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Introduction

One of the synthetic and harmful preservatives used in sausage formulation is sodium nitrite. This compound
helps to increase the shelf life and marketability of meat products by preventing the growth of anaerobic bacteria,
especially clostridium, exerting an antioxidant effect, stabilizing the red color of meat and improving the taste.
Despite these benefits, sodium nitrite is very dangerous for health and it can cause malignant diseases. For this
reason, it is necessary to replace this substance using a natural preservative. Pigments extracted from aquatics such
as astaxanthin due to having antioxidant activity, antimicrobial properties and pink color may be a good substitute
for sodium nitrite. However, these pigments must be nanoencapsulated at first due to their sensitivity to food
processing conditions, including high temperatures. The aim of the current research at the first was to extract
astaxanthin from Haematococcus pluvialis microalgae using the acid-acetone method and pigment
nanoencapsulation using maltodextrin-sodium caseinate combined coating. Then, sodium nitrite in the sausage
formulation was replaced by the carrier nanocapsules with different proportions and oxidative and microbial
spoilage tests, color and sensory evaluations were performed for different treatments.

Materials and Methods

At first, astaxanthin pigment was extracted from Haematococcus pluvialis using the acid-acetone technique.
Then, the extracted pigment was nanoencapsulated using maltodextrin-sodium caseinate combined coating and
the resulting (carrier) nanocapsules in the form of treatments A (120 mg/kg sodium nitrite), B (120 mg/kg
nanocapsules carrying astaxanthin), C (90 mg/kg sodium nitrite+30 mg/kg nanocapsules carrying astaxanthin), D
(60 mg/kg sodium nitrite+60 mg/kg nanocapsules carrying astaxanthin) and E (30 mg/kg sodium nitrite+90 mg/kg
nanocapsules carrying astaxanthin) were replaced sodium nitrite in the sausage formulation. These treatments were
evaluated in terms of oxidative and microbial spoilage, color indices and sensory properties during 28 days of
storage at refrigerator along with the control (without sodium nitrite and carrier nanocapsules). This research was
conducted in a completely randomized design. Data were analyzed by one-way analysis of variance and the
difference between the means was evaluated by Duncan's test at 95% confidence level.

©2023 The author(s). This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0).

https://doi.org/10.22067/ifstrj.2023.78749.1202



mailto:s.yeganeh@sanru.ac.ir
https://doi.org/10.22067/ifstrj.2023.78749.1202
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/ifstrj.2023.78749.1202
https://orcid.org/0000-0002-0038-5583
https://orcid.org/0000-0001-7480-7315
https://orcid.org/0000-0003-2202-6140
https://ifstrj.um.ac.ir/

VFo¥ LT 0 F o losis Fo o> oyl i luo g pole slpbdgsy 4 s Yoy

Results and Discussion

According to the results, the lowest levels of thiobarbituric acid and peroxide value during the storage period
were related to treatments B, E and D (p>0.05). Treatments A and C had no significant difference in terms of
thiobarbituric acid and peroxide value until day 14 (p>0.05), but with increasing storage time, this difference
became significant and treatment A showed higher values (p<0.05). The results of this section showed that the
power of astaxanthin in controlling oxidative spoilage is significantly greater than sodium nitrite, and if the purpose
is only to control this type of spoilage, there is no need to replace or use sodium nitrite. The results also showed
that in terms of controlling microbial spoilage, sodium nitrite has more power than nanocapsules carrying
astaxanthin. So that, the lowest amount of total volatile basic nitrogen (TVB-N) and the most standardized pH
were related to treatments A, C and D (p>0.05) during the storage period (p<0.05). Treatments B and E (p>0.05)
were ranked next (p<0.05) in terms of the two mentioned indicators. The results of this section showed that if
sodium nitrite reduced from 120 mg/kg to 60 mg/kg and replaced by nanocapsules carrying astaxanthin in the
sausage formulation, the resulting product has the same antimicrobial power as the product containing 120 mg/kg
sodium nitrite. Evaluation of the color and sensory properties of treatments showed that A, C and D treatments are
at a higher level than B, E (treatments) and control in terms of color indices and general acceptance (p<0.05). The
comparison of the color indices and sensory properties of the treatments on days 0 and 28 of storage at refrigerator
showed that the color and sensory indices remained constant in the formulated treatments, unlike the control.

Conclusion
Nanocapsules carrying astaxanthin with maltodextrin-sodium caseinate combined coating as a natural product
with many properties in health, control and prevention of various diseases, have a high efficiency to replace the
sodium nitrite in sausage formulation. So that, if 30 to 60 mg/kg of the permissible limit of 120 mg/kg of sodium
nitrite in the sausage formulation is replaced by nanocapsules carrying astaxanthin, the resulting product will be
similar to the product containing 120 mg/kg of sodium nitrite in terms of shelf life, resistance to oxidative and
microbial spoilage, color indices and sensory properties.

Keywords: Haematococcus microalgae, Nanocapsules carrying astaxanthin, Oxidative spoilage, Sausage,
Sodium nitrite
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Table 1- Research treatments

Treatments  Sodium nitrite (mg/kg)

Nanocapsules carrying astaxanthin (mg/kg)
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Table 2- Physical properties of nanocapsules carrying astaxanthin

Physical properties Level
e ool (i
Average particle size (nm) N
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Particle dispersity index
I TR 0.423+1.28
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Zeta potential (mv) +46.7142.88
b5 il e
Encapsulation efficiency (%)

85.19+4.09
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Table 3- Chemical composition of research treatments

Treatments Protein
L )low OP9R

Moisture Ash
Al S &

Control 18.21+0.75%8 14.95+0.28% 61.12+1.19% 5.12+0.142

mooOw>

18.01+1.66 14.89+0.63* 60.98+1.492 5.18+0.15%
18.25+£0.98%  14.93+0.81* 61.08+0.522 5.15+0.272
18.09+0.842  15.03+0.24* 61.01+0.74* 5.16+0.312
18.1+0.0.57%  14.9+1.39% 60.92+1.15% 5.14+0.29?
18.24+0.63* 15.02+0.21* 61.04+0.11* 5.19+0.46%
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The same letters in each column indicate that there is no difference between the data (p>0.05).
Control: without sodium nitrite and nanocapsules carrier astaxanthin, A: 120 mg/kg sodium nitrite, B: 120 mg/kg nanocapsules

carrier astaxanthin, C: 90 mg/kg sodium nitrite + 30 mg/kg nanocapsules carrier astaxanthin, D: 60 mg/kg sodium nitrite + 60 mg/kg
nanocapsules carrier astaxanthin, E: 30 mg/kg sodium nitrite + 90 mg/kg nanocapsules carrier astaxanthin
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Fig. 1. TBARS value of research treatments during the storage period (mg MDA/Kg)
Different letters in each day indicate significant difference between the data (p<0.05).
Control: without sodium nitrite and nanocapsules carrier astaxanthin, A: 120 mg/kg sodium nitrite, B: 120 mg/kg nanocapsules

carrier astaxanthin, C: 90 mg/kg sodium nitrite + 30 mg/kg nanocapsules carrier astaxanthin, D: 60 mg/kg sodium nitrite + 60 mg/kg
nanocapsules carrier astaxanthin, E: 30 mg/kg sodium nitrite + 90 mg/kg nanocapsules carrier astaxanthin
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Fig. 2. Peroxide value of research treatments during the storage period (mg O: /Kg)
Different letters in each day indicate significant difference between the data (p<0.05).
Control: without sodium nitrite and nanocapsules carrier astaxanthin, A: 120 mg/kg sodium nitrite, B: 120 mg/kg nanocapsules

carrier astaxanthin, C: 90 mg/kg sodium nitrite + 30 mg/kg nanocapsules carrier astaxanthin, D: 60 mg/kg sodium nitrite + 60 mg/kg
nanocapsules carrier astaxanthin, E: 30 mg/kg sodium nitrite + 90 mg/kg nanocapsules carrier astaxanthin
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Fig. 3. TVB-N value of research treatments during the storage period (mg/100g)
Different letters in each day indicate significant difference between the data (p<0.05).
Control: without sodium nitrite and nanocapsules carrier astaxanthin, A: 120 mg/kg sodium nitrite, B: 120 mg/kg nanocapsules

carrier astaxanthin, C: 90 mg/kg sodium nitrite + 30 mg/kg nanocapsules carrier astaxanthin, D: 60 mg/kg sodium nitrite + 60 mg/kg
nanocapsules carrier astaxanthin, E: 30 mg/kg sodium nitrite + 90 mg/kg nanocapsules carrier astaxanthin
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Fig. 4. pH of research treatments during the storage period
Different letters in each day indicate significant difference between the data (p<0.05).
Control: without sodium nitrite and nanocapsules carrier astaxanthin, A: 120 mg/kg sodium nitrite, B: 120 mg/kg nanocapsules

carrier astaxanthin, C: 90 mg/kg sodium nitrite + 30 mg/kg nanocapsules carrier astaxanthin, D: 60 mg/kg sodium nitrite + 60 mg/kg
nanocapsules carrier astaxanthin, E: 30 mg/kg sodium nitrite + 90 mg/kg nanocapsules carrier astaxanthin
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Table 4- Color indices evaluation of research treatments

Treatments Time (day) a* b*

;Lo ol LS 3.5 825
Control 0 65.28+0.05% 6.84+0.01¢ 25.63+0.21?
28 41.73+0.649  4.21+0.08¢  15.34+0.09°
A 0 59.15+0.61° 14.38+0.19% 18.42+0.33"
28 58.97+0.76° 14.11+0.69% 18.21+0.84°
B 0 54,12+0.47¢ 11.14+0.44> 12.14+0.48¢
28 53.93+0.85¢ 11.12+0.71° 12.29+0.26¢
C 0 58.98+1.03 14.33+0.64% 18.45+0.62°
28 58.95+0.77° 14.12+0452 18.11+0.84°
D 0 59.12+1.06° 14.26+0.512 18.15+0.39°
28 58.99+0.38° 14.21+0.85% 18.29+1.01°
E 0 54.19+0.23¢ 11.11+0.75° 12.1+0.41¢
28 54.1+0.87¢ 11.15+0.42" 11.96+0.53¢
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Different letters in each column indicate significant difference between the data (p<0.05).
Control: without sodium nitrite and nanocapsules carrier astaxanthin, A: 120 mg/kg sodium nitrite, B: 120 mg/kg nanocapsules

carrier astaxanthin, C: 90 mg/kg sodium nitrite + 30 mg/kg nanocapsules carrier astaxanthin, D: 60 mg/kg sodium nitrite + 60 mg/kg
nanocapsules carrier astaxanthin, E: 30 mg/kg sodium nitrite + 90 mg/kg nanocapsules carrier astaxanthin
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Table 5- Sensory evaluation of research treatments

Treatments Time (day) Color Smell Taste Texture General acceptance
2y Lon ol ) 9 b cdl o ey
Control 0 3.61+0.45¢ 7.05+0.19° 6.29+0.23" 5.25+0.042 5.44+0.39°¢

28 2.26+0.324 - - 3.82+0.57°¢ -
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B 0 7.15+0.1>  7.08+0.1° 6.33+0.18" 7.21+0.57P 7.06+0.25°
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D 0 8.14+0.092  7.85+0.28% 8.25+0.11% 7.29+0.86° 7.92+0.152
28 8.11+0.128  7.89+0.192 8.21+0.172  7.3+0.62° 7.95+0.172
E 0 7.18+0.11° 7.02+0.36° 6.31+0.32° 7.28+0.84P 7.09+0.08°
28 7.14+0.18° 7.05+0.15° 6.28+0.26° 7.24+0.49° 7.04+0.1°
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Different letters in each column indicate significant difference between the data (p<0.05).
Control: without sodium nitrite and nanocapsules carrier astaxanthin, A: 120 mg/kg sodium nitrite, B: 120 mg/kg nanocapsules

carrier astaxanthin, C: 90 mg/kg sodium nitrite + 30 mg/kg nanocapsules carrier astaxanthin, D: 60 mg/kg sodium nitrite + 60 mg/kg

nanocapsules carrier astaxanthin, E: 30 mg/kg sodium nitrite + 90 mg/kg nanocapsules carrier astaxanthin
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Introduction
Mayonnaise is a products which is widely popular in most countries. Apart from the desirable taste of this
product as a seasoning, plays an effective role in providing nutrients and energy for humans. Dietary mayonnaise,
is semi-solid or liquid product prepared from emulsification fat substitutes and vegetable oils with vinegar and
other additives with less energy and fat. Fat has more calories (9 kcal/g) compared to protein and carbohydrates
(4 kcal/g). Mayonnaise is an oil-in-water emulsion and due to having high amounts of fat it causes cardiovascular
diseases. Gums are part of construction formula in low fat products to create texture. Due to the great desire to

consume low-fat products and also the wide use of this sauce, production of low-fat mayonnaise is important. The

purpose of this research was to develop reduced fat mayonnaise using stabilized nano emulsion with casein
complex Pickering and Gadomeh Shirazi gum.

