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O BR S IRRARMKE R 20 FIEE =R B BN, FERIFZIEN 1T BRINERAT Vaccinium myrtillus 32
AT R, RN JE ARSI R R AL S sk DABRYNBRAT AR v o] IR BRI B A0 R, SR e s v
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HE 7B RO B P R AE T R & AT 7. SRA DPPH  H HIEIE BRIEALE HEAL RS TR AN N [H R
FERBAINBU AR 1. SR TEERAEE R TR, 20 MIEEZ BN LR RE, 8 0.9994~1.000 0, F&% % RSD N
0.05%~4.23%, &M RSD 4 0.29%~3.38%, ~“FIINFE RIS ZA 98.1%~102.1%, RSD A 0.50%~4.12%. Faairsh
BoR, AFAFERPEHAIEERBRSTRAEEEER, HPHERTIUEK, RSD N 18.23%., KGRI AA BiF
i) DPPH H HETE KA RS PTELRE 1. LR 43RS DPPH E HZEFMKMEN 0.94, A ER-3-0- LI 58P
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Abstract: Objective To establish a method for the quantitative analysis of 20 anthocyanin components based on the reference extract
of Ouzhouyueju (Vaccinium myrtillus) and to utilize the method for the quality control of commercialized V. myrtillus macrocarpon
extracts, and screen out a representative antioxidant active ingredient. Methods An ultra-performance liquid chromatography-triple
quadrupole tandem mass spectrometry (UPLC-QQQ-MS/MS) method was developed for the quantification of 20 anthocyanin
components using reference extract of V. myrtillus macrocarpon as the standard, and the method was utilized to investigate 10 batches

of commercially available V. myrtillus macrocarpon extracts. The antioxidant capacity of different V. myrtillus extracts was evaluated
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using the DPPH free radical scavenging method and the total antioxidant test. Results A UPLC-QQQ-MS/MS method was developed
for the quantitative analysis of 20 anthocyanin compounds in the extract of V. myrtillus with reference extract. Methodological
validation demonstrated good linearity (7: 0.999 4—1.000 0), precision RSD (0.05%—4.23%), stability (0.29%—3.38%), and average
recovery rate (98.1%—102.1%) of the 20 anthocyanin components. The results of the sample analysis showed that there were
significant differences in the content of some components in different samples, with the greatest variation being malvidin with an RSD
of 18.23%. V. myrtillus extract has better DPPH radical scavenging and total antioxidant capacity. Cyanidin and peonidin-3-O-
galactoside could be potential quality control components for assessing the DPPH radical scavenging and total antioxidant activity of
V. myrtillus extracts, respectively. Conclusion A quantitative analysis method of 20 anthocyanin components in V. myrtillus extract
was established in this study based on UPLC-QQQ-MS/MS. The method is sensitive, accurate, simple, and suitable for the
determination of the content of 20 anthocyanin components in the V. myrtillus extract, which provides data support for the application
of the reference extract of traditional Chinese medicine to replace the single standard in the quality control of traditional Chinese
medicine. The method provides a new research idea for the quality control study of traditional Chinese medicine.

Key words: Vaccinium myrtillus L.; reference extract; UPLC-QQQ-MS/MS; antioxidant capacity; quality control; anthocyanins;

cyanidin-3-O-glucoside; peonidin 3-O-glucoside; delphinidin-3-O-galactoside; malvidin; cyanidin; peonidin-3-O-galactoside
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1,1- R F 235K HF (DPPHD, b5 300267,
Mg H Sigma A#]; KEMWELELEZR E (Trolox), #its
C14735198, FEDE=99%, W H LilE# kAL
BHEA R A A Sdta b ae ik ik & (T-A00),
fit'5 BCI1315, WHILHZRKERHARAR: H
B, FWR, Bkgk, 0 E SRR REH CRED
AIRAF; i E AR A M S E G SRk
HIRAA
2 HESH#R
2.1 EREXAEM
211 gk AiEHCA Agilent Eclipse Plus Cig
(100 mmX2.1mm, 1.8um); ¥Eif 35 C; #izh

FHN 0.5% FERKIETR (A FIE 0.5% R 98% 2
K (B); PEliBEE )y 0~10 min, 5%~10%
B; 10~25min, 10%~25%B; 25~30min, 25%~
95% B; 30~33 min, 95%~5% B; AFURE 0.3
mL/min; #EFEE 3 pul.

