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LMK R PR AL PR S K A S RIS, R FH SunFire Cg (741250 mmx4.6 mm, 5 um)5#, HEE-Z,
W2 -7K A Ry TR s ARE E VR, 280 nm AT 320 nm P& KRR AHT, SMRikE R, SR 11 FEmIL S YT
5.0~200.0 pg/mL 4 F AN A9 B9 S ¢ R R AF, HEOR R BN KT 0.999, & A4L& WA Hh Rl
0.0561~0.4428 pg/mL, 3 AN [FHe B R MACE B9 AR B Dy 91.61%~108.40%, HH XT 4 A 22 (relative
standard deviations, RSDs) N 1.71%~4.23%. ARUSING O F 0 11 Fh e WA, e T
MR idw e, o 11 ARG W AR 58%; JRILRBRIRZ, 2905 11 R RRAL G W 1 35%; XFusm
PORIMER . A7, ZKHER . 2 IR . RAREE S RIOR IR & B R JF R I T 2 A I A T
ME, KIRIN 0.15 mg/L H-F* BRI 0.05 mg/L HUIR MR M IS X B R AL &0 & Bbsg /N, 53 ik
YRR EE ARG 25 B A, 38 FH T R TR B A M v B RS AL B W A
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Simultaneous determination of 11 kinds of phenolic acid compounds in
fermented bayberry wine by high performance liquid chromatography
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ABSTRACT: Objective To establish a method for the simultaneous determination of 11 kinds of phenolic acid
compounds (gallic acid, protocatechuic acid, 4-hydroxybenzoic acid, chlorogenic acid, gentian acid, vanillic acid,
caffeic acid, syringic acid, p-coumaric acid, ferulic acid and erucic acid) in fermented bayberry wine by high
performance liquid chromatography. Methods The samples were extracted by alkaline hydrolysate and hydrolyzed

to free phenolic acid compounds. The samples were separated by SunFire C;g column (250 mmx4.6 mm, 5 pm),

EHEWE: AN HFHGHIBTE (22nyb04)
Fund: Supported by the Taizhou Science and Technology Plan Project (22nyb04)
HEEMEE: HKI70Y, RN, FEMIFEIT AR I 5 04T E-mail: 236484865@qq.com

*Corresponding author: ZHANG Fang-Fang, Engineer, Taizhou Food and Drug Inspection Institute, No.788 Donghai Road, Taizhou 318000,

China. E-mail: 236484865@qq.com



%5 23 4]

K595, A RSO CER R I E A R AR P 11 R RIS S

311

eluted by methanol-acetic acid-water as mobile phase gradient, detected at 280 nm and 320 nm, and quantified by
external standard method. Results The linear relationship of 11 kinds of phenolic acid compounds was good in the
corresponding range of 5.0-200.0 pg/mL, and the correlation coefficient (r) was greater than 0.999. The limit of
detection of each compound was 0.0561-0.4428 pg/mL, and 3 kinds of different concentrations were added to the
mark. The yield was 91.61%—108.40%, and the relative standard deviations (RSDs) were 1.71%-4.23%. All 11 kinds
of phenolic acids were detected in bayberry wine without additive, the content of gallic acid was the highest,
accounting for 58% of the total 11 kinds of phenolic acids. Protocatechuic acid was the second, accounting for about
35% of the total 11 kinds of phenolic acid compounds. Determination of color protection technology for bayberry
wine with 5 kinds of different content auxiliary colorants including ascorbic acid, tannin, benzoic acid,
ethylenediaminetetraacetic acid, and sulfur dioxide added, it was found that adding 0.15 mg/L tannin or 0.05 mg/L
ascorbic acid in bayberry wine had the least effect on phenolic acid compound content. Conclusion The method has
high accuracy and precision, and is suitable for the determination of phenolic acids in fermented bayberry wine.