Materials and Methods
Mayonnaise with reduced oilcontains 30, 40 and 50 percent Pickering emulsion replacement oil respectively

at the level of 42, 32 and 22 percent produced and compared with the control sample. Centrifugal and time stability
tests, textural features, color characteristics, morphology, organoleptic properties were evaluated.

Results and Discussion

The results showed as the replacement percentage increases nano emulsion containing Pickering particles and
reducing the percentage of fat in mayonnaise emulsion stability she found her mayonnaise sauce although at a
replacement level of 30% nano emulsion, this decrease in stability was not significant (P<0.05). In the time stability
test low-fat mayonnaise with an increase in the percentage of nano emulsion replacement, After 90 day’s
significant difference between the control sample and mayonnaise no significant difference was observed with oil
reduced by 30 and 40%. In the colorimetry test it showed that among the factors L*. a*. b statistically with the
sample there was a significant difference (P<0/05). Brightness In the witness sample, it was 48/85 in connection

with RFM50% the least complex of particles Gadomeh Shirazi gum and casein protein and in relation to RFM30%
the most complex of particles Gadomeh Shirazi gum and casein were used. Due to the presence of nanoemulsion
contains complex particles Gadomeh Shirazi gum particles and protein. The brightness has decreased in general,
from the RFM50% sample up to RFM 30% samples simultaneous with increasing amount of nanoemulsion and
reduce the amount of fat the brightness is reduced.

©2023 The author(s). This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0).
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Conclusion

By replacing the nano emulsion and reducing the amount of fat in the structure of the sauce the amount of
tissue stiffness decreased and pheneritis increased. The sensory test of the samples showed, the witness sample
has the most general acceptance but there is a significant difference between the samples there was no reduced-fat
mayonnaise with the control. Investigating the characteristics of mayonnaise with reduced fat using nanoemulsion
stabilized with complex Pickerings casein and Shirazi Gadomeh gum the results showed that with the increase,
reduce the amount of oil up to 30%, Sensory and texture characteristics in a meaningful way decreased. But oil
reduction up to 50% in the presence of Pickering nanoemulsion preserve textural features and promoted in some
cases. All emulsions produced of favorable stability during storage and centrifugation had. Best stability in control
and sample RFM-30% was observed. Based on the results, use of nanoemulsion maintains quality characteristics
mayonnaise with oil especially reduced in the sample RFM 30%, it was. Also note to the point that Pickering
emulsion structure in the digestive system high stability against digestion, is hope Pickering nanoemulsion
structure in the production of food products various low-fat items be investigated further.

Keywords: Casein, Gaduma Shirazi, Mayonnaise sauce, Nano emulsion, Pickering
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Table 1- Centrifugal stability and sometimes mayonnaise

Sample 1 day 14 days 30 days 60 days 90 days C&ggﬁ:ﬁ?&%n
Waod %) 595 ) %) 50,1 € %) 59, Y+ %) 59,1+ %) 50, A+

bl (%0) 39, (%0) 39, (%0) 39, (%0) 39, (%0) 39, S il g Il
Control 100002000 100.0020.00°* _ 100.00£0.00°* _ 95.05¢1.06®  92.20+0.98% 83.6520.77°
F;S';j(')' 100.00+0.00*  100.00#0.00°*  100.00#0.00°A  93.60+0.98  90.75+1.06:C 83.55:+0.63°
FZ%'(;'J' 100.00£0.00%  100.00#0.00*  96.5040.98"  91.56+1.90C  90.70+1.00%° 82.95+0.21°
ngzg- 100.00+0.00"  100.00#0.00*  9505+1.06"  90.75+1.06C  88.50+0.70%° 81.95+0.21

(Pl (3Sily yg05l) b so (65055 loj (b g ndiges ym I me Cglis odimd yUis s o 5y g S gS gy ¥
* Centrifugal stability And sometimes mayonnaise Uppercase and lowercase letters In order of indication Significant difference
between samples and During the storage period (Duncan's test, P>0.05).
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Table 2- Histology mayonnaise sauce

Consistency

Apparent modulus of

Sample Hardn?ss (9) Springines§ (mm) (0.9) Adhesi)/eness (9.5) elasticity (g/s)
diged Hw oyl olg3 o e Camrinsr¥1 5 2B Jok
Cfii‘go' 66.614 4.41 @ 18.60 +1.08% 111222585’—' ~678.59 + 85.53° 3.92+0.43°
%222' 66.82 + 9.40° 11.61 + 158 612.17+ 2.01° -454.20 +41.05 5.67 £1.08°
by 3268252 13724123  393.7746954c  -260.08+35.77a 4.24 +0.34ab
RSZ'QZ' 19.90 +0.16b 14.23+163 254.73+3483c  -179.10 + 13.23a 3.270.00b

(Psel+0 (Sl g05) il g0 rdiges w15 ixe Coglis oximd Lis calisce Lig > *
*Different letters the indicator Significant difference It is between samples (Duncan's test, P>0.05).
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335 (oo paSuiie Ml oo s SU) Ceow & gz (inl)S Silo
ol @ & RFM 40% 4505 9-0.83 ] @ a8 RFM 50 % 45903
ol ol 3500 G S5y o w1y boled oyt Al e -0.97
OS99 Silpddegdd fao Clpd uSloS” Jal381 b an o LS
ST b GRlB 508 Cow 4 adiged blo aald 4 (558
2 b*F olis (= /AY-VVA) Cl yao 4 S5 ool den
L ol 335 55, o &1 Bl S o 351 ot Inignd (sl
el B laie gmadgalyl 033 21 g oy e tals

(P<0.05) ¢l

L obloyl o o AMYA wals wged o (oldgy (liee
o 9 Silbangd goo OIS (WSheS oy yieS REMS0%
409 oo )3 uShiaS oy RFM30% L sl 5 5 o358
O3 gl Gomdgalyil ygan s 4 b edlisl (435187 5 (65
OB (2lid) Gl (xan 9 55l edegid Geo > uSleS
RFM 30% 45905 b RFM 50% aig0s jl 45" IS jobody canwl aidly
ldgy Olise (22 (L 5 geadaelgil (I lie L Glojen
RFM50% 5 S diges (olidgy olse 43,51 canl &l ials
oly s g yely ((P>0.05) cuisly sgg (gl sme gl
L pelie s 4 ;0 (Dadpour & Yazdanpanah, 2020)
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S L* z0l8 e a5 13,8 3155 Ll bl s o
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Table 3- Color features mayonnaise sauce with reduced oil

Sample L - -
aigni
control 85.48 +0.092 1.79 £ 0.012 13.59 +0.214
RFM-50% 85.61 +0.242 -0.83 +0.07¢ 14.72 £ 0.37¢
RFM- 40% 84.38 +0.18° -0.97 £ 0.04¢ 16.20 + 0.00°
RFM- 30% 82.68 +0.27¢ 1.20 £ 0.02° 17.05 + 0.062

(P /o0 (5Sily (yg03l) wsl oo adiged (I size Coglis onimd yLis aliste Lig > *
* Different letters the indicator Significant difference It is between samples (Duncan's test, P>0.05).
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Fig. 1. Emulsion morphology mayonnaise sauce

9 ool ol S Pale e (o g (B londgS i
Sis S i) Sl & 538 SIS b el 05
Toluee ) wb o Heals 13l e il L 5ale (cladiges
dogad— 4 53l8 S S amdgalgil Hlidle jgas (et al., 2011
ORI P18 g b byiaS Jold (8L Cluogad dg diuilys
wl Glp o5 UF 0fsy G YL ke ) sz ST ans
Dadpour &) olyybs o yeob cwl awib cwle cdl
oS Pole uw s sla Sy oy o (Yazdanpanah, 2020
OIF eldie B9y (g ogn0 0jlias (gmdgalpil (5ol 2
cals aals b gyblize @oles 03l pdaw (pyieS g L3S

.(Dadpour & Yazdanpanah, 2020)

> 3!
Jah., ):yLo sbles > g_SL“’)l"bl.{. B ool Cuwddy @L)
Joia > (I Gy 9 8L eplod sy by ol « S5 ol
Ghs e sl Shg Sl baises plod sl odd 5)l5 ¥
2y el oy g S aiges ((P< 0/05) W54 lolime S
Cglis RFM-500% (el el a3 51 301 L5 (s (gln S plos
CnsiaS 92 205 3y90 (b)) 5 5l g bl JpuS L (s lalia
b o) Ll e Cnyide o5 350 REM30% & by e jlisel
&> &ewo I (Shamsaei et al., 2017) 4, Se g o lueds .cuil>
Pl g Slaogad 02 (3Rl Oles (Wl b
Olie (3B &5 dges ()15 9 0315 H15 (wyp 3j90 S
9 b dgdoe (i o Bl Sl doo (3958 5 (02
Gl S sy & iy (Toluee etal., 2011) ), Sen



VFo ¥ LT g0 F o losis Fo o> oyl i luo g pole slpbdgsy 4 s YVA

JAS b s lie 53 (gmmdolgili (Golo 05205 Horlo (s (owe SS9 € Jgi>
Table 4- Sensory properties Low fat mayonnaise Contains nanoemulsion compared to control

Spread
Sample  Appearance Color Flavour ~ Consistency  Texture ability. Overall acceptance
g e S, i cdy obeS 5 i
S
Control  4.63%037°  4.62:042° A4532051° 47620437 4.96%0.63°  4.61:050° 4.86% 037
'_‘;Z'gj(') 4444066 4424066 430+063P 423+0927 423+072%  4.23+0.72° 4,38+ 0.65°
F%";')' 42440700  411+095h 4.23+0.86° 3.61+076° 4.23:076%  4.23+0.77° 4.38 +0.63"
'_‘;5';2 4124081  4.15+080° 3.76+073° 3.23+050° 3.30+0.620  3.0740.75 3.46 +0.66"

(P<elo0 (Sl ge3l) Ml oo diges oy I3 ixe Coglis oimd lis alisee g > *
* Different letters the indicator Significant difference It is between samples (Duncan's test, P>0.05).
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Introduction

The first quality attribute about food evaluated by consumer is visual characteristics. The apparent attributes of a
product include its shape, color, packaging, size, and uniformity. The consumer considers the product's appearance in
the first step before any other information about other characteristics, such as taste or smell, especially in the first
purchase. Color is the most crucial indicator of the quality of food that affects consumer acceptance. To replace the
color lost during the process, increasing the existing color and minimizing variation during processing; natural colors,
synthetic and inorganic colorants are added to food. Red beet is one of the most important natural sources of color;
the essential pigment in this plant is betalain, composed of two subunits, betacyanin, and betaxantine. Considering the
growing demand to develop more effective methods for extracting active compounds present in vegetable materials,
including naturally occurring betalain and other nutritious compounds, this research was conducted to optimize the
extraction conditions of this pigment from red beet.

Materials and Methods
Preparation of red beet
The red beets were washed, peeled, and grated to prepare the sample. Then, red beets were dried in an oven at 30
°C for 48 hours and milled. For extraction, 10 grams of red beet powder was mixed with 200 ml of solvent (water-
ethanol in a ratio of 1:1) and subjected to ultrasonication at 37 kHz. Experiments in 27 runs were performed based on
a historical data design, randomized subtype and quadratic model. After the implementation with the edition of Design
Expert 7 software, the range of variables pH (3-5), temperature (15-25 °C), and time (10-20 min) were applied for
extraction. The pulp was dried using a Wattman filter paper in an oven at 35 °C and used for subsequent tests.

Yield measurements
The efficiency of the extraction process was calculated by dividing the weight of the extract obtained by the weight
of the beetroot.

Measurement of pigments
The betacyanin and betaxanthine pigments show maximum absorption in 522-559 nm and 474-480 nm,
respectively. To measure betacyanin and betaxanthine in extracts, a certain amount of powder was dissolved in
distilled water, and its absorbance was measured at 530 and 480 nm. The amount of pigments obtained from different
extraction conditions was compared.

Results and Discussion

©2023 The author(s). This is an open access article distributed under Creative Commons
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In this study, the overall results showed that an increase in the extraction pH and time increased the extraction of
betacyanine and betaxanthine. It would be better to extract betacyanine at temperatures below 25 °C since this pigment
is sensitive to high temperatures. The maximum yield was observed when pH value, temperature, and time were 5, 21
°C, and 20 min, respectively. Comparison of experimental and predicted values of the proposed responses at the
proposed optimal points by t-test showed no significant difference (p<0.05). A quadratic model was suggested for the
responses, and the lack of fit was not significant (p<0.05). The extraction of betaline from red beet using the ultrasonic
assisted method causes a reduction in time, temperature, energy, and solvent consumption.