2.1.2 UM A EREIS SR (ESLED, IE
BER, BREE 250 C. BAAERRE 1
L/min, W8 K 500 V, FAL#8%E 7 310.28 kPa.
BFHEE: IEHEE 4000V THAIRE 300 C;
TSR RUR R 5 L/imin; & BSARBIARS . s
RN L N IR %58 B MRS
HIWE 1.

®1 20 MIEBTRERSHRIERES

Table 1 Mass spectrometry information of 20 kinds of anthocyanin components

iy wEM QU/Q3 (m/z) R AE/V REERER/V |95 wEw Q1/Q3 (m/z) WEAE/V iR /v
Cl REHZ 287.1/137.0 120 30 Cll REHR-3-O-HHFT 449.1/287.1 100 30
C2 ~#% 301.1/286.1 105 20 C12 ZER-3-O-FIHIHET 463.1/331.1 115 25
C3 HMER 303.1/286.2 120 20 CI3 AJHFE-3-0-F3MH  463.1/301.1 100 20
C4 BELR 317.1/302.0 115 20 Cl4 AjHFE-3-O-REMH  463.1/301.1 100 20
C5 HEZR 331.13143 120 40 CI5 ®HHR-3-0- LI 465.1/303.1 100 20
C6 REHR-3-O-BIHRAIBETT 419.1/287.1 110 30 Cl6 KHER-3-O-H AT 465.1/303.1 100 20
C7 ANHR3-O-BIHAIRETT  433.1/301.1 120 20 Cl7 BAHFR-3-0-FIAMH 479.1/317.1 135 25
C8 KMEELR-3-O-BIHIfIHET 435.1/303.1 100 20 CI8 BAHR-3-O-H B 479.1/317.1 135 25
C9 AL R-3-O-BIHRAIBETT 449.1/317.1 100 30 C19 #iFER3-0-FAME  493.1/331.1 125 25
Cl0 REHR3-0- VAN  449.1/287.1 100 30 C20 HHZEFH-3-O-MEMH  493.1/331.1 125 25

22 HESEEE

221 BAERISIE FETAREEG IR 1
mg CFERIZ 0.01 mg), JIA 1 mL40% H BE/KIER,
HBAEE 5 min, 12 000 r/min 5> 5 min, B _EJE,
F 40% H g K FFE 10 £, 1T 0.22 um SLIERE,
% 100 pg/mL A i

2.2.2  ArEEERT RSO AR PR R AR 4
B 1 mg CRERAZ 0.01 mg), MIA 1 mL 40% H i
AR CEREE 12 1, B HEEL 5 min, 12 000 r/min
By CEOE1E 5em) 5 min, BBV, #4681
mg/mL KI5 F 40% F B K AR R Ks fils 2% VALK
RFRE R 500.0.250.0+ 125.0.62.5.31.3. 15.6 pg/mL
[P FESE BV TR o

223 RABIFRIBEIE B 6 MrA RIS 18
TR, ] RS AR I, % “2.2.17 T
T A% VR G AT B UV

2.2.4 XGRS FERIPRELC11.C14 1 C15

% 1mg, NN 40% BRI, )£ 1 mg/mL [
Xo B A AV R R 3 Rt BT, TR G
FH 40% H i 7K B P A G 2 VA VA IR B R Fl & C11(8
pg/mL). C14 (8 ug/mL) F1 C15 (8 ug/mL) HIEA
XTI VTR, IR REAS — R VTR G0 R R R
YA 4. 24 1. 0.5 ug/mL.
23 FHEFER
2301 SLMEXRRFEE FEWI “2.227 f1“2.2.4”
TR AN [R] 5 52 R B P v A o R B B A VR %
PRV, i “2.1.17 A “2.1.27 TR BT EEEAT
30T, CSRAETE B AR R . DAVRRORT K
FERREAR R (XD, WETHFm RAE A AR (V),
BN AT YERNE, R

