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1. Amylose Content
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5. Root Mean Square Error of Calibration
6. Root Mean Square Error of Cross-Validation
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Table 1. Calibration and validation models based on PLS (treatment with LED lamp, LED+F and Zednoor) in hashemi variety
Co 9LED
P e co LED fonly (slo priho
Zednoor S 9l Response variables
RZure Ranl Rzpre RZcal R2pre RZcal
0.97 0.98 096 | 0972 0.97 0.97 sotesl ol
Amylose Content
0.93 094 | 093 | 094 | 090 0.1 oMbV Ol azy0
Gelatinization Temperature
0.98 0.99 0.96 0.97 0.96 0.97 J '°|_’3
Gel Consistency
0.96 0.97 096 | 0974 | 097 0.98 ""’“”’ ol
Protein Content
0.98 0.99 096 | 0973 0.97 0.98 ‘; s “_b""_
Minimum Viscosity
0.98 0.99 0.97 0.98 0.98 0.98 o N ’m_‘*’
Peak Viscosity
0.98 0.99 0.97 0.98 0.98 0.98 "'W ‘; ~ _“
Final Viscosity
0.98 0.99 096 | 0975 0.97 0.98 o e ‘5"”'_."’”_5
Breakdown Viscosity
0.98 099 | 095 | 096 | 096 0.97 Nz 930
Setback Viscosity
0.98 099 | 096 | 097 | 098 0.98 Tk Sl @ Oy S Y plojoe
Peak Time
0.98 099 | o097 | 098 | o097 0.98 Ty 9> 420
Pasting Temperature
Predicted vs. Reference
Slope Offset RMSE R-Square .
00001311 0977227 2.9059%-06 24876e-07 0.9772285
09713584 36552¢06 26268¢-07 09751632
0.00013 1 A
= '3 L
%0000129< cogle
& 0000128 | 15
e °
Q ()
< 0.000127 4 o
> (Y
g 0.000126 4 ' .
g 0.000125 o
a
0.000124 4
0.000123 4
0.000122 - - - -
0.000122 0.000124 0.000126 0.000128 0.00013

Reference Y (AC, Factor-4)

oile 13, 55 (AC) sl olin i el 5 sl S Jota (1) S

Fig 2. Calibration and validation model of amylose content (AC) in hashemi variety




Ohlen 5 ol ygr Lol all pas

Y O 25 3105 (5 y3ld 5l ooliil b iy (S Lol (i

Wbl a3 )3 18 6 pls g0 Jls as Sl e g conl iy
1 lagyl (lgiee 4z 9 05,05 gems Sy lolas 5o «5)*4[’
Dal s s sis

Gologin ¥V g ) la et e K00yl loges
P LED ¥ b (205 sled b (oodtle o) )3 )8l
el oo ooy las (V) S

3 e Gl pite G (e jslaie 4y Sdg) Jloges
Olgies ooy slojlagas ;o 0l pu) ol slo it
oltd ol adlge po (sl |y Jitue sloyedie (o (255
R 89y 2 e SO Soog ke jadx e b
opls & i (S0 (m wdl e el glaadlse
2 O GRS sy A il 4 Ol Ol Sem

ladigas (p 5o Gl jiie GBSl g 5 090 9 )8

04
03
z
02
01
0 NN ENE S B sem s
area  convex eccen  EqDia MajDia MinDia Primeter Solidity R G B L a b

Variable

OS5 S¥olee o N 5h Jites sl pite uSile (F) JSi
Fig 3. The mean of the independent variables affecting the regression equations

LgL(bﬁ:LLo w)jls 9 LED duwy L: (5“‘5)53 L )LQ.J-)
5 =100 Kadr oo L iy 4 Convex 5 Area
s 1) Gl sl iie (i o 58l oyt —+/29
556 oAV (Steen oo L MinDia e e
Sinl @ azg bl gl glo e (i 50 (5
Oelpls syl GLSs Laylyds asciis SO0y b st ple
w209 b oled [0 i s 4 005000 a8 S
s Area sl ,usie 0l Bi> MinDia e g5 0o & yau0
=+ IAY g =+ [AF Sed oo b i 4 Lonvex
ObeSe ks b slayescte (lee 5l Wylo 1) 150 o i
L Eccen) kel i S Eccen 4 EqDia Solidity

ot )Y ol 86 (/A0  Sen oo
s MajDia LSS lals b slopsie sl 5l as wiylo
Ned cu po L Perimeter) Lol e Perimeter
ol 13,00 b8 slogtally (i 53 (o5 5B (1

