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ABSTRACT: Objective To establish an accurate, sensitive and anti-interferential method for the determination of
low-content total anthraquinones in health wine with complex matrix. Methods Based on the spectrophotometry

method specified in 2020 Edition of the technical guiding principles for inspection and evaluation of physicochemical
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and hygienic indicators of health food, the sample pretreatment was optimized by adjusting sample weight, performing
full-volume extraction, reducing the constant volume and adopting centrifugal purification to minimize matrix
interference and enhance detection sensitivity. The optimized method was verified using the high performance liquid
chromatography method under the item of Polygoni multiflori Radix in the 2025 edition of the Chinese pharmacopoeia
as the reference method, and the consistency of the results was evaluated by Bland-Altman analysis. Results The
optimized method exhibited good linearity in the range of 0—0.0162 mg/mL with a determination coefficient of 0.99998.
The limit of detection was 0.009 mg/100 g, and the limit of quantitation was 0.026 mg/100 g. The average spiked
recovery at 3 concentration levels was 98.94%, with a relative standard deviation of 1.58%. The 10 batches of samples
were determined by the optimized spectrophotometry and the high performance liquid chromatography reference
method. The Bland-Altman consistency analysis indicated that the detection results of the 2 methods exhibited consistent
trends. Conclusion The method is simple, sensitive, robust against matrix interference and accurate. It is suitable for
the rapid determination and quality control of low-content total anthraquinones in health wine with complex matrix.

KEY WORDS: total anthraquinones; health wine; spectrophotometry; method optimization; Polygoni multiflori
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Bt I P i R TR A N T B T, SR BB SR SRR
28 SRR T RE M D RE PR RN, H 25 A PR (R b 45
BRI, 2 E) el R AT L AL
R, AZ. B, TE S R RS A
Jr R, 28 SC B0 B0 UE, AT SOCE IR . BRI
A PRAd T RE o %™ i 21 )5 % A il % (Polygoni - multiflori
radix preparata). 7 2Z/E(Polygoni multiflori caulis)H b
B 13 )8 (Polygonum) 2541, s EERAF R 7= A AL e 2y, H:
BRIV 5T R e A I AR AR D L,

BN — 2K B Sk R E e s,
ZAAETER . GRS ™, T2 G v G e A
YEFE M KT UESE . e B o 8 20 K 44 2
VEF BRI, B i 2 R gt
PrAE! ) s a2 B v, (e B AT RES | &
REYE | R B Wbk T, B T B A |
PSS AR B RS AT 2 R, R R s
rhREER SR, R P A R R MERC S LA R DGR

HHT, SEERRNE FES M OB & 1A
TEPR RIS S I Hr BORTE T 500 (2020 4ERR) ) R4
FERP DR (P 2 ) WO R RO € R P oy
FeEE LT Borntrager 68 N, #RAERIE . BAML, H
5y % R e, RV R A AT R OB i R S
SRR, (EALERE B, KRR P S e
BRI 5 PN S B DA A i R T,
AR RN SR, BUATHE S IR 5 12 3 A X
RILFRE , BN IR S A PR EE B, BRI IOR
SE4, WETHASRBIESE R mELR, EREAE, &%
BN FE A 2, A RKERE . B @R LY

i, A AT T R0 e 5
B, A R AR S AR, X r i REUE ST
VAR A =I5 N

AT LA A0 1 5 Ja 25 B4 0 DR Al 108 A I 4
T CORAd £ dh PR AL K TLAE SR ARAS 30 5 PP AN B AR 48 5 S )
(2020 AERR) Y HY SRR AU ik R R AL |, R
HALPRIEPF, B IE T 28 S . RICRIE . W T
KA, FNTOA I REM R Jr ik, i 58 #8105 vk
SFRIEEEONE RN, JFLL CrhE250) Sl gk
(high performance liquid chromatography, HPLC) A2 Fili 47 kb
Xf & Bland-Altman —ZCPEIFHT, 57 DA SRR 1E
BARSEIN K™ i Bt i B R L WA TR A R T &R

