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Determination of exogenous y-amylase residue in honey

FEI Xiaoqing“ , WU Bin, SHEN Chongyu, ZHANG Rui, DING Tao, LI Lihua
(Laboratory of Food, Jiangsu Entry-Exit Inspection and Quarantine Bureaw, Nanjing 210001 , China)

Abstract : A novel method for the determination of exogenous y-amylase residue in honey using
liquid chromatography-isotope ratio mass spectrometry ( LC-IRMS) was established. After pre-
separation by gel column chromatography, the y-amylase in honey samples was separated from
the sugars. The y-amylase was then used to catalyze maltose into glucose. This enzymatic reac-
tion was under the conditions of 55 C and 0. 03 mol/L phosphate buffer solution (pH 4.5) for
48 h. The maltose and glucose in the above enzymatic reaction solution were separated using
liquid chromatography. By measuring the content of glucose with isotope ratio mass spectrome-
try, the y-amylase in honey can be determined. The linear range of y-amylase was 5 —200 U/kg
with the quantification limit of 5 U/kg. The recoveries were between 89. 6% and 108. 2% with
the relative standard deviations from 3. 3% to 4. 9%. This method was used to analyze 38 honey
and rice syrup samples, and the detection rate of y-amylase was 76.3%. To further verify the
detection capability of this method, an authentic honey was adulterated with 15% (mass frac-
tion) rice syrup. The y-amylase content in this sample was 10.2 U/kg. This method can
effectively identify honey adulteration with rice syrups from the perspective of enzymology.
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Surveyor & # f.1% 1%  Delta V Plus #% [7] {3 &=
%1% ( Thermo Fisher 23 7] ) ; 1H i /K 15 Ik 1 %%
(SHZ-88 & VLo KRGSk %) ) ; pH it ( Sev-

enmulti %!, HREE-FLRI 2 AR s IRIETR A 2% (XW-
80A MY, FEERIRZEANART ) o

y-VEN G (B PRor 2405 EC 3.2. 1.3, CAS
54 9032-08-0, 70 U/mg, $EH [ M #h % ( Aspergil-
lus niger) ) F1 22 ZF 05 ¥4 1 T Sigma 2> 7] (4 RE Y
>99.0%) , & B BN S SEBE R I T Fluka 2 A
(ZEEEYY) >99. 0% ) , Wk — S0 B1 A1 T B i 22 o i
WL R 3BTl SR PR s Tk e 5 it SEUR} ( Bio-Geel
P-2, BioRad A7),

1 g/ L y-VE K3 b o V85 VL« YA 00 PR X - 0
FRfEdh 0.01 g3 0.0001 g) T 10 mL &8
o RDKIE I E A, BAIE M, T -4 CRAE. H
FHETFR B 0. 01 g/L i TRV

100 g/L Z 2P BHVATR . PRI 10. 0 g 22 2005 R
Al KR E R 2 100 mL AR AR,

WRIRER 27 phis v . PRI FE R — 81 T 1 000
mL BEFRHT, i 800 mL /K f# )5, FH 1 mol/L Bz
S WE T 2 pH 4. 50, FB 4K E 45 % 1 000 mL,

IRMS JJt %84 75 1. 12 mol/L i —#i iR
BAF1 0. 33 mol/L B B /KA

S BT /K 4 4 Millipore 23 7] Milli-Q #8 46
TRA A B 2K (HLBH Al 18.2 MQ - cm)
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PR LIS 2t 2R D s T e 6 s B0 1 e p by, ok
B, (LT A T K, K K I BE IR e A 15
cm x 1.5 cm BRSO3 A: ) 28 ARSI = N 10
cm, RE GRS LIS AT T A DR

FREL 2. 00 g W2 ul A FE AL T 10 mL & i
i, LU ROKE G 245 2 10 mL, 2R 538 0. 45
pm ZKAHVERR , BEHCEIR AR S 5.0 mL T
FERE R MRS DL 3.0 mL K whge, SRS TR
5.0 mL KFFICER R . IS WA & - B0 Tl 1Y)
TKES

