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1-Reactive Oxygen Species; ROS
2-Adenosine Triphosphate [ATP]

3-Adenosine Diphosphate [ADP]
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7-Hypoxanthine [Hx]
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Table 1. Changes in the concentration of nucleotide compounds (ATP, ADP, AMP, IMP, HxR, Hx) in
mmol/kg sample and K-value (%) in rainbow trout fillets coated with different treatments during cold
storage (4 °C) at different days. (C: control, G: gelatin, GP0.5: gelatin + 0.5% polysaccharide, GP1:

gelatin + 1% polysaccharide)

Treatment /

Index Day 0 1 4 7 10 12
C 102+ 04a 16.8+ 0.7a 285+ 1.2a 394+ 16a 46.7+ 1.8 a 503+ 20a
K (%) G 102+ 04a 14.5+ 0.6 ab 227+ 1.0b 304+ 1.3b 36.0+ 1.5b 38.1+ 1.6b
GPO0/5 102+ 04a 133+ 06D 19.7 £+ 0.9 be 258+ 13¢c 30.1+ 1.3¢ 326+ 1l4c
GP1 102+ 04a 12.1+ 0.5b 175+ 0.8 ¢ 224+ 1.0b 256+ 1.1c 284+ 1.3d
C 0.34+ 0.02 a 0.56+03a 0.95+0.05a 1.31+0.06a 1.5+0.07 a 2.82+0.11a
HxR G 0.34+ 0.02 a 0.48+03a 0.75+0.04 b 1.01£0.05b 1.27+0.06b 24+0.1b
GP0/5 0.34+ 0.02 a 044+03b 0.66+0.04 b 0.86+0.04 ¢ 1.08 £0.05¢ 2+0.09¢
GP1 0.34+ 0.02 a 036+02b 0.58+0.03 ¢ 0.74+£0.04¢c 0.96+0.04d 1.7+£0.07d
C 0.68+ 0.02 a 1.12+0.05a 1.9+0.08 a 262+0.1a 282+0.11a 30+0.12a
Hx G 0.68+ 0.02a 096+0.04b 1.5+0.07b 2.02+0.09b 24+0.1b 254+0.1b
GP0/5 0.68+ 0.02a 0.88+0.04b 1.32+0.06b 1.72+0.07 ¢ 2.0+0.09 ¢ 2.16+0.09 ¢
GP1 0.68+ 0.02a 0.72+0.03c¢c 1.16 £0.05¢ 1.48 £0.06 ¢ 1.7+0.07d 1.92+0.08d
C 5+£03a 42+02a 33+02a 20+02b 1.3£02b 1.0+£0.1b
IMP G 5+03a 46+03a 37+£03a 29+02a 24+02a 22+02a
GP0/5 5+03a 47+03a 40+02a 33+02a 28+02a 25+02a
GPI 5+03a 49+02a 43+02a 3.6+02a 32+02a 28+02a
C 1+0.1a 0.8+0.1a 0.6+0.1a 0.5+0.1a 04=+0.1a 03+0.1a
AMP G 1+0.1a 09+0.1a 0.8+0.1a 0.7+0.03 a 0.6+£0.07a 0.5+0.09a
GP0/5 1+0.1a 09+0.1a 0.8+0.1a 0.7+£0.05a 0.7+0.08 a 0.6+0.08 a
GP1 1+0.1a 09+0.1a 0.8+0.1a 0.7+0.03 a 0.6+0.05a 0.6+0.1a
C 1.2+0.1a 1.0+0.1a 0.7+0.1b 05+0.1b 04+0.1b 03=+001b
ADP G 1.2+0.1a 1.1+0.1a 09+0.05a 0.7+0.07 a 0.6+0.07a 0.5+0.07a
GP0/5 1.2+0.1a 1.1+0.1a 09+0.05a 0.8+0.05a 0.7+0.08 a 0.6+0.05a
GP1 1.2+0.1a 1.1+0.1a 09+0.1a 0.7+0.1a 0.6=+0.1a 0.6+0.08 a
C 1.8+£02a 1.3+0.1a 1.3+0.1a 1.1+0.1a 1.2+0.07a 0.9+0.08a
ATP G 1.8+02a 1.6+0.2a 1.3+0.1a 1.3+0.03a 1.2+0.08a 1.0+£0.07 a
GP0/5 1.8+02a 1.6+02a 1.3+£0.1a 14+0.1a 1.3+0.08a 1.1+£0.07 a
GP1 1.8+02a 19+02a 14+0.1a 1.4+0.03 a 1.4+0.07a 1.2+0.1a