Conclusion
The maximum yield was observed when pH value, temperature, and time were 5, 21 °C, and 20 min, respectively.
Comparison of experimental and predicted values of the optimal points showed no significant difference by t-test
(p<0.05). According to the results obtained from this research, ultrasonic assisted extraction can be considered an
efficient and fast method. Extraction of betalain from red beetroot with ultrasonic assisted method is more efficient.
It can replace the regular practice of extraction in the industry due to the reduction of time, temperature, energy, and
solvent consumption, thus reducing cost and increasing profit.

Keywords: Betacyanine, Betaxanthin, Red beet, Response surface method
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Table 1- Levels of independent variables in different treatments
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Table 2- Treatments for red beetroot extraction

e PH O CC)ls  (min)gl; sl PH O (C)Ls  (min) gl

Treatment Temperature Time Treatment Temperature Time
1 3 15 10 15 4 20 20
2 3 15 15 16 4 25 10
3 3 15 20 17 4 25 15
4 3 20 10 18 4 25 20
5 3 20 15 19 5 15 10
6 3 20 20 20 5 15 15
7 3 25 10 21 5 15 20
8 3 25 15 22 5 20 10
9 3 25 20 23 5 20 15
10 4 15 10 24 5 20 20
11 4 15 15 25 5 25 10
12 4 15 20 26 5 25 15
13 4 20 10 27 5 25 20
14 4 20 15
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Table 3- Variance analysis of yield, B- Cyanine and p-Xanthine extraction

&
s o3l Omilansliy o5y
Source of Yield B- Cyanine B-Xanthine
changes
Degree of Mean Degree of Degree of
Freedom squares Freedom Mean squares Freedom Mean squares
a0 Obe dayd Sl po pibo @) Sl po pibo
T il o &35t &3t
Jse 9 2193.99™ 9 1.39™ 9 1.047
A-pH 1 481.33" 1 0.217 1 +.29™
B-l> 1 10.87™ 1 0.000005™ 1 0.016™
C-ob; 1 17257.10™ 1 12.10™ 1 7.767
AB 1 0.3072" 1 0.0065" 1 0.0008™
AC 1 101.91 ™ 1 0.0645** 1 0.085"
BC 1 0.44" 1 0.00 ™ 1 0.0192"
A2 1 24.94" 1 0.0262" 1 0.00™
B2 1 87.27™ 1 0.1005™ 1 0.0236"
c2 1 1781.70™" 1 0.0086 " 1 291.29"
Residual
saile g3 17 391 17 0.0085 17 0.0041
Total
26 26 26
9o
Lack of fit
5 0.000534" 7 0.00696™ 7 0.0005™
QY3 paE
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b gime BN 3425 pis NS o
***: significant difference at the 0.1%, **: significant difference at the 1% level, *: Significant difference at the 5%. ns: no
significant difference
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Fig. 1. The interaction of temperature and time on the extraction of p-cyanin at pH=4
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Introduction

Gastrointestinal diseases are very important among human societies, especially in developing countries. Celiac
disease is one of these diseases, caused by the interference of gluten in food, the body's immune system, genetics and
environmental factors. Therefore, it is necessary to provide a solution for the production of gluten-free products and
also to improve their quality. The tremendous growth in the nutritional knowledge of the public has caused the
development and production of healthy food products for certain groups. Baked products such as cookies are very
popular among the society because of their textural characteristics as well as flavoring and attractive colors. Therefore,
their enrichment is of interest. Most commercial gluten-free bakery products are based on pure starch or the
combination of corn starch with gluten-free flour, which is associated with dryness and sandiness in the product.

Materials and Methods

The aim of this research was to investigate the functional characteristics of non-extruded and extruded chickpea
flour samples and then the effect of adding different levels of it (0, 20 and 40%) on physicochemical, Lightness,
porosity and sensory characteristics using completely randomized factorial design. The blend of chick pea flour-
xanthan gum was extruded by a parallel twin-screw extruder (Jinan Saxin, China). Process was performed with die of
3 mm, and extrusion temperature of 140 °C. The chemical composition of raw materials was measured by standard
AOAC (2000) methods. The hardness of cookies was measured using Texture Analyzer (TA plus Ametek, UK). The
cylinder steel probe (2 mm diameter) was set to move at a speed of 1 mm/s. Samples were punctured by the probe to
a distance of 10 mm. The color values of L* (lightness), a*(redness), b*(yellowness) of the samples were determined
by the Hunterlab instrument (Reston VA, US) (Rhee et al., 2004). Water absorption index in terms of grams of bonded
water was calculated per gram of dry material in percent. Sensory evaluation was performed using a 5-point hedonic
test.

Results and Discussion

In general, gluten-free products are unable to maintain carbon dioxide gas due to the lack of a coherent and uniform
gluten network, which causes an increase in volume. As a result, the product is small in volume and the structure of
the crumb is compressed. The extrusion baking process had a high potential to improve cookie quality. In such a way
that the addition of extruded chickpea flour increased the porosity of the cookie samples. The results of the texture
analysis show that the addition of extruded chickpeas up to a 40% improved the texture of the cookie and also
increased its shelf life. Also, the sensory test results showed that the favorable effect of adding extruded chickpea
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flour up to 20%. Consequently, by summarizing the results of physical and sensory tests, it was determined that
cookies with appropriate sensory and quality characteristics can be produced using 40% of extruded chickpea flour.
Peas, and especially extruded peas, rich in protein and dietary fiber content and high water absorption ability, led to
increase the moisture and reduced the hardness of the cookie texture. Considering the increase in demand for gluten-
free products, it seems that enriching these products with nutrients such as chickpea flour can be an alternative method
to improve the nutritional value of these products. Adding legumes is a good way to increase the consumption of
legumes, which are rich in the amino acid lysine. Legumes, especially peas, have high nutritional value and functional
characteristics, and including them in the diet by adding them to bakery products is a good way to increase their
consumption. The use of chickpea flour as a nutrient source in cookie formulation increases the nutritional value,
reduces the glycemic index and improves the variety of such products.

Keywords: Chickpeas, Extrusion, Functional properties, Gluten free
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Table 1- Physicochemical characteristics of raw materials
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Broken rice

Properties
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Total protein
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Total fiber
(%) cagb)
Moisture
(%) 385
Ash
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Carbohydrate
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Table 2- Characteristics of water absorption of raw materials
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Table 3- The effect of different treatments on the moisture of cookie during storage
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Fig. 1. The effect of extruded and non-extruded chickpea flour on the hardness of cookie during the storage period
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Table 4- The effect of different extruded and raw chickpea flours on the color parameters of cookie
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The same letters in each column indicate that there is no difference between the data (p>0.05).
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Table 5- The effect of different extruded and raw chickpea flours on the porosity of cookie

s Jdss
Treatment Porosity()
Broken rice (aals) awss ab @y 31.167 ¢
Chick pea flour 20%+Broken rice «u.ss «ly go p 7Y+ 3456 32.218°¢
Chick pea flour 40%+ Broken rice aw.ss als go /¥« 3456 39.278°
E. Chick pea flour 20%+ Broken rice «w.Ss aly gy, Ve 00ddg S| 3456 41.743"
E. Chick pea flour 40%+ Broken rice au.ss «ly g /¥« o0 39 28| 5456 47.973%2
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The same letters in each column indicate that there is no difference between the data (p>0.05).
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Table 6- The effect of different extruded and raw chickpea flours on organoleptic properties of cookie
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Treatment

Cdl s b g log)l
Color Hardness Taste

General acceptance

Broken rice (1als) awsls 4l g, 52
4SS il g5yt AT ¢ 2950
Broken rice+Chick pea flour20%
4SS &l g5yt /P 2950
Broken rice+Chick pea flour40%
LSS &l g Y 39y 3950
Broken rice+E. Chick pea flour20%

b

S &l g AT e 59 S 3455 4.9

Broken rice + E. Chick pea flour40%

a

4.3 5 58
4.8 4.3 4.5
4.7 4 4.2
4.5 40 40
4.45 3.5° 3.9°
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The same letters in each column indicate that there is no difference between the data (p>0.05).
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Introduction

The date palm (Phoenix dactylifera L.) plays an important social, environmental, and economical role for many
people living in arid and semiarid regions of the world. Date fruit is one of the major agricultural crops in the East
Asia region, where about 90% of the world's dates are cultivated. Dates are rich in certain nutrients and provide a
good source of rapid energy, due to their high carbohydrate content (70-80%). Moreover, date fruits contain fat (0.20—
0.50%), protein (2.30-5.60%), dietary fibre (6.40-11.50%), minerals (0.10-916 mg/100 g dry weight), and vitamins
(C, B1, B2, B3, and A) with very little or no starch. In addition to the direct consumption of the fruit, various industrial
products are also extracted derived from this product, including date juice, date honey, liquid sugar, vinegar, alcohol,
caramel, date paste and date chocolate. The annual production of one million and 400 thousand tons of dates in Iran
has made Iran the second pole of date production in the world after Egypt. Zarin Dasht region is located in Fars
province, and the annual production of dates in this region reaches more than 1000 tons. The aim of the present work
was to investigate the chemical composition, carbohydrate, and antioxidant capacity of two cultivars of Zarin Dasht
dates.

Materials and Methods

After collection, all date fruits were washed with tap water, and the seeds were then removed, and the flesh were
shade dried at room temperature. The dimensions and area of the imaged surfaces were measured by the physical
properties measurement device in 100 repetitions. The working principle of this device is based on image processing
technique. By placing the product in three different positions and perpendicular to each other, pictures of the date
samples were taken individually. Date mass was obtained using a sensitive digital scale with an accuracy of 0.01 g.
The displaced water method was used to determine the volume and density of each date seed. Bulk density, date
porosity, geometric mean diameter, sphericity coefficient and surface area of the samples were determined. The
amount of moisture was determined by weight method, ash by burning in an electric furnace, titratable acidity based
on malic acid and pH of the samples were measured by a digital pH meter. To measure the amount of total phenol in
the fruit, Folin—Ciocalteu reagent was used and the absorbance of the reaction mixture was read at 750 nm by a
spectrophotometer. The amount of total phenol was reported in terms of gallic acid. The antioxidant capacity was
determined through the neutralization of free radical 2 and 2 diphenyl 1-picrylhydrazyl (DPPH). To measure the sugar
of all samples, first a standard curve was drawn from the glucose solution in different concentrations, then the sugar
content of the samples was measured in milligrams per gram of fresh weight at 490 nm using the sulfuric phenol
method. The amount of crude fibre was calculated according to the standard method of AOAC-991/43. The amount
of fat was obtained with the Universal Extractor E-800 device for 3 hours at a suitable temperature and in 250 cc of
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n-hexane solvent. Finally, the statistical analysis of the data was done factorially and in the form of a completely
random design in 3 replications using SAS 4, 9 software and the comparison of the means was done using the LSD
test at a probability level of 1%.

Results and Discussion

According to the results of this research, there was a significant difference in all qualitative traits except pH
(P<0.01). In comparing the characteristics of the palms of two cultivars, it was observed that the highest amount of
fibre (1.78 %), titratable acid (0.59 %), ash (1.64 %) and fat (0.85 %) is related to Shahani cultivar,and the highest
amount of total phenol (8.1 mg/gFW), DPPH inhibitory property (13 %), moisture (18.7%), sugar (63.8 %), protein
(0.29 %) and pH (5.74) belonged to Khassui cultivar. Also, comparing the kernel characteristics of two cultivars, it
was observed that the highest amount of ash (3.17 %), total phenol (10.8 mg/gFW), antioxidant property (72 % DPPH
inhibition), protein (2.55 %), pH (6.11) and fat (9.20 %) related to the kernel of Shahani variety and the highest amount
of fibre (26.2 %), moisture (5.26 %), sugar (15.8 %) and titratable acid (0.38 %) belonged to the kernel of Khassui
cultivar. Overall, the kernel of Shahani variety had more DPPH inhibitory power among all the samples.

