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ABSTRACT

This research aimed to use near infrared spectroscopy (NIRS) (1100-2500 nm) in prediction of the honey
composition and in identification of honey authenticity. The reference laboratory used high performance liquid
chromatography (HPLC) to measure frugtose, glucose, and sucrose of honey and digital refractometer to measure
moisture content. NIRS was used to obtain NIR spectrum of major composition of honey. Before developing of
calibration set, principal component analysis (PCA) was used to detect outlier spectrum. Partial least square
regression (PLSR) was used to develop calibration model using raw spectrum or pre-treated spectrum by first and
second derivative (Savigky-Goley algorithm with segment 10 and 20 nm, second polynomial; full multiplicative
scatter correction (MSC) and standard normal variance (SNV). To predict frugtose the model developed from
spectra of first derivative with segment of 20 nm prediction correlation coefficient (r) of 0.851, standard error of
prediction ( SEP) of 7.69% and bias of 0.03%.To predict glucose, The model developed from first derivative with
segment of 20 nm spectra provided 1 of 0.87, SEP of 6.15% and bias of 0.48%.To predict sucrose, the model
developed from second derivative with segment of 20 nm provided r of 0.937, sep 0f4.07% and bias of 0.29%. To
predict moisture content, the model developed from MSC spectra provided r of 0.979, SEP of 0.47 % and bias of
0.11%

For identification of honey authenticity, partial least square discriminant analysis (PLS-DA) and soft independent
modeling of class analogy (SIMCA) were used. PLS-DA showed better performance in classifying groups of real
honey and false honey than SIMCA. Model of real honey could self-predict with 92.3% correctness and other group-
predict with 100% correctness. Model of false honey could self-predict with 100% correctness and other group-
predict with 92.3% correctness. The percentage of overall correct classification was 95.8 %.

Keywords : honey, near infrared spectroscopy, frugtose, glucose, sucrose, moisture
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3.2 Refractometer  (ATAGO PAL2, Japan)
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(outlier) PCA !

2 Calibration Prediction
5:2
Calibration
L Full multiplicative scatter correction (MSC)
2. First and Second Derivative! (10nm) 10
(20 nm) (Savizky-Golay algorithm, second polynomial)
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2 First and Second Derivative! ' 5 (10 ) 10
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( ) 41 raw spectra

1470 nm 2100 nm (the combination of O-H
deformation band and C-0 stretch band) [24] 1589 nm 2103 nm
2280 nm (combination of C-H stretch band and deformation band Oshorne et al. [24]

1586 nm 2073 nm 2255 nm Oshorne et al. [24]
1450 nm 1950 nm
90

4.1 raw spectra
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4.2 1100-2500 nm
1204 nm (C-H stretch second overtone) 1468 nm (C-H stretch second overtone) 1940 nm
(C-H stretch first overtone) 2102 nm ~ C-H deformation and combination ~ C-O
stretch combination overtones) [24] 2280 nm (combination of C-H stretch band and deformation band[24]
43 2rd derivative NIR 1442 nm
1924 nm ' 2r
derivative 2102 nm C-H  deformation and combination C-0 stretch
combination overtones 2276 nm (C-H combination, C-C stretch overtones C-0 stretch combination
overtones [21] 2330 nm
[24]
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412 PLS regression

41 () (range) (mean)
(SD) Calibration Prediction
4.2 PLS regression
(n 0.979 % (SEP)
0.47% bias 0.11 %
4.1 Calibration Prediction
Calibration set Prediction set
parameters Range mean  SD range mean D

126 0.64-49.52 249 14% 50 113-49.52 25.19 14.66
126 2.37-39.76 2441 1021 50 521-39.76 25.08 10.02
126 1.53-44.58 1241 105 50  171-4458 1308 1115
126 72.35-85.55 1842 236 50  7355-82.30 78.58 2.18

122 15.20-24.80 1911 217 50 15.20-24.40 19.11 2.29
18



4.2 PLS regression ( )
Pretreatment  PCs Calibration Prediction

r  SEC Bias r SEP Bias RPD RER
Istderivative 2 0872 712 -043E-04 081 769 003 629 189
with segment
0f20 nm
Istderivative 6 0906 436 127E-06 0807 6.5 048 562 163
with segment
0f20 nm
ond derivative 3 0856 542  413E-07 0937 407 029 1053 274
with segment
0f20 nm
nd derivative 4 095 073  -260E-06 0965 0.7 152 38
with segment 023
0f20 nm
MSC 20933 078 -547E-07 0979 047 011 196 49

44 HPLC
(n Aderivative with segment of 20 nm
r 0.851 (SEP) 769 %  bias 003% RER

1.89 RPD 6.29
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44 HPLC

Regression coefficient (X-variable)
(Y) Regression coefficient
2]
45 Regression coefficient NIR
2102 nm C-H deformation and combination C-0 stretch combination

overtones 2278 nm (C-H combination, C-C stretch overtones  C-O stretch combination overtones
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U 143, 1928, 2348, 2454 nm

x-loading weight plot X-loading weight
4.6 X-loading weight plot NIR PC
123 4 28331 1% X-loading weight ~ PC 1
X-loading weight 1450 nm (O-H stretch first overtone) [24] 1892
1928 2044 nm 1412, 1580, 1792, 1912, 1948, 1974, 2136, 2254, 2314, 2358, 2412 nm PC 2
2276 nm (C-H combination, C-C stretch overtones ~ C-O
stretch combination overtones [21] 1460, 1594, 1778, 1964, 2072,
2314, 2400 nm X-loading weight ~ PC 3 1916,
2250 nm PC4 2252 nm
4.7 HPLC
() Istderivative with segment of 20 nm
0.807 (SEP) 6.15%  bias 048% RER 163
RPD 5.62
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40 Elements : 50