Statistical significance was considered at p < 0.05
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Figure 1. Changes in K-value [%] in rainbow trout fillets coated with different treatments including (C:
control, G: gelatin, GP0.5: gelatin + 0.5% polysaccharide, GP1: gelatin + 1% polysaccharide) during
12 days of storage at refrigerated temperature (4 £ 1 °C). Statistical significance was considered at p <

0.05.
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Table 2. Changes in chemical spoilage indicators in rainbow trout fillets subjected to different
treatments during 12 days of storage at refrigerated temperature (4 +£ 1 °C). (C: control, G: gelatin,

GP0.5: gelatin + 0.5% polysaccharide, GP1: gelatin + 1% polysaccharide)

Treatme
test nt / Day 0 1 4 7 10 12

C 10.13+ 1.12a 11.58+ 1/03a 13.71+ 1.55a 1583 +141a 1825+195a 23.5+229a
TVB G 10.13+ 098a 11.47+ 1/30a 1242+ 1/18b 1442+1.62b 16.71+1.53b 19.42+2.04b
-N GP0/5 10.13+ 1.07a 11.40+ 1/06a 1185+ 1.43¢ 13.59+128c¢c 1597+1.75¢ 18.15+1.80¢
GP1 10.13+ 1.04a 1123+ 1/12a 1144+ 1/29¢ 12.11+£1.15d 13.34+1.22d 1473+1.40d

C 085+ 0.11a 0.96 + 0/08 a 1.85+0.20a 372+042a 498+ 0.56a 4.14+043 a

G 0.85+ 0.10a 0.95+0/13a 1.61+£0.19a 325+029a 438+041a 3.65+0.35a

PV GP0/5 0.85+ 0.09a 0.92 £ 0/08 a 141+0.15a 2.83+030b 3.63+0.34Db 3.15+£0.30b
GP1 0.85+ 0.12a 0.90+0/1 a 1.23+0.13b 2.69+0.24Db 322+031Db 3.05+0.32b

C 0.33+0.03a 0.36+0.05a 0.55+0.07 a 0.65+0.06a 09+0.08 a 1.53+0.18 a

G 0.33+£0.04 a 037+0.03a 0.45+0.06a 05+0.05a 0.63+0.05a 1.1+£0.10b

TBA GP0/5 0.33+£0.04 a 0.34+0.04 a 0.42+0.03a 0.45+0.06a 0.55+0.07 a 093+0.10b

GP1 0.33+0.03a 0.33+0.03 a 0.39+0.05a 0.39+0.04 a 0.44+0.04 a 0.8+0.09b

C 0.42+0.05a 0.67+0.09 a 1.7+£0.15a 2.03+0.21a 325+0.28a 424 +038b

FFA G 0.42+0.03a 0.66+0.07 a 1.57+0.18 a 1.96+0.23a 2.87+0.32a 4.11+043a
GP0/5 0.42+0.06 a 0.65+0.07 a 1.23+0.14b 1.65+0.16 b 242+027b 344+0.37a

GP1 0.42+0.04 a 0.65+0.05 a 1.0£0.11b 1.47+0.14b 2.13+£0.22b 34+031b
C 245+033a 281+0.27a 3.65+0.52a 482+042a 8.12+091 a 13.54+1.25a
™ G 245+0.28 a 2.75+0.26a 344+0.33a 436+0.31a 732+0.76 a 11.85+1.13a
A GP0/5 245+030a 2.66+0.27 a 3.15+0.36a 385+0.35b 5.85+£0.62b 9.13+£093b
GP1 245+031a 253+0/25a 2.86+0.30Db 3.61+£0.33Db 5.03+0470b 6.87+0.68 ¢