TE S y-TE 3 (1) 7K 5 R A 2,00 mL 100
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Technologies ) ; Jit Zh #H & M 2l 7K, 3 # 2~ 0. 35
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Fig. 1 Peak area of glucose at different
reaction temperatures
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Fig. 2 Peak area of glucose at different pH values
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1 B A TR] , DT 38 B - R Tl 5 8 2 4 0
BEWEE ., BT y-TER R TR R, A5 i
AEERE UL SCAL , 1T BB S A AEBE A UL 22 [1] | BT
DATEVRE I LA Bl (1)l B oo (e 35 AT I e 2
R R AN RS /IN TR T AT A R I TR [ R
H LA, 38 T LA A G RO (R AL, BIVaE A 6
JEAHPY 1) B sl i o J3E LAt

R T ARAETE AT 53 B8 S50, LA A R B Y JiE v
SAW, ST AREL 2.00 ¢ E T 10 mL AR
H I — € B 1Y y-TE K B AR HE IR TR, DL /b s K
fRIFEZR G 1L 0. 45 wm MK AHBERE, B HL ik gk
5.0 mL A S 2 R R e, BRI L
0.5 mL /K ik, [FIEFICHE 0.5 mL Ve, Stk
££10. 0 mL BRI

IR B SR R B R A B 1. 2 Y S A
1A RN, LC-IRMS A 100 it = 47 4 2 W 1
W, SEAEHH AT 3 mL A I 0 A A HE, B 3.5
mL Z%3 8.0 mL RN 2 &4, 55 8. 5 mL FFif
S SR AL REASTIN 2] A6 24 , (L R] o RE G 2 SR, e
B O 2005 I B B 1 R RN A 2 0

RS T AR ESS 3.5 mL 245 8.0 mL % 5
mL PEREIR & A y-TE M, B R HE PR e 2 L 5 T
PO y-TE M B KA
2.3 FAEMKETEE . BZEEMERKER
2.3.1 LMEEfAHR

AN RV BE 1 y-VE R R, 32 1. 3 W iEA 744, LA
it gt = ) A A B T AL A (mV - s) XTREFAG S ©
(U/kg) ME I bRl M e, B A% 1 1t 55 0 4 W e 1
BUR REFIERIE SRR MR 5 ~200 U/kg, B
HErhZR T A =3.432C +19. 53 MK R E(7) >
0.99,  [7] Hsf 7 21 T e 2 v S AR v B2 7T 1) il s o
VW, ARAEME L4 T 10(S/N = 10) I B & 5 5
U/kg, I A AT iy w bR
2.3.2 HEEMERE

DAAS 5 - T A T 110 2 T e 35 Sy 5k S A0S Jon [l
WCSEE , BEHE T 4 Fw DL Rl A e 2 (PR ISR
OIS TR &), W I ZKSF 43 0024 20,50 AN
100 U/Kkg, BEASTRIIZKFME 6 Uk, 713345 21 1 [ i
R E NGB (IR 1), Z5REH 4 Fhig
EREA BRI Z Ny 89. 6% ~ 108. 2% , FH X b 14 i 22
(RSD) 4 3.3% ~4. 9%, 1] WA 77 92 HL AT 4 8 (kG
BT I LG T L ol ) R LA A e v A

(R A 2 B b3 4 oo s o ) e ) 2 SR AR 5
KNI RTEEA R 2 3 U K, 5 A S5
ZE A AT bR R 22 0 4. 3% ~ 5. 8%, N 45 Rl LI

M 7 RoRE R SR TR S T
B y- R RN
F1 4 MBEERT - RHBOEKERBTRERE (n=6)

Table 1 Recoveries and relative standard deviations
(RSDs) of y-amylase in four honey samples

(n=6)

