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NuATeiEnwImATiamsTuunaugeuLivesltan 3 Szay fio Tedeu Sinansuarlud wazaisaunsNIuY
AUsInasnnuty wazAUSinandile Tnetdsanunindeirios Near Infrared spectrophotometer 933aUAAY 12500-
4000 cm (800-2500 nm) FaelnuansInnuuasiioulas ud3niumAUTinumNTy wasdUiiandule dmsuld
\Dueensdalunisadieaunis lnsaunisduunnguad1enaeds Partial Least Squares Discriminant Analysis (PLS-DA) wa
a¥19aun159uesE33 Partial Least Squares Regression (PLSR) Nan15338muin Ansganduveuasiiuiunsiems
ANAAIER$AEIT Second Derivative Tianugndedaanlun1sdnuunssesdaan 100% aussousvewuuinaedlunis
ﬁwmaﬂ%mmmm%uqﬂqmﬁm Re=0.93 Uai¥ RMSEP=1.09% snudfu wavaussouzveiuuiaedunisiuneysuadu
logeaniien R,=0.67 way RMSEP=0.06% suidndu famsintiarlaivhanenanan Ussndanisldansied Usendaiaan

AdAny: Bean, ailnlnsalnUdunsiangulng, mnussuun

Abstract

This research studied classification technique for three harvesting dates of fresh ginger namely immature,
early mature and mature gingers and development of predicting model for moisture content and fiber content.
The fresh gingers were measured with near infrared spectrophotometer in a range 12500-4000 cm™ (800-2500
nm) in reflectance mode. Then the moisture content and fiber content were determined and used as reference
value for model development. The classifying models were built using Partial Least Squares Discriminant Analysis
(PLS-DA) and the predictive models were developed by Partial Least Squares Regression (PLSR). The results
showed that classification of ginger stages based on spectra preteated with second derivative yielded maximum
correction of 100%. The performance of model for prediction of moisture content was most accurate with
correlation coefficient (Rp) and root mean square error of prediction of moisture content (RMSEP) of 0.93 and
1.09%, respectively. And the performance of model for prediction of fiber content was most accurate with R,
and RMSEP of fiber content of 0.93 and 1.09%, respectively. This method is non-destructive, reducing use of

chemical substance and saving time.

Keywords: Fresh ginger, Near infrared spectroscopy, Maturity.
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Figure 1 The three stages of maturity of fresh ginger a)
immature b) early mature ¢) mature and d) the
rhizome showing the measured position for NIR (red

circle)
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Figure 2 Measurement of fresh ginger

usingNear

Infrared Spectrophotometer.
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finsvenemiilvgtuanniseniinsviuresudeds T
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szozunog1siliud Ay laelAvindy 34.77 mm wag
37.14 mm Auddy uariimdniedsvesisdeu iutug
syaydananseenedifeddy (p < 0.05) waziFuasiluTaun
fio svrlssauiliminudnade 49.47 ¢ WleTegifindy
dronnveudadasindudu 57.57 g uay 56.29 g lusves
FINAN HAZTINAIWAIRNU 619 Table 1

Table 1 Descriptive statistics of physical properties of
the three stages (immature, early mature and mature)

of fresh ginger.

Stages (average+SD)

Parameters
Immature Early mature Mature
Length
67.09+13.1° 68.43+11.81°  62.94+10.13°
(mm)
Width
40.97+3.99° 41.15+4.12° 41.98+3.67°
(mm)
Thickness b b
36.22+4.36° 34.77+3.17° 37.14+3.19
(mm)
Weight (g)  49.47+7.35°  5757+11.16°  56.29+9.91°

Different superscripts in the same row indicate that the
values are significantly different (p < 0.05) by Duncan’s
method.