Statistical significance was considered at p <0.05
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Table 3. Correlation analysis of normally distributed chemical spoilage indicators

Chemical Index W Statistic  p-value Distribution Status
TVB-N 0.911 0.298 Normal
PV 0.817 0.077 Approximately normal
TBA 0.889 0.166 Normal
FFA 0.875 0.219 Normal
TMA 0.829 0.096 Approximately normal
Storage Time 1.000 1.000 Normal

Note: A p-value greater than 0.05 indicates a normal distribution
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Table 4. Spearman correlation results between storage days and other chemical spoilage indicators.

Chemical Index  Correlation Coefficient (r)  p-value Correlation Description
TVB-N 0.971 0.003 Positive and significant correlation
PV 0.886 0.018 Positive and significant correlation
TBA 0.971 0.003 Positive and significant correlation
FFA 0.886 0.018 Positive and significant correlation
TMA 0.829 0.042 Positive and significant correlation

ple dhd 5o olud e 5 kS Rk gl ol
Sladllas 5,8 513 oslital 3550 3 SIS 053 b
Slaanls 5l LK el & Wlosls 0L 9 alie
S ol alesls 5 S50 bl 8l e s Ll
Gl a8 w03 28 sk w4 cilis glatass o
Lals o ol sdalie 50 s Dlidss s [YE Y]
2 Sl Guils s w5l ol Olgew K
il s gatls pl 5 o) 0 8 el glaldl
eaen 3ol Jes 38 slld a5 4l SHU
Sl sme ssba K jluds o8 Wlesls Ol sl oladllas
] 5,8 )5 S Rilps s b b cos
Sl g 2ls Slpteen mld (pl L o ol glaasl
by Ve S J x5 3 K el 5l eslacdd

S o ASL

LK jasls O (SKhoor i —£-¥-¥

e 3L gla o la

e sbasbas ) S Olse 4 K et ls aallas ol s
o 20sm VLS50, VIS ale i plard L3
LK jarle BLil Olpe sl @l 285 13
PV TVB_N Ll las slud il sla ,atls
A ool O g SNwnr =3 TMA SFFA TBA
bt 3 K jasls s a8 sl Olis (0 Jsur) =k
355 olsgme 5 S8 Dl o dlaly 5L gla el
P Jldis /84Y B /A0 o T Saees ) 350
Slde il il aS el cpl Slo baadl ol (/0 5l zaS
Sl ol on liad sld slamally L3 LK jastls
slazel LBl G Olge a0 Ll oK s ls ol ol

Table 5. Pearson correlation results between the K-value and chemical spoilage indicators

Pearson Correlation

Chemical Index Coefficient () p-value Correlation Description
TVB-N 0.997 0.00013 Strong and significant positive
PV 0.978 0.0003 Strong and significant positive
TBA 0.961 0.0012 Strong and significant positive
FFA 0.978 0.0003 Strong and significant positive
TMA 0.957 0.0017 Strong and significant positive
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Figure 2. Scatter plot showing the relationship between the K-value and TMA index in rainbow trout
fillets during cold storage under different treatments. Linear regression lines are plotted separately for
each treatment. (C: control, G: gelatin, GP0.5: gelatin + 0.5% polysaccharide, GP1: gelatin + 1%

polysaccharide).
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Figure 3. Scatter plot showing the relationship between the K-value and TVB-N index in rainbow trout
fillets during cold storage under different treatments. Linear regression lines are plotted separately for
each treatment: (C: control, G: gelatin, GP0.5: gelatin + 0.5% polysaccharide, GP1: gelatin + 1%

polysaccharide).
SIS Slasleg 6 s 5 ol kS b))
wey a4 Llg e basl ol 58 13 eslatal 34
J\.S &QS g;.'.lt'.)b Lﬁb& dl«v DL UJ»)" 6[.%5”(,3
58S S s B s gde 4 a5 L s
Loodol gla iass 353 o slgin LSl L clale
S ol
sl 03,58 3L s Slems 5 ged & AS o pDel iy 55
O s 5 o5 L
RGO P ft;u‘ olins 5 .h».ﬂj: Lhﬁ,u:.“:ﬁ rl.aj
B, @l

