FYYA-TATA bl - (T by o)




S22 S Cmilo 49 g

Gy9bd g lidxi (eade WHl59 31 YNWYYA o)l g — oodeaz )09 AVITPYY Qilgp o)l b
ARIY VY AIFINY
Mzl b i " ale 4y 5 " tmgiy el 430 s Sl ks adS ATAA Jlu 5l ciie & )l3e drgean olad 2"
VR sl Yo led VF als
Spden (g9 B oLl bkl Lo
(Ao g b ol5L210) wkigre 20Sils SeilSn 0,5 —li 6355 ooyt Lo jdams das gm0 proke
(Wion (gn093 8 0lEI0) rtunngy Sl (cuwiiges 09,5 — ol 358 Hgrles ooz Ly

1y gy e slas]

(d'er““"’ g_';"“BQ)é olRasls) (Ot G *—i‘-'liﬂ (e 05)5 sl

(05 ol8slo) Glow yol s «(55)slisS (33 09,5 = Lusslo o ooz

(S 30T e maged i 2l olSK2ls) (55,58 g Sufalsm (smoniges 09,5 — holin] Lol L5
(Lo Sy olRS10) i gy Sl cwidiges 05,5 —oliwl @olodaze LA 15>

(A e elolg) O82318) 8 00Ssls s jlasmms 5 (55,5LES cwiigee 0,5 — Ll sl (2,
(Mt w0, OlEEI1S) gy SilSeo cusiiign 09,5 —oliuil gy

G525 Ol B sk @l 5 (55,0liS Cliiod S e - Lesils Opmemdazo Oy (S

(Ll o lals ol£2318) (55 ,5LaS oty — ol

(Mn (5938 OIS gy SlSo smwdige 09,5 —oliwl

@5 oo ~OlA8 SIS (55,5LiS slayile 0g,S —bn!

LIS e yg51Sles g sl olE2315) St 5 sondd omsciiden 09,5 — geo o]
(oS 528l g o231 g SelSe i 03,5 —sli

(Dgeie (w9 ,d olRiils) waige 0aSisly Sl 09,5 - ol

Gy olK310) pnm gy Sle (sndigeo 04,8 —oliw]

(5 oIK2318) (635LaS (sl iyl 05,5 bl

(Sgnn (sugd B olRild) (cwiige 0aSiiils SlSe 05,5 - ol

Ogmble (oS hgw
Opedeze 2 ) glie
L) (Sl pocle

Al soles

Qo (paie (g, 00na8
Ol cpblasos

Sezs 593

Lo jeoe (538, (o)

)‘59‘." ‘Lg..\.o}lﬁ.aj

A.e.,w.a sty)).’é ol.im)‘d

109 o0 wlod y1 5 pizo (BT 5o 4 i3 (pf WYL

DOAJ .CABI :Web of Science: Emerging Sources Citation Index™ (ESCI) Scopus AGRIS
9 Ol cole Ol i dilobw ((ISC) oWl ol (soliw! s dInternet Archive (Google scholar (EBSCO
(SID) 2&ui1s sl cols Wbl oL

Jame@um.ac.ir :Saig ypisJ! oy

] o0 aglod Jol5” Allie & yguoas NEP://Jame.um.ac.ir colw 5o o losis oy | ¥ lio

Do o0 o (T W ygods g Jlu 5 0 Loy B oland 4y g i o



AAn%

A

vy

YAD

Yoy

v

ya

Ql’ )M

gy Yl

Blw dgos (59 WB CLalé (w01 ST Vis-SWNIR omiwrcinb (595 b a5 58 & g8 mimicinb (595 (b3
:.\.:

ol el ool Gdge (S 5 (oo (I (6500 (o

OT b B o SBamwl B B 9 Okl 9 6 pod p 57 (S19R (iS50 )95 (S50 Cubigf OMIEKis Wig) Ao
rjﬁ-M‘CJUJﬁ)‘sggﬁl\wgﬂ\m‘éﬁddwweﬂlw

i S slaz b (Gao o Cwigy U O30 (e y 9 i

3 e 4 o OLSuE U s (6 55 0 4abls

59 S 1 O 936 (S9! STV (b 2w P ) phd (S0 S ST 39 ¢ S106S Oloj 6 (s p
W@}‘\:J)Mygéjajl.b

255l Jho 355195 b @3 Oguel 350 oall 05055 Sl Ay 25

Oty 5 K5 e

I M ki 31 (5 5570 3 b S (i 2T (8551 9 OIgF (e Hgliind BAL-395 Uk 2 (b3

03] (o 50 e ¢ S15 edde Loy ¢ S ols B3l Ol e

1S 2 3l g U093 (P 29 (AT S T 39 i 9 sl sh a6 Silu W pd 3 8 Sl (I (2
a:UJuL‘.F LSTS) n:b’ L;JG 44:4_9 ‘L;‘).J‘:'“ }\:.g,w 56-\4:-‘ r.:k\‘).z‘ Acl"- ‘5\9






@ Journal of Agricultural Machinery D
Homepage: https://jame.um.ac.ir

e g

Research Article
Vol. 14, No. 3, 2024, p. 235-252

Evaluation of Dielectric Spectroscopy in Fusion with Vis-SWNIR Spectroscopy
for the Measurement of Sugar Concentration in Sugarcane Stalk Samples

M. Naderi-Boldaji®*", M. Tohidi?, M. Ghasemi-Varnamkhasti®*

1- Associate Professors, Department of Mechanical Engineering of Biosystems, Shahrekord University, Shahrekord,
Iran

2- Graduated PhD Student, Department of Mechanical Engineering of Biosystems, Shahrekord University, Shahrekord,
Iran

(*- Corresponding Author Email: naderi.mojtaba@sku.ac.ir)

How to cite this article:

Naderi-Boldaji, M., Tohidi, M., & Ghasemi-Varnamkhasti, M. (2024). Evaluation of
Dielectric Spectroscopy in Fusion with Vis-SWNIR Spectroscopy for the Measurement of
Sugar Concentration in Sugarcane Stalk Samples. Journal of Agricultural Machinery, 14(3),
235-252. (in Persian with English abstract). https://doi.org/10.22067/jam.2023.80620.1144

Received: 15 January 2023
Revised: 04 March 2023
Accepted: 18 March 2023
Available Online: 31 August 2024

Introduction

The development of portable devices for real-time quality assessment of sugarcane is an essential necessity in
the agricultural and industrial technology of sugarcane production and processing. Attributes of sugarcane such
as sugar concentration and water content can be utilized for this purpose. Near infrared (NIR) spectroscopy has
been one of the most widely applied techniques for quality evaluation of sugarcane. However, NIR
spectrophotometers in the full NIR wavelength range (up to 2500 nm) are expensive devices that are not readily
available for portable applications. Short-wave NIR devices in the range of 1100 nm are available at lower costs
but need to be evaluated for specific applications. On the other hand, dielectric spectroscopy has attracted the
attention of researchers for quality evaluation of agricultural and food products. In a previous study, a parallel-
plate capacitance sensor was developed and evaluated for non-destructive measurement of sugarcane Brix (total
soluble solids) and Pol (sucrose concentration) as well as water content, in the frequency range of 0-10 MHz.
The results showed excellent prediction models with root mean square errors smaller than 0.3 for Brix and Pol.
This study aimed to develop and evaluate a dielectric sensor that can be extended for portable measurements on
standing sugarcane stalk in comparison with short-wave NIR (SWNIR) spectroscopy to address how the fusion
of the two methods may improve the accuracy of models for predicting sugarcane Brix.

Materials and Methods

A dielectric sensor in the form of a gadget was developed with metallic electrodes to encompass the
sugarcane stalk samples. The dielectric sensor was excited with a sinusoidal voltage within 0-150 MHz
frequency range by a function generator, and the conductive power through the electrodes was measured using a
spectrum analyzer. 105 sugarcane stalk samples were prepared from seven sugarcane varieties and scanned with
the dielectric sensor. The samples were also subjected to Vis-SWNIR radiation in the wavelength range of 400-
1100 nm, and the reflectance spectra were captured. Reference Brix and water content of the samples were
determined using a portable refractometer and oven-drying method, respectively. Regression analyses and
artificial neural networks were performed on independent and combined data from dielectric and Vis-SWNIR
spectroscopy to develop prediction models for Brix and water content.

Results and Discussion
Partial least squares regression on independent data sets of each instrument resulted in RMSEp = 1.14 and

©2024 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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RMSE; = 1.88 for Brix using Vis-SWNIR and dielectric spectroscopy, respectively. Moreover, data fusion of
dielectric and Vis-SWNIR spectroscopy at a low level for the prediction of Brix significantly improved the
prediction accuracy to R% = 0.94 and RMSEp= 0.74. The medium-level data fusion resulted in R% = 0.89 and
RMSE; = 0.93 for prediction of water content.

Conclusion

In this study, the accuracy of using Vis-SWNIR and dielectric spectroscopy data for predicting Brix and
water content in sugarcane stalk samples was evaluated. To develop the prediction models, partial least squares
(PLS) regression and artificial neural network (ANN) were compared. First, the prediction models were
developed based on Vis-SWNIR and dielectric spectroscopy independently. Then, the two techniques were fused
and the improvement in the prediction accuracy was investigated. Fusing the two methods at an intermediate
level lowered the RMSE of Brix to 0.74, showing noticeable improvement compared to previous studies. Based
on the achieved results, developing a fusion probe for SWNIR and dielectric spectroscopy and designing the
measuring system could be the aim of future studies for in-situ evaluation of sugarcane quality parameters. Due
to the importance of sugarcane quality evaluation, during growth and maturity, the results of this study can have
a significant role in the development of a portable device that combines NIR and dielectric spectroscopy
methods for fast and non-destructive evaluation of sugarcane quality parameters.
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Fig.1. a) The dielectric sensor and b) the dielectric measuring system and its components
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Fig.2. a) The scanning points on the sugarcane stalk, b) Schematics of Vis-NIR measurement setup, ¢) The position of
optical fiber with respect to the sample, and d) The device used for obtaining spectral data

L5|9_:;>m ey ‘_g\)_g B W RGP g d)ﬁfo)’l.\}l )I)S.’v' dw b ladiges
P9y L 955 i by 5 St Bl (sladiges Cgh,
L Ladsged 5 (50 ol .o eolazwl (USDA, 1970) 5!
Gdoo do Ladiges o A (6503181 Jbuzod (59505 5l eolatuwl
A5 0303 )5 51,5 Sl a3 Vo0 glod b ol olKiwd ;> el Y
Sl el o b (65803l aai Siid sladiged (g g