H T o A BTG T HE SR E 1 [B1 U5 5 A5 430l R
Cl Y=5.840 1 X—2.569, r=0.9999; C2Y=4.9746
X+49.224, r=0.9998; C3Y=1.873 X+5.454, r=
1.0000; C4Y=3.429 X—8.500, r=0.9997; C5Y=
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1.063 5 X+0.528 7, r=0.999 7; C6 Y=9303.8 X+
166 970.0, r=0.999 6; C7 Y=1912.0 X+23430.0,
r=0.999 6; C8 Y=7578.2X+125615.0, r=0.999 6;
C9 Y=3 759.6 X+64 990.0, r=0.999 7; C10 Y=
11 182.0 X+44 570.0, r=0.9999; C11 Y=11511.0
X+121 451.0, r=0.999 7; C12 Y=4 490.3 X—
5913.0, r=0.999 7; C13 Y=2691.1 X-+26 678.0,
7=0.999 6; C14 Y=7535.9 X+266948.0, r=0.999 5;
C15 Y=9450.3 X+55 708.0, r=0.999 6; Cl6 Y=
9618.7.X+49714.0, r=0.9996; C17Y=5108.5X+
44329.0, r=0.999 6; C18 Y=9399.1 X+103213.0,
r=0.9995; C19 Y=3767.7X+47512.0, r=0.999 7;
C20 Y=12926.0 X+76915.0, »=0.9997; C1~C20
(P2 PEE 132 15.6~500.0 pg/mL.

T O0F IR S VR ) [l 5 RR 4 A C1L Y=
2 280 466.4 X+82 554.0, r=0.999 8; Cl4 Y=
1 374 4439 X+74 505.0, r=0.999 5; CI5 Y=
1404 172.2 X+52319.0, »=0.999 5; Cl11. Cl14.

C15 £k a8 0.5~8.0 pg/mL.

232 FEEEHE ¥ “2.2.17 TR ks & hrdE
ARG R SR IV, 4% 42,117 A “2.1.27 T
() €00 25 A0 RV 25 PR SR 6 UK, VRIS 20
FRAETE 2 I AR AR, Hoh B & o Ve T AR 1Y)
RSD fH. 4558 (& 2) BoR 20 ffedE RGN
RSD {ETE 0.05%~4.23%, FUIUEHEEE R LT,
233 FarEtEiREG % “2.2.37 TR KI5 IkH] R
G RETE I, FRHCELE 4 CIRAE. 530
F 0. 2. 4. 6. 8. 12, 24h, % “2.1.17 fi1 “2.1.27
TURIJERS 20 P g AT ilE, PRI %
YT A N, 115 RSD A, 4558 (£2) &
RSD 14 0.29%~3.38%, FMHMIXMERE 24 h
W E

234 EEMRE % “2.2.37 TR KT TATH
% 6 IR GG IR, 12 “2.1.17/“2.1.2”
T £ % AT R BT 1 SR AR 6 A S B I i A T Ao
M, FREX 20 PPAET 2 (MW AR e AR, kB &k

F2 20MIETRLERSWBEE. REM. ESMMMARKERIGER GIRZIWE)

Table 2 Results of precision, stability, repeatability, and recovery experiments on 20 anthocyanin components (control

extract method)

e RSD/% SERTINEE I % [ RSD/%
KR RUEME EEM RFRERE hRERE SRR RERE hRERE SRR

Cl 1.94 1.69 2.74 101.3 99.2 103.6 2.56 3.01 1.79
C2 1.38 1.35 4.03 100.5 100.3 102.4 3.38 3.48 1.08
C3 4.23 2.63 3.61 100.1 101.7 99.3 4.12 3.13 2.77
C4 1.60 1.73 3.89 99.5 100.7 101.5 3.70 3.15 2.10
C5 3.41 3.38 3.61 99.3 99.9 101.6 1.92 3.53 2.65
C6 1.54 0.38 1.42 101.6 103.0 102.0 2.77 1.52 1.15
C7 2.39 3.16 1.34 100.4 99.1 96.3 1.74 3.36 0.50
C8 2.65 1.12 1.02 99.5 101.1 102.1 3.57 3.27 1.06
C9 1.53 1.77 1.24 101.0 98.7 99.6 2.41 3.40 1.70
C10 2.46 0.55 2.51 100.2 100.1 103.1 3.27 2.92 1.52
cl1 2.32 0.42 1.39 99.9 102.0 103.3 1.87 1.53 0.99
CI12 1.79 2.09 1.20 99.8 99.7 100.0 3.02 1.33 0.83
C13 0.05 2.04 3.86 99.9 102.5 103.4 2.92 2.39 0.85
Cl14 0.96 0.70 2.40 101.7 101.3 103.0 3.67 3.74 1.16
C15 1.01 0.29 1.34 101.0 102.5 103.3 1.64 2.16 0.65
C16 1.33 0.34 1.71 98.1 102.1 104.7 3.13 2.33 0.56
C17 1.03 0.64 2.99 102.1 101.2 101.6 2.79 2.29 2.88
C18 2.05 0.56 1.13 100.7 100.3 99.8 3.96 2.61 3.85
C19 2.99 1.09 2.58 99.5 99.6 96.2 2.14 2.94 0.73
C20 2.79 0.90 2.37 98.3 99.1 100.7 2.71 3.70 2.94
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Sy RS RSD fH. 4559 (£ 2) &ox RSD fH
£ 1.02%~4.03%, R\ ZITIERZMERE .
235 INFEEIERIRES  RSFRFREL “2.2.37 TUR B
FEHRE 0.5 mg, 73 A I0 N B o RS2 B2 1.250.
0.500. 0.156 mg, HHA 1 mL40% F EEKER, HE
FEHL 5 min, 12 000 r/min &0 (BO¥4E 5 cm) 5
min, B E7E, H 40% H /KRR 10 %, i 0.22 um
TRFLIEMS . F2H8 “2.1.17 A1 “2.1.27 TR A7
E, SRR RS AL, TF5E P 3 B i 2 A0
RSD. 45 (£ 2) &R RSD #/hT 5.00%, K
ZITEINFE RS R 4T

