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Process Optimization and Quality Analysis of Polygonatum Compound Plant Beverage
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Abstract: To address the issues of low retention of active components and monotonous flavor in traditional
plant-based beverages, this study utilized Polygonatum sibiricum , wolfberry (Lycium barbarum) , and mulberry
(Morus alba) as primary raw materials. The extraction process was optimized using single-factor experiments
combined with response surface methodology (RSM). Polysaccharide content, extraction yield,and DPPH (1,
1-diphenyl-2-picrylhydrazyl) radical scavenging activity were selected as evaluation indices to investigate the
effects of solid-to-liquid ratio, extraction temperature, extraction time, and extraction cycles. The optimal ex-
traction conditions were determined as follows : extraction time of 40 min, temperature of 80 ‘C , solid-to-liquid
ratio of 1: 10 g/mL, and two extraction cycles. Subsequently, the formulation was optimized through single -
factor tests combined with orthogonal experiments, resulting in an optimal composition of 98.15% Polygonatum
compound extract, 0.05% xanthan gum, and 1.80% xylitol. The final product exhibited a clear purplish-red ap-
pearance with a pH of 4.66, total acid content of 0.102 7 ¢/L., and soluble solid content of 3.4%. The beverage
demonstrated a well-balanced sweet-sour taste and met all physicochemical and microbiological standards set

by national regulations.
Key words: polygonatum sibiricum ; compound beverage ; quality analysis; process optimization ; sensory evalu-
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HKE N A A BHE W LK (Polygonatum kingia-
num Coll.et Hemsl.) \Elf%(Polygonazum sibiricum Red.)
Y 22 4 kG (Polygonatum cyrtonema Hua) [ T H: AR
20, TR RO B Dy S AK A B  EE A
B BRI 25, N TR T I AR 0% K ik A
SN R 55 45 Z2 A im RRE AR, WF9E A B, Bk N 2R
FHY M R R R 2R ) BT S A i o AT
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s AS W H DRk, SRR AL 2B EA W
FH R IT BT EAL ST SE W, e Ah AL T
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ZHNFF BRSO, FEIE R T, LU O o
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TR ] KRR L aEA T Ak, DA s KA TR 205 & 1
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TS Il AR T e o 24 R DA s 7 s v O
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b SRR RS 5 E A AR S A 1 T AT
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X OB AR BT A AR Bn EA T A L DU 5840 il
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F);pH 11 (PHS-25) « i E SE g A A8 65 vt s B e s
UEIH VEASF (KQ-300DE) « B Ll v 75 {3 A B2 w5 4
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1.3.3 BT ZRHE R

435 X R EUE (] (30,40 .50 .60, 70 .80 min) 4 HL
WHL(1,2.3.4.5) 3 BURE B (50,60, 70, 80, 90,
100 °C) BH& E[1:6.1:8.1:10,1:12,1:14,1:16(g/mL)]
AT R 2R, WF 5T 45 R R XHEOR T 2 85 2
Tl DPPH F B BR M52

KR E B G T, D&
R Y K DPPH H i L8 bR R A% O P 35
b, B FE AR AR I B 5 8 o 205 B B 30% (FL
A 0.3) B HYEE 30% (FLE Z %L 0.3) .DPPH
H HIETEBR R 40% (FE R51 0.4) . LIZRA 8k
R OLAk B bn, T v e LR T2 S8k, e A S
¥ AT RAE AT RO P B R IR R
1.3.4 4R Z5ma b i 56

FEFREFZES R, 4 MR RS0 E S 34
K, AT = 2R =K g TR RS, LA SR
i R Y& EA DPPH [ B 380 BRI IEN 1845
VLT 256 8k, i e R B AR PR B T2
1.3.5 Bl T2 HE R

GO i OB R A SR TR
Bf E R R I AT A R 3R o 0 e AR e
I (1.20% .1.40% . 1.60% . 1.80% .2.00%) . % J5 i
N (0.05% .0.10% .0.15% .0.20% .0.25% .0.30% ) 1
T 2 5, B 55 A (6] DR 3R X & & OB KUK 1Y
%ﬂlﬂ“ﬁ’”]o
1.3.6 B A UORHY BT BR M PE o bR

