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Determination of glycerin residue in honey by high performance liquid
chromatography with dispersive solid-liquid-phase extraction method
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ABSTRACT: Objective To establish a method for the determination of glycerin residue in honey by high
performance liquid chromatography with dispersive solid-liquid-phase extraction method. Methods The sample
was dissolved by ethanol and absorbed by micro silica gel to disperse honey into fine particles. The water and ethanol
was evaporated using water bath. The glycerin in honey was extracted by ultrasonic using acetonitrile as solvent.
Then the honey samples are analyzed by the HPLC column Shodex Asahipak NH,P-50 4E with the total flow rate
1.0 mL/min. Internal standard method was used to quantify the standard curve with erythritol as the internal standard
and negative sample as the matrix. The mobile phase was acetonitrile aqueous solution. Results The glycerin could
be effectively separated in 6.5 min. The linearity of glycerol ranged from 50 to 1000 mg/kg and the correlation
coefficient was 0.9996. The recovery rate ranged from 94.8% to 102.9% and the relative standard deviation was 2.9%

to 5.3%. Conclusion This method is simple, rapid, sensitive to provide a new insight for the daily determination of

EHEWR: FRE I HARMFRLII(CARS-44) | W14 137 W8 JRRHITIT F <d 2 SCHE G BT A it ORI 5 5 1 HI>
Fund: Supported by the Modern Agroindustry Technology Research System (CARS-44), and the Zhejiang Provincial Market Supervision Bureau
<Research and Application of Key Quality Index Detection in Honey>

“BITEE: IR, L, 2, REFI M O T T REME B SR . E-mail: flhu@zju.edu.cn
*Corresponding author: HU Fu-Liang, Ph.D, Professor, College of Animal Sciences, Zhejiang University, Hangzhou 310058, China. E-mail:
flhu@zju.edu.cn



9116 1% A T R A

81

glycerin in honey.
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KAy, WEHMXDRME A, 2458, JEViR. Bk
&Y. der% . T PIREEFYE ., EAIMF T E
B, M HADUAM . PR . PU . ZEf0 A B FIbL
FifgRE S v S 2 BRI RER A T I RAR B, A
i, —EJE A R R RAT R, SR 2 X e
I4) 5 % A o o SR R R

R A RE RS H R, K E B G
8RS AT By S0 B I A K o B BT,
2y 30% ~ 40%, X RSB 5 L, e e L
HIWEBERR T 257 G S8 AR AN, B4 E /DR
i, T, HmTE e N T DL 2R, i AR i
AR TRR R, DA PRI 1 5 TR K R e 2
HIMER R AL 300 mg/kgo F& [ AP U G A
) e s AT AR AR M T, PR e 2 P 0 T PR R EA T T RS,
FURAHEL 300 mg/kg, H, HEA—Fh LA R E
S A, R T R SRS R U O

Har, %% Hme FEAN FEE: 2
RN Wit 9 3 b7 ST & VI U oK Yt e S & i N OB
Tkl AR R EED ekl ekt
TROR €233 B T E R s U VA o T R s e P
R EZREN GB/T 18932.6-2002, FTlVARESN GH/T
1106-2015, H:ir, GB/T 18932.6-2002 /3 GG R, Fis
Be R 3R], 7 2 8 28 I VR . 0 R U A
PRUER OGRS 10 WK, ISR RSE BB BE (A,
PR 2, XA 5L | FRBE AR B » GH/T 1106
W SR BE R, DLT =0 bR, AERHE R & i,
BRI, BEETREAT A, BaTRGE 2
FETHR, AR AR RS R ST S ek, RS
WO, ANERE B R AR R . KRR A
N, Al AR AR SR B SRR & T A I AL A 36 14 7 5K,
FER TAGINE I, AR T RS A, R T Ak B )R
A, ANFIF7=E3E S o 1M IR A B IR 229 =L
TR €05 ) 1 A B ) v A A B %, BB MR
iR AT N ST v oM i N i R 32 P e
FHAE B $ B4 o 0 ] 5 21 40 R ), LA B4 T e 2 1)
T ol A BB PR AR BOROR s 1), AT DAl A 7 5
TR AL

