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Determination of dihydroquercetin in cocoa products by high performance liquid
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Abstract: Objective In the experiment, using liquid-liquid extraction solid-phase extraction method to remove fat
content and interfering impurities from cocoa products, establishing a high performance liquid chromatography method for
detecting the content of dihydroquercetin. Methods ~ After the sample was extracted with methanol-2% acetic acid water (V:
V=1:1) , the fat content in the solution was first removed by liquid-liquid extraction purification, then it was secondary
purified by hydrophilic and lipophilic solid-phase extraction column. The mobile phase was 0. 1% acetic acid water-
methanol, and it was separated by C 4 reversed-phase chromatographic column. Finally, it was analyzed by high performance
liquid chromatography with diode array detector. Results The dihydroquercetin showed a good linear relationship in the
range of 0. 1-100 pg/mL, the linear correlation coefficient was 0. 999 9, the detection limit was 1 mg/kg, the quantitative
limit was 3 mg/kg, the average recovery rate was 101. 7%-106. 7%, and the RSD was 0. 35%-1. 60% (n=6). Conclusion
The method can remove fat soluble impurities in cocoa products, with high sensitivity and accuracy, and is suitable for
accurate determination of dihydroquercetin content in high-fat foods.
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Figure 1  Molecular formula of dihydroquercetin
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DHQ #5 #E & (CAS: 480-18-2, 4l iF >98% , & [H
Panphy Chemicals Corporation) ; B A] il & , W H 7= Hh
1 O B OE O obe (B 54l 78 E Merck A
A ) s MS-3 BE R TR & #% (FE[E 1IKA A #]) ;SB-800DTD
RUEE TR P IE VR A (TR 2 AR R A IR A
A ) 53-18KS B & # 3 VR B0 ML (FE [ SIGMA A+l ;
KV IR 5 2% (T [ 0L 319 ) 5 81 RH A5 U 3 (24 5,
2 [ Supelco 24 ) ) ; ProElut PLS [ 4H %€ A (200 mg/
6 mL, i BB A R ) s N-EVAP 44 3 78 0k
I (3£ E Organomation 23 ) ) ; Milli-Q7000 il # £l 7K
(& 8 Millipore 23 Al ) 5 B8 20 H 3 4 £ 4% ( 1
TIRFIRVGA LR B A RS w5 FL2s5 W fR T 1L (b
AR IR AR LR & A BR A | ) 5 T AE S A (0 iy
TR RL 22 AR (A0 A FRA ) 5 A8 50 b o i (49 2% T
AR AR A PR ) B E LC2030C R AL
TR A0 A Gy A MRS AS I 25, B A B A A ) o
1.2 SEE U5k
12,1 H oV W )

K B PR 10 mg ORS 1 2 0.000 1 ¢) DHQ F5 1fE
fn o, VA 2 10 mL, BCAS R E N 1 mg/mL
() DHQ Fr Gk £ T, 76— 18 “CLLF (1 UK Af v %% %
ff o WEHH AL I DHQ br 6 & W, FHH B -2% £ 1R
KV:V=1: 1) B BEMHRF 1.0.2.0.5.0.10.0,
20.0.50.0.100. 0 wg/mL F4 Z 505 AE T AR .
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2% LR (V:V=1:1) B X ZZE O fF 2B R
AR S0mL B0 9, -5 CRTEEE T L 8 000 r/min
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FUES T, A 5 mL B EEVE I VRV AE 50 “COK I
s R R 4 I L .0, 1% 2K (R 1:DIR G
WK E AR 1 mL, B A A 5 min, & 0.22 pm
L PTFE BB, 735 55 5800 1835 4347 o

1.2.3  BHEERE &

FRIBCAT A] il & 1 kg, B BROK @l AL ) o A
DHQ FrifEfh 18 mg, B F &% 78 B HE 4 &) 5 6 78 &
T HLIEAT R T AR B, R T 5 00 RE S 4 A AR
e, ik 60 H i, JRAF A N 20k 18 mg/kg Y BH £
di T T KT R A A
1.2.4 a4

3% Al X-Bridge C,,(4. 6X250 mm, 3.5 wm) ;
WA 0. 1% L FRK (A AH)-FH BE(B AH ) 5 K6 I %
KA 288 nm; i HE A 0. 8 mL/min; R A 10 wL;
FEMR R 35 °Co BEEEVEMEARF LR 1.