.
Do o
| 5 Ges  ourse
I 20
15
10
5 -
0
10 15 20 25 £l B 40 45
Reference
4.7 HPLC
48 Regression coefficient 2280
(combination of C-H stretch band and deformation band [21] 2330 nm
[24] 1410, 1442, 1488, 1714, 1910, 2072, 2130,

2208, 2394, 2442 nm
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49 x-loading weight plot PC123 4

9132 2% 1440 1
[24] 1892, 1930, 2048 nm PC1 PC2 1896, 2340 nmPC 3 2300
4. 10 !
HPLC (n 2ndderivative with segment
of 20 nm 0.937 (SEP) 407 %  bias 029 % RER

2.74 RPD 10.53
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Elements:
Slope:
Offset:
Correlation:
R-Square:
RMSEP:

SEP:
Blas,___

2

410

411

0.781144
3.151256
0.936893
0.866454
4.034773
4.065365
0.287648

Reference

Regression coefficient
[24] 2255 NIR
1406 2288 2352 nm

24

1

HPLC

1440 nm
[24]



4.12 x-loading weight plot PC 1234 5
aq421 1% 1886 1934 2264 nm
PC1 PC2 1910

4.13
(r) MSC r 0.979
(SEP) 0.47%  bias 0.11% RER 4.9 RPD 19.6
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Elements: 50
Slope: 0.931780
24  Offset: 1.414251
Correlation:  0.978744
R-Square: 0.954831
22 RMSEP: 0.480767
w SEP: 0.472599
a Bias: 0.110698
120
18
16
14
14 16 18 20 22 24 26

Reference

413

4.14 Regression coefficient 1450 nm (0-H
stretch first overtone) NIR [24]
1910, 1990, 2186, 2326 1

4,14 Regression coefficient NIR
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4.15 x-loading weight plot PC 12

B2 2% 1914 1 PC1 PC
2 2010 1
4.2
421 Soft Independent Madeling of Class Analogy (SIMCA)
Soft Independent Modeling of Class Analogy
(SIMCA) (Raw spectrum) 2
L First and Second Derivath® 5 (0nm) 10
(20 nm) (Savizky-Golay algorithm, second polynomial)
2 Full multiplicative scatter correction (MSC)
SIMCA 43
2rd derivative segment of 20 nm 80.8 %
MSC 77 % 1
MSC !
96.2% 14 segment of 10 nm ,20 nm,

2rdderivative segment of 20 nm 955 %
21
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pretreated
spectra
aw

spectra

Igsegment
of 10nm

I¢segment
0f20 nm

2rsegment
of 10nm

2regment
0f20 nm

MSC

Honey group

No. of
Honey for
prediction

26
22
48
26
2
48
26
22
48
26
2
48
26
2
18
26
2
48

Honey of correct
classification

Honey of correct
classification

Honey of correct
classification

Haoney of correct
classification

Honey of correct
classification

Honey of correct
classification

28

SIMCA

Model
% correct

69.3 923 615
45 818 13.63

39.58
1 84.6 615
0 95.5 0

333

69 84.6 538
9 955 4.54

31.25

6.9 923 69.2
9 86.4 1

39.58

80.8 88.5 69.2
0 95.9 0

315

192 9.2 3.84
1 213 0

2.08
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raw spectra 1St segment of 1St segment of 2ndsegment of 2ndsegment of MSC
10 nm 20 10 nm 20 nm
pretreated spectra
4.16 %
4.16 % pretreated spectra raw spectra
2rdsegment 10 nm
422 Partial Least Square Discriminant Analysis (PLS-DA)
Partial Least Square Discriminant Analysis (PLS-DA)
(Raw spectrum) 2
L First and Second Derivative! (10nm) 10
(20 nm) (Savizky-Golay algorithm, second polynomial)
2 Full multiplicative scatter correction (MSC)
44
, 100%
92.3%
92.3% 100 %
95.8 %
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4.4

pretreated
spectra

raw

spectra

1¢segment
of 10nm

1gsegment
0f20 nm

2rsegment
of 10 nm

2rsegment
0f20 nm

MSC

Honey group

No. of
Honey for
prediction

26
2
48
26
2
48
26
22
48
26
22
18
26
22
48
26
2
48

Honey of correct
classification

Honey of correct
classification

Honey of correct
classification

Honey of correct
classification

Honey of correct
classification

Honey of correct
classification

30

1y

923
100

923
100

923
100

923
100

923
100

923
100

Model

1y

923
100

923
100

923
100

923
100

923
100

923
100

PLS-DA

% correct

923
100
9.8
923
100
9.8
923
100
9.8
923
100
9.8
923
100
9.8
923
100
9.8



, Tranflectance 1100 -2500 nm

5
5.1
5.11
(HPLC) Refractrometer
(.6-27.5% ) (2.4-37.3 ) (L5-
44.6 ) (15.2- 24, )
(33.7-49.5 ) (24.4- 39.8 ) (1. -
3 ) (15.2-238 )
30% 20 % 12 %
25 %
90 50 40
5.12 NIR

