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(Polygonati Rhizoma), this study quantified the dynamic changes in traits and components during processing, combined with zebrafish
antioxidant activity experiments, to identify the optimal stage for comprehensive quality and provide a scientific basis for establishing
modern quality control methods. Methods Using the decoction pieces of Polygonatum cyrtonema as the object of study, a colorimeter,
texture analyzer, and electronic tongue were employed to quantify the color, texture, and taste of samples from different steaming
cycles (S0—S9). Polysaccharide content, reducing sugars and amino acids was determined by UV-Vis, while 5-hydroxymethylfurfural
(5-HMF) were measured using HPLC. Hierarchical cluster analysis (HCA) and principal component analysis (PCA) were used to
identify patterns in the processing stages. Pearson correlation analysis, the CRITIC objective weighting method, and zebrafish
antioxidant experiments were integrated for comprehensive evaluation. Results As steaming progressed, color parameters (Ea", L*
and b") continuously decreased, texture parameters (hardness, chewiness, gumminess) significantly declined, and moisture content
increased. In terms of taste, bitterness and astringency markedly decreased by the third steaming cycle (S3), while sweetness increased.
Chemically, 5-HMF accumulated continuously, reducing sugars peaked at S3 (1.38%), and amino acid and polysaccharide contents
stabilized after S3. The correlation network analysis revealed significant relationships among trait indicators, chemical components,
and bioactivity (P < 0.05). Multivariate statistical analysis divided the processing into three stages, with the early stage (S1—S3)
identified as the critical transition period for quality formation. The comprehensive evaluation using the Criteria importance through
intercriteria correlation method indicated that sample S3 achieved the highest overall quality score (65.41). At this stage, the sample
was characterized by moderate 5-HMF accumulation, peak reducing sugar conten, and and maintenance of amino acids at a high level.
It exhibited blackish-brown color (a* was 11.13), with a soft and flexible texture (springiness was 0.647), and a disappearance of the
numbing sensation. Its taste was sweet with slight bitterness (sweetness value was 4.50, bitterness value was 5.55), accompanied by a
significantly enhanced antioxidant capacity. Conclusion This study establishes the third steaming cycle (S3) as the optimized
processing endpoint for the nine-steaming and nine-drying process of P. cyrtonema and established amulti-dimensional quantifiable
quality control system centered on “appearance properties-intrinsic components-bioactivity”. These findings provide a scientific basis
for the standardization and precise quality control of this processing method.

Key words: Polygonatum cyrtonema Hua; nine-steaming and nine-drying process; processing endpoint determination; multi-
dimensional quantification; quality control; antioxidant activity; color; texture; taste; polysaccharide; reducing sugar; amino acids; 5-

hydroxymethylfurfural; hierarchical cluster analysis; principal component analysis; CRITIC weight analysis method

IR, BEARAIITE Sl B ZE . R
i B E I T EOR, S R AT AL

TR N E AR B YRS Polygonatum
kingianum Coll. et Hemsl.. 5 P. sibiricum Red.5,

Z ALK P cyrtonema Hua T2, HAHS
FEPA A@ R W 25 B Th R IR 2 B Tl
—BRY, HIRMEROMERUEN. PR R
SRR RER, AR AR G R B R, T
PR, PR 22 D] i N 2481,

“COTLZETUH AR N EOR f BRE R SR T 2
— W, sl S 2 SRR, BT ROH BRI
Wk, IR E 2 0 S5 K 01 o B i A o B 5 T
WCHRI /NG TR, AT R i b 2 A 8T, 4RTT
PRAT e [ 24 30y SO B0 5 10 S0RS 1) o e
X LA IR NAIHI TR R Z 5 — . 2%
e . A= i O/ 66 SR AR, WRHWts” 1)
LIS TEFIW, FEUMERE, 5FBUBHIRREA— K
BHIENE R, FEA HILZHA RS Bk, B
M R S BOA U B R S IR F 0, W 5-
Fo F LM% (5-hydroxymethylfurfural, 5-HMF)
KA, JEEHIL) T ] IR
5 s — P,

RALNO2), (HZHO SR T 4R dR bR, R
REA “PEIR-FE7> 7 PRI E, AR GE ] B ANTR]
MBI BESRORS 1Al ST AR AR, R A R RE B 7
SE I MU A 219 e BEAh, DN BRI AR T - i
KM — XM ARETE, HPAEARE, WXL R
EZG R R M TS 7 e 57 S R AR E ) — . 3R
Syt ARy — M E BB A MY, 5 AKA
s 87%FEF FVRTE, HIE S AR ks,
BT BN SRR R, O 2 N T2
Vi P S e A G BT 7T R0, TRLMAR T T LABE
Lyt RN, AN R 2% 8 R SRS K SR Y
PURMAETEREATIRTT,  DAMTA I i A P (R 24528038
AL o

AT Z A FHE A AN R, RGEAH
IR R O, B, PARARIRE R
RPN R Ry GEJERE . & FERR . 5-HMF)
L2 WER S22 . B2 egeit s TR
B KA B TN AESRER, IF5I N CRITIC 20



4160 »

F8 B 2026F6H £57% BUY  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 11

REGEAT SR VI, BIERMEHEMEHZ& A,
TR IE R E ALK, g —Ev BT
25 PR B S SR S e R T

1 X=EEHH

1.1 ¢E5

Waters €2695 T & 2GBAH (a4,  3& E R4 tH:
AF AS RIIBOECH LI AT WA 6L R, FZAL
AR AT KQ-500DV AUHHE M HIHIER, B
W TR XA A IR A ] ; Varioskan LUX H4 £ Tfg
WAL EE S, Thermo Fisher Scientific A %) ; MD-
300 BYRLSPIHZE 2948, BUNIEE S 25 B8 i A
FRAF; Meta Vue BUEAZEAL, ZENN i EERH
HIRAT; C207572139 4 pH i, iR #-F0F
ZAXZEAT IR/A 7 ; ASTREE HL 715 R 4t, i [E Alpha
MOS AF]; Rapid TA+BIGHIAL,  FiERsHRACE R
HAMWRAF; SZX10 AR BMEE, HABME B
AT BX53F2 B BAE, HARBMEAF-.
1.2 A7