KEY WORDS: high performance liquid chromatography; fermented bayberry wine; phenolic acid compounds;
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J2 {4,3i%32; (thin-layer chromatography, TLC). S AH %%
% (gas spectrometry,
GC-MS)P! | ¥ #H 4 3% - B 3% 1 (liquid chromatography-
tandem mass spectrometry, LC-MS)?* 24 @806 HH (o i3 1k
(high performance liquid chromatography, HPLC)**°), TLC
BRVETRT B, OH AR s, (R s 28, %
FF L5 HEE =54 - GC-MS W75 2 X i e 21k & Wyt
AL AL, A AL I AR, EE M2, A B R Ak
HWFAD . LC-MS REMSHR AL T my i B Rk, U
FOE T E MR AW R (b & ny e e /47, H
BHMIEE S BT . BIEE R, MY SRR R,
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Up SRR, RPEER L SRR R AT A I A B
— BRI, BT ISR B XA R A S TN
() HPLC, U Acfe RIS 3L masr T 8 Rl
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iR, R, FIER . WMERR . TER . XEER. ST TR
FRUES (B R T 97.5%, il pkattbrmt b AR iR 54 B
NGNS

HEE., OG5k, EBRwER), LTI,
PEBERL 2R A B AR, LR LR ( kg, FEBR KR
BHE P EARARD; PLIRMAER . NaOH(/Hr4l, E2j4EH
FA A RA ), BRI, Wik TR A
FRAED;, & MU MR (b s, i ig b 2250 4 bR
NGB
1.2 UE58%F

Waters Acquity ARC-2998 =30 (6 1S (BE A% & B
B %) . Waters SunFire Cpg (250 mmx4.6 mm, 5 pm)(3%[#
Waters 2 1] ); MS2048 43 M KV (K5 0.1 mg, iy -L- A7)

FEH 24 []); Microfuge20 B.LHL(I 76 2 R R EFA R A H));

PHSJ-4F R BT (U B A AL ER B8 FRAA F); 2150 TH #E A
B Uk A (1 23 S 0 BB R A R A |, Milli-Q
Advantage A10 4l /K #L (3 [E Millipore 2\ wl); Waters
SunFire C;g (250 mmx4.6 mm, 5 um)(3E [E Waters A Fl).
1.3 XWFE
1.3.1  ARBZEIR EH

HERFRE 11 FPERFRARE AL 45 S0 mg(FE 1 % 0.1 mg), &
TS FR B P e, PR R )P 5 2 50 mL 4
S, LSO R N 1.0 mg/mL AR IfE i A TR
(18 °CLRAE)o i FH FT AR FE AT AR v A 28, L1
JEEHE R 5.0, 10.0, 20.0, 50.0, 100.0 I 200.0 pg/mL
FIbRIE TR
132 #&man

FREL 2.00 g BESVE T 50 mL 204, A 20 mL
3 mol/L NaOH ¥ & (P 120 g NaOH, Jil A 10 g Hidk il
fRFN3 g LMW 1R, AliKEMIFEZZE 1 L), 40 °Cilt
HeHRZ KM 2 h, HEMIET pH = 2.0, 6000 r/min .0
5 min J5 FIERE A BRIRF, 450 50 mL 2R LERAE
B3, GIFCROBRZERUR, T 40 CiefZRZET,
A 5 mL 70%H BKER, 115, 1022 um HHLIER, 7+
2% 2~5 TG, TS E IR AR R AR -
133 MEEH

{4, 7%FE: Waters SunFire C;g (250 mmx4.6 mm, 5 pm);
PERERFL: 10 pL; R ES: 280 nm Al 320 nm; AR
30 °C; Wii: 1.0 mL/min; WA A: HEE+ZR+/K
(10:2:88, V:V:V); Jisht B: HE+Z.B2+7/K(90:2:8, V:V:V),
o TR A 1 L 1090,