32 wamIsSUIEuLsIae L Tua s Sunandulsed
JeaniiorgnIsFuLieIseg

ﬂ'wmqaﬁﬁ‘ﬁa;ﬂaLa?{amﬂ%mmmm%u wazUSunaudy
Ty9sTaanms 3 szoy (B9gou Fana19 uazdaun) $1uau
133 @meg19uan Ty Table 2 WUIIHANISNAGDUNIAN
UsunandulonasAusunaaiuiuvesdsanduiiniy
ANNENNUSAUAIILEDULNVBITIABAARBINUNANISNAGDU
989 Sanwal et al. (2012) 91nnanIsmaUSunasdulewnde
wuin uledegeuiidnfiutunuanuudogeivedi fy
(p<0.05) luFsgaudiadulosian 0.15% Jsnansdidngatu
Wiy 0.24% uazBeunilandulegegn 0.29% drudsunu
Arutunelundsdeaniia 3 szog TUSunatanasee
i (p<0.05) Tneidledefiongnsifiuiieanintu (euss,
2551) TneUsinaanuiuodsvesdasouyiiu 94.55% 3
AANUVNNAUY 89.35% LaZTNWNAU 86.22% MNEIAU

Sﬁagaﬂ%mmé’ﬂaLLaziJ%mmmm%uﬂanﬁaashaﬁy’wm
gnuuseenidu 2 nqu e ngu Calibration 11w 88
#0879 wazna Prediction 913U 44 Faagna tnelauans
Agean Mrga Aady uasAdsuuunTIL
(Standard deviation; SD) 13¢14 Table 3 LLﬁsLﬁ@iﬁlﬁammi
shunefiaseuagu deyaUiiudulonasiimatuis
gninBediiianisnszaesingiu lnofideyagsanuas
ﬁﬂqmﬁlzgﬂﬁ'ﬂa@uﬂﬁju Calibration.

Table 2 Descriptive statistics for the reference values of the three stages (immature, early mature and mature) of

133 samples of fresh ginger.

Stages (average+SD)

Reference values Immature

(42 samples)

Early mature Mature

(45 samples) (46 samples)

Fiber content (g/100g) 0.15+0.07°

0.24+0.06° 0.29+0.08°

Moisture content (%) 93.37+0.75°

90.34+1.14° 82.64+4.81°

Different superscripts in the same row indicate that the values are significantly different (p < 0.05) by Duncan’s

method

Table 3 Statistical data of fiber content and moisture content of fresh ginger in the calibration and prediction

sets.
Numbers of
Parameters Data set Max Min Mean SD
samples
Fiber content Calibration set 88 0.47 0.03 0.23 0.09
(g/100g) Prediction set a4 0.44 0.08 0.24 0.08
Moisture content Calibration set 88 96.27 81.54 90.83 3.04
(%) Prediction set 44 95.87 85.46 90.93 2.94
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Figure 3 The average absorbance spectra of the three
stages as immature ginger, early mature ginger and

mature ginger (133 samples of fresh ginger).
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Figure 4 The average second derivative of absorbance

spectra of the three stages as immature ginger, early

mature ginger and mature ginger.
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Figure 6 The regression coefficient plot of the partial

Fi 5Th tter plot of the calibrati fi
fsure © scatter piot of the catibration gToups oM .ast squares discrimination analysis model based on

second derivative of absorbance spectra of the three L
second  derivative  of  absorbance  spectra.
stages as immature ginger, early mature ginger and

mature ginger.

Table 4 Results of the accuracy of classification into three stages of fresh ginger in the prediction set.

