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Table 1. Code and formulation of coatings Examined in the Study

Treatment o Type of . Antioxidant
Code Treatment Description Extract Type of Coating Concentration (ppm)
CON Uncoated meat sample None None 0
Meat treated with synthetic

BHT antioxidant (BHT) None None 200

LERE Meat treated with free Geranium None 2000
(non-encapsulated) extract leaf

FFRE Meat treated with free Geranium None 2000
(non-encapsulated) extract flower

MIXL Meat treated with Geranium  Fenugreek se@d gum 2000
nanoencapsulated extract leaf and soy protein isolate

MIXF Meat treated with Geranium  Fenugreek se@d gum 2000
nanoencapsulated extract flower and soy protein isolate
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Table 2. Phenolic and flavonoid compounds

Compounds Leaf(mg/g) Flower (mg/g)
Phenolic compounds
Gallic acid 2.31+0.12° 3.45+0.182
Caffeic acid 1.87+0.10° 2.94+0.152
Chlorogenic acid 1.45+0.08° 2.67+0.122
Ferulic acid 0.98 + 0.05° 1.76 + 0.092
Sinapic acid 0.75 + 0.04° 1.32 £ 0.06*
p-Coumaric acid 0.68 +0.03" 1.21 +0.05%
Flavonoid compounds
Quercetin 3.12+0.16° 5.89 +£0.222
Kaempferol 2.67+0.14° 4.75+0.20°
Isorhamnetin 1.32+£0.07° 2.84+£0.112
Myricetin 1.14 +0.06° 2.15+0.09°
Luteolin 0.92 +0.05° 1.78 £ 0.07*
Apigenin 0.76 £ 0.04° 1.45 £0.06°

Different letters indicate statistically significant differences (p<0.05)

between leaf and flower extracts
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Fig. 1. Changes in the peroxide value and thiobarbituric acid of different mutton samples during storage
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Table 3. Changes in the color index of different mutton samples during storage

Color o mple 0 2 4 6 8 10 12
index
CON  0.3%39.82 0.28%438.53 0.2%+37.18 0.3P2£36.70  0.8%h+36.23 0.2F2£35.69 0.10:+35.54
BHT 024043722  0.3Bi+37.01  0.5%+36.74  0.3P'+36.55 0.4E%436.19 0.3M+35.87 0.200435.46
«  LFRE  042%43922  0.65438.65 0.3%+37.47 04P+37.11 0.3F436.63 04743627 0.360+35.44
= FFRE  024%38.73 0.5h437.55 0.9%£37.11 0.5°1436.83 0.3E2£36.42 0.6"2435.77 0.2643531
MIXL —0.5%¢+38.04 0.4B437.92  0.5%+37.74  0.2D437.49  0.48+37.27 0.2F437.09 0.3%£36.90
MIXF  0.12:38.01  0.5%¢437.74  0.2C+37.49  0.2P%437.27  0.2F437.09 0.57436.84  0.59436.49
CON  0.1%#16.82 0.1B%£16.27 0.1%+15.85 0.3P%14.94 03%+1438 02F:1428 0.45%]13.12
BHT  0.4%%+16.88 0.3B0+16.01  0.1¢%+15.47 0.4Pe14.78  0.1%2£14.52 0341443 0.1%+14.31
.  LFRE 0241675 02P£1624 0.2C+15.68  0.3P:£14.83  0.25+14.66 0.17£14.52 0.39+14.43
®  FFRE  0.1%%16.92 0.1%%%16.32 0.1°9+15.88  0.1°+15.36 0.3%%15.02 0.2F+14.63 0.19+14.45
MIXL 02441673  0.1%%16.64  0.1416.52  0.5°%+16.37 0.3%£16.22 0.27+16.17 0.19+16.03
MIXF 024941677  0.1°°416.70  0.1<+16.43  0.1°416.25 0.1™+16.14 0.1™+16.09 0.15°415.92
CON  0.1°%412.95 0.1+1220 0.1%£11.57 0.3°%10.46 0.3549.63  0.25:9.14  0.49+8.0
BHT  0.4+13.00 0.3Ph+12.17 0.1<%+11.45 0.4P%10.49  0.1%"+9.87  0.3Fi+9.52  0.161+8.87
«  LFRE 0241290 0281234  029%11.76  0.3P£10.68 0.2F2+10.12  0.1749.73  0.39%49.09
©  FFRE  0.1%%13.03  0.13%12.40 0.1%:11.91 0.1°+11.21 0.3%%10.51 0.2F£9.95  0.19:9.25
MIXF 02491288  0.15412.65 0.1%412.39  0.5°%+12.28 0.3%+12.17 0.27+11.97 0.1+11.22
MIXL 0.2°%12.91 0.15%+12.69 0.1<%+1235 0.1P%412.32  0.1412.27 0.1%+12.07 0.17+11.46

