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LC-HRMS applied on the honey authenticity
(HRMS: High Resolution Mass Spectrometry)
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Floramo Labs is a family owned
company founded by in 1979 in
Piedmont, Italy.

Italy Headquarter: 20,000 sqft lab ~ HRMS Specialist
For residues and

USA Office in Miami, Florida Authenticity IRMS Dept.
France Office: Nice Analysis of Honey For Honey
Lab Open soon in Virginia USA Adulteration Analysis

Listed Lab on the US National Honey Board  Dr.Giancaro Quaglia: IHC Member - Authenticy Group
Italian Expert appointed by UNI to ISO WG13 TC 34 on

. Royla Jelly and now for Honey Standard
Lab Accredited on I1SO 17025
Coordinator of FEEDM Technical Group (European Honey

Packers and Dealers Association)
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Honey Authenticity:

The WorldWide Big Topic.
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COUNCIL DIRECTIVE 2001/110/EC Annex 2:
Composition Criteria consequence in EU and
worldwide conseguence:

Many test to define purity set by lab to solve the

issue of added sugar or any other ingredient admitted
at any level of concentration
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Mono and poly-saccharides usually added to honey for adulteration:

- glucose, fructose

- sucrose and inverted syrup (from cane, beet, etc.)
- starch syrup

- corn syrup

- high fructose corn syrup

- high fructose wheat syrup

- rice syrup

- others
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HRMS in Honey Authenticity Topics:

Our lab developed the HRMS method by:
UPLC-HRMS for
Honey Authenticity Discovering
(C3/C4 foreign sugar syrup type)
Start to set the method in 2016
ISO 17025 Accredited Since 2018
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State of the HRMS on adulteration analysis in Floramo at May 2019

» LC-HRMS: used in Floramo over two years, study started in 2016, toady Routilnely used

» LC-HRMS: at today more of 200 different sugar type anayzed: many Syrup Markers Discovered
» LC-HRMS: update syrup marker continusly when new sugar syrup analyzed

» LC-HRMS: retrospective analysis possible

» LC-HRMS: Reliable Methods: Accredited on ISO 17025 basis Since 2018 for Oligo DP12-DP19

»LC-HRMS: add the DFSA difructose anhydride and AFGP (2-acetylfuran-3-glucopyranoside

» EU Official Reference Lab JRC Joint Research Center work on HRMS
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Summary of HRMS method =

The identification of adulteration by sugars addition can be based on:
1) Studies on the composition of honey by HRMS: full mass scan at
Resolution of 70000;

2) ldentification of different syrup markers

Chemical structures of some markers

r ~
o o g
© . OH HO/ HO OH
O = . OH o 0]
HO'" OH -
OH - “n-1 on o
2-acetylfuran-3-glucopyranoside difructose anhydride lli polysaccharides
(AFGP) (DFAII) (DP 12-19)
(n:12-19)
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Focus on Oligosaccharides DP12-19:

Focus to the identification of polysaccharides DP 12-19 in honey, as possible
markers of sugar syrup addition, identifying the exact mass of ion and its
isotopical pattern distribuition.

We focus the attention to the identification of polysaccharides DP 12-19 in honey,

as possible markers of sugar syrup addition identifying the exact mass of ion

[M - 2H]?

The confirmatory power of HRMS for identification of polysaccharides DP 12-19 or
other syrup marker help the LC-IRMS or NMR measures or other analytical

techniques to confirm the honey authenticity.
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Example of high resolution mass spectrum of DP 12
(Resolution 70.000)

PO81 # 4829 RT. 14.60
F- FTMS - p ESI Full ms [120.0000-1800.0000]

980.31403 | [M - 2H]% .
100+ -
- MDD
90 (DP12)

Relative Intensity

1173.04468

212.07458

02930115 4307 7684 1637 52734

341.10907 899.289 "
865.?1509 . 1476.48560 | 1799.68533

=T T T T 1
1400 1600 1800
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Exact Mass lon [M - 2H]%* of DP 12 — 19 polysaccharides markers

