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Introduction

Fish supplies a type of nutrients containing protein and long-chain omega-3 polyunsaturated fatty acids (n-3
PUFAs) and micronutrients such as selenium, iodine, potassium, D and B-vitamins. Groupers are one of the best
fishes in the south of Iran that are extensively distributed in tropical and warm waters all over the world. The
perishability is considered as one of the main problems for fish with high nutritional value in food supply chains
during the shelf life. The use of edible coatings indicates a novel method to extend the shelf life. The aim of present
research was to apply biodegradable chitosan/ chia mucilage coating containing Rubia tinctorum L. plant extract
(0,0.5,1and 2% as T, T, Tzand also T.) on the surface of grouper fillet fish to maintain qualitative and microbial
attributes during the shelf life (1, 15, 30 and 45 days).

Materials and Methods
The qualitative and qualitative assays (peroxide index (meq O2/kg sample), thiobarbituric acid (mg MA/Kg),
total volatile nitrogen (mg /100 g) and trimethylamine (mg /100 g)), microbial counts (aerobic mesophilic and
lactic acid bacteria, total coliforms, mold and also yeast), texture (hardness, adhesion, flexibility, cohesiveness and
gumminess), sensory attributes (taste, smell, color, texture and overall evaluation) and measurement of identified
biogenic amines were carried out during the shelf life.

Results and Discussion

The results illustrated that oxidation parameters of treatments such as peroxide index, trimethylamine, total
volatile nitrogen components and thiobarbituric acid were declined by increasing the extract concentration in a
fixed time period (p > 0.05). The highest and lowest microbial loads were obtained in T1 and T4 during the storage,
respectively. The microbial counts increased significantly (p < 0.05) by extending the storage time of treatments
and on the other hand, this decreased significantly (p < 0.05) by increasing the concentration of Rubia tinctorum
L. extract in a fixed period of time. The utilization of Rubia tinctorum L. extract and chia mucilage in a coating of
chitosan created a synergistic effect and led to a lower microbial load in treatments. On the other hand, a reduction
was occurred in textural attributes particularly cohesiveness and hardness through moisture loss and drying of
coating surface in fillets during storage (p < 0.05). The softening tissue could be related to the higher microbial
activities during storage, although intensity of these changes was lower in T3 and T treatments due to the lower
microbial load, which indicated the positive effect of Rubia tinctorum L. extract on maintaining tissue quality. All
examined factors changed and most of the mentioned parameters in T, and T, exceeded the permissible limit
during storage, but T3 and T, had better conditions during storage. Finally, fish fillet coated with 1 % Rubia
tinctorum L. extract (T3) compared to others demonstrated better sensory evaluation at the end of shelf life, which
was selected as the superior treatment. The type and amount of biogenic amines in control and T3 (superior sample)
illustrated that the highest amine compound was recorded for histamine at 79.87 (mg/kg) on the 15™ day and the
lowest level in tyramine at 0.79 (mg/kg) on the 1% day of storage. The concentration of amines increased
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significantly during storage time (p < 0.05).
Conclusion
The results shown that applying chitosan/ chia mucilage coating including Rubia tinctorum L. extract has
significant effect on extending the shelf life of fish fillets.
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Table 1- The results of qualitative parameters (PV, TBA, TVB-N and TMA) of uncoated and coated fish treatment in 4 °C
during 45 days

Lo Bl
) Responses
Treatments 1 15 0 5
Ta 0.63+0.07° 1.33+0.07F 0.09+0.00°¢ 0.03£0.01~
SeSTy sl ol T2 0.68+0.08° 0.95+0.05FF 2.10£0.11C¢H 0.05+0.028
PV (meq Oz2/kg sample) Ts 0.57+0.05° 0.77+0.06¢ 1.09:0.045F 2.58+0.06H
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Ty 0.59+0.088 0.94+0.10°¢ 2.56+0.25P 4.05+0.22F

(P < e1o0) smoise (M5 gl g (sl ) ()laisime gl By o
*Letters indicate a significant difference for each test (p < 0.05).
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Rastegari et al., 2015; Hoseinzadeh ) cusl b g 81 4 lag 6
et al., 2020; Nawaz et al., 2020; Rezaeifar et al., 2020;
Cawogas opl (Marhoume et al., 2021; Yu et al., 2022
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Table 2- Microbial count (Mesophilic aerobic bacteria, mold and yeast, coliform and lactic acid bacteria) of uncoated and
coated fish treatment in 4 °C during 45 days

295500 (9w
o Microbial count (Log cfu/g)

(“f )) 1 jlod S3lor e S Y o]
Timf()day) Treatments Cowgd wilo o g S o y8lS’ ‘Tglb‘_g,isl-g Le{ctic a;id

Mesophilic Mold and yeast Coliform bacteria

aerobic bacteria

T 3.08+0.02° 2.27+0.03% 2.56+0.078 2.24+0.078

1 T, 3.060.03* 2.29+0.058 2.06+0.074 2.16+0.04*
Ts 3.12+0.0378 2.18+0.03* 2.54+0.068 2.21+0.088

Ts 3.05+0.03* 2.17+0.02* 2.53+0.038 2.13+0.08*

T 7.84+0.06° 3.10+0.13% 3.51+0.165 7.42+0.20'