Ble b Jlo il 5Las 658 s 8 A4S o dub oy 5

J)‘.\J axJUas UJ»“ DL L;':JG)

s =

156

G5 4o -0

S Olpe 4w K jarla a8 sl Ol andlas oyl o
A3y (memen )5 TMA 5 FFA TBA PV
RIS 4 i 5L 5l Y5 L YIS sl
0 94 Al als 6LAJA;-LJ L)'i\ u;._:_b.é‘ CJ.: jg,«.:o_-
23 Fyb el sls Ol s 1 gleend slls W,
5o sld gl yerls LK astls 2S] ), slajls gas
Sl 53 Qg S5 Lokt (ol oS (6)5ba 5 0Ll
sled Co o mals sas Ol 5 5y meS g Sl L
w:vj w“f.&ﬁ L ,\Jﬁ)lSL.J‘;L: )\ oslai! ‘g)'i‘fl"" Cf-\-‘-"
RIB Gl b s s s S Olpe @ Ll e
3 Jayl s 55 VI3 ol s coas b 5 80k
Conlor s a4 5 K atls 5 558 5 one SIS
ngﬁfo)(.h‘ C,.:.L'G 9 oles ‘\'.‘.J)‘ J?—‘J.A DL o3 cYLr



VE10 sls = (TF 0,58 VY ol

&lﬂl L;l‘j'b Gw‘gf‘y\&&u

[1]Chen, J., Jin, Z., Wu, J., & Wang, Y. (2018).
Reactive oxygen species: Key regulators in vascular
health and diseases. British Journal of Pharmacology,
175(8), 1279-1292.
https://doi.org/10.1111/bph.13828

[2]Wang, H., Xu, Y., & Chen, X. (2024). Effects of
natural polysaccharide coatings on lipid oxidation and
microbial quality of cold-stored fish fillets. Food
Hydrocolloids, 144, 109778.
https://doi.org/10.1016/j.foodhyd.2023.109778
[3]Poljsak, B., Suput, D., & Milisav, 1. (2023).
Achieving the balance between ROS and
antioxidants: When to use the synthetic and when the
natural ones? Oxidative Medicine and Cellular
Longevity, 2023, 1-13.
https://doi.org/10.1155/2023/5546179

[4]Masjo, R., Karim, A. A., & Bhat, R. (2010).
Utilization of fish waste for the extraction of collagen
and gelatin: A review. Food Reviews International,
26(3), 231-251.
https://doi.org/10.1080/87559129.2010.484113

[5]Li, Y., Xu, B., & Jin, Z. (2021). Edible coatings
based on polysaccharides from natural sources for
food preservation: A review. Trends in Food Science

& Technology, 112, 651-666.
https://doi.org/10.1016/j.tifs.2021.03.035
[6]Zhou, Y., Huang, M., & Xu, Q. (2020).

Polysaccharide-based edible films and coatings for
food packaging applications. International Journal of
Biological Macromolecules, 164, 3014-3023.
https://doi.org/10.1016/j.ijbiomac.2020.07.030
[7]FAO. (2022). Species Fact Sheets: Oncorhynchus
mykiss (Walbaum, 1792). Food and Agriculture
Organization of the United Nations. Retrieved from
https://www.fao.org/fishery/en/species/2929
[8]Wang, L., Zhang, M., & Bhandari, B. (2024). The
preservation effect of polysaccharide-based coating
combined with antioxidants on fish fillets. LWT -
Food Science and Technology, 185, 115275.
https://doi.org/10.1016/j.1wt.2023.115275

[9]Wang, T., Zhao, Y., & Li, W. (2023). Effects of
natural edible coatings on microbial and
physicochemical properties of aquatic products: A
review. Trends in Food Science & Technology, 139,
484-498. https://doi.org/10.1016/j.tifs.2023.02.006.