Keywords: Antioxidant capacity, Date fruit, Date kernel, Total phenol
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Table 1- Comparison of measured physical properties of Shahani and Khassui dates cultivars
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Dependent variable Cultivar Repetition Minimum Maximum Average value  Standard deviation
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Introduction

Edible films and coatings are suitable for fresh, semi-processed foods, and also for processed fruits and
vegetables because they can increase their shelf life, protect them from the activity of microorganisms, and
ultimately improve their nutritional and sensory value. In addition, edible films and coatings are able to transfer
compounds that may have been added to improve the performance of the coating film and better preserve the
product or have benefits for the consumer. The present research was conducted with the aim of investigating the
structural physicochemical properties of whey protein concentrate smart film containing pomegranate and red
grape anthocyanins and zinc oxide nanoparticles.

Material and Method

To prepare nano composite film, 10 grams of whey protein concentrate powder was added to 90 ml of distilled
water. At the beginning of the production of the film, the pH was adjusted to pH = 8 with the help of 0.1 normal
soda, and in order to better dissolve the isolate, the solution was heated for 30 minutes at 80 degrees Celsius to
ensure denaturation. It was then placed on a magnetic stirrer. After cooling the solution, pomegranate and red
grape anthocyanins were added to the solution separately according to the statistical plan. The solution was then
homogenized for 10 minutes at 13,000 rpm, and finally zinc oxide nanoparticles were added to the solution
according to the statistical plan and homogenized on a magnetic stirrer for 10 minutes, and then in an ultrasound
bath to disperse for 10 minutes In the next step, glycerol was added to the 40% of the weight of the dry substance
and placed on a rotating magnetic stirrer without heat for 15 minutes. The formed solution was aerated for 10
minutes and 25 ml of it was poured in the center of the plate (8 cm). Then the film was dried in the oven at 38
degrees Celsius and the control film was produced. After preparing the films, the color of the film samples was
determined by measuring the color components L* (lightness), a* (red/green) and b* (yellow/blue) using a
Hanterlab colorimeter. The thickness of the films was measured by a digital micrometer with an accuracy of 0.001
mm at 10 random points of each film. Finally, humidity, solubility and FTIR measurement tests were also
performed for the prepared films. The preparation of whey protein concentrate smart composite film was
investigated based on two variables: red grape anthocyanin/pomegranate anthocyanin percentage and copper oxide
nanoparticle percentage. Each of which was investigated in five levels and the response surface methodology

©2024 The author(s). This is an open access article distributed under Creative Commons
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(RSM) of the central composite design was used. A total of 24 composite films were prepared and their physical
and chemical properties were investigated. Also, after analyzing the data, the optimal movies were checked based
on optimization and utility function by 11 Design expert statistical software.

Results and Discussion

By increasing the amount of anthocyanin and zinc oxide nanoparticles, the thickness of the layers increased up
to the middle point (0.58-0.89 mm), and the largest increase in thickness was observed in samples with 1.5 cc of
anthocyanin and 2% of zinc oxide nanoparticles. Also, films with low concentrations of anthocyanin (0.1-4 cc)
and a high percentage of the selected range of zinc oxide (0.2-0.7%) show the highest percentage of solubility.
The added zinc oxide nanoparticles increased the solubility of the films. FTIR analysis showed that the interactions
between whey concentrate and anthocyanins were probably responsible for the changes in the properties of the
composite layers. The utility function for each response was estimated by numerical methods and the general
utility function was obtained for the optimal samples of red grape and pomegranate. For the optimal pomegranate,
the obtained results include the amount of anthocyanin equal to 2.6 cc, zinc oxide nanoparticles 0.6
(weight/volume), solubility 65.37, thickness 0.64 mm, indices a, L and bwere. 27.88 0.24 and -2.01, respectively.
Finally its total desirability has been reported as 0.58. The utility function for each answer was estimated by
numerical methods and the general utility function was obtained for the optimal samples of red grapes such as the
optimal pomegranate. For the optimal grape film samples, the obtained results include: the amount of anthocyanin
equal to 1.38 cc, 3.4 zinc oxide nanoparticles (weight/volume), solubility 59.83%, thickness 0.83 mm, a, L and b
indices were 27.03, 7.05 and 1.92 respectively and, its total desirability was 0.63.

Keywords: Edible film, Grape anthocyanin, Pomegranate anthocyanin, Whey protein concentrate, Zinc oxide
nanoparticles



olnl 218 alus g pale Gltrgly 4 245
https://ifstrj.um.ac.ir

&’%"‘u}:ﬁ ;,

;....A"’ Jj‘.‘,. Jl
FAV-FYY .o AF¥ LT s oF oyl ¥ ul>

U5 308 55K 5 Ul il 5T (g5l iy O i 0 Bl e gp b A
Sl g 2o 55 sla S5 g w2 159, AT Ol

031 i Aol —*T SLTUL o35l doses 03l oo r:.alﬁl

VYA A 8L 55 e sl

VRN YV e st

LRV

Iy Lmdi &)B Sk yos g 039 aunlio ol AA;’I)B S g5 g brogeo 5 00l AA;’I)B doss g 050 slalie oly Kador (Slyed (slo jiuds 5 Lol

SloSizg st Bin b p2lo 325 gde el i 5 ST 35 ke i 5 035 G LapeslS g Kol LS 51
o Gl s ol 5, dpmST Sl 6 g 50,8 55l g Ul ilhangtl (ool iy O gy 0)BlulS’ Kadbgn ol ()l Lo (aliand s
VO L oladiges 1 cuolius il oy o g (o e o/« — OMAR) 4Bl il58) ladyY Coolbes Slo abai g9y dumST &l)36i6 5 puiliw gl
S @Vl 203 g (i *N=F) oloosil 31 ol (ble b slopld (izren 05 saaltio (g9 1481 3L 20 ¥ g (yliosil oo
Uil Coge ol 03938] 59y ST l)d G amd o L 395 Ty M woyd i o pd [ =YIY) gy dST I bl edga0re
el 3 Ol Jotume Ylaas! b piluwgil 5 i O 0,5laiS w GiiSeny oS ol olis FTIR Julow g 4 jos 50 agld (¢ s JMocl
5 e 2l eyiladS s Om Slinly Sl sl (S 0ad sdalie il glacSy 45 A8 jasde (S5 gygbar el Cujosls slaaY

N ) uLwJ ‘) )9%‘ 9 )U D)LA.C

55 4651 033 5 ety ST (g 051 ¢ Syss ok )5S0l il 1 (il 2508 (0319

ool 43S 56 i e (5l posly dswgi g ] (63, Shos
29 JB ogba plen 0 9> desd > S Capme
Sl Canglio eyl T Caogd oy a5 iloj b ccdly igls8l
N3l et a2y g JSS il ()l sl culls
et Gbcdgn (b ol bl bl L3 Slge gaidiu
wizie SYLI 0 s g 039 4o bByue baes 9 phlyig
b ABuy 9> Sedly o garke TV 5 Gl &Vl
(Dasgupta et al., 2019)
&Bly 5> .l dgame (golaiBl 5 8 M oy il
o S8L3L Gl polp )3 (Sl ol 5l aopd ¥ 1 S

dodko
dge gadiny (5)5ld >y ol > o8] sl 5
ol b (Amit et al., 2017) GlawsliS pu iy 1y (59,8 o oS
59,5 8 Ll s j11EE 9,8 b bl Lol 3,Skes o>
S e T el )lg S o plgis ) s elge (15520 53
ollan LS 5 58, o 31l S5l 5 (oo i sl 5 ]
Sl olgs g wlaB)S )15 eolial 390 )3 (sl oy 9 ey

ul):l ‘4,\‘.99)‘ ‘4\."459;] oKisly ‘Lﬁl'\; éJL.AD 9 lp}l.c 09).? bl 9 ..\.w)l wL.w)lf wyoju,b\.! Cud -y 9 \

https://doi.org/10.22067/ifstrj.2024.84940.1289

(Email: m.alizadeh@urmia.ac.ir s ptans ol g —%)
ul);‘ ‘FM?.I ‘FMi‘ oKy ‘L;il.lf— @L..o 9 wf.".}.e(\ 09; s)lg.)‘.‘i.w‘ -y
(Email: h.hassanzadeh@ilam.ac.ir e 0Xiamn 5 %)


mailto:m.alizadeh@urmia.ac.ir
mailto:h.hassanzadeh@ilam.ac.ir
https://doi.org/10.22067/ifstrj.2024.84940.1289
https://orcid.org/0000-0002-0902-1487
https://orcid.org/0000-0001-8810-8590
https://ifstrj.um.ac.ir/

VEoY T st F ojlosds Fo alor ol ] (2108 aobio g pole Sltpg}y 4y pis YV

Gyl 1y Sl ol &8 st (Ssid Sl 5 s oyl
295 51 S o 35Ul s g Cangy (Sgib LS 5l aSL
2 Ml 5 o ooy p U &l ey, s ol
o1l el & casl s oo s dilie lidow
@Yl b ol 18 clld (g (ol s U1 ol (sl jlas
Loly i 1y cdls opl e Joilie (sbaojlas oS Jb o W)l
& Wby Hlis patasee picres J(Jafari et al., 2017)
o il Sl ogre (SnnS1 T Clld ) age S laiyliwss]
ST b o gl g 308 Olpd b duglie 3 ()l Ul Ol s
Bl b oS igpboay w0 (L5 355 5 6B Sl S|
ilise see sl pln Yoy jed by g0 ol Glas]
(Abdellatif et al., 2017)

318 e g 0jb (slalis (gl Jlb (St (sla sy 5 ol
BBl pos g 03¢ cawlio 0as AT)8 (clagiom 5 bogee g ok
G 5 030> GRal38] oS )lg So Clled S8 35k 51, el
Oibs 5 Lpkd ogMay igd oo il (e 5 sl (35)] dgme
OSee SLS 5 ol o dien Sl 5 Jisl 4 6 (Sl sl
ol & Jpame it Lain g (o b ohd 5 Slas 290 Can ol
Olsieds bl 4wl 0aiSBras (gl (35w b ALbl odb 6343
b e SYgae g ond dguS o Jlduj OloS 5 ¢ Jla
B e Ceodis LiSlg5 oo a5 Wlodld i yiwS 1y s (63 Shes oles
(Misra et al., 2021) s> )l 1y ous

)l & olerd a8 5 g Ll Jdsa hges oSy
0F9) 9 b g shas (o JanST plp )3 ot mles RlS L (ol
Ol o slacugb) p3 layiudy 9 ek cul imd oo JSi5 s
o O 353l Jle Cluogad L s ok alie (3Shes
lareld (5283985 GRal38) s Loy (ogd ol Cpols i
Sloign (i3l cwl osd O o 4 cund (Slyed slaide o
S el Sy ((ore sladign b (oo pess wils) (2B
a3 Shhgd slapks jloolatul amd gals 1) lagks O o 4
S Lol ol & sl ] piliue liE glmodgl b (s
()l 0Pl 9 cugby 9 j e 53 (SH)5k ( Slke ol3)
Sy sl o3lsl 3)90 dlge (5 el Bl Ay (allas
390 il oS ol bl Jlou Bluws 1 (S li (slood gl 2
2 JSie ol oade cas (Liuetal, 2021) 5,5 )13 o)y
P g oSy slapkd jloslatl il layby) jl olgice Lok
Congj Sl Mol dapld Ay blid (gjludiae wujspels
sy s baee S by p ;00 Bk 185 a8 bl
St cpl g 4 (gl o 95 00 gume lapunslS g Sue 1)

Wile ¢ Lpow OS5 Wlgs o lapyl hl5gw (ol g ogMe g
Mg wblS Jirsily o8 ew Jlead Mg oS e 5 blss
&bo 5l a8 i o s sl yeuds (Ahmed et al., 2018) .S
e S byl i b ple Gl @ pipios
(Otanietal., 2017) 5,8 e Jibl 5l o)lg3 oo |, Lol (sl yogigo
5 s on il Jsans slojedy uiSile sl Jlonl ol
O e

welgd g aiS e 0390 |y ol I oyl b b g by Wl b
5 gy yuiw (Diblan etal., 2020) k)l oss Hlé JSSis
S b g lo plgieds Al oo g At (Shyod b ol yheng S
olyan Casl 8 45 Was oalitul STgs o ids o ks (ol
553 o | (Thulasisingh et al., 2021) 5546 035> 1ie L
2k Shp slopkd At (Shss Log) 56 Cunm Slge
Lo & Jolds a8 aisl 295 wlS'y o olie linl gl laid
b agsl plo g boaiiS s aSly (M 5 whd LSl il
(Fathiraja et al., 2021) >3 o0 Jols 35
) SBCSs) e &5 Wit Loy cailiSs, il e oliE
(gid 4l o0l epd Jle lgied) (LS bl 508 5 (2600
e bl I Sp g K g (Slain (SsaasS
CBSs) Jgtue &5 sitd Ol > Jolre cbailiS, b il
(S o) b Sady g Sl dboss 5 Gl 5 o o3
st (o Db 5 oot 5 o8 oIS sl JU5 (oS
5l ot awd ajeoMe J(Rodriguez-Amaya et al., 2019)
s By olals ) LmJ Coonl &S A aub &Y guazs
Sl Gl GluS 5 cpl Wi oo Bl ilow uw g ogee 13 03 s
ool Jlale (olacsylon b dlarly )3 sude (SlannST 5l 5 (olbondon
» ogMe 15 (Panche et al., 2016) sl o w9, Suly sl g
(Wang et al., 2018) ,l> (g)low 4 Ml Jlos jials 5 oulS
oMo 5> plwgis] ool GLS 5 G pume amd o i bl s
.(Diaz- Garcia et al., 2015) sl 330 0.8 yunn

