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Introduction

Isfahan province is considered to be one of the top ten producing provinces of apple orchards with an area of
17,274 hectares and a production of 120,000 tons of apple. Determining the quality parameters of agricultural products
requires the use of various methods, which are different according to the nature and characteristics of each product.
The two main categories for dividing these methods include analytical (objective) methods and sensory (intrinsic)
methods. Both qualitative assessment methods can be used in destructive and non-destructive ways. Apple is one of
the fruits that can be stored for a relatively long time. Physiological changes during the storage period are inevitable
and cause change to some quality characteristics of the fruit, such as firmness, moisture content, density, pH, and
soluble solids. Using the methods of determining and extracting the quality characteristics of fruit during storage and
monitoring the changes created, provides a suitable criterion for selecting and preparing the necessary conditions for
storage and storage at the disposal of users and producers. X-ray imaging technique is among the methods used and
computed tomography, which is now well-known in evaluation of various agricultural commodities and food quality.
X-rays are electromagnetic waves with a short wavelength (0.01 to 10 nm) and high energy (from 120 electron volts
to 120 kilo electron volts) that can penetrate many materials.

Materials and Methods

In order to determine the relationship between the physicochemical properties and the CT number of Golden
Delicious apples, 280 Golden Delicious apples were collected from an orchard located in Semirom city of Isfahan
province and stored in a cold room at 0 and 4 °C and a humidity of 85+5%. These apples were harvested and collected
from several trees after the fruit ripened completely. The weight and volume of apples were randomly selected based
on the apples on the trees. The samples of stored apples were examined in 4 stages and based on the duration of storage
on zero (the beginning of storage), 45, 90 and 135 days.. These tests included non-destructive tests of CT scan imaging
and destructive tests to extract the physicochemical properties of apples, including CT number, pH, firmness,
moisture, density, and soluble solids. In order to prepare CT scan images of apple samples (non-destructive X-ray
test), a GE Healthcare multi-slice CT scan machine model 5122080-12 with 80 kV and 10 mA was used in the CT
scan center of Al-Zahra Hospital in Isfahan. Moisture content was determined by weighing the samples and recording
their moisture changes before and after drying in the oven at 105 °C s for 24 hours. Total soluble solids were measured
by refractometer device and reported as Brix degree. In order to measure the density of fruits, the weight and volume

©2024 The author(s). This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).

https://doi.org/10.22067/ifstrj.2024.87241.1318



mailto:beheshti-b@srbiau.ac.ir
https://doi.org/10.22067/%20ifstrj.2024.87241.1318
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/ifstrj.2024.87241.1318
https://orcid.org/0009-0005-6853-9488
https://orcid.org/0000-0001-6259-2302
https://orcid.org/0000-0001-7892-3487
hhttps://orcid.org/0000-0002-6467-7120
https://ifstrj.um.ac.ir/

VFor T o0 oF oylodd Fo aler oyl ! (108 pobeo g pole Slinpsy & pii  FAP

of each fruit was recorded. A digital pH meter was used to measure the pH of fruit. Penetrometer device was used to
measure the firmness of apples. At the end, with the specified values, Pearson correlation coefficients between CT
number and other physicochemical properties were determined. Also, by plotting the mentioned values, the most
suitable regression equations with the highest coefficients of determination were obtained.

Results and Discussion

Based on the results, the average value of CT number, pH, firmness, moisture, density and total soluble solid of
apple at two temperatures of zero and 4 °C were -115.02 and -166.86, 3.85 and 3.86, 76 37.36 and 33.36 N, 0.82 and
0.80%, 0.76 and 0.72 g/cm® and 15.30 and 15.79% Brix, respectively. The results showed that the CT number has a
negative linear correlation with pH and total soluble solid and a positive linear correlation with the properties of apple
firmness, moisture and fruit density. Based on the results, at two storage temperatures of 0 and 4 °C, the coefficients
of determination (R?) obtained from the linear regression model of CT number with pH levels of 0.75 and 0.55, apple
firmness 0.32 and 0.57, moisture content 0.78 and 0.85, fruit density 0.82 and 0.84 and total soluble solid 0.85 and
0.62 were obtained.