NIR  spectroscopy
Full multiplicative scatter correction (MSC) Second
Derivative (Savizky-Golay algorithm, second polynomial® ' PLS regression
MSC (1)



5.2
5.2.1

5.2.2

92.3 %

0.979 %
011 %
23]

80.8 %

92.3 %

96.2 %

32

1 (SEP)  047%
(1) 0950, 98 .
SIMCA
7%
95,5 %
PLS- DA

100 %

100 %
95.8 %

bias
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Ralation between Brix value (%) and refractive index (nD)[Digital hand-held pocket prefractometer PAL]

%

KESwowoooirwroemo

*Refractive index values for Brix 0 to 85% in the above table have heen
Officially determined by ICUMSA (International Committee of Uniform
Method of Sugar Analysis held in 1974)

20/D
1.33299
1.33442
1.33586
1.33732
1.33879
1.34062
1.34175
1.34325
1.34471
1.34629
1.34782
1.34935
1.35093
1.3525
1.35408
1.35568
1.35729
1.35891
1.36054
1.36218
1.36384
1.36551
1.3672
1.36689

1.3706
1.37233
1.37406
1.37582
1.37758
1.37936
1.38115
1.38296
1.38478
1.38661
1.38846

37

20/D
1.39032
1.3922
1.39409

1.396

1.39792
1.39986
1.40181
1.40378
1.40576
1.40776
1.40978
1.41181
1.41385
1.41592
1.41799
1.42009
1.4222
1.42432
1.42647
1.42863
1.4308
1.43299
1.4352
1.43743
1.43967
1,44193
1.4442
1.4465
1.44881
145113
1.45348
1.45584
1.45822
1.46061
1.46303

%
10
Ji!
12

20D
1.46546
1.4679
1.47037
1.47285
1.47535
LATT8T
1.4804
1.48295
1.48552
148811
149071
1.49333
1.49597
1.49862
1.50129
1.50398
1.5067
1.5094
1.5122
1.5149
15177
1.5205
1.5234
1.5262
15291

1.532



Table 969.38 Relationship between refractive index and water contents of honey.
Refractive index

60°FC  40°c

Water
content,%

13

132

134

136

138

14

142

144

14.6

148

15

152

154

20°ch
1.5044

1.5038

15033

1.5028

1.5023

15018

15012

1.5007

1.5002

1.4997

14992

1.4987

14982

1.505
3
1.504
8
1.504
3
1.503
8
1.503
3
1.502
/
1.502
2
1501
1
1501
2
1.500
1
1,500
2
1.499
/
1.499

14998

14993

14988

14983

14978

14973

1.4968

1.4962

1.4957

1.4952

14947

14942

14937

Water
content %

17.6

17.8

18

182

184

186

188

19

192

194

19.6

19.8

20

Refractive index
60°FC  40°c

20°ch
1.4925

1492

1.4915

1491

1.4905

149

14895

1.489

1.4885

1.488

14875

1.487

1.4865
3

14935

1493

14925

1492

14915

1491

1.4905

149

1.4895

1.489

1.4885

1.488

14875

14881

1.4876

1.487

1.4865

1.486

14855

1485

1.4845

1.484

14835

14829

1.4824

1.4819

Water
content,%

222

224

22.6

228

23

232

234

236

238

24

24.2

244

24.6

Refractive index
20°ch  60°FC 40°

1481

1.4805

148

1479

1479

14785

1478

L4175

1477

14765

1476

14755

1475



Water
content,%

156

158

16

16.2

164

16.6

168

17

172

174

Refractive index
60°FC  40°c

20°ch

14976

14971

1.4966

1.4961

1.4956

1491

1.4946

1,49

14935

1493

2

1.498
6
1.498
1
1.497
6
1.497
1
1.4%
6
1,49
1
1495
6
1.495
1
1,49
6
1.4%

14932

1.4921

14922

14916

14911

1.4906

1.4901

1.4896

1.4891

1.4886

Water
content %

202

20.4

206

208

2

212

214

216

218

22

Refractive index
60°FC  40°c

20°ch

1.486

1.4855

1.485

1.4845

1,484

14835

1433

14825

1.482

1.4815

1.487

1.4865

1,486

14855

1485

14845

1.484

14835

1483

1.4825

1.4814

1.4809

1.4804

14799

1479

1.4788

147183

14778

L4173

1.4768

Water Refractive index
content% 20°ch  60°FC 40°

248 L7145

25 1474

a Values for 20°c and 60°F are Wedmore’s calculation (Bee world36 ,197(1995): 40°c values are calculated from
Auerbach and Borries equation( z Nahr. Genussm. 22,353-358(1924)]. Values> 22.0% were extended by
FAO/WHO Codex Committee on Method of Analysis and Sampling (1968)
b If refractive index is measured at temperature above (below) 20°C,add(subtract) 0.00023/°C above(below) 20°c
before using table.
¢ If refractive index is measured at temperature above (below) 60°F add(subtract) 0.00013/°F above(below) 60°F
before using table.
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% calibration