W dolee S g 5 59 5l eoliinl b ladiges Cugls

200 S yaSe il
Cul Jolomo dal> Dlge (fee e Sz lime S0 22
2 9= €y oiMl Ha LSS g, b 3kl jsboey &S
385 slagasld Sl (o plgdsan Jlae ol St o)las
hid e S 423 (65 0j sl 358 o0 duglie 5 (5550l
i 3 45 gl (S5l )L b S s g ym ogluae
Milwaukee ) (sjegy Jbuous yiogiS )8, olSiws G jl edlatwl b
oSSy 40 /Y /100 ml <8 L, (MA871, Hungary



1PY 50l oF o lod IF ol ((6550LaS sl pwiilo 4 pii YYY

e i3l gl Ladalgs cpl 5l o c0ad sloo] dits adol
D9 g0 03wl S S

" (ANN) o giuns suas sladsud
Spiqdllasly (5L sla e (sgiuan ras (el
3 g odzm L iloe ) Al oo & A
5 LAY ol cuslio Gl b 25,06 laaSuls pl (g 03y 54y
A Bl e 293 g Wais39)g (r (dad e S G g
Iy 83955 40 jl oabcuwS cleMbl (e slaasY L 4Y
93 3l 3adod oyl 3 A o ey Y Lid] (0 5 00,8 (Bl
olial &b g (MLP) Y (g gy (oaae 454 g9
35 CFBP ac aSs .03 o3kl (("CFBP) gy Uil e
o3kl L g oMol (gl Uad )Ll g s3] 5 MLP il
2 Slagsy o Sl ool e 45 ol gt Jy 45 o
5 Ghjsel sl -l oo L3 oY (slayg i dam 4y 4y
ohjgel Slabyy Sl edlisul 3,50 cloaSi slagyjy silopKina,
ot 35 o3tz (LM) &) S y5) 5 (GD) Js ool
s 5 o g0 (98 385 5 (D90 o228 gl Jlb 6

Touls B8l slagig,

3y Sloe algi o oS Canl who (o))l codly 52l ol SSS
S 01 S5 il S iz 51 oS oS s
Lol 4 bgy o SleMbl waly 3.8l )3 28lg 5o sy dgu |,
9 0db 3l JSou S L (SleMbl il wlie) S iz 03l
Luzuriaga, ) sa-b o glyzcwl ais glaodh jolwl p oo
ga a3 S |y 03> Badl (sl sbyy (S psboas (1999
P(ILF) bgie g T(LLF) ol g il 05 szt
ol e 5l > (Korel et al., 2001) V' (HLF) YU g
2 ds Jdo calo 3l i (Soleay SleMbl mlio dan slaodls
(Castanedo, 2013; Rudnitskaya et al., g o a3l
S ¢ gy =l L sadoll ooy o ple o oyl iy .2006)
M U ol Lo ygiiw alass g Landged dlias U oy lacays,
(¥ JS8) ool o &5 (slo JUS

11- Artificial Neural Network

12- Cascade forward back propagation
13- Data Fusion

14- Low-Level fusion

15- Intermediate-Level Fusion

16- High-Level Fusion

Lasala Jalas
Laouls (4 300 3 iy

LeMbl Jols Ysaze Vis-SWNIR gwscigh sl claosls
9= STy aile (elye p 3l 5> 4l ade s
Sl e @ged ojlasl ) i ises (o slags)lgenls
sl pSon Aoy SLeMbl 1395 o 2! prinscisls jlus, K]
ol 2 )Ks SleMbl 5y 5l ol zuls y> sllal 45l
15l ped 8 sla Jso a5 51 L8 b cleMb] pl Bl jolaieay
Ot Gl 9 plsl ol (5 1 B3 ke Slles
5 silodlay o il lgan Cidisie sLasbsy 5l Ygesa losls
(Heise & Winzen, 35 o odlizul i (KSi5 & ya5 il 58l
sl sy il Gimeis opl 5> .2006; Moomkesh et al., 2017)
b5 g 2(SG) Y55 Sirgl {MA) S i :55ke
3l Jloys puito o (MSC) oassljl 281y g (BC) 4y
o o3lal Lasdgy (3l 5l S5 5 (D1) Jgl 3 {(SNV)
Sl g laieay 4 diwd (il )lsen slaby, 5| SG 9 MA
o ss, I SNV 5 MSC BC 55655 o odlisl bolas clojys
Glysl oasyl33l 5 ren Syl gt gl &S Aid (5o Jloy
P el e sl el o3lul asle (So58 Joloe I Sb
Sl 35 Jol Fidie j1a)l3 3,8 590 sl o pd g b
) jalaie oyl 4y 4 305 g0 odlil bacids | SSa5 )b iuls8l
N I-3SG (g jl pigim o=l 2 g oo Lacib o
(Jamshidi, Minaei, Mohajerani, & i edlaiwl (5,5 o
(Ghassemian, 2014; Fu, Ying, Lu, Xu, & Yu, 2007)

Y(PLS) 552 wlas yo ilaa () gau S5 Jala
Sl S el (s lw i by, S PLS iy,
sloosls Lol ) Jitue (slopito ()lse by (g5luwodlw
)b) 4;'_“3|9 dLm)gm 9 (;ﬁ_.{);'.i.nda 9 Vis/SWNIR Lnguz.Jo
a1y Jie slopsie yolbe (Cugb) slgme g oS5y byl
2 &l 303 (o poas (TLV) Slaky sla it Sl (oS Sl
sle o | (s S5 &S gaeleie Hao slaadlge b9, oyl

1- Smoothing

2- Normalizing

3- Spectral Resolution

4- Moving Average
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7- Multiplicative Scatter Correction
8- Standard Normal Variate

9- Partial Least Squares
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Fig.3. Block diagram of the low level data fusion model (LLF)
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Table 1- Descriptive statistics of sugarcane stalk samples
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Fig.5. a) The reflection Vis-SWNIR spectra, and b) The dielectric spectra of the sugarcane samples
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Table 2- The calibration and validation accuracy of PLS regression models for predicting Brix and moisture content in
sugarcane using Vis-SWNIR spectral data
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Brix Moisture content
Gifsrot ol W18 gl rins i malpdls R bl i lis]
. . L . . Leave-one-out cross
Pre- Calibration Leave-one-out cross validation Calibration L
. validation
Processing 2 " RMSEC RZ, RMSECV R% RMSEC R%, RMSECV
Raw 0.91 0.677 0.75 1.173 0.94 0.675 0.70 1.575
BC 0.95 0.52 0.75 1.191 0.92 0.795 0.67 1.645
MA 0.91 0.693 0.73 1.228 0.89 0.942 0.67 1.643
MSC 0.97 0.381 0.77 1.136 0.96 0.579 0.71 1.568
SNV 0.96 0.579 0.71 1.568 0.97 0.457 0.73 1.500
SG 0.91 0.691 0.74 1.214 0.91 0.833 0.69 1.606
D1 0.94 0.731 0.73 1.231 0.94 0.693 0.69 1.607
MSC+SG+D1  0.96 0.459 0.74 1.196 0.92 0.812 0.68 1.628
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Table 3- The prediction accuracy of the top performing PLS models using Vis-SWNIR spectral data

xM

0931852 ol

i i R? RMSEP LV
Variable Pre-processing
_ oSy MSC 079 112 11
Brix (g/100 ml)
) lyoee SNV 076 149 12

Moisture content (%)




1PY 50l ¥ oyleds IF al ((5559liS glooiilo 4 pii YYF

y=0.777x + 3.7178 ®
R2=0.79
RMSE=1.12 s &l

2t
21 f
20 | Ve

19 B “ l’

17 (]

Predicted Brix (g/100 ml)
[
\
\

16 prad

15 | -7

14 1 1 1 1 1 1 1 1 J
14 15 16 17 18 19 20 21 22 23

Measured Brix (g/100 ml)

8l r

80 [ y=0.8591x+11.15 o

29 L R?=0.76
RMSE= 1.49

76 X
75 .
74 t 2
T
73 r g X
72 | el

Predicted water content (%)
\
3

69 1 1 1 1 1 1 1 1 1 1 1 J
69 70 71 72 73 74 75 76 77 78 79 80 81

Measured water content (%)

Vis-NIR Lab (cloodls jl olitul b gby (slgixe (0 g (wSoyp ylade (<)l (gl PLS (sla Jso (oxiwliel gols =1 S
Fig.7. The validation results for PLS models of a) Brix, and b) Moisture content using the Vis-NIR spectral data
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Table 4- The validation results for the top performing neural networks in predicting Brix and water content using Vis-
NIR spectral data
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Table 5- The accuracy of PLS models in predicting Brix and water content using dielectric spectra
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Table 6- The validation results for the top performing neural networks in predicting Brix and water content using
dielectric spectra
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Table 7- Brix and water content prediction accuracy using PLS models with data fusion methods
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Introduction

Drying shrimp is one of the storage methods that, while increasing the shelf life, leads to the production of a
versatile product with various uses, from consumption as snacks to use as one of the main components of foods.
Drying is preferred over other preservation methods because it offers numerous advantages, including extended
shelf life, enhanced microbial stability, convenient consumption, reduced transportation costs, increased value,
and product diversity.

To accurately model these processes and thus obtain information on factors such as shelf life and energy
consumption, it is necessary to determine the product’s initial and final temperatures, its geometry and
dimensions, and its thermo-physical characteristics. Simulation of different drying processes requires accurate
estimation of the effective moisture diffusion coefficient, which is highly dependent on temperature and
humidity. Its dependence can be shown by an equation with an Arrhenius structure as an empirical function of
humidity and temperature, or by considering the activation energy.

It is necessary to have sufficient knowledge about heat and mass transfer characteristics, such as diffusion or
penetration coefficient and the heat transfer coefficient to estimate the final temperature and drying time. This
study investigated the drying process of peeled farmed shrimp (Litopenaeus vannamei) using a convective hot air
dryer. Various parameters such as shrinkage and the effective moisture diffusion coefficient were examined.

Materials and Methods

A drying device was built to conduct experimental studies on drying shrimp samples. The experiments were
conducted on sliced shrimp meat samples at temperatures of 40, 50, and 60 degrees Celsius, with a constant air
velocity of 1.5 m/s. The experimental drying models were based on diffusion theory. In these models, it is
assumed that the resistance to moisture diffusion occurs from the outer layer of the food. In most cases, Fick's
second law was used to describe the phenomenon of moisture penetration.

