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Abstract

This application note demonstrates the use of the Agilent 1260 Infinity Il LC system
coupled with the Agilent Ultivo triple quadrupole LC/MS (LC/TQ) to achieve low
nanogram quantities of 2-AFGP in honey samples. The method was developed on
an Ultivo LC/TQ which provides uncompromising results, despite the miniaturized
form factor. This method is ideal for routine analysis in the food industry during

the manufacturing, processing, and commercial testing of honey samples, or for
academic research purposes. Using a simple liquid-liquid extraction (LLE) based
sample preparation, a limit of quantitation (LOQ) of 0.005 mg/kg 2-AFGP can be
successfully quantified in matrix.



Introduction

Honey, a flavorful and nutritious food
produced by honeybees, is widely
consumed due to its antioxidant,
antimicrobial, and anti-inflammatory
properties. However, its relatively high
price, limited production, and complex
composition make it vulnerable to
adulteration, impacting consumers and
manufacturers. The most common
honey adulteration is by addition of
sugar syrups, including rice syrup to pure
honey. Additionally, feeding sugar syrups
to honeybees to improve yield and profit
represents indirect honey adulteration.

Figure 1. Honey product.

AFGP (2-acetylfuran-3-glucopyranoside)
is the special marker for rice syrup also
known as SMR that can be detected
using stable carbon isotopic ratio, pulsed
amperometric detection, LC-IRMS (liquid
chromatography—isotopic ratio mass
spectrometry), infrared spectroscopy
(IR), TLC, GC/MS, and NMR just like other
sugar markers. However, such traditional
methods are time-consuming and
laborious or sometimes have conflicting
results or false negatives.

The triple quadrupole LC/MS system

is the gold standards in U.S., EU,

FSSAI, and other country guidelines

for unambiguous confirmation of
contaminants and adulterants in honey.
The Ultivo LC/TQ, the ultimate evolution
of triple quadrupole LC/MS systems has
been used in this application whereby
the obtained sensitivity exceeds the
safety limits established by food
regulation authorities.

Experimental conditions

This experiment used acetonitrile
(Honeywell, LC/MS, 34967), methanol
(Honeywell, LC/MS 34966), water
(Millipore), formic acid (Honeywell,
LC/MS 56302), 2-acetylfuran-3-
glucopyranoside (TRC Canada,

part number G596874) and an
Agilent 0.2 um PVDF syringe filter
(part number 5191-5924). The stock
solution was prepared using methanol
and working dilutions of 2-AFGP were
prepared in water.

Extraction

The sample preparation used 1 g of
honey. The steps involved dilution with
water as the diluent, centrifugation, and
injecting the filtered supernatant into an
LC/MS (accounting for the minimal cost
of extraction). The detailed protocol is
shown in Figure 2.

Table 1. HPLC gradient method.

’ Weigh 1 0.1 g of homogenized honey. ‘

!

’ Add 5 mL of milliQ water and shake. ‘

|

’ Vortex vigorously for 5 minutes. ‘

|

’ Centrifuge for 5 minutes at 8,000 rpm. ‘

y

’ Collect the upper layer of the extract. ‘

!

’ Filter with a 0.22 um syringe filter, and inject. ‘

Figure 2. LLE-based sample preparation.

Instrumentation

The instruments used in this experiment
included an Agilent 1260 Infinity |l
quaternary pump (G7104C), Agilent

1260 Infinity Il vialsampler (G71290C),
Agilent 1260 Infinity Il multicolumn
thermostat (G7116A), Ultivo LC/TQ with
AJS ion source (G6465B). The LC and MS
parameters are showcased in Tables 1
and 2.

Parameter Value
Column Agilent InfinityLab Poroshell 120 EC-C18, 2.1 x 150 mm, 4 ym
Mobile Phase Water (0.1% FA): acetonitrile (0.1% FA); 500 pL/min
Injection Volume 2L
Column Temperature 40°C
Time (Min) Water (0.1% FA)  Acetonitrile (0.1% FA)
0.0 98 2
5.0 98 2
Gradient 8.0 90 10
10.0 5 95
12.0 5 95
121 98 2




Table 2. Ultivo LC/TQ conditions.

