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SUMMARY
Research background. Recently, consumers have been increasingly interested in high-

ly nutritional and health-promoting products in the form of functional foods that are pro-
duced using environmentally friendly processes as part of the circular economy. Therefore, 
much research has been carried out related to the valorisation of waste generated during 
the processing of food, especially fruit and vegetables, commonly referred to as by-prod-
ucts. These by-products consist of peels, seeds, stems or pomace, which have been shown 
to have valuable nutritional properties (high content of polyphenols, vitamins, antioxi-
dants, etc.).

Experimental approach. Considering these aspects, the aim of this study is to charac-
terise three types of by-products of apple processing, namely peel, pulp pomace and 
whole fruit pomace, from a nutritional point of view. The total content of polyphenols, 
antioxidant activity, ascorbic acid (vitamin C) and phenolic content were determined in 
nine apple varieties from two harvest years (2020 and 2021) during 9 months of storage. 

Results and conclusions. The results showed that apple peel had good nutritional prop-
erties, in contrast to the pulp or the whole fruit, which are often removed during apple 
processing. Therefore, the analysed by-products are suitable candidates for application 
in the food industry for the development of new products enriched with bioactive com-
pounds.

Novelty and scientific contribution. In this study, nine varieties of organic apples were 
analysed and the nutritional parameters were determined. The phenolic compounds of 
the studied apple by-products were analysed for possible reuse of apple processing waste. 

Keywords: organic apple; apple by-products; nutritional quality of apple by-products; 
food waste reduction 

INTRODUCTION
Apples are seasonal fruits, and in order for them to be available fresh for a longer pe-

riod of time, the postharvest storage parameters must be optimal for 11–12 months of 
storage (1). Apart from fresh, they can be consumed in different forms, such as juice, jam, 
marmalade, in pies, etc. A large amount of apples produced worldwide is processed into 
juice, which is the second most consumed juice after orange juice (2). When apples are 
processed into juice, large quantities of waste are produced in the form of pomace (25–30 
% of the original fruit mass). The pomace consists mainly of the peel and the remaining 
pulp (approx. 95 %), with small quantities of seeds (2–4 %) and stem (1 %) (3,4). Tradition-
ally, apple pomace was used as animal feed or as fertiliser, but these methods were not 
efficient from an economic point of view and led to environmental problems (3). There-
fore, a lot of research has been conducted to characterise waste from industrial process-
ing as a great source of nutrients, fibre, bioactive compounds and other important sec-
ondary metabolites (5) that can be further used in different foods or pharmacological 
applications. For example, Kultys and Moczkowska-Wyrwisz (6) investigated whether the 
addition of carrot pomace and beetroot-apple pomace (10, 20 and 30 %) could lead to an 
increase in the dietary fibre content of pasta. The addition of vegetable pomace showed 
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great improvement of the pasta in terms of technological, 
sensorial and nutritional properties. It was found that the to-
tal dietary fibre was similar for both types of pomace used; 
however, a higher fraction of soluble dietary fibre was found 
in the pasta with carrot pomace, while a higher fraction of in-
soluble dietary fibre was found in beetroot-apple pomace 
pasta. The bioavailability and bioaccessibility of phenolic 
compounds from fresh and freeze-dried apple pomace were 
analysed by an in vitro test using differentiated Caco-2 cells 
that simulate the intestinal barrier (for 1–4 h). The obtained 
results showed that the bioaccessibility of chlorogenic acid 
(44 %) was higher than that of phloridzin (17 %) and gallic acid 
(7 %). In addition, approx. 56 % of chlorogenic acid passed the 
transepithelial barrier had higher bioavailability after 3 and 4 
h. Therefore, apple pomace could be a potential ingredient 
for the development of functional foods (7). Manzoor et al. (8) 
investigated the effect of crude apple pomace and quercetin 
as antioxidants on the stability of high oleic mustard oil dur-
ing frying of chips. It was found that the addition of apple 
pomace antioxidants led to an increased stability and quality 
of mustard oil compared to tertiary butylhydroquinone, 
showing that natural antioxidants can potentially replace 
synthetic ones to increase the stability of deep-frying oils. 
Llavata et al. (9) investigated the effect of drying temperature 
(40–120 °C) of apple pomace on the antioxidant activity and 
fibre content of this by-product. It was found that increasing 
the temperature improved the drying process, while the best 
antioxidant properties were found for pomace dried at 80–
100 °C and the best temperature for maintaining fibre prop-
erties was between 40 and 60 °C.

