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Abstract

This study investigated the effects of different pre-maceration times of 0, 15,
45, and 90 min at 25 + 2 °C on total phenolic content, total hydrolyzable tannin
content, antioxidant activity, and the instrumental responses of target phenolic
compounds in extracts from the peel of Tunisian Soft Seed (TSS) pomegranate

(Punica granatum L.) grown in China. Pomegranate peel powder (4.00 ¢) was mixed



Published Online: 2 JUL 2026
3

with 40.0 mL of distilled water at a solid-to-liquid ratio of 1:10 (w/v), followed by
microwave-assisted extraction at 50 °C for 13 min. A completely randomized design
was employed, consisting of four experimental groups: PM0, PM15, PM45, and PM90.
Three independent replicates were performed for each group, resulting in a total of
12 extracts. Extraction performance was evaluated based on total phenolic content
(TPC), total hydrolyzable tannin content:(THT), and antioxidant activity measured
using the DPPH and ABTS assays. Correlations among these four parameters were also
examined, and phenolic profiles were analyzed using liquid chromatography -
quadrupole time-of-flight mass spectrometry (LC-QTOF/MS) in negative electrospray
ionization mode. Pre-maceration time did not significantly affect any of the four
parameters among the experimental groups (p >0.05). TPC values ranged from 5.79
to 5.85 mg GAE/mL, THT values from 11.90 to 12.13 mg GE/mL, DPPH values from
25.15 to 25.46 mg TEAC/mlL,-and.ABTS values-from 33.59 to 34.54 mg TEAC/mL. A
strong and statistically significant positive,correlation was observed between DPPH
and ABTS (r =.0.795, p.= 0.002), whereas the ‘other parameter pairs were not
significantly correlated. Following screening according to‘the predefined criteria, 108
features with characteristics consistent with phenolic compounds were retained. Five
target phenolic' compounds—gallic acid, corilagin, punicalin, the Ol-'and B—isomers of
punicalagin,-and ellagic acid—were putatively identified at MSI Level 2. The peak
areas of punicalagin, punicalin, and corilagin did not differ significantly among the
experimental groups (p =0.776, 0.911, and 0.514, respectively). Gallic acid was
detected at low and‘inconsistent.levels and“was.therefore reported descriptively,
while the instrumental response-of ellagic acid was too-tew-for reliable comparison
among groups. A compound-with the molecular formula-Cq13HgO7 was also detected
in all samples andreported as a putative urolithin-like compound at MSI Level 3. In
conclusion, under the defined-experimental conditions, pre-maceration for 0-90 min
did not significantly affect the measured outcomes. Prolonged pre-maceration may
therefore be unnecessary under these conditions, and the findings may support the

development of a simplified extraction process with fewer processing steps and a
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shorter operating time, while promoting the valorization of pomegranate peel in

accordance with green extraction and circular economy principles.

Keywords: Tunisian Soft Seed Pomegranate Peel, Pre-maceration, Microwave-assisted
Extraction, Total Phenolic.Content, Total Hydrolyzable Tannin Content,

Antioxidant Activity, LC-QTOF/MS
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A1519% 1 (59)

. TPC THT DPPH ABTS
N{UNA[DI
(mg GAE/mL) (mg GE/mL)  (mg TEAC/mL)  (mg TEAC/mL)
PM15 5.81 +0.02 11.90 + 0.17 25.15 + 0.80 33.59 + 1.33
PM45 5.85 + 0.04 11.93 £0.18 25.46 + 1.01 34.16 + 1.17
PM90 5.83 +£0.02 12.13+0.20 25.43 + 0.27 34.54 + 0.27
p-value 0.135 ns 0.468 ns 0.956 ns 0.398 ns

nuena ns vingdsliunneneiuagasdded1Aynieada (p > 0.05); GAE = Gallic Acid
Equivalent; GE = Gallotannin..Equivalent; TEAC = Trolox Equivalent
Antioxidant Capacity; adfdld laun TPC waz DPPH 3ias1esisag one-way
ANOVA + Tukey HSD, THT 31a5183a38 Kruskal-Wallis test wag ABTS 31A518%
pe Welch ANOVA + Games—Howell
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A3 TPC THT DPPH ABTS

TPC 1 0.194 (0.545) 0.229 (0.474) 0.295 (0.352)




Published Online: 2 JUL 2026
8

A1519%7 2 (Mp)

fiauus TPC THT DPPH ABTS
THT 0.194 (0.545) 1 -0.001 (0.997)  0.417 (0.177)
DPPH 0.229 (0.474)  -0.001 (0.997) 1 0.795** (0.002)
ABTS 0.295(0.352)  0.417.(0.177)  0.795** (0.002) 1
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Mass
Tentative Molecular [M-H]- Neutral RT
No. Error
Identification Formula (m/z) Mass: (Da) (min)
(ppm)
1 Gallicacid C7HgOs5 169.014 170.022 -1.09 3.949
2 Corilagin Co7H2201g  633.073 | 634081 142  3.801
3 Punicalin C34H22029.781.052" | 782:060 177 4.666
5.426
B 541.027
4 Punicalagin-0/ C48H28030 1084.067 2.66 /
. [M-2H12=
8.032
5  Ellagic acid C1aMe0g . 300999 302:006 219 7475

WUGARN m/z = mass-to-charge ratioy Da =-dalton; ppm = parts per million; RT =
retention time; [M-H]~ nsnefslessuluianadigaydelusnounieds uaz
[M-2H12~ vanedslessuluianaiigyidelusneuassiuazivsygauaniszq s
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