B, b5 20240110, L E 2 ERAES &
AIRATR: A, b5 181017, HMIRE A
s TR BEARAE S, R $0=99.0%, #itT
50-99-7, bBigFEEMRAEMBARAR: Ky, it
520200908, T L TAHRAF; G, #ts
20200908, T Sy TA PR A 7 WA B (it
5 1288-2011). Efi=fl (#t5 1295-2012). E&E M
B (5 13-011-00029) 1 H R KM 3055 A
Al; 3,5- KR (DNS), it 609-99-4, I
5 5 BALEHARF R AR N-CBE-L-2F R (V-
acetylcysteine, NAC, fIt'5 616-91-1). L& R (R
E08=99.0%, #it'5 74-79-3). 22 E T %
Bk — R £ (2,2'-azobis-2-methylpropionamidine-
dihydrochloride, AAPH, #t'5 2997-92-4), 5-HMF
(JRED$=98.0%, #L5 67-47-0). iGN
F& (5 2600010001), W HILFEEERTA
FRAF; ToKBREREN, #t'S5 7757-83-7, REN KK
B I EE, #S 67-56-1, BVEIRVEK
HERAF HARRFI A et
1.3 HMEEM)

ZAETRE M, R BT F A S B TP X 2R
PR B, Z000T pe HH BR 2 K B W B B S N
RN BEY Z AL RS P cyrtonema Hua )T-J&
EE

SKHEH] AB R A SR S, WEH LR

BAEVIRHEA R AR, e BB 5 £ 1 77 S bR ]
75, WFRFMOCERMA 14 110, R (28.0+
0.5) C. HHEIIGNT, Pkl Fep iz tEmELl 1
1 ¥ N RF= O, AR %, ) 8:00
R A i 25 7 S HER S E AT AL 2 O, 2K 2 h
WERSZHEEN, 28 ClEIRE R FRH T T —255,
AT 5T 200 B R 2K SIS S A B R it
#E, 'S DWLL202202104.

2 FAEEHR

21 “NENF” F=EESImAE &

SEE IR BT B SR IO AR RO, AR ORI
Frs RN RS E VIS, VIR 5 mm R, PR
FREfiE, H20%mEEHS), EiREZRE, BT
(90£2) CzEZFNBR/AKZER] 9h. B 5, SZRIT
(60£2) CHE MM T4 8h, 135 1 Kz i
(S1). HUERZr ST RE R, oA bt B 2 28 -1
EEPEIR: BRRT (90+2) CZEH 4h, T (60+
2) CH¥ 6h, TEHAEIEREE 9 R, 185 2~9 IR#
il (S2~S9). FHXRZEHIGE, AHEREIR, 70 A
by R 3 EREALERE, RA, M, oPUSE,
WK G5 N S1~S9, B T fds h & =747, % H.
22 HREHGZEEMIRITEN
221 SPPEIR CSRABEBCRE RGO &M B
BOMAE I T BURCREE, H TS i, 4
LA 1,

222 REVHY S E B, Wl wiR”
[k, e LU 2 A0 R RPN AR 1. HH
10 B & HIPEN S R/IN, S B ML 54 1)
SR AR, HBGEATEREIEN IR, GRS
TR 1. BHAEZSIREEIE N, RSN
RERAERGHESAE (B 1. BARRI NEFEEL N
R, A (SO 38 66, A A ARR T (ST
ML (S2). AR (S3), A NFEM (S9),
HFEREE . AR BB AR (R D
—W IR, P EREETEBORE, RREERT S4 )5
SEATH K.

23 MHmeEESHh

231 BEENE R MetaVue Y (8 23T
SESL, 5 T4 2 L ERORS TE o F 25 BEOREE ok
AP T EE TR, MEH LY CGEE). o (A48
). b GEEGRE) H, FATINE 6 k. IEHAK
Ea'=(L"?+a?+b2)"? Mt 2 Ea" VAR SE
I ZEH AEs"



F8 B 2026F6H £57% BUY  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 11

* 4161 -

*0 P
At R &

SO-#rfif L e s kE; S1~S9-— i~

éa-i,
¢ & €

LTI Z LTS -

SO-fresh P. cyrtonema; S1—S9-one—nine-steaming and drying process of P. cyrtonema.
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Fig. 1 Evolution of macroscopic appearance of Polygonati Rhizoma during nine-steaming and nine-drying process
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Table 1 Sensory evaluation results of P. cyrtonema at

different steaming cycles
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Table 2 Dynamic changes of color parameters during nine-steaming and nine-drying process of P. cyrtonema (Xt S, n=6)

T i a b L Ea' AEs

# l:ll:lIII a* b* L*

Ea' AEw"

SO 4.2710.058 20.60+0.24° 84.2010.39* 86.7910.41* -

S1 10.91£0.11° 27.60+0.34* 55.33£0.72° 62.78+0.75* 30.44+0.96"
S2 12.87£0.33* 23.35+1.08° 43.30£0.64° 50.86+1.09° 41.91+0.84¢
S3 11.13£0.39° 18.63+0.91¢ 38.02£0.48¢ 43.78+0.50¢ 46.74%0.57"
S4 10.31£0.07° 14.5140.42¢ 35.4940.94° 39.70+0.86° 49.47+1.19°

S5 10.18+0.13% 15.54+0.36° 34.26+0.15" 38.9740.26° 50.55+£0.37¢
S6  821+0.35" 11.29£0.74¢ 34.63+0.24" 37.354+0.35" 50.59£0.58¢
S7  9.74%0.58¢ 11.19£0.76¢ 31.29£0.82" 34.6410.38¢ 54.03£0.44°
S8 8.83+0.50° 13.62£1.22" 32.57£0.20¢ 36.4040.521 52.3240.39°
S9  8.3540.29" 10.75+0.71¢ 29.91+0.77" 32.8740.97" 55.3340.56°

[E FUHE Ja AN [N - RERORAE P<0.05 KF E#REA I8 L £ 3.