The aim of this study is to characterise different types of 
by-products of apple processing, namely peel, pulp pomace 
and whole fruit pomace, at the beginning and the end of a 
9-month storage period from a nutritional point of view. 

MATERIALS AND METHODS

Sample processing

Nine organic apple varieties, namely `Remo ,̀ `Rewena ,̀ 
`Relinda ,̀ `Rebela ,̀ `Freedom ,̀ `Pinova ,̀ `Florina ,̀ `Topaz` and 
`Dalienette ,̀ were purchased from a certified organic produc-
er from the north-western region of Romania, Bihor County 
(autumn harvest 2020 and 2021) and their bioactive compo-
nents were analysed. The fruits were processed into juice us-
ing a Bosch MES4000 juicer (München, Germany) and the re-
maining by-products were analysed (peel, pulp pomace and 
whole fruit pomace). Briefly, the peel of the fruits was ob-
tained by peeling the apples before juice extraction. The 
peeled apples were then processed into juice and pulp pom-
ace sample was obtained. Whole fruits were also processed 
into juice, obtaining this way the whole fruit pomace. Some 
fruits were processed after harvest (raw material) and some 
after 9 months of storage in a cold chamber (Besseling Group 
B.V., Blokker, the Netherlands) at (1.0±0.5) °C and 95 % RH (af-
ter storage). Immediately after processing, the obtained 

by-products were stored at –80 °C. Prior to analysis, the sam-
ples were lyophilised using a CHRIST LyoCube Alpha 2–4 
freeze-dryer (Martin Christ, Osterode am Harz, Germany). The 
obtained results were expressed on dry mass basis. 

 

Chemicals and solvents

Standard phenolic compounds and reagents: 37 % hydro-
chloric acid and gallic acid were purchased from Carl Roth 
GmbH (Karlsruhe, Germany). Ascorbic, formic, acetic and o-
-phosphoric acid, acetonitrile, methanol, Folin & Ciocalteu’s 
phenol reagent and 1,1-diphenyl-2-picrylhydrazyl (DPPH) 
were purchased from Sigma-Aldrich Chemie GmbH, Merck 
(Steinheim, Germany), 6-hydroxy-2,5,7,8-tetramethylchro-
man-2-carboxylic acid (Trolox) was purchased from Acros Or-
ganics, Fisher Scientific (Geel, Belgium) and isoquercitrin 
(quercetin-3-glucoside), hyperoside (quercetin-3-galacto-
side), quercitrin (quercetin-3-rhamnoside), (+)-catechin, 
(–)-epicatechin, procyanidine B2, phloretin, cyanidin-3-O-ga-
lactoside and phloridzin were purchased from Extrasynthese 
(Genay, France).

 

Dry matter determination

The total dry matter was determined by weighing 0.5 g 
of ground sample material, then drying it at 105 °C on the 
MAC 500 PARTNER thermo-balance (Radwag, Radom, Po-
land). The results were expressed in percentage.

 

Ascorbic acid determination by high performance  
liquid chromatography

To 1 g of raw material, 2 mL of 2 % o-phosphoric acid were 
added and triturated for 1 min at room temperature. The 
mixture was quantitatively passed into a 15-mL centrifuge 
tube and then brought to a final volume of 10 mL with 2 % 
o-phosphoric acid. After extraction, all samples were centri-
fuged (centrifuge 5430R; Eppendorf, Hamburg, Germany), 
filtered and immediately analysed by HPLC technique using 
the method adapted from Chanforan et al. (10). An Agilent 
1200 chromatograph (Agilent Technologies, Santa Clara, CA, 
USA) equipped with a diode array detector (UV-DAD) was 
used for HPLC analysis. All data were recorded and processed 
with the Agilent ChemStation B.04.03 software (Agilent Tech-
nologies). 