Ol (oMo 53 (oo 255U 53 dg290 (G599 LS 5
2 bS5 ol ol sl I Sy 3] bl y> k)b
Jobo 5l cblis 5 9 s 459 jl Cailas LDL Jgyenls’ jials
oxd Geiee I ()l 3855 £9d90 Loy Elgl ply 5> b
(Pala & Toklucu, 2011) ¢l



FYV e 50,8 59500 95Ul cibiwsitT (Golo iy O (g 1 0 il wioibah mlid ulgi ¢yl )10 g 0015 (S

Sy j) Slamgs porgel ol Sitalg S (65 g il

5 48 (4l ) oS 2555 08 i 5 (ol 550

Laplsd dugs oh g,

O g oS 39 5 Ve iy jonels 5l olid 4 g
A5 aslsl yhade Of gl e A0 @ (Moyd Ae ogls 4 L) i
@y PH Mg Jsloxe slad o3y YU 5l 3 olé algs 5lel y
oM > caa g 00,8 @il PH= A (g Jloy o)) g S5
Slo 4y A glod b 5 4B Yo Cdedy bglee (pl gl g
JB blise jen 9y 2 Qomlipld | Qlrebl caa SIS
6M3) o8 5553l 5 U1 oyl Jslomo (145 0 jlany 285
el b aillas Gl &gy (asd Lol €8, jl o
19D YY) 505000 olSuwd 51 ookl b s s a8lS] Joloes 4
Wooo j93 b didy Ve Gaeds Jole (Gl ccdgnla eS8 ps
@1y el )b b 59y ST 05 b g 9 23,5 o0 (908
S ool 5 (555 4653 N+ Crtady 5 05 4L o
438y Vo Cdedy (SAS 5y s Sawl el ples 13 A 5 0l
Ojg 2o Ve lise 4 JoyundS (19381 day s jo )3 085 1,8
Ui s mblize [ien (9y 4B VO Cdedy 5 SUiS odle
B> Ve Cedy 4B JSb oo 285 18 Ol e g
A 4y (el A) Sy 350 3 ol 5l e YO 5 (65 se
ohd 9 S 5,5 Sl a3 YA (slod )3 sl J31 50 ok s
ooy don (gl ol byl > ol Sis 3l g b A g5 Sl
Momenietal., )cd)5 1,8 Sbjl 3590 g s culy pdaw 51 Wlid
.(2023; Taghizadeh et al., 2023

S pels

L* Sy sloaidye pSolul gl obd slosiges
oSz 5 030zl b (o 53,5) ¥ 5 (sl 530,3) 8% o) i)
(Minolta model CR- 410, Tokyo, Japan) <J sla g,
Olsee 5 48,5 518 5l sphes doxio g9y diged D (e
390 phd ol dadi ¥ 0jgm pla sl el S esliul b S,
Sy AW b 558 bedh (Ske 9 8,5 )8 (655051l
5 (WI) Tt il g (Y1) Tisy5 il (AE) TS
Jahed etal., 2017; Hosseini etal., ) 5. auolxe 3 & )yqods
(2023

3- Yellowness Index
4- Whiteness Index

25 Caolh b SLS 5 0398l pgmen bbby l Olye
2,5 oolaiwl apld 4 09,500

LS Jele u‘?*” slodyns b o5 slass! alydgl
o oSo g (53939l dlge (s g (5) S oyks 3 (09,0
Slydgl 5l eslatel sblie 5l N9y 0 G ol plo ol
P &S ABb e Jdre polic dng ¢ Sibjs pole 0 Jdme slaiS]
3uS) 390 i L5 393 51 )y yire ool 6 ubite
3)90 03515 Lol Jdoa & sl (5315 slasnsST dlex I s,
Ao 59y SlS 3 5 (S 59y ST T 4B 5 )13 (g ity g5
ON 9> 9y 39S (leyd ) 59y S I iz o el 00
Iy 6550 2bySbas Cunld gy ST l)deil 20 oo o3litul
ol ooy L 295 5l oS 5l (g pe0nS Cads 4 Caws
oSGt 5 il ik s re Slacisly dles
.(Nasiri et al., 2014) sl oo yogi)s/

woyy & (Ifmalinda et al., 2023) -\ Ken o lules)]
Sl 9 (BLAI Jg S b )3 sy j (ST wkd slaShs
ol Bua b asdllas pl sl (ZNO) (g9, dumST @l)d4l
S slapksd 5, 2081 39 Calé ol 3 Syt 5]
A cbale sbol o (Zea mays L.) @) awelis jl osd asl
LAL YL« 51 Zn0 clale .cuwl osis pbol (g9, duaST &l g5l
aape yloyd o 2 VY clale oS sl L guls ad solaul Mo yd VY
MY Chle 08l b S wal (Shos ol ool sl
9 L;.M.M-S PK?MI MPa ) ,¥Y¥ cg..j ).3‘).3 2 st-" Z/\\,ﬂ\c LY
CoyB5Cmn o)) CppieS o ol 1) SasS asp AYANS
sdalin 59, V¥ b 2oy Zn0 12 clale b STyss old 15 oy
L Shed Y  (Sauis oy g dulS pllotinl uwglie i
Cowlos & a2yl b b ORI ZN0 lime 2l
ol Gan Caliso olo PH [ bl ) 45 g PH 4 Lo yiloan ]
it ol o8luS Al dadgn pld S (Sl eld iiow
Al e 0ad Mg slapld 9V 903 (sl

W g, 9 dlge
413.4

1- Lightness
2- Total Color Difference



VFor T st F oylodds Fo alor )l ] (2108 aobio g pole Sltpgy 4 pis FYY

NexXUs—670, yog:bs iSpmsl 5| FTIR 50l plol (ol
9ol ol sl s ookl 1S el 4uS sl Thermo Nicolet
VYo e o b g 0k Oloasl (o> Sy Wigas 28 o ¥ 29
oo V290 Cwlro b uoy8 4y oy lawgd 9 0l bglswe KBI L
odigas g olignS 139 FTIR (58uog il (ig03l .05 Jas st
FYem? bS5 b og deeom?T JI Fee adgimo (> ol
28,5 pll

ws 06) = MMo 160

M, (0)
s bl b

9> oobol gty Ol (g 0BluiS” Mabgn S yo plid
00 $b sy 5 Ul liwgiilf o8 563l (pilngisl dops e
3y90 gaw gy 2 pIS 2 &5 CES 3 oy 3)90 (e AeuS]
9 Jl) 65 S b Gl daw ) Sl g <85 E ooy
> $b ao)d g jos8 5oSl elugil doyd (65 e S o g5k
P 2oyd 95Ul bl doyd (555 50 S pe )b 9 (59 A
pld V¥ legomo Voo gubs a8 w sl (g9 deusST )
85 )5 (lerd 5 (S8 Rl (i 3)90 g 00D Ad Sy
9 dju% U»L»\ » 4...4(» LSL“rvlf.-"’ odls )Jlj )‘l d=x u....'xa.!a
Ay Design expert VY glol l38le 5 bhuwgs cogllae s

Sy E gy (535 0 550 b bols Sl - g
o sl
Table 1- Experiments from the central composite design
for the selected factors

ialejl oslond | (g9, duwST clale ol clale
Run Zn0 (W/V) Anthocyanins (%)
1 2 15
2 4 1.5
3 0.6 2.6
4 2 15
5 0 15
6 2 1.5
7 0.6 0.4
8 3.4 2.6
9 2 0
10 2 15
11 2 3
12 34 0.4
oud aad 3 slaalsd cuolaus

S e dlge (sabdiun Can odd A slapld s
Ly S g g 0391 (2l Slge (BNl pos v Jelge

(V)
AE = [(Lstandard - I-Sample)2 + (astan dard — asa\mple)2 + (bstandard - bsample)z]u5

142,860,

WI =100 —[(100 — L

(v)

2 2 2 0.5
Sample) + asample + bsample]

Japan ,Co-) Jhowd yiog,Seo dluwgdy lapld Culsus
byl Bolay alads Ve e Lo ¢/+ ) <ds L (Mitutoyo
Slaslrs ) Wb o alisee Ll calbies 5:Ske A (45505l
cd)S )15 odlil 3y OF H5w 4 (5 piides 5 SWle Lol
(Razmjoo et al., 2020)

Cugb
29w )3 9 b g o o VexVe alul b ok I olaaiges
8,8 )13 celw VY Gledy (doyd RH=) S lalgu (g5l
Cop bl Jylona (sl 5500 & oisns adl nig 3 o
il 4> 3 Vo=Y0 (clod jd g odds Jito (Lo > RH=00) wpuudS
e B il glagloj 13 aigns (g (g A58 )5 31,5
(F) doles jl Cagboy o olien g 00 (yS0jlal b 0 @

Cogly wla= Wt-Wo /Wo x 100 (¥)
gl 0ig W g RH=D0 o> 3 T glej 5l g diged (59 W

(Mileriene et al., 2021) 1l o adiges

oy cubla

A ooy gl g b 0l oy YXY M olal 40 wld sladiges
S8 01,8 b s )3 V40 gl el ¥ ey adgl iS5
ke 00 813 (M) (5235 5 ot ol sladizs s 55,5
0350 grhais &0y 4 Jlb 43 By )l 5 B0 g dbgé Jlaiie
L8 )5 548 el Y Cdody 0 )S 5l do 0 YO (glod jo i o
Ol cele £ Gl g )8 Ol S5 1 pld cladiges e
2)lig3 (3395 L i pp (3 4 B 0i8)S 15015 il 423140
ol edMs do) el cunss (M) ol Suis 59 rdiges
(Abdollahi et al., 2012) 15,5 dusl>e 4 alal,

FTIR bbb (_,3.4_}7



FYY e 5058 59500 5 U1 railomssisT (g9l iy T (i 1 0 535LuslS’ inign ol wdgd oS00 5 001 (i

O gl SogS sl ojlul 4 Klg oo g9y dST (39381 JLid
Sl ok (g 4D 13 39290 laoyis (19,0 (o) 4 o AL
Olwgil oylac 3ldl o5 (ggm 3l (PiN0 etal., 2021) 35,5 o
oY Culbs ) aeg BB Gl eel old ladiges 4 Ll
o ilogil pnr (iSom 2 ) ol (g0 45 250 Syss slo
g onl o s baBign b i) Jb sloJsSUge plgisas
Rl3IL g s SIS S (sladign Wil e VLl 5 a8
S A58 6yt dol (sl b olid 4l S gl clale

2y digel Cubbus il

ZnO (w/v)
(oo (5339) S9y JamsST ilale

04 10

0.879354

ol a4 lapld diges Calbus Guimd pl 10 0185 o il Lasiiine
2bisl 2)90 9 dnolxe dagyby) g 3lge 53 oAb g i gy elul
sy adlas 2)50 Jolse Lol 16 (IS jsboay 255 1,3
Sl L) IS5 il (D<01+0) 351 ogine s ol 5 oY
Y Culus Jhe dhais b (gg) duST ly393b o puilwgs] lade
2 Cwlses Gioli8l i o (e dee o/ — OMAR) adly i34l
695 3681 3L 003 ¥ 5 gl s g0 VO L ladiges
@ ol Mg sy Cubs ili8l (e Lo +/AY) 5 oanlive

(o slo) alis
Thickness (mm)

15 20 26

(4 o) ool (150
Anthocyanin (mL)
ok Cualbd (g9, 52 (59, amnST 15 93l g (4 5 55 cilamgidl (50,16 3T My ol Y U
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thickness
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Fig. 3. The interaction effect of anthocyanin (grape and pomegranate) and zinc oxide nanoparticles and the curve (a), the
linear effect of the studied factors on the color index L of the films (b)
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Introduction

Wheat bread is a staple food worldwide, and bread making using sourdough is one of the oldest technologies.
In this regard, the use of legume sourdough is important in improving the quality of wheat bread. Sprouted legumes
are also proper substrates rich in bioactive compounds for sourdough fermentation to produce enriched products.
Furthermore, application of herbal extracts in sourdough formulation is a simple way to enhance organoleptic
properties and mold-free shelf-life of the produced sourdough bread. Considering positive effects of sourdough on
techno-functional properties of the produced bread, the aim of the present study was to enhance quality parameters
of wheat bread using controlled fermented sprouted lentil containing fennel extract.