5 [

Different lowercase letters within the same column indicate significant differences at P < 0.05; Same as tables 3, 5.
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Table 3 Moisture contents, texture profile analysis parameters and pH values of P. cyrtonema samples with different

steaming cycles (X £ s,n=3)

K BKEY% HZ/N #t/mm MEL A /mJ /N Rk ml S 44 pHIA
SO 16.58+0.32) 1 929.90+42.00° 0.628+0.030* 707.57+18.14* 1 126.23+7.41* 0.606+0.024° 0.192+0.0138 6.75+0.10*
S1 18.99+0.97' 1 092.50+37.62° 0.653+0.051* 384.95+19.87" 639.64+26.38" 0.556+0.015° 0.22140.022f 5.31 £0.02°
S2 19.20%0.02" 928.40+1.98° 0.651+0.014* 283.21+8.06°  437.57+34.40° 0.60410.014° 0.175+0.024¢ 4.69+0.01°
S3 20.59+0.01¢ 768.80+10.18¢ 0.647+0.014* 238.45+3.42¢  466.24+15.26¢ 0.606+0.010" 0.295+0.094% 4.52+0.02¢
S4 20.9740.07" 692.40+14.99° 0.51610.004% 230.39+9.07¢  382.87+10.63° 0.6801+0.030* 0.242+0.030° 4.43+0.02¢
S5 21.661+0.32° 581.90+30.97" 0.602+0.021° 197.73+9.78¢  352.68 +£45.74f 0.584+0.022" 0.251+0.021" 4.36 +0.01f
S6 22.3540.05¢ 456.90+58.128 0.57140.013° 145.10+6.65"  254.06+7.01¢ 0.58540.021% 0.211+0.0212 4.34+0.02f
S7 23.9040.19¢ 371.00+21.35" 0.593+0.012" 132.89+1.70°  224.07+5.20" 0.47140.041¢ 0.222+0.011° 4.21 £0.048
S8 25.3140.59° 344.20+30.12" 0.55340.020¢ 135.70+6.72F  208.40+2.10° 0.606+0.032% 0.260+0.012" 4.24+0.01¢8
S9 27.4040.30° 212.40+4.677 0.5114+0.030° 79.82+1.12¢  144.33+5.721  0.5531+0.034° 0.276+0.004° 4.15+0.02"

2.5 pH{EME TFBAE AR 1A RIS, kIS

ERREUFE AR K 10.00 mg, INZti/KE & E 10

B i 1.00 mg/mL IR, €k, BUER A
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2.6 HFEME

KFH ASTREE HL 75 KRG AT € » FREUE 3
ERE R R 1.00 g, BT 100 mL #84E7K, # & 30 min
&, TSR 40kHz, 100 W DR SR H
FEEL 30 min, %1, 4000 r/min 20> 10 min, H E

*4 ETHTFERANZHEREES

WA WY PR, R EATARIN,  REE A
FATIE 6 UK.
FEL o 0 A T A A B B M ) o R gk ok

(REhASZALINEE (F 4). Hrb, Tk 5iEmkix 2 f
At R A H AT (S0~S3) EE WS,
WRAET S3 MFZERAR, TEMRENRSE T 52
H, AR DU R R B AR 2 ETHEa%, IRTE
SO ik Ff . MeAl, S BEEEAA XU B R AR P F
FRPE S3 BBk BIUEAE, 27 LI & (1) R FE 3R
HONEERA

HIERBEN (X £5,n=6)

Table 4 Changes in taste values during processing of P. cyrtonema based on electronic tongue technology (X £ S, n=6)

e IR 7 E
Tk ik LS ik ik vk WABEE  WRARTR  BRURAR
SO 6.69+040 —-27.41£0.00 6.51+0.15 1.67£0.17 7.14+0.14 —-14.10£0.80 0.734+0.03 -0.194+0.04 0.24+0.04
S1  540%+048 —-20.10%£0.72 5.81+0.19 4.47+0.11 536%+0.04 —-10.90+£0.05 0.98+0.01 0.08%+0.02 0.45+0.02
S2  525+0.17 —-17.80%£0.68 5.68+0.21 4.77%£0.16 4.85+£0.07 —4.60%x0.05 1.13+0.01 0.13+0.03 0.58%0.03
S3  491%+0.18 —-14.30£0.72 5.55+0.24 4.50%£024 4.12+0.06 —-1.25£0.14 1.19+0.02 0.24%0.02 0.59+£0.02
S4 451+£026 -10.71£094 590+0.17 5.78%+0.11 3.36+£0.08 —7.77%£0.04 1.07+£0.03 0.31+0.03 0.54%0.03
S5 2.62+042 -10.15£0.84 5924+0.19 5.72+0.15 3.21+0.07 -5.69%£0.04 1.024+0.02 0.30+0.02 0.57£0.02
S6 2494027 -12.22+0.78 6.16+0.20 6.15+0.16 3.72+0.02 —-10.50%£0.05 0.94+0.02 0.18+0.03 0.55%0.03
S7 0.93+0.54 -10.30%£0.96 6.13+0.16 6.13+0.07 3.15+£0.07 -7.944+0.14 1.03+0.02 0.324+0.03 0.54+0.03
S8 0.50+0.16 —-11.79£0.86 5.89+0.20 5.89+0.18 3.46+0.04 —7.36+0.03 1.05+0.04 0.26%+0.04 0.56+0.04
S9 028+0.12 -11.16%£1.03 6.41+0.20 6.41%£0.15 3.22+0.09 —-9.84%+0.06 1.06+0.03 0.324+0.03 0.52%0.03