A 5T 2 15 RO B s BB A B0 O Tk v AR R

VTR SERREE A R, SR FHRUR (035 15 00 5 e o g H i
BRE, HARTAR A R S5 RARE HERR T o . 5 ik R
BEUF | R SAR AT R o AT 5 AT AR S Al P PR
FUNH, KORBRATK I AA | 42 R A | 1 A e A
KA AE HH AR o e 2 rpH sk B e A T E 1R,
T A ARG RS 42 Tl e 2 AR 7 22, 4R TH™ e 4 T

2 MHERE

21 UESEHF

Shimadzu LC-10A Y = 85080 A 3 (AL G FE LR IS
Bl o8 . Falibkess . MR . R 22 (H A
£Y); Sartorius BS224S AR (B EFE 2 FIHER);
MR T 99%, H I 25 5 A= il Sk 2 i), om eI (22
44, AiERT 99%, WM EERZGL B A BRA F); ARéE
BERE I BR(ZEBERTF 99%, i3 itk A AR B AT B2 WD),
95%Z I al, BN BMAL T IRA /D), Z A5 (%
P, FEEBREAR); £IERLJRIE 66, 0.22 pm, IR HE
SRR RAR]); ZERKEYSF GB/T 6682 2K,
M e B R SR B |, DU RS R R R K .

WA AT it P 2 O 2 R AR A R W] L N R gt
ERAAME M AR A A AU E e R R R B A FRA
CiEites
2.2 FRERRE

IREERHBEE F: PRI 1 g ARERHERET 10 mL %5 &
H, H 40%ZTERRE . #2850, W 100 mg/mL. % 4 °C
TR 24 A .

HmI AR UES G AR 2 g HHl T 10 mL 25 B0,
FARCEZEKGRE . $257, WREEM 200 mg/mL. % $ 4 °C
TR 24 A .

Hm CAEAR MR BGE B H M A AR W, K
ke, $251, WEEAr51h 20, 2 mg/mL. % 4 )CTRAF
B121AH.

2.3 HmAIE

PRIV B RE S 5.0 g F 90 mm 76.& MAr, A FREEME
WA 1 200 uL, IIAZK 1 mL, Z.F%5 mL, $ibEdss) 258
VR, A 2.5 g TORRERS, BiHE SO gn ik, +
100 °CF#KBZET, A 50 mL B.0F, MAZNE
20 mL, Fo4rR4A, #A 15 min, 4000 r/min 2.0 5 min, W%
B EWEWT 50 mL 2R i, SR bR A 20
20 mL R I 1K, & LB, 60 CHEFZE R ET, m
1 mL shAH, WA, 24 0.22 pm BEMETIE
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{6, 3% 41 : Shodex Asahipak NH2P-50 4E(4.6 mmx
250 mm, 5 pm)SERATER . T 86% L E+14%7K
(VIV), JiH: 1.0 mL/min. FEif: 35 °C. Frill & iR 35 °C.
PEFER: 40 UL,

2.5 BB
% Microsoft Excel 2010 X 545 #e 4740 F4 .

3 HEREHR

31 HmABRLEHSRL
301 Big £ Kt %

Fhe AR €20 TG I 7 5 v I A AR G SCHRARGE, RS
AR vk £ AR pH A 4~6, KIS, W
Bkt B KRR, D 2% R T E
T IEVEREUSIAE ey ek S L B T P
Al KPR SR TCTE SRR S A A R B A b AR
R RAUE R B Y, EERERE K, TR
WS LB L MRS | BRISSE 2 T T LIME R IR, AR
MEHR B — P 05 b B RORE S AR B T e v 2
BT K, S Y 90% Lk B H el IR
UF IR RAE T E T . LI SRS G PR T A B Ak
H WK o R B USRI R D o AR T A B B KR RIS
FA G-I, T e 0E o, R, A% KT
BLER SR, (545 2006 38 3 T 2 TRy 24 BB e 2 o 1
IMEESZ B