The study used the standard method of immersion in toluene to measure volume changes in the samples.
During the drying process, the volume of the samples was measured at 45-minute intervals, and their volume
changes were calculated. To measure the moisture content of the samples, each test started by recording the
initial weight of the samples using a digital scale with an accuracy of £0.001 g. During the drying process, the

©2024 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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samples were weighed each time their volume was measured.

Shrinkage during the drying process is commonly modeled by finding a relationship between shrinkage and
moisture, using linear and non-linear models. In most cases, effective permeability is defined as a function of
humidity and temperature. For this purpose, curve-fitting methods were employed to analyze the data collected
from experimental tests. The appropriate function was extracted by incorporating the Arrhenius equation, which
is applicable to most food items.

Results and Discussion

Based on the results of statistical indices, the linear model was the best model for depicting the relationship
between shrinkage changes versus moisture ratio changes among the various experimental models evaluated for
shrinkage and drying kinetics. Similarly, the Weibull distribution demonstrated superior performance in
expressing variations in moisture ratio over time. A moisture dependent experimental model was used to express
the variations in the apparent density of shrimp, resulting in a computed range of 1017-1117 kg m.
Furthermore, an Arrhenius equation was derived to express the effect of moisture content and temperature on the
effective diffusion coefficient of shrimp. According to the results, the effective diffusion coefficient of shrimp
exhibited variations ranging from 0.08 x10° m? s to 7.39x10° m? s*X. When deriving the effective diffusion
coefficient, the impact of the number of terms in Fick's second law on the variation of the moisture ratio was
studied. The findings revealed that increasing the number of terms beyond 100 did not significantly affect the
model’s outputs.

Conclusion

The linear model had the highest coefficient of determination (R?) among the evaluated shrinkage models, as
well as the lowest root mean square error and sum of square error (SSE). This makes it the most optimal model
for interpreting shrinkage at the tested temperature levels. The Weibull distribution experimental model proved
to be the most suitable for expressing changes in the moisture ratio of shrimp meat slices over time within the
evaluated temperature range. The Arrhenius model accurately predicts changes in the effective diffusion
coefficient of shrimp slices with respect to temperature and moisture content within the tested temperature range.

Keywords: Drying, Effective moisture diffusion coefficient, Shrimp meat, Shrinkage
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Table 1- Common empirical models for drying food and agricultural products
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Simplified Fick’s diffusion
Wang and Singh
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Table 2- Empirical models for shrimp meat slabs shrinkage
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Model equation Geometry Reference
1 s=a—+b Wil a9 Ochoa et al., 2002
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Table 3- Extracted coefficients and statistical indices for different models of shrimp shrinkage

Joo B Cobi el po

Constant coefficients of models R? x RMSE SSE
Model
a b c d k
1 0.823 0.175 - - - 0.999 2.16E-05 0.0046 2.15E-05
2 0.132 -4.597 1.882 - - 0.981 0.0006 0.0260 0.0006
3 0.243 0.103 0.042 -2.2E-14 6.836 0.985 0.0005 0.0229 0.0005
4 0.183 0.790 0.260 - - 0.991 2E-05 0.0044 1.97E-05

5 0.313 1.192 - - - 0.985 0.0005 0.0234 0.0005
1.2
1
0.8

b3
Z 06
0.4
y =0.8232x + 0.1752
R2=0.9994
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0
0 0.2 04 06 0.8 1 1.2
XIX,
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Fig.3. a) Dried shrimp meat slab samples and b) variations between experimental data and data of the selected model
(Model 1) for shrimp meat slab shrinkage
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Table 4- Constant coefficients of different models of shrimp meat slab drying

. O S SiS sled L Jxo ol ol po
o ol Drying temperature Constant coefficients of models
MOdel (oc) a b c k n
40 - - - 5.17E-05 -
Newton 50 - - - 6.15E-05 -
60 - - - 7.19E-05 -
Henderson 40 0.885 - - 4.41E-05 -
& Pabis 50 0.873 - - 5.19E-05 -
60 0.861 - - 5.97E-05 -
40 0.778 - 0.174 7.54E-05 -
Logarithmic 50 0.778 - 0.160 8.88E-05 -
60 0.783 - 0.0001 0.15 -
40 1.081 0.222 - 4.41E-05 -
Logestic 50 1.072 0.227 - 5.19E-05 -
60 1.062 0.233 - 5.97E-05 -
Twoderm 50 017 : : ooz -
exponential 60 0.196 ; - 0.0003 -
Simplified 40 0.885 1.18E-05 0.157 - -
Fick’s 50 0.873 1.39E-05 0.156 - -
diffusion 60 0.861 0.0003 2.39 - -
Wang & 40 -5E-05 8E-10 - - -
Singh 50 -5.6E-05 9.89E-10 - - -
60 -6.5E-05 0.128E-10 - - -
Weibull 40 0.074 -0.94 - 0.0006 0.76
distribution 50 0.049 -0.98 - 0.0011 0.71
60 0.016 -1.02 - 0.0016 0.68
16
0.9 ® 40 Expriment @ 50 Expriment
08 60 Expriment 40 Predict
07 —— 50 Predict —— 60 Predict
0.6
0.5
< 04
0.3
0.2
0.1
0
0 100 200 300 400 500 600 700
Time (min)

Jlog Joe b oo 4 Canmsd 00 st 9 (o88lg (oo sy Syt ylg05 — € SIS0
Fig.4. Diagram of actual and predicted relative humidity vs. time with Weibull model
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Table 5- Statistical indices of different models of shrimp meat slab drying

O SiS gled
Je o Drvi 2 2
rying temperature R X RMSE SSE
Model o
(°C)
40 0.986 0.0024 0.0491  0.0024
Newton 50 0.982 0.0029  0.0536  0.0028
60 0.983 0.0031  0.0562  0.0031
40 0.978 0.0009 0.0299  0.0008
Henderson & Pabis 50 0973 0.0012 0.0343 0.0011
60 0973 0.0011 0.0342 0.0011
40 0.996 0.0001 0.0118 0.0001
Logarithmic 50 0.993 0.0002 0.0168  0.0003
60 0.991 0.0003 0.0185 0.0003
40 0.979 0.0009 0.0299  0.0008
Logestic 50 0.973 0.0012 0.0343 0.0011
60 0.973 0.0012 0.0343 0.0011
40 0.996 0.0004 0.0216  0.0004
Two-term exponential 50 0.994 0.0006 0.0259  0.0006
60 0.994 0.0008 0.0282  0.0008
40 0.978 0.0009 0.0299  0.0008
Simplified Fick’s diffusion 50 0.973 0.0012  0.0343  0.0011
60 0973 0.0012 0.0343 0.0011
40 0.977 0.0019 0.0437 0.0019
Wang & Singh 50 0.965 0.0030  0.0543  0.0029
60 0961 0.0036 0.0596 0.0035
40 0.999 2.39E-05 0.0048 2.32E-05
Weibull distribution 50 0.998 7.2E-05 0.0083 6.97E-05
60 0.998 6.29E-05 0.0077 6.06E-05

5 5ol s Jlug Jae opicmen (Corzo & Bracho, 2008)
425 (Ling, Teng & Lin, 2018) a8’ i i |y (s Sis
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Table 6- Experimental coefficients of Equation 6 at different drying temperatures

P Suis gled

Drying temperature (°C)

C: C R2

40
50
60

1193.7 -170.17 0.918
11879 -163.35 0.895
1182.3 -156.15 0.937
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Fig.5. Experimental data of shrimp density versus predicted data at different drying temperatures
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Fig.6. Effect of the constant diffusion coefficient on the approximate expansion of the diffusion equation:
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Table 7- Statistical indices obtained for estimating the coefficients of Equation 5 at different drying temperatures

S SuiS slod
Drying temperature R° RMSE  SSE
(©)
40 0.999 0.0082 6.78E-05
50 0.998 0.0158 0.0003

60 0.999 0.0108  0.0001
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Fig.7. Variations in the effective diffusion coefficient of shrimp versus changes in temperature and moisture content
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Introduction

Tannins are a type of phenolic compound usually found in plants, with high molecular weights typically
ranging from 500 to more than 3000 Da and even up to 20000 Da. The chemical structure of tannins is very
diverse and varied. Tannin exists in plant cells in two forms: hydrolyzable and condensed. The tannin content in
plants can vary from 0.2% to 25% of the dry weight of the plant. This can vary depending on the plant species,
harvest time, plant habitat, and extraction method. Currently, tannin is used in various fields such as leather
making, medicine, food, beverages, ink and glue making, paint and tanning industries, plastic resins, water
treatment, and surface coatings. The application of tannins depends on the tannin concentration. Extraction of
tannin from agricultural products is done by different methods. Maceration, decoction, pressurized water
extraction, Soxhlet extraction, supercritical fluid extraction, ultrasound, and microwave are among these
methods. Ultrasound extraction is an effective method for extracting chemical compounds, which is performed
in a shorter period of time compared to other methods, and can be used for heat-sensitive compounds such as
tannins.

Materials and Methods

Potato peels were randomly selected, dried, and ground. Extraction was performed with an ultrasonic device,
and after centrifugation, the total amount of phenolic compounds was measured using the Folin-Ciocalteu
method. Afterward, utilizing the method used by Makkar et al. (2001), the amount of total tannins was
calculated, and the condensed tannin content was calculated using the method introduced by Porter et al. (1986).

Results and Discussion

The average amount of total tannin extracted by using water as solvent was 142.8 + 50.9 mg per 100 grams
of dry powder in a period of 15 minutes, which was the highest amount of extraction. After water, methanol was
the second solvent, yielding an extracted amount of 0.63 + 55.9 mg per 100 grams of dry powder in 15 minutes.
The lowest amount of extraction was related to the ethanol solvent in which was measured over a period of 10
minutes.

Due to its higher polarity, water is the best-performing solvent for extraction. Comparing the results of this
experiment with previous research, water is suitable for extracting tannins from potato peels. Additionally, water
is a non-toxic and environmentally friendly solvent, and making it an ideal choice for extraction. Increasing the

©2024 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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extraction time from 10 to 15 minutes, significantly affects the total amount of extracted tannin, more tannin
being extracted during the longer the extraction period.