Parameter Setting
lonization Mode AJS (+ve)
Nebulizer Gas 50 psi

+MRM (311.1 > 148.9)

x103

Counts

Noise (peak-to-peak) = 3.5022; S/N (2.8 min) = 530.5
A
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Drying Gas 10 L/min at 300 °C
Sheath Gas 11 L/min at 300 °C
Capillary Voltage 4,000 V +MRM (311.1 - 148.9)
Noise (peak-to-peak) = 2.9366; S/N (2.8 min) = 16.4
Nozzle Voltage 1,500 V x103 B
Fragmentor Voltage | 80V ”
Dwell Time 100 ms g
Resolution Unit/unit © *2.8
Analyte MRM Transition CE (V) 0 T T T T T T T T T T T
05 10 15 20 25 30 35 40 45 50 55 60
2-AFGP 311.1/185 9 o .
Acquisition time (min)
2-AFGP 311.1/148.9 13
Figure 3. SMR response on an Agilent Ultivo LC/TQ (blank versus 0.05 mg/kg).
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seen in the MRM profile of prespike
SMR at 0.05 mg/kg (50 ppb) level vs 71
blank extracted honey (Figure 3). The 6
method LOQ using the Ultivo LC/TQ 5
was characterized to be 0.005 mg/kg %
against 1 mg/kg as the desired minimum 8 #1
concentration of detection according 3]
to food safety guidelines (FSSAI) of N
India. Additionally, a reproducible elution
profile was obtained by injecting various iy
concentrations of SMR in honey, as seen 0- .
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Acquisition time (min)
Cahbra“?n' RSD, ahd rgcovery Figure 4. Overlay of various SMR concentrations at 2.9 minutes.
A calibration curve linearity plot was
generated for pre-extractgd SMR in 0% 9 AFGP Sample | Conc, | Sample | Conc.
honey across concentration I'evels y = 181.864254x +349.839636 ° 1QC 1 690 | HQC1 15495
from 0.005 to 0.25 mg/kg using 148.9 4.01 R2=0.99516705
e LQc 2 708 | HQC2 156.48
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Figure 5. Linearity plot from 5 to 250 ppb (R? = 0.9952) and recovery calculation at QC levels.



Quantitation of SMR in various
honey samples

The suggested method was extended
to various honey samples. All samples
were extracted and analyzed using the
developed methodology. The initial
sample was diluted five times in water,
meaning a dilution factor of five was

used and obtained values were reported.

Across the total 10 samples, three were
found to contain SMR. Of the positive
samples, two found SMR higher than
the calibration range, while SMR was
either absent or it was lower than
calibration range in rest of the samples.
The quantitation data for all 10 samples
can shown in Figure 6. Figure 7 shows
the qualifier and quantifier MRM
chromatogram profile for blank honey,
SMR spiked in honey, a SMR-negative
sample, and a SMR-positive sample.

Figure 6. Calibration table for SMR in honey from 5 to 250 ppb (0.005 to 0.25 mg/kg).

Sample 2-AFGP ... 2-AFGP Results Qualifier...

Data File Type | Level | Acg. Date-Time Exp. Conc.| RT ‘ Resp. |MI |Calc. Conc. | Accuracy | Ratio | Mi

