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Figure 1. Total Phenolic Content (TPC) of apple and banana peel extracts obtained by maceration, ultrasound-
assisted extraction (UAE) and microwave-assisted extraction (MAE). Different letters indicate statistically
significant differences at the 5% level.
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Figure 2. Total flavonoid content (TFC) of apple and banana peel extracts obtained by maceration, UAE and
MAE. Different letters indicate statistically significant differences at the 5% level.
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Figure 3. DPPH radical scavenging values of banana and apple peel extracts obtained by maceration, UAE and
MAE. Different letters indicate statistically significant differences at the 5% level.
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Figure 4. FRAP values of banana and apple peel extracts obtained by maceration, UAE and MAE. Different
letters indicate statistically significant differences at the 5% level
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Table 1. Phenolic profile of the extracts identified by HPLC analysis and their relative percentages (Apple and
Banana peel extracts: AE and BE).

Phenolic

category Compounds

Retention

time (min) \F (7o) BE (%)

Phenolic acids
Protocatechuic acid
p-Hydroxybenzoic acid
Gallic acid
Chlorogenic acid
Vanillic acid
Syringic acid
Ferulic acid
Ellagic acid
Rosmarinic acid
Subtotal

Flavonoids
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6.19 1.38 4.95
8.35 0.00 2.70
18.62 0.15 2.21
15.23 9.35 1.42
20.28 0.11 0.74
17.46 0.28 0.00
27.36 0.63 4.66
17.5 0.92 0.67
24.45 0.00 3.48

12.82 20.83
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Catechin 11.25 0.82 4.45
Epicatechin 30.44 2.45 6.87
Rutin 32.57 1.97 1.88
Kaempferol 36.08 3.46 0.00
Quercetin 40.88 44.35 2.07
Myricetin 43.56 10.22 0.97
Subtotal 63.27 16.24
Proanthocyanidins
Procyanidin 31.99 11.25 40.75
Subtotal 11.25 40.75
Other phenolics
Phloridzin 47.29 2.11 4.85
Quinic acid 14.07 2.60 7.24
Homovanillic acid 23.19 0.05 0.20
Unknown 7.35 8.25
Subtotal 12.11 20.54
Total Phenolics 99.45 98.36
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Table 2. Pearson correlation coefficients (r) between TPC, TFC, DPPH radical scavenging activity and FRAP
values of apple and banana peel extracts.

Lol Slaes| sl el s sdldotalin ol

1l

TPC TFC DPPH FRAP
TPC 1
TFC 0.754%** 1
DPPH 0.939%* 0.989** 1
FRAP 0.682** 0.932%* 0.818** 1
**Correlation is significant at the 0.01 level
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Fruit peels, as by-products of the fruit processing industry, are rich sources
of bioactive compounds, particularly phenolic compounds with antioxidant
properties, and can be utilized in developing natural ingredients for food
systems. The aim of this study was to compare the efficiency of three
extraction methods maceration, ultrasound-assisted extraction, and
microwave-assisted extraction in recovering phenolic compounds and
evaluating the antioxidant activity of extracts from apple and banana peels.
After extraction, total phenolic content (TPC) and total flavonoid content
(TFC) were measured, and antioxidant activity was evaluated using DPPH
radical-scavenging and ferric reducing antioxidant power (FRAP) assays.
The results showed that apple peel extracts contained significantly higher
levels of phenolic and flavonoid compounds than banana peel extracts (p <
0.05). The highest total phenolic content was observed in ultrasound extracts,
reaching 48.16 and 45.16 mg GAE/g DW for apple and banana peels,
respectively. Similarly, the highest total flavonoid content was found in
ultrasound extracts of apple and banana peels, with values of 28.45 and 19.82
mg QE/g DW, respectively. The DPPH assay indicated that ultrasound
extracts exhibited the strongest radical-scavenging activity, whereas
microwave extraction showed the highest reducing power in the FRAP assay.
Maceration resulted in the lowest levels of phenolic and flavonoid
compounds and antioxidant activity in both samples. HPLC analysis
confirmed the presence of a range of phenolic compounds, particularly
flavonoids and flavan-3-ol derivatives, and a positive correlation was
observed between total phenolic content, especially flavonoids, and
antioxidant activity. Overall, ultrasound extraction was the most efficient
method for enhancing phenolic recovery and radical-scavenging activity,
whereas microwave extraction showed the greatest effect on reducing power.
These findings highlight the potential of apple and banana peels as natural
antioxidant sources for food applications and development of bioactive
compounds.
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