 

Determination of total phenolic content

To 1 g of ground sample, 10 mL of 70 % aqueous metha-
nol were added and incubated overnight in the dark at room 
temperature. After that, the extracts were shaken at 500 rpm 
for 1 h and then centrifuged at 2935×g and 4 °C for 10 min 
using a centrifuge 5430R (Eppendorf). The supernatant was 
recovered in centrifuge tubes and the residue was re-extract-
ed two more times with 10 mL of 70 % aqueous methanol. All 
three supernatants were combined and then the volume of 
each extract was adjusted to 30 mL with the extraction 
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solvent. The total phenolic content of the extract solutions 
was determined by the Folin-Ciocalteu spectrophotometric 
method described by Georgé et al. (11). The absorbance was 
measured at 760 nm using a UV–Vis spectrophotometer Spe-
cord 210 Plus (Analytik Jena, Jena, Germany). The results were 
expressed in mg of gallic acid equivalents (GAE) per gram of 
dry mass.

 

Determination of antioxidant activity using DPPH  
radical scavenging test

The DPPH test was adapted from a method described by 
Bujor et al. (12) with some modifications. The extract used for 
this DPPH analysis was the same as that used for the determi-
nation of the total phenolic content. Briefly, 0.2 mL of the 
sample extract was added to 2 mL of 0.2 mM DPPH solution 
in methanol (prepared daily, protected from the light and 
kept on ice). The mixtures were shaken for 30 min in the dark 
at 500 rpm using a KS 260 homogeniser (IKA, Staufen, Ger-
many). The absorbance was then measured at 515 nm. Meth-
anol was used as a blank reference. The results were ex-
pressed in mg of Trolox equivalents (TE) per g of dry mass.

 

Anthocyanin quantification by UPLC chromatography

Approximately 0.3 g of sample was ground in a mortar 
and 5 mL of methanol acidified with 1 % HCl were added. The 
extracts were shaken at 500 rpm for 15 min and then centri-
fuged at 2935×g and 4 °C for 5 min using a centrifuge 5430R 
(Eppendorf). The supernatant was recovered in centrifuge 
tube and the residue was re-extracted two more times with 
5 mL of methanol with 1 % HCl. All three supernatants were 
combined and then the volume of each extract was adjusted 
to 15 mL with the extraction solvent. After extraction, the 
samples were subjected to solid phase extraction (C18 Bond 
Elute cartridge 200 mg, 3 mL; Agilent Technologies) based on 
Bujor et al. (12) method. UPLC-PDA analyses were performed 
using a Waters ACQUITY UPLC chromatograph (Waters, Mil-
ford, MA, USA). Individual compounds were quantified as 
mass fraction of apple powder with external standards mea-
sured at 520 nm. For anthocyanin quantification, cyanidin-
3-O-galactoside was used as standard. The results were ex-
pressed as ideain on dry mass basis.

 

HPLC/DAD determination of phenolic compounds 

For the extraction of phenolic compounds, 100 mg of 
freeze-dried sample was dispersed in 1200 µL of dried meth-
anol acidified with 1 % acetic acid in a 1.5-mL Eppendorf vial. 
The extraction was carried out in an ultrasonic bath for 15 
min. After filtration (PTFE, 0.45 µm), the reaction medium was 
injected (20 µL) directly into the HPLC system. HPLC/DAD 
analyses were carried out in independent triplicates using an 
Agilent 1200 chromatograph (Agilent Technologies) equipped 
with a DAD. All the data were recorded and processed with the 
Agilent ChemStation B.04.03 software (Agilent Technologies). 