R B W 3 oot e ot i 5 VU B, VR, FH 40%
Fm KRR RE, BoHlis C11 (40 pg/mL). C14 (40
ug/mL) A1 C15 (40 pg/mL) VR A XTI S (QC-
=), F AR IRRE, Hil#% & C11 (20 pg/mL).
C14 (20 pg/mL) A1 C15 (20 pg/mL) 1) i ik JiE
IR (QC-H1), BAA# C11 (10 pg/mL). C14
(10 pug/mL) A1 C15 (10 pg/mL) MR Bk T R 12
IR (QCKD » JelE R A B #R I+ C11. C14,
Cl5 &&)a, MRS BEIRIY 0.5 mg, 47
JIA 1 mL QC-f« QC-H Al QC-1ik (FF4H 4T 6 43,
HFEHEEL 5min, 12 000 r/min 20 (B02FE4E 5em)
5 min, HU B, FH 40% 9 EEKMRE 10 5, 1T 0.22
um FAFLIERE . 4208 “2.1.17 A “2.1.27 TR 72
W5, CRAETHE RIEMAR, THESF IR R R
RSD. &5 (5% 3) IR RSD ¥J/hT 5.00%, K
EITENRE RIS R 4F .
24 TBEZRERSEENE
241 FEaH 20 MEFRERS W EENE B
R IRE S, 3208 “2.2.17 TR 7772 & it i VAT
2 “2.1.17 A “2.1.27 BURTTENGE . #4T 3 kP
ATSRES, 0 SRV T AR AR HE B AT A v il 2t 5 ik it
IR R o BRI EE, 42 BT Ak SR b &
TEE.
3 IMEBTRLERIIMEEKRER TREE)

Table 3 Spiked recoveries results of three kinds of

anthocyanin components (reference substance method)

I RS AR T 0 B A 5 B0 P R A ) B = (ot
Bl 2 b L PR A A B X T PSR A 79 (R X R
550/ FTHURE: b 5

K FH A SE 0 B AR AR AR 3 2% UPLC-
QQQ-MS/MS JE & /7%, X 10 Hb i B BRI A HEH
VI RS R S BT . IER TR
FIBREES T il B L 1. %08 “2.4” TR A
TS W B AF KT 6 B A 2 U HH R 2 1
&, GREPAAFZFHEY CL. C4. C6. C10.
Cl13. Cl4. C16~CI18 Fl C20 & EZEFMMIH/N
(RSD<<5.00%), 1HRWEW & mIEBNEK, H
&Y C5 W& EZE R E AV (RSD N 18.23%),
ZERTENK 4.
2.4.2 20 FIIETH RRBA AT A
HrRFEXS 2 M AN H MM A B R AT 7
M, AT 2 NS R R A DS UIFEEE (0<
7| <03 AWK, 03<|r|<0.5 MK,
0.5<|r[<0.8 NEFHHR, 0.8<|r|<1.0 N EE
XD NTRRACE R Z M EEDIRE, H
SPSS 22.0 #AEXT 20 FiAETE 2 A & 2T A ¢
5347, N Graphpad Prism 8044 % £ 18474
. dERWE 2 fror. S5 RERW, REHES C6

