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Table 1 Treatments of study

Row Description Code
1 Microwave pretreatment at (2W/g for 10 min) and fried at 170 °C for 2 min M1
2 Microwave pretreatment at (2W/g for 10 min) and fried at 170 °C for 4 min M2
3 Microwave pretreatment at (2W/g for 10 min) and fried at 150 °C for 2 min M3
4 Microwave pretreatment at (2W/g for 10 min) and fried at 150 °C for 4 min M4
5 Microwave pretreatment at (SW/g for 15 min) and fried at 170 °C for 2 min M5
6 Microwave pretreatment at (SW/g for 15 min) and fried at 170 °C for 4 min M6
7 Microwave pretreatment at (SW/g for 15 min) and fried at 150 °C for 2 min M7
8 Microwave pretreatment at (SW/g for 15 min) and fried at 150 °C for 4 min M8
9 Fried at 170 °C for 2 min Cl
10 Fried at 170 °C for 4 min C2
11 Fried at 150 °C for 2 min C3
12 Fried at 150 °C for 4 min C4
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Table 2 Effects of microwave pretreatment, frying time and temperature on oil uptake (dimensionless)

Oil uptake (%) Description Code
5.12+0.03° Microwave pretreatment at (2W/g for 15 min) and fried at 170 °C for 2 min M1
5.1440.03° Microwave pretreatment at (2W/g for 15 min) and fried at 170 °C for 4 min M2
5.35+0.04° Microwave pretreatment at (2W/g for 15 min) and fried at 150 °C for 2 min M3
5.45+0.03° Microwave pretreatment at (2W/g for 15 min) and fried at 150 °C for 4 min M4
3.78+0.04' Microwave pretreatment at (5W/g for 10 min) and fried at 170 °C for 2 min M5
4.38+0.04" Microwave pretreatment at (5W/g for 10 min) and fried at 170 °C for 4 min M6
4.63+0.038 Microwave pretreatment at (5W/g for 10 min) and fried at 150 °C for 2 min M7
4.76+0.04" Microwave pretreatment at (5W/g for 10 min) and fried at 150 °C for 4 min M8
5.51+0.03° Fried at 170 °C for 2 min Cl
5.58+0.02" Fried at 170 °C for 4 min C2
5.60+0.03 Fried at 150 °C for 2 min c3
6.12+0.02° Fried at 150 °C for 4 min C4

Different letters indicate significant difference between means at P<0.05
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Table 3 Effects of microwave pretreatment, frying time and temperature on acrylamide content

Acrylamide (ppb) Description Code
9.88+0.05" Microwave pretreatment at (2W/g for 15 min) and fried at 170 °C for 2 min M1
7.32+0.04¢ Microwave pretreatment at (2W/g for 15 min) and fried at 170 °C for 4 min M2
11.71+0.04° Microwave pretreatment at (2W/g for 15 min) and fried at 150 °C for 2 min M3
9.93+0.05" Microwave pretreatment at (2W/g for 15 min) and fried at 150 °C for 4 min M4

<4/67+0.00" Microwave pretreatment at (5W/g for 10 min) and fried at 170 °C for 2 min M5
<4/67+0.00" Microwave pretreatment at (5W/g for 10 min) and fried at 170 °C for 4 min M6
<4/67+0.00" Microwave pretreatment at (5W/g for 10 min) and fried at 150 °C for 2 min M7
<4/67+0.00" Microwave pretreatment at (5W/g for 10 min) and fried at 150 °C for 4 min M8
17.74+0.04° Fried at 170 °C for 2 min Cl
18.49+0.03" Fried at 170 °C for 4 min C2
12.03+0.02¢ Fried at 150 °C for 2 min C3
15.39+0.03° Fried at 150 °C for 4 min C4

Different letters indicate significant difference between means at P<0.05

YA


http://dx.doi.org/10.52547/fsct.18.112.213
https://fsct.modares.ac.ir/article-7-47044-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-09-05 ]

[ DOI: 10.52547/fsct.18.112.213 ]