F 1 WBHAHM R PR T

Table 1  Mobile phase gradient elution procedure

i 1] /min 0.1% ZFRIK /% /%
0.0 70 30
15.0 70 30
16.0 5 95
20.0 5 95
20.1 70 30
25.0 70 30
2 #RE5HW

2.1 AR F MLk

2.1.1 WM

7E 288 nm WP K F , A 10 wg/mL (145 i

VWX B R TR A 6 B S AR ZE AT
AL, DHQ FEA [ 3t 2h AH P i 2 i WL 3% 2. i 3l A
A TR &% 5% W O DHQ A 40 AR L &5 R AR
DHQ M W {H 5 Y- £ R 20 5 0 7 T AR B K, 24 LR
VA R B ORI (0T U O B I R R T . RAR (3
HORE B 0 B R TR AL 5 T E AR TR
AR B A AR LA TR 5 3 2 AR 22 18] B A R AR AR
28 5 . 9 S R AFAERR IV, R0 DHQ 73 1 1Y)
BT AL IR B AR pH B kL 2352 i DHQ &
B . 258 % B 0. 1% SMKAVE R shAH
BERE PR UL DHQ 528 T8 &0 &, XRE W &
1A
#2  DHQTEA [ Ho il it sl AR Hh A4 52 i

Table 2 Effect of DHQ in different proportions of mobile phases

it 3 A PREERI ] /min MR R AR /mAa 0§
HEE/0.1% 2. 1R 11.849 444013 68 474
HEE/0.5% LR 11.630 407 136 63 455
W/ 1% 2, 1R 11.345 409 038 62 645
H i /20 mmol /L £ 2 ¥4
11.785 391 541 61438
(% 0.1% Z.1%)
H i /20 mmol/L & 2 5%
N 11.712 187 668 29 706
(% 0.3% 2.1%)
A /20 mmol/L 2,1 ¥ 10.924 265 167 34551
2.1.2 WkKEHE

SR FH A A A 4] G 0 4 ) v 0 € Ak
DHQ 5 fEFE fh 75 200~800 nm 3 [ HE 47 96 335 49 4
Sk E A 2, DHQ 7E 200 nm 1 288 nm Ab W i 5
5, {H 25 PEAR L B AT B 5 32 B B 2 Y TR L 5
M) 5 £ A A R G 5 288 mm VA AN I K o

UVHki%

: 12.839 min

394.99
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FHAK/mm
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Figure 2 Spectra of DHQ standard solution
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Figure 3 Chromatographic separation diagram of quercetin
and DHQ
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Figure 4  Effect of pH of extraction solution on DHQ stability
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X —FF R P 2% S RK VP EE-2% &
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W E A 10 mg/kg B, DAHBERT 2% £ 1R 7K 43 51) 2R 0
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P B B2 i Il Al O Ak S G 4 O
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WL ORI AE 95% LU b, HAm 22/ IR A 42
o E AT AR BRAROR AR T AR & B R AR ST
SR HRE S AP B 1 IR SR AT R S L

I - by
100 I - 1
80
S ool
5 60
=
=i
40t
20}
O 1 1 1
1 2 3

RBURHK
K5 RIF$EHRRET DHOQ [
Figure 5 DHQ recovery rate in different extraction times
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T AR A . [ AHAE B (Solid phase extraction,
SPE) % B8 08 A %0 25 B 2% ot HL#RAE 77 s, R A
SPE EAME N E AL T Be L BR AR s P i e, B 7R &
or I 45 SR ARG B M o AR SEER X 4 Fh SPE AR (Y 1k
ROR AT LB, BARERAE L R I3 3.

KGR BE 4 B SPE A A AL 2R (K 6) .
fdi F C,  #EF1 Oasis PRIME HLB #4465 46 T 45
8] 4 2R AN #] 85% . Oasis HLB 4% Al ProElut PLS #E
T R H IR 5 K R A B K L T DHQ 4544 B
A Y R BRI R 98 7E SPE AE B EA L A
X P FP SPE A A 25 SR [ R I TE 95% DL L
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Table 3 Four SPE columns for clean-up methods
SPE £ w1k HE ik TR
Oasis HLB 5 mLHEL.5 mLK B 2.5 mL A B 54 5mL7K .5 mL 10% H B 5 mL HI A
Cg 5 mL T 5 mLK B 2.5 mL A% B 547 5mL7K .5 mL 10% H 5 mL i
Oasis PRiME HLB — Hik LR — e
ProElut PLS 5mL B EE 5 mLK B 2.5 m L B8 5% 5mL7K .5 mlL 10% H 5 mlL B
FEREAE H A 10 min, g4 & TAERCR , % ] ProElut Joir
PLS A ¥4k Al Al il i o -
120 - A//‘_—/_/d
94 -
100F 1 I ~
80t El
, N\
¥ 6ot /
E 9l
af
% 0 5 10 15 20
20 e B 2
7 RSB0 DHOQ IR 1 5 1)
0 Oasis HLB C18  Oasis PRIME HLB ProElut PLS Figure 7 Effect of dilution on recovery rate of DHQ