The effect of extraction time on the amount of condensed tannin is not significant, and no variable in this
study had a significant effect on the amount of extracted condensed tannin. It is expected that the increase in the
total amount of tannin with the increase in extraction time is related to the increase in the amount of
hydrolyzable tannin extracted from the sample.

Conclusion

In this research, the amount of tannin extracted from potato peel was measured. The ultrasound method was
used to prepare potato peel, which is a less expensive and faster alternative to other methods. The effect of
different solvents were investigated over various extraction times. The results showed that the total amount of
extracted tannin increases with the ultrasound extraction time, specifically from 10 to 15 minutes. However, with
the increased extraction time, the amount of condensed tannin does not significantly increase. Among the studied
solvents, water accounted for the highest amount of extracted tannin. After water, methanol was the second-best
solvent, followed by acetone and ethanol. Water is an effective and environmentally friendly solvent for tannin
extraction. Potato peels are rich in tannin and contain significantly less condensed tannin than hydrolyzable
tannin.

Keywords: Extraction, Phenolic compounds, Potato peel, Tannin, Ultrasound
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Table 1- Results of the phenolic compounds of potato peel (mg/100 g of dry powder)
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Table 2- Results of analysis of variance for total tannin content
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Table 3- Comparison of the results of the total average tannin
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Different letters indicate significant difference between solvents (p<0.05)
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Table 4- The amount of condensed tannin extracted
from potato peel powder (mg/100 grams of powder)
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Table 5- Results of analysis of variance for condensed tannin content
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Introduction

Polylactic acid (PLA) is a biodegradable polymer that can replace petroleum-based materials in packaging
films due to its unique properties. However, sometimes the degradability of polymers can be considered a
negative factor, such as when significant changes in the mechanical properties of the polymer occur during use.
Another notable issue is the brittleness of polylactic acid, which can be modified to some extent by adding other
materials. The addition of materials such as nanoparticles and plasticizers can improve the flexibility and
mechanical properties of polymer films. Polymer films must possess acceptable physical, mechanical, thermal,
and other relevant characteristics for use in the packaging industry. The acceptable level of these properties can
be obtained by comparing them with the established standards for commonly used polymers in the industry. Low
density polyethylene (LDPE) is a polymer widely used in the packaging industry, making it a good benchmark
for comparison. This research focused on studying various factors affecting the quality of the produced films,
including mechanical properties, light absorption, contact angle, and microstructures. Investigating the
mechanical properties of the PLA films is crucial due to the polymer’s degradability over time. Polylactic acid
films with different compounds containing PEG 400 and Tween 80 as plasticizers and ZnO nanoparticles were
investigated for 14 months (in the first, second, third, fourth, and fourteenth months) in terms of mechanical
properties. Finally, the obtained values were compared with standard values for packaging and their mechanical
behavior was analyzed.

Materials and Methods

Experiments were performed in the post-harvest and central laboratories of Ferdowsi University of Mashhad,
Iran. The films were prepared using the solvent casting method. First, PLA granules were dried for 24 hours at
60 °C and then 1 g of PLA in 50 ml of dichloromethane was dissolved at room temperature by magnetic stirring
for 12 hours. ZnO nanoparticles, PEG 400 and Tween 80 were incorporated into PLA and DCM solution, 1 wt%
PLA, 20 wit% PLA, and 0.25 wt% solution, respectively. To prepare films containing nanoparticles,
nanoparticles and dichloromethane were sonicated with an ultrasonic probe for 10 minutes and then added to the
base solution and stirred for one hour.

Mechanical properties of the samples were determined based on the ASTM D882-02 standard method. A

©2024 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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texture analyzer (H5 KS, Manchester, U.K.) was used for this test. Light absorption was studied using a
spectrophotometer (CAMSPECMb550, UK). The contact angle of the samples was measured using a goniometer
(model 200-00, Ramé-Hart Instrument Co, Succasunna, USA) in accordance with the ASTM D5946-04
standard. The surface morphology of the samples was visualized using scanning electron microscope (LMU
TESCAN BRNO-Mira3, Czech Republic). The results were analyzed using Minitab software version 18
(Minitab Inc, USA) and the graphs were created in Microsoft Excel 2013.

Results and Discussion

The neat PLA film has a smooth surface, and with the addition of nanoparticles or plasticizers, the surfaces
become uneven. The addition of nanoparticles and plasticizers caused more opacity of the film and better
protection against ultraviolet rays. The presence of plasticizers, especially Tween 80, increased the
hydrophilicity of the films. Packaging films should be flexible and have ductile behavior and the addition of
plasticizers caused ductile behavior. However, Tween 80 was not able to create stable ductile behavior. The
stress-strain diagram shows that most samples displayed ductile behavior over 14 months, except for the neat
PLA film and the film containing Tween 80 and nanoparticles. The values of tensile strength, elastic modulus,
and elongation at break for low density polyethylene have been reported as 11.7 MPa, 260.4 MPa, and 225%,
respectively. The lowest value of tensile strength (18.56 MPa) and elastic modulus (1114.68 MPa) were related
to P400/T80 film. This difference shows the acceptability of polylactic acid in the packaging industry. The
elongation value is much lower than the standard, indicating the need to modify this parameter.

Conclusion

The research findings revealed a significant effect of film type on mechanical properties, as well as a
remarkable impact of storage time on tensile strength and elongation at break. The effect of various factors such
as changes in the texture of the film due to the presence of plasticizers or non-uniform distribution of
nanoparticles makes it impossible to determine a consistent trend for the effect of time on the films. The
elongation at break for the produced films was much lower than the standard, which still needs to be modified
due to the importance and sensitivity of this parameter in packaging. Polylactic acid has high tensile strength and
high elastic modulus. Therefore, it can be combined with other polymers, various plasticizers, or nanoparticles at
higher percentage to improve flexibility. The presence of plasticizers and nanoparticles in the film substrate
increased opacity and enhanced protection against ultraviolet rays. The produced films were more hydrophilic
compared to low density polyethylene.
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1- Ultraviolet (UV) radiation

2- Light absorbance

3- Contact angle

4- Low density polyethylene (LDPE)
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Fig.1. SEM image of zinc oxide nanoparticles
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1- gram (moles)*
2- Polysorbate 80
3- Tween 80

4- Merck

5- Dichloromethane
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Fig.2. The method of producing polymer films
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Table 1- Compositions of produced films
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2- General linear model
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1- Scanning electron microscope (SEM)
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1- One-way ANOVA
2- Lipid

3- Glycerol

4- Sorbitol

5- Cordia
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Fig.3. Light absorbance spectra of the produced films
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Fig.4. The contact angle of the water drop with the produced films; Different letters indicate significant
difference between different films (p<0.05).
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Fig.5. SEM images of the surface of the produced films

Jgde g (S plSoeiunl p Ml Sgyb a0y Ve 90 ()
Laekd ol 50 cusls dats (i3)S oAb 5155 jloline i V!
Sharma, Jaiswal, Duffy, & ). sl gylblize (3N 3]
.(Jaiswal, 2020
2 bold 15 sl Jlost) oy clsieas o8 &2 b ol
Oy # JSb 4 i b oS 29 g0 485 )3 ) (g Slga
(Sl oles (S Pl 1 oy () S ISl g
ASTM, ) cewl ;35S 265 olo VF o )d 0l oy y 9 0bA o5
GV jhs S plSou sl o0 Lt ) (2008
Olej A5 g caliseo dlg o yuis 034381 b &S ol apul SiSY L
Sl e (i 33 1y Jy-s8 6 1 5Vl e lizee
4o bope (nieS g oAl Al SISV (L old 4 bgje (i
E5— 9 lyl> 4 P400/T80 4 P400/T80/ZNO sL_apks
wd 0 L floj 5151 SU jloline MBS sl clodgy ouiSTp )
s 33 0)0 ¢ 3924 .05 odmlie wa3,le> olo > 5 PA400/T80
2 bliae ial S pa e,y L ols 5 . 1) PA00/T8B0/ZNO
S g pimghy e a4 andl .cashy ploj ,38 b it plSoul

1- Ferulic acid
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Table 2- Analysis of variance related to the effect of film type and storage time on tensile properties
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24 41.96" 4437 29.63"
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Type xTime
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Fig.6. Changes in the tensile strength of the produced films during 14 months and comparing it with the standard value
for LDPE; different letters in each type of film indicate significant differences due to the effect of time (p<0.05).
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Fig.7. Changes in the elastic modulus of the produced films during 14 months and comparing it with LDPE; different
letters in each type of film indicate significant differences due to the effect of time (p<0.05).
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value for LDPE; different letters in each type of film indicate significant differences due to the effect of time (p<0.05).
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Introduction

Agricultural mechanization plays a crucial role in driving agricultural development and is considered one of
the most capital-intensive inputs in the agricultural sector. Effective supply chain management is a crucial
necessity for improving the quality of agricultural machinery and reducing operational expenses in agricultural
mechanization. This is imperative for the advancement of agricultural mechanization. The present research aims
to identify the primary structures of the supply chain for rice agricultural machinery in the provinces of Gilan
and Mazandaran in Iran. The study also examined the important functional aspects of the chain members,
including manufacturers, importers, retailers, and farmers who serve as the ultimate consumers of the chain's
products. Furthermore, the research delved into the processes that govern the supply chain.

Materials and Methods

Measuring supply chain performance involves utilizing the Supply Chain Operations Reference model
(SCOR) with five distinct dimensions: cost (12 questions), responsiveness (22 questions), flexibility (16
questions), assets (13 questions), and reliability (30 questions). The study data were analyzed using SPSS
software. Additionally, latent variables were generated at each level of the hierarchy by using the variables from
the aforementioned model. The normality of the variables was assessed using the Kolmogorov-Smirnov test. The
evaluation of normal variables was conducted through a one-sample t-test, while abnormal variables were
evaluated with a one-sample Wilcoxon test. Furthermore, descriptive analysis of the expectations and constraints
of manufacturers and importers regarding rice machines was carried out.

Results and Discussion

The Wilcoxon test results indicate the impact of commitment, cost management, and communication on the
average test value. The variables of normal distribution such as human resource management, quality
management, strategic organization, flexibility, responsiveness, performance, and reliability in stores, exhibit
significant deviation from the mean value. The majority of store managers and agricultural rice machinery
dealers lack formal education in the field of agricultural machinery. Including individuals with educational
backgrounds in agricultural machinery at various stages of the supply chain will likely improve the
dissemination of information throughout the chain. Employing dependable techniques for transmitting accurate
information regarding consumers' quality requirements can assist suppliers in manufacturing or importing
superior-quality machinery. This approach not only minimizes uncertainty in the supply chain and streamlines
inventory management but also reduces the lead time for meeting consumer demands.

