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10,00,000
9,00,000

Country

Tons

8.00,000

7,00,000
6,00,000
5,00,000 -

China

490,839

Turkey

105,532

4,00,000
3,00,000
2,00, 000
1,00,000

Sowprce: FAQSTAT 2017

United States

73,428

Russia

69,764

India

61,335

Ukraine

39,294

Ethiopia

47,706

world

207,898

Table 1: Main honey producers in 2016.




Table 1: Compositional requirements for honey

SiIN 1 2 3
Parameter Requirement Test Method
Muoisture content
1 Honeys not listed below not more than 20% MS 801
Heather honey (Calluna) not more than 23%
Sugar content
Fructose and Glucose Content
{sum of both)
a) Honey not listed below not less than B0 g/100g
b} Honeydew honey, blends of
hz:neydewyhoney with glosscm honey nat laza than 45 g/100g
Sucrose content
a) Honey not listed below not more than 5 g/100g
2 b} Alfalfa (Medicago gaﬁua). Cil?'u_s. MS 801
spp., False Acacia (Robinia
pseuwdoacacia), French Honeysuckle
Hedysarum), Menzies Banksia
EBan::Ia r:::’.lenziesii). Red Gum not more than 10 91009
(Eucalyptus camalduwlensis),
Leatherwood  (Eucryphia lucida),
Eucryphia milligani
c) Lavende_r .{Laivanduja spp).Borage not mare than 15 9/100g
(Borago officinalis)
Water Inscluble Selids Content
3 Honeys other than pressed honey not more than 0.1g/100g MS 801
Pressed honey not more than 0.5 g/100g
not maore than 50
4 Free Acidity milliequivalents acid per MS 801
1000g.
Diastase Activity
5 ll:lzﬂz?rng slier processing  andlor not lezs than 8 Schade units MS 801
Honeys with a low natural enzyme not less than 3 Schade Units
content
not more than 40 mg/kg.
not more than 80 mg'kg.
(for honey of declared origin
[ Hydroxymethylfurfural Content from countries or MS 801
regions with tropical ambient
temperatures, and blends of
these honeys)
Electrical Conductivity
a) Honey not listed under (b} or (c),
and blends of these honeys wok mave han 0.8 mSicm
b} Honeydew and chestnut honey and
blends of these except with those not less than 0.8 mS/cm
7 listed under (c) MS 801

c) Exceptions: Strawberry tree
(Arbulus unedo), Bell Heather (Erica),
Eucalyptus, Lime (Tilla spp). Ling
Heather (Calluna vulgars) Manuka or
Jelly bush (Leptospermum), Tea tree
(Melaleuca spp).

Honey — Specification

ICS 67.180.10
DMS 366:2021




Appearance
Viscous liquid, clear to slightly turbid. Free from sediment and crystallisation.

Organoleptic Characteristics

Odour Pleasant, characteristic aroma. Free from foreign odours.

I I O n ey Taste Fleasant, characteristic, sweet flavour, sufficiently strong but not distinctive

Flavour differs according to floral variety and may vary seasonally.

S p e c ifi c a t i o n Coieur (As par Plund Scales) Characteristics

White 0-34mm Specific Gravity 1.423 (17% maist 20°C)
S h e e t Extra Light Amber | 35-50mm Viscosity 70-175 Poise (17% moist 25°C
{or Gokden) Specific Heat 2.26 kJ/(kg.K) (17% moist 20°
Light Amber 51-85mm Thermal Conductivity 0.536 W/(m.K) (17% moist 21
(or Amber)
Freezing Point (15% soln.) | 1.42°C — 1.53°C
Medium Amber 86-100mm
{or Dark) Water Activity (Aw) 0.5-0.6
Microbiological Requirements Nutritional Information
3 (Typical analysis per 100g. Average serving
Sulphite Reducing Spores Max 10 cfu/g
Energy 1416k
Total Aerobic Mesophilic Spores | Max 1,000 cfu/g Protein 0.3g
Standard Plate Counts <10,000 cfu/g Fat — Total Og
Yeasts & Moulds <1,000 cfu/g BRI Og
Carbohydrate 83.1g
E. Coli Nil Detected in 25g Sugars® 82.5g
Sodi 15
Salmonella Nil Detected in 25g odium Ll
* Sugars naturally occurring in honey




Sidr Honeys Physical and Chemical Characterization, a
Comprehensive Approach through LC-MS/MS, NMR, and
GC-MS Analysis

Table 1. The physicochemical parameters of the Sidr honey samples.

