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Abstract
The present work aimed to analyse the bioactive compounds and antioxidant activities of peel and seed extracts obtained 
from three tropical fruits: papaya, mango, and loquat, with different solvents (water, ethanol, and water:ethanol, 1:1) and 
evaluate their potential effects as antioxidants in a cooked chicken model under refrigerated storage. In the seed and peel 
extracts produced, bioactive compounds (total phenolic compounds, total flavonoids, and condensed tannins) were quanti-
fied. Additionally, antioxidant activities (ABTS, DPPH, and FRAP) were assayed spectrophotometrically. Seed extracts 
from the three fruits were selected for application in a cooked chicken model in which colour, lipids, and protein oxidation 
were evaluated during refrigerated storage. Moreover, compared with the other extracts, the mango seed extracts (MSEs), 
irrespective of the extraction solvent used, had the highest contents of bioactive compounds and antioxidant activities. MSEs 
significantly reduced the CIE L* and increased the CIE a* while effectively controlling lipid and protein oxidation in cooked 
chicken models during refrigerated storage. Due to their high antioxidant activity and high concentration of phenolic com-
pounds, flavonoids, and condensed tannins, MSEs are interesting sources of natural antioxidants and bioactive compounds 
for use in the meat industry.
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Introduction

In meat and meat products, lipid and protein oxidative 
processes result in changes in colour, flavour, odour, and 
texture, which adversely affect quality, shelf life, and nutri-
tional value. These alterations serve as indicative signs of 
deterioration, impacting both quality and nutritional content 
and ultimately reducing shelf life. However, the addition of 
antioxidants can mitigate this deterioration by inhibiting oxi-
dative reactions, thus preserving the original characteristics 

and extending the overall quality and shelf life of the prod-
ucts [1].

Synthetic antioxidants have been widely used as food 
additives to protect against oxidative degradation in meat 
and meat products. To improve the storage stability of food, 
synthetic antioxidants such as butylated hydroxyanisole 
(BHA), butylated hydroxytoluene (BHT), propyl gallate 
(PG), and tertiary butylhydroquinone (TBHQ) have been 
intensively used for industrial processing. Nevertheless, their 
use is under increasing scrutiny because of their potential 
genotoxic effects [2].

In recent years, a significant proportion of meat consum-
ers have been willing to consume products with "natural 
origin" ingredients and without preservatives, which has led 
the industry to implement strategies based on the applica-
tion of extracts derived from various plant materials for the 
control of oxidative processes [1, 3–5].

Vegetables, spices, aromatic plants, seeds, fruit, and 
byproduct (leaves, skin, seeds) extracts rich in antioxidant 
compounds are currently preferred for use in different meat 
products [6]. Most of the antioxidant capacity of these 
extracts is mainly due to the numerous phenolic compounds, 
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flavonoids, anthocyanins, and other phytochemicals that act 
as free radical scavengers, reducing agents, chelators of 
prooxidant metals, or quenchers of singlet oxygen. These 
antioxidants delay the oxidative reactions in meat products 
derived from the processing and storage of meat products 
[2].

In addition, phytochemicals in the diet have a protective 
effect on human health, decreasing the abundance of bio-
markers of oxidative damage by inhibiting or quenching free 
radicals and reactive oxygen species [7, 8]. A diet rich in 
phytochemicals with antioxidant activity has been shown 
to provide several subsequent health benefits, including a 
reduced risk of degenerative diseases, cancer, heart disease, 
hypertension, cataracts, and immune dysfunction [9].

Tropical fruits are characterized by high concentrations 
of biologically active compounds, mainly carotenoids and 
phenolic compounds [10]. In tropical fruits, the content of 
bioactive compounds is much greater than that found in tra-
ditional fruits [11]. The analysis of the different parts of 
the fruits revealed the different concentrations of bioactive 
compounds among them, and several papers have indicated 
that the amounts of such compounds are often considerably 
greater in the discarded fractions than in the edible parts, as 
reviewed by Villacís-Chiriboga [10]. These inedible parts, 
which are generally regarded as waste or byproducts with 
little value in the fruit industry, can be valorised as sources 
of bioactive compounds to improve economic benefits and 
ameliorate the adverse environmental problems generated 
[10].

For this purpose, natural extracts with antioxidant prop-
erties are produced from plant resources through the use 
of solid‒liquid extraction with a solvent or a mixture of 
solvents [12]. While the operating conditions (extraction 
time, number of extractions, temperature, and solvent/sam-
ple ratio) have important impacts on the extraction yield 
and antioxidant activity of the obtained extract, the solvent 
mixture plays a decisive role in its composition and antioxi-
dant characteristics. The appropriate polarity of the solvent 
system will largely depend on the solubility of the bioac-
tive compounds of interest to be extracted and will therefore 
determine the antioxidant properties of the extracts obtained 
[13].

Changing consumer preferences towards healthier lifestyles 
and exotic flavours have driven demand for tropical fruit juices. 
Production of juices from fruits like mango, papaya, and loquat 
has seen a noticeable surge in recent years. However, the gen-
eration of waste, including peels and seeds, presents environ-
mental challenges. Utilizing these residues through techniques 
like extracting antioxidant compounds can help mitigate envi-
ronmental impact and optimize natural resource utilization. 
Analysing the potential application of byproducts from tropi-
cal fruits as natural antioxidants is of particular interest to the 
food industry. It is of utmost importance to have adequate and 

accurate information on the compound profile and bioactive 
yield of these materials to assess their potential applicability 
accurately.

In this sense, the present work aimed to analyse the bioac-
tive compounds and antioxidant activities of peel and seed 
extracts obtained from three tropical fruits, namely, papaya, 
mango, and loquat, with different solvents and evaluate their 
potential effects as natural antioxidants in a cooked chicken 
model under refrigerated storage.

