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AN
Introduction A
Isfahan province is considered to be one of the top ten OViI‘S of apple orchards with an area of
rmining the quality parameters of
agricultural products requiresthe use of various meth hich @lig different according to the nature and
0 main categories for diyviding these methods include analytical (objective)

methods and sensory (ini;&i‘met s. Both qualitative agsessment methods can be used in destructive and

non-destructive ways. A is on fruits th tored for a relatively long time. Physiological
changes during the

such as firmness, moiSiure conte pH, and soluble solids. Using the methods of determining and
extracting i uit during storage and monitoring the changes created, provides a
suitable criteri aring the necessary conditions for storage and storage at the disposal of
users and produce ethods used are X-ray imaging technique and computed tomography, which

are now well-kn fields of agriculture and food quality evaluation. X-rays are electromagnetic
waves with a short h (0.01 to 10 nm) and high energy (from 120 electron volts to 120 kilo electron
volts) that can penetrate Many materials.

Materials and Method

In order to determine the f€lationship between the physicochemical properties and the CT number of Golden
Delicious apples, 280 en Delicious apples were obtained from an orchard located in Semiram city of
Isfahan and stored in a cold store at a temperature of 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 harvested in 4
stages and based on the duration of storage, respectively on days zero (the beginning of storage), 45, 90 and
135 days, and the desired tests were performed on the samples. 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 current 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 percentage. In
order to measure the density of fruits, the weight and volume of each fruit was recorded. A digital pH meter
was used to measure pH fruit. Penetrometer device was used to measure the firmness of apples. At the end, with
the specified values, Pearson correlation coefficients between CT humber 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 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 at the CT
number has a negative linear correlation with pH and total soluble solid and a positive linea on with the
properties of apple firmness, moisture and fruit density. Based on result, res of 0 and 4
°C, the coefficients of determination (R?) obtained from the linear regression er with pH levels

of 0.75 and 0.55, apple firmness 0.32 and 0.57, moisture content 0.
total soluble solid 0.85 and 0.62 were obtained.

Conclusion

These results show that the non-destructive test of X-ray imagigg can be used with a suitable approximation to
determine some quality properties of apple pr“
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Table 1- Average values of apple properties during 135 days of storage

(o2 bhonndsS 303 019
Apple physicochemical‘)perty

So13, sb; e g o Jotomo sl 1o
[ NS . (s gt
. Fe) (oS 22 p0)
(wgmds CL'IS’ ‘::r;‘l; ) pH Flesh Moiiz;;)(o S Soluble solids
Storage firmness (N) Density(gcm?) (%brix)
temperatu re ‘
(°C) A N
0 -115.02 3.85 376 0.76 15.30
4 -166.86 3.86 33.36 - 0.72 15.79
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Table 2- Pearson"s‘rel ion coefficient calculated for apple physicochemical property

* Cagb, S Jske wel 3l
Flesh . . .
fi Moisture Density Soluble solids
irmness
e 0.813** 0.928** 0.904** -0.830**
CT numbe
pH 0.691** -0.745** -0.794** 0.869**
e (s 1 0.853** 0.817** -0.859**
Flesh firmness
c‘_’"’b / 1 0.945** -0.888**
Moisture
S 1 -0.884%*
Density
Jaloeo aols dlge 1
Soluble solids

o)y S g g Jlein ! e )3l dre BB g > dxe BB ety cud i 4 F K F NS
n.s, * and ** respectively non-significant and significant difference at 1% and 5% probably level.
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Table 3- Specifications of linear regression equations in predicting apple characteristics according to CT number
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Apple Equation (v gmmbow 42 ,3) (R?)
isti type Storage -
characteristics temperature Coefficient of
(°C) determination Equation
form
oH s 0 0.7528 y = -0.0067x + 3.0746
Linear 4 0.5527 y =-0.0031x + 3.3679
g L 0 0.3241 y = 0.0301 + 40.746
Flesh firmness Linear 4 0.5748 y = 0.0812x + 46.437
Cash s 0 0.786
Moisture content Linear 4 0.8515
JSs s 0 0.8284
Density Linear 4 0.8488
Jsloxs sals Slge s 0 0.8563
Soluble solids Linear 4 0.6267
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Fig. 2. Changes in pH value in terms of CT number at the stora
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Fig. 3. Changes in pH value in terms of CT number at the storage temperature of 4 degrees Celsius
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Fig. 4. Changes in apple flesh firmness in terms of CT number at the
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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. 7. Changes in applé/moisture in terms of CT number at the storage temperature of 4 degrees Celsius
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