Parameters Sidr Honey from Saudi Arabia  Sidr Honey from Egypt Normal Values References

Moisture (%)

18.03 £ 0.05

19.03 £ 0.06

Up to 20

EC (mS/cm)

1.18 £+ 0.05

1.16 £+ 0.01

0.8

pH
Free acidity (meq/kg)
Total acidity (meq/kg)

4.87 + 0.08
37.50 + 05
41.06 + 0.05

5.10 = 0.01
36.50 4+ 0.05
37.50 4 0.05

Lactone acidity (meq/kg)

3.49 + 0.005

1+0.0

3.4-6.1

Max. 50

HMF (mg/kg)

20.92 + 0.02

11.33 £ 0.01

80

Diastase (g/100 g)

59.97 + 0.05

8.64 + 0.06

Up to 80

Glucose (g/100 g)
Fructose (g/100 g)

Fructose/ glucose

22.51 £ 0.05
40.33 £+ 0.06
1.79 £ 0.005

26.62 + 0.16
35.28 + 0.01
1.32 £+ 0.01

25-28

33-36

09to1.35

Sucrose (g/100 g)

894 +0.17

8.87 + 0.01

Upto 10

Maltose (g/100 g)

8.22 + 0.006

8.13 + 0.01

2-16




Composition

Residue Standards

Moisture

15-19% wow.b.

Fructose

36-50%

Glucose

28-36%

Sucrose

0.8-5.0%

Nitrogen
Ash
pH

Acid

0.05-0.38%

0.04-0.2%

3.3-56
0.57% (primarily gluconic)

Free Acid

9-40m-eqgiv./kg

Water Insoluble
Solids

<0.1%

Enzymes

Vitamins

Invertase, diastase (amylase),
catalase glucose oxidase, acid

phosphatase

Traces of the following: B&, C, folate,
pantothenic acid, niacin, riboflavin,
thiamin

Minerals

Traces of the following: potassium,
calcium, magnesium, iron chloride,
selenium, sodium, silicon, silica,
manganese, sulphur, phosphorus,
aluminium, zinc and copper

Hydroxymethylfurfural

(HMF)

<40 ppm
(naturally occurring)

Pesticides

Mot detected (<10 ppb)

Chloramphenicol

Nitrofurans

Mot Detected (<0.1 ppb)

Mot Detected (<0.3 ppb)

Oxytetracycline®

Mot Detected (<10 ppb)

Australian & Canadian Market
have an MRL of 300 ppb for
oxytetracycline

Tetracyclines
(excluding
oxytetracycline)

Mot Detected (<10 ppb)

Sulphonamides

Streptomycein

Mot Detected (<10 ppb)

Mot Detected (<10 ppb)

Tylosin

Mot Detected (<10 ppb)

Erythromycin
Benzaldehyde

Mot Detected (<10 ppb)

<100 ppb (naturally occurring)

Phenol

<100 ppb (naturally occurring)

* Llmmemus for simm in maadlininal eeacdiintn fam lareabh Adamaiden

Ialle O snhl ar arcennin meacliodo chall o fran fromm ames

Honey
Specificati
on Sheet




Honey composition

Hydroxylmethylfurfural (HMF)

Total reducing sugar

Fructose

Glucose

Sucrose

Fructose/Glucose ratio

Heavy metals and other additives (arsenic,
lead, mercury, pesticide, etc)

pH

Pollen grains

Specifications

Not more than 60 mg/kg
Not less than 60%
27-443%

22-40.7%

Not more than 5%

Not less than 0.95%
Absent or not exceed
maximum levels allowed
3.24-6.1

Present

Table 1 Physical and chemical specifications of

honey compositions.
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BURN TEST
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Methods of
adulteration of
honey




Adulteration of honey

'

Origin

Indirect Direct
Harvesting prior Overfeeding the Addition of sugar
to maturity honey bees ¥ ¥
Y Water content Processing

Overuse of veterinary drugs

Fig. 1 — Categories of honey adulteration
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HPLC RI in honey
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Typical HPLC chromatograms of (A) standard
mixture of fructose (0.2 g%), glucose (0.2
g%), and sucrose (0.05 g%), (B) prepared
solution of sample 1, and (C) prepared
solution of sample 2.

6.533 Fructose

10.867 Sucrose

{
1
!