Refrectrometer
1 Brix  Water content, % Brix  Water content, %
1 Utaradit 1 70.8 >25 46 bouy longe 1 798 176
Utaradit 2 713 >25 bouy longe 2 795 18
2 Peerapan 1 811 164 47 imperial 1 80.2 174
pelapan 2 194 182 imperial 2 80.4 172
3 Payao 1 749 228 48 mong fang 1 7.1 184
Payao 2 5.2 23.6 mong fang 2 7.0 20.6
4 Doikum 1 81.2 164 49 lamyai fasion 1 194 182
Doikum 2 81.2 164 lamyai fasion 2 789 188
5 Pakbog 1 8.1 19 50 alavan 1 784 192
Pakbog 2 8.7 19 alavan 2 789 188
6  Wangnuae 1 76.3 214 51 langnees 1 813 16.2
Wangnuae 2 104 212 langnees 2 79.6 18
7 makajan 1 76.9 208 52 writrose 1 81.2 164
makajan 2 18.6 19 writrose 2 8l.4 16.2
8 Doi saked 1 184 192 5 arol 793 184
doysaket 2 183 194 a0 2 799 176
9 Chantaburi 1 783 194 54 valalom lopburi 1 759 218
Chantaburi 2 783 194 valalom lopburi2 -~ 756 222
10 Konkaenl.l 783 194 55 valalom pitsanulok 1  76.4 21.2
Konkaenl.2 715 20.2 valalom pitsanulok 2 775 20.2
11 Konkaen2.1 738 24 56 vatchapong 1 811 164
konkan 2.2 129 248 vatchapong 2 80.9 16.6
12 Konkaen3.1 141 236 57 hoybong 1 803 174
Konkaen3.2 746 232 hoyhong 2 80.3 174
13 Konkaend.1 4.3 234 58 yasotom 1 736 24.2

40



14

15

16

i

18

19

20

2

22

23

24

25

26

21

1
Konkaend.2
Konkaen5.1
Konkaen5.2
km 8 1
km 82
charvala fram 1
charvala fram 2
bangkok 1
bangkok 2
esam 1
esam 2
pattananicom 1
pattananicom 2
varuka 1
varuka 2
mouth five 1
mouth five 2
suppa 1
suppa 2
suppa g 1
suppag 2
authai 1
authai 2
Tarad thai 1
Tarad thai 2
kosit 1
kosit 2
kan 1
kan 2

Brix  Water content, %

133
753
759
83
187
196
139
126
124
183
18.6
798
808
198
179
194
182
9.7
789
193
763
157
80.6
195
193
78.6
182
112
6.1

244
224
218
194
19
18
238
>25
>25
194
19
176
16.8
176
198
182
194
178
188
184
214
2
17
18
184
19
194
204
216

5

60

61

62

63

64

65

66

67

68

69

10

1

2

yasotom 2

thai honey 1
thai honey 2
motor way 1
motor way 2
Siam honey 1
Siam honey 2
chonburi B 1
chonburi B 2
huytakay kan 1
huytakay kan 2
kokpai L
kokpai 2
panjasri 1
panjasri 2

lackrabang taa 1
ladkrabang taa 2

pakdee L 1
nakdee L 2
pakdee paa 1
pakdee paa 2
pakdee five 1
pakdee five 2
pednantawan 1
pednantawan 2
jutalos 1
jutalos 2
pattawan 1
pattawan 2

41

Brix  Water content, %

136
803
199
178
176
805
193
8.1
183
5.7
145
793
183
80.1
798
813
812
8.7
194
198
7M1
813
815
73
174
194
8.7
174
193

242
174
176
198
20
17
184
196
194
2
232
184
194
174
176
162
164
19
182
176
184
162
16
204
202
182
19
202
184



28

29

30

3l

32

3

34

3

36

3

3

3

40

41

42

petchaboon 1
petchaboon 2
sukothai 1
sukothai 2
plaa 1

plaa 2

plaaB 1

plaa B 2
ambrosia L 1
ambrosia L 2
ambrosia T 1
ambrosia T 2
prama 1
prama 2
loungkean 1
loungkean 2
pattananicom T 1
pattananicom T 2
suppa lamyai 1
suppa lamyai 2
china 1

china 2

lang phing 1
lang phing 2
pudin 1

pudin 2
songsarm 1
songsarm 2
chomchon 11

Brix  Water content, %

178
7
769
176
191
194
811
810
80.9
812
7195
803
16.7
16.7
80.0
193
7193
192
187
193
.1
146
823
821
80.3
804
192
9.7
80.8

198
20
208
20
184
182
164
16.6
16.6
164
18
174
2
Al
176
184
184
184
19
184
22.6
232
152
154
174
172
184
178
16.8

3

14

15

76

1

8

n

80

8l

82

8

84

8

8

87

labdoun 1
|abdoun 2
sapanmai boylongl
sapanmai boylong?2
sapanmai prom 1
sapanmai prom 2
sapanmai 100 1
sapanmai 100 2
jitlada 1

jitlada 2
namchem 1
namchem 2
pufal

pufa 2

pulong 1

pulong 2

Tesco 1

Tesco 2
imgergold 1
imgergold 2
namgom 1
namgom 2
phoumdin 1
phoumdin 2
nakonpatom 1
nakonpatom 2
fresh 1

fresh 2

lanna 1

42

Brix  Water content, %

144
139
7
18
123
144
758
6.1
804
189
73
76.1
9.1
T
85.6
80.1
796
194
196
7195
16.7
76.9
154
759
808
80.7
80.2
192
80.9

234
238
20
19.8
>25
234
2
21.6
172
188
204
21.6
184
20
<13
174
18
182
18
18
il
208
224
218
168
168
114
184
16.6