1 MR5ERZE

1.1 #E5R

PRABEITAE ok B SN BR AWl

1,8- R R (AIIE 99.7%) . K ZE (L 98.5%).
KGR k(LB 98.9%) bR il (68 5 24 i A 2 T 9%
Bi); EhMR(LIIE 36%~38%). /K. “EHbE. A AN .
HEE (M al, 258 ALAalm A R |, B BRI
(taidal, 5¢EPE CH/RBHE A,
1.2 UE5E%

TU-1901 EIEHMAT L A5t B it (A 535 43l AL 3R
A RIALAH]); AB135-S HL 7RO 0.01 mg, Hit-iff
F i -HC R £/ F]); DZKW-D-6 H HVE IR K 745 (b 5k
S BEST AL A BR A F); SB-2000 g 78 K AL (R 5o 3k 2%
PR 4t); 3KIS R B L HL(TEE SIGMA A H));
Votex-3 IATETR G #1852 ISR A B2 F); Agilent 1260
I RORR T (35 [ e B AR L A H]); Sepax HP C g a3
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(4.6 mmx250 mm, 5 pm, 3 [EFE4FHEA R A);
ELGA Option-Q #B 4l /KA E T fEMR BT 4E A

1.3 WAL

1.3.1 XA 5 45 R R 0 B )

A% BUEIK 16 mL, JIKFEFEZE 100 mL; 10%
KEAWER: FRICEEMLM 10 g, MKBEHFERE
100 mL; A AR : BEEARTN 10% 5 AN i il
ANEIRBORA; HE-ERA0:1, ViV, FTRYRAER: B
FIE 100 mL, ANERAER 10 mL, IRAI4T; 1,8- LB EAR
WERE AT RS SRR 1,8- R L BRARME WY 10 mgCRE =
0.01 mg), &F 25 mL AENMF, HPFAEMFEHE, 75,
BN 0.4 mg/mL B9 1,8- I B ER bR GG 2 o
KEFE . R ARSI H A 2 B &R K
WE | REZXPBARMESL S 10.00 mg, & 50 mL AR,
TR B A e 2, BC AUTT RS 200 pg/mL BARAER
BW, PR ARG G — W R, 158 PRk
B 1. 2, 5. 10, 20 pg/mL RS FREE G
1.3.2 AR Wl £k 09 1 4F

A3 NG B 1,8- 3 BRRAR HEVA W 0.00, 0.02,
0.05. 0.10, 0.20, 0.40, 0.60. 0.80., 1.00 mL T 25 mL %
WO, MRS AR EZE, WA, FREAECE 30 min.
PURAIARCNZS H, 76 525 nm PRKAL, 43510 E ot
B, DUSE MR B AR AR FR(X, mg/mL), WG EE S ARBR(Y),
PEATERPEIRTE, 22 hlbrii 2k .

1.3.3 ARSIk 099 &

FERBUR &Y S A 29 25 g, ¥ 150 mL [BJE
B, KB mA - RIE AW 25 mL, RE, 7
80 °CACA HIMPAI 30 min, H¥%, FHHI BRI A2 I8 2k 1
i, PEST . NG K R4 TR RS B AW kb, i 25 mL K
PRSP AR 2R 2. A S R B2 3 1R (50,
40. 30 mL), GIFEEBUR, FHAHKBER 3 1R, BHK 40 mL,
VR B, FEEAKVER, “H ELZ R LN,
F 80 °C/KIE FZET, BRI N BRI E S mL 25
W, AR EER B2, f5, I AE R R
HHUAER T 2 mL, B 25 mL FEF, INESTHIERE
ZIBE, RS, MERRFIN . AT RS ALCE 30 min, D
8000 r/min B.0> 5 min JFH VSR, LURAIERCNE E,
TE 525 nm JFEAAL, W OB,

WRE R BB S B AR (DFTR:
V) xV;3 %100 1

Vo, xM

b XA S ETER Y 5 2, mg/100 g5 C Ry bR 42
A A 2 TR v S BB 1 S VR BB, mg/mL; V hy BRI T A
Ji BARR, mL; Vy SR TR A B €8 s IR B9 FF s A A A
mL; V3 ARG 80 0 8 AR, mL; M Ol RE SRR 5
i, g5 100 Ry B N