Materials and Methods

In the present study, predominant lactic acid bacteria (LAB) were isolated using the sequential back-slopping
process from fermented sprouted lentil containing fennel extract. The isolates were screened based on their
antifungal activities against Aspergillus niger. The selected isolates were identified through amplification of the
target sequence with 1500 bp from its 16S rDNA gene and sequencing of the PCR products. After that, controlled
fermentation containing selected LAB isolates (as a starter culture) was performed in processing of wheat bread.
Crumb hardness, specific volume, water activity, overall acceptability and surface growth rate of the target fungus
were compared in the produced breads. In order to determine the effects of the substrate, fermentation and
germination, suitable samples were produced. The results of the present study were also analyzed in a completely
randomized design with three replications, and Duncan test at P<0.05 significant difference was used to compare
the mean.

Results and Discussion

Sequencing results of the PCR products (amplicons) led to the identification of Pediococcus acidilactici as the
selected LAB isolate. Addition of lentil sourdough to wheat bread significantly (P<0.05) reduced the weight loss
and crumb hardness of wheat bread and also increased its specific volume without significant effect. Among the
produced breads, the lowest specific volume was belonged to the sample containing lentil and the highest specific
volume was observed in the control sample. Moreover, fermentation and sprouting reduced the surface growth of
A. niger in the produced breads. The surface growth rate of the fungus in the bread containing fermented sprouted
lentil was also significantly lower than those of the control sample. In addition, wheat bread containing fermented
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sprouted lentil received the highest overall acceptability score among the produced enriched breads. It is reported
that the positive effects of controlled sourdough on textural features of the produced bread are mainly associated
with the acidification activity of the starter culture used. Production of organic acids and other inhibitory
metabolites by the sourdough starter culture is also involved in its antifungal activity in the product. Moreover,
production of volatile and non-volatile aroma precursors during sourdough fermentation affect sensory attributes
of the sourdough bread.

Conclusion

Nowadays, consumer demand for healthy products with minimal processing and with no synthetic additives
such as clean-label foods, and the use of bio-preservatives (application of microorganisms and their metabolites to
prevent spoilage and increase the shelf-life of the product) has become a growing trend. Application of legumes
as a good source of protein, other nutrients and essential components in bread formulation is important for their
use in the daily diet. According to the results of the present study, controlled fermented sprouted lentil containing
fennel extract can be used as an antifungal compound and texture improver in bakery industries. Overall, the use
of plant extracts with antifungal effects as well as controlled fermentation of sourdough with selected LAB as
protective/starter culture can reduce the use of chemical preservatives in bread.

Keywords: Antifungal effect, Enriched wheat bread, Fermented sprouted lentil, Protective culture
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1- Back-slopping
2- Total titratable acidity



YYV  pais o sl g » 4Ll ojlas ol 035ailgr (was osid JpiiS pads 13l (ol )02 9 53 Jgm)

Ol s 252035 bgle o0 b Ol g ((359/ 359 00 99) 25l
5 (S8 Aw,S oS e a0 YV 40 dddd VWe Ciedsy bl
oS48 50 aa By Ve ey ol )5 il a3 Yoo glod ) Lileio
Sob> paS sla b Jols (eador (slab s awso (olJT Feller)
wdd pasd 03jdiley ywde wdjdiles wae @iljly ojlas (uie
O 9 A3l ojlas + ol pesd 02jdllgy wds @l eSS ude
Aol diges b lie Loyl yd 13 45 039y muanlS Slgngy (sl> paiS

L0385 (559158

O g (oY 90 8 (paas

oyl wjlas 1oy cp i (0)5] Cusddy sl (imoR x5
30 9 45 (YO 9 YAIVOY/D S/YD) ilises sladod b bl o
I By ool 2 G 285 )15 03latal 3590 (U gV 90,8
A oy AL ojlas die oliee Mg sla b

sl gs slagl sla S5
Uogads pan 9 Ll (e

oBuwd I gy glapl <l e glie opp Gl
oAb eolatwl (wdSSI Stable Microsystem) ziwcdl
b Waigas )3 393 (gail b e jl el g3 CuddS Jl u jliie
Fogke Sy gn Cop e Bl WV jlad 4 lalgial g
dbwl cag p3Y oy )5 plml )5 00 g9y dall g a5l
Aols —gps (Jode oy b adgl culis 3 (53,08 ao)d B:
(Katina et al., 2006) . (5,505l b 320 cdl hw laica
IS als (olule gy 4 iy slaglb pogasce oo orizen
(AACC, 2010) 1303 duslio aali diges b ol polie g b s
Fo AW g alSied gy 4 55 iy b o el
Oig AU 5k 5l 59 Cdl g (uew NOVasina-LabSwift)

A s CSy L S 6 e (59 b g )b

G‘,‘; @b‘-ﬂ 4.:.;4.133 U‘:):“
Ob gdaw Al niger (asls g)B daws e oy sy
oxlazwl (Gerez et al., 2009) ), Sea 4 5,5 5g, 5l (o5 sl
(diske 52 sl V+7) @B joml Cygmailiwgu oyglate cpdy A3
Swzd 59y 2 Fogilugen pY bugi ol Sl ey 0ad mela
2 diar S Glody g g b gudli (U 5S40 0 b jiwl il

3- Basic Local Alignment Search Tool
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1- Yeast Glucose Chloramphenicol agar
2- Polymerase chain reaction
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1- Least Significant Difference



fra

P b sla S 2 ALl o las 55l 003lgn s o J S e il (ol K00 9 58 Jgw)

s ol glalpunge 4 1) on ol funges ¢ con ] coled
wbe ilobia Jlaisl 398 0 (29)S0e Cune E98 a9 03,5
Aryashad etal., ) o, Kon 5 5Lkl .08 oyt 1) cglize gla
ob)’A.il? ole )T ped 51ooslawl L glaalllas s (2023
e SasY o als lgea 1) Pediococcus pentosaceus
Slgi ooyl gl b jsSie Simgh gt Gl w38 (olulis
Sy Jdar pol Gigh 53 1n Al Dtesge Solis Jd>e
ol & pglie slag Sl b WLy ojlac (09)Shers Cuols
bygSde (iagh )3 ped 03l g pSale Jlde (nl p ogMe

Iy slaug
o \m

B ab

e 5
(] ’
. \

Sourdough pH and TTA

h
"

4

CATis aylun (N 9Sl 9o abealinh

e oiie SwSY alis 165 IDNA 5 Gan g5 5
539995l 5 bwss &ljly ojlac (gols o ez 0djdiles
by (¥ JS8) oS 5 snb 5y PCR c¥gase
35 05 Sl by 2g390 (slaodld b duslis ;> PCR &Y guasce
Loy AA L) Pediococcus acidilactici RFSL Lol 4 o
D e e (SeSY ailia plsied (cuplie

wp b e b (Perri et al., 2020) ,Se2 5 (5 p
Sy 5l o e SSY sl (slosySL p il ] s
3 31 o o SaSY sl (glags Sl o aiidl o (3955 5 i)
Judoay giailen #dly 1> a0 glite ol odjdiles s g 0djailg

de

S 6 7 8 10 11

Fermentation time (day)

(38)) me39 olej

o5 yloj b 3 Al )y o kas gols 035l (wis (W0 ged (TTA) ypid 9 aiaw! g PH Ol i =Y JSW
Aizad TTA G pH polio (40 P <o/ed paws )5 jlo pze M 00id Ui e s Cglite 55 g S8 gy
Fig. 1. pH and total titratable (TTA) changes of sprouted lentil sourdough containing fennel extract during fermentation time
The different lowercase and uppercase letters indicate significant differences at P<0.05 among the pH and TTA values, respectively.
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Fig. 2. Antifungal effects of the predominant lactic acid bacteria (LAB) isolated from fermented sprouted lentil containing
fennel extract on A. nigerin overlay bioassay
A: control, B: selected LAB isolate, C, D and E: non-selected LAB isolates.
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Fig. 3. Gel electrophoresis of the PCR products. Lane 1: positive control (PCR products obtained from amplification of the
extracted DNA from L. plantarum PTCC 1896), lane 2: negative control (without DNA), lane 3: ladder (100 bp DNA marker,

Simbio), lane 4: amplified target sequence in DNA of the selected LAB isolated from sprouted lentil sourdough containing
fennel extract
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Fig. 4. Overall acceptability of the produced wheat breads containing different amounts of fennel extract to determine

optimal percentage of the extract in bread formulation
Different letters show significant difference at P<0.05.
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Table 1- Fungal surface growth and crumb pH of wheat bread (C) compared to wheat bread samples containing calcium
propionate (CP), fennel extract (E), lentil (L), sprouted lentil (SL), fermented lentil (FL), fermented sprouted lentil (FSL),

fermented sprouted lentil + fennel extract (FSL + E) and fermented lentil + fennel extract (FL + E) after seven storage days
at room temperature. Different letters in each column indicate significant difference at £<0.05

OU dges LRSI T8 ) ol Al o 3% pH &, 0aalis 59, o)
Bread sample  Fungal growth zone (%)  Black zone of the fungal growth (%) Crumb pH  First day of the fungal growth

Cc 54.00+2.82° 36.00 + 0.00° 6.09 £+ 0.22° 2.00 +0.00°
CcpP 29.00 £7.07¢ 24.00 £7.00¢ 6.25 = 0.06° 3.00 + 0/007
E 69.00 +£10.60° 41.50 £0.70% 6.18 +0.14° 1.50 +£0.70°
L 47.50+10.60™ 40.00 £5.65° 6.24+ 0.072 2.00 +0.00°
SL 43.00+ 0.70° 23.00 + 7.77¢ 6.14 £0.03% 1.50 £ 0.70°
FL 44.00£12.02° 25.00 + 5.56¢ 4.71+0.16° 0.00° +2.00
FSL 40.50+1.41° 20.50 + 0.22¢ 4.63 +0.02° 0.00° 2.00 +
FL+E 48.00+11.31™ 34.00+0.70° 4.62+0.00° 1.50 +£0.70°
FSL+E 39.00+ 0.70° 21.00+ 3.350° 4,70+ 0.07° +0.00° 2.00

s e i 1y P<e/ed o )5 4o txe glds g yo p3 glie Cigys
Different letters show significant difference at P<0.05.
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Table 2- Quality characteristics of wheat bread (C) compared to wheat bread samples containing calcium propionate (CP),
fennel extract (E), lentil (L), sprouted lentil (SL), fermented lentil (FL), fermented sprouted lentil (FSL), fermented sprouted
lentil + fennel extract (FSL + E) and fermented lentil + fennel extract (FL + E). Different letters in each column indicate
significant difference at /<0.05

OU wged b e P A ol edlad Ojs <l o S
Bread sample  Crumb hardness (N)  Specific volume (cm®g™?)  Water activity Weight loss (%)  Overall acceptability

c 3.60£0.70% 2884017 084001 4425+0.70° 419+ 0.07°

cp 3.32+0.37¢ 2.86 £0.19* 0.94 £+ 0.00? 10.25 + 0.70° 406007
E 5.56 +0.12° 1.95 £ 0.04" 0.94+0.00° 19.75+2.12° 3.71 +0.04

L 7.78+026° 1.07 4 0.00° 093+£000° 550041410 3.63% 0.00°

SL 387+0.07% 2.11+£0.12° 0.93+0.00" 19.00 + 1.41° 3.76 &+ 0.00*

FL 288+089° 1.39 + 0.00% 0.93 £ 0.00° 13.25 + 3,534 3.68 + 0.00%

FSL 457051 1.72 +0.209 09340000  1550+141° 3.80+0.02"
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Introduction

Recently, the use of new packaging materials and natural additives for improving the durability and preservation
of foods has been increasingly considered. Edible coatings containing plant extracts lead to increase the shelf life of
food, do not cause environmental contamination, and do not endanger the health of the consumer. Fish is a food rich
in amino acids, vitamins and minerals, and polyunsaturated fatty acids, especially omega-3, which has made it more
and more popular in the human diet. However, the presence of a significant amount of polyunsaturated fatty acids as
well as easily digestible proteins has turned fish into a highly perishable commodity. Fresh seafood spoils rapidly due
to the enzymatic and bacterial activities that occur after death, as well as the spoilage caused by the oxidation of
polyunsaturated fatty acids and the high concentration of hematin compounds and metal ions of fish muscle, such as
iron, and their pH which is close to neutral. Therefore, the use of natural coatings that can increase the shelf life of
food and attract the consumers should be given more attention. Iran is the largest fishery producer in the region, thus,
providing new methods to increase the shelf life of these products until the time of consumption can guarantee the
safety and be effective in the economic prosperity of this industry. Therefore, the present study was designed to
investigate the effect of chitosan coating along with the volatile oil of ginger plant on the shelf life of salmon fillets
stored in refrigerator to reduce microbial growth, reduce chemical reactions, and increase the storage life of salmon
fillets in refrigerator.