3| 7.625 Glucose

Retention Time
Name

= 6.542 Fructosa

7.567 Glucosa
11,023 Sucrozs

J
|

o
o

NMinules



No. Time Peak Name Peak Type Area Height Amount
min MRIU*min pRIU ppm
1 7.43 sucrose BM 1.414 4.113 1024.9410
2 8.93 Glucose M 1.487 2.444 1020.7159
3 11.06 fructose M 1.583 2.442 993.7571
TOTAL: 4.48 9.00 3039.41
450 3 test 21-7-2023 #1 [manually integrated] 1000
. ] pRIU <3
i P
400 5
4 I
3.50 1 2 =
g o -
i - =
- » )
4 n B
3.00] 8 g
] 3 £
: o oy
— 2.50 4
Q E
[l “
& 4
® 200
© ]
o _
® i
& 1.50
1.00 4
0.50 4
0.00]
-0.50
9 - - 1 - - 1 - - - 1 T T r r T 7
0.0 2.0 4.0 6.0 8.0 10.0 12.0

Time [min]




Sequence: test 21-7-2023 Chromatogram
Injection #3: 1500
F 1 -test 21-7-2023 #1 [manually integrated] 1000 RI_1
% 2 -test 21-7-2023 #2 [manually integrated] 1250 RI_1
E 3 - test 21-7-2023 #3 [manually integrated] 1500 RI_1
% 4-test 21-7-2023 #4 [manually integrated) 1750 RI_1
B 5 - test 21-7-2023 #5 [manually integrated] 2000 RI_1
B 6 - test 21-7-2023 #6 [manually integrated] 2500 RI_1
B 7 -test21-7-2023 #7 manalsma powder RI_1
B 8-test21-7-2023 48 manalsma syrup RI_1
B 9-test 21-7-2023 #9 mountainous RI_1
1090+ % 10 - test 21-7-2023 #10 sidr RI_1
1| pRID
10,004
] |I I'
8.754 |
] I
] |
7.50 4 |
] |
6.254 '
1 suUcrose - ?.4UID |
] | A |
5.00] ' N '
275 ! Glucose - 8.900 ‘!
2.50_: l-L i!;‘!!&—‘/ ﬂ‘-&—'
] 7 T N /i1 AR
125 b\ 'j"{l‘l‘“}?ﬂn‘"
e — NN
] 1y o
0.00] i
j —p
1.26]
2,50
1 min
_3.3?-—I T T T T T T T T T T T T 1
0.20 1.25 2.50 375 5.00 6.25 7.50 875 10.00 11.25 12.50 1375 1500 1570

Chromeleon 7,
Version 7.3.1.6535, Thermo Fisher Scientific

Page 1 of 1
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200 % honey test + honey dew #6 [manually integrated, 2 peak(s) manually assigned]

RI_1

25.0-:
20.0-:
15 o-:
100
50

0.0

HRIU

-2-6633

4 - Glucose - 8.740

- 3 - sucrose - 7.487

-10.027

10.890

Q-1

-5.0-

|

0.0

¥ T
4.0

T T
6.0

80 100




Refractive [uRIU]

2 test 21-7-2023 #8 manalsma syrup RI_1

2.00 4 -
1| pRIL S
|
2504 :
2.00 4
150 -
[45]
. =
1.004 +
i [ ] i
P= LTl
o h=4
= =
_ &
0.50 - 5
i (]
-
0.00 4
- min
-1:'.50- I T L L T L L L T ¥ L L T L L L T L L L T ¥ T T T T T T T T ]
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0  15.C

Time [min]




Chromatogram

5 00 [B_royal jelly TEST #3 RJ BAGHDAD RI_1

, 50_: 15 - Glucose - 6.830 |6 - Fructose - 10 870

2,004
E: 150_‘ 14 - Sucrose
2
= |
< 1 .DD-
[va

0.50

i1-2.237 12-4.910
0004 !
-0.50 -_ r T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min pRIU*min uRIU %o %

1 2237 0.203 0.242 4.30 3.06 n.a.
2 4.910 0.415 0.214 8.78 270 n.a.
3 6.687 0.644 0.994 13.63 1258 n.a.
4 Sucrose 7.367 0.600 1.460 12.68 18.48 384.5178
5 Glucose 8.830 1.372 2446 29.03 30.94 946.2510
6 Fructose 10.970 1.440 2448 30.46 30.96 948.7749
7 12.300 0.053 0.101 1.12 1.28 n.a.
Total: 4,728 7.905 100.00 100.00




