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Soudufivgaannnssuiifanuddyremsugiavossemalne daanisdevsazenden CCS (Commercial
cane sugar) \udrisun msteredesdeszuu CCSs Hu Suduisfigienn Maum wasliaunsavhmstad ccs Ty
Tionsudimnanhmaldlusiui hlfinwasnsldanusavhmafufedeslussernanmngaudiiolian CCs gfignld
wadindunsusagiulng (Near infrared) Jdumadaiiirauls Wesndumedansnsisasuannmlagliviianefegis
lildansiadl Weudis wazsands dufunuidedifenisaianiodinmeian CCs vasdosnuunnmndismade
durssagnulndlussuunisiauuuasioundu fanueniadu 800-1200 nm wazaiaaunsifiounInsgILiAT vl
CCs Fumdasinszvifiainadoouanawaiduuuududa THuvadmdsnudutunneifiaiug 9800 mAh 91ARAYDINTS
VAABUIATEAATIEY NuTasaThauaAassLUame3laieIlondt 6 h waraumsifisuasg AT IEeN CCS
fa¥rsandesudes 150 fogr fldrnnuianarnuinsgiilunisinung (SEP) iy 1.97% uazAranuianaiaiade
(Bias) Wity 0.10% TagiAdesiiangiiaialingeien CCS hiwnnmafueiinseiluiesujifnisogreiidoddyi
sedumuBesiu 95%

MdAty: LASeTInTIERAMNINERY, Bunssagulng, A1 CCS
Abstract

Sugarcane is an important industrial crop for Thailand’s economy. Sugarcane trading is based on its sweet-
ness quality which is measured by Commercial Cane Sugar (CCS). Sugarcane trading by CCS method is complicat-
ed and cannot analyze the CCS content promptly. Therefore, farmers do not know the appropriate time to har-
vest for high purchasing price. Near Infrared (NIR) technique is an interesting method because NIR is nondestruc-
tive internal quality analysis, no chemicals, simple and rapid method. This research aimed to develop portable
commercial cane sugar analyzer by NIR technique in reflectance mode at wavelength region of 800-1200 nm
and developed the calibration equation for CCS content. The developed analyzer was assembled with touch
screen display and battery of capacity 9800 mA h. From the results of performance test, it was found that the
analyzer could be operated in the field continuously more than 6 h in battery mode. The developed calibration
equation obtained from 150 sugarcane stalks could predict the CCS content with Standard Error of Prediction
(SEP) = 1.97% and Bias = -0.10%. The results of CCS content values predicted by the invented analyzer were not

significantly different from actual values at 95% confidence level.
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50 mm

Figure 1 Specially designed measuring head for spectral acquisition of sugarcane stalk.
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Table 1 Dimension of portable commercial cane sugar analyzer by near infrared technique.
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53.50 170.00—-‘
o ﬂ — L
] L
-
a |
g 116.35
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Uszanana lnainsodilnsiernaineasiianuwugs Figure 2

Figure 2 Drafts of portable commercial cane sugar analyzer by near infrared technique.
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Figure 3 Principle of developed portable commercial cane sugar analyzer by near infrared technique
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Fiber optics

Switch
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Figure 4 Developed portable commercial cane sugar analyzer by near infrared technique.
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Figure 5 Spectral acquisition of sugarcane stalk by specially designed measuring head.
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Figure 6 Original spectrum of sugarcane from NIR portable bag at wavelength region of 800-1200 nm.

910 Figure 6 @1u15adunaLiudIunanIsgandy
WasuFARUR 970 nm L‘ﬁuﬁ'}Lmﬁqmigmﬂéuwé’wmmm
Wusy OH sum‘fﬂ (Osborne et al, 1993) Fuduesruszneu
NANYDIDY

N5asNaNNSgUNINTFILAATIZA CCS A2gNase
Juseiinisonnesdsaosiosfignuisdan (Partial least

squares regression) lA&NBUNITATINAUNITIEUNINTTIY
AINITRANAUNTIUYBI08LYNUTULAIAIENITIN
Smoothing Wae First derivative Fansadrsaunisifisu
WINTFIVIATIZYA CCS dopiinan1vadananina Table 2

Table 2 Statistical results of calibration equation for CCS measurement at wavelength region of 800-1200 nm.

Calibration set Validation set

Range (%)

(110 samples) (40 samples) SD(%) Factors
R SEC® (%) R/ SEP? (%)  Bias* (%) Minimize Maximum
0.81 1.76 0.82 1.97 -0.10 2.16 19.02 3.38 11

* Correlation coefficient of calibration set.
® Standard error of calibration.

¢ Correlation coefficient of validation set.
® Standard error of prediction.

£ Standard deviation of validation set.