ERRE
1 FEBBER
Table 1 Elution gradient table
Ve 8] /min
s

25 45 53 55
WA A/% 0 15 50 0 0
WA B/% 100 85 50 100 100

1.4 BB

K FH Excel 2007 i1 SPSS 22.0 - E4 7 4H kb FL AN G2
1143 #r, Kaiser-Meyer-Olkin (KMO)K: 364035 H T LA
0[] AT BELRH OC R BRIV AR DG R 8, T A el B 2 &
EEVER 0T . S EANE 3 IR, LIAPIERR

2 HER5HH

2.1 UERFHHMK
2.1.1 Ak Kagin s

K HPLC- 2045 PR A il #5 X5F 100 pg/mL B TR A
FRUER I IEAT 200~800 nm JEFEI GG, HRERE L
BT, FILEMR . 47550 AR . WM
TAFRRAE 280 nm 2247 B RO, TiERIRRR . TR |
YEEMR . BB FIIT FRRTE 320 nm A 47 A SRR 4 .
K, AHFSE e 280 nm A1 320 nm 7 11 FhERERIL &4
R K o 11 Fl R LA 7€ 280 nm A1 320 nm K T
GIERME 1R, WE AT RLREL, BE TR, FULE
., 4-FBAEPR, FER. THFRX 5 MR SUTE
320 nm B T JLPERA WA, 7E 280 nm R E KT
Wi . WETEAT, HOREIA BTN B Bk, AR E R
Bk D R R, AR BF ST 7E 18.00~21.50 min ANl
32.00~40.00 min %A 320 nm PASAEI, HALER 280 nm
N ERGARTMEE R
2.1.2 AEhAReyitdE

TR 1 [ AR PR L R B3k, H AR A [
FH AR R EUKAE A T, A Sl 3 2R R
MM o 55954 eI 5 15 A0 rb s AR S, 3ok P
PSR 2R K VAR R i s A, & B WA S MLAHES B
Doy e O . O P T SR 8 R ER R
JHsE, WU NS R K W ST DRI AR, ST
AR AR . CIEBHER, AR R e G
MUAH . T B R L& 935 45 -OH FI-COOH, %5 kAW E .
B RSB R &P Re S B E AT AR, Ak A
BN, ¥R . HEREIMS . AT L IRREAT
My iR s, X HARMEAPIEIE A B 0 BeE1E .
TEItH pH ML LB R G YR BT A ks, HIEE
TEFLSIAH A Rl B PIMAS RN MR, A% I8, SLRkH
F A O IR K VS WA R sh A, X 6 B S A Ak, AR
b5 B R Ak & W S BT 1 A S R = WA g o 11 AR R AL
G EREE L 2.



5523 1 YIS, S RO e vk TR B R R R AR M R 11 R ERRRSS LAY 313
0.095T 280 nm 0.095 1 320 nm
0.075 0.075
2 2 o 101
< 0,055+ < 0055 |
i | 7
3 R
= 0.035f = 0035} 5
4
0.015 | 0015F 1 2 3 61 8
~0.005 T = ~0.005 p— . . X X X .
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
{5 B8 5 8] /min 14 B4 5} 1] /min

1 WE TR, 2. FILKRIR; 3. 48R, 4. GJRRR; 5. WAL, 6. F/HER; 7. MIMERR 8. TH/MR; 9. XH/EM; 10. FIFLA;
1. IF 7R, B2, B4,

A 1
Fig.1

0.095 |

0.075 F
?c 1
< 0.055}
e
3R 0.035} )
=

0.015 L

-0.005 i

0 5 10 15 20 25 30 35 40
{5 84 His} 6] /min
B2 11 R Rk A e

Fig.2 Chromatograms of 11 kinds of phenolic acid compounds

2.2 REEHHMIL

Z M NY/T 3949—2021 (AP L I RS fb &
VIR RE 1 SO B3 - HR R ) X A A P B
PEATHRGIN . —ZHAE R 3 mol/L NaOH /Kf# 1 h, 55—
W BB E, RN ESRFERENER . B
R ER A B . MR ER R . 45 A ERALA IS, Hdp
TSR | 54 IR R R A AR I AR ST i Ak
AR RIE R K A 4 1, 32 B Rk & 1 Y
HERPE . BRI A 57 M I AR AL, 23 i A 10,
20. 30, 40 mL 3 mol/L NaOH V5, %M 1.3.2 7 X kM,
AT, R —FARBORA I 3 e DL E TN,
HEEWE 3 s, WE 3 aTRIEH, BE TR R
NaOH #RIGE RT3 nSei Ke e T, $RIBURMM
£ 20 mL B EFRR S ERE . WfE 20 mL 3 mol/L
NaOH 5 i (R BT