43

44

45

1
chomchon 1.2
chomchon 2.1
chomchon 2.2
ban lai 1
ban lai 2
phang van 1
phang van 2

Brix  Water content, %

80.4
804
804
17
7
80.2
80.1

172
172
172
20

20

174
174

lanna 2
8 heltymeat 1
heltymeat 2
89 chaiyapom 1
chaiyapom 2
90 joho honey. 1
joho honey.2

43

Brix  Water content, %

192
794
80.4
19
119
823
818

184
182
172
198
198
152
158



O OO N O o1 &~ LW N e

10

12
13
14
15

16
17
18
19
20
2
22
23
24

Utaradit
Peerapan
Payao
Doikum
Pakbog
Wangnuae
makajan
Doi saked
Chantaburi

Konkagn
Konkaen
Konkaen
Konkaen
Konkaen

km 8
charvala
fram

bangkok
esam
pattananicom
varuka
mouth five
suppa
Suppa g
authai

68.16
13.73
48.39
17.13
19.07
10.77
331
2.93
6.67

1.52
0.64
4.44
13.67
4.83
15.84

41.57
21.83
44.42
38.80
40.17
21.97
41.42

5.09

181

92.43
21.19
39.19
23.06
31.90
17.72
11.39
8.62
12.80

8.59
5.2
9.53
18.65
8.75
18.48

34.16
28.17
34.35
36.21
32.74
2851
33.01
5.18
8.71

1.30
11.82
8.14
1.62
1.71
21.16
16.45
22.91
33.12

44,58
35.09
21.08
11.06
26.97
10.32

2.78
11
9.44
4.30
1.93
5.63
5.12
36.31
29.98

47
48
49
50
51
52
53
b4

95
56
57
58
59
60

61
62
63
64
65
66
67
68
69

44

HPLC

bouy longe
imperial
mong fang
|amyai fasion
alavan
langnees
Writrose

a0

valalom lopburi
valalom
pitsanulok

vatchapong
hoyhong
yasotorn
thai honey
motor way

Siamhoney
chonburi B
huytakay kan
kokpai
panjasri
lackrabang taa
pakdee L
pakdee paa
pakdee five

42,07
36.68
18.73
38.42
39.57
38.78
40.41
40.43
113

31.17
38.67
31.84
1.09
16.37
22.58

31.14
10.54
10.50
21.52
15.93
6.45
36.11
36.96
31.23

33.93
39.76
18.12
29.74
30.13
30.85
36.24
31.94
12.21

31.96
28.54
21.59
2.37
22.60
29.35

3177
2147
15.40
35.98
17.89
6.86
26.45
30.27
30.96

4.36
3.63
13.39
9.09
8.59
481
2.97
1.78
29.76

3.25
10.42
9.97
24.32
1.65
4.44

5.25
17.72
16.84
5.98
20.64
30.78
9.31
4.62
4.59



25
26
21
28

29
30
3
32
3
34
3

36
37
38
39
40
41
42
43
44
45

Tarad thai
kosit

kan
petchaboon

sukothai
plaa

plaa B
ambrosia L
ambrosia T
prama

loungkean
pattananicom
T

suppa lamyal
china

lang phing
pudin
songsarm
chomehon
chomehon
ban lai
phang van

39.56
36.16
1150
39.98

43.43
42.22
36.88
41.49
41.75
40.25
26.09

49.52
8.83
20.72
9.08
39.34
25.85
11.49
10.52
26.37
31.00

38.32
26.79
2151
29.16

31.46
39.66
31.88
32.08
3131
35.94
29.56

25.17
8.82
28.79
11.06
28.83
23.13
1414
13.10
35.66
32.49

478
8.07
24 47
9.34

3.82
5.70
1.53
9.12
5.08
4.22
5.53

2.96
30.25
1.26
3451
11.35
1.13
38.39
35.47
4.30
5.18

14
15
16
I
18
19
80

45

pednantawan
jutalos
pattawan
labdoun
sapanml
boylong
sapanmai prom
sapanmai 100
jitlada
namchem
pufa

pulong

Tesco
Imgergold
namgom
phoumdin
nakonpatom
fresh

lanna
heltymeat
chaiyapom
joho honey.

24.78
25.60
24.31
14.04

12.43
4.27
3.63
38.34
6.17
21.02
34.15

34.54
368.82
20.13
12.67
3147
41.30
36.04
19.99
3.60
31

26.27
31.35
25.89
29.77

14.94
10.32
5.67
33.17
1.38
25.06
26.19

26.83
32.32
23.67
16.95
30.62
34.52
28.63
23.22
8.53
2437

490
3.65
490
1.53

16.06
21.15
26.10
9.40
30.05
181
9.52

1.10
450
10.10
15.14
6.22
3.1
1.37
5.15
1791
9.31



Pretreatment

raw

1st derivative
with segment
of 10nm
1st derivative
with segment
0f20 nm
2nd
derivative
with segment
of 10 nm

2nd
derivative
with segment
0f20 nm

MSC
SNV

PCs

3
2

Results of PLS regression of honey

r
0.87
0.872

0.872

0.811

0.869

0.869
0.869

Calibration
SEC
1.16
1.12

1.12

1.13

12 -1.29E-08

12 - -1.58E-06
12 -1.64E-07

Bias
-2.12E-06
-6.18E-07

-0.43E-04

-5.57E-07

46

r SEP
0.849 7.764
085 77

0851 7.69

0833 812

084 7.9

0.835
0.835

8.08
8.08

Prediction
Bias
0.27
0.14

0.03

0.74

0.55

0.27
0.27

RPD
6.23
6.28

6.29

5.96

6.09

5.99
5.99

RER

1.88
1.89

1.89

179

183

18
18



Pretreatment

raw

1st derivative
with segment of
10nm
1st derivative
with segment of
20 nm
2nd derivative
with segment of
10nm
2nd derivative
with segment of
20 nm
MSC