Conclusion
©2024 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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The continuous demand for rice agricultural machinery in Iran has resulted in the bullwhip effect
phenomenon being perceived as a less significant challenge in the supply chain. Currently, local manufacturing
enterprises have relatively limited knowledge regarding the market and technical needs of rice farmers compared
to their foreign counterparts. It is advisable for manufacturing companies to broaden their comprehension of
consumer behavior and needs by diversifying their market evaluation techniques.

Keywords: Importers, Manufacturers, Retailers, Supply chain
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Fig.3. The importance of the criteria for choosing machines by farmers
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Fig.9. The average dimensions of the reference model of supply chain operations in the entire supply chain of rice
agricultural machinery in Gilan and Mazandaran provinces
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Introduction

There are two types of hydropower harvesting methods: conventional and unconventional. In the
conventional method, the potential energy of water is harvested using a dam or barrage. However, in the
unconventional method, the kinetic energy of flowing water is extracted using hydrokinetic turbines. Resource
assessment is a pivotal step in developing hydrokinetic energy sites. Power density (power per unit area) is used
to estimate the theoretical hydrokinetic power of a site. Flow velocity and cross-sectional area are the two
variables that constitute the power density. Researchers use various methods such as numerical simulation, direct
velocity measurement, or indirect velocity calculation using discharge data to conduct resource assessment. In
the latter method, the Manning equation is used to convert the discharge data into velocity values. While this
method is straightforward for canals, given their fixed and known geometry, it is cumbersome to calculate the
hydraulic radius in rivers. To overcome this challenge, numerous researchers have proposed the utilization of
hydraulic geometry (HG) to estimate the width and depth of a river reach, and then calculate the hydraulic radius
based on these estimated values. The main objective of this study is to present and implement a fast method for
assessing theoretical hydrokinetic power using the HG and the Manning equation.

Materials and Methods

In the present study, two hydrometry stations (Gachsar and Siera-Karaj) were selected in the Karaj dam
watershed in Iran to implement resource assessment based on HG. A computer code comprising the following
four steps was developed in Python using the Google COLAB environment.

1. Data Preparation: The monthly-averaged discharge, Manning roughness coefficient, and slope were
collected and imported into the code. The roughness coefficient could be determined directly or indirectly. In the
present study, it was considered to be 0.045 for the Karaj River according to the literature review. ArcGIS
software and the Digital Elevation Model (DEM) were used to extract the local slope of each hydrometry station.
For this purpose, the stream network of Alborz province was first extracted, and then the longitudinal elevation
profile was measured using the 3D Analyst tools.

2. Discharge Data Processing: The flow duration curve (FDC) is one of the computational tools used by
engineers to describe the hydrological regime of watersheds. FDC is a graphical representation of the cumulative
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distribution of flows. In the present study, an all-time record FDC for each station was constructed, and fitted
with five different probability distribution functions (PDF). The results of PDF fittings were evaluated by
different goodness-of-fit indices, and the best PDF was selected.

3. Calculations of HG and the Manning Equation: The HG formulas were used to calculate the width and
depth of flow using the reconstructed FDC from the previous step. These values, along with the roughness
coefficient and slope, were used to calculate flow velocity using the Manning equation. After obtaining the flow
velocity values, the power density was easily computed.

4. Generating Outputs: In the final step, two categories of outputs are generated: (1) duration curves for
width, depth, flow velocity, and power density, and (2) theoretical and turbine-extracted energy diagrams.

Results and Discussion

The goodness-of-fit indices for PDF fitting indicated that the log-normal PDF is the most suitable distribution
to describe the FDC with a coefficient of determination of 0.99. The calculated average discharge (Qso) for the
Gachsar and Siera stations was 2.34 and 7.68 m3s, respectively. These values are consistent with findings from
previous studies. The results of the Manning equation calculations revealed that the flow velocity does not differ
significantly between these stations (8% higher at Siera). The base flow depth at the Gachsar and Siera stations is
less than 1 m. Therefore, as indicated in the literature review, axial flow (propeller) turbines are not suitable for
installation in these rivers because they need to be fully submerged and require at least 1 m of depth. Overall, the
use of wide and short turbines, such as Savonius turbines, is suggested in the Karaj River. The energy analysis
results show that the maximum monthly theoretical energy at Gachsar and Siera equals 38,500 and 125,500
kWh, respectively. However, considering a turbine with a 1 m? swept area and a power coefficient of 0.2, the
maximum monthly extracted energy is limited to 940 and 1,142 kWh at these two stations.

Conclusion

This study presents a fast method for the theoretical assessment of hydrokinetic power, which was applied to
two hydrometry stations in the Karaj dam watershed. The results of HG calculations revealed that the base
velocity (Vo) of 1.34 and 1.49 m s is present at the Gachsar and Siera stations, respectively. According to the
available depths at these stations, the use of wide and short turbines such as Savonius turbines is suggested. Each
individual Savonius turbine with a unit swept area at Gachsar and Siera is estimated to extract a maximum
monthly energy of 940 and 1,142 kWh, respectively.

Keywords: Flow duration curve, Hydraulic radius, Manning equation, Monthly energy, Probability
distribution
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2- Downstream Hydraulic Geometry (DHG)
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Table 1- Details of the assessed hydrometry stations
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Fig.2. Flowchart of the developed method for theoretical hydrokinetic power and energy assessment
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Table 3- Steps for extracting local slope of hydrometry stations using ArcGIS software
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Table 6- Summary of the articles in which the hydraulic geometry proposed by (Allen et al., 1994) was utilized
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Duration Curve (FDC)
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Introduction

Grape is a major horticultural crop with a high nutritional value in the world. The optimal geographic and
climatic conditions in Iran have positioned it as one of the most important regions for grape cultivation in the
world. Black rot, caused by Aspergillus niger, is a highly destructive fungal disease that affects the grapes by
targeting wounded areas. It causes crushing of the grapes, the falling of berries, and reduces transportation and
storage properties (Ponsone et al., 2011). Various methods, such as fumigating bunches with sulfur dioxide and
storing them in a modified atmosphere, have been used to control fungal rot and prolong the shelf life of grapes.
However, each method has its limitations. Grape fumigation with sulfur gas is harmful to human health (Duarte-
Sierra et al., 2016) and the efficiency of modified atmospheric storage on rot control and maintaining the quality
of grapes depends on the type of variety, storage temperature, and especially gas concentration (Himelrick,
2003).

Given the lack of efficiency in traditional methods, it is imperative to introduce modern techniques that can
effectively disinfect microorganisms. These advanced methods offer several advantages, including the
preservation of crop quality, an increase in crop shelf life, the promotion of good health, and substantial
economic benefits. A technique of this type includes using non-thermal (cold) plasma (NTP) technology to
eliminate food microorganisms (Bourke et al., 2018). The effect of cold plasma at atmospheric pressure on the
reduction of bacterial populations in food products such as lettuce, tomato, strawberry, and cherry tomato has
been reported (Bermidez-Aguirre et al., 2013; Pasquali et al., 2016; Ziuzina et al., 2014). Research has shown
that cold plasma can effectively inactivate Aspergillus in various orchard and agricultural products (Butscher et
al., 2016; Ghorashi et al., 2020; Selcuk et al., 2008). The effect of cold plasma on the quality characteristics of
the product during the post-harvest period has also been investigated. Blueberries treated with cold plasma for
less than 15 minutes showed remarkable results: after 10 days, the fruit exhibited reduced lipid peroxidation and
darkening, with no impact on the total anthocyanin content, pH, or firmness of the product (Hu et al., 2021). In a
study by Rana et al. (2020), it was found that subjecting strawberries to 15 minutes of cold plasma with
packaging after 5 days of storage at 25°C had no significant impact on pH, TSS, and moisture content of the
fruit.

The review of the literature reveals the absence of research on fungal disease control and grape quality

©2024 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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evaluation following the use of NTP. This study aims to investigate the efficiency of plasma treatment in
reducing the infection with Aspergillus fungi, along with examining the physical, chemical, and mechanical
properties of Fakhri grape.

Materials and Methods

This research was conducted as a completely randomized design in a factorial experiment at four plasma
levels (0, 10, 20, and 40 s) and five storage periods (1, 2, 3, 4, and 5 weeks) with three replications at 4°C. A
plasma generator was first designed and manufactured in this study. A specifically designed and fabricated
plasma application probe was also developed for grape berries. The individual grape berries were then sterilized
with 1% sodium hypochlorite under a laminar hood for 2 minutes. Afterward, they were rinsed three times with
sterile distilled water to remove any remaining disinfectant residue from their surfaces. Sterilized berries were
immersed in Aspergillus spore suspension with 105 spores.ml™ concentration. Finally, all samples were dried on
paper filters and prepared for different plasma treatment durations (0, 10, 20, and 40 s). The treated samples
were stored at 4°C, and the infection percentage and microbial load were measured on a weekly basis. To assess
the preservation quality, chemical parameters such as pH, TSS, and TA, physical parameters (color change and
weight loss), and mechanical properties were measured every week. Additionally, thermal imaging was
performed weekly.

Results and Discussion

Plasma application during storage significantly reduced the infection percentage and microbial load in
Aspergillus-inoculated samples. At the end of the storage period, the infection percentage and microbial load in
the 40-second plasma treatment were 5% and 2.5 CFU g™ respectively, while in the control group, the infection
percentage was 100% and the microbial load was 4 CFU g™. At the end of the storage period, the lowest pH
level in the plasma was observed for 40 s plasma. This could be attributed to effective contamination control, as
fungal contamination leads to alkalization of the environment. The highest amount of TSS was also observed in
control and 40 s plasma. But in the 10 and 20 s plasma treatment, the process of changes was gradual and not
significant. The higher TSS level of control and 40 s plasma can be due to the weight loss caused by the spread
of contamination and moisture leakage caused by damage to the tissue. This decrease in moisture leads to an
apparent increase in the TSS index. Research has shown that plasma primarily affects the surface characteristics
of products, and when applied with the appropriate voltage and duration, it does not alter the internal chemical
properties (Hu et al., 2021). Over time, weight loss increased in all treatments. This increasing trend during the
storage period is higher in control and 40 s plasma compared to 10 and 20 s plasma. Therefore, the weight loss in
the control can be due to the spread of contamination and aging of the product over time. However, the weight
loss in the 40-second plasma treatment can be due to the destruction of the fruit tissue caused by longer duration
of the plasma application.

