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Abstract

Viscosity is an important fluid property of starch. Kinds of starches have difference
property of viscosity. Brabender was used viscosity analysis of flour and starch but it is
expensive. This method is destructive samples and it takes a long time for viscosity analysis.
The objective of this research was study on Near Infrared Spectroscopy (NIRS) technique, is non-
destructive technique, it takes a short time and no chemical use to predict for viscosity values
(peak viscosity, break down, and set back) of cassava flours and starches. The 280 cassava
samples were collected difference varieties, lines tested, harvested dates and locations. The
samples scanned in the region 800-2500 nm. The spectrum of cassava flours and starches were
shown. Viscosity values used Brabender Micro Visco-Amylo-Graph, at Postharvest and Processing
Research and Development Division, Department of Agriculture. The Least Squares Partial (PLS)
linear regression models were calculated using the Unscrambler (Camo, Oslo Norway). The
absorbance of samples correlates with viscosity values. Data were divided 2 groups, group 1 is
calibration set, and group 2 is validation set. This research was done in 2016-2017. The
calibration for predicting peak viscosity values of cassava flours and starches, multiple
correlation coefficient (R) = 0.95, squared correlation coefficients (RZ) = 0.93, Standard Error of
Prediction (SEP) = 34.08 BU, Standard Deviation (SD) = 119.93 BU. The calibration for predicting
break down values of cassava flours and starches, R = 0.91, R2 = 0.83, SEP = 14.06 BU, SD =
15.65 BU. The calibration for predicting set back values of cassava flours and starches, R = 0.92,
R2 = 0.85, SEP = 40.98 BU, SD = 105.89 BU. Therefore, the NIRs technique can predict viscosity
values in cassava flours and starches.
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8. WaN1MAABILALIRIIA!

dudalanuazudeanisududilends saudwau 280 fegrs luinansgaduuadlugiu Near
Infrared AE1IAAY 800-2500 nm Isaiuan3uvesudlananuazutaanisuiuduzmnds feinsgadu
LAITIADILE1IAAL 990 1580 WAz 2100 nm Jurnsgaduuasvadliuanawtaanisy (Williams and
Norris 2001) (Figure 1) lunsaaedldutaanuazansviudsndsiuduazaneiuging iesand]
nsfinwIsansEnUYesiug e1giiuiien wazanminadeslumaingugniiudznds Muandiifiudams
nszefvesvunveadauiluseduotgme fu wagmaiUAsuudasesnsnesiuagaamiln
(Sriroth, 1999)

as1saunsanudaanitazudsansutiudusnas 91U 280 Feg1e AIwds  PLS regression
WuU full cross validation lawnsly spectra S (original) ﬁuﬁ’ﬁmiwﬁmmwﬁmqa?jm ( peak
viscosity) FANLIANAsTBIANLEngsanlazAIBmiasan ( break down) uazAIHARNIYBIAIL
vilngavnefuaramilndign (set back)

1. Anumilngagn (peak viscosity) dAandusiug (R) sendrmsiesieiluviesdjufnisiuen
N15viune Wiy 0.95 Amauianatnuiasgulunisviiune  Standard Error of Prediction (SEP)
Winiiu 34.08  Brabender Unit (BU) Aiaduiiananunsgiulumsvimungvengy Standard Error of
Calibration (SEC) wiriu 30.68 BU adefiAeades (F) 7 Jade Amrmeaiaiedeu ( Standard
Deviation, SD) 21nN15ATIEluiesUjiRn1sminiu 119.93  BU (Table 1) uagaunisusziiuen
Ansginnuniingsgn fousl 202766 BU uagilAads 533.06 BU (Table 2) AdinssAvinisonnes
(regression  coefficient) ?Jaﬂa:umimﬁLﬂiwﬁmsﬂmamgﬁﬁwwqm ( Multiple Linear Regression
Analysis)  veswlaudgnadlunisussidiuriaumiingegn Funtsrueeduifen  regression
coefficient 7 984 1582 1900 2100 2272 wag 2464 nm (JuAvesnthanids wazduntinnuenaiu
fidien regression coefficient 7 1940 nm Hurweath (Figure 2)