X Added/ Found/ Recovery/ RSD/
Species
(U/kg) (U/kg) % %
Vitex honey 20 20.6 103.0 4.4
50 53.0 106. 1 3.3
100 104.9 104.9 3.5
Acacia honey 20 17.9 89.6 4.6
50 46.6 93.2 4.6
100 99.0 99.0 3.9
Rape honey 20 20.9 104.3 4.9
50 50.7 101.3 4.2
100 106.3 106.3 4.4
Linden honey 20 20.9 104.6 4.5
50 50.5 101. 1 4.7
100 108.2 108.2 4.4
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DLE AP HLIX 12 A28 F 30 NI REA Ry
GG, DT I) 1 B 43 BT 3 S e B 2 15 S 4l I M
T RARGEIE S A B A y-TEMBE, A 77
RN 5 U/kg, PRI A B RE A A -3 il 75
>5 U/kg B, BRI 2 2R 5 & y-TE R I, B 1R
W% Zad KN, bR Sl E W ARG S y-YE A Tl
(VLI 3) , DN %) £ B2 i — 20 B0 IE T bk e 2 hy
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[ s 326 B 20 A4~ H 5 ARG 4 S R R 18 AN
FE, R A 7 R - T A9 il 109 5% B o, 1 Tk
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Wi, A 20 DAEAK & A y-1E B g, 6 R h
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Fig. 3 LC-IRMS chromatogram of an authentic
honey sample
HPLC column; Carbomix Ca-NP5 (8%, 300 mm x 7.8 mm, 5
pm) ; mobile phase: water; flow rate: 350 pL/min; column

temperature; 85 C. IRMS oxidation oven temperature: 99.9

C.
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76.3%, H b 20 NI FE B RE HHh 75%; 18
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WEIAEAS AT 6 DEAS A SRR BRI A= 77 3t
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VB R B T acd R AL S A A R X 6 N
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HRHTIA o€ #3 AT WAL RN, 720 R e %
22 AN A AT SROME s Bk HORE S W Ak ok
TN - A il A T 0 ARSI W5 22 23 W ik Ay 1 7
W, RUHZORE T (Y -V K i 5 AR, IS 22 2 b
Bl 56 A e Ay o 2 B 5 3 R OB R AR R
i g, B 2 —Se gk I 0 ok, [RIAR IR y-TE
K & AR R, S OB - TE A B A
AT 5 B2 4t OB Ry e U s R 28 0 B s AR
JIg J A5 2 0 ] 2ORE y-UE B S i B S R
%, P RE IR o By it 1 v A O BfT 5 S 1 R R 7 2
T2 A R I A S ) A I, R 0 A R AL R
S Bt s S SRS g e A
7 TH 55 0 L AR ARLARL, R P RIS T B R T ik
S HZEAS SR KRS, AEUR A 5 3 mT A i 221
MR SR y-IEW (LK 4), & &N 32.6
U/kg, M RBSE A I FEAR B FORBEIK

R T 25 AR Ty ik e B B A KOR BRI
()55 52 RE T, AR Sk B 4 1 0 5 I ROR B PR AR 4%
1A TEIZAE IR B TR B A 15% (50 iRk
BHIE SR AR 7 i AT R I , DU ASZ AR A -3 #3
&4 10.2 U/kg (WL S)

I Maltose 46
15000 - e 45
r 44
E L
= 10000
= r } Glucose
5000 LI I | |
CIHI ‘ i
| |
O L L L |- L L Il L Il L P 1 Il

0 200 400 600 800 1000 1200 1400 1600 1800 2000
tl's
B4 SHULLMERIRKIERHERLN LC-IRMS E
Fig. 4 LC-IRMS chromatogram of a rice syrup
sample after isomerization
Conditions are the same as in Fig. 3.
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Fig. 5 LC-IRMS chromatogram of a honey sample

adulterated with 15% rice syrup
Conditions are the same as in Fig. 3.
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