No. Time Peak Name Peak Type Area Height Amount
min HRIU*min HRIU ppm
3 7.20 sucrose M =A 17.697 46.065 13652.7328
8 &.64 Glucose M =A 3.106 2.793 2190.0879
2] 11.00 fructose ME™* 6.203 7.386 4130.7354
TOTAL: 27.01 57.20 19973.56
500 7 honey test + honey dew #4 [manually integrated, 2 peak(s) manually assigned] RI_1
4] pRIL 8
] &
45 0
40.0] |
350
30.0
250
2004
: =
N L=
1504 -
- -l;) $
1 basd &
- o =
o 1 =
10.04 @ =
] 2 o
= |
1 o
5.04 w
0.0 A
] min
-S'D-l T T T T T T T T T T T T T T T T T T 1
0.0 2.0 4.0 6.0 10.0 12.0 15.0
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GC MSIN HONEY

: GC-MS Analysis
Extraction of volatiles
by HS-SPME ‘
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method has been developed
for the detection of honey
adulteration with high fructose
inulin syrups (HFIS)




Reporter ’’’’’’’’’ Volatile Profiles

Volume 28.1

Volatile Profiles of Honeys Using of Honeys Using
HS-SPME-GC-MS — HS-SPME-GC-MS

Chemical composition of honey samples by headspace solide phase microextraction
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* Liquid Chromatography
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1. Pre-equilibrium step

(B)
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. Extraction
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3. Thermal desorption




GC-MS detection of honey adulteration




Thin Film Solid Phase Microextraction

Thermal Desorption
and GC-MS Analysis

Sample Extraction Device Clean-up
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Figure 3. Citrus Honey Volatiles Using SPME

sample/matrix: 5 g citrus honey + 5 mL bidistilled water in a 20 mL vial, allowed to
equilibrate at 50 "C for 15 min. with magnetic stirring

Figure 5. Acacia Honey Volatiles Using SPME

sample/matrix: 5 g acacia honey + 5 mL bidistilled water ina 20 mL vial, allowed
to equilibrate at 50 °C for 15 min. with magnetic stirring

Other conditions the same as Figure 2. & Other conditions the same as Figure 1.
See Table 1 for Peak IDs See Table 1 for Peak [Ds
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Figure 4. Eucalyptus Honey Volatiles Using SPME

sample/matriz: 5 geucalyptus honey + 5 mL bidistilled water in a 20 mL vial, allowed
to equilibrate at 50 °C for 15 min. with magnetic stirring

Qther conditions the same as Figure 2.
See Table 1 for Peak IDs L
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Chromatmgrams for Figures 1-6 cowrtesy of Dr. Federica Bianchi and Prof. Marilena Musci (Univ. of Parma, Itallyl

Figure 6. Multifloral Honey Volatiles Using SPME

sample/matrix: 5 multifloral honey + 5 mL bidistilled water ina 20 mL vial, allowed
to equilibrate at 50 °C for 15 min. with magnetic stirring

Other conditions the same as Figure 1.
See Table 1 for Peak [Ds
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5 ) Juard SPME 5139 GC-MS 4y A gaailall 5 patial) S sal) ansd a1 (18-4) JSa