2 ) [TV 4 A TR ) P % B 88 BB 4 v 1 mp
VAL (VA 0), R T 5 A T e 18 3 A 19 250 B2 5 i )
[ VA B i R U AP 406 8 WA MR ) o £ L
4k, LIS RG-SR T H i ik m AR, 58 S A I
Ko AU FEAE 2B Ay, WT AT BR K H- il i 1
W&, BB EYAE GV, R EH 0 4k
Heo RN 2 BE S 7 A e 2, TT LI 08 e 2 W 5 4
Sy ECE R R SR HR AT AR TR A sk s B 2 R, Gk
FEEREER
3.1.2 AW A ek

TR R RIS — R A OB R, BiAE/NT 45 pm, ATAE

R FERE, B SRR, 7R 2 S s R E BT
SEER, AT 4 A5 E R AR A SO AR, AR
e —FE WL R R, R S A 7 e A B 7
B PO 2 BT FHREI(200~300 H), T2 T 92865 2T
Oy B ARAE, RS I WL B RE F7, 2 R R A M L A
PPN, REERRY, FEH TR Z M B R, AR
SRR RBE F7, S B AR AL A P DL 4 Rl
BSR4 e Ay, TR AR 5 6 BRCHCAE SRy H a4
TR VR AR MRS 591, PRI 2 s P A 8 T 9ok 7 O B 7

¥ 2 g BEMA 10 mg/mL HIMARMER 200 pL,
1 mL 7KFI 5 mL ZF%, WEse4, AN, Bk, dhk
W2ET, FH20 mL ZE4REL, 4000 r/min £5.073 25 5 min, W
H LW, 60 °C T iEsk 78k 21, WahMEM, & 0.22 um
UERE, JEFE 40 pL AT 50T .

1 HRTAL AR 4 FPIR IR, LA I 0 1 AR O
e, IR 2 B0 MU SO R E > 2 A FH Ak s>
WM >RESE L, o, ok kR i B BCHCR fcdis . 8t
AW SR PEO E EAE A WRBE , IFHEIN$R BCECR W] e 5
IR SR 590 8 40 B A O o
3.1.3 MHHEFeikE

SR B 5% B i B RE S 5 AT LR i H i A9 4R BUSOR,
SAREL 2, 5. 10 g BAMEEEE, A 10 mg/mL HilARfE
W 200 uL, fil 1.2 mL KF 5 mL Z8E, #MR5E4, A
3.5 g ok RERE, BiE, WhAKIRZET, H 40 mL ZfiEHEER,
4000 r/min B.0047 8 5 min, WH FIEW], 60 °C T igfkzE %k
=T, WaEEMR, 1 022 pm JEI, PEAE 40 uL PEAT5
Bro &g SRR XER, %2,

PN 2 HPRT AL BRI R A B IR ARG,
FUFRAR I A G0 75 2 2RO RERS RN 2, 78 & Tt [R)
WAIEK , FREER S g i, REBUE E AR L PRTR,
HOEBERRFERL R S g0
3.4 FERENGRGF

SR AR5 AE O 70 0 e 2 H AR USSR IR ), 4y
M7 # WAEBEF NG . PEE . SBT3 BGCR
AN I 70 e B AR BSUR % TR BBk A&l 1 R, R
NGB ERCR AT, W LLRER 99%LL L e k4, T
EAREAT 30% A s sy, WOk OISR M
gl

F 1 TEIRHMIFIREEZ IR SR

Table 1 Comparison of glycerin extracted from honey by different absorbent

WRZ 550 44 e W43 HCAR 1AL ETRIE TR AP R pA
WO REIE A 2.5 g, OB R 2510 mL 80450
kR A 4 g, T3 Ak MR 2y 8 mL 39107
A ERII A 4 g, 3R HR AR IEN 2y 8 mL 64890
Rk ey A 4 g, V5K R 2y 8 mL 45022
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Fig.1 Effect of different solvents on honey extracts
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3.2 RMEEMHEE

bR 2 NH, @Sh: 5 89 F RS 22808 78 RGO
o I 28K I L 287 4 &2 M Sk AR 1), % Shodex
Asahipak NH,P-50 4E. Kromasil 100-5-NH, {44104 2 %
IRV R i sl el e 2 v H 3l 0 VROAR €5 o0 A 1 ik
FWFSE o 23 BRI 70% . 80%F1 90% 2. i Xt H i HEAT 4 5,
B 90%ZJERT, T H WAt [AIZE 7.6 min, SIARIGESE4
Y, AT TR 3). EMME 86%NEHT,
WEIELE 15 min 0%, THMINLE 6.5 min 506, Tl