27 ZREEENE 2.7.2  HERSIERH S REEFRE S0~S9 FE

K FH 2R -t g v L 81N 5

X RIS RS B ARG 7K 6T A
i 10.00 mg, HNZEM/KESR T 100 mL &=,
1R ERE N 0.10 mg/mL 7 %5 B A v S T TR

MARZ) 0250 g, BT RS S, A 80%LEE
150 mL, [FIRFEH 1 he E#gEd, FREDL 80%H
CEEWRGE 3 IR, BHR 10 mL. BHoRiE K aCERs &2
B, MANZRME/K 150 mL, [EI9RHRE 1 h, ##



F8 B 2026F6H £57% BUY  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 11

* 4163 »

JEIL, TR S Ge N AR e 4 IR, BRHR 10 mL.
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W 0.5mL, NZ&M/KE 1.0mL, %M “2.7.37 1
NOEERAE, W HROCRE, ELNE 6 X, i3k
WO EAR, A5 H RSD M 1.88%, #HHMALASKS
R

275 FEMEEER FEEWEL S6 FEMR, &8
“2.7.27 TR J5 ik AR A, R B
B 0.5mL, NZ&TE/KZE 1.0mL, %18 “2.7.3” T
TOERAE, TS 04 2 4. 64 8. 12,

1624 h I A8 i i VR RO BE AL, 1H A5 FL RSD
N 1.67%, KA MIERAE 24 h WERE R IF.

2.7.6 HEEMFEHR FEEELS6 FEa K3t 6 1,
M8 “2.7.27 TR I K SR, HE =L
A IR 0.5 mL, INZE1A/K 2 1.0 mL, $218“2.7.3”7
TR I74AE, e HBOGRE,  ARAE I E I iSOt
FE B v 25 i RSD BN 1.57%, £ HZTT
HEEMRLT.

277 INFEREERFELE RSERRE S6 FEaR AR IL
6 1, B 0.125 g, PR 2SR 1 D1
B, 3 N AR A, IR “2.7.27 T
TR A, R E R 0.5
mL, HIZEIE/KE 1.0mL, %88 “2.7.37 IR ik
B, e HWR R, v 5AS 20%8 &0 R~ X A (Al
WA 98.10%, RSD N 1.74%, W7 HA
1T

2.7.8 FEMIIE  FREL—E =M SO~S9 FE AR,
M8 “2.7.27 TR 7 e i S, (AR A
SR THIRE 490 nm FHIMEOGEE, ARBE RIS

BirEZRESE, 4R 0NE 5. AZESEAR
B AR R R, Adh (S0 2 HEE S
B, N (9.03+£0.07) %, 45 1 k&M (S
G, ZPERESEKRE FEE (3.6310.05) %, S4
MBI (2.16£0.06) %, JaiiEaTiE.

x5 ZHEFHEFIEPEECEHSTELNR (X5,
n=3)
Table S Changes in content of main chemical components

during processing of P. cyrtonema (X £ s, n=3)

Fefh ZR% RIEEREY% BEIERR/%  5-HMF/%

SO 9.03+0.07* 0.0540.002 1.3440.02* 0.00+0.00"
S1  3.63+0.05° 1.004+0.02f 1.204+0.05> 0.01+0.00"
S2  2.46+0.067 1.3240.02° 0.72+0.01¢ 0.02+0.00"
S3  3.15£0.15¢ 1.384+0.03* 0.7740.01¢ 0.05+0.008
S4 2.16%0.068 1.2940.01> 0.7440.01° 0.16+0.00f
S5 3.44%£0.09° 1.24+0.02° 0.60%£0.01° 0.20£0.00°
S6 2.81+0.09° 1.1940.03¢ 0.58+0.00° 0.47+0.01¢
S7 2.81%£0.06° 1.10+0.01° 0.57+0.00° 0.59+0.01¢
S8 2.9240.05° 1.114+0.00° 0.58+0.01° 0.71+0.01°
S9  2.83+0.06° 1.094+0.02¢ 0.514+0.00" 0.83+0.03°

28 REFEEZENE

% FH DNS vED & o
2.8.1 X HETIETROHI R R B RR IO B AR A
6.25mg, MNZRMHAKERT 25 mL &I, 1K
FEN 0.25 mg/mL ()%} B 5 VA
2.8.2 ML MIEIHE R RRE S0~S9 B
MAR 0.50 g, BT 50 mL HEHERIMS, KB
ANZETK 25 mL, %I ETEE, TR
#% 40 kHz. 300 W, &M N AR 30 min.
A EEANE IR R, BRA) R, EUEERAE
BRI TR
2.8.3 DNS R EFIHIE  FREGE A TR 46.25
g, KEERRE, NEEZRMKEWG, BT 45 CTK
W ORI BE S o PRI LN 5.25 g DNS 1.58
g+ Kl 1.25 g MK IAREREN 1.25 g, In/b & 78100
IKIE R RS I A B BN, 1+ o
REWAHNEEIRE, ¥%HIFERE 250 mL R
s, BT RAF 7d, RIS DNS Z&5l.
284 HLMXRRFELE oulkEER “2.8.17 UF
X FE AR 0.5+ 0.6+ 0.7 0.8+ 0.9, 1.0mL, ET
10mL HERE S, NEMKHNE 2mL, #£5); H
43N DNS &5 2 mL, Y8215 T3 /K i N
5 min 5, SEEIVKABAHIEFR. DLZERIKE
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R 2 EETHIE 540 nm RGBS 8.05 mg, MNZETE/KERT 25 mL &+, K