15 T, 6.37£0.11F 2.51+0.05°¢ 2.8310.12° 3.55+0.05°
Ts 4.79+0.07¢ 2.27+0.078 2.69+0.07¢ 3.56+0.12P

Ts 3.96+0.128 2.26+0.068 2.68+0.07¢ 2.82+0.04°

T: 9.55+0.25°¢ 4,01+0.30¢ 6.71+0.08’ 9.50+0.05’

30 T, 8.11+0.10°¢ 3.96+0.09° 3.60+0.11F 4.61+0.147
Ts 5.82+0.11° 3.230.075F 3.92+0.07° 3.96+0.07¢

T4 4.98+0.10° 3.10+0.10% 3.94+0.107 3.94+0.11F
T: 11.20+0.14" 6.00£0.11' 7.41+0.05% 12.01+0.22%

45 T, 9.82+0.33¢ 4.71+0.25" 6.08+0.02' 9.11+0.15'
Ts 7.47+0.13° 2.78+0.10° 5.22+0.15" 6.28+0.11"

T, 6.65+0.15% 2.58+0.08P 3.9540.11°¢ 5.36+0.12°¢

(P < e1o0) mdse Gt (g3l y (sl ) (5l sime glis By ot
*Letters indicate a significant difference for each test (p < 0.05).
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y. Shewanella
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Table 3- Texture parameters (hardness, adhesiveness, flexibility, cohesiveness and gumminess) uncoated and coated fish
treatment in 4 °C during 15 days

R Texture properties
olej ol S s R
Time (day) Treatments (Fw & N Sl IR
Hardness (N) Adhesiveness Flexibility (cm) Cohesiveness G "f”e )
umminess
T, 11.72+0.15F -0.16+0.02° 0.24+0.06F 0.22+0.04F 0.68+0.3"
1 T, 11.65+0.44F -0.18+0.01F 0.23+0.02° 0.22+0.05F 0.61+0.18F
Ts 12.00+0.537 -0.17+0.01% 0.26+0.027 0.21+0.028 0.67+0.09
Ty 11.80+0.95F -0.17+0.02F 0.29+0.07°¢ 0.21+0.01F 0.74%0.17°
T, 6.32+0.22A° -0.11+0.077 0.15+0.03~ 0.10£0.024 0.17+0.5%
15 T, 5.41+0.098 -0.12+0.01® 0.17+0.058 0.12+0.01® 0.21+0.078
Ts 9.37+0.36¢ -0.14+0.03¢ 0.20+0.09¢ 0.17+0.17°¢ 0.34+0.02°
T4 10.14+0.28° -0.1440.02° 0.21+0.04° 0.19+0.03° 0.24+0.06°
(P < e1o0) smose (Mt gl g (sl ]y ()losime oglis By o
“Letters indicate a significant difference for each test (p < 0.05).
Sy ).ul.»u.: uBLs 99 ‘ryalo Asle L&a)yflﬁ )JL»J » bl s osalin (- G‘ijJl

OS9y Liwbe &S ob ol 6,50 Liegh (Cao et al., 2020)
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Fig. 1. Sensory evaluation parameters (taste, smell, color, texture and overall acceptance) of uncoated and coated fish
treatments at 4 °C on the 15" day.
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Table 4- Analysis of biogenic amines (mg/kg) in untreated and coated fish with 1 % extract (T3) at 4 °C for 15 days by HPLC

Sifon S ool il
Concentration of biogenic amines(mg/kg)
Sl ploj e j95) SETAL
Shelf life 1 day 15 days
L ol KEAWIAPW) T bl T,
Amines Control Control
O 1.76+0.06* 1.64+0.024 15.92+0.36° 13.10+0.28"8
Putrescine
’*y‘”bls. 2.50+0.09* 1.20+0.05* 8.54+0.308 8.29+0.298
Cadaverine
“‘"L”f 1.16+0.02* 1.62+0.05* 5.02+0.308 4.62+0.11°8
Tryptamine
ol o ST 15240024 0.95£0.014 4.92+0.30° 3.84+0.09°
2-phenylethylamine
""‘“"‘".”ﬁ"' 2.16+0.038 0.84+0.01# 9.24+0.22° 7.65+0.10¢
Spermidine
W’Ml 2.72+0.058 1.52+0.05* 34.19+0.46° 11.08+0.37¢
Spermine
“"’m 10.08+0.348 4.41+0.117 79.87+0.97° 38.19+0.65°
Histamine
Wl’w 1.00+0.014 0.79+0.017 6.09+0.14° 4.80+0.08°8
Tyramine
"”LJI 1.54+0.05* 1.99+0.03* 8.26+0.33° 6.11+0.12°8
Agmatine
*Letters indicate a significant difference for each test (p < 0.05)
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Fig. 2. Chromatogram obtained from the HPLC device in investigation of biogenic amine concentrations in treatment a:
uncoated and b: T (chitosan/chia mucilage with 1 % Rubia tinctorum L. extract) in 15 days, treatment c: uncoated and d: T3
at 45 days (1: putrescine; 2: cadaverine; 3: tryptamine; 4: 2-phenylethylamine; 5: spermidine; 6: spermine; 7: histamine; 8:
tyramine; 9: agmatine)
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