PRI AN I 4 650 O AZ AR RE 5, A 20 mL 3 mol/L
NaOH W, 439K 1. 2. 3. 4 h, #iei# 1.3.2 Jrikxise
ST HTAN IR, BEFOKERETETATIE 3 IR DIRE TR
g, HeAR L 3. i 3 nTH, WE RS R K R
5] 3 i S ss KRt TR RE, AKMRETE 2 h B S R AR .
K LA A2 2 h A e @R ]

1 AR L £ 9722 280 nim Al 320 nm P T H @

Chromatograms of 11 kinds of phenolic acid compounds under 280 nm and 320 nm wavelengths
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Fig.3 Optimization of extraction conditions (n=3)
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Fig.4 Spiked chromatogram of bayberry wine sample
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23 ZMXR. RURFMESMR
TERAL I @SS T, X 1.3.1 Bl s TAE
SREATINGE, DAR W V80 Ve B AR AR AR (X, pg/mL),
eI B ARAR(Y), 2lilbrEdizk. DL 3 AR
(SN, 10 5 (SN E =R, nsk 2 i
/RN, FE 5.0~200.0 pg/mL LM BN, MOCRE(NI KT
0.999, TFEWIFE i & FIG T ARAAAE R AP I C R . 11 Fh
13 R AL & W B Y FR - 0.0561~0.4428 pg/mL, & & RN
0.187~1.476 png/mL, i BHA 5 HA B8 1 AU

24 FBEERMEER

YRR PR IBCR VS I 4l € 70 A A AT R i, AR 2 000 1Y
AJRAEAE, SAINA 3 AR B A R A . &
FRRAELAS BRI HK S 10,0, 20.0, 50.0 mg/kg, 4-F23E
RHER . SERR . R . AR . WIHERR . TERR . X
TR . BTBERR ST IR IS INKSE 4 5.0, 10.0., 20.0 mg/kg,
MHRBECEIE 6 K(E6). FEGh I F- 3 TSR FIAH X Fr i
{2 (relative standard deviation, RSD) W3 3. 1% 3 AT 41, 4%
HEPE R 11 FERER AL S M T2 EISCR S 91.61%~108.40%,

Fz2 1 MEERACEYNEIASGIE. SMEE. HXXR RHRMEER

Table 2 Linear equations, linear ranges, correlations, limits of detection and limits of quantitation of 11 kinds of phenolic acid