o CAET IR R SR N AL AR (X0, TROEEE N
kR (Y, gfilbrdEsk, HEATELYERNE, 151E4
JFEN Y=8.370 3 X—0.035 2, R2=0.999 2, 45
F W A BELE 70.6~177.0 ng/mL ZPE % R RLIT
2.8.5 FEEEEL RGEEWHL S6 FEABIR, 1%
“2.8.27 T T J7 ik A B A, R B R
W 02 mL, %18 “2.8.47 TR J5 kil & WMo,
FHELEME 6 IR, 1WRPOCEEME, 1HE/SH RSD A
0.79%, R IIULAXERKE L RUT
2.8.6 FREMEEE REEAHL S6 FEABIR, 1%
“2.8.27 T T J7 ik A S A, R A B R
W 02mL, %M “2.8.47 Wi Nk, 70T &
J5 0. 24 4. 6. 8. 12, 164 24 h il At S VAT
IO, THE/5H RSD A 1.97%, £
TVRAE 24 h WARE PE R I .
2.8.7 EEMHEE FEERELS6 Mt KLt 6 4y,
% “2.827 TR iEM AU VER, KR R
RAAE 0.2 mL, %08 “2.8.4” TR 7kl ot
FE, FERRAE A7 2 v SRR S R BR K 23 JE Rl
JRbE S &, tFEH TR H0N RSD EN 1.69%, &
Bk R AT
2.8.8 NFEEICRRLS  FEEFREL S6 FEMZT 0.25
g N3, BA 3, o SlEE MM
LT RS IR JE RS R 80%. 100%-  120% 1% %)
BRERRVE VAT HIE “2.8.27 THT J7 ik & ik
W R EI AW 0.2 mL, %M “2.8.4”
TR F7iE e WO RE, ARSI 5 FE v B i
HIBRZK S JE W R AN & &, 1 53AF 2105 & -1
BIInRE R A 99.35%, RSD N 1.82%, FWZ%JT
R ATE,
2.89 FEmIE  FRE—E RN SO~S9FE kAR,
I “2.8.27 T J7id il sl i I, HS 2 2L
BRI 0.2 mL, 2R “2.8.4” T 7k A 45
AN EETHIE 540 nm RHIIROGRE, FEARE R
VA7 FEVHSRRE S R B K 2 JE R JE R S i, 4
RWFE 5. Adn (S0 Uk EbE S &AL, (O
(0.051+0.00) %. Z&fH| 50 JEHE SR, S3 ik
EAE (1.3840.03) %, S3 2 JaBlZ&HIXEIE N, &
JRBE 2R BT SO FE AR (1.09£0.02) %.
29 FERESENE

SR FH B = i 5 (e OI 2
2.9.1 XTHRSVETRIIH & KSR LR R

il BB IR N 0.322 mg/mL 15 8 7 R

29.2 BHASIER T & REEREL SO~S9 FE
WAL 020 g, AN 60%ZFE 30 mL, TEAEED
7 40 kHz. 400 W. ZRFA AR 2 X,
K 45min, JEI, GHIER, ERERIERGEZET
BEWR G, INZRBKERZE SOomL &+, EPEHEHR
AR o

293 LMERRFEHR ARk HERE “2.9.17 BUK
Sof RSV 0.5 0.64 0.7, 0.8, 0.9, 1.0mL, KX
BN 2%eh =BA¥E R 1.0 mL K B8z £h 2801k (PBS,
pH6.8) 1.0mL, #&5, TR IN# 20 min. B
HEAHE=ER, DZAMBKERT 10mL £+,
PAZETR/KAE S R R, 5 R 23 66 B vl sE K
568 nm I IO FEAE o DL L-FE SRR B Bk B R Ak
Br (X0, WOBEE NI (V), SiltrdEihsk, it
ATERYERNA, BEETFEN Y=0.070 1 X—0.645 6,
R2=0.996 9, ZEHFEH, LAEEIRE 0.507~1.640
ng/mL &% R RUf .

294 FEEEEL REWEAL S6 HEamA R, 1%
“2.9.27 WUR 5 ik AR, S SRS
B 2mL, $%08 €2.9.37 TR RN ROGREE, E
ZEE 6 K, WEWBOGCEAE, THHESH RSD A
0.85%, R BHIAX ARG B R U .

295 FEMEELE RPERREL S6 FHEmA R, 1%
“2.9.27 WUR 5 ik AR AW, S 2SR5
B 2mL, $%08 “2.9.37 TRk, AT &S
0. 2. 4. 6. 8. 12, 16+ 24 h Wl 5E A3 S VA LK TR
A, M5 RSD M 1.88%, R AL S
£ 24 h NEENE RIF.

29.6 HEEMEL FEEIES6 FEBARIL 6 17,
¥ “2.9.27 TR 7 AR SO VA, K% B
R 2 mL, $% 08 “2.9.37 T K ikl e oL,
WA K D F B BB S &, (THHRE
43 %01 RSD HoN 1.93%, RZITIEEE M RIT.
2.9.7 NFEREMEERLE  AEEPREL S6 K4 0.10
g N3 H, B3N, L9 Rk E A
LT R PR IEFR SR 80%- 100%-  120%F) L-A#
QIR I AW 1% “2.9.27 TR 7 vk &R
AT A RIS VA 2 mL, 2R “2.9.37
TR 7200 RO RE, Skt AN BRK 23 5 a2
R, tMEAFE] LRI PR E R R
100.35%, RSD A 1.47%, FRIFZ LRGPk,
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2.9.8 FESIE  FREC—E &K SO~S9 FEA AR,
IR “2.9.27 TR J5ikfil 2 R AR, R A R
PR AIAT 2 mL, 508 “2.9.37 TN 7 iR £ 4k
S THIE 568 nm FAIMROLE, HEbit-E 0
BRK e B AR, 4RIE 5. RESR
AGEA IR AW, S 2RI, B SO 1
(1.3440.02) %FFE: TR S9 1) (0.5140.00) %.
2.10 ERERNEXKS S-HMF 220E
% HPLC LU E

