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Research Title: Evaluation of main composition of honey by near infrared spectroscopy

Researcher: Panmanas Sirisomboon

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 alqorithm 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 r 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 of 4.07% 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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] ¥y ¥ ] v v
MNMNA 4.3 uaasenilnasy 2™ derivative ¥9911AN 1Az NIR LAAINAUMIQAFUFINGAT 1442 nm
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¥y ¥
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{ 1 s 22 1 s {
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o a £ v o J ~ ¥ T 1A 1A o
duilsz@nsanuduus () geiigane ANuruaziiniegh 0.979 % AHANAIANIATFIUYBINTIIUIY (SEP)

Y
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Y ' aa & Y 2
ﬂ1§1\3ﬁ 4.1 MNNADAUDIYA Calibration HagYea Prediction ﬂlﬂﬂﬂﬂﬂﬂﬁgﬂﬂﬂm@\iu']ﬁﬂ

Calibration set

Prediction set

parameters n Range mean SD n range mean SD
V‘lgﬂi@lﬁ 126 0.64-49.52 249 1456 50 1.13-49.52 25.79 14.66
ﬂgiﬂﬁ 126 2.37-39.76 24.41 10.27 50 5.21-39.76 25.08 10.02
Gﬂﬂiﬁ 126 1.53-44.58 12.41 10.5 50 1.71-44.58 13.08 11.15
GU’ENLL%Qﬂ' 126 72.35-85.55 78.42 2.36 50 73.55-82.30 78.58 2.18
azaold
mm%u 122 15.20-24.80 19.11 2.17 50 15.20-24.40 19.11 2.29
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FUA Pretreatment PCs Calibration Prediction

r SEC Bias r SEP | Bias | RPD | RER

W;ﬂi@lﬁ Ist derivative 2 0.872 | 7.12 | -9.43E-04 | 0.851 | 7.69 | 0.03 | 6.29 | 1.89
with segment

of 20 nm

ﬂQIﬂﬁ Ist derivative 6 0.906 | 4.36 1.27E-06 | 0.807 | 6.15 | 048 | 5.62 | 1.63
with segment

of 20 nm
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of 20 nm
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33U 48 I 95.8
1" segment llﬁll”l@]ij@”lu 26 Honey of correct 923 923 923
of20nm | lildmasgu 22 classification 100 100 100
37U 48 37U 95.8
2"segment | 1A11ATFIU 26 Honey of correct |  92.3 92.3 92.3
of 10nm | lildmasgiu 22 classification 100 100 100
33U 48 33U 95.8
2ndsegment llﬁll”l@]ij@”lu 26 Honey of correct 923 923 923
of 20 nm 13i1Aw 1MITIU 22 classification 100 100 100
33U 48 I 95.8
lauasgu 26 Honey of correct |  92.3 92.3 92.3
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MARUIN D

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

% n 20/D % n 20/D % n 20/D
0 1.33299 35 1.39032 70 1.46546
1 1.33442 36 1.3922 71 1.4679
2 1.33586 37 1.39409 72 1.47037
3 1.33732 38 1.396 73 1.47285
4 1.33879 39 1.39792 74 1.47535
5 1.34062 40 1.39986 75 1.47787
6 1.34175 41 1.40181 76 1.4804
7 1.34325 42 1.40378 77 1.48295
8 1.34477 43 1.40576 78 1.48552
9 1.34629 44 1.40776 79 1.48811
10 1.34782 45 1.40978 80 1.49071
11 1.34935 46 1.41181 81 1.49333
12 1.35093 47 1.41385 82 1.49597
13 1.3525 48 1.41592 83 1.49862
14 1.35408 49 1.41799 84 1.50129
15 1.35568 50 1.42009 85 1.50398
16 1.35729 51 1.4222 86 1.5067
17 1.35891 52 1.42432 87 1.5094
18 1.36054 53 1.42647 88 1.5122
19 1.36218 54 1.42863 89 1.5149
20 1.36384 55 1.4308 90 1.5177
21 1.36551 56 1.43299 91 1.5205
22 1.3672 57 1.4352 92 1.5234
23 1.36889 58 1.43743 93 1.5262
24 1.3706 59 1.43967 94 1.5291
25 1.37233 60 1.44193 95 1.532