Peak | R.Time | Area% | Name
1 | 4.845 0.34 Benzeneacetaldehyde
2 | 5.663 1.74 2,5-Furandicarboxaldehyde
3 ]5.820 1.10 Uracil, 1-methyl-
4 17199 0.9 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-
5 ] 9.501 1.18 2-Furancarboxaldehyde, 5-(hydroxymethyl)-
6 ] 10.055 0.07 Benzaldehyde, 4-methoxy-
7 ] 10.391 1.56 Benzeneacetic acid
8 [ 10.555 0.08 Dodecane, 2,6,11-trimethyl-
9 | 10.755 0.15 Nonanoic acid
10 | 10.846 0.59 Benzene, 1-methoxy-4-(1-propenyl)-
11 | 11.590 0.22 Acetic acid, [bis[(trimethylsilyl)oxy]phosphinyl]-, trimethylsilyl ester
12 | 12.298 0.34 Cyclopropanecarboxylic acid, [1-[(2-methoxyphenyl)methyl]-1H-1,3-
benzimidazol-2-yI
13 | 13.165 0.14 n-Decanoic acid
14 | 14.225 0.11 Benzeneethanol, .alpha.-(phenylmethyl)-
15 | 15.464 0.33 Trisiloxane, 1,1,1,5,5,5-hexamethyl-3,3-his[(trimethylsilyl)oxy]-
16 | 16.652 24.42 Diethyl Phthalate
17 | 17.137 2.28 Benzeneethanamine, N-[(pentafluorophenyl)methylene]-.beta.,3,4-
tris[(trimethylsilyl)ox
18 | 17.375 0.28 Cyclopropanenonanoic acid, 2-[(2-butylcyclopropyl)methyl]-, methyl ester
19 | 17.535 0.27 3,7-Decadiene-5,6-diol, 4,7-dimethyl-
20 | 18.054 2.65 Tetradecanoic acid
21 | 18.635 1.17 Pentadecanoic acid
22 1 19.034 0.87 1,1,3,3,5,5,7,7,9,9,11,11-Dodecamethylhexasiloxane
23 | 19.248 21.28 I-(+)-Ascorbic acid 2,6-dihexadecanoate
24 | 19.841 7.24 Hexatriacontane
25 | 20.106 14.24 E,E,Z-1,3,12-Nonadecatriene-5,14-diol
26 | 20.364 2.32 Eicosane
27 | 20,518 1.35 Terephthalic acid, di(2-ethylhexyl) ester
28 | 20.775 0.84 9-Tricosene, (Z)-
29 | 20.941 5.10 Tetratriacontane
30 | 21.175 0.72 Methoxyacetic acid, 4-hexadecy! ester
31 | 21.415 0.77 1-Decanol, 5,9-dimethyl-
32 ] 22.006 2.74 2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl-, (all-E)-
33 | 22.278 0.80 Z-12-Pentacosene
34 | 22.874 0.89 1,2-Benzenedicarboxylic acid, diisooctyl ester
35 | 23.672 0.85 Hexacosane

100.00
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1c*1.00

530 S @ g4 Juad GC-MS Ay A gucadal) b psllaiall il pall dalusall g laiay) < g (4-4) J2a

Peak R.Time] Area%] Name
1 3.372 1.13] Benzaldehyde
2 4.169) 0.44] 2,4-Pentadienoic acid, 1-cyclopenten-3-on-1-yl ester
3 4.896) 0.32] Benzeneacetaldehyde
| 5.714 3.83] 2,5-Furandicarboxaldehyde
5 6.242 0.31] Nonanal
6 8.383 1.20] Heptanediamide, N,N'-di-benzoyloxy-
7 9.562 1.83] 2-Furancarboxaldehyde, 5-(hydroxymethyl)-
8 10.091 0.61] Benzaldehyde, 4-methoxy-
9 10.340 0.23] Benzeneacetic acid
10 10.869 6.47| Benzene, 1-methoxy-4-(1-propenyl)-
11] 11.026} 0.86] Nonanoic acid
12 11.595 0.66] Acetic acid, [bis[(trimethylsilyl)oxy]phosphinyl]-, trimethylsilyl ester
13 11.713 0.36] Phenol, 2-ethyl-4-methyl-
14] 13.178] 0.14] n-Decanoic acid
15 15.372 0.11§ 1,3,7,7-Tetramethyl-9-oxo-2-oxabicyclo[4.4.0]dec-5-ene
16 15.463 0.90] Trisiloxane, 1,1,1,5,5,5-hexamethyl-3,3-bis[(trimethylsilyl)oxy]-
17 15.722 0.17] Nonane, 3-methyl-5-propyl-
18 16.228 0.18] Naphthalene, 1,2,3,4-tetrahydro-1-methyl-8-(1-methylethyl)-
19 16.655]  18.55] Diethyl Phthalate
20 17.235 8.22] Benzofuran, 4,5,6,7-tetrahydro-3,6-dimethyl-
21 17.521 0.52] 2,5,5,8a-Tetramethyl-6,7,8,8a-tetrahydro-5H-chromen-8-ol
22 18.057 2.50] Tetradecanoic acid
23 18.208 1.21] Heptasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13-tetradecamethyl-
241 18.460 0.77] Undecanoic acid, 10-bromo-
25 18.642] 0.91] Pentadecanoic acid
26 18.840 1.01] Eicosane
27 19.243]  15.46] I-(+)-Ascorbic acid 2,6-dihexadecanoate
28 19.875 4.41) Tetrapentacontane, 1,54-dibromo-
29 20.093] 7.50] 6-Octadecenoic acid, (Z)-
30, 20.779 1.86] 9-Tricosene, (Z)-
31 20.940) 3.65] Tetratriacontane
32 21.304 1.12] Hexasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11-dodecamethyl-
33 21.420) 0.69] Docosane, 5-butyl-
34 22.0024 5.03] 2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl-, (all-E)-
35 22.281 1.12] Z-12-Pentacosene
36 22.535) 3.08] Tetracosane
37 22.876] 2.03] 1,2-Benzenedicarboxylic acid, diisooctyl ester
38, 23.199 0.61] Hexacosane