oSiles 018 cugalins [V ] vy sanlcws 4 =L

oo o8y sdosls Judxi V.Y
o L 15U ol E el 9o J5Is s 45 MinDia
Bi> |y e o Oloso onl plo )18 g )T ) dlolas o
oy b ocusy 4 Area g Convex laxie oS
SVolee jo 1y il i —+/AF 5 /A8 Siuen
s Eccen EqgDia L sle pxio o puioran .51 g S
Ll Gl W wiee Soes Syop as Solidity
a1 ol 5l (S e lgien culnbi il oo b SLuS
JUCELONPY- JEI] IS I R PR COWON- S-S K
Sgud g0 43S a0 /AN Sed o o L Solidity
b aS I o )00 (ygnm S, dolae o 1y 15b o iy a5
GreS S Glapiie Si9 (Sl Jl3ged 4 az g
<y 4 Perimeter 3 MajDia sle jsie .Canl Ll ,65
Wolae yo (o5 3l AT g VA (Sieen coyo b
B e Js eyl SluSs L5 G g B sl piie )l
5 Bgdh e Bdo ol (Swed (oo il Cle 4



el s oals Las (F) K& 0 LED Y

VAR5l o) o)lad A )50« lié g slagssbid anlilad 0 A

205 bl o sedle o8 glpy e slo e

Correlation Loadings (X)

Fador-2 (6%, 1%)
& & & b © © © ©
©® @ a2 N © N B O © =

meve{m‘

L
MajDia
.

-1 08 086 04 02

0 02 0.4 0.6 0.8 1

Factor-1 (90%, 98%)

LED oo b (83,95 b oodle o3, sl J3dlp 3 ol (95518 (Simnon Siiog) lsgai (F) S
Fig 4. Loading diagram of correlation coefficient of the proposed software factor for the hashemi variety treatment with LED lamp

Area (Eccen s e .ol Bi> MinDia s 98 0o
g =7 /Y (Kad oo b s 5 4 Convex
5 MajDia lo,se iyl 1, 36 i —+/V)
56 JAY g IAY Sten ooy b s 5 4 Perimeter
boslesie Gl 5ho)ls Loyl (st 5o Shers
L Solidity) sl sce EqDia o Solidity ;LS Layl o
Syl (i 58 oo8 b (I (Sian o
5 ogbe lawgi ool Caws 4 @l L pl &5 )b &S

Sl capline [Y 0] oo

SB,0 o ooty Ll FLY
e LED ¥ b (20,5 L lod sl 80 8, )0
Axad 5 @) e ,S ) Yol 0 (6,36 MinDia
Area 5 Convex sle paie 0,5 B> 1) Lt o] olss o
R A [ UV UH IR Y
SRS E N Rt N X S O J VO WIS FR
as” Solidity 4 Eccen [EgDia L b a G slousie
5 55 cnl 5 050 S Ll aiis Spans o3
, (AF Stwwor oo b Solidity) oyl 51 S
Dolan 5o 1) b cpyity &5 85 0 ol

33 oy gWosls Judoi Y.Y
LED ¥ L (20,8 b ks lp o3 o3, 0
oo b eus 3 4 Area o Convex Perimeter sls sio
PO RN VYL YL L RIRYLY K CONON
MinDia  sla,xe s muly slo st o
ool (Gt )0 And b 36 @ 5 MajDia
5 Eccen EqgDia L b G R slo pxio o puiman .aiylo
ShSe kbt olply saies Siaen Syop Solidity
TP Ut S R PR IR R PEC I X SRR VRIS
Slapiio 03, cpl &5 235 LAy Wils (Vb (Staon
wdF L s /A0 Siewen wwys L L s Solidity
e 3l (g S5 Aslae 0 1y 3l o iy 09 oo
Sloyiie (o )old g LED slacw¥ b (020,95 b jles o
Naod oy b cud i 4 MinDia ¢ Convex (Area
[V VPR WY LA R L AL
SeP 4 g b i ple Wl &S byl
s SLSG bl gl wsyls po b as g0k b

[P COMUV-SUVIVEPU S TSV CONIEN B R R S P REOV-SP S
Sogo & (2,85 b jlad (0 il P ued 4 0l Ol



Ohen 5 ol ygr Lol all pas

A 0 2o G315 (5y3ld 5l eoliunl b iy (&S Lol (i

g ople Jawg odal Caws @ s b yal pl o)l &S
Sl callas [Y+] oLen

G5 Az ¥

@ Wl S5 gladigal &S ol e b e
G300 659l Sl eslaial b« S8y0 g )55 oodla gLl 5o
shoad glganl slaosls Julow 5 4528wl plnil g
5 oml sladae el pgai b5l
(PLS) S5z Slayo S (s, Lagi (o e
Sy wr &S syl cmgin <l a5 ol s
LED lacw¥ b 25,55 LED ¥ 23,55 b slo Lo
Rcar A% oS 5 &1 )95 05 & 90 &4 (83,55 9 a5l
Rt +/1AY Rpre >+ /4% g R% > +/90 Ry >+ /AA 4>
A 03y wesS Ripre > /4 o>