X =Cx

1.3.4 MR &2 R

PR A AL B DA SR bR A I 5 VM £ R 48 I
WU (2020 4FRR) ) HA e JEURRIN 2 9k 250 3 AT o ] A L IR
JEO R UGS R, o R R VAR [ AL HE, B
W& 15 mL A TAEE, ZEBORE T 5 (0 A B AR 45 22 10 mL,
TR 2 mL FESAIEA T 58 €, SRS T 42 243 T (R
PG R R ARSI, ZEAZ O S BG HR A A R A T IR
T AR — A SER b, X S50 P 5 A T AL

(e Jy X545

Jrik— WFEKIEZE T IR K SV TR I . R
W, KIBZET, NKEMEAE 10 mL, 2% 2R
TR, P - R VR B VA B A IR I VU A R R R R
FRRBEM, J5 S BRGS0 ik A B

Dk WREREZR R E R T BER A, B 100 mL
WRE, T 50 cCRest &Lk ET, AP ImA R E-E
PR VA R 75 Vs ik, i i B S D0 Jr i b

Tk = HIEBUAAIE R B SY o EARBGH A
PEATZET, A BE-Fh FRIR A VTR 25 mL gl Keke
wi KA AT R 2 A W S 2RI K 25 mL W PE R
PEiF A, S PR A BORZE T,
i 2%, AL AR T R )y Tk A T

QEFMERHE L

oWy EE ASARBUN 10 mL, #% 1.3.3 T
O, [ E AT AR AR AN, 43 BRI T R
25 g [MIgE4RI, &SP LRI KIEZE TR W ik gk
Jei, AR 10 mL, 5 mL I EEEGE 2, Tl &SR
TERFIHEAA TR, 558 BTN 2 25 SR 52

3)BUkE R 22

A3 BIFRBUR AL S 15, 25, 50, 100 g, % 1.3.3 Jii
TR R S, 0 SR R A

(AT I X 75 TR % 5%

TP LE Y 40 °C, ZETRE I EAR IR A S
WY 4RI 60, 80, 100 °CAKIBZET K 40 °Cldi [ 7
TAEFRAE RO, X AR RIS T I 45 2R 25 5, e 4%
Bz T .

(5) 135 I TR 725 o VS i 5 8

L 25% R 25 FIRE G, K25 LRl 5 DR AT AR i 43
B RR 1.3.3 TR kil es, MRS Bl i AR
MG AL E 30 min J&, 4395 % A E 5 8000 r/min #£5.0>
5 min J&5 B IE RO WA T 3, Xt HOOR B KR IR
HRIEF, W RR IR 75 75 B A T O VB A PR

(6)me KW KA

3 KR 1,8 o VTR R VA VA YRR (AT At T T
1€ 200~800 nm JEE AT BTN, FREUEHIEE
JE T RO K
1.3.5 HPLC Aok

2025 JE (P EZGH0) {1 B350, R A HPLC Kl ]
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T 2 e A T TR RD R R, R DA TS A AR
FILIRE R MAH R PR B EIDHI &SRR BB
T FA R o A5 DT T O R RV VR TR R IR VS R
TN = SR e AR DR BRI, PR R e A, AU
ZET 5 P AR E SRS o 48T R 7 ik b ) B B AG I
PIRE SR A SRR (P R ) B3, (A AL L
AR E Rt HRIE AR R E SR Rk
Ik SRR, K R BRI AR i R A R A 3t
LR AR, F IR 2025 4ERR R EIZGIL ) o] 7 S0 S
TR 22 B TRAR C i 5 AR R A TR, DIAMBR T B R E R
REZE SR, 8BRS %,

k5 Sepax HP-C g (43541 (4.6 mm*250 mm, 5 pm);
TR BAE Dy H 0. 1% R /K ¥ R (80:20, V:V)EEFEUENL; T
1.0 mL/min; A 30 °C; AR 254 nm; JEFER 10 uL.
13.6 AL EEFEFEER

(HZR PR

F 132 TR )5 il 45 2250 1, 8- R BUERAR VA T,
A3 BN E WG, DA VR S B AR BR (X, mg/mL), X R
AR EEE A INABARCY), HEATEAE R 2 Hr

()% H PR 5 R

PL 25% AR RS, $5A8 1.3.3 TR kil 455
FIRESS, JESENE 11 0328 RSN A WO, THE AR
HERZE sfH, UL 3 gk R HIR, 10 gk e &R, Hd kb
RGP TR

()N i S iy

TR ) — (R R TR, IS 6 IR, TR
B AR X 45 U 22 (relative standard deviation, RSD).