PEHL 10 44 (5 55 5 20) fF G Am HE R 7 2R AE i Pt
DA O = @ = i W E 70 i1 0 e € 4T 07 N [ = o
7 FR KR O LT BR AT , PR 1 A2 A R AS i . IR
BRI B AR A ZURE 44y it
AT 5 A OB T R A PR A 2L AR A AN
1 RIER 2 R,

1 SARNNREER

Table 1 Quality requirements for compound beverages

it H JRAEEOR

[ 7 il LR PR BRI E , JC IR

@ PR 2

TR A, IR RIS, B A
HYURE B, LAY, TR R

1.3.7 B T2 IEACiRE:

HRAE DL E PP 53 A v 45 B A B DR 3R 0 0 1 e fE Y
3K RGBT IE AT, R 20 8 A HE 1 &
[ PEM AR HBCE a5 AR T2
1.3.8  F5bRilE ik
1.3.8.1 ZHE&=EAIE

SR FH 2R 193 - TR V13V o) 7 2 W b o 1 4 < YA
e 5 A A A RS A 20 mg, BC T 0.1 mg/mL 1Y

R2 ERURHHEEITMNIRE

Table 2 Sensory evaluation system for compound beverages

Eis Fife BN
FE(30) PR, SR H TR 24~30
FR RN BH b A7 S TR 18~<24
PRI LA 2R 8, TR dok 0~<18
% (30) B 5 35), ek 24-~30
PUNER O e S /S 18~<24
B RFRAN IS 5], A 6 1 . 0~<18
(20) FA W PAZEA 16~20
BRI 8~<16
WA AT 0~<8
HAVRA(20) JRFTCUTIE , 414120 i 16~20
JEHS RS A DIVE , 4123008 8~<16
JEFRA RAUTHE , HHAE 0~<8
AT 20 AR ME T U, RS B R 0.0.1,0.2.0.4.0.6.0.8,
1.0.1.2 1.4 mL B9 A58 AR HEV I T 10 mL 2 ZE 1048

W AMINZEIK 2 2 mL, - BN 5% K 1 mL, 4%
SIEMA 5 mL W BR R , KN 15 min J5 , 7E 490 nm &b
MW R . A5 2R AR i Z o R an T .
y =7.2331x - 0.028 5

A oy AT ;o AR, ¢/mL.

FE S B E  BORE Y 1.0 mL, I 1.0 mL ZE48K , 4%
JE A 5% 1 1.0 mL, AR 5.0 mL, & F
RHEAY 23 IE TR IR A, B & 30 min, 7E 490 nm Ab
M WOERE . AT E bR AE 2T AR s 2
1.3.8.2 B HY&w=AE

I 25 mL BEN BT HREHEENEL
M, K26 TG, F 105 CF T4 3 h G B, &
F 25 30 min, S SR E H R, % F
KPR B &, AR 3 AT HCEAE .

(W, - W,)x 100
- 25 X W

KA X AERBYEE,%; W, h THEZE KIS
RV E TR, e Wy AZE KRN EE T, g W
PR i, g
1.3.8.3 %K% DPPH A i BLfvRE

22 J] 52 AU Ty vk BV BE 0.000 2 mol/L (1)
DPPH ¥, & A% D P B R 7. 22 mL
DPPH ¥ F 2 mL Jo7K £ B, 82, 56 30 min,
PATE/K B2, T 517 nm P K AR E WG Ay B
AT e JE B RE S, A 1,75 mL ZE 48 7K F 2 mL DPPH
TR, Fe b A A5 W G A - P EOE ] vk 3 A
b, A 1,75 mL ZE48 /K Al 2 mL Jo/K O, #% Bk 5%
P EWERE Ao DPPH H RS BR R (Y, %)% 0~
aiwa

x 100
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4 DAL A 4RO VR S b DR ST 4 ORI % 4 4 1k