* exact mass value

=]
NL: 2 24E6
m/z= 960.29529-980.33451 F- FTMS -p
ESI Full ms [120.0000-1800.0000] MS
ICIS §TD_Oliga10_WACNS050_7

NL: 1.49E6

miz= 1061 32017-1061.36263 F- FTMS -
p ESI Full ms [120.0000-1800.0000] MS
ICIS STD _Oligo10_WACNS5050_7

NL: 1.07E8

miz= 1142 34495-1142 39085 F: FTMS -
p ESI Full ms [120.0000-1800.0000] MS
ICIS STD_Oligo10_WACNS050_7

NL: 6.99E5

miz= 1223.36973-1223 41867 F. FTMS -
p ESI Full ms [120.0000-1800.0000] MS
ICIS STD_Oligo10_WACNS5050_7

RT: 0.00-2500 SM: 9G
RT 1457
AA 13381233
— BP: 98031403 DP1 2
0 R 3480
AA 9392883
- BP- 106134033 DP1 3
0 RT. 15.02
*A 6788301
100 BP: 114(.36633 DP14
o 41
9 RI- 1522
g AA 4580487
- . BP: 122330246 DP1 5
€ 100 R
a2 3 A
ﬁ 0: Bl 1££3.3100u
2 RT 1540
5 KA 3374018
14 BP: 1304 41956

!

DP16

NL 4 62E*

p ~ull ms [120.(
ICIS STD_0Oligo10_WAC

RT 1556
AA 2101720
BP: 1385 44482

DY

NL 2 95E5

miz= 138541929-1385 47471 F. FTMS -
p ESI Full ms [120.0000-1800.0000] MS
ICIS STD_Oligo10_WACNS050_7

RT 15.73

AW 1136844

BP: 1466 47693
A

i\

DP18

NL 1.49E5
miz= 1466.44407-1466.50273 F: FTMS
p ESI Full ms [120.0000-1800.0000] MS
ICIS STD_Oligo10_ WACN5050_7

RT: 15.90
A 451448
BP: 1547 50073

| W M| Bk Rftoeb| kot s b et diriiet Paic Duims Tkt i i b hac et e | |'n'|‘ Bkt el RS Rl i s ¢
6 8 10 12 14 16 18
Time (min)

Standard Sigma Aldrich of DP 12-19 polysaccharides at 10 ppm
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blossom honey x:

DP 12-19

LC-HRMS evidences markers DP 12-19 from sugar syrup

Relative Abundance
=]
o
1o |

RT: 000-2501 SM: 9G
RT 1446 NL- 4 29E5
AA 5925088 miz= 980.29529-980.33451 F
BP: 980 31409 FTMS - p ESI Full ms
[120.0000-1800.0000] MS ICIS
g 2938-1
RT 1464 NL: 353E5
MA:_3_159452 m/z= 1061.32017-1061 36263 F
BP: 1061 34009 FTMS - p ESI Full ms
965 1560 20.04 [120.0000-1800.0000] MS 2938-1
1061.35889 1061 335p7 1061.34802
RT: 1486 NL: 2.70E5
AA 4115705 miz= 1142 34495-1142 39065 F
BP: 1142 36755 FTMS - p ESI Full ms
[120.0000-1800.0000] MS ICIS
2938-1
R 1504 MNL: 1.91E5
AA 2342545 miz= 1223.36973-1223 41867 F
BP: 1223.39258 FTMS - p ESI Full ms
[120.0000-1800.0000] MS ICIS
2938-1
RT 1524 NL: 1.12E5
AA 1450525 miz )4 44669
BP: 1304421024 =y
la MS ICH
RIT15. NL- 9.83E4
AA 1020250 miz= 1385.41929-138547471 F
BP: 1385.4453) FTMS - p ESI Full ms
[120.0000-1800.0000] MS ICIS
293841
RT 1546 NL: 7.00E4
AA 554640 m/z= 1466.44407-1466 50273 F
BP: 1466 46347 FTMS - p ESIFull ms
[120.0000-1800.0000] MS ICIS
29381
RT. 1564 :
AA 111774 miz
RT- 774 BP: 0.0000¢ RT: 2430 MS -
AA 5606 ﬂ AA 5653 [120.0000-1800 0000] M IS
BP: 1547 51257 BP: 1547.50610 29281
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Time (min)
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Summary of method performace