2.10.1 HPLC il (X5 KH Waters €2695
T = RO R A3 s 14y Agilent Zorbax-SB Cis
(250 mm X 4.6 mm, 5 pm); JisNFH N FHEE-/K (8 ©
92); AR 1.0 mL/min; K528 Jy 4L Ah- 1] W%
Rl % Ry K 280 nm; F:iE 35 C; #EFEE 10
ul; THEFESESRECN 3698, KT 3000, A
B EER, R LE 2.

of HEL 5-HMF y
.}I‘f I\‘\\
U s ~._
FE i 5-HMF S0
S1
- . . 82
S3
\ S4
wa\_,ki__J\ / . \ S5
/\ S6
- I s7
S8
- 89
0 3 6 9 12 15
t/min

2 5-HMF XRS5 ZHHFERE HPLC
Fig.2 HPLC of 5-HMF reference substance and P.

cyrtonema samples

2.10.2 XTSRRI FEEFRE S-HMF X
i S0mg B TRedd, Inid & REEAE, ©AZE 10
mL, 5% 5-HMF 5.0 mg/mL (K55 I8 5 B .

2.10.3 MBS REEOE ZEER S0~
SO A% 020 g, BT 100 mL B ZEHEIEM A,
A 20mL HEE, TEATFES 40 kHz, 300 W, =
A R A TRE 30 min, I, % 25mL &
e, RS AR, RIS A R R
2.104 ZMECRFELE 4 “2.10.27 WUR X
o IR R A 781.25. 1 562.50+ 3 125.00+ 6250.00-
12 500.00+ 25 000.00- 50 000.00 100 000.00 ng/mL,
i 0.22 um JEME, M. %I “2.10.17 TR A%

PEBERES BT, DS T EIRE N AT, DT
BUNYALER (YD, Sof HE 150 S B AR R (X0,
oxtlbruEh 2R, HHATERYERNE, BRIEIEGRE Y=
86.131 X+6.7725, R2=0.9999, #5H %W, 5-HMF
7 781.25~100 000.00 pg/mL £tk R BT
2.10.5 FEHEHEL KW 5-HMF 6 HE i
W, %R “2.10.17 WU Rk 2 AR ERE b, ISR
JE 6 K, sRIEmA, TS RSD 4 2.55%, &
BH AN A 2 P R AT
2.10.6 FREMEES KPEARIL S6 AR, 1%
“2.9.37I0 F J5 A BRI 4 TS 0.
2. 4. 6. 8. 12, 16, 24h, %M “2.10.17 Ti K
WARAFEREI E, iR, THEASH RSD A
2.32%, R MIERAE 24 h WEETE RIF
2107 HEEMWES FEERE S6 FEMmARIL 6
By, FEHR “2.10.37 TR kil A A, %
“2.10.17 TUN Rl S5 AR dERE o d, dSRIEIAR, T
HASHFRE U1 RSD N 2.62%, 45 R RBH1Z 2
TIEEEIE R
2.10.8 OFEREICRRES B S6 AR K 6 1,
£30.10 g, FZBEFERH S-HMF 58110 10 1 Eufl,
HIN 5-HMF S BE S, #608 “2.10.17 TR Eui
FAFRERE ST, CRUETAR, THEUMEE RS R, 4
R 5-HMF [T 35 e HUic 2 102.36%, RSD N
0.97%, FKHZITIERA T,
2.10.9 FEFIE  FREC—EREM S0~S9 K&k
AR, %M 92,1037 TR k] & AR, 2R
“2.10.17 TUN a2 AR dERE b, AR RE 7 FE 0
SRR 5-HMF BO& & SRR SO B
e gs R (R 5) Bon, HAHEM ) 5-HMF
MR 2, WASL (S0 BIARS ARSI 4, B
JH BT MRS R, £ S9 S8, & (0.83+
0.03) %.
211 BRGtHH

i H ) M R DT R s R IR AR AR, T
B A& B H E M (varable importance
projection, VIP) {H. &% (K 3) iR, [RIEME,
PR N IRME. TR VR, R, bMESIRHSE
X 8 NMEFRI VIP EI KT 1, BRI A2 K
HORG RIS AR P MR A O FR A
2.12 & CRITIC JARVEHIE S 61T
2.12.1 CRITIC BUE R K Li G430 i E FIH
SPSS PRO 7EZLH A} (https://spsspro.com) S5+ # 5
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5 HATENWALEE, IERfERIZ AR (D 115, fm
= | bt A () THE, B ENIL R IR 6.
” FHET CRITIC 2007, MRIEAR (3) HHTIHHEARR
0 e N, M2 e /
HHgE LR R R xR nncy  ATKBETRNLGERD.
z ¥ o g = X' = (x;j— minx;)/(maxx;— minx;) D)
1o g .
var ID (primary) xj' = (maxx; —x;)/(maxx;— minx;) 2
3 REEHIAMSHEBEREE. R RHIEAT H=2 - 10005 3
& VIP {& wj R AMEARIIRLE, X 5§ TS j ANMER EES