1.3.8.4  HR{LAEHRINE

YR pH AEAE T pH 2700 2 5 2R FH E A7 37 52
AT BRI A2 s 2 B GB/T 12143—2008 (K
k3 FH 43 B 7 3R ) E TS T EDR )
1.3.8.5  SEYHE AR E

BT MR 2 BB GB 4789.2—2022( £ it & 4>
B AR S E AR TR VA SO 5 ) i T ik
HEAT s K #ES B GB 4789.3—2016( £ il 22 4 [l %
PRt £ 5 A W2 E R 50 KM B RE 50 ) v i ik gk
TR0 s DT T IR 0 [ TR A 4 B (0 R A BR TR 20 301 2
I GB 4789.4—2024( & i & & H Z b e B i EY)
2RI YOI IR RIS ) LGB 4789.5—2012( & fh & 4 [
Kb HE B AR W A B B G K 58 ) 1 GB
4789.10—2016 & il % 4= B K hn 1 & 5 i A= 9 24
B 4 o (A A BR DA R 50 ) Hh A T T A T I A
1.4 FEab g

K H] Excel 2016 ,SPSS 27.0 ¥EA7 504 4843 #r
P<0.05 FEREFBE P00l FREFWBE,TH
BRI R A AR ME2E . >R Origin 2010 #1F
X 25 Rt AT A B R Design-Expert V8.0.6 LY QL
XoF W) 57 TR 5508 AT ARG A A A B AR 4l 0 Ak A A BRI Y
Bl [ gy Iy AR A

2 HRE5SH
2.1 FRRFEIAIRL
2,11 FREBORE 255 40 B 5 )
PLZEE - BOR T 8 B , BF 78 38 BOR BON & A1k
BLEEA BRI, S5 UL 1,
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Fig.1 Effect of the number of extractions on the overall score
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Fig.2 Effect of extraction temperature on the overall score
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ETHE T RS HARBGREE D 80 CI, £33 /3 BT
U B A U 255 0 B s o R B O R R 2
Thi, 25 7 BOT R R B, IR e 632 G % 70,80,
90 “CHEAT ) K o
2.1.3  BHRHERZES B2

PAZEG P BN PPN FEAR A TERMA L X 52 5 10k
ZRE RO HE R 3
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eI
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Fig.3 Effect of solid-liquid ratio on the overall score

H 1] 3 Al BEE TRV BR S I, 255 0 R ST
o Je AR B, ORRR EE S 1:10 (g/mL) B, 255 340
By, I e BRI 1:8.1:10.1:12 (g/mL) HE4T )5
AT g8
2.1.4  FRIURH A0 £55 20 B 5 )

PAZEE 43 BOR PR HE b, BIF 58 B2 U ] % 52 1k
BHRG B sEE 25 ILIE 4.

H Pl 4 TR, FEAS R S U B) R, 255G 4 B4k
90 LA I+, /] UL B[] % 2 th ) L 20
DPPH [ H1 5675 BR 3 09 £33 20 KO- WA K, 8578 g iz
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Fig.4 Effect of extraction time on the overall score
BT 58, B R o [ AR S AR fh i 3,
SE AR SR IUR [F] 2 40 min.
2.2 FRECT Zoma 7 i A e 45 R 5 0 Hr
2.2.1 g A R 2R KoK
X 4 AR AR AT B E 3 DXL G
OrBUHAT 0355 WA B B S 4L, 1% Box-Behnken 145
B D DU = P 2% =K g g o, T 3 ), X A
KT 3 FiR .
®3 MO RERL E R RKE