Uppercase letters in each row indicate significant statistical differences between days of storage at p<0.05.
Lowercase letters in each column indicate significant statistical differences between samples at p<0.05.
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Fig. 3. Changes in sensory evaluation scores for color, odor, taste, and texture of different mutton meat samples
during the storage
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Table 4. Changes in sensory evaluation scores for overall acceptance of different mutton meat samples during storage

Color

index Sample 0 2 4 6 8 10 12
CON 5+0.042 4.66+0.382  4.16+0.1¢P 3.540.1Pb 2.83+0.3E¢  2.66+0.3F¢  2.33+0.1F¢
BHT 540.042 4.5+0.182 4.0+0.1¢2 3.83+0.1¢¢  3.33+0.3P  3.16+0.3P°  2.83+0.3Fb
LFRE  4.66+0.94  3.83+0.3B>  3.83+0.3Bb%  3.66+0.38 3.33+0.1P> 3.16+0.1°>  2.66+0.3E°
FFRE  4.16+0.14c  3.83+0.1Bb*  3.72+0.3B%  3.66+0.35¢> 3.66+0.1B>  3.5+0.1 3.0+0.30b
MIXL 5+40.042 4.66+0.38%  4.66+0.38C2  4.5+0.1¢ 4.540.1¢¢  433+0.1°*  3.83+0.1%
MIXF 5+40.042 4.83+0.382 4 .83+(0.1B2 4.5+0.1¢ 4.540.1¢¢  433+0.3P2  4.0+0.3F

Uppercase letters in each row indicate significant statistical differences between days of storage at p<0.05.
Lowercase letters in each column indicate significant statistical differences between samples at p<0.05.
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Due to the proven carcinogenic effects of synthetic preservatives,
there has been an increasing focus on finding natural alternatives. In
this study, extracts from Pelargonium graveolens leaves and flowers
were extracted using ultrasound as a natural antioxidant and
antimicrobial compound and nanoencapsulated in fenugreek seed
gum and soy protein isolate coatings. Mutton fillets were treated with
nanoencapsulated and free extracts of Pelargonium leaves and
flowers at a concentration of 2000 ppm and stored at 4°C for 12 days.
A control sample (without preservatives) and a sample containing 100
ppm of the synthetic preservative BHT were included as references.
Results of lipid oxidation tests (peroxide value and thiobarbituric acid
value), psychrotrophic bacterial counts, and total volatile nitrogen
bases measured at 2-day intervals indicated that both free and
nanoencapsulated extracts delayed lipid oxidation reactions and
microbial growth. The lowest oxidative and microbial spoilage levels
were observed in the meat samples treated with nanoencapsulated
extracts. Additionally, these samples achieved higher sensory
evaluation scores throughout the storage period. Considering that the
Pelargonium leaf and flower extracts contain phenolic and flavonoid
compounds, they not only extended the shelf life of lamb meat but
also enhanced its nutritional value. The findings of this research
recommend using nanoencapsulated extracts of Pelargonium flowers
at a concentration of 2000 ppm in fenugreek seed gum and soy protein
isolate walls to enhance the shelf life of mutton meat.
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