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Abstract

This study was conducted to develop a portable quality evaluation system of bee-honey by near infrared spectroscopic
technique. Two kinds of bee-honeys from acacia and polyflower sources were tested in this study. The system
consists of power supply, tungsten-halogen lamp, detector, and optical fiber probe. Performance of the system was
analyzed by comparing the prediction accuracy of the laboratory spectrophotometer. Total of 346 spectra was divided
into a calibration set and a prediction set. The PLS (Partial Least Squares) models were developed to predict the
quality parameters of bee-honeys. Reflectance spectra, moisture contents, ash, invert sugar, sucrose, F/G ratio, HMF
(hydroxy methyl furfural), and C'*/C® ratio of honeys were measured. The PLS models of the laboratory
spectrophotometer showed good relationships between predicted and measured quality parameters of honeys in the
wavelength range of 1,100~2,200 nm. The PLS analysis of the portable quality evaluation system showed good
relationships between predicted and measured quality parameters of honeys in the wavelength range of 1,100~1,300
nm and 1,400~1,700 nm. The results showed the feasibility of the portable quality evaluation system to determine
the quality parameters of bee-honey in the field during harvesting.
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Fig. 1. Schematic component and diagram of portable quality evaluation,

Table 1. Specifications of portable quality evaluation system for
bee-honey

Item Specifications
, Dimension 310 x 235 % 100 L x W x H) mm
Physical .
Weight S5k
Spectral range 360 ~2,000 nm
Light source pes *
Bulb type Tungsten-halogen lamp
Fiber type Dip probe
Diameter 14 mm (fiber optics ; 0.3 mm)
Probe .
Number of fiber optics 9 (1 : incidence, 8 : reflection)
Pathlength 0.5 mm, 1.0 mm, 1.5 mm
Detector InGaAs PDA (128 pixels)
Wavelength range 1,100 ~1,750 nm
Detector Spectral bandwidth < 15 mm
Data integval 2 nm
External connector USB port
Battery cell Li-ion, DC 12 V
Power supply Recharge time 25 hr
Discharge time 6 hr
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Table 2. Chemical properties of bee-honey samples tested for PLS
model

(N: 346)
Ave. Max. Min. Std. Dev.

Moisture contents (%) 213 22 168 095
Ash (%) 0.09 028 0.06 0.03
Tvert sugar (%) 7.1 755 622 230
Sucrose (%) 448 850 299 092
F/G ratio 1.51 193 113 0.20
HMF 136 390 110 435
C?C? ratio 214 -107 252 370

Fig. 2 Laboratory spectrometer (left) and portable quality
evaluation system (right).
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Fig. 3 Reflectance spectra of bee-honey by laboratory spectrometer (left) and portable quality evaluation system (right).

Table 3. PLS results of cross validation at different pathlength (0.5
mm, 1.0 mm, 1.5 mm)

(N: 40)

Coefficient of determination (rz)

laboratory portable
Pathlength (mm) 05 10 15 05 1.0 15

Moisture contents (%) 089 093 082 08 08 090

Ash (%) 05 060 060 05 059 059
Invert sugar (%) 086 089 089 084 087 087
Sucrose (%) 090 095 0% 08 08 085
F/G matio 090 094 0% 09 0% 090
HMF (mgfkg) 076 08 079 071 075 076
c?C® ratio 088 092 085 08 08 089
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Fig. 4 Reflectance spectra of laboratory spectrometer (left) and portable quality evaluation (right) system for bee-honey at different moisture
contents (a: 19.6%, b: 17.3%, c¢: 204%, d: 22.0%) and invert sugar (a: 67.1%, b: 71.2%, ¢: 69.3%, d: 63.5%).

Table 4. PLS results of laboratory spectrometer and portable quality evaluation system for bee-honey properties

(N: 306)
Calibration Prediction
Wavelength(nm) PC 'Y SEC” r SEP? RPD”
, Laboratory 1300 ~ 2,200 5 098 0.13 0.96 0.3 715
Moisture 1100 130
contents % 3 -~
%) Portable L0 ~ (700 6 09 0.13 095 018 516
Ash Laboratory 1,400 ~ 1,800 7 0.98 0011 0.69 0017 176
Portable 1,100 ~ 1,400 15 077 0018 0.64 0.020 1.50
Laboratory 1,100 ~ 1,300 7 095 017 092 078 293
Invert sugar (%) 1,100 ~ 1300
- Portable U400 ~ 1700 8 093 082 091 0.88 260
1,100 ~ 1,300
Laboratory L60 ~ 1300 7 098 0.5 097 020 465
Sucrose (%) 00 oo
Portable L400 ~ 1700 10 0.9 042 091 023 404
Laboratory 1,100 ~ 1,300 8 0.96 0.02 0.96 002 950
FG miio 1100 ~ 1,300
Portable L400 ~ 1700 7 0.94 0.03 093 003 6.33
Laboratory 1,100 ~ 1,300 1 092 ¥y} 085 220 196
HMF (mgfkg)
Portable 1,000 ~ 1400 1 088 258 082 251 1n
1,100 ~ 1300
U o Laboratory 1400 ~ 2200 8 0.97 053 095 051 729
Portable 1,100 ~ 1,700 9 095 081 092 078 4m
"SEC : standard eror of calibration
SEP : standard error of prediction

RPD : matio of standard deviation to SEP

2g9) dE&ud-e 1% BFEAY 9 Fog 49
7b Alz"ll BE Qui 559 A A S 0.86, 22} 0.34%
By 58 15 2408 B FRlon, 24 BEEY
e AAASE 097, L3 020%, RPD 4.65, Fo & T2
7 AlzEle Zh2t 091, 023%, 4SS B3R 7]
d34d% BHoe A vebgrh

HYEEZH Y dESRde uis BFEA7 9 Ff
4 497} Al2xle] Zb AHAS 096, 093, 23 0.02,

0.03, RPD 9.50, 63322 ul-$ 48 AZANE B
FRon, o]AL 71& e Ad A7t glo] v
w27} o}# 1 Cho 549 #HFH X HFEAHA
AAAS 092, 0959 FAE HHE Ko FUh
HMF < &2dd tia 4% 27 a4% 238471
7} AR A 085, 23} 2.20 mg/kg, RPD 1.96, Foi& £32
B4 A zdo] ztz} 0.82, 2.51 mgkg, L7282 2% u%
23 2re v B F5AHE B F924 Qui 50)
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