SPEIIRE EIRCE /Y% RSD/%
EY KFE hiE &E KR PR mAE

WO WRE WRE R WRE
Cll 1014 985 996 185 170 1.86
Cl4 995 960 1003 378 331 162
C15 1005 980 986 3.05 3.08 187

Cl |Cl1
C2 C2
C3 C3
94 C4
. C5 C5
Sse=—=(f" = e C6
1C7 Cc7
/C8 C8
9 C9
c1o, 1 C10/ Cll
C12 Cl12
Cl13)C14 Cl3 Cc14
cis,C16 Cl15 _C16
Cl7. c18 C17, 18
C19, C20 C19, c20
0 10 20 30 0 10 20 30

t/min

1 MABRREREY (A) FMAFRE (S1,B) & 20 #
HEREBS (C1~C20) # MRM &L
Fig.1 MRM chromatograms of 20 kinds of anthocyanin

components (C1—C20) in ¥ myrtillus reference extract (A)

and V. myrtillus extract (sample S1, B)
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Table 4 Relative amount of 20 anthocyanin components in 10 batches of V. myrtillus extract samples compared to V. myrtillus

reference extract

Jo 53 HU %

FE b

Cl C2 C3 C4 C5 C6 c7
S1 103.40£0.17  119.10+£042  96.90£0.92  104.10£0.17  110.50£2.49  106.90+£0.89  107.50+0.45
S2 99.40+£0.68  100.60£1.11 9460188  100.10£0.45  9540+1.63 101.70+£0.20  96.00%1.37
S3 98.30+0.55  98.70+1.01  85.50%2.63  101.70=1.61  97.90+£0.54 103.10+2.14  96.20%1.31
S4 98.80+0.60 9740042  80.00%2.47 10230135  48.40+249  98.10+0.41  9420%1.71
S5 100.70+£0.60  99.50+0.31  90.20£1.54  100.90£1.02  103.20+1.09 103.30+422  97.30%4.00
S6 102.90£0.10  101.80+0.99  96.40%=1.41  103.60+£1.44 10670094 106.30+£4.13  98.90+1.13
S7 99.50£2.04  99.90+042  9620%1.54  102.40%£0.73  101.70£0.54  101.80+0.66  96.8010.49
S8 100.40+3.56  101.80+0.84  88.90+0.53  103.00+£0.34  101.70+1.44 104.00%£1.02  98.60+0.63
S9 95.10£4.70  98.30+0.12  77.00%0.62 99.90+£0.77  95.10£1.44  98.30+0.88  91.00%0.47
S10 9430+£0.49  96.90+0.20  73.30+0.82 95.60£0.61  92.60+£0.94  9470+3.00  85.90%0.60
- Jo3 55 80 %

C8 C9 C10 Cl1 CI12 C13 Cl4
S1 113.00+£824 116302054  105.70+2.19 11030033  106.50+0.73  107.20%128  108.50%1.35
S2 110204625 114302025  99.10+£0.52  98.00+544  102.10£0.41  103.00037  100.50%1.05
S3 100.10£0.60  114.00+0.56  102.100.69  9420+3.48 103.60%=1.14  10440+1.66  97.10+0.27
S4 105102048  111.30£0.55  97.50%£4.66  109.00£1.42  99.10+0.56  107.20£0.96  105.90£0.53
S5 102.50+0.07 11090041  99.00+4.37  9820+0.34 10040+0.72 10490224  98.50%0.71
S6 105.70+0.19  107.90+1.54  97.10£0.22  9550+0.16  89.70+0.18  104.10£2.68  104.60+£0.81
S7 126.50£1.03  99.90+2.75  102.600.99  91.10+£0.81  103.700.43  102.60+£0.74  104.40%1.42
S8 105.80+0.74  111.10£2.06  103.80£0.27 108.30£0.81  93.50+0.78  99.40%+1.32  100.00+£4.98
S9 98.90+£0.85  97.70+1.36  103.50%0.17  108.80£0.83  8420%1.04  9540+1.15  96.70%0.28
S10 90.10£0.44  94.10+3.22  96.10+1.99  93.70%£0.44  82.80+£0.62  9450+1.69  95.6010.24
. R 25340 %
B