In the current research, by increasing the duration of plasma application to 40 s, a significant decrease in L*,
a*, and b* indices and an overall change in the color of the product was observed. Research shows that in
blueberries, inappropriate duration of plasma treatment causes the loss of wax on the fruit surface and leads to
darkening of the product (Hu et al., 2021). The highest and lowest changes in temperature drop were observed in
the control treatment (5°C) and 10 and 20 s plasma (3 and 3.5°C, respectively). According to research, an
increase in fungal contamination leads to a decrease in humidity, increases weight loss, and subsequently a
decrease in product temperature. A decline in mechanical characteristics was noted for the control and plasma
treated samples during the storage period. The lowest value for indicators was observed in the 40 s plasma
treatment. However, no significant difference was observed in samples treated with plasma for less than 20
seconds compared to the control group up to the middle of the storage period. According to a report by Misra et
al. (2014), plasma application can reduce tissue softness. Therefore, optimizing its plasma duration and intensity
is very important (Pan et al., 2021).

Conclusion

Our experiments aimed to investigate the effect of NTP treatment on controlling Aspergillus infections while
preserving the quality properties of Fakhri grapes. The obtained results are important for two main reasons.
Firstly, an innovative probe was designed for plasma applications, specifically tailored to the shape and size of
individual grapes in order to thoroughly cover them with plasma. Secondly, application of plasma was carried
out for the first time and yielded valuable results, indicating that this technique can control fungal infections and
preserve the chemical, physical, and mechanical properties of grapes.

Keywords: Chemical properties, Cold plasma, Mechanical properties, Microbial load, Physical properties
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1- Colony forming units (CFU)
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Table 1- Variance analysis of the effect of plasma treatment (0, 10, 20, and 40 s) and storage time (1- 5 weeks) on
microbial load and fungal decay percentage of grape inoculated with Aspergillus Niger
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Source of variation Degree of freedom Fungal decay Degree of freedom Mllcor ; c? ial
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** Significant at 1% level
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Fig.2. Effective inhibition of fungal number and decay percentage of grapes inoculated with Aspergillus Niger by cold
plasma treatment (0, 10, 20, and 40 s) during storage at 4°C. (a) Fungal count and (b) Fugal decay (%) of treated grapes.

Values are the mean value of three replications. Columns labeled with different letters (a-h) indicate significant
differences among different cold plasma treatments during storage time (P < 0.05).
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Fig.3. Images of grape with cold plasma treatment (0, 10, 20, and 40 s) during storage (1 and 5 weeks) at 4'C
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Fig.4. (a) Weight loss and (b) color changes of grapes with cold plasma treatment (0, 10, 20, and 40 s) during storage at

4 C. Values are the mean value of three replications. Columns labeled with different letters (a-e) indicate significant
differences among different cold plasma treatments during storage time (P< 0.05).
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Table 2- Color parameters (L*- a* - b*) of grapes with cold plasma treatment (0, 10, 20, and 40 s) during storage at 4 C

&)W o o
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Color parameters  Treatment time (s) 15 torage tlgn € (Week%
L* 0 35.8% 3459 34,05
10 36.53% 35.11%°  34.34%%
20 36.42% 3476%  34.60°
40 35.83% 3514  34.23°
a* 0 -1.36° 215 -2.83°
10 -1.46°  -1.81%  -2.58¢
20 1477 -1.82% 257w
40 21400 -1.73®  -2.68¢
b* 0 155% 13539  13.02f
10 1577 1459°  13.19¢
20 15.83° 1459 13.48%
40 15.76°  14.50°  12.29°
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Data presented as mean = SD. Values in the same column followed by different letters (a—h) are significantly different (P < 0.05).
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Table 3- Chemical parameters (pH, TSS, and TA) of grapes after cold plasma treatment (0, 10, 20, and 40 s) during
storage at 4 C
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S (Week)

Chemical parameters Treatment time (s) 1 > 3
0 396  4.16°  4.30°
H 10 3.98°  42% 428"
P 20 3.98* 417" 4.23®
40 3.82¢  391° 398%™
0 20.97¢ 22.78° 23.45°
155 10 20.109 21.72%  23.20%
20 20.18 21.80% 23.28%
40 21.30% 22.06° 23.86°
0 0.76°  0.74%®  0.67"
TA 10 0.85°  0.78%  0.70°
20 0.85°  0.78¢  0.76%
40 0.93% 0.88® 0.81™
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Data presented as mean + SD. Values in the same column followed by different letters (a—g) are significantly different (P < 0.05).
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Fig.5. Thermal images of grapes after cold plasma treatment (0, 10, 20, and 40 s) during storage (1 to 4 weeks) at 4'C
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Table 4- Mechanical parameters (Emod, Fmax, and W) of grapes with cold plasma treatment (0, 10, 20, and 40 s)
during storage at 4 C
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0 8.35°% 5.25% 5.144
Fmax 10 7.91% 5.36% 5.51%
20 6.64% 6.64% 5.88%¢
40 6.31° 5.44% 5.16¢
0 27.95%  2262°  1563f
W 10 27.7%® 2226°  17.81°
20 28218  2221°  17.42°
40 26.55°  19.72¢ 15.3f
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Data presented as mean + SD. Values in the same column followed by different letters (a—f) are significantly different (P < 0.05).

335 Sy gmilio oloj e 53 b Lawdly Jlas! oSl Lo
sy o] 35 00 Bl 4 (lew J S ogMe

S ! 35wl

slp L (Jogr oKl (55l o (odaghy pyiee Ciglao
P9dise )Rl Jimogy ool slisl (el
dlf.\ma‘ ~9'; G:AS)L:MO

W}L}L&l 5Lbo.)].) d)a]é.o.? :@5 ULC
woald ijla g ey pio g )llas i gdon] punl ]

& 0yglie 1 olj o Mapw
gl (e g s lol Jelod 00l o3l dad
8 09l o0l wlie 459,

(S 5 4o
siwnod] JLid 13 3y (glowsdly Hlaws a8 0y ol pols Gudos
3 Jeols obw (Sspwgy J5S 53 g cudlyy 5l gy So
Vb sl (S sl Sy bt b olyen ol pupl e/ )8
J ol b il o 01,8 il a0 ¥ glod o (6,lup S5 aan
il Jltd 5 3y clowdly Jlogi o o & el S5 Ll
Ol 38l a S s 0yl Cuenl (650055 0590 10 4ol CutS baas
Jgmaze (&S glagell 5l (S pials el plgie ploj s
4l ¥r lawdly 53 ol (Sdogy Jy5S Glise (2 VL 2295 )5Sl
PN S PURCH | P VIRSUON B N APV S RGO JRTYWS
)5 Ooppo (Sille g abewd ((Suid Rl > Ol Oliee
IS L bLsyl o Lol il ()06 U (gl ime glis 4
L g b gpane g a5 A Vo Loy o Sy

Rreferences

1. Aday, M. S., Blyikcan, M. B., Temizkan, R., & Caner, C. (2013). Role of ozone concentrations and exposure
times in extending the shelf life of strawberry. Ozone: Science and Engineering, 36(1), 43-56.
https://doi.org/10.1080/01919512.2013.833851

2. Arfaoui, M., Vallance, J., Bruez, E., Rezqui, A., Melki, 1., Chebil, S., & Rey, P. (2019). Isolation, identification,
and in vitro characterization of grapevine rhizobacteria to control ochratoxigenic Aspergillus spp. on grapes.
Biological Control, 129, 201-211. https://doi.org/10.1016/j.biocontrol.2018.10.019

3. Bermudez-Aguirre, D., Wemlinger, E., Pedrow, P., Barbosa-Canovas, G., & Garcia-Perez, M. (2013). Effect of


https://doi.org/10.1080/01919512.2013.833851
https://doi.org/10.1016/j.biocontrol.2018.10.019

YOV ol sl ol 5 55w lad pué 323 oo (Slowsdly (215 oy 32 cs] 5o g el

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

atmospheric pressure cold plasma (APCP) on the inactivation of Escherichia coli in fresh produce. Food Control,
34(1), 149-157. https://doi.org/10.1016/j.foodcont.2013.04.022

Bourke, P., Ziuzina, D., Boehm, D., Cullen, P. J., & Keener, K., (2018). The potential of cold plasma for safe and
sustainable food production. Trends in Biotechnology, 36(6), 615-626.
https://doi.org/10.1016/j.tibtech.2017.11.001

Butscher, D., Zimmermann, D., Schuppler, M., & Von Rohr, P. R. (2016). Plasma inactivation of bacterial
endospores on wheat grains and polymeric model substrates in a dielectric barrier discharge. Food Control, 60,
636-645. https://doi.org/10.1016/j.foodcont.2015.09.003

Chelladurai, V., Jayas, D. S., & White, N. D. G. (2010). Thermal imaging for detecting fungal infection in stored
wheat. Journal of Stored Products Research, 46(3), 174-179. https://doi.org/10.1016/j.jspr.2010.04.002

Crisosto, C. H. (2002). Mitchell, F.G. Postharvest Handling Systems: Table grapes. In Postharvest Technology of
Horticultural Crops; Kader, A.A., Ed.; University of California Agricultural and Natural Resources Pub: Davis,
CA, USA. pp. 357-363.

Dasan, G. B., & Boyaci, I. H. (2018). Effect of cold atmospheric plasma on inactivation of Escherichia coli and
physicochemical properties of apple, orange, tomato juices, and sour cherry nectar. Food and Bioprocess
Technology, 11(2), 334-343. https://doi.org/10.1007/s11947-017-2014-0

De Simone, N., Pace, B., Grieco, F., Chimienti, M., Tyibilika, V., Santoro, V., & Russo, P. (2020). Botrytis
cinerea and table grapes: A review of the main physical, chemical, and bio-based control treatments in post-
harvest. Foods, 9(9), 1138. https://doi.org/10.3390/fo0ds9091138

Dobrynin, D., Fridman, G., Friedman, G., & Fridman, A. (2009). Physical and biological mechanisms of direct
plasma interaction with living tissue. New Journal of Physics, 11, 115020. https://doi.org/10.1088/1367-
2630/11/11/115020

Dong, X. Y., & Yang, Y. L. (2019). A novel approach to enhance blueberry quality during storage using cold
plasma at atmospheric air  pressure. Food and  Bioprocess  Technology, 12(8), 1409-1421.
https://doi.org/10.1007/s11947-019-02305-y

Duarte-Sierra, A., Aispuro-Hernandez, E., Vargas-Arispuro, I., Islas-Osuna, M. A., Gonzalez-Aguilar, G. A., &
Martinez-Téllez, M. A. (2016). Quality and PR geneexpression of table grapes treated with ozone and sulfur
dioxide to control fungal decay. Journal of Science and Food Agriculture, 96, 2018-2024.
https://doi.org/10.1002/jsfa.7312

FAO. (2021). http://www.faostat.fao.org/. Access date 24 March 2023.