Table 3 Response surface test factors and levels

K- ARBOE BRUGRE/C CORRE/ (g/ml)
-1 1 70 1:8
0 2 80 1:10
3 90 1:12

2.2.2 W R Y625 R
Wi 17 TATR 6 A7 22 20 W SRt 4 Fnge 5 s,
K4 MEEREER

Table 4 Results of response surface experiment

S ARBOKEC BRIURE  CRRRIL  ZEAaR
1 -1 -1 0 84.62
2 1 -1 0 93.71
3 -1 0 1 85.46
4 0 0 91.92
5 0 -1 -1 90.81
6 0 1 -1 90.74
7 0 1 1 92.07
8 0 0 0 95.24
9 -1 1 0 82.76
10 0 0 0 93.99
11 0 -1 1 92.95
12 1 0 1 93.78
13 0 0 0 93.69
14 1 1 0 95.13
15 1 0 -1 95.08
16 -1 0 -1 85.62
17 0 0 0 92.69

& 4.6 5 a0, Ak 3 AR E X 2G50
520, A 45 F) 0] 9 J7 FR : ¥=93.51+4.904-0.173 7B+
0.2512C+0.820 0AB-0.285 0AC-0.202 5BC-3.054%—

x5 AESWEHER
Table 5 Analysis of variance results
FEAIE P A ¥y P PMH BENE
(% 248.08 9 2756 1720 0.0006 B

ARPOREL 19247 1 192.47 120.09 <0.0001 3%
BiRHUEE 02415 1 02415 0.1507 0.709 4
CHHEIL 05050 1 05050 03151 0.5921
AB 2.69 1 269 168 02363
AC 03249 1 03249 02027 0.6662
BC 0.1640 1  0.1640 0.1023 0.758 4
A2 39.28 1 3928 2451 00017 B
B 8.21 1 821 513  0.0580
c? 09173 1 09173 0.5723 04740
B2 11.22 7 1.60
AU 476 3 159 09838 04846 AWE
gl 6.46 4 1.61

BE 259.30 16

1.40B2-0.466 7C*, A BA B 5 LG FE  RME IS 3
0.956 7, F B iR =3/ H BRI RE G A AU 2 I T2
rP R IO I A BT B R L 3 A TR X 2R A Bk
FISEMRRO, o FAEZS RIS SR EOOE s 6 3 S by,
YRR H S SRR
223 HHRAHAERX LG 73 B0

T8 Ao ST = e O A IR AR RS TS
5] () 22 FLAKNE, 25 R AL 5. o T LR R R TR
(i) A1 2 Xl o o7 {1 49552 e, Bt 7 T TR BE 88 P 385, 4% PR R
PR Z5 5 A B S M A 35 . S 2R R
25 R 28 2 A0 RH B A FH A B, 224 42 S22 B R AR
PR BB S, 40 R R I S 7R 58 B 55121,

WAL S 7, 4538 BT 14) 45 vy 2k A5 i g T S 7w, 32
B K0S Hofth R 2R B9 52 BATE G 25 5 43 B0 — /e 5%
M), 74 EBCHR B 5 A A L =2 T 9 58 EL A 455 o Wi o T
A R A AE — A e AR 2 A BaA B ik
B, X—&5 155 200 R A . ZadiHEmT

R A BRI - BB B 2.3 BHR LE 1:9.0(g/mL) |
GA S

B $E UL C

1.0 15 2.0 25 3.0
A FEPREL
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Fig.5 Contour lines and response surface plots of the interaction

of various factors

PEWGREE 77 °C, LR 256 A B miIAE >y 94.37,

S 5 R A6 1 e I B B T 25 R B BB 2 DR e

1:10 (g/mL) FEBURE 80 °C. 7EMARMT ,Z5A0E

B, iR B 95.24 B E T{E —3K .