(DFeE LR

) — (R e R TR, 43 AI4E 0. 5. 10, 20, 40,
60 min B WOGME, THEEWOG(ER RSD,

(S EH LR

e 1.3.3 WUF ATl 6 A R Adm (i i 7
4300 FETHE A w45 R H RSD.

(6) IR m i 52 3

BE A B METERE N 2 25 g, AIMAME, .
AN TRVR BEAKOE Y 1,8- TR R X BR AU, K
3 4, #1333 TR kil IENE, T EeR T RSD.
14 HIELIE

K Fi] SPSS 29.0. Origin 2026. WPS Office 12. 1. 0 ik
THURG S22 E, MATRESNE 3 K.

2 HRE5HR

2.1 FIRCEBEHERMHER
211 REHFRXRERLER
(D) FEK B 25T 5 oK 52 ¥ P4 i
1 AL ZAERAAET R, ARBREE T 5

JCICRE LA RAFAE—E 22 5%, T HPLC ZRTCHI 8255,
HA IR & T HPLC, i TR S M, 7%
TR BFE B, HATER AR . i Rkt
A B B AR TR, AR TR 2 80%, W FIZAE AL
WHTTIEATAERE T .

®1 BEETEMKEFNERERN=3)

Table 1 Investigation results of water reconstitution after wine
sample evaporation (n=3)

R W SPESERETEMASE HPLC P75 A R
H/g TR //(mg/100 g) B /(mg/100 g)
50 0.0691 7.53 5.46

100 0.1210 6.79 5.41

150 0.1759 6.65 5.50

Q)W FETEZE I Bt B AR B

ZALE T T, BRI GRS 0.6105, A
BRRS M 25.19 mg/100 g, HPLC 2 b )5 Bl 15 s O &
4 4.39 mg/100 g, ZGGEE IS 25 5w = F HPLC,
FEAEIGE T 5 1 R A R G BR, RERATEEH
e WOBRE Rk 0.2075, BEAASLRT T4 ™5 . 1eAh, SRIEan
SRRy, BORERER, BIER AR AE | AR
BRG0P, ez R B 2 K A A T )

Q)HIZBUB I & 4 BARasr

K26 T 20 5 e 25 B PR IO F oy S A AR B T
TR . EISCRARAR | BRAEFERT B 25 U5 FLAL SR R
Ik, AWF5E R E BB I & 4 AR 5 =, IR
I SR AT S 224k
212 EEMBFERLER

HEER B LRLL, RSB 10 mL
5 5 mL B, 4 6EE L IAR AL P BB 0 S EE A
K, HEFEF 10 mL B, WAFEAEH 0.0682, T4
TE 3 IREERE RSD 4 3.25%; TE AT 5 mL, WAENE
FER 11313, SEATIE 3 RS EAI RSD o 1.51%, 250 %
B, EZARBR 10 mL 3 5 mL, {CE IR i N
PErm, MAFPATRE S EE S PR AT, Syl e AR (e I
SERRARIITE R, B P EE A BUN SmL.
213 BEEHFRLER

2% 2 AT, BURERETE 15~100 g JEREI, J0)6eREs:
5 HPLC Z bR INAS B 1A i B BORR & A bt 35— 3,
P BB IBORE BE RGN AT o IR 2 BORE 21 K3 100 g B,
BB BEERR R, [l A R o D B B v B A R, K
AN TR A, S ECE AR R R IR T R, R e A
H g A XF LRI, BURE R R 25 ¢ 5 15 g p9kG:
LS SEARIT, (AR 25 g B, (RO R i o B s . 47
B BRI RARE SEE R, B0 B EIURE R 25 g
214 AFFRXBATREXRER

m2¢ 3 Al A1, 60, 80, 100 °C/KIAZET M 40 °ClsiJE 7%
T4 FpacfE T IR R ICE #1225 (RSD<1%), 4tk
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ks HPLC 2538 —E0, BB R AR R 2%
&, Pk 80 CCKIBZET
F2 HHEERLER@NM=3)