Materials and methods

Chemicals and reagents

The Folin-Ciocalteu reagent, 2,2-diphenyl-2-picrylhydrazyl 
(DPPH), 2,2-azininobis-3-ethylbenzothiazoline-6-sulfonic 
acid (ABTS), tripyridyl triazine (TPTZ), 6-hydroxy-
2,5,7,8-tetra-methylchroman-2-carboxylic acid (Trolox), 
and 1,1,3,3-tetraethoxypropane (TEP) were purchased from 
Sigma‒Aldrich (St. Louis, MO).

Papaya, mango and loquat samples

Papaya (Carica papaya L.), mango (Mangifera indica L. 
var. osteen), and loquat (Eriobotrya japonica Thunb.) plants 
were purchased from a local fruit market (Cáceres, Spain). 
Seeds and peels were manually separated using a knife. 
Seeds and peels were cut into small pieces and subsequently 
were ground in a knife mill (Grindomix GM 200, Retsch 
GmbH, Haan, Germany) to a 1 mm particle size.

Preparation of the peel and seed extracts

The peel and seed extracts were prepared in a solvent ratio 
of 1:10 (w/v). The following three solvents were used: water, 
ethanol, and water:ethanol (1:1 v/v). The extraction was car-
ried out in a shaking water bath at 25 °C for 120 min. Lapsed 
at this time, the samples were centrifuged at 4000 rpm for 
5 min, filtered through a filter paper (Whatman® qualitative 
filter paper, Grade 1), and stored in amber bottles at – 20 °C. 
The extraction was repeated twice, and the supernatants 
were combined. Eight independent extractions were con-
ducted for each type of fruit (mango, papaya, and loquat), 
fruit part (seed and peel) and extraction solvent (water, etha-
nol, and water:ethanol 1:1 v/v).

Determination of the antioxidant compound 
contents in peel and seed extracts

Total phenolic content (TPC)

The Folin–Ciocalteu method was modified for the determi-
nation of the total phenolic content of the extracts [14]. In a 
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polypropylene test tube, 50 µL of extract, 450 µL of Milli-Q 
water, and 20 µL of Folin–Ciocalteu reagent were added, and 
the mixture was vortexed. To the tube, 50 µL of 20% sodium 
carbonate and 450 ml of water were added. After incubation 
at 25 °C for 60 min, the absorbance was measured at 765 nm 
in a Multiskan Go plate reader (Thermo Fisher Scientific, 
Inc., MA, USA). For quantification, a gallic acid calibration 
curve (10–500 µg/mL) was used. The results are expressed 
as mg of gallic acid eq./g sample.

Total flavonoid (FLAV)

The total flavonoid content in the extracts was analysed as 
previously described by Zhishen et al. [15]. In a 2 mL poly-
propylene test, 50 µL of sample was reacted with 400 µL 
of water and 15 µL of 10% sodium nitrite. After incubation 
(5 min), 15 µL of 20% aluminium chloride, 200 µL of 1 M 
sodium hydroxide and 320 µL of distilled water were added, 
and the absorbance was recorded at 510 nm. For quantifica-
tion, a ( +) catechin calibration curve (1.0–0.1 mg/mL) was 
used. The results are expressed as mg catechin eq./g sample. 
Assays were performed in duplicate.

Condensed tannins (CTs)

The content of condensed tannins in the extracts was 
assessed by the method proposed by Watterman and Mole 
[16]. The assay was performed in a 96-well microplate. In 
each well, 25 µL of extract and 250 µL of vanillin (1% vanil-
lin in methanol (MeOH): 10% HCl in MeOH) were added. 
After incubation (30 min), the absorbance was measured at 
500 nm. For quantification, a ( +) catechin calibration curve 
(10.0–0.16 mg/mL) was used. The results are expressed 
as mg catechin eq./g sample. Assays were performed in 
duplicate.

In vitro antioxidant activity assays in peel and seed 
extracts

ABTS (2,2′‑azino‑bis‑3‑ethylbenzothiazoline‑6‑sulfonic 
acid) antioxidant activity

The ABTS assay was performed according to Re et  al. 
[17]. Equal volumes of 7 mM ABTS and 2.45 mM potas-
sium persulfate were mixed and kept at room temperature 
for 16 h in the dark to generate the stable radical  ABTS●+. 
After this time, the  ABTS●+ radical was diluted with etha-
nol to achieve an absorbance of 0.7 ± 0.1 at 734 nm. In a 
96-well plate, 5 µL of the extract was mixed with 245 µL 
of the  ABTS●+ radical, and the absorbance at 734 nm was 
measured at 60-s intervals for 7 min. For quantification, a 
Trolox calibration curve (1.00–0.25 mg/mL) was generated. 

The results are expressed in mg Trolox equivalents activity 
(TEAC)/g sample. Assays were performed in duplicate.

DPPH (1,1‑diphenyl‑2‑picrylhydrazyl) antioxidant activity

DPPH activity was determined according to the method pre-
viously proposed by Brand-Williams et al. [18]. The absorb-
ance of the DPPH radical (0.1 mM  DPPH●) was recorded 
at 515 nm. In a 96-well microplate, an aliquot (10 µL) of 
extract was mixed with 290 µL of  DPPH● radical reagent. 
After incubation at 25 °C for 30 min, the absorbance was 
read at 515 nm.

The affinity of the fruit extracts for quenching DPPH radi-
cals (% inhibition of DPPH at 515 nm) was calculated using 
the following equation (Eq. 1):

where  A0 represents the absorbance of the DPPH solution 
measured at time zero and  Af is the absorbance of each sam-
ple at 30 min after the addition of the DPPH solution. Assays 
were performed in duplicate.