* Average of difference between actual CCS values and predicted CCS values.

310 Table 2 WuIAUNTHILUNINTFIUIATIEYIAT CCS
fignasrstunindoyanisgandundanuludis 800-1200
nm fiA1duUszansanduius (Correlation coefficient; R)
lungu Calibration set 1Ay 0.81 uagngu Validation set
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Wiy 0.82 ArauRananuinsgulunisviune (Stand-
ard error of prediction; SEP) 111U 1.97% waziiA1 Bias
Wity 0.10% Tnediduuszansnisanaes (Regression coef-
ficient) Yo saLNSIiBUINATFILTIAI WaRss Figure 7



MsEnsanALIFINSsINERsWisUsTAlne D7 25 atuii 2 (2562), 50-61

30000 -
1
20000 - (913 nm)
A
¥ 10000 -
[
v
RS 0
&
8
S -10000 -
5
? -20000
e N < Sucrose
g (983 nm)
(o
-40000 : l ‘ . | ] |
800 850 900 950 1000 1050 1100 1150 1200
Wavelength (nm)

Figure 7 Regression coefficient plot of calibration model for CCS content in sugarcane developed by Partial Least

Squares (PLS) Regression.

91N Figure 7 Wans Regression coefficient UBIduUN1T
Wieumasguiiadietu asdanadiuidulsiiidninade
MsAATEsiAN CCS vaadon uansagiidumisaugnndy
913 nm %aaamﬂﬁmﬁuﬁﬂLmﬂqmi@jmﬂﬁuwﬁummm CH;
Suluiusendnvesniinia (Osbome et al, 1993) wardn
R1UUa91 983 nm %qaamﬂﬁaqﬁums@mﬂﬁuﬁuaq‘f’]ma

v v1703gns hmaglasa) Ariiuniseuldanumuiy
meaangl 60°C Wuan 3 h Ingdaléann FT-NIR spec-
trometer (MPA model, Bruker optics, Germany) fidu
WR30UTINNYE wARa Figure 8 NaN1SAS1ALNITIBY
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Figure 8 Original spectrum of granulated sugar from NIR spectrometer at wavelength region of 800-1200 nm.

58



Thai Society of Agricultural Engineering Journal Vol. 25 No. 2 (2019), 50-61

Calibration set

N
v

gZO-
%]
]
>
= 15 4
>
3
O 10 4
©
2
<L()5_
<&
0 T T T ¥
0 5 10 15 20 25

Predicted CCS values (%)

Validation set

g 20 4 >
%]
0 9
315 - @%@%@
- © R5®
O
O 10 4 O
©
g o
g B b
0 T T T T
0 5 10 15 20 25

Predicted CCS values (%)

(@)

(b)

Figure 9 Scatter plots of predicted and actual CCS content from developed analyzer in (a) calibration set (b) vali-

dation set.

370 Figure 9 wuddeyadiulungnszatgegsauldu
nwesyy (Target line) Fafurdudivsusnindriiliainnis
vunsiflutuaiildinnizdrdanassdaniniu uans
Tifudraiviuneldaniadestialndifssiua193s Tned
A1 CCS fiviunesieiaies Weauuaindr CCS 93508t
91aifleaunainAuAnNaIn9INNITIATIEAY CCS
193514 Tnglannzen Pol AldiEvmalwan3iunsn endonis
Wninvesnaslun1smvsuiuglase asiinan1sinsien
AAnaings (AKRUSS Optronic, 2019) Lileiiisufuis
AA518% HPLC fiflarudumizganin wuindsnnsinan’
wa3nfimnuaainidey -88.63-21.22% (@inaunesu

Souuazinmansty, 2562) sendlsaniiievnnsiiaszviae
3% Paired ttest WuU31A1 CCS AidtAs1zRldaniadas
Yinszaiiiasns ldunnensaineiaseedeiideddey sy
ey 95%
uenaNtuudauMITieuIAsTITATIZe CCS Tad
ouitadratu svgninunUsudiudnenindieninsgiu IS0
12099: 2017 Fduutnsgruildidunuanielunis
ﬂiz&gﬂﬁwmﬂﬁﬂ Near infrared spectroscopy Tun19un
Usuiesausznaurieg areludiegrs wanisuszidu

ANYAINLANIAS Table 3

Table 3 Statistics performance measurement of developed calibration equation for CCS content according to ISO

12099: 2017.
Terms Calculated value Criterion Result
Bias™ (%) -0.10 + Ty’ (%) = 0.65 pass
SEP® (%) 1.97 Tue (%) = 2.18 pass
tobs 1.35 teas = 2.03 pass

" Average of difference between the actual CCS values and the predicted CCS values.

® The calculation of the bias confidence limits.
¢ Standard error of prediction.