Conclusion
These results shown that the non-destructive test of X-ray imaging can be used with a suitable approximation to
determine some quality properties of apple products.
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Table 1- Average values of apple properties during 135 days of storage
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temperature  CT number P firmness (N) Y (Yobrix)

(°C)
0 -115.02 3.85 37.76 82 0.76 15.30
4 -166.86 3.86 33.36 80.60 0.72 15.79
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Table 2- Pearson's correlation coefficient calculated for apple physicochemical property

Fwdse  PH G G Cugby I sl sla olse

CT number Flesh firmness Moisture  Density  Soluble solids
S e 1 -0.688** 0.813** 0.928**  0.904** -0.830**
CT number
pH 1 0.691** -0.745%*  -0.794** 0.869**
e 1 0.853**  0817**  -0.850**
Flesh firmness
sk 1 0.945%%  -0.888%*
Moisture
52 1 -0.884%*
Density
Jsloe dol> dlge 1
Soluble solids

o yd K gy Jlain] e j5 ld xe BMIB g 45 xe BMB] ady o5 iy *F 9 * NS
n.s, * and ** respectively non-significant and significant difference at 1% and 5% probably level.
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g,y ks 0 0.786 y =0.0004x + 0.8615
Moisture content Linear 4 0.8515 y = 0.0004x + 0.8641
S bt 0 0.8284 y =0.0017x + 0.9668
Density Linear 4 0.8488 y =0.0012x + 0.9219
Jolora sals sl s 0 0.8563 y = -0.0144x + 13.697
Soluble solids Linear 4 0.6267 y =-0.014x + 13.457
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Fig. 2. Changes in pH value in terms of CT number at the storage temperature of 0 degrees Celsius
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Fig. 3. Changes in pH value in terms of CT number at the storage temperature of 4 degrees Celsius

oyl (60l (o (b s 10 Caghoy g (g 238 Sy
SN (Sisod copd b g dopd S aw j0 )b Gxe e
ikeo ol 1 5 ¥ S5 o5 S5 gl o ¥ Jpin) ob ol

¥ g e S gl clp /AD g /YA g (R?)
el Gty BB i 3] S5 oo Sl s

Barcelon et al., ) cuol od 5,55 asl sgee 3 aolie gl
S (S puld ien (1999, Kotwaliwale et al., 2012
(R%= +/5Y) o 090 3 1y (G dae ke b Cugby ( Siuen
dde Sl p Sy oloj 51 .(Jingping et al., 2003) sl L
05 €y b o8 35 L5 510 ogun (SlumisSe 38 ol 9 o
Mo Gew 230 b alie (20l X9, Cugb) lyioee 0gpe (Sdum)
P e Cagby (6550500 s (Barcelon et al., 1999) »,8
sloy93 )3 g (pogmadio 4230 V7V (glalod )3 (51055 Ll
Cughy gl 4250 ¥ (glod )3 a5 oy (L5 5o, V¥ 9 V ko
Ol oy do ) A/BF 5 AOIYY AF[F olie & il Sl
SRS 0)93 )3 5 egmedes 420 V)l glod 3 b,
Cawddy Juo)d AV/FY 5 AY/DY AD/+F 5 pdy joy VY 9 V cyoo
o (6,055 090 )3 Casby )lixe wgmader 433 YO (slod p3 el
M (655050l Mo pd Y g YEIAS MDY i 5oy VF g Y
(Khan et al., 2017)