KL, 3 Mris(a)E (B 4) BOR T 86% LIS VE A 0T i
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Fig.2 The extraction and purification solution of honey
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MR DR E R RR A0 | IR 2 S XA 45 SR 1 5
Wi, R T AE A, R S R R R, 1L B
B AWERE | SRGENEREVE IS AR . 25 R, IR
BERERE WIS ) 5 T, HAH2E T4 2.8 min, AIEE
e, TTHE S), WILALEEE | A H W ) 55 H
M2k, INELRHEER S T 10 min DL E, HIGERFREAR
WNAREERERE, 8 A 1E A AR .

&2 MEENEEDHBRIEE

Table 2 Effect of sample weighing on the extracted glycerin from honey

e/ WIH MR /mg A H g AR B A HIm R B /(mg/g) A/B
2 2 102179 1 102179
5 2 50180 0.4 125450
10 2 36669 0.2 183345

50
40
(=)
D
o
a
X 30 g
g JEWE 2| Ak
20 =)
2 Wi
o
1y
10 /ﬂ &
0
0 10 20 30 40 50
B3 15t 1] /min

B3 90%Z i AK A M At Sl R ) e B B € i

Fig.3 Chromatogram of honey with the mobile phase of 90% acetonitrile aqueous solution
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Fig.4 Chromatogram of honey with the mobile phase of 86% acetonitrile aqueous solution
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Fig.5 Chromatograms of standard solutions of glycerol, erythritol, xylitol and sorbitol
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Fig.6 Quantitative standard curve of internal standard method
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TTEEAL R, FERIRT, BB EREE AL B SO, 43
0. 1. 2. 4, 24, 30 h 5 6 PEIAIBLHE 2.4 Jrikikte
W, el bR kg BB | fR B B ] (retention
time, RT). 38 3 S5HFT/R, T & i i AR X A o i 22
(rlative sandard deviation, RSD)RSD=2.86%(n=6), £ &
GB/T 27404-2008 { 52 5% = it 0t #5595 Bk A
) U3V A 0 4t SRS R A R . WA B AR TR A
16 h NEE I R 47
35 FHAENZGMIEE. EURE. BEE RGN R
PRI 5 {3 Bk e 25 % 5.0 g T 90 mm ZE R ML, &
A TREENEREAE VR 100 uL, TR 0A 2 mg/mL Hilh T4E
FRUEWE 125. 250, 500 pL, 20 mg/mL Tl TAEFRIER 125.
250 uL, ZJEM 23N AK | mL EFATALBE, 75 2 B
SRR 2 TRV [P 32 5 v T e s o V5 T 3R 41
HeBEH 50, 100, 200, 500, 1000 mg/kg, X BFM:IE FAE

PEATALIRAN E, LAH v e 1 R 5 iR sop e 06 1T AR Y LU A
(Y) T J5 2 e B (X, mg/ke) il TAEMZR, [|BIH 5 H
Y=0.001212X+0.006932. H1M7E 50 ~ 1000 mg/kg 7 F A £k
PERGE, MR EL r’=0.9996, it it E AT E R . b vk
PRSI RN 2 B R332 12 1 36 mg/kg.

T2 BAPERE AL FR4r B In 50, 200, 500 mg/kg Y
HMPR R, F 2,37 TR A S i R R S8, A
WHIKFEEWE 3 W BRMFE 4 fia, BmEEEs
K 94.8% , 96.7%H1 102.9%, FAXTAREM 224> 514 5.3% .
4.2%FH1 2.9%.