Separations were achieved as described by Bujor et al. (12) us-
ing a LiChroCART (LiChrospher RP-18 5 µm) column (250 
mm×4 mm i.d.; Merck, Darmstadt, Germany) with a guard 
column (LiChrospher PR-18 5 µm column; Merck) operated at 
30 °C. Phenolic compounds were identified by comparison of 
their retention time and UV-visible spectra with those of stan-
dards and literature (13–15). Individual compounds were 
quantified as mass fractions in mg/g. 

 

Statistical analysis

All data are expressed as mean value±standard deviation 
(S.D.). Results were submitted to JMP Statistical Discovery™ 
from SAS (16). Two-way analysis of variance (ANOVA) was car-
ried out to examine the statistical differences among groups 
for all analysed parameters (variety/stage) using the standard 
least squares method. To investigate the overall effect of stor-
age time measured at (1.0±0.5) °C, the model effects used 
were variety, stage (raw material/after storage) and their in-
teraction (variety×stage). Values were considered significant 
at p<0.05.

RESULTS AND DISCUSSION

Dry matter values

The main effects of variety, stage and their interaction on 
the dry matter of apple waste after cold storage of the fruit 
were analysed (Fig. 1). In contrast to the fruit pulp (p>0.05), 
the percentage of dry mass in apple peel and fruit pulp from 
2020 varied significantly among varieties (p<0.0001) over 
time (p<0.0001). As shown by the interaction effect (p< 
0.0001), we observed significant trends in both peel and fruit 
pulp with a significant decrease in Florina, Topaz and Dali-
nette varieties, while Pinova showed an increase in peel. In 
contrast, all apple waste evaluated in 2021 showed large dif-
ferences among varieties during storage (p<0.0001). Overall, 
the most notable differences were found in the pulp pomace, 
with the highest decrease in the percentage of dry mass in 
Pinova, Florina and Topaz varieties.

 

Ascorbic acid content of the analysed samples

The effect of fruit storage on vitamin C content was ana-
lysed in apple peel waste over a 9-month period (Fig. 2). Our 
results show significant differences among the different va-
rieties (p<0.0001), with Topaz and Dalinette having the high-
est vitamin C mass fraction in both the 2020 and 2021 har-
vests. The vitamin C mass fraction increased significantly 
after storage (stage, p<0.0001) in the 2021 harvest for Rebela, 
Freedom, Pinova and Topaz varieties, in contrast to Rewena 
and Dalinette, as shown by the interaction effect (p<0.0001). 
In 2020, we observed different patterns over time (p<0.0001) 
in the development of vitamin C content, with only the Flo-
rina variety having a higher mass fraction, which was mea-
sured in the final stage. When looking at the pulp and fruit 
pomace, the vitamin C content was not detected (<LOD) 
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regardless of the harvest year. This is consistent with the dis-
tribution patterns within the fruit, which mainly show an ac-
cumulation in the peel. 

In a study conducted by Ma et al. (17), apple peel con-
tained between 0.79 and 1.30 mg/g ascorbic acid, depending 
on the used drying method. Freeze-dried samples had 0.99 
mg/g ascorbic acid, hot air-dried samples had values of 0.79–
1.03 mg/g and heat pump-dried samples had 1.30 mg/g 
ascorbic acid. However, Kschonsek et al. (18) also found ascor-
bic acid in whole fruits of the apple varieties Golden Delicious 

(124.3 mg/100 g), Granny Smith (99.2 mg/100 g), Jonagold 
(189.1 mg/100 g) and Jonathan (210.2 mg/100 g).