100.00j
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T1C*1.00

Peak# ]| R.Time | Area% | Name
1 4.907 0.68 Benzeneacetaldehyde
2 5.719 5.06 2,5-Furandicarboxaldehyde
3 7.232 0.80 N-(1-Methoxycarbonyl-1-methylethyl)-4-methyl-2-aza-1,3-dioxane
4 8.227 0.31 Benzoic acid
5) 8.319 0.16 Octanoic Acid
6 8.779 0.16 Decanal
7 9.538 1.28 2-Furancarboxaldehyde, 5-(hydroxymethyl)-
8 10.750 0.23 Nonanoic acid
9 10.865 1.26 Benzene, 1-methoxy-4-(1-propenyl)-
10 13.228 0.34 n-Decanoic acid
11 13.868 0.14 Benzene, 1,2-dimethoxy-4-(2-propenyl)-
12 15.465 0.17 Trisiloxane, 1,1,1,5,5,5-hexamethyl-3,3-bis[(trimethylsilyl)oxy]-
13 15.689 0.26 Benzene, 1,2-dimethoxy-4-(1-propenyl)-
14 16.285 0.19 Benzene, 1,2,3-trimethoxy-5-(2-propenyl)-
15 16.643 15.36 Diethyl Phthalate
16 17.189 0.85 Propylamine, N-[9-borabicyclo[3.3.1]non-9-yl]-
17 17.302 0.31 Benzaldehyde, 4-hydroxy-3,5-dimethoxy-
18 17.380 0.36 2-[2-[N-Aziridyl]ethylamino]norbonane
19 17.589 1.02 Heptadecane
20 17.930 0.13 2-Propenoic acid, (1-methyl-1,2-ethanediyl)bis[oxy(methyl-2,1-ethanediyl)] ester
21 18.049 1.28 Tetradecanoic acid
22 18.367 0.29 Tetradecanal
23 18.506 0.53 2-Pentadecanone, 6,10,14-trimethyl-
24 18.632 0.66 Phthalic acid, isobutyl octadecyl ester
25 18.843 4.93 Eicosane
26 18.979 0.28 Hexadecanoic acid, methy| ester
27 19.276 23.51 I-(+)-Ascorbic acid 2,6-dihexadecanoate
28 19.490 0.62 Oxirane, heptadecyl-
29 19.610 0.21 Cyclopentadecanone, 2-hydroxy-
30 20.127 14.71 E,E,Z-1,3,12-Nonadecatriene-5,14-diol
31 20.207 4.21 9,9-Dimethoxybicyclo[3.3.1]nona-2,4-dione
32 20.520 0.43 cis-1,2-Cyclododecanediol
33 20.780 1.40 9-Tricosene, (Z)-
34 20.949 6.70 Tetratriacontane
35 21.404 0.46 9-Octadecenamide, (Z)-
36 21.470 0.23 3,7-Decadiene-5,6-diol, 4,7-dimethyl-
37 22.030 2.52 2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl-, (all-E)-
38 22.283 0.78 Z-12-Pentacosene
39 22.549 6.28 Tetracosane
40 22.880 0.78 1,2-Benzenedicarboxylic acid, diisooctyl ester
41 23.336 0.12 Tetracosane, 9-octyl-
100.00
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hectar(C, and C, plants) syrups

Mesophyil Cell

€

Bundie Sheath Call

Plant Range
. . Examples of 613C Methods
Origin
values
C4- Corn EA-IRMS (AOAC
! Plants Sugar Cane H1o-13 % 998.12)
Beet
C3- Rice -22 to -30
2 LC-IRMS '
Plants Wheat %0 (new)
Cichory

Table 2: Sugar Sources for honey Adulteration and methods of

detection.
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Application of FTIR spectroscopy for analysis
of the quality of honey ..