[10]Choi, Y. J., Choi, J. S., Kim, H. J., & Park, H. J.
(2007). K-value determination in fish muscle: A
modified method for freshness assessment. Journal of
Food Science, 72(5), C270-C274.

[11]Sikorski, Z. E., & Kolakowska, A. (2021).
Chemical and functional properties of food lipids (3rd
ed.). CRC Press.

[12]American Oil Chemists’ Society (AOCS). (2009).
Official Method Cd 19-90: Thiobarbituric Acid
Value, Direct Method. In Official Methods and
Recommended Practices of the AOCS (6th ed.).
AOCS Press.

157

[13]American Oil Chemists’ Society (AOCS). (2017).
Official Method Ca 5a-40: Free Fatty Acid in Crude
and Refined Oils and Fats. In Official Methods and
Recommended Practices of the AOCS (7th ed.).
AOCS Press.

[14JAOAC International. (2016). Official Method
967.12: Volatile Basic Nitrogen in Seafood. In
Official Methods of Analysis of AOAC International
(20th ed.). AOAC International.

[15]Xiong, Y. L., Lou, X., & Wang, L. (2020). Lipid
oxidation and its control in muscle foods: A review.
Meat Science, 167, 108187.
https://doi.org/10.1016/j.meatsci.2020.108187
[16]Jiang, S., Chen, S., & Xu, Y. (2018). Application
of polysaccharide edible coatings to extend shelf life
and maintain quality of seafood products: A review.
Trends in Food Science & Technology, 74, 20-31.
https://doi.org/10.1016/j.tifs.2018.02.012

[17]Zhang, Y., Liu, Y., & Wang, Z. (2022).
Characterization and application of polysaccharides
from loquat seed as antioxidant coating for fish
preservation. Food Packaging and Shelf Life, 34,
100949. https://doi.org/10.1016/j.fps1.2022.100949
[18]Kim, J., Park, J. S., & Lee, D. S. (2023). Gelatin-
based edible films incorporated with plant
polysaccharides to improve barrier and antioxidant
properties. Journal of Applied Polymer Science,
140(2), 1-12. https://doi.org/10.1002/app.53601
[19]Zarei, M., Najafzadeh, H., & Emam-Djomeh, Z.
(2020). Application of edible coatings for improving
shelf life of rainbow trout fillets during storage.
Iranian Journal of Fisheries Sciences, 19(4), 1798—
1813. https://doi.org/10.22092/ijs.2020.121862
[20]Ramezani, R., Motamedzadegan, A., & Sadeghi
Mahoonak, A. (2018). Quality changes of rainbow
trout fillet coated with edible films during refrigerated
storage. Journal of Aquatic Food Product Technology,
27(7), 712-723.
https://doi.org/10.1080/10498850.2018.1504074
[211Wang, H., Sun, D., & Zhang, Y. (2021). Natural
polysaccharide coatings for fresh fish preservation:
Mechanisms and applications. Food Research
International, 140, 110044.
https://doi.org/10.1016/j.foodres.2020.110044
[22]0zogul, Y., Taylor, K. D. A., Quantick, P., &
Ozogul, F. (2010). Chemical, microbiological and
sensory evaluation of Atlantic herring (Clupea
harengus) stored under modified atmosphere and
vacuum packaging. International Journal of Food
Science &  Technology, 35(3), 217-222.
https://doi.org/10.1046/j.1365-2621.2000.00342.x
[23]Ojagh, S. M., Rezaei, M., Razavi, S. H., &
Hosseini, S. M. H. (2011). Effect of chitosan coatings
enriched with cinnamon oil on the quality of
refrigerated rainbow trout fillet. Food Chemistry,
124(1), 245-250.
https://doi.org/10.1016/j.foodchem.2010.06.002
[24]Fan, W., Jiang, Y., Wu, Q., Chen, L., & Chen, J.
(2009). Effect of chitosan coatings on quality and



OLes 5 o5 s

shelf life of silver carp during refrigerated storage.
Food Chemistry, 116(3), 670-675.
https://doi.org/10.1016/j.foodchem.2009.02.025
[25]Field, A., Miles, J., & Field, Z. (2018).
Discovering statistics using IBM SPSS statistics (5th
ed.). Sage Publications.