AR )\)ﬁ NA o)p‘\\\‘ o)Lo..JJ

o edes AS o W5 del L ST e sisel O e s
S5 ke S el 1 g sl 05 Al yire 45 (slatal (Lo
mad Al o dol Sk st (b IS 5L
e 3N S s s s a3 6 (6 S5 waldnl
M54 e Lls e Ll Gkl sl de b 5 )5l 0
o 3 bl e o S A 2 5d S A
Lt B ol ST 4 g e s S ST sl & 6, K
e s Jol w3 5L s g A
5o bl S oS5 sk 23S 3 Ll sieed Lesiene 45 35 5 e
O35 el boss a0 5 pgmndas a5 Ve 51 NG (Gles
Ll5 e O s Joole 5 S o O 5 4 g L
53 sl gl S Sub o4 S oS,E s e [RSTs s
5 ol Ol e Js el L ST LS gle sty
Ol 5 Los [2als ol Y sdins (2S5 slpe 2l L i
o ol ST SIS 5 oS Ll B 28l o 035
SMe S L 55,80l Dles S asn ool 0a[V4] a5
yame sl & Gas 5l Cusby 2 WD 5 Jgeame cosb)
LSS s culg s 03 SF o Dby ke lalS
S eslial ol S 4z S35 gmsh mlaw 53 Al LS
Olypea L3l old oliS Lol A3 55 i o 33,500
Aol ST 55 55 GBS 515 ea S aST L S8 e

AL 03 ped 6 S s

S 4o —4
Ol (03 S Slos B L dosad oS 3 s b
DF 50 Sy 03 SE e Ol Gl LU Ll e,
O 0355 e S0l 53 Seul ar s MBI 5l
o St Hles Sy sladisei b acalis 3 dals glad s
3l GRIBIL s g 5l g Jls,pE ke D)
Solspms osba baised sl i S1 Olse (05 SE e Ol
S i el slawsel 53 LR ol 5 Sl als
Ol b g e o S sas S0l Lol jlad i slad el
Sl L Ol 4 sras,Sobe 51 sslizal &S sls OLES iays,

JSET Ol 5 sy ol Ol o gne 5k 4 LIS s

ARR

Lal b ST Ol 03 S Ol 5 Los (I3 L il G
Sttt 5 R0.05) sl 5l gl pae s sba b sel
Lol Slas e clawised 1 e dsls gbadses o
Gl ST slie a8 Sl s MBos pissSile
53 5 OW/Z Ul 53 5055 Gl b ol Jlass S (5l e

A g Seslsl Y vmin ol e
03 S Ol 5 Les Rl Ll o ST LSS A5l e
S ks ks 0Ad Sl 5 pame OAS wlideas
e Al @ ar S Soss Ak 2 e JISTH el
plasl 5l day b slas il S glabes 3 S o
55 0 gl os ASly cplaly s o3 geS b sl
Ao [Vl e Bl eSSl Gl e
5 il ks a3 VA BT 1Ly 2l 551 L aedl ST
Olgen ekl ;3 Olog 9 s o dle il fals ol e s
G158 a4 el SIS 36 5 e STy bl 3 T e
S DS 0Ad G e o Sl SV slis oS
sPbe Sty bl O st &S sl ESly L3 ediS
A a3 sl el el b K s 5l sl
ssba a5 e w8 PlaliSly plnil S lS 5 ) S
JS Ghol s derl a3 L 3kl STy S
St 55 bl b slac bl sl Ll ST
Ll glans VU slackle s Ll ol SIS 51 5 5
O LDl ST LSS 53 oS spdome Lol oLl
Slr 3 65 Rl Gl S pl g G 5l
(o sl (s ST ol s slgniy Aol ST LSS
oAl pmaprel VRl B (Sl s
Sk ST 5 Gk 3l A ST a5 4 536t S
IS W G:;A) Lol Spg,m Kb SLS 5 Laa Al
SV deels) el S ST e b ot
s ST L2358 a3 o3s 4 VTl s 35008 (S
Opmspyerl = 5 (s 5 oz sladal 5 0dd o)
Aol bST A 3 Sl e (Cr3lobead 51 eds ) il
sl e L35 Ol VB S L S0k ]S oS s
Ll s ol Llg e sl SOkl ol el Sl

eSS A8 ad S ST U5 5 ol S 5ol >~


http://dx.doi.org/10.52547/fsct.18.112.213
https://fsct.modares.ac.ir/article-7-47044-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-09-05 ]

