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Abstract: Objective The study aims to systematically explore the influence of steaming cycles on the morphological characteristics,
polysaccharides content, and 5-hydroxymethylfurfural (5-HMF) levels of Huangjing (Polygonati Rhizoma, PR), and to elucidate the
evolution patterns of its traditional processing through correlation analysis with antioxidant activity of polysaccharides. Methods
Color parameters of PR samples were quantitatively analyzed using a colorimeter. The contents of polysaccharides and 5-HMF were
determined, and a comprehensive assessment of the antioxidant activity of polysaccharides was conducted. Multivariate statistical
analysis was employed to reduce data dimensionality, classify and analyze the data, and perform correlation analysis. A comprehensive
evaluation system was established to assess the quality of PR at different steaming stages. Results The color characteristics were

significantly differentiated based on the number of steaming times. During the nine-steaming and nine-drying process, the
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polysaccharides content exhibited a trend to initial decrease, subsequent increase, and eventual stabilization. Conversely, the S-HMF

content showed an initial increase followed by stabilization. The entire process was divided into three stages: early, middle and late.

The antioxidant capacity of polysaccharides increased initially and then decreased with an increasing number of steaming cycles.

Significant correlations were observed between color, contents, and antioxidant activity (P < 0.05, 0.01). According to the

comprehensive evaluation system, PR processed through six-steaming and six-drying achieved the highest overall score across all

indicators. Conclusion Color can serve as an effective indicator for assessing the degree of processing. After six-steaming and six-

drying, PR exhibited a dark color, loss of tongue-numbing sensation, and a sweet with a slight bitterness taste. Combined with

antioxidant activity, it is speculated that six-steaming and six-drying may represent the optimal endpoint for the processing of PR.

Key words: Polygonati Rhizoma; nine-steaming and nine-drying process; colorimetry; polysaccharides; 5-hydroxymethylfurfural;

antioxidant activity; multivariate statistical analysis
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Table 2 Measurement of color determination during the

process of Polygonati Rhizoma

FEfh L a b" E'a AEap
S0 83444011 3.74+0.03 23.1940.34 86.68+0.10 -

S1 53.8920.56 11.9240.16 29.1920.76 62.43+0.80 31.2520.42
S2 44481106 13.4310.37 24.560.94 52574052 40.17£1.13
S3 39.10£0.18 11.630.22 20.29%0.57 45.56+0.30 45.1320.18
S4 31.73+1.15 10.87£0.57 12.4940.84 35.8140.65 53.29+1.03
S5 36.56+1.20 10.64+0.13 19.9240.46 42.98+1.20 47.50+1.23
S6 30.73+0.41 10.06+0.42 15.1140.88 35.70+0.80 53.70+0.48
S7 28572038 8.1220.18 8.89+0.40 31.00+0.46 56.87=0.42
S8 27.2911.08 8.461+0.76 8.94+0.83 29.9640.85 58.13%1.01
S9 2310%127 4424035 2.38+0.38 23.36%1.15 63.83£1.10
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Fig. 3 Radar diagram (A) and PCA diagram (B) of
corresponding value of electronic tongue taste during nine-

steaming and nine-drying process of Polygonati Rhizoma
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contents during nine steaming-nine drying process of
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oy R B (mg-g™) B JRE B (mg-g™)
" g sHMF | Z¥E S-HMF

SO 80.50+1.69 0 S5 41.70+1.66 1.20%0.10
S1 26201224 0.04+0.01| S6 40.70+2.51 2.15+0.05
S2 17.601+3.67 0.05+0.02| S7 4530+0.84 3.441+0.06
S3 44.60+1.02 0.11£0.01| S8 47.30+1.04 5.69%0.11
S4  40.401+0.83 0.724+0.09| S9 39.60+1.74 6.051+0.11
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& (B) HY HPLC
Fig. 4 HPLC of 5-HMF reference substance (A) and raw
Polygonati Rhizoma and processed products (B)
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Fig. 5 Nine-steaming and nine-drying process samples
HCA diagram (A) and PCA score chart (B) based on
external and internal indicators
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JUZE U 25 B BRE i 8 T B OCE W A

(VIP{E>1),
A VMR
3 W I
o ® Juil s
T S4 W S3
S som S2
< S8 '
g -1 709 S1
S9 \
-3
-8 4 o a4 s
1.002 14*([1]
B 14