3.6 SEBRHESABINZE

FEAR SCHEST W 0ok B e Ok Ay 34 - RTH]
AR e AR AT B, 2RI S,

FHARWFFR I T 5 O3FE Sy, 75 GH/T 1106 Bk
WA LE R e, 45R WK 6,

R3 EEPHHBREMEEN
Table 3 Stability determination of glycerin in honey

F5 i TR AR AR TR IR Hh & R/ (mg/kg) RT il RT MR
1 44786 103688 362.2 6.490 9.240
2 43179 104303 350.4 6.493 9.240
3 43588 100006 365.4 6.495 9.240
4 43989 100437 352.6 6.494 9.243
5 42273 94874 373.4 6.492 9.245
6 45998 102625 375.6 6.495 9.246

-4 363.3

RSD% 2.86

x4 TRBEPHBEMREW RS RE

Table 4 Recoveries and precisions of glycerin spiked in blank honey samples

Bk (mg/ke) IR (n=3)/% H#E (0=3)/%
50 94.8 5.3
Hr i 200 96.7 4.2
500 102.9 2.9

RS BHEEPHMREENEER

Table 5 Determination of glycerin residues in various honeys

FFe I K EA I TR P U TR R Hih & i/ (mg/kg)
1 ek WH20190517-1 12210 94190 112.7
2 BRI WH170529-2 17200 91052 161.6
3 T 7 2 NX180611-1 38764 104482 311.9
4 WA WH181110-2 157017 100303 1297.6*
5 M WH190507-2 96017 106752 748.0




524 149 Jil o, A IR 3O B - R A ROR o T 1 T e e v Y 3 B 9121
gRs
5 VA58 24 R G Hrah AR PRI D TR Hil R/ (mg/kg)
6 FRE 2019 78117 106298 612.2
7 Mkt 19N- 4277 100331 40.9*
8 A 2 2019 479361 108392 3655.5%
9 FeIbE WH190724-3 61251 108904 469.9
10 IR 5% WH190826-2 42264 106977 331.8
11 WHE 190825 109064 108557 834.8
12 e WH190705-2 562954 103484 4495.2%
13 Lk WH180711-1 54321 113146 401.9
14 IR WH180503-1 33803 97973 290.5
15 I NX190509-1 29089 95981 255.8
16 FeIbE WH190524-1 7907 92558 76.2
17 W% WH170717-1 160558 98467 1351.4*
18 IR WH180529-3 106297 96077 918.8
19 Mt % WH150518-1 270925 93821 2388.8*
20 EAE WH190912-1 83446 101704 682.8
21 VY% TX160602 183842 77269 1969.2*
22 IR M52 170815 30320 107828 237.8
23 W WH141111 376228 102223 3043.1%
24 HTE WH1705 174355 102071 1415.4%
25 g% NX170420 110980 89690 1026.9%
26 O NX180811-1 68980 90248 636.5
27 2k NX181029-2 52181 105055 415.6
28 LA WH190517-2 5686 105011 50.4
29 Jp R 2 WH180518-1 279139 101256 2280.8%
30 B WHI180716-2 129292 100462 1067.8*
31 1AL % WHI1906 65305 105138 518.3
32 T % WH180516 46421 83001 467.8
33 190425-1 190425-1 39928 97381 344.1
34 200518-1 200518-1 13903 84719 141.2
T * S R T I A 2R
F6 HERHMAREENELERLE IR, AR RS GH/T 1106 Jrikg R4
Table 6 Comparison of (‘ietermination of glycerin residues s W (R
in honeys
RE L4 ST GC/MS/MS %5 F: RSD 4 & B
/(mg/kg) /(mg/kg) 1%
A 305 289.7 3.64 ARWEFE ST T K BRI EE b, 2RO RE RS
B 1120 1060 3.89 M. 3R, B, 2T FWSIHER . Zma0iH
c 1005 085.6 - TS 2 A6 DU S0 2 e 2 R T A T R o FE R M
FEF [ R AE 94.8%~102.9%, M X AR AE i 2
b [ 700l e 2.9%~5.3%. 303 AT €18 2K DU 7 0 4 2 o 1
E 344 327 3.58
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