Accuracy for classification (%)

Pretreatment Latent values
Immature Early mature Mature Total
Absorbance 7 100 100 100 100
1% Derivative 6 100 100 100 100
2" Derivative 4 100 100 100 100
MSC 2 78.57 66.67 100 81.82
SNV 3 71.43 66.67 100 79.55
Baseline 6 71.43 66.67 100 79.55

35 NViINIgaNAYTENaUNINIATYETIAn
Table 5 Statistical data of partial least squares models

3.5.1 N1 8USUIIAIINTUYDITIEN

e obtained for moisture content.
o ! 2 IS a o v
TUnan1syuneAUSIANTY VIU']‘UEJ%aﬁLUﬂG]TIQJ’l

USUUAINNAdnAER$A2875 First derivative (1D) T9ina Calibration Prediction
nsiuneiigaleiouiisuiuynlumalae fe1 R, Pretreatment  PC RMSEC — RMSEP
Wiy 0.93 wasA1 RMSEP winiu 1.09% Wanins Table 5 ) (%) i (%)
Tne scatter plot vesAUedidudanutuass uazan Absorbance 7 089 138 093 110

Wasidudaudunviiuigldainiaies NRS veeng
prediction (F1U2u 44 f10819) wanslilu Figure 7

1% Derivative 6 09 134 093 1.09

2" Derivative 4 090 133 090 1.27
MSC 2 079 184 082 165
SNV 2 077 191 082 166

Baseline 6 086 153 089 133

63



MsansaALFnSsINERsuiIUsTIAle U7 24 aUuft 1 (2561), 58-65

R.=0.93
RMSEP=1.09%
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predicted moisture content (%)

B4 a4 aa a0 92 94 96 98

Actual moisture content (%)
Figure 7 Plot of reference versus predicted values from

prediction set of moisture content.
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Table 6 1ng scatter plot ¥asAnUaiidudiiduloass uagan
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prediction (31uu 44 f18819) kanslily Figure 8 TWina
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Diode array Wae 1304 NIRS WUU Scanning (Noypitak et
al, 2014) adrmrugndesnisinuieduleiiligedn
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Usznaumaniiveaduly uenainiisuisvesdsaniidnunsy
iiasii uazdfinliGeuin SedmaliiAnnisnsziduas vii
Tnan1sviunedaligatn

Table 6 Statistical data of partial least squares models

obtained for fiber content.

Calibration Prediction

Pretreatment PC

RMSEC RMSEP

‘ (%) )
Absorbance 6 0.70 0.07 0.67 0.06
1*" Derivative 3 0.65 0.07 0.56 0.07
2™ Derivative 3 0.66 0.07 0.62 0.07
MSC 5 0.67 0.07 0.58 0.07
SNV 5 0.68 0.07 0.56 0.07
Baseline 6 0.69 0.07 0.65 0.06
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Actual fiber content (%)
Figure 8 Plot of reference versus predicted values from

prediction set of fiber content.

4 d@3unan1Innaeg

uA%ed wuiilenudululslunismada NIR $1uun
AN BDULNVDITIFALALYINUIDIAUTENDUNILATVDIT
aale PINNANITNARDINUINANNITOTILUNAIINTDULAVD
Usanlalneds Partial Least Squares Discriminant Analysis
(PLS-DA) Tneililosidudmugnsieteglugia 79.55-100 %
F933n15USURAmeRdnAIansaae3E Second derivative
(20) Wesidudanugnseslunisdiuunanuseunnta
100 % WLagANNSTAS1NENNITNITVINUIEDIAUTLNBUNIY
WA v03T98alaeqT Partial Least Squares Regression
(PLSR) WU U3 Full cross validation Taea38n15m149
AflnA1En3RI833 First derivative (10) Wudsimunzay
fign dmsvasslinanisiiuisuiinmeuty e R,
WINAU 0.93 wagAn RMSEP inAu 1.09% wazluinanis
ueUsinadulendeyanisganfunas 1 R, iy
0.67 wagiA1 RMSEP 71fiu 0.06% ag19lsAn1undsil
msAnwNsTueUsnaerUsEneundndu wu Tusiu
warudeiiilunddemaly

5 fAaAnssuusznA

auzfidevoveunn quimaluladundsnisiAuiied
uvnIngdeinunsenand Ingnunfunauau Aldouasigi
an1uil Lﬂ'%laaﬁaq‘dﬂim“luﬂ'ﬁv‘iﬁ%“aﬂ%y’ﬂﬁ