VIP[2+0+0]

a EZi L Ew b
var ID (primary)
Ele6 ETHEMEUEHASPARNASDTIZFHME OPLS-
DA [E] (A) 0 VIP & (B)
Fig. 6 Nine-steaming and nine-drying process samples
OPLS-DA analysis (A) and VIP diagram (B) based on

external and internal indicators

5-HMF

2.6 ERBZENMENEEEN

2.6.1 HEKEZHEMIREL SR A K 3R EE PUEUIS0
S0~S9 RHIFE i 1K1 2 BE S AT L. A )
B, BHC100 ¢ ETReiF, oA 10 FELEET
Ky FbAKERHREL 40, FhyESEEER, JEEN 8
GEEETKES FREIGIE, SRR, I8
WEIRYE 2 JFA 173 5, FEIA LEEE LEAK
T HOEF] 80%, 4 CHEMK . H, BC 8000
r/min, 10min, WEITIE. IERESYEHER. &

Pre WIETIRLLE S, 6143 S0~S9 2k A .
2,62 MHAMTANTEERENSTT 2% Rumpf
S S 7 AU IR 0E 2 %, R A DPPH .
ABTS" H H 375 R A8 /I AL R B8 71 (ferric ion
reducing antioxidant power, FRAP) i SO~S9
UTEZ A OE R AT

(1> DPPH H H2&I5 B A 70 € J7 R 87

DPPH AR HIHECH]: #REL 7.89 mg DPPH ¥ T
95% 2., FCHIK DPPH %4, #R51)5 T HE Ak
BE, MACERRE, {EHAE 517 nm &8 4 Bl
0.70£0.02, BI43 DPPH TAE¥.

P H 2R 22 ) . RERRFREL 25 mg VC, T 10
mL 95%ZBE, BEfEEA S 100 mL, #1175 1.42
mmol/L FIFRAERFR . HERIFEEL 0. 0.5, 1.0, 1.5,
2.0~ 2.5, 3.0~ 3.5 mL brifERER A 8 > 5 mL &
H, BRI 95% CREERBZIE, Ao, B
B3 FREIRERAFE N 0. 142, 284, 426, 568, 710,
852 994 pumol/L fIFFE VC Ak TAEW . &H ik
FrfE TAEW 0.1 mL, 4r5INAZF] 3.9 mL DPPH TAF
W, REYA)E, EiRNEOLEE R 30 min.
7E 517 nm bW EFIRAGN A, HE 3 K. &
T VCIKES A ZHMZMER R, RBLMERIET;
FEN Y=0.061 3 X—0.003 4, R?=0.997 4, £&1470
142~994 pmol/L.

¥t DPPH H HHISERRAE M E: B SO~S9
HREZHE 25 mg, MEEWE, BT 25 mL KR
HIRE A (1 mg/mL). B 0.1 mL £ 5 3.9
mLDPPH TAEIR G, #IEHRG RS 30 min, 95%
LA NS AN, T 517 nm AIE 4 18, S256
HE 3R, KIIERR A X H &R % DPPH H
FH R (T BRBE ST

TEBRE =(4o—A41)/40
AL RRESY A, Ao RS ARTTR 4

(2) ABTS" H B35 B A8 7100 € 77 1L g 37

ABTS" TAEMMIECH] : 4 25 mL ABTS 7K
(7 mmol/L) 5 0.44 mL &L i B2 4% /KW (140
mmol/L) B4, FCHl i ABTS™ &, 4 CHRELIR
A, HOEMRBERIS ABTS™ TAEMK (fF 734 nm
AR A TN 0.70£0.02),

PRUEZE R H]: KR “2.6.2 (1)” TR ik
Be il RAUFRE VC brdE TAEM . BURFIMRE VC 5
AR 0.1 mL, 5 ABTS™ TAEIE &5, &
T T BEEE B N 30 min. 7E 734 nm AL E &R
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B AT, EE 3. BT VCIRES 4 ZIHK)
SRR, RELMWEATTEN Y=0.097 5 X—
0.000 1, R?=0.996 0, &Ml 142~994 pmol/L.

FE i ABTS™ [ BT BR B8 70 72 - BURE it A1
W% 0.1 mL, 5 3.9 mLABTS" TAEMRF 0 IRA
WEEHRE T SN 30 min, 95%ZEEAE A AN, T
734 nm AbI5E A {H, SEIRE R 3 K. KITERREA
AR A FESST ABTS™ H B HITE R AE

(3) FRAP lll5E

FRAP TAEMRMIECH]: #4 300 mmol/L BSER4NZE
AW (pH 3.6)+ 10 mmol/L TPTZ % A1 20 mmol/L
SEACBRVE AR 101010 BE, HIR K
FRAP TAE.