26 1.37406 61 1.4442

27 1.37582 62 1.4465

28 1.37758 63 1.44881

29 1.37936 64 1.45113

30 1.38115 65 1.45348

31 1.38296 66 1.45584

32 1.38478 67 1.45822

33 1.38661 68 1.46061

34 1.38846 69 1.46303

*Refractive index values for Brix 0 to 85% in the above table have been
Officially determined by ICUMSA (International Committee of Uniform

Method of Sugar Analysis held in 1974)
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Table 969.38 Relationship between refractive index and water contents of honey

Water Refractive index Water Refractive index Water Refractive index
content,% | 20°C” | 60°F° | 40°C | content% | 20oc” | 60°F° | 40°C | content.% | 20°C” | 60°F° | 40°C
13 1.5044 | 1.505 | 1.4998 17.6 1.4925 | 1.4935 | 1.4881 222 1.481
3
13.2 1.5038 | 1.504 | 1.4993 17.8 1.492 1.493 | 1.4876 224 1.4805
8
134 1.5033 | 1.504 | 1.4988 18 1.4915 | 1.4925 | 1.487 22.6 1.48
3
13.6 1.5028 | 1.503 | 1.4983 18.2 1.491 1.492 | 1.4865 22.8 1.4795
8
13.8 1.5023 | 1.503 | 1.4978 18.4 1.4905 | 1.4915 | 1.486 23 1.479
3
14 1.5018 | 1.502 | 1.4973 18.6 1.49 1.491 | 1.4855 23.2 1.4785
7
14.2 1.5012 | 1.502 | 1.4968 18.8 1.4895 | 1.4905 | 1.485 234 1.478
2
14.4 1.5007 | 1.501 | 1.4962 19 1.489 1.49 | 1.4845 23.6 1.4775
7
14.6 1.5002 | 1.501 | 1.4957 19.2 1.4885 | 1.4895 | 1.484 23.8 1.477
2
14.8 1.4997 | 1.500 | 1.4952 19.4 1.488 1.489 | 1.4835 24 1.4765
7
15 1.4992 | 1.500 | 1.4947 19.6 1.4875 | 1.4885 | 1.4829 242 1.476
2
15.2 1.4987 | 1.499 | 1.4942 19.8 1.487 1.488 | 1.4824 24.4 1.4755
7
154 1.4982 | 1.499 | 1.4937 20 1.4865 | 1.4875 | 1.4819 24.6 1.475
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Water Refractive index Water Refractive index Water Refractive index

content,% | 20°C” | 60°F° | 40°C | content% | 20oc” | 60°F° | 40°C | content% | 20°C” | 60°F° | 40°C

15.6 1.4976 | 1.498 | 1.4932 20.2 1.486 1.487 | 1.4814 24.8 1.7745

6
15.8 1.4971 | 1.498 | 1.4927 20.4 1.4855 [ 1.4865 [ 1.4809 25 1.474
1
16 1.4966 | 1.497 | 1.4922 20.6 1.485 1.486 | 1.4804
6

16.2 1.4961 | 1.497 | 1.4916 20.8 1.4845 [ 1.4855 [ 1.4799

16.4 1.4956 | 1.496 | 1.4911 21 1.484 1.485 | 1.4794

16.6 1.4951 | 1.496 | 1.4906 21.2 1.4835 | 1.4845 | 1.4788

16.8 1.4946 | 1.495 | 1.4901 21.4 1.483 1.484 | 1.4783

17 1.494 1.495 | 1.4896 21.6 1.4825 | 1.4835 | 1.4778

17.2 1.4935 | 1.494 | 1.4891 21.8 1.482 1.483 | 1.4773

6

17.4 1.493 1.494 | 1.4886 22 1.4815 [ 1.4825 | 1.4768

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.