° The unexplained error confidence limits.
“The observed t value.

F The t value.

270 Table 3 wanINan1sUsEEHUANEAINYDIAUNTT
Wiguunsgulunisyitungen CCS ¥09908 M1UTEUY
1M1 1SO 12099: 2017 IAeIN130TIVERUAIMIIEDRA
SEP Bias 4az Slope WU11A1 SEP #T0AIAIIURAANAIA
wmsglunisviine Jatesnindl Tue na1fe AR
Aawanammsgiulunsyiunesiiismefiazeouiule den
Bias vioA1AAnaIalRAsueInfegesndn T, G4
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wansianuianataeislunisiungldideddyvie
Wiguwiniuaug nanmea1asazAildainnisriungll
LANAINAY WAZAINNITNTIVADUAT Slope UIDAN
Anuduiusvesaassiuamdilaainnisiiune Jeazldan
tops MUNITATIVADU Slope WU AN tops HAUBENIT AN
taaz NENAL Slope HAldunnsteann 1 asmﬁﬁaﬁﬂﬁzyﬁ
sedumTesu 95%
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Figure 10 Scatter plots of predicted and actual CCS content in prediction set for checking performance of devel-

oped analyzer.
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squares regression; PLS) @unsaiiasizilaliianmangeeng
fifeddiuaaseiiseiunnudomiu 95%

5 fAaAnssuusznd

YBYDUAN A1UNURRIUINITITENITNYAT (B9ANTT
ume) fatuayunuluenuide uasuion hanadinawa
d1in Rafuayusnegidluamiide

6 L@NE1591999

NQYIUT Aszdnd, iindad Auazidy, Iszwa wasnd, ou

Y X o a

nYaun AszAnd, indan Auaszite, Isswa wasna,
3517550 AneTand. 2558. NMFINAIANUNINUYDIDDY
Fenasgulnddunssn. 1aivnsinens 97 33
atufl 2, 159-168.

851U UsTIRIuUNY, mqwé anBIn, 133N WUIINIY,
gins asadedTmu, avswvie Invuinsal. 2557. 1S
AanuenalnuinUnivesudndnlnalaeldinaiia.
NTANTINYIAEATINEAT 45:3/1 (i), 293-296.

sy’ qvSsn, wafinn Fenliu, nanun dangauyna,
SUINT ATATINTNG, U198 Y19y, Anondie
Tnwurnsal. 2556. n1sUsedfiuvsunaiiulunzane
Undumewatadunsisagulng. 1sansinedans
AT 44:3 (NiAy), 434-437.

iiuﬁmé uBTa. 2560. N15831932UU Near Infrared Spec-
troscopy AIUNINTFIUAING. UATUFU: N1ATIY1IAINTIY
N15817115 AMEIAINITUAIEAS ATULN LAY
UAMINRENUATANANT, AIWNIREAL, UATUTY.

o,

o w

A1UNATYENINITINYAT. 2561, S18aviBananIun1sal
HAAKATNITARIA. WndItaya: http://www.oae.go.th.
\dale 30 fuenou 2561.

drifnsunasudesuazinniansis. 2562. :uiTesn.
LWAAIUD yga: http://www.ocsf.or.th/Research/rese-

71.doc. Whiasle 17 wweu 2562.

60


http://www.oae.go.th/

Thai Society of Agricultural Engineering Journal Vol. 25 No. 2 (2019), 50-61

A.KRUSS Optronic. 2019. What is a polarimeter. Availa-
ble at: https://www.kruess.com/en/campus/  po-
larimetry/what-is-a-polarimeter/. Accessed on 17
April 2019.

Nawi, N.M., Kamal, M.R., Chen, G., Jensen, T. 2014. Pre-
diction of Sugarcane Quality Parameters Using Visi-
bleshortwave Near Infrared Spectroradiometer. Ag-
riculture and Agricultural Science Procedia 2, 136-
143,

NarongwongWana, S., Rittiron, R., Lim, C.H. 2015. Rapid
determination of alkalinity (ammonia content) in
Para rubber latex using portable and Fourier trans-
form-near infrared spectrometer. Journal of Near In-
frared Spectroscopy 23 (3), 181-185.

Osborne, B.G,, Fearn, T., Hindle, P.H. 1993. Practical NIR
spectroscopy: with application in food and bever-
age analysis (2™ ed.) (pp 29-33). Singapore: Long-
man Singapore Publishers Ltd.

Rittiron, R., Seehalak, W. 2014. Moisture Content in
Raw Rubber Sheet Analyzed by Transflectance
Near Infrared Spectroscopy. Journal of Innovative
Optical Health Sciences 7 (4), 1350068-1-1350068-
6.

61



