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Abstract

Cassava is one of the most significant economic crops of Thailand which is utilized in
various types of industrial purposes such as feed, textile, sweetener and energy etc. Sugar
content in cassava has also been modified as the bio-energy and processing products. However,
determination of sugar constituents in the laboratory requires a long period of analysis and the
use of expensive and environmentally aggressive reagents. Near Infrared Spectroscopy (NIRS) is
occupied to evaluate 4 sugar types (fructose, glucose, sucrose and total sugar) in flour and
starch cassava for the replacement of conventional method, due to its fast, chemical-free and
non-destructive technique. Flour and starch cassava samples were randomized and measured
the spectrum by NIRSystems 6500 in wavelength region from 400 nm to 2500 nm. The contents
of sugar were determined by high performance liquid chromatograph (HPLC) method and
conducted from October 2016 to September 2018 at Postharvest and Processing Research and
Development Division, Bangkok. The average contents of fructose, glucose, sucrose and total
sugar were 0.86, 1.31, 1.14 and 2.97, respectively. Partial least squares regression (PLSR) was
used to develop the calibration equation for prediction. The correlation coefficient (R) of
fructose, glucose, sucrose and total sugar were 0.90, 0.86, 0.77 and 0.82%, respectively. The
standard error of calibration (SEC) of fructose, glucose, sucrose and total sugar were 0.012,
0.081, 0.050 and 0.288%, respectively. The standard error of prediction (SEP) of fructose,
glucose, sucrose and total sugar were 0.015, 0.091, 0.059 and 0.3319%, respectively. The results
showed that the calibration equations from obtained experiment had high values of R and low
values of SEC and SEP which were indicating a good correlation between reference values and
NIRS predicted values. Therefore, these results suggest that NIRS could be applied for

evaluation 4 sugar types (fructose, glucose, sucrose and total sugar) in flour and starch cassava.
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fhetretudendsilagluguutolan uasudsanduiusinanasnlag (fructose) thena
nglea (glucose) thaaglasa (sucrose) wagihnatianun (total sugar) sdusng  wuin ulslaniuas
wlsamsusudendansdiviunainangnlnaludas 0.82-093% tntanglaa Tudaa 0.84-1.81%
thanaglasa Turae 0.99-1.40% uazthnasionun Turag 1.92-3.87% (Table 1)

nnsTadinisgaduuamesUiiuimalugiu NIR (400-2500 uiluiwns) tngldia3os NIR
spectrometer wui1 wlllanuazansvsiudzndiannsagaduuasgeiinnuenadu 990 1450 1540
1930 2100 2280 @z 2330 nm Ly Ansgaduuasveslutanaudeanisy (Williams and Norris, 2001)

(Figure 1)

Table 1 The characteristics of samples used in model construction for fructose, slucose,

sucrose and total sugar contents in cassava flour and starch analyzed by HPLC-RID.

ltems Fructose Glucose Sucrose Total Sugar
Min-Max 0.82-0.93 0.84-1.81 0.99-1.40 1.92-3.87
Mean 0.86 1.31 1.14 2.97
SD 0.027 0.159 0.079 0.504
Number 180 365 351 358
Unit % % % %
0.60
0.50
0.40
72-20.30
0.20
0.10

T T
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Wavelength (nm.)

Figure 1 The original NIR spectra of cassava flour and starch at wavelength region 400-2500 nm.
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snmsthnaiia NIRS aldifteadsaumsanauduiusssningenmsinssiuiunasihna
vosutlaudusvaduiesufiing uazAmagadunadugiu NIR (400-2500 nm) wuin Ananasnisi
Ieiinavduius (R) ge Ineidademansogrsmniieades (Table 2) wuin

thananlgnlaa e R Wiy 090 Tuvnigfien SEC wihifu 0.012% @ SEP 0.015% e Bias
WU -0.0001% A1 F 91wy 14 U338 wazal SD 0.027%

thananglaadenaruduius R = 0.86 A1 SEC = 0.081%, SEP = 0.091%, Bias = -0.0001%
Hadefiieadadluaunis (F) $ruau 15 Jad uaze SD = 0.159%

thanaglasalian R = 0.77, A1 SEC = 0.050%, SEP = 0.059%, Bias = -0.0001%, F $1u2u 18
Uade agm1 SD = 0.79% uay

thanaviavin S61 R = 0.82, A1 SEC = 0.288%, SEP = 0.331%, Bias = -0.001%, F 31131 16
U338 wagm1 SD= 0.504% (Table 2, Figure 2)

Table 2 Results of PLSR calibration for concentration of fructose, glucose, sucrose and total

sugar in cassava flour and starch.

Wavelength SEC SEP Bias SD
Sugar Type R F
(nm) (%) (%) (%) (%)
Fructose 400-2500 0.90 0.012 0.015 -0.0001 14 0.027 180
Glucose 400-2500 0.86 0.081 0.091 -0.0001 15 0.159 365
Sucrose 400-2500 0.77 0.050 0.059 -0.0001 18 0.079 351
Total Sugar 400-2500 0.82 0.288 0.331 -0.001 16 0.504 358

R: Coefficient of correlation, SEC: Standard error of calibration, SEP: Stand error of prediction; Bias: The average difference between actual
value and NIRS value, F: The number of factors used in the calibration equation, SD: Standard deviation of average, N: Number of

samples
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AUN15N9 4 @unns a@unsattuseliulsunanimnatuktadtananivazannsvsiudde naslagng
fUsgansam lavazlalndfesiurmnsieseiluieslfiRnisiienuiianain  (Standard error of

prediction; SEP) #n1A1n153iAs R (SD) (Figure 2)
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Figure 2 The relationship between fructose (A), glucose (B), sucrose (C) and total sugar (D)

content (%) and each predicted content (%) in cassava flour and starch.

Andulszanan1sannae (regression coefficient)

A1 regression coefficient YBENNIINNTIATIEVINITANDRLLTMYAN  (Multiple  Linear
Regression Analysis) felUsunsy The Unscrambler W‘UdﬁﬂmmwmmLLi’Jaﬁuﬁmwé’qﬁﬁmﬁlmm)?
nahmatladevansviediilduieados

Tuaunsiflissduihmansnlsaudolamuazansvdudsndneiiadoiinaeg 14 Yade
wuindien regression coefficient finnue1aAAW 990 1450 1540 1930 1960 2100 2280 2322 @z
2330 wiluuns Aanuduiusiuuts (Figure 3.A)

Tuaunsiflidssduihmangleautislamuaran$vdudsndneiiadoiinaeg 15 Yade
wuTnilen regression coefficient fin1NuEIARY 990 1450 1540 1930 2100 2280 way 2330 urluluns

fpnuduiusiuwds (Figure 3.8)



Tuaunsiflisaduihmaglasauaanuazamisiudevdasitotofiineog 18 Uads
NWU113A1 regression coefficient fianueandu 990 1450 1540 1930 2100 2280 way 2330 UluAS
fanuduiusiunds (Figure 3.0)

Tuaunsiflidssduhmaimmautislanuazamiviiudeniansitedofiinaey 16 Uads
WU113A1 regression coefficient fiaueandu 990 1450 1540 1930 2100 2280 way 2330 U luAS
frnudunusiunds (Figure 3.D)

Osborne (1993) $18471U ANETIAAY 990 1450 1540 1930 2100 2280 uay 2330 Uiy
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Figure 9 Regression Coefficient plots to evaluate fructose (A), glucose (B), sucrose (C) and total

sugar (D) contents (%) in cassava flour and starch.
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