FTIR

ourier 'ransform nfraked
spectroscopy



bioconf_wipie2018_02008.pdf

.
—)

Sample 02 (Pure honey)

=
&2 2344 1894 803
2 30 854
= | 887 J|[792
E 20 - ! %. 81 951
s
= 10 -
= 3000 1819 . A230

n | | | | 1 | |

3900 3400 2900 2400 1900 1400 900 400

Wave number !

Fig. 2. FT-IR spectra of pure honey.




Table 1

Summary of FT-IR band Assignments for pure marketed and adulterated honey and shifted wave numbers.

Wavenumber
(cm~!) of pure
honey

Shifted Wavenumber (cm ™)

Molecular vibrations of functional groups and their
biochemical contributor

Reference

792
803
854
887
951

1230

1319
1581

1741

1894

2344

3000

761,765, 793,

804, 805, 809, 813

843, 855, 857

878, 890,891, 934

950, 952, 953, 954,955,956, 957, 958, 959, 960,
973.

1210, 1212,1222, 1226, 1233, 1236 1239,
1252,1255, 1259, 1280

1312, 1321, 1322, 1329,1330, 1365
1548,1552,1569,1574,1576,1580, 1582, 1585,
1586, 1588, 1591,1594

1604, 1607,1612

1738

1892,1896, 1897, 1903, 1906, 1918,1920,1924,
1931,1940, 1948, 1959, 1967, 1995, 1997

2214, 2335, 2342, 2346, 2359,2362,2385, 2387,
2390, 2394,2399, 2405, 2409,2481
3000

Anomeric region of carbohydrates
-C-H bending (mainly from carbohydrates)
-Ring vibrations (mainly from carbohydrates)

C-O & C-C stretching (carbohydrates)
-Ring vibrations (mainly from carbohydrates)

O-H stretching/bending

-C-O stretching (carbohydrates)

-C—H stretching (carbohydrates)

-C]O stretching of ketones

- C]O stretching of ketones

- Bending primary and secondary amine and amides
(N-H), C"C, Amide group

O-H stretching/bending (water)

C]O stretching (mainly from carbohydrates)

N-H bending of amide I (mainly proteins)

C]O stretch in unconjugated ketones, carbonyls in ester
groups (frequently of carbohydrate origin)

Aromatic overtone rings, multiply bonded nitrogen
compounds, such as cyanides (nitriles), cyanates,
isocyanates, thiocyanates, and diazo compounds, C-C
stretch, phenyl ring substance

NH Amino-related component

C-H stretching vibrations

Mathlouthi and Koenig (1987), Subari et al.
(2012), Gallardo-Velazquez et al. (2009), Kelly
et al. (2004), Tewari and Irudayaraj (2004)

Subari et al. (2012), Tewari and Irudayaraj
(2004)

Gallardo-Velazquez et al. (2009), Tewari and
Irudayaraj (2004)

Gallardo-Velazquez et al. (2009), Tewari and
Irudayaraj (2004)

Dovbeshko et al. (2000)

Philip (2009)

Gallardo-Velazquez et al. (2009), Cai and
Singh (2004), Stuart (1996)

Faix et al. (1991), Pandey and Pitman (2003)

Nandiyanto et al. (2018)




Pure

honey

001 4

Fig. 3. FT-IR spectrum of transformed data.

DA25 = shebeb adulterated honey; DA24 = shebeb adulterated honey; DA20 = sugar adulterated honey; DA19 = sugar adulterated honey; DA14 = Melted candy
adulterated honey; DA13 = Melted candy adulterated honey; DA10 = Banana adulterated honey; DA9 = Banana adulterated honey; DA5S = Molasses adulterated
honey; DA4 = Molasses adulterated honey; 2 = pure honey samples; 1 = street areas honey; 24 = small honey shops; supermarket samples (10,14, 17,19 & 21) and
honey trader (7 & 26).
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| Fraud: Addition of Rice-Syrup
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Spectral fingerprints of pure Differentiates
NMR adulterated honey types
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identifying type of sugar adulterants in honey: Combined application
of NMR spectroscopy and supervised machine learning classification
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Fig. 1. Comparison of the expanded chemical shift regions of authentic Indian rapeseed honey (red), brown rice syrup adulterated honey (blue), corn syrup

adu ltemted honey (green), and jaggery a d Iterated honey (black). See main text for the full details. (For interpretation of the references to color in this figure legend,
the reader is referred to the Web version of this article.)




Raman Spectroscopy
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