C 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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- 2 2 4 oA 1
GniN’UuﬁﬂWﬁﬂﬁﬂﬂﬂﬂﬁ % ﬂ313J6?5ummmﬁﬁmmgmmﬁuﬂwm calibration 910N1THIA1IIN

Refrectrometer
uvaaRu iR | Brix | Water content, % umaafivonide | Brix | Water content, %
1 | Utaradit 1 70.8 >25 46 | bouy longe 1 79.8 17.6
Utaradit 2 713 >25 bouy longe 2 79.5 18
2 | Peerapan 1 81.1 16.4 47 | imperial 1 80.2 17.4
pelapan 2 79.4 18.2 imperial 2 80.4 17.2
3 | Payaol 74.9 22.8 48 | mong fang 1 79.1 18.4
Payao 2 75.2 23.6 mong fang 2 77.0 20.6
4 | Doikum 1 81.2 16.4 49 | lamyai fasion 1 79.4 18.2
Doikum 2 81.2 16.4 lamyai fasion 2 78.9 18.8
5 | Pakbog 1 78.7 19 50 | alavan 1 78.4 19.2
Pakbog 2 78.7 19 alavan 2 78.9 18.8
6 | Wangnuae 1 76.3 21.4 51 | langnees 1 81.3 16.2
Wangnuae 2 76.4 21.2 langnees 2 79.6 18
7 | makajan 1 76.9 20.8 52 | writrose 1 81.2 16.4
makajan 2 78.6 19 writrose 2 81.4 16.2
8 | Doi saked 1 78.4 19.2 53 | arol 79.3 18.4
doysaket 2 78.3 19.4 aro 2 79.9 17.6
9 | Chantaburi 1 78.3 19.4 54 | valalom lopburi 1 75.9 21.8
Chantaburi 2 78.3 19.4 valalom lopburi 2 75.6 222
10 | Konkaenl.1 78.3 19.4 55 | valalom pitsanulok 1 | 76.4 21.2
Konkaen1.2 77.5 20.2 valalom pitsanulok 2 | 77.5 20.2
11 | Konkaen2.1 73.8 24 56 | vatchapong 1 81.1 16.4
konkan 2.2 72.9 24.8 vatchapong 2 80.9 16.6
12 | Konkaen3.1 74.1 23.6 57 | hoybong 1 80.3 17.4
Konkaen3.2 74.6 23.2 hoybong 2 80.3 17.4
13 | Konkaen4.1 74.3 234 58 | yasotorn 1 73.6 242
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VA =
Lmammﬁummﬁq