FRAP (ferric reducing antioxidant power) antioxidant 
activity

The procedure was described by Benzie & Strain [19]. 
FRAP reagent was prepared by mixing 2.5 mL of 10 mM 
TPTZ in 40 mM HCl, 2.5 mL of 20 mM iron(III) chloride 
hexahydrate, and 25 mL of 0.3 mM acetate buffer, pH 3. 
Next, 200 µL of FRAP was added, and the absorbance at 
593 nm was recorded. Subsequently, 7 µL of extract and 200 
µL of distilled water were added. After incubation at 25 °C 
for 30 min, the absorbance was recorded at 593 nm. For 
quantification, a calibration curve of Trolox (4.0–0.25 mg/
mL) was prepared and assayed under the same conditions 
as those used for the extracts. The results are expressed as 
TEAC eq./mL extract. Assays were performed in duplicate.

Cooked meat model: batter formulation, cooking, 
and storage

Commercial chicken breasts were obtained from a local 
meat market (Cáceres, Spain). The control chicken model 
systems were prepared with chicken breast (79 g/100 g), 
salt (2 g/100 g), and water (20 mL/100 g). In the extracts-
treated models, water was partially replaced with selected 
extracts (mango, papaya, and loquat) at a concentration of 
2 mL/100 g. Chicken breast was minced using a meat mincer 
with a 4-mm-diameter plate. (Mainca, Barcelona, Spain). 
Chicken, water, salt, and extracts were chopped and mixed 
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in a Universal Machine UMC 5–12 (Stephan Machinery 
GmbH, Hameln, Germany) at 4 °C for 5 min.

Batters were produced, in duplicate, depending on the 
selected extract added to their formulations. Batters (∼50 g) 
were placed into 50 mL polypropylene tubes and cooked in 
a water bath to an internal temperature of 70 °C for 30 min. 
For each experimental group, six models (3 models/replica) 
were used to conduct the analytical determinations. The core 
temperature was measured and recorded using a K-type ther-
mocouple temperature sensor coupled to a data logger (Data 
Harvest, Bedfordshire, UK). The cooked products were 
cooled in cold water for 10 min. To evaluate changes during 
refrigerated storage, the samples were kept in polypropylene 
plastic tubes under aerobic conditions and stored at + 4 °C 
for 0, 5 and 10 days in the dark. After measuring the instru-
mental colour, the samples were vacuum packed and frozen 
at –80 °C until lipid and protein oxidation analysis.

Instrumental colour of the cooked models

Color measurements were performed according to AMSA 
[20]. The instrumental colour coordinates (CIE L*a*b*) 
were measured using a Minolta CR-300 tristimulus reflec-
tance colorimeter (Minolta Camera, Osaka, Japan) with 
an illuminant D65, a 10° standard observer, and a 0.8 cm 
port/viewing area. Previously, for colour measurements, 
the colorimeter was standardized to a white (CR-A43) 
or black tile (CM-A182). Three colour readings at three 
randomly selected locations were taken from each sample, 
and the average value was used. All the measurements 
were carried out on transverse cut sections of the cooked 
products after 0, 5, and 10 days of refrigeration. The total 
colour changes (ΔE) were evaluated by the following for-
mula (Eq. 2):

where L*ref, a*ref, and b*ref represent the L*, a* and b* val-
ues in the control group, respectively.

Lipid oxidation of cooked models

Lipid oxidation was assessed by the 2-thiobarbituric acid 
(TBA) method [21]. Samples (2.5 g) and 7.5 mL of 3.86% 
perchloric acid and 250 µL of 4.2% BHT were homogenized 
at 11,500 rpm for 45 s with ice cooling. The homogenate was 
centrifuged (2000 rpm/5 min), and the resulting supernatant 
was filtered through glass wool. One mL of the filtered sam-
ple was mixed with 1 mL of TBA and incubated at 90 °C for 
30 min. The tubes were centrifuged at 2000 rpm for 5 min, 
after which the absorbance of the supernatant was recorded 
at 532 nm. TBARS values were calculated from a standard 

(2)
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[
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curve of 1,1,3,3-tetraethoxypropane (TEP) (0.16–0.001 mM) 
and are expressed as mg malondialdehyde (MDA)/kg sam-
ple. Determinations were performed in duplicate.

Protein oxidation of cooked models

Protein oxidation was determined by estimating the 
protein carbonyl content [22]. Protein carbonyls were 
detected by reaction with 2,4-dinitrophenylhydrazine 
(DNPH) in 2 N hydrochloric acid to form protein hydra-
zones. The concentration of DNPH hydrazones was cal-
culated by measuring the DNPH concentration based on 
the absorption at 22.0  mM−1  cm−1 at 370 nm. The protein 
concentration was determined spectrophotometrically at 
280 nm in control samples using bovine serum albumin 
(BSA) as a standard. The results are expressed as nmol 
carbonyls/mg protein.

Statistical analysis

The data were analysed using one-way ANOVA with the 
statistical software Jamovi (https:// www. jamovi. org) (ver-
sion 2.0.0.0). When significant effects (extraction solvent, 
extract addition, time of storage) were detected (p < 0.05), 
the means were compared using Tukey’s HSD post hoc test. 
The results are presented as the mean ± standard deviation. 
Pearson correlations were determined, and the densities of 
the variables were plotted.