SPERE
Fl6 Al fpE SPE FE AL X DHQ M Y 52 i
Figure 6 Effect of different kinds of SPE column clean-up on
DHQ recovery
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His¥ 5 SPE #4545 m IR . A HLAHALE SPE
B ORARER b A AT BLAR B ) R AN g R e
Ut R T R A IO TR AT A R A R U
W R EE R 50% , H R SPE M4 v AL H AR
B, 1 AL IR AR . LA 1.2.5.10.20 15 A9 L 41
T B v AL V6 0, A3 B A IR 7, B RR 2 A%
I, 7 TP P B LAl 259% , DHOQ IR K 91. 60%,
HPr ¥ 1E SPE #E EABIK Y T BE LI 10%, D
i BS54 AT, DHQ MR IR 5] 94. 45% , i B¢
FERCE N, Bl AR A A B S, RE R 2% 0y, TR a4 o
BB LE 9 #E 10% M LLR A, o SPE A fE A IE 111k
RIGUE . A HLAE L ) AR, ¥ b TR AR BB R 7
EAT SPE A ¥ Ak I FE R I DB . PRk, v T
VEROR R AL O B S A5 R0
2.2.5  VEBARR AL

SPE FE 25 W B 42 O b i B bR, A HLAH RE
g B & #E SPE AE 1 B AR YU T ok . A HLAH
114 e RO A4 5 i O JBE B 7, 7E FRAIE B AR A 5% 4 TR
b b, SR B /0N B Uk VR AT VR L T s D A
BIL 008 FH o, FA AR 2R B 05 e |, 46 vk 46 1 ) . DA
6 FpASRMAF A I BE(0. 5.1.2.5.8.10 mL) #E47 7 i

T, ARG 0 [ i R 8 AR L T 8. e R B N
DHQ 7¢ SPE £ I A #% 88 , [0 e A% 5 Uk i 4 L 14
o Il Y AR Y P AR A 5 mL BF, DHQ
SR f 5 i 5 mL B, DHQ [FIYSCR B AT B i AR
b, Bk B VR BLAR T 5 mL.
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Figure 8 Effect of methano elution on the recovery rate of DHQ
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AWM, K M E BEAT SPE WAk 2 /i, 76 R e fb I 0
Se A B R ANE O bE 4R 5 MR IR DT T IEC
Bt B0 R BB IECKEZE . BRIRRTE 1 DHQ [R5
DL 9, Z5 R BRERISHT DHQ [FICE N 74. 3%~78%,
BB 5 1010 2 32 125 & 96%~101. 7%, BRI )5 SPE A
AL A TR T . B0 R B TR
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R USRI, 1 SPE AR M DHQ AR ER , IR
e IE Cbete—F BB 10 A0 1 4 S M M 1 7 L e
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LB 5 2840 VRO 26 HU IR 7 T 49807, DHQ 7E SPE #i
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Figure 9 N-hexane defatting effect

2.3 Tk EE
2.3.1 MG G FnA R

#0.1,0.2,0.5.1.0,2.0,5.0,10.0,20.0,50. 0.,
100. 0 pg/mL MUK (1) DHQ F5 T AF I _E w5 R AH
35 AR AT 2 B R, A v il 4k DL DHQ R E by
A (o) BhAB AR Cy) kg e 07 i TR, 75 1 2 [l 09
T y=42642. 8x-570. 471 (r=0.999 9) , J5 F£ 1E 0. 1~
100 weg/mL JEFHIN 2B R LMEX R, KB R
PLS/N #3113 B, i E N 1 mg/kg, & B RZLL S/N
FEIT 10 B, 753 3 mg/kg.
2.3.2 [l AR % R i e

25 FRE S AR 10,70, 140 mg/kg 1 DHQ A5
WEW, 3 A N Aw K 7 42 B AL Ak 5 A 52 98 7 ik i 47
6 WKAFATINAE , 45 5 WL ZE 4o JAR-F- 24 [nl i 30 iy
101. 7%~106. 7% , #H Xt 5 ¥E I 22 (Relative standard
deviation, RSD) N 0. 35%~1. 60% , [F1 i K 4

#4 DHQ -3 [i# 5 RSD(n=6)
Table 4  Average recovery of DHQ and relative standard

deviation (n=6)

Sk K/ (mg/kg)  FEILE/%  RSD/%
10 107.7 1.60
Al w il 70 102.7 0.37
140 101.7 1.54

2.4 SERREE AL AL

R JHAS S 56 8 57 19 J7 56 10 HE YRy 17 8 AT ap
] HEAT RSN, 45 ROF AR E AN DHQ. S K 5
AR TTUE AR AIAT X B PR AR dh 2 AT AR . 4% R
Joi B S 5 1 2R AF BEA T HT AR BE P AT RN 6 Uk, I

fH R 16.7~17.3 mg/kg, F-¥I{EH K 17. 1 mg/kg, RSD
N 15% . Kl g5 R SR BT RS A DHQ I E (E
25 RIS NG B BE A R D Dy vk T AR A SR UE B AR
S HENT AT .

3 #ig

7R S ST TR AR BORI ] AR AR Y AL T
5 R i BCHRCRR €% 25K 98 ) m] ] A P DHQ
U4 7RG I A PR A BR IR AR AR T
T 5 X S A R PR AT T it T
ACAS A6 18 4R e 1 J7 1 B0 VR R R R BERE e X
S B BH AR R W R AT A, B 1 0 T i A L SR
i T AT AT s DHQ Y 5E M 2 SR ORE B A
D R R AL DHQ ARSI R B T HoR ST
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