Lonvex 5 Area slo pxio a5 ol Jol> amad oy
S amsls @ hS el ot 0 b e
Lo 22)5) Lled (e ood adlae jled 4wl
3R Pt S8 b (Cowyels 9 LED slacwY
ool 6,eld 3l eolawl b pioren el cass 4 +/AF
als S Gyl (Fy Ol S anze b g
2 eS|y @

@)l (gl Sl «(Fg Bl 5l (I 9)ls (9 S,
WIS g yS ) SYolee o Slaiz 236 ez e
oo b ey 4 Perimeter 4 MajDia sls psio
i b et s Ay AV Sian
Loee2)s bjled 5o mizmen i)l (A4S slayally
)5 Ll 4 MinDia sie «os sl 5 LED (slacsY
g Area slo,sie 0gd o0 Bd> (ples 2o o 8 F
-+/29 5 -/ Ko oo b i 4 LConvex
Wyl hS slagally miin 2 b e
oy b iy @ Perimeter 3 MajDia @ (sls sie
JZo 30 65,18 Jdo ay <JAY g < JAY /A0 Sen
Lo jiol)ly (siin ) bt il Syl Jloges Sy
Lyl glls Kaen oy aazgi b e plo sl
coyo b Solidity) gl 5l (SO 1 e Sl
Lol 50 cowdy omed ol Ol ((AF  Sen
A% Bd> MinDia psie s Ao Oyge 4 B
N oo b i 4y Convex g Area sle e
oz b 5l g aiyls |y 5b iy =+ /37 g =+ V)
e S Eccen ¢ EgDia Solidity LSS lal o b
S 3B VY Staen oo b Solidity) bl
Lalid boslpine oo 51l cmgin 0 s
L Perimeter) kx| . Perimeter 3 MajDia LS

syl St o (o J"‘L’ (PR (Ko o

[1] Vithu, P., Tech, M., & Moses, J. A. (2016).
Machine vision system for food grain quality
evalution: A review. Journal of Trends In Food
Science & Technology, 56, 13-20.

[2] Tomlins, K., Manful, J., Gayin, J., Kudjawu, B., &
Tamakloe, 1. (2007). Study of sensory evaluation,
consumer acceptability, affordability and market price
of rice. J. Sci.Food Agric., 87, 1564-1575.

[3] Kuchekar, N. A., & Yerigeri, V. V. (2018). Rice
Grain  Quality Grading Using Digital Image
Processing Techniques. IOSR Journal of Electronics
and Communication Engineering (IOSR-JECE), 13
(3), 84-88.

&l
[4] Wang, N. N., Sun, D. W,, Yang, Y. C., Pu, H., &
Zhu, Z. (2016). Recent Advances in the Application
of Hyper spectral Imaging for Evaluating Fruit
Quality. Food Analytical Methods, 9, 178-191.
[5] Maheshwari, C.V, Jain, K. R, & Modi, C.K.
(2012). Non-destructive quality analysis of Indian
Basmati Oryza sativa SSP indica (Rice) using image
processing, In: Int. Conf. on Communication Systems
and Network Technologies (CSNT), (pp. 189-193),
10-14 May, Rajkot, India.
[6] Mousavirad, S.J., Tab, F.A.,, & Mollazade K.
(2012). Design of an Expert System for Rice Kernel
Identification Using Optimal Morphological Features



and Back Propagation Neural Network. International
Journal of Applied Information Systems, 3(2), 33-37.
[7] Vidya, P., & Malemath, V. S. (2015). Quality
Analysis and Grading Of Rice Grain Images.
International Journal of Innovative Research in
Computer and Communication Engineering, 3(6),
5672-5678.

[8] Mittal, S., Dutta, M. K., & Issac, A. (2019). Non-
destructive image processing based system for
assessment of rice quality and defects for
classification according to inferred commercial value.
Measurement, 148, 1-8.
https://doi.org/10.1016/j.measurement.2019.106969.
[9] Nalladurai, K., Alagusundaram, K., & Gayathri, P.
(2003). Effects of variety and moisture content on the
engineering properties of paddy and rice. The
Ameican Medical A ssociation (AMA), 34(2), 47-52.
[10] Juliano, B. (1971). A simplified assay for milled
rice amylose. Cereal Science Today, 16, 334-360.
[11] Champagne, E., Bett, K., Vinyard, B., Mcclung,
A., Barton, F., Moldenhauer, K., Linscombe, S., &
Mckenzie, K. (1999). Correlation between cooked
rice texture and Rapid Visco Analyses measurements.
Cereal Chemistry, 76, 764-771.