Results and discussion

Antioxidant compound contents of the extracts

Table 1 shows the contents of total phenolic compounds, 
total flavonoid compounds, and condensed tannins in 
water  (H2O), ethanol (EtOH), and  H2O:EtOH (1:1 v/v) 
extracts obtained from mango, loquat, and papaya peels 
and seeds. The ability of the different solvents to extract 
bioactive compounds varied according to their chemi-
cal nature (phenolics, flavonoids, or tannins), the fruit 
(mango, loquat, or papaya) and the material to be treated 
(seed or peel). In general, the seed extracts were richer in 
phenolic compounds than their peel counterparts were, 
and the binary mixture of  H2O:EtOH (1:1 v/v) produced 
extracts with the highest contents of TPCs and FLAVs, 
but the aqueous extracts contained more CTs than their 
equivalents.

Several recent studies have reported that methanol, etha-
nol, and their water mixtures are the best solvents for obtain-
ing the maximum yields of phenolic compounds from peels 
and seeds from tropical fruits [23–25]. The yield of phe-
nolic compounds extraction depends on the polarity of the 

https://www.jamovi.org
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extraction solvent used. Therefore, the efficiency of solvents 
for extraction is also related to their ability to better solvate 
antioxidant compounds present in fruits, facilitated by inter-
actions such as hydrogen bonds between the polar sites of 
the antioxidant molecules and ethanol or water. The different 
compositions of phenolic compounds with distinct polarities 
could explain their different concentrations depending on the 
extraction solvent used. The literature shows that there is 
no solvent generally acceptable for the extraction of phyto-
chemicals; nevertheless, it is generally believed that solvents 
of higher polarity often perform best in terms of polyphenol 
extraction because of the high solubility of polyphenols in 
such solvents [26].

Despite the solvent used, mango seed extracts consist-
ently exhibited high levels of antioxidant compounds. Spe-
cifically, mango seed extracts contained significantly higher 
levels of TPCs compared to papaya (ranging from 11- to 
45-fold higher) and loquat extracts (ranging from 4.5- to 
22.5-fold higher). Although mango seeds exhibited elevated 
levels of flavonoids and tannins in comparison to other 
fruits, the disparity was not as notable as observed in TPC 
levels. In contrast, extracts from papaya peel and seeds had 
the lowest contents of phenolic compounds. It is generally 
accepted that phenolic compounds are the most abundant 

secondary metabolites in plants, fruits, cereals, vegetables, 
and spices and are characterized by high antioxidant activity.

In line with observations on total phenolic content, 
mango seed extracts consistently exhibited the highest lev-
els of flavonoids among all extracted samples, irrespective 
of the extraction solvent employed. However, the differ-
ences observed with other fruit extracts were less evident 
than those observed for total phenolic compounds. Flavonoid 
concentrations in mango seed extracts surpassed those in 
papaya and loquat extracts by a factor of 1.5 to 6. Moreover, 
mango and papaya peel extracts demonstrated comparatively 
lower flavonoid concentrations relative to their respective 
seed extracts.

In general, the seed extracts had higher content of CTs 
than peels. The effectiveness of the extraction solvent was 
dependent on the type of material extracted. Thus, the aque-
ous extracts from mango peel and seed contained the high-
est amounts of CTs. Moreover, the ethanolic extract from 
papaya seed was the richest among the CTs, and in the 
loquat seed extract, the binary mixture of water and ethanol 
extracted the highest amounts of these compounds.

These observations are consistent with previous stud-
ies on mango byproducts, indicating that ethanolic extracts 
from mango seeds and peels serve as significant sources 
of phenolic compounds [23]. Mango seeds have focused 

Table 1  Total phenolic, flavonoid, and condensed tannin contents in peel and seed extracts from mango, loquat, and papaya plants obtained with 
different extraction solvents

The values represent the mean of 8 independent extractions of each type of fruit, fruit part and extraction solvent
*** p < .001
a,b,c,d,e  In the same row, means with different superscripts are significantly different (Tukey’s test, p < .05)
x,y,z  In the same column, means with different superscripts are significantly different (Tukey’s test, p < .05)

Fruits

Mango Loquat Papaya

Extraction solvent Peel Seed Peel Seed Peel Seed Sig

Total phenolic compounds (mg gallic acid eq./mL extract)
  H2O 0.27bcz ± 0.03 1.36az ± 0.07 0.23cy ± 0.01 0.30bx ± 0.10 0.06ey ± 0.00 0.12dy ± 0.00 ***
  H2O:EtOH (1:1) 0.41bx ± 0.20 3.86ax ± 0.12 0.32cx ± 0.02 0.28cy ± 0.10 0.11dx ± 0.01 0.15dx ± 0.10 ***
 EtOH 0.37by ± 0.20 2.70ay ± 0.14 0.24cy ± 0.0 0.12dz ± 0.00 0.06dy ± 0.00 0.11dz ± 0.10 ***
 Sig *** *** *** *** *** ***

Total flavonoids compounds (mg quercetin eq./mL extract)
  H2O 0.09dx ± 0.00 0.21az ± 0.00 0.05ey ± 0.00 0.13by ± 0.01 0.05ey ± 0.00 0.10cy ± 0.00 ***
  H2O:EtOH (1:1) 0.03ey ± 0.10 0.30ax ± 0.02 0.16bx ± 0.00 0.17bx ± 0.01 0.05dy ± 0.00 0.07cz ± 0.00 ***
 EtOH 0.04dz ± 0.00 0.24ay ± 0.03 0.16bx ± 0.01 0.04d ± 0.00 0.06cx ± 0.00 0.14bx ± 0.00 ***
 Sig *** *** *** *** *** ***