SNV

PCs

5
3

~ o

Results of PLS regression ofhoney (

r
0.88
0.87

0.906

0.883

0.92

0.914
0.882

Calibration

SEC
4.88
5.05

4.36

4.82

4.04

4.16
4.82

Bias
-3.56E-06
-2.20E-07

1.27E-06

2.21E-07

1.4TE-06

LATE-05
1.14E-05

47

r
0.797
0.786

0.807

0.767

0.776

0.793
0.804

)
Prediction

SEP Bias RPD
6.17 023 56
6.29 043 549

6.15 048 562

6.1 063 531

6.9 083 524

041
0.18

5.2
5.1

6.9
6.06

RER
162
159

163

1.54

152

153
1.65



Results of PLS regression of honey ()

Calibration Prediction
Pretreatment PCs _ ,
r SEC  Bias r SEP Bias RPD RER
raw 70887 485 -7.80E-06 0916 45 0 953 248
1st derivative with segmentof 4 0861 533 428E07 0934 425 1009 2.62
10nm 0.06
1st derivative with segmentof 3 0.852 549 -6.70E-07 0936 428 009 1002 261
20 nm
nd derivative with segmentof 5 092 413 -109E-06  0- 493 041 87 22
10 nm 398
nd derivative with segmentof 3 0.856 542 413E-07 0937 407 029 1053 274
20 nm
MSC 4 0852 55 825E07 0924 452 948 247
0.12
SNV 4 0852 549 -TT2E-07 0923 455 0 942 245

48



Pretreatment

raw

13 derivative with
segment of 10 nm

1st derivative with
segment 0f 20 nm

2nd derivative with
segment of 10 nm

2nd derivative with
segment of 20 nm

MSC
SNV

Results of PLS regression of honey ( ')

PCs

3

w

P

0.938
0.939

0.94

0.9

0.936

0.936
0.936

Calibration

SEC Bias

082  -1.82E-06
081  -2.48E-06
08  -2.66E-06
0.73  -2.60E-06
083  -2.60E-06
083  -2.48E-06
083  -2.60E-06

49

r
0.961
0.963

0.964

0.965

0.965

0.963
0.963

SEP
0.6
0.583

0.579

0.576

0.603

0.59%
0.596

Prediction
Bias
1.3
-0.09

0.1

-0.23

0.2

-0.19
-0.19

RPD
14.6
15

151

152

145

147
147

RER
36
31

38

38

36

37
3.7



Pretreatment

raw

Ist derivative
with segment of
10nm
1st derivative
with segment of
20 nm
2nd derivative
with segment of
10 nm
2nd derivative
with segment of
20 nm
MSC

SNY

PCs

3

Results of PLS regression of honey (

r
0.933

0.938

0.939

0.964

0.945

0.933
0.933

Calibration
SEC Bias
078  -5.16E-07
0.5 -4.14E-07
074  -453E-07
0576 -3.67E-07
071 -5.T1E-07
0.78  -5ATE-07
0.78  -2.81E-07

50

)

[
0.975

0.977

0.977

0.954

0.973

0.979
0.979

SEP
0.51

0.49

0.49

0.69

0.53

0.47
047

Prediction
Bias
0.12

0.13

0.13

0.14

0.13

0.11
0.11

RPD  RER

18

188

188

133

174

196
19.6

45

47

41

3.3

43

49
49
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(Physical Properties ofSweet Corn)
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10.
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Panmanas Sirisomboon, Yuki Hashimoto and Munehiro Tanaka, 2008. Study on Non-destructive Evaluation
Methods for Defect Pods for Green Soybean Processing by Near-Infrared Spectroscopy. Annual Meeting on
the Japanese Society of Agricultural Machinery, 27 - 30 March 2008. Miyazaki Kanko Hotel 1-1-1
Matsuyama, Miyazaki-city, Miyazaki-prefecture, Japan,

Panmanas Sirisomboon, Yuki Hashimoto, Munehiro Tanaka. Study on non-destructive evaluation methods for
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Journal of Food Engineering, 93 (4), 502-512 (2009)

2. Study on the relationship between texture and pectin constituents of Japanese pear (

)

Panmanas Sirisomboon. Munehiro Tanaka, Takayoshi Akinaga and Takayuki Kojima 2001. Evaluation of the
texture properties of Japanese pear, Journal of Texture Studies 31. 665-677. (be cited by Thompson AK.:
Fruit ripening conditions. In Fruit and vegetables-harvesting, handling and storage. 2rd editions. Blackwell
Publishing. UKp. 88 (2003))

Panmanas Sirisomboon. Munehiro Tanaka, Shuji Akinaga and Takayuki Kojima 2001. Relationship hetween the
texture and pectin constituents of Japanese pear, Journal of Texture Studies 31. 679-690.

Panmanas Sirisomboon. Munehiro Tanaka, Shuji Fujita, Takayoshi Akinaga and Takayuki Kojima 2001. A
simplified method for the determination of total oxalate soluble pectin content of Japanese pear. Journal of
food Composition and Analysis. 14, 14: 83-91.