Material and Methods

Rainbow trout fish with an approximate weight of 600 grams were purchased from the market. Fish were washed
with sterile distilled water, and cut into 60-gram pieces after separating the head and tail and eviscerating. The prepated
fish were randomly divided into 4 groups. The control group was without any treatment but the treatment groups were
immersed in chitosan containing different concentrations of Ginger essential oils. All the samples were kept in zipped
bags at refrigerator (4°C) for 15 days. Microbial tests (Mesophilic, Psychrophilic, Coliform, and Lactic acid bacteria
count), chemical tests (pH, TVN, TBARS), and sensory tests (color, smell, taste, texture, and overall acceptance) were
performed on days 1, 4, 7, 12 and 15. The data obtained from the microbial and chemical tests were analyzed by one-
way analysis of variance and the data obtained from the sensory tests were analyzed by the Kruskal-Wallis test in
Sigma Stat 4 statistical software, considering P<0.05.

Results and Discussion

The results of bacterial tests showed that chitosan coating with ginger essential oil had a significant effect on
reducing the growth of mesophilic, coliform, lactic acid bacteria and psychrophilic bacteria compared to the control
and chitosangroups during 15 days of storage in the refrigerator (P<0.05). During the storage period, chitosan-treated

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

https://doi.org/10.22067/ifstrj.2024.85460.1300


mailto:boniadian@sku.ac.ir
https://doi.org/10.22067/ifstrj.%202024.85460.1300
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/ifstrj.2024.85460.1300
https://orcid.org/0000-0001-5970-9469
https://ifstrj.um.ac.ir/

VFor T o0 oF oylodd Fo aler )l ! (108 2obeo g pole Slinpsy 4 pii  FFA

groups containing 1.5% and 0.75% of ginger volatile oil had the best microbial quality in terms of mesophilic bacteria,
Psychrophilic bacteria, lactic acid- bacteria, and coliforms. Also, in samples immersed in chitosan coating with ginger
essential oil, the pH, TVN and TBARS values at the end of the storage period were significantly lower than the control
and chitosan group (P<0.05). The results showed that pH, TVN, and TBARS did not exceed the defined standard for
fish meat at the end of the storage period in the groups treated with ginger volatile oil. Sensory characteristicsindicated
that the groups treated with chitosan coating containing ginger essential oils showed better sensory characteristics in
terms of color, taste, smell, texture, and overall acceptance than the control and chitosan groups during the storage
period (P<0.05).

Conclusion
Based on the results of the present study using the chitosan coating combined with ginger volatile oils has
antimicrobial and antioxidant properties, which can reduce the oxidation of fats and microbial loads, while maintaining
the organoleptic quality and increasing the shelf life of fish meat at refrigerator temperature. In comparison between
treated groups, the use of chitosan along with 0.75% volatile oil of ginger is recommended, because by using a smaller
amount of volatile oil, the microbial, chemical, and organoleptic properties can be kept at the standard level until the

15th day.
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Fig. 1. The number of mesophilic bacteria in different treatments in salmon during 15 days of storage in refrigerator
(C: uncoated salmon, Ch: salmon coated with 2% chitosan, Cf\(())l.l;g?l:;ll:non with chitosan coating containing ginger essential oil with

a concentration of 0.75%, Ch1.5: salmon with chitosan coating plus essential oil with a concentration of 1.5%. Different letters in the
treatments on each day indicate the presence of statistically significant differences P<0.05).

9 JS 09)5 Cm S yshar 390yt oy, S pl I S 0g)S
8 09y s> g b sles (glog S L o pd ¥ lignS e
A odnlie (o) bxe Cgle doyd VB g /YO clale b oS
b doyd VO )3 29, b oligsS Jlosd 09,5 o (Jg «(P<0.05)
S ine gl 80> VB il b L (19, L (59 slasd 09,5

(¥ JS.5) (P>0.05) 15 oxnlise

595 B eSS sl 59y > Jdg ol slaes Sl 5)lod gl

0Lz ess) Wog)S 1503 9 38 09,5 (e (5 dsine glds p o
oy VO clale b s gy sosMe & l55uS o 5 Moy ¥
i odmlie (4o VO chale b )13 (429, 55l (lignS Jless 5
S opl @ dag b ploses 55 )5S w35k ) 5> (P>0.05)
A8 Jg ity 4y Jdg ol sl yiS jlai 5l oy S (oolos



YOY Ul slos 50 Y138 ool o) ilo 59y 32 Juumiy obS 5158 (129 ol pod &y (395’ Siigy 31 (omy 2 o3y K0 3 (2l 0

Jime BB oy S (oolos b J5S 09,)5 i )10 Ul 59,
3 SRS w23]l53 5 w2 9 ke jg) 53 (P>0.05) cuils s
dolsl Wg)y og)S (sdod 1D SSY sl slag,iSL w4 dn g b
035 jgy 3 9 Caml olpod (6 piy Sy b S 09,5 )3 Lol by
BB ao 3 ¥ oli9uS Yo 2 4 bjlosd (ooloas b J 58 09,5 (4
o> lisnS Jlows 09,5 oy Ll (P<0.05) cuils 3939 4o iz
Loy VB 518 gy ool (lighS 09,5 b o> VB 15 (4és)

(¥ JSi5) (P>0.05) st stalie (5 lof I3 ine M5

10000000
1000000
100000
10000

1000

£S5 0 Sl s
CFU/g

100

10

b Bog)S den )3 p)alS sas Sl )led @l 4 dagi b
b S8 09,5 o Jol Jgy 5> ititly 48 lapjadS” (o)l oloj
I (P>0.05) cuils dg5g o pze M Jlos (glaog )5 soles
2l 4 Cand S8 09)5 55 p iyl slags pSL A3 dm (slajs) 5
095 (w2 An 4 ki o) jl 4 (5pgkar Culld (g il (H1j3l aog)S
L odalde b gme OMB] Hlag sleeg,S el L S
O Jeoss 089y ol ligiS Jlow 09,5 o Lol (P<0.05)
Qo> MO sy JL8 gy sl lisiS Hles 09,59 oy
(¥ JS.5) (P>0.05) celis 3gg (5,13 sine VS
VO Gacdale b oss 58 () 9 ol Jles Sl (o)
Sl Sog Sl 59y 2 Jeesi S gy clald dop VB

=@ Ch+ 1.5
«=@==Ch+ 0.75

Ch

Day

)9

Jlse bl pad )3 (5,15 j9; 10 (b VI35 (alo ;5 cilises (5ol 1> Cuwgdlo o (slags ST Slasi T JS
Clale b sy )8 ey gl g oibs b VI (alo ChO.T5 wo s ¥ lisns by, sl YIS (oo Ch iy 186 (Y135 (ale :C)
lol B 39 g S5LES 5,y 0 njlows )3 e e gy (opd VO clale byl )3 89, (cogde & S Sibg shyls (VT35 ol :Ch1.5 cuoys +/¥D
(P<0.05) cuul 5 gne

Fig. 2. The number of Psychrophilic bacteria in different treatments in salmon during 15 days of storage in refrigerator
conditions
(C: uncoated salmon, Ch: salmon coated with 2% chitosan, Ch0.75: salmon coated with chitosan containing Ginger essential oil with
a concentration of 0.75%, Ch1.5: chitosan coated salmon plus essential oil with a concentration of 1.5%. Different letters in the
treatments on each day indicate the presence of statistically significant differences P<0.05).
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Fig. 3. The number of coliform bacteria in different treatments in salmon during 15 days of storage in refrigerator conditions
(C: uncoated salmon, Ch: salmon coated with 2% chitosan, Ch0.75: coated salmon Chitosan containing ginger essential oil with a

concentration of 0.75%, Ch1.5: salmon coated with chitosan plus essential oil with a concentration of 1.5%. Different letters in the
treatments on each day indicate the presence of statistically significant differences P<0.05).
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Fig. 4. The number of lactic acid bacteria in different treatments in salmon during 15 days of storage in refrigerator
conditions
(C: uncoated salmon, Ch: salmon coated with 2% chitosan, Ch0.75: coated salmon Chitosan containing ginger essential oil with a

concentration of 0.75%, Ch1.5: salmon coated with chitosan plus essential oil with a concentration of 1.5%. Different letters in the
treatments on each day indicate the existence of a statistically significant difference P<0.05).
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Fig. 5. pH values in different treatments in salmon during 15 days storage in refrigerator conditions
C: uncoated salmon, Ch: 2% chitosan coated salmon, Ch0.75: chitosan coated salmon containing ginger essential oil with a

concentration of 0.75%, Ch1.5: Salmon coated with chitosan plus essential oil with a concentration of 1.5%. Different letters in the
treatments on each day indicate the presence of statistically significant differences (P<0.05).
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Fig. 6. TVN values in different treatments in salmon during 15 days of storage in refrigerator conditions
C: uncoated salmon, Ch: salmon coated with 2% chitosan, Ch0.75: salmon coated with chitosan containing oil Ginger essential with

a concentration of 0.75%, Ch1.5: salmon coated with chitosan plus essential oil with a concentration of 1.5%. Different letters in the
treatments on each day indicate the presence of statistically significant differences (P<0.05).
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Fig. 7. TBARs values in different treatments in salmon during 15 days storage in refrigerator conditions
C: uncoated salmon, Ch: salmon coated with 2% chitosan, Ch0.75: salmon coated with chitosan containing Ginger essential oil with

a concentration of 0.75%, Ch1.5: chitosan coated salmon plus essential oil with a concentration of 1.5%. Different letters in the
treatments on each day indicate the presence of statistically significant differences (P<0.05).
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Fig. 8. Odor changes in different treatments in salmon during 15 days of storage in refrigerator conditions

C: uncoated salmon, Ch: salmon coated with 2% chitosan, Ch0.75: salmon coated with chitosan containing Ginger essential oil with
a concentration of 0.75%, Ch1.5: Salmon coated with chitosan plus essential oil with a concentration of 1.5%
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Fig. 9. Color changes in different treatments in salmon during 15 days of storage in refrigerator conditions

C: uncoated salmon, Ch: salmon coated with 2% chitosan, Ch0.75: salmon coated with chitosan containing Ginger essential oil with
a concentration of 0.75%, Ch1.5: Salmon coated with chitosan plus essential oil with a concentration of 1.5%
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Fig. 10. Tissue changes in different treatments in salmon during 15 days of storage in refrigerator conditions

(C: uncoated salmon, Ch: 2% chitosan-coated salmon, Ch0.75: chitosan-coated salmon contains Ginger essential oil with a
concentration of 0.75%, Ch1.5: salmon coated with chitosan plus essential oil with a concentration of 1.5%
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Fig. 11. Changes in taste in different treatments in salmon during 15 days of storage in refrigerator conditions
(C: uncoated salmon, Ch: 2% chitosan-coated salmon, Ch0.75: chitosan-coated salmon contains Ginger essential oil with a

concentration of 0.75%, Ch1.5: salmon coated with chitosan plus essential oil with a concentration of 1.5%).
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Fig. 12. Overall acceptance changes in different treatments in salmon during 15 days of storage in refrigerator conditions

(C: uncoated salmon, Ch: salmon coated with 2% chitosan, Ch0.75: coated salmon Chitosan containing Ginger essential oil with a
concentration of 0.75%, Ch1.5: salmon coated with chitosan plus essential oil with a concentration of 1.5%)
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Introduction

Ziziphus mauritiana, also known as Ber fruit, is a tropical fruit from the Rhamnaceae family with high
nutritional value and a short shelf life. Edible coatings the surface of the fruit can play a positive role in increasing
its shelf life. The application of alginate (Al), a linear polysaccharide derived from brown seaweed (Macrocystis
pyrifera), which has the advantage of moisture retention, and also Shirazi thyme (Zataria multiflora) essential oil
(ZEO), which contains antioxidant and antimicrobial compounds, can improve the fruit's characteristics and
preserve its quality for a longer period. In recent years, the application of ZEO together with organic coatings in
order to enhance the quality characteristics of different fruits during storage has been the focus of researchers. This
study aims to investigate the effect of alginate coating and ZEO on the post-harvest and physicochemical
characteristics of Ber fruit during storage at 61 C° and a relative humidity of 90-95%.