Table 2 Investigation results of sample volume (n=3)

Rt Wt REEERIEEE HPLC W45 2 R
/g B [t £:/(mg/100 g) P /(mg/100 g)
15 0.0622 5.05 4.45
25 0.1018 4.98 4.38
50 0.1652 4.01 3.82
100 0.2842 3.44 2.95

R EJRTE 525 nm A R, PRSI
WL S TE 525 nm ARWRRN R4F, oo T4 IR E 7
FEFEEEEATINE Ay 525 nm, 548 5 I ORE— 2

*3 ETHARETEEEZRER(M=3)
Table 3 Investigation results of evaporation methods and
temperatures(n=3)

2.1.5 kB oEEERER

RV A, 25 FURESR IO N 0.0378, T f ik
WREAIRSERE(L ) 0.0900, 25 FARESINFR B Z 138%,
PRABPEAE SR IR 2 135%, 5 T4 B3, k2
8000 r/min B.L> 5 min J5 B INE, 25 AR FIROGERE
% 0.0025, 25 FAREMINPR TR 105%, PrEHEFE S bR
BISCREY) 99%, TH W ERRAIL. 255, FRlgE M2
TR S T R i 0 TR SR, DR A 5
T 28 O VB T Je PR A T E
2.1.6  FRBOBE K HIA

1,8- - FRBL BT TR 5 T VR £ FEG K S VS TR 45 O
A LTS A R L 1. g5 R EOR, 1,8- R I B bR v

;ﬁﬂ_‘?‘]— N S BRI AL B4 SN AEL 24 B e
X WOt APOLEEENARR HPLC W75 5 R
T 1ini g . = =)
I RS E/(mg/100 g) 5 H/(mg/100 g)
B
60 °C7k
pose - 0.0905 439 429
Wzt
80 °CK 0.0893 433 426
100 °C
KIBZE  0.0902 4.38 433
q:
40 °Ck 0.0894 434 428

2.2 HPLC £tk silaitE

e 1.3.5 @i, IAlEER LA 2. M HPLC
BIRTLE H, KRR, KEXFREE RL, »EEAE
Bk, AR CHB T, vE R AT S

A . B
2.5 30l
2071 2.5
i 1.5] - 20
R £ 15
= 1.0t =
525 1.0t
057 05
525
or ol
200 300 400 500 600 700 _ 800 200 300 400 500 600 700 800
P K/mm P K/nm
BT 18- TR R AR VA MR (A) 5 DRI 2 i i v (B G 1 14
Fig.1 Spectrum of 1,8-dihydroxyanthraquinone standard solution (A) and the health wine test solution (B)
A B
180, 1 100,
160t
o 140t - 80|
120t
@ 100} é 60y
= 40 1
= 60f 2 =
401 20}
20t 2
; o—
0 5 10 15 20 25 0 5 10 15 20 25
PR BRI 7 /min A B B[] /min

L R 2. REZEHEE.
B2 ARUETIB(A) S PR AR (i vt v W (B) B 5 1]
Fig.2 Chromograms of the standard solution (A) and the health wine test sample solution (B)
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23 ORKEFEFEFERER
231 AMWEERLZR

F R VR P SRR 1 RIS, AE AR T RN BR o T
WA FERE b3 T P AR R A o R BR S (LE  BTR v
EAH0 0. 0.0003, 0.0008, 0.0016, 0.0032. 0.0065,
0.0097. 0.0130. 0.0162 mg/mL, X WIGE/351%K 0.
0.0153. 0.0405. 0.0825. 0.1686. 0.3381. 0.5089. 0.6792.
0.8545, DABTIEUR B MR AL bR, WO EE S A bR EA T 2k
B9, SR BT RN Y=52.62764X-0.00211, & &
B r?=0.99998, F M EIABITE 0~0.0162 mg/mL YU &l £tk
KARI
232 HHMREEIMRER

FE IR BRI SR BRI 7, THRAR B4 A S
Tl 4. €20 = %) e ARSI e 23 TR AP A H Wk B 40 J71) 0.034 mg/L Tl
0.103 mg/L, #MMUALIGTE, B &R 25 git,
FR(limit of detection, LOD)FI%E it R (limit of quantitation,
LOQ)43 514 0.009 mg/100 g F1 0.026 mg/100 g, i AR
R BRI K
233 HEAE. BIWARELRLYE