Takayuki Kojima, Shuji Fujita, Munehiro Tanaka, Panmanas Sirisomboon 2004 Chapter 11, Plant Compounds and
Fruit Texture: the Case of Pear. In Texture in Food, VVolume 2: Solid Foods, David Kilcast Editor. Woodhead
publishing limited. Cambridge, England. IS edition p 259-294.

Panmanas Sirisomboon. Munehiro Tanaka, Shuji Fujita, Takayuki Kojima 2007. Evaluation of pectin constituents
of Japanese pear by near infrared spectroscopy, J. Food Engineering 78(2): 701-707.
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Panmanas Sirisomboon, Prakob Kitchaiya, Teerapong Pholpho and Wiroj Mahuttanyavanitch: Physical and
mechanical properties of Jatropha curcas L. fruits, nuts and kernels, Biosystems Engineering, 2007, 97:201-
207,

p. Sirisomboon, p. Kitchaiya, Physical properties of Jatropha curcas L. kernels after heat treatments. Biosystems
Engineering, 2009, 102 (2), 244-250.

Panmanas Sirisomboon, Jetsada Posom, Thermal properties of Jatropha curcas L. kernels Biosystems
Engineering, 113(4), 402-409.

Jetsada Posom and Panmanas Sirisomboon. Development of the technique for measuring of oil content and
thermal properties of biomass by non-destructive method using near infrared spectroscopy: case study of
Jatropha cur as kernels. RRI-MAG Congress I, the Twin Tower, Bangkok, Thailand Thailand during April
3-5, 2014 (in Thai).

Jetsada Posom, Panmanas Sirisomboon, Evaluation of the thermal properties of Jatropha curcas L. kernels using
near-infrared spectroscopy, Biosystems Engineering, 125, 45-53 (2014).
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Panmanas Sirisomboon, Jittra Duangchang. 2009. Prediction and analysis of peel essential oil of pomelo by NIR
spectroscopy. 10t International Conference of Thailand Society of Agricultural Engineering on “Innovations
of Agricultural, Food and Renewable Energy Productions for Mankind” 1-3 April 2009 , Suranaree Univeristy
of Technology, THAILAND.
Panmanas Sirisomboon, Warunee Thanapase, Ravipat Lapcharoensuk 2009. Identification of Different Storage
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THAILAND.

Panmanas Sirisomboon, Charoonpong Theamprateep 2009. Maturity Classification of Kao Nampueng Pomelo
Fruit using Visible Range Spectrum. 10t International Conference of Thailand Society of Agricultural
Engineering on “Innovations of Agricultural, Food and Renewable Energy Productions for Mankind” 1-3
April 2009 , Suranaree Univeristy of Technology, THAILAND.

Panmanas Sirisomboon, Warunee Thanapase, Ravipat Lapcharoensuk. Identification of Different Storage Duration
of Pomelo (Kao Num Peung Variety) by Near Infrared Spectroscopy using PLS-DA. The 3'd Asian Near
Infrared Symposium (ANS2012) Amari Watergate Hotel, Bangkok, Thailand; 14-18 May 2012.

p. Sirisomboon and ¢. Theamprateep, Physicochemical and Textural Properties of Pomelo (Citrus maxima Merr.
cv. Kao Num Peung) at Preharvest, Postharvest and During the Commercial Harvest Period. The Philippine
Agricultural Scientist, 95 (1), 43-52 (2012).

p. Sirisomboon, R. Lapchareonsuk, Evaluation of the physicochemical and texture properties of pomelo fruit
following storage. Fruits, 67 (6), 399-414 (2012).

Panmanas Sirisomboon, Warunee Thanapase, Ravipat Lapcharoensuk. Identification of Different Storage Duration
of Pomelo (Kao Num Peung Variety) by Near Infrared Spectroscopy using PLS-DA. The 3rl Asian Near
Infrared Symposium (ANS2012) Amari Watergate Hotel, Bangkok, Thailand; 14-18 May 2012,

2952.
6, 8- 2552,

c 2553 1
. 11 6-7
2553,
382-385.
Panmanas SIRISOMBOON and Apidul KEAWKUPTONG. Evaluation of dry rubber content of
concentrated latex by Near-infrared Spectroscopy, The 12th Annual Conference of Thai Society of
Agricultural Engineering “International Conference on Agricultural Engineering” (Novelty, Clean and
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Sustainable) Chon-Chan Pattaya Resort, Chonburi, Thailand; 31 March-1 April 2011, p 49-1 -49-5,
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Panmanas Sirisomboon, Rawiphan Chowbankrang, Phil Williams, Evaluation of apparent viscosity of Para
rubber latex by diffuse reflection near infrared spectroscopy. Applied Spectroscopy, 66(5), 595-599
(2012).

Tetsuya Inagaki, Panmanas Sirisomboon, Chang Liu, Warunee Thanapase, and Satoru Tsuchikawa, High
accuracy in-line prediction and feasibility of on-site nondestructive estimation of Para rubber quality by
spectroscopic methods. Journal of Wood Science, 59(2), 119-126, 2013,

p. Sirisomboon, A. Kaewkuptong and p. Williams, Feasibility study on the evaluation of the dry rubber
content of field and concentrated latex of Para rubber by diffuse reflectance near infrared spectroscopy. J.
Near Infrared Spectrosc. 21, 81-88 (2013).