| MATRIX_BLANK_ 3d  MatrixBlank 5/17/2021 6:10 PM 2385 770 0.00 2380
| MATRIX_SPPB.d Cal 1 5/17/2021 6:26 PM 5 281 12050 [ ] 470 940 586 [ ]
| MATRIX_10PPB.d Cal 2 5/17/2021 6:42 PM 10 282 21020 [] 963 963 @90 [ ]
| MATRIX_25PPB.d Cal 3 5/17/2021 6:57 PM 25 282 45700 [ 2321 gz8 776 [
| MATRIX_50PPB.d Cal 14 5/17/2021 713 PM 50 2.83 105950 [ ] 5633 1127 736 [ ]
| MATRIX_100PPBd  Cal 5 5/17/20217:29 PM 100 284 203230 [ 109.82 1098 684 [ ]
| MATRIX_200PPEd  Cal 5 5/17/2021 7:44 PM 200 285 363210 [] 197.79 988 667 [
| MATRIX_250PPBd  Cal 7 5/17/2021 8:00 PM 250 2.85 437260 [ ] 238 51 954 664 [ |
| Lac_id ac 8 5/17/2021 8:16 PM 8 286 16040 [] 6.90 862 1067 []
| Lac_2d ac 8 5/17/2021 8:31 PM 8 286 1637.0 [] 7.08 285 1043 [
| Loc 3d ac 8 5/17/2021 8:47 PM 8 28 16670 [ 724 905 968 [ ]
| Lac_4d Qc 8 5/17/2021 9:03 PM 8 287 185560 [] 6.63 828 1057 []
| Loc sd Qc 8 5/17/2021 9:18 PM 8 287 15990 [] 6.87 858 1022 []
| Lac 6d Qc 8 5/17/2021 9:34 PM & 287 16520 [] 716 895 985 ]
| Hac_id Qc 9 5/17/2021 9:50 PM 150 287 2852900 [ ] 15495 1033 678 [ ]
| Hac_2d ac ] 5/17/2021 10:05 P.. 150 288 288080 [ 15648 1043 674 [ ]
| Hac_3d ac ] 5/17/2021 10:21 P.. 150 287 280080 [ 15752 1050 682 [ ]
| Hac_4d ac ] 5/17/2021 10:27 P.. 150 288 280860 [ 15746 1050 678 [ ]
| Hec_5d ac :] 5/17/2021 10:52 P.. 150 287 288770 [ 156.86 1046 677 []
| Hac_6d ac :] 5/17/2021 11:08 P.. 150 288 205270 [ 16043 1070 673 []
| P MATRIX_BLANK 4.d  MatrixBlank 5/1712021 1124 P 277 3850 [ 0.03 a0 [
| Sample_v_134d Sample 5(17/2021 11:40 P.. 278 7460 [] 218 242 []
| Sample_V_14d Sample 5172021 11:55 P.. 277 6160 D 146 951 D
| Sample_V_154 Sample 5/18/2021 1211 AL 277 4290 ] 0.44 895 []
| Sample_v_164d Sample 5/18/2021 12:27 A 278 a0 ] 0.72 200 [
| Sample_v_245d Sample 5/18/2021 12:42 A 277 1520 ] 0.00 1197 [
| sample_K_231d Sample 518/2021 12:58 A.. 276 2020 [ ] 0.00 559 [ ]
| sample_K_198d Sample 5/18/2021 1:14 AM 286 792060 [ 43360 622 [
| Sample_J_2154 Sample 5/18/2021 1:29 AM 286 131600 [ 70.44 6a.3 [
| Sample_J_221d Sample 5/18/2021 1:45 AM 287 490420 [ 26774 637 [
| Sample_N_5390.d Sample 5/18/2021 2:01 AM 276 2280 [ 0.00 a6 [
| MATRIX_BLANK_5d  Sample 5/18/2021 2:16 AM 278 3350 [ 0.00 919 []
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Figure 7. (A) Quantifier MRM for SMR in blank matrix versus SMR in honey at 25 ng/mL. (B) Qualifier MRM for SMR in bank matrix versus SMR
in honey at 25 ng/mL. (C) Quantifier MRM for SMR in honey, a positive sample versus a negative sample. (D) Qualifier MRM for SMR in honey, a
positive sample versus a negative sample.



Conclusion

Using a rigorous validation approach,
the LOQ for the method described in this
application note is 200 times lower than
FSSAI norms for SMR in honey. Based
on six replicates from two QC levels,
%CV values are less than 5%, and the
percentage recovery values at QC levels
are within 70 to 120%.

In conclusion, true honey samples can
be successfully analyzed for SMR as
per EU norms by making use of the
Ultivo LC/TQ system coupled to an
1260 Infinity Il. The sample preparation
method defines a dilute-and-shoot
LLE-based protocol through easy, quick,
and cost-effective steps.
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