - B
A [k

B EORE R

BUE BRSO, i 10 A% 37K 123 30 min J5 AT
AR 30 min, AL U8 BRI N 6 % oK AL 1R
I 30 min, 2070 i 08, & JF 2 WRHR BOWR, B vk 4
FEREE L N 600 g- L7 il £5 A BEORE Ak A K B
W o [l i 75 AR 25 ) 5 4% 4 28 1 E0ORS 1K Rk

RO
2.6.2 5425 HUBALB/c /DB 60 H3E LY

PEVRSE | JEJE , BEDL > R % B2 AEHI2H  BH R4
mndl IR ZE I A AL G ZE AL, Bl 10 BB
25 AN, AR FH 80 mg- kg™ A BRI A IE s
VESTEUN R MR s A 3 d, A
SERUR A/ H I 6 g kg ' HEE  FHEZA
60 mg- ke I LLFIE Z PR BWMER ", &
FIALRIB R 20 257 W] (R BUE BER K B H 1 IR,
BLUh2N 7 d,
2.6.3 /NEUARTTE K NE SR IR BN e ST
GaPEAM R TF 4G | B KPR /N R A R, g A
FRE ARG, 50 BR 2 A, AR 2 /)N BRI SF- 1
TRIF R FRE (P<0.01) , BE/RAB R 57 il 2y 5 5 A5 750
2N A, BORSA hdL/ BROE SR T B A5 7 RIT LR
5 LT o 2 R IR AR T S AR g 28 T 41
/NS B 2 T (P<0. 01) s AR ZE 1 5
g ZE AR R TC B B2 5 S5 R I 2,
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Fig.2  Changes in body weight of mice (x+s,n=10)
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Fig.4 Serum levels of inflammatory cytokines (x+s,n=10)
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2H 51 1ML A 4 a8 x 10° A4S/

IML£T 4 %/ x 10° 4>/L

Papi 7.85+0. 18 9. 60+0. 29
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0.05,% P<0. 01; {558 ST ZEHILL L4 P<0. 05,9 P<0. 01,

3 it

TR NI R W R 25" (b [ 2 L) 2020 4F

300 =
T
£
i il % -
T T
200 .
|
£
&n #
&
Z
=]
100 =1
0 T T T T T T
DN S TS Y
P o &a\\“\’u’\ S
SRS
P

6397



2022 4E 12 A | 55 47 5 23

Vol. 47, No.23 | December, 2022

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

FMAC 8, 1 BEORE () AR Tk A R AR BB A OC T2
2, I A5 DA [ 2 ) e i s s PAN O
oNTEbR R R BRI SEAE T R A IEAC I IR I
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It IL-2 Fl IFN-y RIAACESA3E N Bl o s 514%
GRS RS LA, = B R aEasctl . AR
ZE T BRI T2 R 5 1, I S A
PR pt TR

BORG Ak iU B 2% (0 H AT T w5 4
PRAEE e EORS Z 0 HEORS 22 B A R e RS
() FZE LG RON A RIS S 2 W& i R LTS
AT I BN M IS D 55 4 1S 5 0 45 SR AR,
PRI, BORS 208 5 T Bt T M il o 2 rp
MR T RATF 2T, KRR T & TR LR
VERILHE, AT RE A F 2530 R #5, INIL)E 2eiF o
AL XTSRRI S 2 AL A T IR A, ()
B, FE e 22 S g T R B, 4 254 BEORS AL ) /N BUIR
A, ERT, R B E A —ERBERIEM,
PG I T RIE I F B A2 far i s o 5308 4 o 5 3
BERIEHIAIA RS

gi b AR T BARZE I O 1Y SR A
i 25, IR E 1 B 0 R N B SR A
R ABIFFEI EORG 5 S AR T AL 25 1 #R
Bt [N A 508 i — DR R BORIT 1 TS LA
Rt gt 5 AR ZE 0 B 0 2550 o A8 Ak IR ATE
i e OC ZRAE FHAILR, S ¥ 5 IR 28 i kG
)65 BN FH AR L E AR A
[ &% 3CHk]
(1] ERLMBERS e \RIEFE 0, —F[ M. Jbs, b

[ = 25 R A, 2020319,

(2] Mt FEEGRIM]. MR AR Joat AR T H iR,
1986:23.

6398

[5]

[7]

[13]

[14]

[15]

[16]

[17]

CHEN Z B,LIU J J,KONG X, et al. Characterization and immu-
nological activities of polysaccharides from Polygonatum sibiricum
[J]. Biol Pharm Bull,2020,43(6) :959.

ZHAO X,PATIL S,QIAN A R, et al. Bioactive compounds of po-
lygonatum sibiricum-therapeutic effect and biological activity[ J].
Endocr Metab Immune Disord Drug Targets,2022,22( 1) :26.
FRUER BN | TR 3, 45, 25 T BORT IR A 7 s i 2 A
JRGY K 25 IR TSR ()] v 252008, 2020,45(17)
4163.

e RN 2R A BT R SURE I 2 U E AT
WY AETORG R PR BT SE [ 1] b B 25253, 2021 ,46(21)
5614.

SHU G,XU D,ZHAO ], et al. Protective effect of Polygonatum
sibiricum polysaccharide on cyclophosphamide-induced immuno-
suppression in chickens[ J]. Res Vet Sci,2021,135.96.

LIU B,TANG Y,SONG Z, et al. Polygonatum sibiricum F. Dela-
roche polysaccharide ameliorates HFD induced mouse obesity via
regulation of lipid metabolism and inflammatory response[ J]. Mol
Med Rep,2021,24(1) .501.

ZHAO J,MA L, NI Z, et al. In vitro facilitating role of polygona-
tum sibiricum polysaccharide in osteogenic differentiation of bone
marrow mesenchymal stem cells from patients with multiple mye-
loma[ J]. Biotechnol Lett,2021,23.

gt BITARE M. ARt AR T H A, 19842,

BT AR SR SRR, . JERIMTHR G Box-Behnken M 1] [
EREE AR SRR T 2], E B 22,
2020,37(23) ;2852.

RIS, 48 %, 5kvkik , 5. 25T AHP-CRITIC {4 &7 22
BURIERICTZ[T]. hE 252035, 2022,47(13) :3481.
TR, 20, VI, A5 R T 248 bR AN 00 28 B B e ) T
Z[J]. hEZ,2019,50(12) :2868.

TR A, X3, 4. FETERE W25 BAS [l 7= o 07
TEXTRAE R 2548 BT B RS2 R [ 7). 2 [ B2 I 2, 2018, 29
(3):601.

SR L, Wl 4F. JETUAE LRI B R 5-HMF Rl
BB i M B RS ] B PPN A £ ST (1] 2
= [E245,2021,32(8) : 1897.

2V, ECT, 2R W15, 4. W RO s R IR T /N B e g
DIRERSZMAL )] . £ il 5 4R Tl ,2022,48(1) : 139.
FEWERK , R 55, T 3648, 55 Mk 20 WX S s IR B/ UK
JUER S B AP A B R [ 0] R SO R 22 4l (AR
Ji2) ,2019,42(4) :85.

PR, NI, 2075 % , 45 BORTHEOR I3 28 Ko Dy8ons T ity
AUE[T]. AR EZZRE,2021,36(5) :2704.

XUEEME, TR, WA, A5, JE T 20K I LB 21280 00 17 20K 0 il
T )] mHE PR [ 25, 2021,32(8) : 1915.

[ZEHE flEf]



