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Abstract A new method for honey adulteration detection using liquid chromatography/elemen-

tal analysis-isotope ratio mass spectrometry LC/EA-IRMS was developed. Based on the indi-
vidual §" C values detected for 38 authentic honey samples the limits for the authentic honey
samples were proposed the §" C difference between protein and honey A§"”C,, should be
higher or equal to than —0.95%0 the §"”C difference between fructose and glucose A8"C,,
should be from -0.64%o to 0.53% and the maximum difference of 5" C values between all the
components A§"”C,, should be lower than 2. 09%. Based on the above criteria the 58 posi-
tive samples spiked with C4 or C3 plant sugar syrup were confirmed by LC/EA-IRMS method
from 150 commercial honey samples while only 7 samples spiked with C4 plant sugar syrup
were confirmed by the official EA-IRMS method. The proposed method represents a significant
improvement in comparing with the official EA-IRMS method.
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Table 2 Reproducibility data of the LC/EA-IRMS for
COz an authentic rape honey sample in two
months n =43 %0
Parameter Average SD
LC-IRMS 5" Cy -26.69 0.14
EA-IRMS §°C 8 Cp -26.21 0.21
25.07% - 25.03% 2"Cy -26.48 0.12
5" Cq -26.48 0.12
5" Cy -28.29 0.28
513 CT n. d. —
2.1 LC/EA-IRMS n.d. not detected.
EA-IRMS 38 2.2
5" C, 5" C, EA-IRMS  LC-IRMS 38
A8" Cpy 8" C 1
13 13
GB/T 18932. 1-2002 C4 A" Cpy  —0.95%  2.01%o0 A6 Crg
X X = A8"Cppy/ 8°C, - —0.64%0 ~ 0. 53%0 Cabanero
~9.7  x100% ~9.7 . -0.50%  0.50%0
s°C A8”C,.. 0.26% ~2.09%
7% 2. 09%o Elflein "
C4 38 2. 10%o
c4 0~5.79% 1 3
38 s"C AS" Cpy =
LC-IRMS 33 -0.95% —0.64%0 < A8"C, <0.53% A8°C,..
st C <2.09%0
1 1 8°C
LC-IRMS
1 LC/EA-IRMS 6°C n=38
Table 1 §°C values of authentic honey samples
by LC/EA-IRMS n =38 %o C3 3 5
Parameter Average SD Range
5”Cy hone -26.45 1.19 -23.05to -28.72
n noney © LC/EA-IRMS A8"Cp = 3.22%
5"3C, protein -25.78 1.16 -21.93 to -27.58
A8"Cpy 0.67 - -0.95to 2.01 . - 2
15000 0 —— 00, i
Content of C4 sugar 0.56" 1.41° 0.00 to 5.79~ o —"cn, |I| I
8" Cp fructose -26.38  1.39 -22.69 to -28.82 —— 0, | ll‘ll
|
8"C; glucose -26.35 1.37 -22.60to -28.72 E s \n'J Il,.lll
8"3C, disaccharides -27.46  1.85 -20.60 to -30.72 P J P.J
8'3CT trisaccharides -23.64 1.62 -21.08 to -26.20 g 3 ‘ ‘i
i= L
A8 Cpg -0.03 - -0.64 to 0.53 T s000 !
AS"C, . 1.39 - 0.26 to 2.09 I
3
* 9% . I u u ’ % -
o FH I e (i —_— s
LC/EA-IRMS 0 300 10100 1500 2000
2 s
43 8°C, 8"°C, 1 LC-IRMS
5°C Fig. 1 LC-IRMS chromatogram of an
authentic rape honey sample
2 Conditions column Carbomix Ca-NP5 8% of cross-link-
0. 28% 13 ing 300 mmx 7.8 mm 5 pm column temperature 85 C
: 00 mobile phase ultrapure water flow rate 350 pL/min.
8" C Peaks 6" C value 1. fructose -26.37% 2. glucose
-26.62% 3. disaccharides -27.32%0 .
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Fig. 2 LC-IRMS chromatogram of an invert sugar syrup
Conditions are the same as in Fig. 1.

Peaks 6" C value 1. fructose -22.56% 2. glucose
—25.78%0 .
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3 C4 LC-IRMS
Fig. 3 LC-IRMS chromatogram of a honey sample
adulterated with C4 plant sugar syrup
Conditions are the same as in Fig. 1.
Peaks §°C value 1.

fructose - 24.33%0 2. glucose
-26.21% 3. disaccharides -25.76%0 .
Elflein "
C3 3
C4
0. 0% 7%
A8"Crg =2.17% A8"C,,. =4. 18%o
4 4 C3
4
C4 7.79%
C3 C4
1% 2% 5%
10% 15% 20%

Table 3 Comparison of LC/EA-IRMS and official EA-IRMS results for some representative authentic and adulterated honey samples

Sample 6°Cy/ 8“Cp/  A8"Cpy/ Content of 87Cp/ 8“Cy/ 8“Cy,/ 8“Cy/ 6°Co/ A8"Cpy/ AS7C,../ LC/EA- EA-
No. %o %o %o C4 sugar/% %o %o %o %o %o %o %o IRMS IRMS
1 -26.69 -26.21 0.48 0.00 -26.37 -26.62 -27.32 n.d. n. d. 0.25 1.95 P P
2 -24.74 -24.94 -0.20 1.31 -24.33 -26.21 -25.76 n.d. n. d. 1.88 1.88 A P
3 -25.46 -25.34 0.12 0.00 -24.22 -26.39 -28.40 -26.52 -28.16 2.17 4.18 A P
4 -22.84 -23.95 -1.11 7.79 -23.14 -22.12 -22.23 -19.92 n.d. -1.02 3.22 A A
5 —24.77 no protein - - -22.56 -25.78 n.d. n. d. n. d. 3.22 3.22 A N

n. d.

not detected. * 8" C, 6" C of oligosaccharides. P pure A adulterated N not confirmed.



19:

iy

Tntensity

F (e ;
15000 | Lo 2 1
L ="y

L |
10001 - i\'

3

- i

5000 % 4 H',' l if

' AN | Lol

2] I |

ARV S N
x| — i N e e =
{} L L 1 L 1 L L
0 500 Lo00 1500 20100
ifs
4 c3 LC-IRMS

Fig. 4 LC-IRMS chromatogram of a honey sample
adulterated with C3 plant sugar syrup
Conditions are the same as in Fig. 1.

Peaks 6" C value 1. fructose -24.22% 2. glucose
-26.39% 3. disaccharides -28.40% 4. trisaccharides
-26.52% 5. oligosaccharides —28.16%0 .
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