Aphichart Sompiw and Panmanas Sirisomboon. Nondestructive evaluation technique for viscosity, alkalinity
and potassium hydroxide number in concentrated para rubber latex by near infrared spectroscopy. RRI-
MAG Congress I, the Twin Tower, Bangkok, Thailand during April 3-5, 2014 (in Thai).

Aphichart Sompiw and Panmanas Sirisomboon. Evaluation of Para rubber latex viscosity using shortwave
near infrared spectroscopy. The 7th TSAE International conference, Krungsri River Hotel, Ayudhya,
Thailand during April 2-4, 2014,

Areerat Imsil, Ronnarit Rittiron, Panmanas Sirisomboon and Varipat Areekul, Classification of Horn Mali
rice with different degrees of milling based on physicochemical measurements by principal component
analysis. Kasetsart Journal: Natural Science, 45(5), 863-873 (201 1)

Somchai Kladsuk, Panmanas Sirisomboon, Selection of cooking method for cooked rice texture
determination and sensory panel training in research work. International Conference on Engineering,
Applied Sciences, and Technology (ICEAST - 2012) November 21 - 24, 2012, Swissdtel Le Concorde,
Bangkok, Thailand (Paper ID 00136)

Nuttagom Sonsanguan, Panmanas Sirisomboon, Jirapom Sripinyowanich Jongyingcharoen, Selection of
objective test for cooked rice texture determination in research and industrial work. International
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2012, Swissdtel Le Concorde, Bangkok, Thailand (Paper ID 00137)

¢. Dachoupakan Sirisomboon, R. Putthang, p. Sirisomboon, Application of near infrared spectroscopy to
detect aflatoxigenic fungal contamination in rice. Food Control, 33(1), 207-214, 2013,

Ravipat Lapcharoensuk and Panmanas Sirisomboon. Some physical properties of rice in rice improvement
plant. The 7th TSAE International conference, Krungsri River Hotel, Ayudhya, Thailand during
April 2-4, 2014,

Kannapot Kaewsorn and Panmanas Sirisomboon. Feasibility stuay for evaluation of gamma-aminobutyric acid
(GABA) content of germinated brown rice by visible and near infrared spectroscopy. The 7th TSAE
International conference, Krungsri River Hotel, Ayudhya, Thailand during April 2-4, 2014

K. Kaewsorn and Panmanas Sirisomboon, Determination of the gamma-aminobutyric acid content of
germinated brown rice by near infrared spectroscopy, J. Near Infrared Spectrosc. 22(1), 45-54 (2014).
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Panmanas Sirisomboon, Munehiro Tanaka and Takayuki Kojima, 2008. Intensive Evaluation of Tomato
‘Momotaro” Textural Properties. Annual Meeting on the Japanese Society of Agricultural Machinery, 27 - 30
March 2008. Miyazaki Kanko Hotel 1-1-1 Matsuyama, Miyazaki-city, Miyazaki-prefecture, Japan

Panmanas Sirisomboon, Munehiro Tanaka, Takayuki Kojima, Evaluation of tomato textural mechanical
properties. Journal of Food Engineering, 111(4), 618-624, 2012.

Panmanas Sirisomboon, Munehiro Tanaka, Takayuki Kojima, Phil Williams, Nondestructive Estimation of
Maturity and Textural Properties on Tomato ‘Momotaro™ by Near Infrared Spectroscopy. Journal of Food
Engineering, 112(3), 218-226, 2012.

8.

Phalanon Onsawai and Panmanas Sirisomboon. Color and soluble solids content of Durian pulp at different
maturity stages. The 7th TSAE International conference, Krungsri River Hotel, Ayudhya, Thailand
during April 2-4, 2014,

9,

Wantanee Phoonphatthanachai and Panmanas Sirisomboon. Feasibility study for the evaluation of moisture
content in tapioca starch cake by near Infrared spectroscopy. The 3 International Conference on Engineering,
Applied Sciences, and Technology (ICEAST 2013), The Sukosol, Bangkok, Thailand during August 21-24,
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Natcha Thitibunjan and Panmanas Sirisomboon. Feasibility study on evaluation of salt content of Massaman
curry soup using near infrared spectroscopy. The 7th TSAE International conference, Krungsri River Hotel,
Ayudhya, Thailand during April 2-4, 2014

Jutharat Nawayon and Panmanas Sirisomboon. Feasibility study on evaluation of total solids of Massaman curry
soup using near infrared spectroscopy. The 7th TSAE International conference, Krungsri River Hotel,
Ayudhya, Thailand during April 2-4, 2014

11,

Panmanas Sirisomboon, Suppakit Howvimanpom 2009. Determination of soluble solids of honey by near
infrared spectroscopy. 10t International Conference of Thailand Society of Agricultural Engineering on
“Innovations of Agricultural, Food and Renewable Energy Productions for Mankind” 1-3 April 2009 ,
Suranaree Univeristy of Technology, THAILAND.

p. Sirisomboon, . Thanapase, . Kasemsumran and . Howvimanpom 2009. Identification of honey authenticity
by NIRS. The 14hInternational Conference on Near Infrared Spectroscopy. NIR 2009 Breaking the Dawn. 7-
16 Novemebr 2009, Amari Watergate Hotel, Bangkok, Thailand.
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Resort, Chonburi, Thailand; 31 March-1 April 2011, p 48-1 -48-5.
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