2. mnuuANAsYBsANLTngeanLazAAmilaian ( break down) ienanduius (R)
FENINIMFIATIeRluiesU RN UAINISIIWIE WinAU 0.91 A1 SEP WAy 15.65 BU A1 SEC wifiu
14.06 BU fitladefiieatos (F) 9 ade A1 SD anmsinsesiluviesujonisviniu 38.54 BU (Table
1) upzaumsUszidiudn break down dausl 189-353 BU wawdiduade 26501 BU (Table 2) ¢
regression coefficient vatuthduduzndslunisussiiua break down suvisenueaduiisien
regression coefficient 7 994 1440 1526 1552 1582 2256 2278 uaz 2458 nm Jumvosutlsanisy
LaRWILaANETIAAUTITIA regression coefficient 71 1932 nm Hurweah (Figure 2)

3. FnainavesnInilnanvhefumamianian ( set back) fienanduius (R) semrinenns
AaseluvissUiRnisiuanisiung winiu 0.92 A1 SEP winfiu 40.98 BU @1 SEC winfiu 38.45 BU

ftdeiedes (F) 8 Uade d1 SD anmsiemesiluiiesfiinmavintu 105.89 BU (Table 1) uay



aumsUsuifiuA set back @aus 40-423 BU waildede 26534 BU (Table 2)en regression
coefficient  veutlaiudUznddlumsussdfiudn  set back  swmlindueandudifien regression
coefficient 71 996 1434 1582 1908 2000 2082 war 2250 nm JuAveautlianisy uagdumisai
g1IAATITAN regression coefficient 7 972 nm Hudnwosi (Figure 2)

NSMANUFIRUSIINNTYINWEAIANUNTNgIEn A1 break down uazAl set back Auen
Annevienmunilngean A1 break down WAz set  back  weadsudUzndsiiiasziily
viosuFuRn1s wui1 duszavsnisdadula (R fidn 0.93 0.83 wag 0.85 muandu (Figure 3) nadeu
aunsUszdiumauvidngean A1 break down uag A1 set back vaawladudUenas ngudiiegns
wilsduendasiuan 10 fegne Tnethiegsluawnugiewdes Near Infrared Spectrophotometer
wagyueAANUvingedn A1 break  down wag A1 set  back  LUSsuiisuiuAIAT 1Ly
WU UANTS nageunsviuneUTinuaaumvidagegaluwlananiuazan suiud e as

fupoun1svi validation wianldiaunis calibration uda vhnismuaeuiaumsfiadatun
annsathuvhunedeyayaduls smsmeaeuannisussiliuranumiinveautisiuduendslneih
FregautlsdUzndssay 10 feg thsegdluaunudiein3es Near Infrared Spectrophotometer
wagyinune (predicted) A1AUNIAZaEn A break down uag AN set back vesudeaniuazanisvdu
dlenas Wisuieuiuainseiluriesufiinisiiaugndesnntesualuy (- Standard Error of
Prediction; SEP) ﬂ'%aﬁlmmmiﬁmwf"w’umLafﬁ'amaqﬁﬁmiww‘iuﬁaqﬂﬁﬁ’amsﬁmmLmﬂsmﬁ’w%ahi
(bias) AradATlFlumInsaaouiiauns calibration fiadsduindimugniesanunsathluldnlée
A1 SEP ua bias msfiAntenq Saavuansitauns calibration Sianawsnzauiazniades NIR urldly
nsvheaudnuzideInsn suvedudssanimsdnaula ( R) msiidudilng 1 nissuamen
SEP = 17.57 BU Wagfn bias = 2.96 BU v@eaun13A1ALvilagegn (Table 3) A1 SEP = 5.57 BU uay
A1 bias = -4.02 BU w03aun15A1 break down (Table 4) A1 SEP = 13.97 BU uagen bias = -4.21 BU
Y04auN1TAT set back (Table 5) fiuefuadiaszsiluviosufiinig lduandefuann A1 bias dfn
Juauuansi1 ArdviungldidnanidieneiluiesUfifing wagthadd  ttest Tdmaaauai
uanFavSelUTeuifieudadevesiBnig 2 38 wui aunsdmiunmsuseifiumannuviingsga A break

down uag A1 set back vasusdgnaaiuAiiassiluesluinshufianuuanseiunisatfegng
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Table 1 Partial Least Square Regression calibration result for predicting peak viscosity,

break down, and set back values in cassava flours and starches.

