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Abstract: Polygonatum sibiricum and raspberry are traditional ingredients both for medicinal purposes and in food,
featuring good antioxidant effects. A nutritious health beverage was developed using P. sibiricum and raspberry extracts
as the main ingredients, with Polygonatum polysaccharide and total raspberry flavonoids as the main active ingredients.
An evaluation of the in vitro antioxidant effect of this health beverage was performed. Orthogonal tests showed that
the highest Polygonatum polysaccharide extraction yield could reach 17.94% when using ultrasonic treatment at a
temperature of 60 ‘C , 80 min, and a solid-liquid ratio of 1:20. The total raspberry flavonoids were also extracted, with the

highest extraction yield at 5.36% when 0.9 g/L pectinase was added, the enzymolysis time and temperature were 225 min and
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45 °C . The optimal formula of the health beverage was determined using a response surface experiment, designed as follows:

The ratio of P. sibiricum and raspberry extract was 3:7, concentration of xylitol was 60 g/L, and concentration of citric acid

was 0.3 g/L. The sensory evaluation score for this formula was 94 points. The results of the antioxidant test in vitro showed

that the scavenging rate of Polygonatum-raspberry health drink to DPPH free radicals was 79.35%, scavenging capacity to

ABTS" free radicals was 79.35 mmol/L Trolox equivalent, and antioxidant capacity measured by the FRAP method

was 1.56 mmol/L FeSO, standard equivalent. In addition, the results of the cell counting kit-8 (CKK-8) assay also indicated

that the Polygonatum sibiricum-raspberry health beverage significantly mitigated the H,0,-induced damaging effects of

PC12 cells, restoring the cell proliferation rate from 61.55% to 81.37%. This health drink exhibited good antioxidant effects,

provides a foundation for follow-up research and development of other P. sibiricum and raspberry health products,

also promoting local P, sibiricum and raspberry industries.
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Table 1 Orthogonal test factor level table of polygonatum polysaccharide and raspberry flavonoids extraction

FHSBERIAE BaTHARREE
A FRRI/(g/mL) BiRA/C CoflE/min A RIREEHAE/(g/L) BB E/min CiRE/T
1 1:20 50 40 0.7 180 40
2 1:30 60 60 0.8 225 45
3 1:40 70 80 0.9 270 50
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Table 2 Factors and levels of response surface experiments

*
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Table 3 Sensory evaluation criteria
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Table 4 Results and analysis of orthogonal experiments for
polygonatum polysaccharide extraction

AR BiRE CHE 3%

Fias /(g/mL) /C /min /%
1 1 1 1 12.42
2 1 2 2 15.86
3 1 3 3 15.22
4 2 1 2 7.8
5 2 2 3 10.4
6 2 3 1 8.86
7 3 1 3 8.6
8 3 2 1 6.68
9 3 3 2 5.02
K1 43.50 28.82  27.96
K2 27.06 3294  28.68
K3 20.30 29.10 3422
k1 14.50 9.61 9.32
k2 9.02 1098  9.56
k3 6.77 9.70 11.41
mE 7.73 1.37 2.09
ERWE ASC>B
k- Al B2 C3

x5 ARESIERMEXRREERFEDT
Table 5 Variance analysis of orthogonal experiment results
for polygonatum polysaccharide extraction

E BET
KB A
A 949124 2

AR HF Fia 2k

47.4562 183329 P>0.05
B 3.5332 2 1.766 6  0.6825 P>0.05
Cc 78220 2 39110 1.5109 P>0.05

RE 51772 2 2.5886
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Table 6 Results and analysis of orthogonal experiments for
raspberry flavonoids extraction

A RIRBER  BEeft CHfpr A%

&=

K

MmE/(g/L) B /min  JE/C /%
| 1 1 1 2.10
2 1 2 2 3.54
3 1 3 3 1.62
4 2 1 2 2.76
5 2 2 3 2.18
6 2 3 1 1.38
7 3 1 3 2.20
8 3 2 1 1.94
9 3 3 2 3.56
Kl 7.26 7.06 5.42
K2 6.32 7.66 9.86
K3 7.7 6.56 6.00
Kl 2.42 235 1.81
k2 2.11 2.55 3.29
K3 2.57 2.19 2
ME 0.46 0.36 1.48
EXY C>A>B
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i HA SR FH iV S B 7287 SR T 1 T B P 4