2.3 [l T2 HE R4

2.3.1  ABEBEEAS I X PORHECEY 5 A5 M)
ABEBEA I X 2 A OBHE E TR/ 152 i LA 6.

: 80
1.0 15 2.0 25 3.0 & \
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Biung
T LT )

120 140 160 180  2.00
A NI/ %
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Fig.6 Effect of xylitol addition on the sensory scores of compound

C B 1L/ (g/ml)

LRGP

beverages

il 6 TR , B AR EE IR I (3, ORHE E
VRO ST R IR B AR . Y AR BN N & 18 51 1.60% B,
R AR A T B S 3865, 5 Ak S 1A I AR S n £, K
BRI R, CUET B R, BEHROR BE BN i i Ry
1.40% .1.60% F11 1.80% AT IEAZIRE .
2.3.2  BEJRBEA I E T ORHECE B R R

B R AN I X 2 A5 ORHER B P43 s e L IR 7

WE 7 frs , 246 UORY BCE 1143 Bl 4 3 IR
T A BE I 2 BH SE B TS R R R I A B R
IR 0.10% AR . o T8 e i HA B HR AR
Lot 22 S8R DT [ PR, e BOHE TR
WA 0.05% .0.10% F1 0.15% #4715 381K
2.4 Bl TZ2IEA I A5 R

e R 2R 0 A L, i s OS2 A A

R BT 4 PR 2R R ARBE BT Nt (A7) o i e 4
T s w8 (B'), R 2 =K AT I 3R AR 3143
B HEHUR L C SRR ARy, S5 IR 6

1:114

1:104

C B L/ (g/mL)

1:94
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Fig.7 Effect of xanthan gum addition on sensory scores of

compound beverages
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Table 6 Orthogonal test results for compound beverage

optimization
S AKBEEER NG BAE RS i TR
1 1(1.40%) 1(0.05%) 77.50
2 1 2(0.10%) 75.88
3 1 3(0.15%) 71.75
4 2(1.60%) 1 79.25
5 2 2 75.63
6 2 3 70.63
7 3(1.80%) 1 81.38
8 3 2 74.88
9 3 3 74.25
k, 75.04 79.38
k, 75.17 75.46
ks 76.17 71.54
R 1.13 7.84

6 FTLUE B4l G0 ASBY, BB
IR 1.80% 8 I B U N34 0.05% , H 52w K2R 1Y)
58 515 Ay IS VA T > A RS 0 A s SR ) B
VRO daeim JORHL SRR B IS P, (e 2 38 5) , /L
H—ENES.

TrEMPTILER T,

®7 BEENHEHN

Table 7 Analysis of variance for sensory evaluation

FERE FHM AME ¥y FE PHEH  BEN
A’ 6.010 2 3.005 1.343 0358 AnF
B’ 77.259 2 38.630 17.260 0.011 B
2 8.953 4 2.238

M 7 AIAL R AT CRBEBEAS ) 19 7 #ky
6.010, N2 B’ (B R ES il ) 1705 il 77.259. M
FAERE ,HZE B FHR 17.260, 7t & T o & 1K
Bl AE, TR 2R AW F AN 1.343 K FIs A,
T B XERE T KT A, -85 P
58T, IR A0 PR 0.358(P>0.05) , 3% HH H X} &
B EmARE; HNE B PN 0.011(P<
0.05) , UESE H X B E PF4r HA W35 52 m

251 JRERRITEESS

HRYE IR T PR bR, 2 e AR 0 4 A I ek
TTRE T, 25, B AR 2846, g E N
HEA RUEE; DA, BREHE H 5 KR LA M AL T
TN WSO SO HEUIRS WIS, W sh kA,
i 52 E, JCUUTE A E PG
2,52 HLIEARGS S

WK 2 SR ORI pH {H  4.66(pH3.5~5.5) ,
MR SN 0.102 7 g/L(0.05~0.15 ¢/L) , A #PE I 9y
N 3.4%(< 20%) , IFFA E RARIEESR
253 UEYTEREE R

(GRYE T i S

*8 HEWIsG

Table 8 Microbiological indicators

5iH HENEY  KIH, SUREOOTTIRE &% 6
: (CFU/mL)  (MPN/mL) HIAER A B R )
FEARBR A <100 <3 AR H
Keim &5 R 7 0 E o]

M2 8 AIAL, B A ORHE & T E WS AR A5 &
5 bR fE oK W 7 S 8N 7 CFUMmL, i ik T
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