[12] Cagampang, G. (1973). A gel consistency test for
eating quality of rice. Journal Sci. Food and Agric.,
24(12), 1589-94.

[13] Xu, Y.L, Xiong, S.B., Li, Y. B., & Zhao, S. M.
(2008). Study on creep properties of indica rice gel.
Journal of Food Engineering, 86, 10-16.

[14] Kesarwani, A., Chiang, P., & Chen, S. (2016).
Rapid Visco Analyzer Measurements of japonica Rice
Cultivars to Study Interrelationship between Pasting

VAR5l ) o )leds oA )90 o lié g sligsslid anlilad <> Ve

Properties and Farming System. International Journal
of Agronomy, 3595326, 1-6.

[15] Patel, K., Kar, A., Jha, S., & Khan, M. (2012).
Machine vision system: a tool for quality inspection
of food and agricultural products. J. Food Sci
Technol., 49(2), 123-141.

[16] Chen, J., Miao, Y., Sato, S., & Zhang, H. (2008).
Near infrared spectroscopy for determination of the
protein composition of rice flour. J. Food Science
Technology Research, 14(2), 132-138.

[17] Siriphollakul, P., Nakano, K., Kanlayanarat, S.,
Ohashi, S., Sakai, R., Rittiron, R., & Maniwara, P.
(2017). Eating quality evaluation of KhaoDawk Mali
105 rice using near infrared spectroscopy. LWT -
Food Science and Technol., 79, 70-77.

[18] Nicolai, B., Beullens, K., Bobelyn, E., Peirs, A.,
Saeys, W., Theron, K., & Lammertyn, J. (2007).
Nondestructive measurement of fruit and vegetable
quality by means of NIR spectroscopy: A review.
Postharvest Biology and Technology, 46, 99-118

[19] Heidarbeigi, K., Mohtasebi, S. S., Foroughirad,

A., Ghasemi-Varnamkhasti, M., Rafiee, S., & Rezaei,

K. (2015). Detection of adulteration in saffron
samples using electronic nose. International Journal

of Food Properties, 18(7), 1391-1401.

[20] Mabood, F., Hussain, J., Jabeen, F., Abbas, G.,
Allaham, B. A., Albroumi, M., & Hag, Q. M. (2018).
Applications of FT-NIRS combined with PLS
multivariate methods for the detection &
quantification of saccharin adulteration incommercial
fruit juices. Food Addit Contam., 35(6), 1052-1060.


https://doi.org/10.1016/j.measurement.2019.106969

1) Innovative Food Technologies, 8(1), Autumn
N\

Research Article
Predicting Some Quality Properties of Different White Rice Varieties by
Image Processing Technology

N. Fazeli Bourestan *, A. H. Afkari Sayyah*?, E .Taghinezhad *

1. Ph.D. candidate, Department of Biosystems Engineering, Faculty of Agricultural Technology and
Natural Resources, University of Mohaghegh Ardabili, Ardabil.

2. Associate Professor, Department of Biosystems Engineering, Faculty of Agricultural Technology and
Natural Resources, University of Mohaghegh Ardabili, Ardabil.

3. Associate Professor, Faculty of Agricultural Technology and Natural Resources Moghan, University of
Mohaghegh Ardabili, Parsabad.

Abstract

Rice is one of the most common and most consumed foods in the world. Quality properties are among
the most important factors in determining the cooking and processing characteristics of rice. One of
the major problems in the food industry is predicting quality properties. Therefore, in this study, it is
possible to predict amylose content (AC), gelatinization temperature (GT), gel consistency (GC),
protein content (PC), minimum viscosity (MV), peak viscosity (PV), final viscosity (FV), breakdown
viscosity (BDV) and setback viscosity (SBV) of 100 single grain rice samples of Hashemi, Khazar
and Dorefak using image processing technology in three exposure treatments including high exposure
with LED lamp, high exposure with LED lamp and fluorescent and Anti-light exposure. Calibration
models were developed by multivariate linear least squares (PLS) regression. Calibration coefficients
of calibration coefficients of variables AC, GT, GC, PC, MV, PV, FV, BDV and SBV in Hashemi,
Khazar and Darfak varieties for all treatments were R%y > 0.89, R%y > 0.95, and R’ > 0.92
respectively. prediction coefficients were obtained with R%,. > 0.88, R%. > 0.94 and R?, > 0.90,
respectively. The results of PLS regression showed that the variables derived from the shape and size
characteristics and color variables R,, G, B, L, a and b of image processing were able to predict the
rice quality parameters with good accuracy. As a result, using low-cost, non-destructive image
processing technology can predict some of the qualitative properties of rice.
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