Table 7 Variance analysis of orthogonal experiment results
for raspberry flavonoids extraction

S E BEF ~
2R ap HUR

A 03313 2

B Fii 2K

0.1656 0.8595 P>0.05
B 02022 2 0.1011 0.5247 P>0.05
C 38833 2 1.9416 10.0754 P>0.05

®E£ 03854 2 0.1927
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BT RERBIRAR, (HEE 2 PERRmE KD,
R IE W R, TORE TR U R T B AR R . M HL
37 B, RIS A HE M, FEDRA,
YRR B i o S EBIR T 3:7 B, BRI
WRIEOKH, HEAGDOVERLR, KR ZE. K,
TR AT PR U LA 3:7 B ROk LA
L DI IR A A 1B B R AL R ORI B
FERC b . AHE B & AR OB B R 7], T (R B R
TR RN B A, R R
2o HIE 3b AT G HAKE BRI TR B A i1 1R,
YORH R VE 2 BEE AR BEREA 30 g/L 4 E] 60 g/L
MIZHHE I MARPEEE =N 60 g/L I, WORHEA
R R o X AR B VA N B 3 0, Rk T R
VYN SoN e T Y A N SERS
PetEas. R, ARBEREMVSIIER 60 g/L I, X
MR fE . AR S BORS T 2T IR B OB R R R Y 32 22
KR, &R 2 ORI TR A 5 ISR
Wil 3c s, BEEMFERRLL 0.2 g/L & 0.6 g/L Lk
BRI, ORI E T B Sa N S BRI, AT
MR 0.3 g/L B, PORHE U fE . ST IR
KT 03 g/L i, BREEKE, YORHH SR 2 B i kiE
SR, B, UrERIRINER 0.3g/L I, X
USTEE

263




MR B

Modern Food Science and Technology

2024, Vol.40, No.9

a 90r

80 -

REVFSY
o

70 +

2:8 3.7 4:6 5:5

TR B AT

b %0
80 +

70 -

B

60 -

>0 30 40 50 60 70

KRHEREARINE / (g/L)

(@)
O
(=)

1

80 -

B

70 -

60 1 1 1 1
0.2 0.3 0.4 0.5 0.6

FrERERANINE: / (g/L)
B 3 EREZTFURMEBEIEM RERZRIES

Fig.3 Single factor experimental analysis on sensory

evaluation of Polygonatum sibiricum-raspberry beverage
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Table 8 Design of response surface testfor the best formula of
Polygonatum sibiricum-raspberry beverage

wh A RWEET 5w o ommm /9
1 0 -1 1 78
2 0 1 -1 79
3 0 0 0 95
4 0 1 1 76
5 1 0 -1 82
6 1 -1 0 83
7 0 0 0 95
8 -1 -1 0 75
9 -1 1 0 71
10 1 1 0 76
11 -1 0 -1 75
12 0 -1 -1 80
13 0 0 0 95
14 -1 0 1 74
15 0 0 0 95
16 1 0 1 79
17 0 0 0 95
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& 9 MRz =k B AR EY T5 2= 5 A

Table 9 Variance analysis of response surface quadratic regression model

RIR -7 Fa f A ¥ F 14 Pk BEM
AR 1126.01 9 125.11 233.54 <0.000 1 o
A- TAEE & Tk 45.13 1 45.13 84.23 <0.000 1 *k
B- AHEEZ 8 1 8 14.93 0.006 2 Hk
C- ATARBR 10.13 1 10.13 18.9 0.003 4 o
AB 20.25 1 20.25 37.8 0.000 5 o
AC 1 1 1 1.87 0.214 1
BC 0.25 1 0.25 0.4667 0.516 5
A’ 341.05 1 341.05 636.63 <0.000 1 *k
B’ 286.58 1 286.58 534.95 <0.000 1 o
c 304.21 1 304.21 567.86 <0.000 1 o
% £ 3.75 7 0.5357
PEPE 3.75 3 1.25 rEF
B2 0 4 0
EEB 1129.76 16 R,;=0.9924  R=0.9967

E: Y RAFREFEF (P<0.05); “**¥” AFMEEZEF (P<0.01),

B: AFHRE

R

TRE
C: Frigm

LRI
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AR
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Fig.4 Response surface diagram and contour lines of

effects of interaction between each factors on

sensory evaluation of beverage
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Fig.6 ABTS' scavenging capacity of three types of samples
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