Condensed tannins (mg catechin eq./mL extract)
  H2O 0.97ax ± 0.06 1.04ax ± 0.06 0.34dx ± 0.04 0.82bx ± 0.05 0.15ex ± 0.00 0.48cy ± 0.03 ***
  H2O:EtOH (1:1) 0.34by ± 0.04 0.37by ± 0.02 0.24cy ± 0.01 0.69ay ± 0.04 0.14ey ± 0.00 0.19dz ± 0.01 ***
 EtOH 0.21dz ± 0.02 0.24cz ± 0.03 0.20dz ± 0.02 0.32bz ± 0.02 0.14ey ± 0.01 0.55ax ± 0.01 ***
 Sig *** *** *** *** *** ***
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scientific interest due to their high phytochemical content, 
which has demonstrated antioxidant potential. Notable 
compounds among these include chlorogenic acid, gallic 
acid, caffeic acid, ellagic acid, rutin, and catechin [24, 25, 
27]. The extracts from papaya and loquat seeds exhibited 
higher concentrations of phenolic compounds compared to 
those from their respective peels, regardless of the extrac-
tion solvent used. However, in both cases, the total phenolic 
compound levels were lower than those observed in mango 
seeds. These findings align with those reported by previous 
studies [10]. In a recent review, Fidelis et al. [28] examined 
the chemical composition and bioactivity of a variety of fruit 
seeds, along with discussing extraction techniques for water-
soluble and lipophilic compounds, as well as their in vitro 
and in vivo functionalities, and explored the relationship 
between chemical composition and observed activity.

Antioxidant activities of the extracts

The use of multiple antioxidant assays for the determina-
tion of the antioxidant activity of a plant extract provides 
a comprehensive understanding of its efficacy in combat-
ing oxidative stress. The different in vitro assays target dis-
tinct mechanisms of antioxidant action, such as scaveng-
ing free radicals, chelating metal ions, or inhibiting lipid 

peroxidation, capturing the diverse antioxidant compounds 
present in the extract and assessing their potency across 
various pathways. By combining these distinct assays, it 
can gain a comprehensive understanding of the antioxi-
dant properties of compounds. ABTS and DPPH evaluate 
the radical scavenging capacity toward a stable free radi-
cal (2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2′-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)) and 
FRAP the reducing antioxidant potential of the ferric ion. 
Additionally, the applicability of the antioxidant test to both 
hydrophilic and lipophilic antioxidants. Thus, the ABTS 
tests can measure both hydrophilic, and lipophilic antioxi-
dants, FRAP measures the hydrophilic antioxidants, and 
DPPH only applies to hydrophobic systems [29].

Table 2 shows the results of the antioxidant activities 
obtained by the ABTS, DPPH, and FRAP assays of the 
extracts obtained from the peels and seeds of mango, loquat, 
and papaya plants. Natural antioxidants are often multifunc-
tional compounds with diverse mechanisms of antioxidant 
action, which is why a variety of methods must be used to 
measure their antioxidant activity [30]. In this work, the 
antioxidant properties of extracts recovered from mango, 
papaya, and loquat plants were evaluated by using two dif-
ferent free radical scavenging methods (ABTS, DPPH•) 
and one assay for the estimation of metal-reducing activity 

Table 2  Antioxidant activities (ABTS, FRAP, and DPPH) of peel and seed extracts from mango, loquat, and papaya obtained with different 
extraction solvents

The values represent the mean of 8 independent extractions of each type of fruit, fruit part and extraction solvent n.s.: not significant, p > .05
* p < .05
*** p < .001
a,b,c,d  In the same row, means with different superscripts are significantly different (Tukey’s test, p < .05)
x,y,z  In the same column, means with different superscripts are significantly different (Tukey’s test, p < .05)

Fruits

Mango Loquat Papaya

Extraction solvent Peel Seed Peel Seed Peel Seed Sig

ABTS (mg TEAC/mL extract)
  H2O 0.27bz ± 0.02 4.22az ± 0.28 0.23by ± 0.02 0.31by ± 0.02 0.20bx ± 0.03 0.31by ± 0.02 ***
  H2O:EtOH (1:1) 0.53bcy ± 0.03 5.67ay ± 0.25 0.38cdx ± 0.02 0.56bx ± 0.03 0.17ey ± 0.01 0.36dx ± 0.02 ***
 EtOH 0.79bx ± 0.03 6.89ax ± 0.36 0.22 c y ± 0.02 0.18cz ± 0.02 0.12cz ± 0.02 0.21cz ± 0.01 ***
 Sig *** *** *** *** *** ***

DPPH (% inhibition)
  H2O 5.35by ± 0.41 7.60ay ± 0.54 3.44c ± 0.61 3.50c ± 0.70 2.89cxy ± 0.37 3.82cx ± 0.50 ***
  H2O:EtOH (1:1) 6.25bxy ± 0.55 14.30ax ± 1.31 4.27c ± 0.59 3.48cd ± 0.85 2.53dy ± 0.22 2.56dy ± 0.55 ***
 EtOH 6.30bx ± 0.63 15.54ax ± 0.61 3.61c ± 0.55 3.02c ± 0.79 3.10cx ± 0.17 0.39dz ± 0.17 ***
 Sig * *** n.s n.s * ***

FRAP (mmol  Fe2+ eq./mL)
  H2O 0.27bz ± 0.02 3.52az ± 0–17 0.19bcz ± 0.01 0.25bcy ± 0.01 0.07dz ± 0.00 0.16cdy ± 0.01 ***
  H2O:EtOH (1:1) 1.14bx ± 0.08 8.23ax ± 0.39 0.36cdx ± 0.02 0.46cx ± 0.03 0.13dx ± 0.01 0.21cdx ± 0.01 ***
 EtOH 0.77by ± 0.03 5.90ay ± 0.31 0.22cy ± 0.01 0.19cz ± 0.01 0.10cy ± 0.00 0.14cx ± 0.01 ***
 Sig *** *** *** *** *** ***
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(FRAP). The antioxidant activities of the extracts varied 
depending on the fruit, the part of the fruit, and the extrac-
tion solvent used. The antioxidant activities were lower in 
the aqueous extracts than in the other two extracts. Specifi-
cally, the ABTS scavenging activity was high in the etha-
nolic extracts and low in the aqueous extracts. DPPH activity 
was equal in the aqueous: ethanolic and ethanolic extracts 
and higher in the aqueous extracts; moreover, FRAP activity 
was greater in the  H2O:EtOH (1:1 v/v) extracts.

