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Abstract

In this study, near-infrared spectroscopy was used to observe the drying non-uniformity of vegetables such as spring
onions, onions, and garlic, which are commonly used for seasoning. For the warm-air convection drying method,
the vegetables showed drying non-uniformity, which is due to the unevenness of the wind temperature and humidity
depending on the height and position of the drying tray. The second derivative spectra between the vegetable samples
with different drying degrees were compared. The peak at around 1,390~1,400 nm, which is assigned to weak
hydrogen bonds of water, was changed during drying whereas the peak near 1,420 nm, which represents strong
hydrogen (H-) bonds of water, was not changed, indicating that water with weak H-bonds evaporates first during
drying, and that water with strong H-bonds remains after drying. The hyperspectral NIR imaging technique combined
with principal-component analysis made it possible to discriminate the dried vegetables according to their drying

degree.
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Fig. 1. Schematic diagram of warm-air convection drying equipment
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(@) Hyper spectral NIR imaging system

Sk A FAAE S A Al21d Al6s (2014)
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(c) Spectrum acquisition

(b) Hyper spectral image

Fig. 2. Spectrum measurement of garlic slice using hyper spectral NIR imaging system

Table 1. States of temperature, humidity and weight loss of spring
onion during dehydration process using warm air convection

drying method
Tray  Time (hr)  Temperature (C) Humidity (%) Weight loss (%)
1 350 88 2461
1 3 36.0 76 38.46
5 392 54 46.59
1 324 92 21
2 3 351 87 34.77
5 383 71 42.18
1 30.1 95 16.08
3 3 34.6 89 34.25
5 372 76 4324
1 278 99 12.65
4 3 30.1 92 32.68
5 325 88 43,65
1 256 99 934
5 3 213 9% 26.78
5 311 93 36.63
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Fig. 3. Near infrared spectra of spring onion, garlic and onion dried

using warm air convection drying method
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Fig. 4. Second derivatives of near infrared spectra of spring onion,
garlic and onion with different moisture content
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Fig. 5. Principal component (PC) 1 and principal component (PC)
2 plots after principal component analysis (PCA) of hyper spectral
NIR imaging of dried garlics

T3 =7 edskth Az Fert v ddAafel 24
nE 229 AHEHS v wat A7} 1,390 nmol|A] 1,400
nm 29| Faete] ofgt Fo] WA SWH AL 1,420
nm 2o FRAF] A FE Ax Foll= A2
e 4= 9l9lth. 254 NIR o|]4 JHos 249
2AEQS FHRRAFTo RN A2 AZEE 7}
AHoz FAFEE = Ak

29% 39% 45% 55%
Fig. 6. Visual result after PCA of hyper spectral NIR imaging
treatment of garlic with different moiture contents

A : Real dried garlic graph, B : Visualized imaging graph
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