[ DOI: 10.52547/fsct.18.112.213 ]

o O3SE e kil s 5005, 0k Sles iy G

OLan 5 (53l ool 4»[:.11 4 g2xe

and toxicity of acrylamide. Journal of
Agricultural and Food Chemistry. 56: 6113—
6140.

[10] Bligh, E. G., and Dyer, W. A. 1959. A rapid
method of total lipid extraction and
purification. Canadian Journal of Biochemistry
and Physiology. 37: 911-917.

[11] Ogolla, J. A., Abong, G. O., Okoth, M. W,
Kabira, J. N., Imungi, J. K. and Karanja, P.N.
2015. Levels of acrylamide in commercial
potato crisps sold in Nairobi County, Kenya.
Journal of Food Nutrition Research. 3(8): 495-
501.

[12] Dehghannya, J., Naghavi, E. A., and
Ghanbarzadeh, B. 2016. Frying of potato strips
pretreated by ultrasound-assisted air—drying.
Journal of Food Processing and Preservation.
40(4): 583-592.

[13] Ziaiifar, A. M., Courtois, F., and Trystram,
G. 2010. Porosity development and its effect
on oil uptake during frying process. Journal of
Food process Engineering. 33:191-212.

[14] Adedeji, A.A., Ngadi, M.O., and Raghavan,
G.S.V. 2009. Kinetics of mass transfer in
microwave precooked and deep fat fried
chicken nuggets. Journal of Food Engineering,
91: 146-153.

[15] Ngadi, M., Wang, Y., Adedeji, A., and
Raghavan, V. 2009. Effect of microwave
pretreatment on mass transfer during deep
frying of chicken nuggets. LWT-Food Science
and Technology. 42: 438-440.

[16] Moyano, P., and Pedreschi, F. 2006.
Kinetics of oil uptake during frying of potato
slices: Effect of pre-treatments. LWT-Food
science and Technology. 39: 285-291.

[17] Khezerlou, A., Alizadeh-Sani, M.,
Zolfaghari Firouzsalari, N., and Ehsani, A.
2018. Formation, properties, and reduction
methods of acrylamide in foods: A Review
Study. Journal of Nutrition Fasting and Health.
6:52-59.

[18] Sohn, M., and Ho, C.T. 1995. Ammonia
generation during thermal degradation of
amino acids. Journal of Agricultural and Food
Chemistry. 43: 3001-3.

[19] Zeng, X., Cheng, K. W., Du, Y., Kong, R.,
Lo, C.,and Chu, I. K.,Chen, F., and Wang,
M.2010. Activities of hydrocolloids as
inhibitors of acrylamide formation in model
systems and fried potato strips. Food
Chemistry. 121(2):424-8.

YY.©

ol 3 oalizal WU s 28 g pn sladisad 3 1y sl o S
Spe T O el gy Ol 4 Wl SIS
S5 ealizal 35 m 0w SN e oS 5 AS sl S

.)J:§

GLA -0

[1] Sharma, K., Karki, S., Thakur, N.S., and
Attri, S. 2012. Chemical composition,
functional properties and processing of
carrot—a review. Journal of Food Science and
Technology. 49: 22-32.

[2] Movahhed, S., and Ahmadi Chenarbon, H.
2019. Moisture content and oil uptake
variations and modeling in deep-fried
hamburger slices. Journal of Chemical Product
and Process Modeling. 14(3): 261-272.

[3] Krokida, M. K., Oreopoulou, V., Maroulis,
Z. B., and Marinos-Kouris, D. 2001. Effect of
pre-drying on quality of french fries. Journal of
Food Engineering. 49(4): 347-354.