In general, the mango seed extracts had the highest anti-
oxidant activity regardless of the solvent used, followed by 
the loquat plant extracts, while the lowest antioxidant activ-
ity was detected in the papaya plant extracts. The capacity 
to scavenge ABTS was found to be greatest for the mango 
seed extracts, irrespective of the solvent used, and lowest for 
the ethanol and water:ethanol papaya extracts. The mango 
extracts produced with ethanol or water:ethanol had higher 
ABTS activities than did the respective aqueous extracts. 
Similarly, mango extracts, especially the seeds, exhibited the 
highest DPPH radical scavenging potential. In contrast, the 
papaya extracts had low DPPH antioxidant activity, while 
intermediate activity was found for the loquat extracts. 
The FRAP activity was significantly greater for the mango 
extracts than for the loquat and papaya extracts. The FRAP 
activity of the mango seed extracts was significantly greater 
than that of the peel extracts, regardless of the solvent used. 
In line with what was previously described for ABTS and 
DPPH antioxidant activities, papaya extracts (peel and seed) 
showed limited antioxidant activity according to the FRAP 
assay. For the loquat extracts, no significant differences 
were found concerning the FRAP activity measured for the 
papaya extracts. The results obtained in the present paper 
agree with previous findings reported for mango [31], loquat 
[32, 33], and papaya extracts [34] obtained from different 
tissues of the fruit.

The differences in antioxidant activity are due to the 
distinct and specific compounds and their concentrations 
in the extracts, as described previously. In mango seeds 
and peels, the major polyphenols in terms of antioxida-
tive capacity and/or quantity are mangiferin, catechins, 
quercetin, kaempferol, rhamnetin, anthocyanins, gallic 
and ellagic acids, propyl and methyl gallate, benzoic acid, 
and protocatechuic acid [31]. In different loquat tissues, 
phenolic compounds such as 3-p-coumaroylquininc acid, 
caffeoylquinic acid, 5-feruloylquinic acid, quercetin, and 
kaempferol derivatives (galactoside, glucoside, and rham-
noside) have been linked to the antioxidant activity of 
loquat [32, 33]. In papaya seeds and peels, ferulic, man-
delic, syringic, vanillic acid, myricetin, and conifer-alde-
hyde, among other phenolic compounds, have been previ-
ously described as being responsible for the antioxidant 
activities of these plants [34].

The observed antioxidant activities reflected the differ-
ences in total phenolic, flavonoid, and condensed tannin con-
tents. Thus, the higher the content of bioactive compounds 
is, the greater the antioxidant activity. Correlation analysis 
revealed strong correlations between the TPC and antioxi-
dant activity and, to a lesser extent, with the FLAV content 
(Fig. 1). The highest correlations were found between the 
TPC and ABTS (r =  + 0.94, p <.001), DPPH (r =  + 0.92, 
p < .001) and FRAP (r =  + 0.99, p < .001) assays. Similarly, 
the flavonoid content was positively correlated with the 
ABTS (r =  + 0.53; p < .001), DPPH (r =  + 0.45; p < .001) 
and FRAP (r =  + 0.53; p < .001) assays. Phenolic com-
pounds are the most common phytoconstituents of different 
fruits, vegetables, and medicinal and aromatic plants and are 
responsible for antioxidant activities [35, 36]. In contrast, 
the CTs showed no relationship with the antioxidant activ-
ity of the extracts, as reflected by the lack of a significant 
correlation between them. Our results contrast with many 
studies in vitro demonstrating the high antioxidant capacity 
of CTs [37, 38].

The water:ethanol extracts obtained from papaya and 
loquat seeds and the aqueous, ethanolic and water:ethanolic 
extracts produced from mango seeds were shown to pos-
sess high antioxidant activity and were therefore selected 
for evaluation of their activity in cooked chicken models. 
The ability of the selected extracts to inhibit discolouration 
and lipid and protein oxidation was evaluated in a cooked 
chicken model.

The effect of papaya, loquat, and mango extracts 
on the instrumental colour of cooked chicken 
models

The CIE L*a*b* values of the cooked chicken models dur-
ing refrigerated storage are shown in Table 3. The models 
were characterized by high CIE L* values, moderate CIE 
b* values, and very low CIE a* values, resulting in a white 
or slightly yellowish product. The addition of extracts to 
cooked chicken models significantly affected the instru-
mental colour coordinates immediately after cooking and 
during refrigerated storage. The cooked chicken models 
did not experience marked changes in instrumental colour 
parameters during refrigerated storage, with no significant 
differences in CIE L*, a*, or b* values among days 0, 5, 
and 10.

The most noticeable changes occurred in the CIE L* and 
a* values, where the incorporation of mango seed extracts 
produced significant decreases in the CIE L* values and 
increases in the CIE a* values, resulting in darker and red-
der products than those of the control samples immediately 
after thermal treatment or after 5 and 10 days of refrigerated 
storage. Interactions between extract components, salt, and 
muscle proteins could be responsible for the darkening in 
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samples treated with mango extracts [39]. Papaya and loquat 
seed extracts did not significantly change the lightness of the 
cooked samples, although they slightly increased the CIE 
a* value.