Fernandez, A., Noriega, E., & Thompson, A. (2013). Inactivation of Salmonella enterica serovar Typhimurium on
fresh produce by cold atmospheric gas plasma technology. Food Microbiology, 33(1), 24-29.
https://doi.org/10.1016/j.fm.2012.08.007

Gabler, F. M., & Smilanick, J. L. (2001). Postharvest control of table grape gray mold on detached berries with
carbonate and bicarbonate salts and disinfectants. American Journal of Enology and Viticulture, 52, 12-2.
https://doi.org/10.5344/ajev.2001.52.1.12

Ghorashi, A. H., Tasouji, M. R., & Kargarian, A. (2020). Optimum cold plasma generating device for treatment of
Aspergillus flavus from nuts surface. Journal of Food Science and Technology, 57, 3988-3994.
https://doi.org/10.1007/s13197-020-04429-y

Hellebrand, H. J., Beuche, H., & Linke, M. (2002). Thermal imaging: A promising high-tec method in agriculture
and horticulture. Physical Methods in Agriculture: Approach to Precision and Quality, 411-427.
https://doi.org/10.1007/978-1-4615-0085-8 22

Himelrick, D. G. (2003). Handling, storage and postharvest physiology of Muscadine grapes: A review. Small
Fruits Review, 2(4), 45-62. https://doi.org/10.1300/J301v02n04_06

Hu, X., Sun, H., Yang, X., Cui, D., Wang, Y., Zhuang, J., & Jiao, Z. (2021). Potential use of atmospheric cold
plasma for postharvest preservation of blueberries. Postharvest Biology and Technology, 179, 111564.
https://doi.org/10.1016/j.postharvhio.2021.111564

Jayasena, D. D., Kim, H. J., Yong, H. L., Park, S., Kim, K., Choe, W., & Jo, C. (2015). Flexible thin-layer
dielectric barrier discharge plasma treatment of pork butt and beef loin: Effects on pathogen inactivation and meat-
quality attributes. Food Microbiology, 46, 51-57. https://doi.org/10.1016/j.fm.2014.07.009

Kader, A. A, & Watkins, C. B. (2000). Modified atmosphere packaging-toward 2000 and beyond.
HortTechnology, 10(3), 483-486. https://doi.org/10.21273/HORTTECH.10.3.483

Kasfi, K., Taheri, P., Jafarpour, B., & Tarighi, S. (2018). Characterization of antagonistic microorganisms against
Aspergillus spp. from grapevine leaf and berry surfaces. Journal of Plant Pathology, 100, 179-190.
https://doi.org/10.1007/s42161-018-0042-x

Khodamoradi, S., & Ahmadi, E. (2019). Effect of Chitosan Coating on Physical, Mechanical and Chemical
Properties of Grapes during Storage. Journal of Agricultural Machinery, 9(2), 347-364. (In Persian).
https://doi.org/10.22067/jam.v9i2.69423

Lacombe, A., Niemira, B. A., Gurtler, J. B., Fan, X. T., Sites, J., Boyd, G., & Chen, H. Q. (2015). Atmospheric


https://doi.org/10.1016/j.foodcont.2013.04.022
https://doi.org/10.1016/j.tibtech.2017.11.001
https://doi.org/10.1016/j.foodcont.2015.09.003
https://doi.org/10.1016/j.jspr.2010.04.002
https://doi.org/10.1007/s11947-017-2014-0
https://doi.org/10.3390/foods9091138
https://doi.org/10.1088/1367-2630/11/11/115020
https://doi.org/10.1088/1367-2630/11/11/115020
https://doi.org/10.1007/s11947-019-02305-y
https://doi.org/10.1002/jsfa.7312
http://www.faostat.fao.org/
https://doi.org/10.1016/j.fm.2012.08.007
https://doi.org/10.5344/ajev.2001.52.1.12
https://doi.org/10.1007/s13197-020-04429-y
https://doi.org/10.1007/978-1-4615-0085-8_22
https://doi.org/10.1300/J301v02n04_06
https://doi.org/10.1016/j.postharvbio.2021.111564
https://doi.org/10.1016/j.fm.2014.07.009
https://doi.org/10.21273/HORTTECH.10.3.483
https://doi.org/10.1007/s42161-018-0042-x
https://doi.org/10.22067/jam.v9i2.69423

1PY 50l oF o lod IF ol ((6550liS sl wiilo 4 pii YOV

25.

26.

217.

28.

29.

30.

3L
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

cold plasma inactivation of aerobic microorganisms on blueberries and effects on quality attributes. Food
Microbiology, 46, 479-484. https://doi.org/10.1016/ j.fm.2014.09.010

Lu, S. L., Yang, X. Z., Li, X. H., Shen, L. M., & Ma, H. Y. (2013). Effect of sulfur dioxide treatment on storage
quality and SO, residue of victoria grape. Advanced Materials Research, 798, 1033-1036.
https://www.scientific.net/ AMR.798-799.1033

Ma, R. N, Yu, S., Tian, Y., Wang, K. L., Sun, C. D., Li, X., Zhang, J., Chen, K. S., & Fang, J. (2016). Effect of
non-thermal plasma-activated water on fruit decay and quality in postharvest Chinese bayberries. Food Bioprocess
Technology, 9(11), 1825-1834. https://doi.org/10.1007/s11947-016-1761-7

Meng, X. H., Qin, G. Z., & Tian, S. P. (2010). Influences of preharvest spraying Cryptococcus laurentii combined
with postharvest chitosan coating on postharvest diseases and quality of table grapes in storage. LWT-Food
Science and Technology, 43(4), 596-601. https://doi.org/10.1016/j.lwt.2009.10.007

Min, S. C,, Roh, S. H., Niemira, B. A., Boyd, G., Sites, J. E., Fan, X., Sokorai, K., & Jin, T. Z. (2018). In-package
atmospheric cold plasma treatment of bulk grape tomatoes for microbiological safety and preservation. Food
Research International, 108, 378-386. https://doi.org/10.1016/j.foodres.2018.03.033

Misra, N. N., Keener, K. M., Bourke, P., Mosnier, J. P., & Cullen, P. J. (2014). In-package atmospheric pressure
cold plasma treatment of cherry tomatoes. Journal of Bioscience and Bioengineering, 118(2), 177-182.
https://doi.org/10.1016/j.jbiosc.2014.02.005

Olivas, G. I., & Barbosa-Canovas, G. (2009). Edible films and coatings for fruits and vegetables: In: Huber, K.,
Embuscado, M. (eds), Edible films and coatings for food applications, Springer, New York, pp. 211-244. NY.
https://doi.org/10.1007/978-0-387-92824-1 7

Oliver, R. P., & Hewitt, H. G. (2014). Fungicides in crop protection. Published by Cabi.

ott, L. C., Appleton, H. J., Shi, H., Keener, K., & Mellata, M. (2021). High voltage atmospheric cold plasma
treatment inactivates Aspergillus flavus spores and deoxynivalenol toxin. Food Microbiology, 95, 103669.
https://doi.org/10.1016/j.fm.2020.103669

Pan, Y. W., Cheng, J. H., & Sun, D. W. (2021). Inhibition of fruit softening by cold plasma treatments: Affecting
factors and applications. Critical Reviews in Food Science and Nutrition, 61(12), 1935-1946.
https://doi.org/10.1080/10408398.2020.1776210

Pasquali, F., Stratakos, A. C., Koidis, A., Berardinelli, A., Cevoli, C., Ragni, L., Mancusi, R., Manfreda, G., &
Trevisani, M. (2016). Atmospheric cold plasma process for vegetable leaf decontamination: A feasibility study on
radicchio (red chicory, Cichorium intybus L.). Food Control, 60, 552-559.
https://doi.org/10.1016/j.foodcont.2015.08.043

Pezzuto, J. M. (2008). Grapes and human health: a perspective. Journal of Agricultural and Food
Chemistry, 56(16), 6777-6784. https://pubs.acs.org/doi/abs/10.1021/jf800898p

Ponsone, M. L., Chiotta, M. L., Combina, M., Dalcero, A., & Chulze, S. (2011). Biocontrol as a strategy to reduce
the impact of ochratoxin A and Aspergillus section Nigri in grapes. International Journal of Food
Microbiology, 151(1), 70-77. https://doi.org/10.1016/j.ijfoodmicro.2011.08.005

Ramazzina, ., Berardinelli, A., Rizzi, F., Tappi, S., Ragni, L., Sacchetti, G., & Rocculi, P. (2015). Effect of cold
plasma treatment on physico-chemical parameters and antioxidant activity of minimally processed kiwifruit.
Postharvest Biology and Technology, 107, 55-65. https://doi.org/10.1016/j.postharvbio.2015.04.008

Rana, S., Mehta, D., Bansal, V., Shivhare, U. S., & Yadav, S. K. (2020). Atmospheric cold plasma (ACP)
treatment improved in-package shelf-life of strawberry fruit. Journal of Food Science and Technology, 57, 102-
112. https://doi.org/10.1007/s13197-019-04035-7

Rux, G., Mahajan, P., Linke, M., Saengerlaub, S., Pant, A., Caleb, O., & Geyer, M. (2015). Application of
humidity-regulating trays for packaging of fresh strawberry and tomato. In Il International Conference on Fresh-
Cut Produce: Maintaining Quality and Safety, 1141, 263-268. https://doi.org/10.17660/ActaHortic.2016.1141.32
Sanchez-Ballesta, M. T., Alvarez, |., Escribano, M. I., Merodio, C., & Romero, I. (2020). Effect of high CO, levels
and low temperature on stilbene biosynthesis pathway gene expression and stilbenes production in white, red and
black table grape cultivars during postharvest storage. Plant Physiology and Biochemistry, 151, 334-341.
https://doi.org/10.1016/j.plaphy.2020.03.049