Brix | Water content, % Brix | Water content, %
Konkaen4.2 73.3 24.4 yasotorn 2 73.6 24.2
14 | Konkaen5.1 75.3 22.4 59 | thai honey 1 80.3 17.4
KonkaenS5.2 75.9 21.8 thai honey 2 79.9 17.6
15| km81 78.3 19.4 60 | motor way 1 77.8 19.8
km 8 2 78.7 19 motor way 2 77.6 20
16 | charvala fram 1 79.6 18 61 | siam honey 1 80.5 17
charvala fram 2 73.9 23.8 siam honey 2 79.3 18.4
17 | bangkok 1 72.6 >25 62 | chonburiB 1 78.1 19.6
bangkok 2 72.4 >25 chonburi B 2 78.3 19.4
18 | esarn 1 78.3 19.4 63 | huytakay kan 1 75.7 22
esarn 2 78.6 19 huytakay kan 2 74.5 23.2
19 | pattananicom 1 79.8 17.6 64 | kokpai 1 79.3 18.4
pattananicom 2 80.8 16.8 kokpai 2 78.3 19.4
20 | varuka 1 79.8 17.6 65 | panjasri 1 80.1 17.4
varuka 2 77.9 19.8 panjasri 2 79.8 17.6
21 | mouth five 1 79.4 18.2 66 | ladkrabang taa 1 81.3 16.2
mouth five 2 78.2 19.4 ladkrabang taa 2 81.2 16.4
22 | suppal 79.7 17.8 67 | pakdee L 1 78.7 19
suppa 2 78.9 18.8 pakdee L 2 79.4 18.2
23 | suppagl 79.3 18.4 68 | pakdee paa 1 79.8 17.6
suppa g 2 76.3 21.4 pakdee paa 2 79.1 18.4
24 | authai 1 75.7 22 69 | pakdee five 1 81.3 16.2
authai 2 80.6 17 pakdee five 2 81.5 16
25 | Tarad thai 1 79.5 18 70 | pednantawan 1 77.3 20.4
Tarad thai 2 79.3 18.4 pednantawan 2 77.4 20.2
26 | kosit 1 78.6 19 71 | jutalos 1 79.4 18.2
kosit 2 78.2 19.4 jutalos 2 78.7 19
27 | kan 1 77.2 20.4 72 | pattawan 1 77.4 20.2
kan 2 76.1 21.6 pattawan 2 79.3 18.4
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Brix | Water content, % Brix | Water content, %
28 | petchaboon 1 77.8 19.8 73 | labdoun 1 74.4 23.4
petchaboon 2 71.7 20 labdoun 2 73.9 23.8
29 | sukothai 1 76.9 20.8 74 | sapanmai boylongl 77.7 20
sukothai 2 77.6 20 sapanmai boylong2 77.8 19.8
30 | plaal 79.1 18.4 75 | sapanmai prom 1 72.3 >25
plaa 2 79.4 18.2 sapanmai prom 2 74.4 234
31 | plaaB'1 81.1 16.4 76 | sapanmai 100 1 75.8 22
plaa B 2 81.0 16.6 sapanmai 100 2 76.1 21.6
32 | ambrosiaL 1 80.9 16.6 77 | jitlada 1 80.4 17.2
ambrosia L 2 81.2 16.4 jitlada 2 78.9 18.8
33 | ambrosia T 1 79.5 18 78 | namchem 1 77.3 20.4
ambrosia T 2 80.3 17.4 namchem 2 76.1 21.6
34 | prama 1 76.7 21 79 | pufal 79.1 18.4
prama 2 76.7 21 pufa 2 77.7 20
35 | loungkean 1 80.0 17.6 80 | pulong 1 85.6 <13
loungkean 2 79.3 18.4 pulong 2 80.1 17.4
36 | pattananicom T 1 79.3 18.4 81 | Tesco 1 79.6 18
pattananicom T 2 79.2 18.4 Tesco 2 79.4 18.2
37 | suppa lamyai 1 78.7 19 82 | imgergold 1 79.6 18
suppa lamyai 2 79.3 18.4 imgergold 2 79.5 18
38 | china 1 75.1 22.6 83 | namgom 1 76.7 21
china 2 74.6 232 namgom 2 76.9 20.8
39 | lang phing 1 82.3 15.2 84 | phoumdin 1 75.4 22.4
lang phing 2 82.1 15.4 phoumdin 2 75.9 21.8
40 | pudin 1 80.3 17.4 85 | nakonpatom 1 80.8 16.8
pudin 2 80.4 17.2 nakonpatom 2 80.7 16.8
41 | songsarm 1 79.2 18.4 86 | fresh 1 80.2 17.4
songsarm 2 79.7 17.8 fresh 2 79.2 18.4
42 | chomchon 1.1 80.8 16.8 87 | lanna 1 80.9 16.6
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unaaRu iR | Brix | Water content, % unaaRivoniie | Brix | Water content, %
chomchon 1.2 80.4 17.2 lanna 2 79.2 18.4

43 | chomchon 2.1 80.4 17.2 88 | heltymeat 1 79.4 18.2
chomchon 2.2 80.4 17.2 heltymeat 2 80.4 17.2