Blank Specificity natural honey (no bee feeded)

CADATN2018\08-2018\180810_Ad\B1 08/28/18 09:06:28

RT: 0.00 - 18.01 SM: 9G

RT: 11.34 RT: 15.96 NL: 6.72E4
AA: 228127 RT:13.99 AA: 95436 m/z= 980.31000-980.31980 F: FTMS - p ESI
SIS T AA: 29420 BP: 980.31360 Full ms [120.0000-1800.0000] MS ICIS B1
_:I BP:980.31793
rkﬂ i i fis il
RT: 11.50 NL: 6.85E4
RT:6.24 AA: 214056 EXT: 13:85 RT:15.34 miz= 1061.33609-1061.34671 F: FTMS - p
AA: 20973 BP: 1061 34119 ~A45155 AA: 32065 ESI Full ms [120.0000-1800.0000] MS ICIS
_Z| BP:1061.34375 BP:1061.33960 BpP: 1061.34192 B1
mn o e ol o e}
RT:9.14 NL: 1.17TE5
AA: 166266 EaE Y RT: 15.28 miz= 1142.36209-1142.37351 F: FTMS - p
BP: 1142 37341 AA: 81550 AA: 22022 ESI Full ms [120.0000-1800.0000] MS ICIS
_:I L BP: 1142.37061 pp. 4142 36014 B
: dn o e ]
: RT: 12.53 : NL: 3.05E4
RT: 7.70 BRI 1.02 i RT: 15.20 _
A AA: 38045 AA: 43323 AAL 33057 miz= 1223.38808-1223 40032 F: FTMS - p
e 2 s BP: 1223 30636 BP: 122339587 T ESI Full ms [120.0000-1800.0000] MS ICIS
: % ——— : : B1
] £ 4 T | sk 4 &
RT: 13.08 NL: 6.78E4
RT: 11.33 AA: 96355 RT:14.77 m/z= 1304.41408-1304.42712 F: FTMS - p
AA: 23923 BP- 1304.42500 AA: 29416 ESI Full ms [120.0000-1800.0000] MS ICIS
_:I BP: 1304.41760 BP: 1304.42407 B1
e s izl iz
- RT: 16.17 NL: 8.03E4
RT:7.98 RT: 10.84 i AA: 114032 miz= 1385.44007-1385.45393 F: FTMS - p
AA: 40481 AA- 25705 AN BIBTT BP:- 1385 44465 ESI Full ms [120.0000-1800.0000] MS ICIS
3 BP: 138545239 pp: 138544934 BF: 138544434 B1
rn B -1 ren  men ren
RT:10.49 RT: 13.46 NL: 9.35E4
AA: 132755 AA: 146255 RT: 14.94 m/z= 1466.46607-1466.48073 F: FTMS - p
BP: 146647400 BP: 1466.47144 AA: 26803 ESI Full ms [120.0000-1800.0000] MS ICIS
BP: 1466 47534 B
RT-8.56 RT: 1010 NL: 7.33E4
AA- 75703 AA: 104029 RT:14.29 mVz= 1547.49206-1547.50754 F: FTMS - p
BF": 1547.50317 BP: 1547 50427 AA-31153 ESI Full ms [120.0000-1800.0000] MS ICIS
i . BP: 1547 50354 B1
L L L, VY O L L S L O 0 ., 55, A . L S O L . I L O I e L5 ) O L |
o 1 2 3 4 5 (<] 7 8 9 10 11 12 13 14 15 16 17 18
Time (min)
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Example of calibration linearity and Response in Mix Type Honey (Range DP 12 — DP 19)

Taratura DP12 range di linearita
0,0010-0,2150 %

900000000,00

y = 4E+09x - 2E+06 ¢
R? = 00,9985 Ry

700000000,00 -

800000000,00

600000000,00 o
500000000,00 a
400000000,00 o’
300000000,00 «*
200000000,00 r

100000000,00 -

0,00 ;

0,000000,050000,100000,150000,200000,25000
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