Selcuk, M., Oksuz, L., & Basaran, P. (2008). Decontamination of grains and legumes infected with Aspergillus
spp. and Penicillum spp. by cold plasma treatment. Bioresource Technology, 99(11), 5104-5109.
https://doi.org/10.1016/j.biortech.2007.09.076

Song, A. Y., Oh, Y. J,, Kim, J. E,, Song, K. B., Oh, D. H., & Min, S. C. (2015). Cold plasma treatment for
microbial safety and preservation of fresh lettuce. Food Science and Biotechnolgy, 24, 1717-1724.
https://doi.org/10.1007/s10068-015-0223-8

Tappi, S., Gozzi, G., Vannini, L., Berardinelli, A., Romani, S., Ragni, L., & Rocculi, P. (2016). Cold plasma
treatment for fresh-cut melon stabilization. Innovative Food Science and Emerging Technologies, 33, 225.
https://doi.org/10.1016/j.ifset.2015.12.022

Varith, J., Hyde, G. M., Baritelle, A. L., Fellman, J. K., & Sattabongkot, T. (2003). Noncontact bruise detection in


https://doi.org/10.1016/%20j.fm.2014.09.010
https://www.scientific.net/AMR.798-799.1033
https://doi.org/10.1007/s11947-016-1761-7
https://doi.org/10.1016/j.lwt.2009.10.007
https://doi.org/10.1016/j.foodres.2018.03.033
https://doi.org/10.1016/j.jbiosc.2014.02.005
https://doi.org/10.1007/978-0-387-92824-1_7
https://doi.org/10.1016/j.fm.2020.103669
https://doi.org/10.1080/10408398.2020.1776210
https://doi.org/10.1016/j.foodcont.2015.08.043
https://pubs.acs.org/doi/abs/10.1021/jf800898p
https://doi.org/10.1016/j.ijfoodmicro.2011.08.005
https://doi.org/10.1016/j.postharvbio.2015.04.008
https://doi.org/10.1007/s13197-019-04035-7
https://doi.org/10.17660/ActaHortic.2016.1141.32
https://doi.org/10.1016/j.plaphy.2020.03.049
https://doi.org/10.1016/j.biortech.2007.09.076
https://doi.org/10.1007/s10068-015-0223-8
https://doi.org/10.1016/j.ifset.2015.12.022

YOV ol sl ol 56 55lwlad pué 323 o (Slowsdly (215 oy 32 ¢35 g el

45,

46.

47.

48.

49.

50.

51.

apples by thermal imaging. Innovative Food Science & Emerging Technologies, 4(2), 211-218.
https://doi.org/10.1016/S1466-8564(03)00021-3

Wiktor, A., Hrycak, B., Jasinski, M., Rybak, K., Kieliszek, M., Krasniewska, K., & Witrowa- Rajchert, D. (2020).
Impact of atmospheric pressure microwave plasma treatment on quality of selected spices. Applied Sciences-Basel,
10 (19), 6815. https://doi.org/10.3390/app10196815

Xu, H. B., Ma, R. N., Zhu, Y. P, Du, M. R., Zhang, H., & Jiao, Z. (2020). A systematic study of the antimicrobial
mechanisms of cold atmospheric-pressure plasma for water disinfection. Science of Total Environment, 703,
134965 https://doi.org/10.1016/j. scitotenv.2019.134965

Xu, H. B., Zhu, Y. P., Du, M. R., Wang, Y. Q., Ju, S. Y., Ma, R. N., & Jiao, Z. (2021). Subcellular mechanism of
microbial inactivation during water disinfection by cold atmospheric-pressure plasma. Water Research, 188,
116513 https://doi.org/10.1016/j.watres.2020.116513

Zahavi, T., Cohen, L., Weiss, B., Schena, L., Daus, A., Kaplunov, T., & Droby, S. (2000). Biological control of
Botrytis, Aspergillus and Rhizopus rots on table and wine grapes in Israel. Postharvest Biology and Technology,
20(2), 115-124. https://doi.org/10.1016/S0925-5214(00)00118-6

Zhou, D., Li, T., Cong, K., Suo, A., & Wu, C. (2022). Influence of cold plasma on quality attributes and aroma
compounds in fresh-cut cantaloupe during low temperature storage. Food Science and Technology, 154, 112893.
https://doi.org/10.1016/j.lwt.2021.112893

Ziuzina, D., Misra, N. N., Han, L., Cullen, P. J., Moiseev, T., Mosnier, J. P., & Bourke, P. (2020). Investigation of
a large gap cold plasma reactor for continuous in-package decontamination of fresh strawberries and
spinach. Innovative Food Science & Emerging Technologies, 59, 102229.
https://doi.org/10.1016/j.ifset.2019.102229

Ziuzina, D., Patil, S., Cullen, P. J., Keener, K. M., & Bourke, P. (2014). Atmospheric cold plasma inactivation of
Escherichia coli, Salmonella enterica serovar Typhimurium and Listeria monocytogenes inoculated on fresh
produce. Food Microbiology, 42, 109-116. https://doi.org/10.1016/j.fm.2014.02.007


https://doi.org/10.1016/S1466-8564(03)00021-3
https://doi.org/10.3390/app10196815
https://doi.org/10.1016/j.%20scitotenv.2019.134965
https://doi.org/10.1016/j.watres.2020.116513
https://doi.org/10.1016/S0925-5214(00)00118-6
https://doi.org/10.1016/j.lwt.2021.112893
https://doi.org/10.1016/j.ifset.2019.102229
https://doi.org/10.1016/j.fm.2014.02.007

Contents

Research Articles

Evaluation of Dielectric Spectroscopy in Fusion with Vis-SWNIR Spectroscopy for the Measurement of
Sugar Concentration in Sugarcane Stalk Samples
M. Naderi-Boldaji, M. Tohidi, M. Ghasemi-Varnamkhasti

Study on Drying Process of Farmed Shrimp Meat in a Hot Air Convective Dryer and Variation of Some
Related Parameters
M. Almaei, S. M. Nassiri, M. A. Nematollahi, D. Zare, M. Khorram

Comparing and Examining the Tannin Content of Potato Peel with Four Different Solvents
F. Mortazavi, R. Khodabakhshian, M. Moeenfard

Investigating the Effect of Storage Time on the Mechanical Properties of Biodegradable Polylactic Acid
Film Containing Zinc Oxide Nanoparticles
N. Tajari, H. Sadrnia, F. Hosseini

Evaluation of Rice Mechanization Supply Chain Indicators with SCOR Model Approach
M. Zangeneh, N. Banaeian

Assessment of Riverine Currents to Estimate the Theoretical Hydrokinetic Power and Energy Using
Hydraulic Geometry
M. Sadeghi-Delooee, R. Alimardani, H. Mousazadeh

The Efficiency of Cold Plasma Treatment on Aspergillus Niger Disinfection and Quality Properties
Preservation of Grapes during the Post-harvest Period
A. Khalaj, E. Ahmadi, S. Mirzaei, F. Ghaemizadeh, R. Abbaszadeh

235

253

271

283

301

319

337



Published by:

Editor in charge:

General Chief Editor:

Editorial Board:

Abbaspour-Fard, M. H.

Aboonajmi, M.

Aghkhani, M. H.
Alimardani, R.

Emadi, B.
Ghazanfari

Moghaddam, A.
Kadkhodayan, M.

Khoshtaghaza, M. H.

Loghavi, M.

Modarres Razavi, M.

Mohtasebi, S. S.
Nasirahmadi, A.
Pourreza, A.
Raji, A.

Rohani, A.
Saiedirad, M. H.
Sayasoonthorn, S

Publisher:
Address:
P.O. BOX:
Fax:
E-Mail:
Web Site:

Journal of Agricultural Machinery

Vol. 14 No. 3 2024

Ferdowsi University of Mashhad, (College of Agriculture), Iran

Prof. M. R. Modarres Razavi, Dept. of Mechanical Eng. Ferdowsi University of Mashhad
Prof. M. H. Abbaspour-Fard, Dept. of Biosystems Eng. Ferdowsi University of Mashhad

Professor, Department of Biosystems Engineering, Ferdowsi University of Mashhad, Iran
Associate Professor, Department of Agrotechnology, College of Abouraihan, University of
Tehran, Tehran, Iran

Professor, Department of Biosystems Engineering, Ferdowsi University of Mashhad, Iran

Professor, Department of Faculty of College of Agriculture & Natural Resources, University
of Tehran, Karaj, Iran

Adjunct Professor, Department of Chemical and Biological Engineering, University of
Saskatchewan, Saskatoon, Canada

Professor, Department of Mechanical Engineering of Biosystems, Shahid Bahonar
University of Kerman, Iran

Professor, Department of Mechanical Engineering, Ferdowsi University of Mashhad, Iran
Professor, Department of Biosystems Engineering, Tarbiat Modares University, Tehran. Iran
Professor, Department of Biosystems Engineering, Shiraz University, Iran

Professor, Department of Mechanical Engineering, Ferdowsi University of Mashhad, Iran

Professor, Department of Faculty of College of Agriculture & Natural Resources, University
of Tehran, Tehran, Iran

Department of Agricultural Engineering University of Kassel, Nordbahnhofstrasse,
Witzenhausen, Germany

Assistant Professor, Department of Biological and Agricultural Engineering, University of
California, Davis, United States of America

Professor, Department of Agricultural and Environmental Engineering, Faculty of
Technology, University of Ibadan, Nigeria

Professor, Department of Biosystems Engineering, Ferdowsi University of Mashhad, Iran
Associate Professor, Agricultural Engineering Research Institute, Mashhad, Iran

Assistant Professor, Department of Farm Mechanics, Faculty of Agriculture, Kasetsart
University, Thailand
Ferdowsi University of Mashhad

College of Agriculture, Ferdowsi University of Mashhad, Iran
91775-1163

+98-05138787430

jame@um.ac.ir

http://jame.um.ac.ir



\

J ) Journal of

V- - =
RETAOWSTURIVEISILY Ag rl c u Itu ra I M aCh I n e ry

OTiviashinad;

ISSN: 2228-6829

Contents




	first-page.pdf (p.1)
	01-2301-1144.pdf (p.2-19)
	02-2302-1145.pdf (p.20-36)
	03-2302-1147.pdf (p.37-48)
	04-2304-1160.pdf (p.49-65)
	05-2304-1163.pdf (p.66-83)
	06-2305-1166.pdf (p.84-101)
	07-2309-1191.pdf (p.102-118)
	last_page.pdf (p.119)