Small changes in b* were due to the use of the extracts. 
Only the aqueous mango seed extract produced a reduc-
tion in the CIE b* value in the cooked chicken models, 
compared with the control group and the other mango, 
papaya, and loquat seed extracts. In contrast, chicken mod-
els formulated with loquat and papaya seed extracts did not 
show differences in lightness (CIE L*) and redness (CIE 
a*) between them but did with those added with the mango 
seed extracts. Red‒orange carotenoids in mango extracts 
may be responsible for the increase in red colour in cooked 
chicken models before and after storage [40].

The total colour difference (ΔE) showed great varia-
tion due to the different extracts added. The addition of 
loquat and papaya seed extracts to cooked chicken models 
induced nonsignificant changes in colour (ΔE < 1.5) at any 
time of sampling. On the other hand, the addition of any 
of the mango seed extracts resulted in noticeable colour 

changes, as supported by the high values of ΔE (ΔE > 3.5). 
Colour changes in cooked models supplemented with the 
aqueous extract were more intense than those produced 
by the ethanolic or  H2O:EtOH (1:1 v/v) extracts. A colour 
change greater than 3.5 reflects a clear difference in the 
colour perceptible to the consumer when products, control 
and treated, are compared [41].

The effect of papaya, loquat, and mango extracts 
on the formation of TBA‑RS during the storage 
of cooked chicken models

The addition of any of the selected papaya, loquat, or 
mango extracts to cooked chicken models significantly 
inhibited TBA-RS immediately after thermal treatment 
(0 days) and was highly effective at controlling the forma-
tion of malondialdehyde (MDA) during storage (5 days 
and 10 days) (Fig. 2). From day 0 to day 10 of refrigerated 
storage, the TBA-RS concentration increased in the con-
trol samples and in the papaya  (H2O:EtOH, 1:1 v/v) and 
loquat seed  (H2O:EtOH, 1:1 v/v) counterparts. In contrast, in 

Fig. 1  Pearson coefficient cor-
relation matrix and density plot 
for variables (phytochemicals 
and antioxidant activities) of 
extracts from mango, papaya, 
and loquat plants. TPCs total 
phenolic compounds; FLAVs 
flavonoids; CTs condensed tan-
nins. *p < .05; ***p < .001
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Table 3  Instrumental colour and total colour changes of cooked chicken models treated with selected extracts obtained from mango, loquat, and 
papaya seeds during storage

N = 6 samples/treatment/day of storage
n.s.: not significant, p > .05
*** p < .001
a,b,c   For the same day of storage, means with different superscripts are significantly different (Tukey’s test, p < .05)

Tropical fruit extract

Papaya seed Loquat seed Mango seed

Storage Control H2O:EtOH (1:1) H2O:EtOH (1:1) H2O EtOH H2O:EtOH (1:1) Sig

CIE L* (lightness)
 d 0 78.6a ± 0.34 77.8ab ± 0.36 77.5b ± 0.18 74.0d ± 0.65 75.7c ± 0.67 75.4c ± 0.58 ***
 d 5 79.1a ± 0.36 78.4a ± 0.79 77.9a ± 1.02 75.4b ± 0.47 75.9b ± 0.86 76.0b ± 0.61 ***
 d 10 78.8a ± 0.70 78.3a ± 0.80 77.8a ± 0.96 75.0b ± 0.49 76.1b ± 0.86 75.9b ± 0.78 ***
 Sig n.s n.s n.s n.s n.s n.s

CIE a* (redness)
 d 0 0.3b ± 0.09 0.6b ± 0.11 0.6b ± 0.08 2.0a ± 0.31 2.0a ± 0.11 2.1a ± 0.12 ***
 d 5 0.4c ± 0.18 0.7b ± 0.18 0.7b ± 0.14 2.1a ± 0.09 2.0a ± 0.06 2.0a ± 0.09 ***
 d 10 0.4c ± 0.07 0.6b ± 0.06 0.6b ± 0.09 2.0a ± 0.15 1.9a ± 0.14 2.2a ± 0.12 ***
 Sig n.s n.s n.s n.s n.s n.s

CIE b* (yellowness)
 d 0 11.9a ± 0.32 12.1a ± 0.20 11.9a ± 0.14 11.0b ± 0.96 11.6ab ± 0.58 11.6ab ± 0.16 **
 d 5 11.8bc ± 0.19 12.3a ± 0.37 12.1ab ± 0.36 10.9d ± 0.13 11.6c ± 0.23 11.7bc ± 0.04 ***
 d 10 11.8a ± 0.35 12.1a ± 0.26 12.2a ± 0.42 11.0b ± 0.18 11.9a ± 0.39 11.9a ± 0.16 ***
 Sig n.s n.s n.s n.s n.s n.s

Total color changes (ΔE)
 0 0.85 1.11 4.95 3.29 3.61
 5 0.95 1.30 4.16 3.65 3.53
 10 0.64 1.06 4.23 3.13 3.44

Fig. 2  Effect of the incorpora-
tion of different extracts on lipid 
oxidation—measured as TBA-
RS (mg MDA/kg sample)—in 
a cooked chicken model stored 
under refrigeration. N = 6 sam-
ples/batch/day of storage. ***p 
< .001. a, b, c: For the same day 
of storage, bars with different 
letters are significantly different 
(Tukey’s test, p < .05)
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cooked models in which mango seed extracts  (H2O, EtOH, 
or  H2O:EtOH, 1:1 v/v) were added, the TBA-RS values 
remained unchanged during refrigerated storage.