Fig.3 VIP scores for color, texture, and taste indicators of

P. cyrtonema samples with different steaming cycles

n AV HRAR 2L

At — D RS HE A 8 A M 28 55, 51N CRITIC

®6 SURBAHITRECRIETHIRENULELSR

Table 6 Normalization results of key indicators during processing of P. cyrtonema

b i BB

BN s AR bt Wk Ik

IR WRAREE pHIE W

IR LR PE  5-HMF

SO 0.08 0.86 0.67 0.58 0.00 0.00
S1 0.33 1.00 0.43 1.00 020 0.73
S2 0.00 1.00 0.62 075 022 0.86
S3 1.00 1.00 0.67 047 028 1.00
S4 0.50 0.07 1.00 022 034 0.64
S5 0.58 0.64 0.52 028 0.63 0.61
S6 0.25 0.43 0.57 0.03 0.66 0.36
S7 0.33 0.57 0.00 0.03 090 0.40
S8 0.67 0.29 0.67 0.17 097 045
S9 0.83 0.00 0.38 0.00 1.00 0.18

0.00 0.00 1.00 1.00 1.00 0.00 1.00

0.25 0.54 045 0.21 0.83 0.71 0.99
0.74 0.87 0.21 0.04 0.25 0.95 0.98
1.00 1.00 0.14 0.14 0.32 1.00 0.94

0.49 0.74 0.11 0.00 0.28 0.93 0.81
0.65 0.63 0.08  0.19 0.10 0.89 0.76
0.27 0.46 0.07  0.09 0.09 0.85 0.43
0.48 0.65 0.02  0.09 0.08 0.79 0.29
0.52 0.70 0.03 0.11 0.08 0.80 0.14
0.33 0.33 0.00  0.10 0.00 0.78 0.00

HAAGEA T LR G VPR AL THEAS 2 [ 2 1
B ML BT MR, TR B WRAECEE . pH
fH. 205, 25K, &S, 5-HMF FBGE 2507
AN 8.41%- 8.02%- 6.13%- 6.99%- 12.46%- 6.07%-
6.20%- 6.43%- 7.94%- 8.09%- 8.25%-7.29%-7.71%,
B BORE i 25543 70 I SO (47.75). S
(57.35). S2 (53.80). S3 (65.41). S4 (44.56). S5
(50.30). S6 (35.92). S7 (37.88). S8 (44.41). S9
(35.99). Hrr, S3 FEMMILEA MR 77 B3 = T 3=
B B, 3B H O S R M T A

2.12.2 MEHIERRRY BRI HET BR8N OCHE
PEFE bR 5 56 hi 8 I N B s #EAT 1) 2 e Si it oy
T, — BRI AR R 5 3 ANREAE BRI B
JZIRFEZ 5 (hierarchical cluster analysis, HCA)
ZE (B 4-A) Bor, SO (EfD HE—ZE; S1~
S3 BN—3; S4~S9 BANF—I. PCA BA (K
4-C, BFITTHRE 86.90%, R*=0.869. 0*=0.542)
TEMTH R R TR PCL AR S B 40 A6, 23 M
SO (A8 FIS3, FF| S4~S9 [KESHHATHIL,

5 HCA &R M B ENE. &5& 8 (K 4-B) 5F
B33 #1 (principal component analysis, PCA) 34}
Kl (K 4-C) BT 0T, B iIresn S3 A 15
1 R, XS AR Bk, "L RS
B R m IR, TS5k, 5-HMF 54545 2 1
K. XKW, S3 MILF i E 2R T HARE TR
T () JS R R ot o PN SR D R B XU B 23 (T2
O DLRE BERIB AR (b, R LI 7 7 R
W) R FERAE S N R (5-HMF) A SRD . X
RIS FES, S3 & —A R . B
BORE B BTA  XUAR R A0 i ot S8 B 25 & i Joit B T
A, [RIINEAG 200E G, 1 DRIk 8 A Ak B T 7 A ) A A
TEAE RS 53 (5-HMF), 3X A Jim S0 58 de A 75 il )
[ HR AL T Sae LAl

213 HMEBGENEMESRE

2.13.1  AN[E)ZEHIR BB K SV ) £ S 2 )
Boal  HCTERRT S0~S9 ¥k, f2kbtt 1110
B 1 h e, BRIELE EE, EE 2K, AIF
2 UCIEWL, WRAE 5 VA UR TR RIS /K 3Rk R 3. FR



F8 B 2026F6H £57% BUY  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 11

* 4167 »

A t[12]
0 30 60 90
S0
S1
S2 -
S3 -
S4
S5
S9 -
S6 -
S7
S8
B 04 ;
WRALE @ ,
e XFEH* M @ .* ®
e " ek
027 g e -

. MM BEILE e
= 0 ° ®
= [A] 53 % pH 14

°
-0.2 e
] -
—0.4 5_HMF L
T T T . T T 1
-0.4 -0.2 0 0.2 0.4
pl1]
c 8
4 2 0/@s3
® S4
T 0 S1 ® S5
S6 @@ S8
® S0 Se

—4 S9

-8 . . . . . . . "

-15 -10 -5 0 5 10 15

t[1]
AJZRERHT: B-EGTE C-ERA AR .
A-hierarchical cluster analysis; B-loading scatter plot; C-principal

component analysis score plot

El4 BETXBERNARERFARSEEREHERNZ T
Gt ot
Fig. 4 Multivariate statistical analysis of P. cyrtonema
samples with different steaming cycles based on key

indicators

i S0~S9 JK$EW), SLUGTHTFHBE fa iR IG R 7R
BT ;. AAPH Al NAC 43 )% T BT 1 fa ik
s IR, ELHK 104 200 mmol/L 457, —20 C
WESCORAT, N FH S R B B 75 Ak P B

2132 HEOEKIRVSMERRESE AULERMEE T
REUSZKE 5 24 h (24 h post-fegilization, 24 hpf) ]
Py LR RUE BT S a4 15 DNMERR/ALTEEE 12 FLIR
s BRALIIASRIIME SV 4 mL. 252520 SO,
S4. S9 KHEW, Il E 7 AN REWRERE (0.4,
0.8. 1.6. 3.2, 6.4. 12.8. 25.6mg/mL), H&KFH
(YA . SHRE 3 NPT, T
28 CHEIRIGFRAA P4k BB R IR 72 he fESEIRZ
Mo TARREME TSR D aG 24 FE RS
1, tHEIRIRIEAL A, FETI R A SRR