Material and Methods

This study was conducted to enhance the shelf life of Ber fruits by treating them with alginate (Al) and Shirazi
thyme essential oil (ZEO). Ber fruits at their mature green stage were harvested in 2022 from a commercial orchard
in Minab, Hormozgan province. After harvesting, the fruits were transported to the Horticulture Laboratory
University of Hormozgan, to apply the treatments. Factors include six treatments (control, Shirazi thyme essential
0il 0.5%, Shirazi thyme essential oil 1%, alginate, alginate + Shirazi thyme essential oil 0.5% and alginate + Shirazi
thyme essential oil 1%) and five storage periods(zero, 7, 14, 21, 28 days). The treated fruits were then stored at
6+1 C°, and relative humidity of 90-95% for 28 days. The factorial experiment was conducted as a completely
randomized design with four replications, and ten fruits were used in each replication. Fruit parameters such as
fruit weight loss, respiration rate, total soluble solids (TSS), organic acid, ascorbic acid, fruit firmness, carotenoids,
and chlorophyll content were evaluated. Statistical analysis of data was done using SAS software. Figures were
drawn using Excel software.

Results and Discussion
Based on the results of the analysis of variance, the main effects of time and treatment were significant (P<0.01)
for all characteristics. Additionally, the interaction effect of treatment and time was significant (P<0.01) for all
traits except for ascorbic acid. Comparisons of means showed that all treatments, maintained fruit quality
compared to the control. The Al + ZEO treatment had a significant effect on reducing respiration rate. This
combined treatment reduced weight loss, decay percentage, and fruit softening while slowing down the increase
in TSS. The alginate coating and Shirazi thyme essential oil delayed ripening and subsequent fruit softening by
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reducing ethylene activity. Furthermore, the coated fruits had higher levels of ascorbic acid compared to the
untreated fruits. These coatings are impermeable to water vapor and create a saturated atmosphere, preventing fruit
evaporation and wrinkling, thus delaying ripening. The use of essential oils in the form of a semi-permeable layer
also reduces respiration and surface transpiration by inhibiting the movement of oxygen, carbon dioxide, and
moisture, playing a positive role in preserving fruit quality.

Conclusion

The aim of this study was to investigate the effect of alginate coating and Shirazi thyme essential oil on the
post-harvest and physicochemical characteristics, as well as the shelf life of Ber fruit. The results clearly indicated
the enhancement of fruit quality using edible coatings compared to the control. The combination of Al + ZEO
(0.5%) had significantly positive effects on preserving the postharvest quality of Ber fruit. In fact, by creating a
semi-permeable coating on the surface of the fruit, thyme essential oil and alginate lead to limiting the fruit
respiration and metabolism and fungi growth, thus delaying the ripening process, increasing TSS and ascorbic acid
and total acidity. According to these results, to reduce post- harvest losses and increase productivity of fruit, the
use of 0.5% Shirazi thyme essential oil in combination with alginate coating is recommended due to its beneficial
effects on the appearance and physicochemical characteristics of Ber fruit during storage.
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Fig. 1. The effect of Al coating and ZEO on the Weight loss (%) of Ber fruit stored at 6=1°C for 28 days plus one day shelf life

at ambient temperature. (ZEO: Zataria multiflora essential oil; Al: alginate)
The columns with the same letters are not significantly different according to Duncan's multiple range test.
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life at ambient temperature. (ZEO: Zataria multiflora essential oil; Al: alginate)
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Fig. 3. The effect of Al coating and ZEO on the Decay (%) of Ber fruit stored at 6+1°C for 28 days plus one day shelf life at

ambient temperature. (ZEO: Zataria multiflora essential oil; Al: alginate)
The columns with the same letters are not significantly different according to Duncan's multiple range test.

S5 39 5o ogie (29 dwgy (e bai )3 (gyll 093 (b
Sty Sl oy gl uilal b oS5 0 i
408 @) i b > (58 BB gbas sl il 5 SR
sloisg oS ol (Jiang et al., 2011) culy i (ol
Casby il asd slbosiSuiles bosiSpy olpenty Syss
258 ) o @l g &l 8l & gl Jsl g i g iz
el ol ppod Yhainl g 0313 Cawd 5| (65208 Cashs o850 1 il
Sk o Y5 L odd ool Lidgy (sbadiged B cawl ol
Martinez et ) ,Ken ¢ o5l (Wittaya, 2012) sl awils
Dibes b S 5 55 b yuilsl ookl a8 15,8 ol 35 (al., 2003
475 slompl slocdls j oS5l b el L She gl
@955 Sl JS Bl | (Shewg I camilee g Sy oS
P gy (b LS g (sl M5 (el ogre il i Lais cage
RNV ETRGESIRG PPV T PR SWNSIPRR YW RURe.
Py AmD )3 g oAS B pae Dgldd & Cuwl (S sla Sy
Sl (b e 43 st cov |y oaiSpan lawg
SoosSy 1y 0iSysig 4 58Sy 0aiS o5 slae 3l Collad
iy Ui Sals g b S 1 a8 e s Ol 5 Jsle
593 Bib ) 9o (Jobw o)lend (uSS 4 oxie &5 Jsle

( Slo)lil loj cubdS b s e LialS 2939 b aS go0iay

s a8 e dald jle 4 Cund ) ogue (it itudlyr s jlans
iolojl )3 a5 gygbar cuily Slodan 05 clislejl (S b b
By hw L (coy (cliodgw I matwcslul Jide I edlal
ol » bl 5l ob Lt 5K ey Jobo )3 (2 sla
ol odlasl ob)igbéi 09y 3 Lide cpl GamwY 0,8 1> ddlllas
Gl e bas el a0 g Cugby by Coge ol
L kwlyen .(Ahmadzade Ghavidel et al., 2011) i Joaze
ol (g5l sl b oge (w3 tbe (B ol
Azarakhsh ) (el o oy colabad  hus babs Cogo goud cile
Raybaudi-Massilia et ) o3 3 s oy o sk 4 (et al., 2014
boodd jlosd (5,8 @y slaogre (aw .Cusl oads (al., 2008
4 Cand St 5 Jgidsl ool b caS5 0 5 oleiay ologll
3,8 (Guerreiro et al., 2015a) b Las i sals sleogs
DRl 5l 6ol b 3 o Bl oy ojb labad (g, ol
Rojas-Grau et al., ) 5 j50 cdb gaw bis > Lolel g Cugb,
(Hashemi et al., 2021a) ,Ken 5 odla  ypicxed (2007
Evo shloly S clapiis )8 &5 8080 J5)lS
036 (sloainy (55 (rdag] rill b S5 )3 o Sl 5 ope



VPo¥ obT— s oF oylods o wlr oyl (108 aulio 5 pale Glesigly 4 pis  YVY

9 Oy Aol a3 g ol (Splie s lad (ials 4
@owdmhbww)bw‘)lawbﬂptmbdy
(Sogvar et al., 2016) >,

Las s (Wang & Gao, 2013 ) 53,5 e sgee (ylip 5 4 yoxie
conlio 31 phnei] 5 ool cli 3] Jiidgr alawgds ogue  huw
0500 puundgalio LS &) e &S Cawl o 00l jidgy (slaoges )
ssba (Fan et al., 2009) 2,5 o ol s Bxle il5bl g LS
5 o3 Yloin] 4 43S o 1S | ogae (yMibpy Mg, Lo by ¢ JS

70
o
0| cEETIc 485888 gfum,
z = Li&S i mm =)
§ %3 40 = '_I T
g 30
o 20
10
0
0 7 14 21 28
Storage time (day)
sloyll ey ©e
mcontrol ®mZEO0.5% ®mZEO1% =Al mAI+ZEO0.5% mAI+ZEO1%

593 YA ©oseds 81,8 S5lw da 13 TEY (glod jd 45 (i JUS oga0 (huwr (3l5u0 0 (631t Cpuii o] (pmilanr] g L3I gy p31-£ U
(SUHIZAL 5 (651005 cpuiasl Glh-ZEO) aima (5o 53 (5,5 ko 55, Sy ogMs a1 Jlo, ]

..U)LU d)lbw u}l.a) uS.:l.s U?")] U»Lul » UL““S'i «_95)> la dh’u?:'“’
Fig. 4. The effect of Al coating and ZEO on the Firmness (N/cm) of Ber fruit stored at 6+1°C for 28 days plus one day shelf
life at ambient temperature. (ZEO: Zataria multiflora essential oil; Al: alginate)
The columns with the same letters are not significantly different according to Duncan's multiple range test.
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Fig. 5. The effect of Al coating and ZEO on the TA (mlg) of Ber fruit stored at 6=1°C for 28 days plus one day shelf life at

ambient temperature. (ZEO: Zataria multiflora essential oil; Al: alginate)
The columns with the same letters are not significantly different according to Duncan's multiple range test.
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Fig. 6. The effect of Al coating and ZEO on the TSS of Ber fruit stored at 6=1°C for 28 days plus one day shelf life at ambient

temperature. (ZEO: Zataria multiflora essential oil; Al: alginate)
The columns with the same letters are not significantly different according to Duncan's multiple range test.
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Fig. 9. The effect of Al coating and ZEO on the Carotenoid of Ber fruit stored at 6:1°C for 28 days plus one day shelf life at

ambient temperature. (ZEO: Zataria multiflora essential oil; Al: alginate)
The columns with the same letters are not significantly different according to Duncan's multiple range test.
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Fig. 10. The effect of Al coating and ZEO on the Total Chlorophyll of Ber fruit stored at 6:+1°C for 28 days plus one day shelf

life at ambient temperature. (ZEO: Zataria multiflora essential oil; Al: alginate)
The columns with the same letters are not significantly different according to Duncan's multiple range test.
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Fig. 11. The effect of Al coating and ZEO on the Sensory evaluation of Ber fruit stored at 6:+1°C for 28 days plus one day
shelf life at ambient temperature. (ZEO: Zataria multiflora essential oil; Al: alginate)
The columns with the same letters are not significantly different according to Duncan's multiple range test.
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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
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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.

Keywords: Apple, CT number, Physicochemical properties, Storage, X-ray
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Fig. 1. Apple imaging with a CT scan machine
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Table 1- Average values of apple properties during 135 days of storage

o (ot loouni S 543 (p0lgs
Apple physicochemical property

; w - Jols 3l
dgiz’t:;;em S 29 H ?eSh Moigi)(%) Densi‘f‘s(ecm's) ggi:;le Sali;'
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

e (o2 lyonnd 950 308 1095 (5152 0D dawlone (ygm iy (Khuamsod o 0 - Jg
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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Table 3- Specifications of linear regression equations in predicting apple characteristics according to CT number

s Clno g Wslee g o A.S)l.:t,lél dlobt (R2) comd s aalzo Jiwg
Apple characteristics  Equation type > 9% GIPETEHTE - coefficient of determination Equation
; 0 0.7528 =-0.0067x + 3.0746
pH G y=

Linear 4 0.5527 y =-0.0031x + 3.3679
o st s 0 0.3241 y = 0.0301x + 40.746
Flesh firmness Linear 4 0.5748 y =0.0812x + 46.437
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

5850 50 ol ol PH S i 0 cdd LialS coge YL
e 0 agl CadS (el g WSSl axdl Gl byl g4, p alie
Barcelon et al., ) cuiby ogue PH L osSee (Siuads (5
sl (S e ddl ogme 3 aS Dby L degy zols (1999
oloj b PH S oy cdly (fals (Saew) oloj b eyl
ssbas (Kotwaliwale et al., 2012) sl ol (5158 (Saw,
o byl lise b ke (Siuweds (5w 338 )bl ogeo ;5 ailiie

.(Salmanizade et al., 2013) cuily Jol>we pH o

m\%‘\‘ -4
4 - 35

L 4
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Oy Olie ¥ S 9 VS ol elal 2 el I ine
4 gpmads 420 ¥ g piuo (glod )3 ¢S (g 5 Abslas 5 (R?)
3 A amd e L gasge cpl el Canday /00 5 IV Sy
dae 3ok 3l oYL cdd b wgende oy jao (g)b)lil gled
¥ sld ;0 0) 59 |y caw PH Ol g 0 (S ow

y = -0.0067x + 3.0746
R2=0.7528

pH

-180 -160 -140 -120 -100 -80
CT Number
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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
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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

R2) pud 0 Lo . .. .
oy ( )uz-:v Sad 25 Camo guad las b go
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
3al Slga 5 PH dabgl ol3an ccogmal 5 B izl y
. 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
P2 Gis 0.78-0.85 sk o
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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