6 LONE1981499

357515 NIIBITUNS, oUWUS Men3AINa, Satoru
Tsuchikawa, Tetsuya Inagaki, #3u1g WeeNviny.
2559. N3ARLENAIULATINIAEATAaUnlnsalnT
BunsnIng1ulngd. 1M5E1TANIALIAINTTULNYATUAS
Usznelne. 22(1): 56-63.

d3ung deeuiiving, auNus mMen19AITNa, ANINT NBY
d1978y. 2557. M3An¥IENTUTEIIUANANILAaYAIY
DOULNVDITIAN. IAINTIUAT U, 41(4): 473-481.

64



Thai Society of Agricultural Engineering Journal Vol. 24 No. 1 (2018), 58-65

ﬁwﬁmmlmwgﬁamimwm ﬂiwsmﬂwmmasmmgﬁ.
2560. @iiAn138990n (Export) TIWSLazTsan .
WEaTiu:
http://www.oae.go.th/oae_report/exportimport/exp
ort_result.php. Wi1fudle 18 fiquie 2560.

BUIA LA3FIAUN. 2551, miﬁeumﬂi:mummﬂigﬂﬁw%ﬂ
NIbagIING. INg1TNUsSINg1d1@nsunITuNf,
YOULNY. TUTANINGIAY, UN1INYIREVDURAY.

ASABE. 200 6. American Society of Agricultural and
Biological Engineers Standard. U.S.A.

Gould, WAA. 197 7. Food Quality Assurance. The AVI
Publishing Co., Inc, Westport, Connecticut.

Lohumi, S., Lee, S., Cho, B.K. 2014. Detection of ginger
powder adulteration using FT-NIR spectroscopy.
The 4th Asian Near Infrared Sysposium 2014, 192-
193. 17-20 June 2014. Daegu, Korea.

Lopez, A., Arazuri, S., Jarén, C., Mangado, J., Arnal, P.,
Galarreta, J.I.R.d., Riga, P., Lopez, R. 201 3. Crude
Protein Content Determination of Potatoes by NIRS
Technology. Procedia Technology 8, 488-492.

Nicolai, B.M., Beullens, K., Bobelyn, E., Peirs, A., Saeys,
W., Theron, KlI, 2 0 0 7
Nondestructive fruit

vegetable quality by means of NIR spectroscopy: A

Lammertyn, J.
measurement  of and
review. Postharvest Biology and Technology 46, 99-
118.

Noypitak, S., Terdwongworakul, A., Tsuchikawa, S.,
Inagaki, T., Kasemsumran S. 2014. Maturity related
properties of ginger detectable by near infrared
spectroscopy. Proceedings of the 4 th Asian Near
Infrared Sysposium, 135-136. 17-20 June 2014.
Daegu, Korea.

Osborne, B.G,, Fearn, T., Hindle, P.H. 1993. Practical NIR
Spectroscopy with Applications in Food and
Beverage Analysis. Longman Science & Technology,
U.S.A.

Rambo, M.K.D., Alves, AR., Garcia, W.T., Ferreira, M.M.C.
2015. Multivariate analysis of coconut residues by
near infrared spectroscopy. Talanta 138, 263-272.

Sanwal, S., Singh, S., Yadav, R., Singh, P., Misra, A. 2012.
Yield and Quality Assessment of Ginger (Zingiber
officinale Rosc.) Genotypes. Indian Journal of Plant
Genetic Resources 25, 281-286.

Workman Jerry, J., Weyer, L. 2012. Practical Guide and

Atlas  for Near-Infrared

Spectral Interpretive

65

Spectroscopy. Second Edition ed. Taylor & Francis
Group, England.

Xue, L., Cai, J, Liu, M, Li, J, L. 2012.
Determination of Moisture content in Ginger Using
Three Variable Selection Methods Combined with
Vis/NIR. Chinese Agricultural Mechanization 2, 37.

Yan,



