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Abstract

The use of spectrophotometers in the range of visible to short-wave near infrared (Vis-SWNIR) is of
interest for researchers as a fast and low-cost method to measure moisture and sugar concentration in
food and agricultural products. The aim of this study is to evaluate Vis-SWNIR reflectance
spectroscopy for measuring moisture content and sucrose concentration in porous fibrous materials
with a case study on sugarcane bagasse. In order to increase the interaction area between the light
and sample and to increase the signal-to-noise ratio, a lighting chamber with two 50 W halogen lamps
was made and evaluated in comparison with lighting through the spectrophotometer lamp with optical
fiber in the wavelength range of 400-1100 nm. In the first step, 48 samples were prepared and
measured by adding different amounts of water-sucrose solution to ground wheat straw. Multivariate
partial least square regression (PLSR) method was used to develop prediction models for moisture
and sucrose concentration of the samples. Validation of PLSR prediction model using halogen lamp
lighting method, showed stronger prediction of moisture content (R?=0.88, RMSE=3.3 and
RPD=3.07) and sucrose concentration (R?=0.78, RMSE=3.95 and RPD = 2.25) as compared to
lighting with optical fiber. Evaluation results on 50 sugarcane bagasse samples for moisture content
(R?=0.69, RMSE=0.26 and RPD=1.46) and sucrose concentration (R?=0.44, RMSE=0.27 and
RPD=1.01) showed a weaker predictive power, which could be due to the non-uniform texture of
bagasse samples compared to straw and the limited range of moisture and sucrose variations. The
results of this study showed that the spectral range of Vis-SWNIR can have a promising predictive
power on homogeneous fiber samples if the range of variations in water content and sucrose
concentration to be significant.

Keywords: Porous fibrous materials, Short-wave near infrared (Vis-SWNIR), Sugarcane bagasse,
Sugar concentration
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7 Leave one out validation
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standard deviation

Sl lade (e ab Jite oKisle;] a4 olKiws [0 ol ol!
g o8 alol copl e Yoo 4y LS o5 SiS QLS ©
Blo (g, So FIV) 00 4z 0 Slo 35 L 05 o2 4 5l
iy 90 o bylie oy Sliul b aS oyl Jol ol aiz 0l
cali o las ol daly 5 aiten 508 Ygans ok ol [y 0
S My oliws (45,0 Jolo Syl Wgd oo e Dy oliws sue
—diges (5l 0B Qo0 g o 4w, (Schmidt, 2103, Germany)
olEiglos] o 0dd (st o lailil clo g, b dllae WL clo
{(De Whalley, 2013) ¢ 5 bl a3 cloails S &S S
BT e g (il WL RS N et ash Sl sl
V-0 sl L(TIANLI, Rotary, China) 5" ez oKws 49,0
SrSoiluil aigad Sa3 155 ol 5l Gy 28,5 58 Gugenls 4z
Al duwle Voadayl) sl eolawl b (W) el p Cogb, s yo g
.(Meade & Chen, 1977)

W =100 x =22 o

mp;—mgp

5 sk gl g Egerme My (p ) S1b 039 Mo <ol ,5 oS
el (p5) S5 g S dgad (39 Egemea My 9 (p)5) )b

oS 39,0 wuo 0 g Cugby (g ojlail -Y-Y-Y

4 o 9 (239 (rbcieb (Ll Sl ey o5 sladigel (ool
MEMMERT-CAT,) 5l oKiws (5,0 el Y oo
Sl g Cusb) o, 5 a8 5 18 (UF450/UN4S0, Germany
VO S oy 4 azgi b o dwle Y alal, 5l oslaxul L (W%)
OO 513 51 G a5 Zush) 0y Slade g 0ol angs oS sladiged o5
0 e ¥ oabaly 5l ooliiwl L (S%0) 59,51 sy
S =100 x —=— )