FEMBGE SN E 6 IRIEGEERY RSD i 0.20%; 1 h
WIESEREER) RSD R 2.90%; 6 fyke i BB &2
0.4671 mg/100 g, RSD 1y 1.96% 45 6B AR hG 5% |
REM S EE MM GEEAITER, &M TR E0 S
FA) AL B ARG
2.3.4 iRl RGK I 4

I H L 3 AN KT RS IR [ 98.94%,
RSD 2y 1.58%, FKEHJTILWEMEE RAT, Kilgs RS,
24 HmNE

I 10 HEORMEE, 53 310R AL E Bt ER s
HPLC ZH i mlee, 25RNE 4. sOUEbgigs R
YI(EN 4.61 mg/100 g, HPLC Kl 45 R Y{E N 4.44 mg/100 g.
SR, LIS 943 60 R T AG I PR AT S R ) 7
W T HPLC ¥k, FEFERE: S EERET
Borntrager SO E B AR, 20775 5 BTG RS EIR Y
Fi ;T HPLC (SRS 0 g K AR 3 2 ki
Al B I RS
25 —HEMEN

#—HKF Bland-Altman J7i%ge i dr ik s 64y
FHEERS HPLC Rl EL B2 HA — 85,
Bland-Altman — 2208 (K] 3)Z5 R o, PIFR 545 Ay
e R2E K 0.172 mg/100 g, 95% Btk FFR(+1.96SD) K
0.05~0.30 mg/100 g, i3 Hdis s v A AR Y, W
75 P A 25 B HA R —30bE

F4 HRNEHER
Table 4 Results of sample test

SRt e A R R HPLC %7+ 5 8 i

R

s “ri/(mg/100 g) P /(mg/100 g)
1 4.58 4.36
2 458 4.41
3 429 4.17
4 471 453
5 4.54 4.41
6 4.66 4.47
7 4.80 4.65
8 473 4.67
9 483 455
10 4.42 420

03l +1.96SD 0.29275

(o)
(o) (o)

02} FHfE 0.17200

I L O Y S

101 o

® oL o
0.1}
o
-1.96SD  0.05125
0
43 44 45 4.6 47

H{H

VE: SD AFRME(N 2 (standard deviation),
P 3 W E 771219 Bland-Altman 4347 ]
Fig. 3 Bland-Altman analysis diagram of 2 kinds of determination
methods

3 WHit5ER

A [R50 S0 B vk 22 BO0GE 25 b o o 1A 35 i
A i P A T TRAG I 2334 fple =2 Al 5k A I
SRR T 48, MR RE R Gk . R O EREAE N2
B, AE1E 5 BE 5 1 ol LAk S5 IRV, X DA i A 24 3
TRAETE R, BhAh, Z2RABSRREE B R R, RV
L Y, MR SRR R U B, (52 B
B i

AT LT P S BRAE B AR PR 0 5 AN
ARIGFEN (2020 4ERR) ) , KB Jrifets m) &P LA H
SIRAHE AR, ROV TR IEELL- 26, K 50E T
[ AL I 1 e BRSO BE VR E AT R Gl Ak, e 3 b
HEH R AR i . EHE B . PRSI S CGHE, AE
TN FH A2 2 R A o AT A S TR, AT S8R T T IR
A FE AN S 1) R AU S ER T . PSR
WG RIE Rtk EAEE ME R, R S R
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PRk, 5 (hEZL) HPLC 2 Hy ik Hovt B — 8otk
TR IR T A I — B, PR T AT Y
AIEEME S HER T . AT ERAERIE | 25 REE, EH TR
TEEP 7™ S A H R T W, [y [ 2 v A R o R
i R R BRI T iR AL BRI T S5, R ORI R 2
RO OR R h  B e BoA R S

A FEALER X5 A R 250 45 0 R L R R R
@I TR Ty PR e, W b L e T S i A 2 2
S A sE AT i — 2P B 58, IR Sn] i — 24 vy R iE
FERTVO L, 583 AN [R]85 5 3 PR R 36k, P A i
SEPESRL, FENTE PRI . IS T T RS RS
mm o BRI T vk o

S 3k
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