C15 C16 C17 C18 C19 C20
S1 109.60+0.70  109.60+1.13  105.10+1.55 106.70+5.01  121.30+0.70  108.00+2.86
S2 109.60+0.79 102404021  97.70+0.18  103.10+0.68  113.50+2.92  102.90+0.21
S3 98.10+0.07  100.70+0.32 99204120  100.70+=0.60  100.10+1.90  102.7040.24
S4 101.70+0.99  100.40+034  101.40+-0.89  105.50+5.68 106.30+0.75  103.5040.12
S5 106.30+0.87  106.80+027  99.70+0.61  102.40+0.50  104.50+0.26  106.00+0.12
S6 107.50+042  107.50033  102.40+0.64 101.10+6.57 98304045  103.00+-0.54
S7 107.20+0.59  106.30+1.85  102.90+038  105.60+0.17  102.30+2.16  107.50+=1.09
S8 106.70+1.04  101.70+1.05  103.40+0.97  102.10+0.26  113.60+0.54  103.70-0.24
S9 93.90+0.89  9620+0.87  9590+0.74  99.90+0.83  96.60+0.70  102.50+0.48
S10 9230+1.39 95104096 95504080 94804056  93.10+0.47 101.8040.86

(r=0.87, P<0.01). AZh%5H C7 (r=0.86, P<  #MIEE (r=-0.67, P<0.05). Cl6 (r=-0.55, P<
0.01). KHMHEZKE C16 (r=0.95, P<0.01). Kt  0.05). C8 (»=-0.68, P<<0.05) R EFE A, I
HEE C15 (r=091, P<0.0D). %#&4EK5 C17 b, C10 5 C13 (r=-0.62, P<0.05). #i¥ &5 CI8
(r=0.90, P<0.01) EMEFEMIC. LAk, Cl1 5K (r=-0.60, P<0.05) th2EFHFMK,
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Fig. 2 Correlation analysis of 20 kinds of anthocyanin components

2.5 RIMRENTEMERN
2.5.1 DPPH HHEERREMEMNE DPPH HH
FEIEBREE ST E 275 SR TR

(1) Pl Zezzhil: FEFREL 10.012 mg 17K
WA R E (Trolox) XFHEMMIA, IMATLKLEE
# 200 mL, ECH A 200 pmol/L [ Trolox BEA -
B Jo ¥ BRI RE N 20+ 40, 60 100 140, 160 180
pmol/L ] Trolox ARifERAEEME . R 0.9 mL A
]9 &£ [ Trolox X} H& SA TR T ANF &0 &, FEfE
B 0.9 mL 100 pmol/L [¥) DPPH Z B2, 1RA1 G
FEEIR TN B E 30 min. 7E 517 nm WK FE
WCREAE (41, FFERITERN Trolox X HE M
25% BRI CEEE (42), LA 25% IR
55100 pmol/L DPPH ¥R & J5 ITROG B (43),
FIF L F A3 i+5 DPPH A SR

EBER=1—(41—A42)/43

FR 4 Trolox ¥WJE (X) Fl DPPH H HAEIFHR%
(V) Z:filbriedh 4, 13EIE77F8 Y=0.005 6 X—
0.031 1, r=0.999 0, £ 20~180 pmol/L.
WA ik britE 2k, 752085 5 DPPH 15RREE
BN B FORE b T BB wmol Trolox 45 (Trolox
pmol/g DW),

(2% DPPH H H B 7 nlie2.2.1”

THUT ) 2% FRBRARG $2 B0V VAT 100 pmol/L DPPH ¥
W& 09mL, AAMESE, ZHELEE 30 min 5,
T 517 nm KEIEHBOCE () {H, RPAFHER
3 k. DPPH H H#EERRF A XA L.

Xt 10 HUBAGIRIY)IERR DPPH B t &35 LA
TC, BERWIER 5 PR, EHREKEN 0.1 mg/mL T,
x5 TREALREAFREMIA DPPH BEEEREMDR

SUEEIMER (X+5,n=3)
Table S DPPH free radical scavenging rate and total

antioxidant capacity test results of different batches of V.

myrtillus extract (Xt S, n=3)

e DPPH 1 DPPH j&kRAE 1/ Myisbae
" JEEB%/%  (Trolox mol-g ! DW)  #/(umol-g )
SI  96.70+0.27 17826+ 1.44 4.9240.07
S2 96.00+0.88 176.95+4.70 4.8340.08
S3 93.90+0.75 173.22+1.92 4.8040.10
S4  95.00+1.85 175214334 4.7640.14
S5 96.00%1.91 176.93+4.36 4.65+0.13
S6  96.30%0.06 177.56+0.24 4.8540.14
S7  9420+1.00 173794331 43440.08
S8 95.90+1.29 176.79+3 44 43640.10
SO 9267+1.16 171.01£2.11 3.8140.14
S10 91.40%0.15 168.800.57 3.6540.63
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i EAE SR I DPPH H B85 F I m T 90%.
FEih S1 #) DPPH H SRR &m, N 96.7%, 1%
FESER B 0.1 mg/mL K5 178.26 Trolox
pmol/g DW FITERRFAH 2 #E i S10 B RR & AK,
N 91.4%, ZAE S TE T EIKE 0.1 mg/mL i 5 168.80
Trolox umol/g DW HiEFRZAH Y.