PRt phZR 22 AKIR “2.6.2 (1) TR J7ik
Befil] VC ArdE TAEW . ELRFIMRE VC Frift TAE
% 0.1mL, 5 FRAP T/EUIRGINS], =ik NEDE
#E M 30 min. £F 593 nm AL E SRS 4
B, BEE 3. T VCIRES 4 ZMEHXR,
SRABLAERIA TN ¥=0.159 5 X+0.100, R2=
0.997 2, Z&MVEE 142~994 umol/L.

FE FRAP 2 : BURE S ARV % 0.1mL, 5
3.9 mL FRAP TAEM iR EG, BOEIRG KM 30
min, 95%EEAE N EXTIE, T 593 nm 4bIE A4
fH, SCIREH 3 K.

(4) VC HEHENFEETH: K S0~S9
K5 2 5 () DPPH F1 ABTSH [ 1 R TEFR % LA S FRAP
WRFIIEES A E, RAAKX X=U—b)(aXm)it
H OVC MEPIAMAFEE (vitamin C equivalent
antioxidant capacity, VCEAC), - X fRRFENM
VCEAC (mmoL/mg), 4 {3 DPPH #l ABTS" H
BE 7 B e 77 e g5 SR ORE S ) B 2 B B
FRAP W52 P FE S 1) 4 {8, b ARG bR 2 aiE,
a RESFRAEMERZ, m AEFLTE (mg)-.
2,63 K2 PEPUEAIE R B AL S0~S9
FORE Z PR TE M E R R 4. s R
FW, TR ZPE{E DPPH & & FF i H HHILE A
TG WA, DU ZE DU Hik 2 THERE 5 H
PN, N2 G T R20E s N AE ABTS ™ & &,
H A MG B AR /7 B Y2 DU ] 5 08 B W E 5 % 5
TF%; FRAP P s A =28 =5 B3 7t
H, BEJR R AR . SRS, BEE KL
WD, SRS 2 BEALEMLH T (S1~S2) AR (S3~
S6) JEILH WL TR R THE R, A

*4 NENHFEEZHEN DPPH. ABTST BHEAMREE
7170 FRAP B ELAE
Table 4 DPPH, ABTS" radical scavenging activities and
FRAP antioxidant capacity of Polygonati Rhizoma

polysaccharides during nine-steaming and nine-drying

process
. VCEAC/(pmol-mg™2)

K

DPPH ABTS" FRAP

SO 0.5+30.1 1.6+2.7 63.0+16.8
S1 0.7+27.8 8.5+0.3 130.3%£10.6
S2 455%18.3 29.7+£0.7 231.2%4.1
S3 49.6+21.7 66.9+0.4 345.6+7.2
S4 49.9+31.4 126.4+1.5 334.0+7.1
S5 49.7+18.4 110.6+2.3 341.6+43
S6 41.7+37.8 109.4%1.7 334.6%+3.1
S7 43.61£28.3 98.1£1.6 348.5+4.1
S8 43.7£25.7 775+23 330.0+2.3
S9 39.1£29.2 87.0£1.1 348.7+5.6

HJEH (S7T~S9) M T4 5E B 55 -
2.7 Spearman tHXM 31T
N T RN BORS MU I R P Al
P RPTEATE IR N FER 2R, FIHT SPSS 25.0 3K
PERIAN R Z BB PO R A EUE S B (L7, o™\ b7
E'w) SRSy (ZFE. S-HMF & &) Fyiadfh
it 71 (DPPH. ABTS*'. FRAP) 47 Spearman #H5¢
Peortr, SiRWE 5. PERER, ZHREES
BESH o (P<0.0D) K b" (P<0.05) [AAF1ERE
FAEK; 5-HMF &85 L™ (P<0.01). a" (P<
0.05). b* (P<<0.01) Fl E*y» (P<<0.01) [A]#5 5 B3
HUHZE: 734k, ABTS™H HiFETEFREE /I FRAP &
PURMBEN S L7 b' E o YR I R UM G
x5 BBENZFABIEREDERBESZHE. SSHMF 58
MZPEME W EMER Spearman XM 47

Table S Spearman correlation analysis of chromaticity

with polysaccharides, 5-HMF contents and antioxidant
activity of Polygonati Rhizoma polysaccharides during nine-

steaming and nine-drying process

Spearman 3k AH ¢ 2%
g -
2 5-HMF DPPH ABTS*" FRAP
L -0.147  —0.944% —0.264 -0.716" —0.640%
a* -0.718# —0.372%  0.121 -0.071  -0.069
b* -0.405%  —0.860" —0.271 —0.633% —0.581%
E'a -0.156  —0.939% —0.278 -0.711% -0.644%