15+m3z+my

Lol (p,5) Cagb,y oy My 5 (p)5) 59,50 oy M3 ol jo a8

G)LJ Judos -Y-¥




OHKer 5 garex )8 ve

99 ;2 50 el 0als oold s yieglh Fee-VVee ol odgase
Sy Ko agls FT PR i ssgume 5 (S3lo 55w
—canbs 5logd oo oamlin 4 job les .l oolidl slasl gg8 i
—cb a1 oolatul b Gobye oS sladiges pl> U5k o
Sl PV ey oiws ¥ b anglae jo il ¥ b i
Ol oS sl ouls ol 55658 (o S 9 S b 290
2 e Sl Giglle ¥ b (310 5588 sy e O Shes o
Bgad K, Judo 4y Bocls (ogilb YA--V- o) Sye ezl 0 Qi
sladiges 1o Cogb, e il L (Zhang et al., 2019) el
O 598 bl dadiged (ol 05 5 S5y Sl o 2 g9 08
0dgazme 40 9,5 SO,y el oolidl Glal ode Sy 5 Cugb e
Feefde b osgamme 3 oyl Ky 5 sesili OA-F ¢
asllles (Rady & Guyer, 2015) aiiie i Sy sl jiesils
L yiegil Yoo jo od> Sy aS ols olas Zhang et al. (2020)
ol Slge i @l 5 )0 (Srwren C-H il ooz (195

WSl dpde agee (BIiX) Jole

N 1-91)?
RMSE, = /”T f)

)
~ RMSEp

N _5)2
SD = ’W *)

S Solail polie Py (g yo) 00 (5 mSo3lail polie yp o] yo a8
28l (:Sle § conds (S el ol (5 Soleo § ¢ gk g 0
el 0010 Slaws 35 N g oads cimiom

RPD )

ey g s =Y
IRTRC ) Ll 00 0018 uL‘*‘-‘ \ JB.\.‘? 5 olS LSL‘:MJB"” ()L».u: d‘):ul

oy @ olS gladigad jo 59,8l clale 5 Cugb ) (slgize Ol s
08 S Sl i aals Sl 45wl e +-YV/OT. 5 Y/EO-FE//AY

bl Oleon sty dals i 0 bdiges ans b ool L::J
csls ViS-SWNIR  ewcads (g, Jewnslty 51 (olio

u .“l " * e 9 Ql RS _v_‘
5 aalial L oS gladiges 5| Jols pls slociib & U5 o
3 0id Y g 5y8 e Lol b e all

o5 (sladiges 5, lw cdilé g Cugby Slasin oy Hlol -Y Jguz

Table 1. Descriptive statistics of moisture characteristics and sucrose concentration of straw samples
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Fig. 6. Principal component analysis of the NIR spectra of
the straw sample to discover outlier a. Optical fiber and b.
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Fig. 5. Raw reflection spectra of straw samples using
spectroscopy system a. Optical fiber and b. Halogen lamp
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Table 2. Spectral preprocessing results for predicting the moisture content of straw samples with spectroscopic system with
light fiber and halogen lamp
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Table 3. Spectral preprocessing results for predicting sucrose of straw samples with spectroscopic system with halogen lamps

s

@&y ablite i Liel
Leave-one-out validation Training
R? RMSE RPD R? RMSE Preprocessing

O caye ot Olujpe (ke aly,  5Kiny oailedl Sl O 0 o ot ol o (S0l el Sl i

0.69 5.18 1.79 0.93 2.29 G0 Gl e

0.74 4.76 1.95 0.98 1.13 SNV

0.65 5.55 1.67 0.91 2.72 MSC

0.68 5.17 1.80 0.93 231 SG

0.68 5.17 1.80 0.93 2.33 MA

0.39 7.15 1.30 0.79 4.20 D1

0.65 5.54 1.68 0.9 2.79 MA+MSC

0.78 4.56 2.04 0.98 1.21 MA+SNV

0.65 5.54 1.68 0.9 2.76 SG+MSC

0.75 472 1.97 0.98 1.18 SG+SNV

0.39 7.14 1.30 0.78 421 SG+D1




OHKer 5 garex )8 ¥

zse Jsb Wang et al.(2017) lwy Koo iegy o (2007
(Brix) Jols Sl 6‘9;-7“’ SRR ) (b J.«.ASJL! arA