252 RPUEAIENEN E

(1) FrUERRZRH: FiHFREL FeSO4-7H0 10
mg. I 0.9mL Z&187K, 20 pL IRELER, BcHi L 40
umol/mL FeSOq FRUEERERB . K BB 218K M
BN 100.0. 50.0. 25.0. 12.5. 62.5. 3.125 umol/L
(bR AERR BER . AR S PT AR 1 BB A,
3 EL 500 uL FRAEER (GEMAKIEZ A I 500
ul TAEWR, 7850 5), XM 10 min, W& 593 nm
THI A, 115 AA e=A sse— A wr, JER Fe? 2R
950.0. 25.0. 12.5. 6.25. 3.125. 1.562 5 pmol/L.
HRHE FeX 2% (X, umol/L) Fl A4 ww (Y), EESL
PRI LR, 2 EIEREN Y=5.118 6 X—0.000 7,
r=0.999 8, LMV 1.562 5~50.0 umol/L.

(2) FERRPTAEA TSN E : RSP E R
FIRFE VLA, BB “2.2.17 T 1) 4% (A
PRIV 30 uL, ZE187K 90 pL A yRA TAEWR 900
uL 7R A, SRRV 10 min, BT 593 nm
WAL E A H. B A EARNAREMZE, 15205
FIREMOG RS (A4 FIT TR BOAR HE VRS IR B
(pmol/mL). HR#E LA A it S i St AL RE )
(umol/g) .

MPEALEE ST (umol/g) =XXV s+ (V =V ws X W)=
34X X+-W
Vs NTINIRBGRARFR, 1 mL; Ve N B EAEFR, 1.02 mL;
VN RSIHRE AR, 0.03 mLs X AKRUERE TR W
SR i TR

AR TR S HTE A RE T S5 Rk 5 B,

Horb, #E i ST R Pt e LR I B, A 4.92 pmol/g,
FE i S10 s b se s, N 3.65 umol/g. 5
DPPH H HIEIE R F 045 R —5.
2.53 20 FhAETH R BRI HUEALIE VE AR A 25
T 20 DMEH KRBT 5 HUAAIEVER AR S I
6. KEHFE. C15 5 DPPH H Hi3kiE MR Mk
PEBIRT 090, HAREHRR A, N094. ik
. C10 K& C11 #i2%M<0.30. C9. CI13 H5EP5A
TRfE JIAR I KT 0.90, Hirh C13 %, 4 0.93.
HRZEZ AN C10 FHKH<0.30.

&6 20 MIEFRAMSS DPPH BHEEBREMEME
G A-cPal: oL EES K
Table 6 Correlation between 20 anthocyanin components
and DPPH free radical scavenging rate and total

antioxidant capacity

PR PR
&%) DPPH [ 1 BB L|L A DPPH [ S btk
HiERE B HIERRE B
Cl 0.941 0.828 Cl1 0.253 0.036
C2 0.572 0.446 Cl12 0.580 0.767
C3 0.817 0.722 C13 0.760 0.929
C4 0.785 0.734 Cl4 0.653 0.609
C5 0.198 0.000 C15 0.928 0.750
Co6 0.841 0.741 Cl6 0.827 0.729
Cc7 0.847 0.739 C17 0.761 0.627
C8 0.295 0.333 C18 0.662 0.664
c9 0.821 0.906 C19 0.753 0.581
C10 0.174 0.030 C20 0.473 0.320
3 Wig

3.1 FREXTRIZEUIE 2 ENE PR E

SXof T FE AR A0 5 5 M e e R A RE I R B &
REBREM . (B2, SERRRAE b8 5 I Y
S IR AR B R O RS, X SR K T
80T B A X FEANEE 700, i R A v X PR SR B
Y AT S il e, AR T AR A P iR AR 34T
FH A R 6 2 A St AT S & e, HAbsiE
STHRSRIUI R e . SR, AR, RERSARR
O AR SRR T2 L AR T L A R
AT ISR AT M S (] ROO-13, R A P b K
MEARBULE (BRINZ58) 10.0 P iCE, ME X
L AR FRERER 5 AN AT AT T
PR, B AT, HAT, (HEZH) 2020 FRIKER
(PRS- I 23 B, SRR TERE R REDTIR . 2
FRM A, HiX sext BB 3 By H T etk %
S, TSR I N R
3.2 A ERIERE