Papaya  (H2O:EtOH, 1:1 v/v), loquat  (H2O:EtOH, 
1:1 v/v), and mango seed extracts  (H2O, EtOH, and 
 H2O:EtOH, 1:1 v/v) efficiently controlled lipid oxidation, 
although to varying degrees, by inhibiting the formation 
of malondialdehyde. Compared to those in the control 
samples, the papaya  (H2O:EtOH, 1:1 v/v) and loquat 
 (H2O:EtOH, 1:1 v/v) seed extracts in the cooked chicken 
models significantly reduced the TBA-RS concentration 
during storage. However, mango extracts showed a very 
high capacity to inhibit lipid peroxidation. The ability of 
mango seed extracts  (H2O, EtOH, and  H2O:EtOH, 1:1 v/v) 
to prevent lipid oxidation was greater than that of their 
papaya and loquat seed counterparts. Thus, the mango 
seed extract-treated models had significantly lower TBA-
Rs than the models with added papaya and loquat seed 
extracts. No differences in TBA-RS were found among 
the groups treated with the different mango seed extracts.

In the treated samples, the lower TBA-Rs can be 
ascribed to the antioxidant activity of the phenolic com-
pounds and the intensity of the inhibition of lipid oxida-
tion linked to their contents in the extracts (Tables 1 and 
2). The higher concentrations of phenolic compounds in 
the extracts resulted in greater antioxidant activity, result-
ing in greater inhibition of lipid peroxidation and thus 
lower TBA-RS values in the samples. According to Dias 
et al. [42], differences in phenolic profiles (type of pheno-
lics present and their relative proportions) and synergistic 
or antagonistic effects among antioxidants cause the anti-
oxidant activity of some extracts to be dependent not only 

on phenolic concentration but also on the structure and 
interactions between antioxidants.

The results agree with those reported in the scientific lit-
erature on the impact of the addition of phenolic‐rich extracts 
to meat and meat products on lipid oxidation; for example, 
samples treated with high phenolic-rich extracts maintained 
thiobarbituric acid‐reactive substances at basal levels and 
lower levels than those in control samples [3, 4, 6, 43]. The 
ability of phenolic compounds to protect against lipid oxida-
tion in meat products can be attributed to both antioxidant 
mechanisms, free radical scavenging, and the ability to che-
late metals, such as iron ions, resulting in the formation of 
stable complexes with heme and nonheme ions [1, 37].

The effect of papaya, loquat, and mango extracts 
on the formation of carbonyls during the storage 
of cooked chicken models

The effect of the incorporation of different extracts on car-
bonyls from protein oxidation in a cooked chicken model 
stored under refrigeration is shown in Fig. 3. The addition 
of mango, papaya, and loquat seed extracts affected the car-
bonyl content differently after cooking and during refriger-
ated storage. The formation of carbonyl groups is considered 
a general indicator of the level of protein oxidation in meat 
and meat products [44].

Immediately after heat treatment (day 0), the data did not 
show conclusive results on the antioxidant effect of proteins 
from tropical fruit extracts. An unexpected prooxidant effect 
on papaya- and loquat-treated models was found. In compar-
ison with those in the control samples, the papaya and loquat 
extracts not only did not decrease the formation of carbonyl 

Fig. 3  Effect of the incorpora-
tion of different extracts on 
protein oxidation—measured 
as carbonyls (nM carbonyls/mg 
protein)—in a cooked chicken 
model stored under refrigera-
tion. n = 6 samples/batch/day 
of storage. ***p < .001. a, b, 
c: For the same day of storage, 
bars with different letters are 
significantly different (Tukey’s 
test, p < .05)
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groups from protein oxidation but also increased but not to 
a significant extent the concentration of carbonyl groups in 
the samples on days 0, 5, and 10. In contrast, the ethanolic 
and aqueous: ethanolic mango seed extracts were observed 
to be responsible for greater control of the carbonylation of 
proteins in this study than was the control treatment. On days 
5 and 10, the mango seed extracts inhibited the formation 
of carbonyl compounds by 30–54% for the ethanolic extract 
and 37–54% for the aqueous: ethanolic extract. The lower 
total carbonyl content in the mango extract group could be 
attributed to the intense antioxidant activity of the phenolic 
acids and flavonoids in these mango seed extracts, which 
are effective at inhibiting the formation of total protein car-
bonyl compounds. Several studies have reported the use 
of plant extracts rich in phenolic compounds to inhibit or 
decrease the oxidation rate of lipids and proteins [1, 3–6]. 
Additionally, a low concentration of reactive substances such 
as thiobarbituric acid could influence protein carbonylation. 
Protein oxidation can be induced by the presence of lipid 
oxidation-derived compounds, which easily oxidize protein 
constituents, including thiols and amino acids, leading to the 
generation of carbonyl compounds [44].

Conclusions

Extracts obtained from mango, papaya and loquat seeds can 
be used as natural antioxidants in meat products as substi-
tutes for synthetic antioxidants. All the extracts obtained 
from mango seeds could be considered effective inhibitors 
of lipid oxidation and protein carbonylation; however, the 
ethanolic and aqueous extracts of mango seeds show very 
high antioxidant activity and high concentrations of phenolic 
compounds and flavonoids. Additional research is necessary 
to assess these extracts' effectiveness in controlling discolor-
ation and oxidative deterioration. Moreover, their functional-
ity in meats and meat products with higher fat and/or iron 
contents across various addition levels, processing methods, 
and storage conditions requires investigation. Additionally, 
studies exploring the impact of these extracts on the sensory 
properties of processed products should be considered.
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