-1 RREAETMR, | FoREAELMR; <005 *#P<0.01.
—1 means completely negative correlation, and 1 means perfect

positive correlation; *P < 0.05 #P <0.01.
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P (P<0.01). DL EZERIER, Bt n]GelEN
T 2R M s R A 2 B o AR A S R AL AR R
OEERE =g
2.8 WMERBREEF[MTE

DRERANARTC BRG] it b 22 TR bR 2 8] ()38 72
K&, KH SPSS 25.0 FAxS 5 ah Fdm 24T B 4 A
PrEfEALEE, T )5 31T PCA. KMO (Kaiser-Meyer-
Olkin) 56 2% 0.621 (>0.6), Bartlett £:56 i #
P P<0.05, FKIEIEIE ST PCA. WHHFEE K
T 1 BRI TR SR 2 AN (PCL.
PC2), RFUTZTTHRE N 81.195% (3R 6), FHIHE
BRI 2 A 25 il e s 4T Rt S e 3588 A8 1) R 8
(R GBS 2, AT Ay B M St 255 PP AR
MEREEFRR. 25 1 TR PC1 RHIEE N 5.072,
T ZTTHRE N 56.357%, FELEETEN G855 S il
Ao tn5% 7 Fizn, ABTS™ H HZETERREE /]« FRAP i
AALBE RN S-HMF & 810 1E M B 5 =, 058
0.951. 0.869 A1 0.690, #iHAIX 3 MMERAT PC1 ik
EMEMEA; X PC2, (JE{H o' »™F1 DPPH H H
BTG BRRE 7 I M 3T (E B, 23008 0.971.0.529
F10.187, BLBHIX 3 MBARX PC2 ik AR .

* 6 HFEEMAEREE
Table 6 Characteristic values and variance contribution

rates

ERgr IR 7 220tk FR5 ZE TR ER 1%
PC1 5.072 56.357 56.357
PC2 2.235 24.838 81.195

®7 BERDHEERE

Table 7 Load matrix of each component

RRNEiE B Ll RRNE R IREERE
PC1 PC2 PC1 PC2
L* (X —0.965 -0.201|5-HMF & (Xe) 0.690 —0.420
a" (X2) 0.023 0.971|DPPH (X7) 0.529 0.187
b* (Xa) —0.820 0.529|ABTS*" (Xs) 0.951 0.119
E'a (X4) —0.984 —0.066|FRAP (Xg) 0.869 —0.024
LS R (Xs) —0.291 -0.861

BT Bk grHr, I FH e H B AT & 32 B REAE
B, THHSIEFINERE, RAANX Y1=-0437
X1—0.428 X,+0.422 X;+0.386 X;—0.364 X5+0.306
X6+0.235X740.010 X3—0.129 Xo, Y>=-0.044 X; —
0.134 X2+0.080 X3—0.016 X4 +0.354 Xs—0.281 X+
0.125 X740.650 X3—0.576 Xo, b Xi~Xo &R
FrnZ 7 s

NS B AR ZR A TERE, L2 DT
(7 72 TR FAT O & H B R B @2 455 TR
A Y=0.563 57 ¥1+0.248 38 Y», 5 S0~S9 &5
H130 (V) HHF GE 8. HIFGRER, 48
B HEA M S6>S4>85>83>87>S8>S0>
S9>81>82, LR NANHIAEBLIFEA (S6) fELR
BV R IR NI -

R8 TRZFFIRBEBHREIRSES. GEETRAE
Table 8 Principal component score, comprehensive score

and ranking of PR of different steaming-drying times

B Y1 Y2 Y HAIES vi1ov Y #H4
SO -0.289 0.662 0.001 7 | S5 0.297-0.336 0.084 3
S1 -0.137-0.213-0.130 9 | S6 0.419 -0.160 0.196 1
S2 -0.586 —0.310 —0.407 10 | S7 0.042 0.127 0.055 5
S3 0.180 —0.071 —0.084 S8 -0.293 0.741 0019 6
S4  0.343-0.418 0.089 S9 -0.024 —0.013 -0.017 8