Viscosity
. Math Wavelength .
Analysis F R SEC SEP SD Bias N
method (nm)
peak -
. , Original 800-2500 7 095 30.68 34.08 11993 -0.187749 164
viscosity

break down  Original 800-2500 9 091 1406 15,65 3854  -0.155607 127

set back Original 800-2500 8 092 3845 4098 105.89 0.208246 205

R: Multiple correlation coefficients

F: The number of factors used in the calibration equation

SEC: Standard error of calibration, SEP: Standard error of prediction
SD: Standard Deviation of actual value

Bias: The average of difference between actual value and NIR value, N: Number of samples

Table 2 The characteristics of samples used in model for, peak viscosity, break down and

set back values in cassava flours and starches.

Iltems min-max mean unit
peak viscosity 242-766 533.06 BU
break down 189-353 265.01 BU
set back 40-423 265.34 BU

Table 3 Comparison of predicted and actual values when used NIR model to evaluate peak

viscosity values in cassava flours and starches.

2

Method to determine peak viscosity d d
Samples Reference Method NIR Prediction (x-y) (x-y)2
X Y

1 583.50 578.29 5.21 27.14

2 608.50 605.57 2.93 8.57

3 626.00 613.10 12.90 166.51

4 615.00 641.68 -26.68 712.04

5 561.50 583.39 -21.89 479.26

6 292.00 272.64 19.36 374.81

7 270.00 241.96 28.04 786.41

8 262.00 251.02 10.98 120.63

9 262.00 248.25 13.75 189.04

10 268.00 283.02 -15.02 225.54

Total 4348.50 4318.92 29.58 3089.95

Average 434.85 431.89 2.96 308.99




Table 4 Comparison of predicted and actual values when used NIR model to evaluate break

down values in cassava flours and starches.

2

Method to determine break down d d
Samples Reference Method NIR Prediction (x-y) (x—y)2
X Y
1 205.00 207.97 -2.97 8.84
2 230.50 232.28 -1.78 3.16
3 239.00 237.74 1.26 1.58
a4 224.00 222.63 1.37 1.88
5 306.50 314.35 -7.85 61.62
6 241.50 245.59 -4.09 16.75
7 248.00 249.29 -1.29 1.67
8 253.00 262.71 -9.71 94.30
9 256.50 262.33 -5.83 33.94
10 257.50 266.80 -9.30 86.53
Total 2461.50 2501.70 -40.20 310.28
Average 246.15 250.17 -4.02 31.03

Table 5 Comparison of predicted and actual values when used NIR model to evaluate

set back values in cassava flours and starches.

2

Method to determine set back d d
Samples Reference Method NIR Prediction (x-y) (x-y)2
X Y
1 298.00 320.61 -22.61 511.26
2 352.50 380.74 -28.24 797.44
3 375.50 384.59 -9.09 82.57
4 233.00 245.48 -12.48 155.75
5 277.00 270.93 6.07 36.91
6 269.00 253.24 15.76 248.28
7 286.00 314.09 -28.09 789.05
8 235.00 245.59 -10.59 112.15
9 302.00 271.61 30.39 923.55
10 298.00 281.25 16.75 280.63
Total 2926.00 2968.12 -42.12 1774.35
Average 292.60 296.81 -4.21 17.74
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Figure 1 The original NIR spectra of cassava flours and starches of 800-2500 nm.
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Figure 2 Regression coefficient plots to evaluate peak viscosity (a), break down (b), and set

back (c) values in cassava flours and starches.
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back (c) values in validation set.
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