44 | banlai 1 71.7 20 89 | chaiyapom 1 77.9 19.8
ban lai 2 77.7 20 chaiyapom 2 77.9 19.8

45 | phang van 1 80.2 17.4 90 | joho honey.1 82.3 15.2
phang van 2 80.1 17.4 joho honey.2 81.8 15.8
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§wu | unasiinn | Wynlee | nglaa | glasa | dwu UM Winlaa | nglae | qglasa
1 | Utaradit 68.16 | 92.43 7.30 46 | bouy longe 42.07 | 33.93 | 4.36
2 | Peerapan 13.73 | 2719 | 11.82 47 | imperial 36.68 | 39.76 | 3.63
3 | Payao 48.39 | 39.19 8.14 48 | mong fang 18.73 | 18.12 | 13.39
4 | Doikum 17.13 | 23.06 7.62 49 | lamyai fasion 3842 | 29.74 | 9.09
5 | Pakbog 19.07 | 31.90 7.71 50 | alavan 39.57 | 30.13 | 859
6 | Wangnuae 10.77 | 17.72 | 27.16 51 | langnees 38.78 | 30.85 | 4.81
7 | makajan 3.31 | 11.39 | 16.45 52 | writrose 40.41 | 36.24 | 2.97
g | Doisaked 2.93 8.62 22.97 53 | aro 40.43 | 37.94 | 178
9 | Chantaburi 6.67 | 12.80 | 33.72 54 | valalomlopburi | 3 13 12.27 | 29.76

valalom
10 | Konkaen 1.52 8.59 44.58 55 | pitsanulok 37.17 | 31.96 | 3.25
11 | Konkaen 0.64 5.21 35.09 56 | vatchapong 38.67 | 2854 | 10.42
12 | Konkaen 4.44 9.53 27.08 57 | hoybong 37.84 | 2759 | 9.97
13 | Konkaen 13.67 | 18.65 | 11.06 58 | yasotorn 1.09 237 | 2432
14 | Konkaen 4.83 8.75 26.97 59 | thaihoney 16.37 | 2260 | 1.65
15 |km$ 15.84 | 18.48 | 10.32 60 | motor way 2258 | 29.35 | 4.44
charvala
16 | fram 41.57 | 34.16 2.78 61 | siamhoney 37.14 | 3177 | 5.25
17 | bangkok 21.83 | 28.17 1.71 62 | chonburiB 1054 | 2147 | 17.72
18 | esam 44.42 | 34.35 9.44 63 | huytakay kan 1050 | 15.40 | 16.84
19 | pattananicom | 3880 | 36.21 4.30 64 | kokpai 2752 | 3598 | 5.98
20 | varuka 40.17 | 32.74 7.93 65 | panjasri 15.93 | 17.89 | 20.64
21 | mouthfive 21.97 | 2851 5.63 66 | ladkrabang taa 6.45 6.86 | 30.78
22 | suppa 41.42 | 33.01 5.72 67 | pakdeeL 36.11 | 2645 | 9.31
23 | suppag 5.09 5.18 36.31 68 | pakdee paa 36.96 | 30.27 | 4.62
24 | authai 7.81 8.71 29.98 69 | pakdee five 37.23 | 30.96 | 459
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Sy | undeiin | dgnlea | nglaa | alaser | ddu UHaein Wynlaa | nglaa | glasa
25 | Tarad thai 39.56 | 38.32 4.78 70 | pednantawan 2478 | 26.27 | 4.90
26 | kosit 36.16 | 26.79 8.07 71 | Jjutalos 2560 | 37.35 | 3.65
27 | kan 1150 | 2151 24.47 72 | pattawan 24.37 25.89 | 4.90
28 | petchaboon | 3998 | 29.16 9.34 73 | labdoun 14.04 | 29.77 | 1.53