3 e

FE LI o 2] S SPPAL 2 AR T T 5% B
MRS B SZ o JLZ8 L R A SRS R i e A
R AR SEAED), AR SRAE TR SR A AR R N AR
2B B B R A BUENT, 2R AR A 2 R U819,
SR, HETAMIRIR . BRo 2 R AR A 24 3
PR RIRIE I E A I . 22 ad hn THa i fs &2k T
Z PR AR RN, 2 AR A A o il b
M PR DIRCR AR E SR R . 20 kS
) S R4y, T 5-HME Mk 7 vh 2 40 1 A4
HELIHRF)

AW T I T3 A B AR, B LR L
il R BRI S IR AR . 20 S-HMF &
AL LSRRG, 6 LZE L ORI 4
FER BRI RAT IR N AT 25 SRR, BB 2
YOI I, SEORE 1A 108 RR o SRR I 2 H R Ak
o, U AR PR, FEERERIRAR, BEIR
R IIEAE A YL Ve L PR TR w3 whiill) =AMV 2]
Wk, FEHIERIR. BT “CEARNRAR, sRAR
RSl 2 R BP0, S22 AR SERR AR =i fE
A I RV I 2% S W e SR A . R T ARG AR
Wk, HIXFREE R R EMERR . AL S
56 S RO R MR 22 S, AR Sl I R ZE A
HL -5 M 2 T Ge vk A A MR IR AR B AL 38 E
UL IR AR A 5 S6 Rl I R DIFEOG, %R
6 2 I (] 5 LR 0 RN, (R A2 M B AT £
Wt ARG EEREED, AT RSB F
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2y PP R R 2122, (R E 25 ) 2020 FERREA
Z MR R SEORE TR () R BRI b, (EAR I AR
N—NENEBAE R, FHIREIT )2 e AR 1
Rr A THRRE24, B 7R SRs thbR Ve Ry 2 e
ITENZS AT AL, X HoA ) i A2 o 208 7 r= 4 5-
HMF (88 & HEAT 20 b7, DAER I ARG DL R 548
HVREC IR o« S-HMF AE N & 5048 S N [ P29 2
—, AURTE g M) A 7E T AR A AR RS, I8
B&YUMRE. . PUEA SR, AR
FEE TP 5 L 2 1 XU 21

ARSIGEE R SR, LIS AR R 2 S
BT S-HMF & fEbil, 1X—E 5 aretxs
AN IR IR BORE (W AL 45 AR 2527 A Fdh—
#i83E PCA 1 OPLS-DA, #8757 Bk it 1k 5
Z M. S-HMF & 80 B3 0B, JRB M
FRAN 5y MBI (— 28— 2= 28 =D i
W (ZZE =R NERNHD S E i (L)
ZBILZEILED, BRSBTS o I E IS, HISIE T
B S HUE N A T IR 250k

ZHEE N TR I BE R SY, HytE St
WEAER CIRTIZIAT], R FIRERE R IETUR
TS PR R D RE M s, BT TR 2 I
PR FH R = i R HRIAZ 28300 I 2 W55 1) S0
ZHEPUETE T S BRI, X AT RE St
TR ZHE TS PR E A O, M
AT 1 2 B 20 745 0 AR A TT e 0 T L HT A AT
AE, T R A DU PT R 5 B PR IR Bl A B
fil, MR PTEALRE J1. AL, DLk TS Hi
BSHRI FAR IR, AR B AT [R5 s e SR
ZHEPUEATE R SIS, AR T2, 12
FHEORE 25 M (A TR A 7 0T L .

JUZEIUHIAE R 3R A5 e 7 v i Sy Y,
I EGAEE S, WS R R E
ZEH 9 YR 2 SCHRAT R A I TR 1 2 1 BB SR R e
Horb Z PR AR, HAR B 2 i A f
BB R E . AW FTIEIT PCA LR VRN, 424
HEP . A KPR R SRR, AR RS
PR T R RAAR R, GRRINZE
ANHIBRER i GG BE IRV, 7SZ875H
JE BRI R REBOH R, R AGE, 28
B 24 BURA SCHR o0 A G i D0 o RS 22k s B2
LG, BT EAR, RGN RRRRT
PLAMRE IR R. 22 b, T A REERE, LAt

MR ZFEFT 5-HMF & 8 DLk ZHE BT E s
PE RS, VIR /N2 AT RIS B T M| R
R UIRES, 9 SEBrsE = ) T 24 T R
W o AR FCRL IR AT AR M 5 R T 3R 24 3%
53 B A I RN R HLHIAR 2, DA S LB
DIREHE S o s bR, DU R 2 AL
iR
RBAR ALY FRARAEFEYE
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