VR S £, 2 == S A0 B VR S 0 s B

JR AT T 28 = BE T [ R A H5 i VR e i i

JVR i W 2 22 = Way T2 1 VR i B0/ e IR i

FH T A [ 2% il [ B ol R A0 2 A AR AR — 8
ZE5t, RPRUEJG SEPT A S0 45 2 o iRk P 1) 22 4
PE R S5 S mT Lt AR Fde B ZE T (S0,
W (S4) KJEH (SO HEmAE R, #H TS M
JRREEEMETRELSS . FHER 7 TN, SO S4. S9 7KIEW)
X B LG £ 1) B A FE B B A BRI A 2R
Fefadh. MK RHRE<1.6 mg/mL K, WG
LR = IA 85%LA b, HIESWIL S s M/KIEYR

xR71 TERERENZHERBKEYINHD EFULE,
L AREY STy A
Table 7 Effects of different concentrations of P. cyrtonema
aqueous extracts on hatching rate, mortality rate, and

malformation rate of zebrafish

LR 1%
Fdh 04 08 16 32 64 128 256

mgmL" mgmL™!" mgmL™" mgmL"! mgmL™! mgmL"' mgmL!

SO 933 91.1 88.9 55.5 8.9 4.4 0.0
S4 956 95.6 93.3 66.7 15.6 6.7 0.0
S9 933 88.9 86.7 62.2 13.3 4.4 0.0

R %
R 04 0.8 1.6 32 6.4 128 256

mgmL™' mgmL™"! mgmL™! mgmL! mgmL™ mgmL™' mgmL™

SO 6.7 8.9 11.1 44.5 91.1 95.6  100.0
S4 44 44 6.7 333 84.4 93.7  100.0
SO 6.7 11.1 133 378 86.7 95.6  100.0

Wi T2 1%
Fd o 04 0.8 1.6 32 6.4 128 256

mgmL™! mgmL™' mgmL™! mgmL™! mgmL! mgmL"' mgmL!

SO 0 0 0 8.9 333 100.0  100.0
S4 0 0 0 6.7 244 100.0  100.0
S9 0 0 0 8.9 289  100.0  100.0
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BIREN 3.2 mg/mL K, 3 A H IR RIFERE
PIEHTIL S, MW IA 2] 25.6 mg/mL K, BEL
R E RN 100% H 4350 LiRgs Bk,
1.6 mg/mL XJ5F 5 IR TC B R EE v, mIE NG 4t
S ) 2 A P FURIRIE . IR, A RIEAS [H) 2%
B BERE S R DU AT L g — ST L, 5
ZEDE Ot P SR AR 1.6 mg/mL {E Jy A3 5
HIRE.

2.13.3  HEOREK IR0 BE G A B A T R I e
PRV T, SR HY 24 hpf 5 AE 7Y (i e B 14 41T
12 fLtkH, Bl 15 %, RA AAPH B S L
R R A N AR TR 24 R 5 K 22 4 R O
R, P 1.6 mgmL ERNAAREIRE, 535

£H

e

TS RAAFR [ 2500 £ W F0 2 mL AAPH 245K,
I B IR Ia R TR 2 4 mL; [ B2 H A
(4mL B IR R 2900 « A2 2H (4 mL AAPH It~
B0 FFHPEXT R 2H (0.004 mL NAC IE7 £ A1 3.996
mLAAPH B}, FAHKE 4 P17, SL0HE
T 28 CHEFRAHIHIRBOLHE IF 48 ho SBIIHITEEN
AR & 1 B 3 1 CM-H2DCFDA % Y6 3R4EE % BT
Ot R E R T Y (B . AESEIRZE N, HSihd
MFBIFNAT 9 IR 158 5 rp BEALIEEX 30 2%, 0.25
mg/mL —-RERIE, F 1% F 3448 2 b e T 3805
Rk, TRGCEME FRERF (B 5, HEH
Image J G0 WA Seit % 20 B8 5 IR R 196 1
AOERR R,

SO S1

S2 S3 S4 S5 S6
S7 S8

El5 TEESIESEERBKEINHED S SUNHE RSN

Fig. 5 Effects of aqueous extracts from differently processed P. cyrtonema products on oxidative stress in zebrafish

FH AN [ Ak FERLZEL ) P KA R 2 1) 5% e Bt P (3R 8)
AIEL, AN EEHI B B RS SR DU 5 B — s Pt
AALRE ST AT BT T A FR T I SRR X G BR R
1.00+0.04, 57 H4 (0.62+0.09) FHELIE N 0.38
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B £ 175 1 AR 2 5 B AR L 4 350 B R B
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Table 8 Effects of aqueous extract of P. cyrtonema on
relative fluorescence intensity of reactive oxygen species in
zebrafish (X = s, n=30)

25 AEF 9 N 415 AT 5 N
= 0.6240.09 S4 0.7740.02**
R 1.00+0.04 S5 0.79+0.03**
NAC 0.730.04 S6 0.820.02**
S0 0.9610.05 S7 0.8340.02**
S1 0.9340.05 S8 0.851+0.03**
S2 0.880.02" S9 0.860.04™
S3 0.8140.03*

HEAMARE: #P<0.01; SEBALE: “P<0.01.
#P <0.01 vs blank group; “*P < 0.01 vs model group.
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Red lines indicate positive correlations between indicators, while

green lines indicate negative correlations. All correlations between

indicators reached a significant level (P < 0.05).

El6 “MAR-msT-5EM” #Y Pearson 183K MLEE
Fig. 6 Pearson correlation network diagram of “trait-

component-activity”
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