 

Total phenolic content in samples

Fig. 3 shows the values of total phenolic content (TPC), 
expressed as gallic acid equivalents (GAE) (mg/g), during stor-
age in the apple waste obtained from the fruit harvested in 
2020 and 2021. Apart from the apparently similar trends ob-
served overall, there were clear differences in TPC values 
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Fig. 2. Changes in vitamin C mass fraction on dry mass basis in the apple peel before and after storage of whole apples under refrigeration 
conditions: a) peel (2020), and b) peel (2021). Data are mean value±S.D. (N=3). The p-values for the effects of variety, stage and interaction vari-
ety×stage are shown. Asterisk indicates significance (p<0.05)

Fig. 1. Changes in the dry mass of apple waste before and after storage of whole apples under refrigeration conditions: a) fruit pomace (2020), b) 
peel (2020), c) pulp pomace (2020), d) fruit pomace (2021), e) peel (2021), and f) pulp pomace (2021). Data are mean value±S.D. (N=3). The p-values 
for the effects of variety, stage and interaction variety×stage are shown. Asterisk indicates significance (p<0.05)
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among the varieties (p<0.0001*). For example, Rewena and 
Relinda had the highest TPC in the fruit pulp during storage 
in 2020, followed closely by Topaz and Dalinette, while only 
Relinda and Dalinette (2021) showed significant values. The 
phenolic content measured in the peel showed the highest 
values compared to the fruit pulp and pulp pomace in both 
years. With seemingly closely related distribution patterns 
among the tested varieties (2020, p=0.0092; 2021, p<0.0001), 
several contrasting situations occurred. Specifically, Rewena 
and Pinova varieties differ in an opposite TPC development 
in 2020 compared to 2021, with the latter showing a decrease 
in the final stage. 

The pulp pomace from both 2020 and 2021 showed sim-
ilar results, with higher TPC overall at the end of storage 
(p<0.0001). Moreover, significant differences can be observed 
between varieties, with Relinda having the highest TPC at the 
end of storage in 2020 (p<0.0001), while Relinda and Dalinette 
had similar contents during time in 2021 (p<0.0001).

Similar results were also obtained by Nile et al. (5), with a 
value of (3.5±0.1) mg/g of the total phenolic content of pow-
der. In their study, Suárez et al. (19) also determined a value of 
TPC of (3.6±0.2) g/kg on dry mass when analysing apple pom-
ace. Kschonsek et al. (18) determined values, expressed as 
GAE, of 521.9 (Golden Delicious), 581.0 (Granny Smith), 1224.8 
(Jonagold) and 1212.8 mg/100 g (Jonathan) in the fruit peel, 

while in the pulp pomace the obtained values were 276.4 
(Golden delicious), 163.3 (Granny Smith), 177.5 (Jonagold) and 
361.7 mg/100 g (Jonathan).

 

Antioxidant activity of the analysed samples

Similar to TPC, the antioxidant activity (DPPH) showed 
similar patterns among varieties within each type of apple 
waste (Fig. 4). Higher values for the DPPH radical scavenging 
activity expressed as Trolox equivalents (TE) indicate higher 
antioxidant activity. In 2020, the fruit pulp showed significant 
differences depending on the variety (p<0.0001), with Rewe-
na and Relinda showing slightly higher antioxidant activity in 
the final stage. However, despite the insignificant main effect 
of storage (stage, p<0.0001), the significant decrease in Flo-
rina during this period corresponds to the significant effect 
exhibited by the variety×stage interaction (p<0.0001). A sim-
ilar behaviour as for TPC of fruit pulp in 2021 was also shown 
for the DPPH values. In Relinda and Dalinette, the values in-
creased over time, while in Rebela and Freedom there was a 
significant decrease in antioxidant activity, which contribut-
ed to the significant effect of the interaction variety×stage 
(p<0.0001). In apple peels, we observed similar DPPH trends 
to those for TPC to some extent. There is a wide distribution 
across varieties (p<0.0001) during storage in 2020 (p<0.0001), 
with particularly low antioxidant activity at the end of storage 