compounds
k&Y Bl ZEMEVE B/ (ng/mL) B X)) i FR/(ug/mL) E & FR/(ug/mL)
BETIR Y=3.44x10*X-1.60x10? 5.0~200.0 0.9992 0.0714 0.238
JFILAS TR Y=1.65x10*X+1.57x10° 5.0~200.0 0.9992 0.1868 0.623
4- IR R Y=1.57x10*X+1.32x10° 5.0~200.0 0.9992 0.3024 1.008
Ty iH R Y=1.27x10*X-4.45x10° 5.0~200.0 0.9993 0.4428 1.476
LRI R Y=1.71x10*X-1.12x10* 5.0~200.0 0.9993 0.1612 0.537
TrE R Y=2.02x% 10*X+9.98x10> 5.0~200.0 0.9992 0.2481 0.827
AR Y=3.72x10*X-8.75x10? 5.0~200.0 0.9992 0.1471 0.490
THR Y=3.24x10*X+7.96x10" 5.0~200.0 0.9992 0.1557 0.519
X 7 G R Y=5.68x10*X+2.42x10° 5.0~200.0 0.9992 0.0608 0.203
oy 24 i Y=3.31x10*X+1.04x10° 5.0~200.0 0.9991 0.0591 0.197
IFFiR Y=1.65x10*X+6.18x10" 5.0~200.0 0.9991 0.0561 0.187
RSDs K 1.71%~4.23%. J7 R BEFORS % BE R4, 38 ®3E)
FREERH M B 11 FhERR AL A0 R 434 e AT FHECE L sposs
. . /(mg/kg) /%
F= 3 FFERIREEEMEBEANE LS R (h=6) 5.0 104.20 547
Table 3 Determination results of precision and recovery rate of ’ ' ’
the method (n=6) FHIR 10.0 102.50 2.15
Ny TR RS RSDs/% 20.0 106.40 2.07
/(mg/kg) /%
5.0 103.30 1.71
10.0 92.03 3.65 -
" IHERR 10.0 107.70 247
BT TR 20.0 93.24 3.12
20.0 106.70 2.15
50.0 95.15 251
5.0 105.20 1.78
10.0 102.00 2.47 -
. i3 10.0 104.60 2.15
JE L2 20.0 108.40 221 "
20.0 103.50 2.10
50.0 102.80 1.77
5.0 108.40 225
5.0 92.82 423
7 R 10.0 107.30 2.07
4K R 10.0 99.56 3.51 REE
20.0 103.70 1.88
20.0 98.78 2.41
50 9255 517 5.0 95.18 2.53
S I 100 9424 241 BT 2 iz 10.0 92.64 2.41
20.0 96.53 2.07 20.0 95.69 1.84
5.0 93.66 3.41 5.0 91.61 4.05
LRI R 10.0 94.73 3.18 IFFIR 10.0 92.66 3.25
20.0 93.81 2.54 20.0 95.52 2.82
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25 AREHIPFEIZT | MBERECEYEENT

B H BR A [P T 20 BRI, FEA il B S U,
A3 IR B g 650 S InBT IR M #2(0.05.0.15.0.30 mg/L)
H77(0.05.,0.15,0.30 mg/L) . A& H 2(0.05.0.15.0.30 mg/L),
Z VU Z,12(0.05.,0.15,0.30 mg/L) . % 4L#(0.05.0.15,
0.30 mg/L) 5 PR & RHEARIIE 16 Fh2FER . R 13
Tr LIRS TR, RARE RN T TINE 3 IR, BUHERIME,
RN 4,

MR 4 BBERVT LG W, RASINE ARG 11 Fh
B aie i, DUEE FRAFE LA b £, H
&9 FEEIRAE AN WEFRE R, b 11
PRI EY B Y 58%, FILARRIKZ, 295 11 Filpig
A BRI 35%.

FIFH SPSS 22.0 F 44 BT REXT AR MIAS [RIFfr AN [A]
e B2 AR B RE S EAT BRI A B o AR AR SC PR AR R 40T
B2 AL EF MR Rt 22 ST A 87.95%, BtiR
A AL FREW R S22 2R . KMO K56 FH T
FEAERZ P RACTE, AT R RTF 0.9 BIRCRE
I, ArRrEs R 0.5 LUF MR EAEE F40#8r, A5+ KMO
SIHTEEIRA 0.745, YORBEF e Rl LIHzEsz . % 2 A
LR P43 AT IBGR R, BRI R 7 22 Tk, BUE
SrAIH 58.89% . 28.97%, FZITHEARFFZA R MG
FIIRE AL LR G 1550 . N3 5 Fezs, %N 0.15 mg/L PATHY
Fesh 343 B A 1.078, 0.05 mg/L Budh MRSk Z A
0.998, YAAUSIN0.15 mg/L BT BN 0.05 mg/L HLIR I iR
BRI AZ ARG X T R 5 ) T 52 Ml B/

R4 RRNFHETHEE 11 MBELEUEEEN=3)

Table 4 Content of 11 kinds of phenolic acid compounds in bayberry wine without the addition of colorants (n=3)