[4] Movahhed, S.,and Ahmadi Chenarbon, H.
2018. Moisture content and oil uptake in
potatoes (Cultivar Satina) during deep-fat
frying. Potato Research. 61: 261-272.

[5] Dehghannya, J., Hosseinlar S. H., and
Heshmati M. K. 2018. Multi-stage continuous
and intermittent microwave drying of quince
fruit coupled with osmotic dehydration and
low temperature hot air drying. Innovative
Food Science and Emerging Technologies. 45:
132-151.

[6] Romani, S., Bacchiocca, M., Rocculi, P.,and
Rosa, M. D. 2009. Influence of frying
conditions on acrylamide content and other
quality characteristics of french fries. Journal
of Food Composition and Analysis. 22: 582-
588.

[7] Azarpazhooh, E.,and Ramaswamy, H. 2011.
Optimization of microwave-osmotic
pretreatment of apples with subsequent air-
drying for preparing high-quality dried
product. International Journal of Microwave
Science and Technology. 3: 1-12.

[8] Yaylayan,V. A., Wnorowski, A., and Locas,
C. P. 2003. Why asparagine needs
carbohydrates to generate acrylamide. Journal
of Agricultural and Food Chemistry.
51(6):1753-7.

[9] Friedman, M., and Carol, E. 2008. Review of
methods for the reduction of dietary content


http://dx.doi.org/10.52547/fsct.18.112.213
https://fsct.modares.ac.ir/article-7-47044-en.html

JEST No. 112, Vol. 18, May 2021 ABSTRACT

Iranian Journal of Food Science and Technology L J

Homepage:www.fsct.modares.ir

Scientific Research

Effect of microwave pre-treatment and frying conditions on
acrylamide formation and oil uptake in fried carrot pieces

Ayatollahzadeh Shirazi, M. 1, Movahhed, S. 2*, Shahab Lavasani, A. 3,
Ahmadi Chenarbon, H. 4, Rajaei, P. 3

1. Ph.D student, Department of Food Science and Technology, College of Agriculture, Varamin - Pishva Branch,
Islamic Azad University, Varamin, Iran.

2. Associated Professor, Department of Food Science and Technology, College of Agriculture, Varamin - Pishva

Branch, Islamic Azad University, Varamin, Iran.
3. Assistant Professor, Department of Food Science and Technology, College of Agriculture, Varamin - Pishva

Branch, Islamic Azad University, Varamin, Iran.

4. Assistant Professor, Department of Agronomy, College of Agriculture, Varamin - Pishva Branch, Islamic Azad

University, Varamin, Iran.

ARTICIE INFO ABSTRACT
Article History: Deep frying is one of the most common operations used in food processing.
But it is necessary to use methods to reduce the oil uptake and prevent the
Received 23 October 2020 formation of toxic substances such as acrylamide, while maintaining the
Accepted 12 December 2020 desired features. Accordingly, in the present study, the effect of microwave
pre-treatment with the power of 2 and 5W / g and in 15 and 10 minutes
Keywords: respectively, on the amount of oil uptake and the amount of acrylamide
formation in fried carrot pieces was investigated at two temperatures of 150°C
Microwave and 170°C and in 2 and 4 minutes duration. According to the results, at all
Acrylamide’, temperatures, with increasing of the frying time, the amount of oil and the
Carrot acrylamide formation increased in all samples, but at the same frying times,
Deep frying, control samples had higher oil uptake and acrylamide formation compared to
Oil uptake. the pre-treated samples. According to the investigations, the highest oil uptake

and the highest amount of acrylamide formation were respectively measured
in the samples fried at 150°C in 4 min (6.12%), and the fried samples at 170°C
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10.52547/fsct.18.03.18 and in 4 min (18.49 ppb). However, the lowest amount of oil uptake and
acrylamide formation in microwave pre-treated samples (with SW/g power in
*Corresponding Author E-Mail: 10 minutes) and samples fried at 170°C in 2 minutes were respectively
movahhed@iauvaramin.ac.ir (3.78%) and (<4.67 ppb).
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