HAT, % WIAE T =R & s E A o
FHFEE BB SR AN e R
PRSI0, SRR AR s A, B A%
IERET), ABEFIE X ZA AT E R, HE R
ZEIEAERE . FEMBUER R RIS, K5I
R HEGERYUE, BREHFerma, Bf
SIERET), (B BRENIAME. GEFEREANT R
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7 o SHfE L VARORH 2% 1D s 20 5 e 0 AR il 11 vy R
SR AT LC-MS BRI, = F U AR AT 5 0
(QQQ) M M WE M=t (MRM) HA MR
B, ATOIRE P R L R e i, 4 R
AEE, R B A BRI, R,
ARSI FIH UPLC-QQQ-MS/MS ZES7ilifEH 20 Fh
e BB BT

33 FRHCREBREIPIEES RS ENE

WIS 10 feiT S SR A = E S5 R T LR
H, tbEY 2. €34 C5. C7~C9. Cl1. C12. C15
A C19 FES R & B ECR (RSD>5.00%),
HHbh C5 ZR\AEE, RSD AN 18.23%, 1
Cl. C4. C6. C10. Cl13. Cl4. C16~CI18 1 C20
GE BRI N (RSD<5.00%). AL, B S9
HIS10 2 fEFE S LASN, HoR 8 fbFe S b &4 C4.
C8. Cl16 F C18 & &3y T aiAd x B S2 iy, &
FIIX b 22 5 (1 S DR AT B E TSR] R AR = L& %
FEAEERIEA RS, FECBERI e E =&
BWAEK . FHERAG TR I AT BRI
= BRI EEL,

ARSI T WA B Bl AT A M A4
HREIRRERES C6. ARG C7. (HEER
5 C15 ) Cl6. #Aa4FRE C17T 2B EMHR, 7
REEFUNTEE S RO OB, EERESBE
H A IR, 7R EE-3- B ER T
e 2R SCIUE A AR B o AR e e T 1, (R,
AT EREBEEK. hoh, Cl1 5 R R,
Cl6. C8 EREMAMK. "JRELEAELT = E K
AR, CECREREE S 3R EE . SRTEER
35 AEEAE F R 40 AR i AR R A
MEBEHR, 3 7E S B R R B AL T 2= 5
PIVER T 73 A R ZE A = A KA R R0, R4E%
MR R A B B S R R
UL EATT R E SRR R, X —ERE TR FET
EATR AR,

34 IMEMNWEMMNAR

HEl, KT RPUEMANLH R LS
TRFHE. HAREVNET ZRPTEEEZ ]
STFEERINEL, oo, FEIE. HSEAELER 26
B, OBREERAL . FR RS RIBE Ak 1A B AN P HpT A
bR IR . thah, (67 R & H 2
M 470 48P TG P T LR R 2 ARHIEFUR I, TE 20 Ff
e BRI SHUAEAIE A MR R R A =R

5 DPPH H HESEFRAEN 2 EZF MR, C13 5
PUEALRE ) EAE AR, UK —E AN
WEVERIFRENERTY, T R SAEE RPUE TR
HDETI

4 ZEg

R I BlAE 1 9 B EE A “ ThREVE B im 7 PIAIEA
MR s, BEEBURHAROR I A MR K
PRI, EERR RS E T RSB %
2R AWTFTLL (ERIHMZG ) o B AR v F2 HL
PR E R, 25T UPLC-QQQ-MS/MS &7 ' [H]
IS0 72 RN AT SE B v 20 FIETS 3 B € B 5 1%,
wIEAR e E w, FEE L, B kR R I
SERE T IEE R & .

RIS B RR Y], KA AR Z AT E s
REEAR, XAREH T RA S AR ESE
AP TE MRRIESE R S8 A AR
SKIGRMY, R A EAE N R BAE SR DU R
DPPH H HIFEIEVE R BE RSy, 1T C13 A EAE 96
A IE T BT 5 o ANHIE U RO A e 7 R
R I B A ) S A TR T
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