(lazs?] WaTm] WILFER  4238RTR JeEm s wRE iR TARR O XEER W JT TR
HH/(mgkg)  129.30 78.91 2.615 2065 1.021  3.621 1247  1.724 1.042 0849  0.362

£S5 TRAMETFRKEFHETNESR 11 HBBRELCAYNEENDREAES
Table 5 Content (nN=3) of 11 kinds of phenolic acids compounds in samples of different kinds and different concentrations of colouring
agents and their comprehensive scores

VI 1R BRS AL A 0 Otk /(mg/kg) —
2 n 9’

&

T3 U & - SN PR . P o e g
PR RHKIE Wi T FULA R Kﬁ;g‘i R R FEER O OMER O TER &S MR Frm B
0.05 mg/L
S 2 125.60 76.65 2.587 2.016 1.016 3.716 1.261 1.682 1.013 0.836 0.352 0.998
EReN Nz
0.15 mg/L 94.25 57.65 1.983 1.952 0984  3.612 1.759 1.606 1.006 0.632  0.264 0.486
*ﬁﬂ:m@ﬁ . . . . . . . . . . . B
0.30 mg/L
50.96 1.806 0.000 0.784  3.286 1.346 1.230 0.895 0.499  0.203 -0.126

FoR i 7315
0.05mg/LFI£‘~'ﬁ: 102.00 66.26 2.402 0.000 0.813 3.397 1.109 1.610 1.016 0.702 0.286 0.464

0.15 mg/L BL7° 132.10 76.26 2.574 2.036 1.101 3.788 1.251 1.729 1.029 0.855  0.369 1.078

0.30 mg/L HL.7* 54.63 28.59 1.103 0.000 0.544  2.659 0.542 1.081 0.765 0.382  0.000 -0.824

0.05 mg/L AR 60.60 41.05 1.599 0.000 0.602  2.551 0.602 1.267 0.543 0.415  0.000 -0.655

0.15mg/L K 8245  53.84 1902 1502 0751 2962  0.990 1307 0975 0565 0238  0.134
0.30 mg/L EH i 79.06  52.88 1968  1.493 0712 2.805  0.690 1.149 0902  0.547 0228  0.025
0.05 mg/L Z —Ji%
U7
0.15 mg/L Z. —Ji%
P
0.30 mg/L Z %
P18
0.05 mg/L %
i
0.15 mg/L — 4,
(e
0.30 mg/L 4%,
ki

53.09 39.18 1.533 0.000  0.540  3.197 1.138 1.325 0.758 0.375  0.000 -0.597
96.55 67.38 2.372 1.483  0.801 3.326 0.786 1.664 1.009 0.685  0.275 0.551
41.37 30.26 1.422 0.000  0.000 2418 0.527 1.002 0.486 0.289  0.000 -1.118

52.20 40.24 1.535 0.000  0.539  3.567 1.125 1.352 0.745 0.366  0.000 -0.576

7591 53.20 1.938 0.000  0.688  3.565 1.151 1.402 0.911 0.527  0.204 -0.031

75.82 54.41 2.003 1.480 0.674 3.813 1.137 1.685 0.905 0.531 0.209 0.189
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5304 NY/T 3949—2021 HH L, AHIFFE ST (AN Ty
PRI E 11 Ry RS A G &tk 1% IR Sl i Ak 2
a7 B, VRER R FORS 4% EE  , 3 FH T R I R A S v TR
FARA PRI 53 AT

KRR P B R S AL A ) R LI B T IR AR
LN &, K& TR & wthem o AR @ T2 A28
HIAART By BRI AL S B AR, HAP i 0.15 mg/L Fy
ﬁ%mown@Lﬁ%mM%%ﬁ@mﬂT%M%é%%ﬁ

A o ARPEER I RN AR T2 [ X A AR AU B
ﬁﬂ%iﬁ B IR LAY 5 O T PRI 1 T aE— %@A—&
MR Tl RS KR BRI AR R .
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