(o Copols g s 0910 (S g 338 Gl ¥ 9> @l 3o
2oy S5 Jleas! pdaws 13 45 xe (Cute (Jod) puditune LU o
Canddy AV Jlade  Siuwed oy cls cpl 3 ey o ol
i pdlie i B S5 ¢ ¥ S 3 z ke gl b el
@ gk 433 ¥ 5 150 clod ¢35 50 (g 1)Ll AT )8 )3 L ogae
oy ) el i Sl </OV § < /YY (R?) s colpd bl
Ot cupd (9 b 4 429 b pegeae a2 ¥ 5l
3929k 9diee bl (il €8 b e polie min
Col g jbe 5 (S ow dae Sl po 40 dxe putiue dlayl,
€8 g Wi Sy M s culpd o))l anl3 55 o
2 ys0 e & gy Wl oS (S dlael (g 5l (e moie
s g dasly SO b Wlodgs (63b; (SuiSTy (glyls aosly «dls oyl
o.\wuu.uw)wwlfu&bds‘wlaby)l)ﬁ);ﬁmsbu)‘w
5l eslawl b (Jamshidi et al., 2017) o) Ken 5 (sdnion .ol
bil 2 g o9 Uhey S Olgisd (Seelad sl gl
sty plogilb YA 9 FA- g0 Jobo 93 53 o sladiges jI (Salisd
MATLAB JJjbls 5 Lo 55 o )o,lil 0yg0 b )3 5 wlSlas
095 b o 090 (e (i 53 gy ol (2Ll D B3
09y 3 LS @S (c8)5 )8 bl 3y9e (bt g )S) s e
S e (e S Shy @ b Sngie 4 pB S
PN (Siod (o pd Cadlyh 00 pali (Suuwly Jdo oy yip
VA: zge Jsbo )3 IAY (Siuran o yd g yioglh FA oo Jobo
Jamshidi et al., ) &8 cwin 1) cuw (Sow (She cpogl
(2017



FAY sl anidl (5500 5y guai 31 o0l b (6510l Lyl 30 3t (yolS (o8 3 oo (S Ol s oy 39 3] )0 g Slxbo

L
¢ r 35

R?=0.3241

y =0.0301x + 40.746

r 50
- 45

- 30
- 25
- 20
- 15
- 10
-5

Flesh firmness (N)
w

-180 -160 -140 -120 -100

CT Number
oW s

T T T 0

v g 4333 Jhuo (5,10,L1 (5lod 4D (T o DIE s 1 o (S lalle O pudi —€ IS
Fig. 4. Changes in apple flesh firmness in terms of CT number at the storage temperature of 0 degrees Celsius
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Fig. 5. Changes in apple flesh firmness in terms of CT number at the storage temperature of 4 degrees Celsius
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Fig. 6. Changes in apple moisture in terms of CT number at the storage temperature of 0 degrees Celsius
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Fig. 7. Changes in apple moisture in terms of CT number at the storage temperature of 4 degrees Celsius
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Fig. 8. Changes in apple density in terms of CT number at the storage temperature of 0 degrees Celsius
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Fig. 9. Changes in apple density in terms of CT number at the storage temperature of 4 degrees Celsius
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Fig. 10. Changes in soluble solids in terms of CT number at the storage temperature of 0 degrees Celsius
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Table 4- Coefficient determination of the relationship between CT number and quality characteristics of some food items
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Reference Coefficient Qualitative characteristic Type of food
determination
Haseth et al., 2007 0.97 Ko e b5
Salt Meat
ool lej 53 o sl Jbims S ~ ) o plom S
Mousavi et al., 2007 0.87 Ice crystals during freezing o
Meat-fish-potato-carrot
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. J
Salmanzléalc;e etal, 0.9< ) o Jgle ) Pomegranate
Titratable acidity, anthocyanins, pH and soluble
solids
Chigwaya et al., 2021 0.76-0.99 B a8 slosed o
Internal browning Apple
Jingping et al., 2003 0.64 sk e
Moisture Apple
L 0.55-0.75 pH o
Present research Apple
P2 GBS 0.32-0.57 K e
Present research Firmness Apple
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Present research Moisture Apple
S 0.82-0.84 S5 e
Present research Density Apple
P2 Gis 0.62-0.85 Jofome aly s o
Present research Soluble solids Apple
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Fig. 11. Changes in soluble solids in terms of CT number at the storage temperature of 4 degrees Celsius
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