(Pagh) £30 Jsb
Wavelength (nm)
400 300 600 700 800 90 1000 1100
-0/0001 A
2 /o002
%
q T 00003 A
i3
v & -0/0004
13
3 5 00005 |
oh .
2 homs awe ¥
-0/0007 A 4
-0/0008 -
@(n
01
a¥A
0/08 4
g 006 1
1 E: 0/04 4
Is
N-RUE
JE o : ; : : ‘
2 400 501 600 700 800 900 1000 1100
D002
-0/04 4
Fry —>
-0/06 -
(gl 2 Job
Wavelength (nm)
(b))

A (G 50 (b S i (g )5 ) ol b —A S5
o5 rdiges 59,6 clilé .o g Cugh,
Fig. 8. Regression coefficients of spectral variables in

prediction of a. moisture content and b. Sucrose
concentration of straw samples

5 Vis-NIR ziwcads ailobu won] cavs 4 glis 4 a>g5 b

oY bsiloyye 5l oolainl b pegil FeeV Ve e Lads oogase
018 5l 535 5 Cashe, e 0 (s ot oS 5 le
oolaul u.;lfb LgLMJyJ e ‘_g‘ﬁ Lg)‘lbﬁ:)y’ ol T )| 1)

5900w cdalé g Casb (S b -Y-F
Bl sbdige

el oo ools Lis F Jgaz j0 WL sladiges hnoss Ll
i oSl slaaigad ;o 59,5l Cale 5 o) (glgime olis

50

Fe=0.38
45 1 RMSE=33
10 EFD=3.07

(1) obds Zey o Caglay
Predicted moisture (%2)
— (=] [ g lad
Ln [= L (=T
=
=

—
L=]
L

(=] n
L

0 5 1 15 20 23 30 3 40 45 30
01} aid g ol Sl

Meazured moisturs (%5)
@
35
RE=0.78
30 | FMsE=383 =
=273 -
FEFD=2.123 e
- 25 1 ™
58 ) -
¥ .
415 A m
4 E
2 10 [
= LI
51
0 T T T T T
0 5 10 15 20 23 30 35

(1) ed g ejlodl 3o 1500

Iaasured sucrose (%0}
(b))

-~ 1w PLSR o Juw (59 (s bl gl -V s
$319.5259 ailolw 3l ooliiwl b ols' gladiged j9,5lw-o g Cusb,
oI ¥

Fig. 7. The results of external validation of PLSR
models for a. moisture and b. sucrose of straw samples
using halogen lamp lighting system

Sl psin Sew )55 culpl el Cewd & el 4 4y b

oY (318,58 Aol b 55,500 5 Cusb) (i 4 g pe Ak
g FAY o pde Sy g0 cnl oad cols plas A USKS o el
&S Hsbplen 095 oo oaaliv 55,5l g Cusb; sl i 4 FYY
Lghbu}.Jo A_)‘)a.a.x: ‘)_myb AARERR U’JLJQ 03gdste §S Wl o)LCZ‘
50 el digad Sy Dl b (698 (Sien S o & Gowe JPERCS
ol oamlie BB oS cugb ) gl pde Sy aegd gl AT
S ¢ Golic et al. (2003) lawgs oo plosl wldlas 4 a5 b
3l (Ktasadr O-H 5l 225 090 57,5l b gl A i
9 g SOl b il ATA (pdor Soy 0580 caalie yogils
Workman and Weyer, ) o,ls  Siwaen C-H wil o225 oo



A SR SRS WS

odgaze cpl il oo VA-YINYT o OVA-OF/V/ cogasee o
MLJGA )JQBJ.ZA )L.m.; oS L;llbd_)sm A Cond ulj.a.w

P Gladiges huogi Hlol —F Jgax
Table 4. Descriptive statistics of bagasse samples
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