[26]Pallant, J. (2020). SPSS survival manual: A step
by step guide to data analysis using IBM SPSS (7th
ed.). McGraw-Hill Education.

[27]Kiline, B., & Cakli, S. (2008). Changes in
chemical, physical and sensory characteristics of
rainbow trout (Oncorhynchus mykiss) during ice
storage. Food Chemistry, 110(1), 287-294.
https://doi.org/10.1016/j.foodchem.2008.01.066
[28]0zyurt, G., & Baygar, T. (2019). Evaluation of K-
value and sensory properties in fish freshness
determination. Turkish Journal of Fisheries and
Aquatic Sciences, 19(4), 345-353.
https://doi.org/10.4194/1303-2712-v19 4 05.

[29]Ko CY, Huang YH, Lin YH, et al. (2023))
Physicochemical properties of rainbow trout
(Oncorhynchus mykiss) fillets under different storage
temperatures and high-voltage electrostatic field:
effects on K-value and spoilage indices. Front Sustain
Food Syst.;7:1158953.

158



JFST No. 172, Vol. 23, June 2026

Wi Journal of Food Science and Technology (Iran)

Homepage:www.fsct.modares.ir

Scientific Research

Investigation of K-value Changes and Its Correlation with Chemical Spoilage Indicators in
Rainbow Trout Fillets Coated with Gelatin Containing Polysaccharide Extracted from Loquat

[Eriobotrya japonica] Seed

Mojtaba Nouri', Homa Baghaei*?>, Mahdi Kashaninejad®, Abdolreza Mohammadi Nafchi
1- Department of Food Science and Technology, Da.C., Islamic Azad University, Damghan, Iran
2- Department of Food Science and Technology, Da.C., Islamic Azad University, Damghan, Iran
3- Department of Food Process Engineering, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan,

Iran

4- Department of Food Science and Technology, Da.C., Islamic Azad University, Damghan, Iran

ARTICLE INFO

ABSTRACT

Article History:
Received: 2025/08/06
Review: 2025/09/11

Accepted: 2025/09/13

Keywords:

K-value,

loquat seed polysaccharide,
edible coating,

rainbow trout,

correlation,

spoilage

10.48311/fsct.2026.84075.0

*Corresponding Author E-

baghaei.homa@gmail.com

Freshness and quality of fish fillets are key indicators of safety and
consumer acceptance in seafood products. This study evaluated the
K-value index and its correlation with other chemical spoilage
indicators, including total volatile basic nitrogen (TVB-N),
trimethylamine (TMA), peroxide value (PV), thiobarbituric acid
reactive substances (TBA), and free fatty acids (FFA) in rainbow trout
fillets during refrigerated storage. Fillets were coated with 1% gelatin
containing 0.5% or 1% loquat (Eriobotrya japonica) seed
polysaccharide, alongside an uncoated control, and stored at 4 + 1 °C
for 12 days. Sampling was performed on days 0, 1, 4, 7, 10, and 12,
and chemical analyses were conducted to determine the indices.
Results showed that fillets treated with gelatin plus 1%
polysaccharide had the lowest K-values and other spoilage indicators
throughout storage. Correlation analysis revealed significant positive
relationships between the K-value and TVB-N, TMA, PV, TBA, and
FFA (p <0.05). These findings indicate that the K-value is a reliable
indicator for assessing the quality and spoilage of coated rainbow
trout fillets during refrigerated storage. Moreover, bioactive coatings
containing loquat seed polysaccharide effectively improved product
quality and extended shelf life.
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