sapanmai
29 | sukothai 43.43 | 37.46 3.82 74 | boylong 12.43 | 14.94 | 16.06
30 | plaa 42.22 | 39.66 5.70 75 | sapanmaiprom | 4 27 10.32 | 21.15
31 |plaaB 36.88 | 31.88 7.53 76 | sapanmai 100 3.63 5.67 | 26.10
32 |ambrosiaL | 4749 | 32.08 9.12 77 | jitlada 38.34 | 3317 | 9.40
33 |ambrosiaT | 4175 | 37.31 5.08 7g | namchem 6.17 7.38 | 30.05
34 | prama 40.25 | 35.94 4.22 79 | pufa 27.02 | 25.06 | 7.81
35 | loungkean 26.09 | 29.56 5.53 g0 | pulong 3415 | 26.19 | 9.52
pattananicom
36 |T 4952 | 25.17 2.96 g1 | Tesco 3454 | 26.83 | 7.10
37 |suppalamyai | gg3 | 882 | 30.25 g2 | imgergold 38.82 | 3232 | 450
38 | china 20.72 | 28.79 7.26 g3 | namgom 20.13 | 23.67 | 10.10
39 | langphing 9.08 | 11.06 | 34.51 84 | phoumdin 12.67 | 16.95 | 15.14
40 | pudin 39.34 | 28.83 | 11.35 g5 | nakonpatom 37.47 | 30.62 | 6.22
41 | songsarm 25.85 | 23.13 7.73 ge | fresh 4130 | 3452 | 3.77
42 | chomchon 11.49 | 14.14 | 38.39 g7 | lanna 36.04 | 2863 | 7.37
43 | chomchon 1052 | 13.10 | 35.47 gg | heltymeat 19.99 | 2322 | 5.15
44 | banlai 26.37 | 35.66 | 4.30 g9 | chaiyapom 3.60 8.53 | 17.91
45 | phangvan 37.00 | 32.49 5.18 90 | Joho honey. 33.71 24.37 9.31
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MANUIN D

Results of PLS regression of honey

¥ila Pretreatment | PCs Calibration Prediction
r SEC Bias r SEP Bias | RPD | RER
W;ﬂjﬂﬁ raw 3 0.87 | 7.16 | -2.72E-06 | 0.849 | 7.764 | -0.27 | 6.23 | 1.88
Ist derivative 2 0872 | 7.12 | -6.18E-07 | 0.85 | 7.7 0.14 6.28 | 1.89
with segment
of 10 nm
Ist derivative 2 0872 | 7.12 | -9.43E-04 | 0.851 | 7.69 0.03 6.29 | 1.89
with segment
of 20 nm
2nd 2 10871 7.13 | -5.57E-07 | 0.833 | 8.12 0.74 596 | 1.79
derivative
with segment
of 10 nm
2nd 2 10869 | 7.2 -7.29E-08 | 0.84 | 7.95 0.55 6.09 | 1.83
derivative
with segment
of 20 nm
MSC 2 10869 | 7.2 -1.58E-06 | 0.835 | 8.08 0.27 599 | 1.8
SNV 2 10869 7.2 -1.64E-07 | 0.835 | 8.08 0.27 599 | 1.8
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Results of PLS regression of honey (s19)

¥l Pretreatment PCs Calibration Prediction
T SEC Bias r SEP | Bias | RPD | RER
ﬂgjﬂﬁ raw 5 0.88 | 4.88 | -3.56E-06 | 0.797 [ 6.17 [ 0.23 | 5.6 | 1.62
1st derivative 3 0.87 | 5.05 | -2.20E-07 | 0.786 | 6.29 | 0.43 | 5.49 | 1.59
with segment of
10 nm
1st derivative 6 10906 (436 | 1.27E-06 | 0.807 | 6.15] 0.48 | 5.62 | 1.63
with segment of
20 nm
2nd derivative 3 10883 (4.82| 2.27E-07 | 0.767 | 6.51 | 0.63 | 531 | 1.54
with segment of
10 nm
2nd derivative 5 0.92 | 4.04 | 1.47E-06 | 0.776 | 6.59 [ 0.83 | 5.24 | 1.52
with segment of
20 nm
MSC 6 10914 (4.16 | 1.47E-05 | 0.793 | 6.55 | 0.11 | 527 | 1.53
SNV 4 |[0.882(4.82 | 1.14E-05 | 0.804 | 6.06 | 0.18 | 5.7 | 1.65
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Results of PLS regression of honey (70)

- Calibration Prediction
YUA Pretreatment PCs
r SEC Bias r SEP | Bias | RPD | RER
Gﬂﬂi’d raw 7 10.887 | 4.85 | -7.80E-06 | 0.916 | 4.5 0 9.53 | 2.48
1st derivative with segment of 4 10.861 [ 533 | 4.28E-07 | 0.934 | 4.25 - 10.09 | 2.62
10 nm 0.06
1st derivative with segment of 3 10.852 [ 5.49 | -6.70E-07 | 0.936 | 4.28 | 0.09 | 10.02 | 2.61
20 nm
2nd derivative with segment of 5 0.92 | 4.13 | -1.09E-06 0- 4931 0.41 871 2.26
10 nm .898
2nd derivative with segment of 3 10856 (542 | 4.13E-07 | 0.937 [ 4.07 | 0.29 | 10.53 | 2.74
20 nm
MSC 4 10852 5.5 | 8.25E-07 | 0.924 | 4.52 - 9.48 | 2.47
0.12
SNV 4 10.852(5.49 | -7.72E-07 | 0.923 | 4.55 0 9.42 | 2.45
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Results of PLS regression of honey (70)

- Calibration Prediction
YUA Pretreatment PCs
r SEC Bias r SEP Bias | RPD | RER
raw 3 0.938 | 0.82 -1.82E-06 | 0.961 0.6 -1.3 14.6 3.6
Ist derivative with 3 0.939 | 0.81 -2.48E-06 | 0.963 | 0.583 [ -0.09 15 3.7
segment of 10 nm
1st derivative with 3 0.94 0.8 -2.66E-06 | 0.964 [ 0.579 | -0.1 15.1 3.8
' L segment of 20 nm
ANVDILUIN
azae'ld 2nd derivative with | 4 095 | 0.73 -2.60E-06 | 0.965 | 0.576 | -0.23 | 15.2 3.8
(ANUNNU) [ segment of 10 nm
2nd derivative with | 4 0.936 | 0.83 -2.60E-06 | 0.965 | 0.603 | -0.2 14.5 3.6
segment of 20 nm
MSC 2 0.936 | 0.83 -2.48E-06 | 0.963 | 0.594 | -0.19 | 14.7 3.7
SNV 2 0.936 | 0.83 -2.60E-06 | 0.963 | 0.596 | -0.19 | 14.7 3.7
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Results of PLS regression of honey (@]I’f))

R Calibration Prediction
BUA Pretreatment PCs
T SEC Bias T SEP Bias RPD | RER
raw 3 0.933 0.78 -5.16E-07 | 0.975 | 0.51 0.12 18 4.5
1st derivative 3 0.938 0.75 -4.14E-07 | 0.977 | 0.49 0.13 18.8 4.7
with segment of
10 nm
1st derivative 3 0.939 0.74 -4.53E-07 | 0.977 | 0.49 0.13 18.8 4.7
with segment of
AN 20 nm
2nd derivative 5 0.964 | 0.576 | -3.67E-07 | 0.954 | 0.69 0.14 133 33
with segment of
10 nm
2nd derivative 5 0.945 0.71 -5.71E-07 | 0.973 | 0.53 0.13 17.4 43
with segment of
20 nm
MSC 2 0.933 0.78 -5.47E-07 | 0.979 | 047 0.11 19.6 4.9
SNV 2 0.933 0.78 -2.81E-07 | 0.979 | 0.47 0.11 19.6 4.9
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of Japanese pear by near infrared spectroscopy, J. Food Engineering 78(2): 701-707.
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