Fig. 3. Changes in total phenolic content (TPC), expressed as gallic acid equivalents (GAE) on dry mass basis in apple waste before and after stor-
age of whole apples under refrigeration conditions: a) fruit pomace (2020), b) peel (2020), c) pulp pomace (2020), d) fruit pomace (2021), e) peel 
(2021), and f) pulp pomace (2021). Data are mean value±S.D. (N=3). The p-values for the effects of variety, stage and interaction variety×stage are 
shown. Asterisk indicates significance (p<0.05)
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(p<0.0001). In 2021, peel showed significant differences be-
tween varieties over time (p=0.0008), but without the main 
effect of storage (p=0.5627) on DPPH. Pinova variety had 
higher values at the initial stage, followed by a decrease over 
time. In 2020, pulp pomace showed a slightly decreased 
DPPH values over time (p=0.0004), to some extent especially 
in the varieties Florina, Topaz and Dalinette. In contrast, in 
2021 the antioxidant activity of pulp pomace did not change 
significantly over time, as shown by the main effect of stage 
(p=0.9542) and the interaction (p=0.0857). However, notable 
differences were observed among varieties (p=0.0013) dur-
ing storage.

Similarly, Nile et al. (5) obtained the antioxidant activity 
of apple pomace of (72.6±1.6) %. In addition, a study conduct-
ed by Kschonsek et al. (18) showed values of antioxidant ac-
tivity, expressed as TE, between 2.4 and 9.9 mmol/100 g in 
apple peel and between 0.8 and 2.3 mmol/100 g in pulp pom-
ace.

 

Anthocyanin content of the analysed samples

The anthocyanin mass fraction was evaluated in the peel 
and fruit pomace of apples from the 2020 and 2021 harvests 
during storage (Fig. 5). In contrast to the fruit pulp from 2021, 
where no differences were observed between varieties over 
time, the fruit pulp from 2020 showed similar patterns in 

anthocyanin mass fraction among varieties, with the excep-
tion of the Rewena variety, measured at the beginning and 
end of the trial. It was characterised by a higher decrease in 
anthocyanins during storage, further highlighting the signif-
icant main effects and their interaction (variety, p=0.0001; 
stage, p=0.0001; p=0.0003). In contrast, the apple peel 
showed remarkable variations between the two stages in 
2020, with lower anthocyanin mass fraction at the end of stor-
age. The highest mass fraction was found in the Rewena va-
riety (variety, p<0.0001), which decreased abruptly over time, 
followed by Relinda, where no obvious change in anthocya-
nins occurred. The significant main effect of storage (stage, 
p<0.0001*) and the interaction (p<0.0001) are further empha-
sised by the decrease in anthocyanins, which was different 
for Pinova, Florina, Topaz and Dalinette varieties. When con-
sidering the peel of the 2021 samples, the anthocyanin mass 
fraction showed a steady trend over time. However, given the 
decrease in the Rewena and Dalinette varieties (variety, 
p<0.0001), the interaction effect during storage is evident 
(p<0.0001). 

 

Phenolic profile of the samples

Table S1 and Table S2 show the distribution of phenolic 
compounds in the apple peel, pulp pomace and fruit pomace 
of 9 apple cultivars during storage in two harvest years (2020 

Fig. 4. Changes in DPPH, expressed as Trolox equivalents (TE) on dry mass basis, in apple waste before and after storage of whole apples under 
refrigeration conditions: a) fruit pomace (2020), b) peel (2020), c) pulp pomace (2020), d) fruit pomace (2021), e) peel (2021), and f) pulp pomace 
(2021). Data are mean value±S.D. (N=3). The p-values for the effects of variety, stage and interaction variety×stage are shown. Asterisk indicates 
significance (p<0.05)
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and 2021). The content of phenolic compounds in the ana-
lysed apple by-products has been reported previously by 
many authors. In this case, for the 2020 harvest year, it was 
observed that the identified polyphenolic compounds were 
found in higher mass fractions in the fruit peel both at the in-
itial analysis and at the end of storage. Similarly, for the 2021 
harvest year, higher mass fractions of polyphenolic com-
pounds were initially determined in the fruit peel; however, 
at the end of storage, the highest mass fractions were mainly 
found in the whole fruit pomace. Briefly, of the measured 
phenolics, higher mass fractions of phloridzin, followed by 
cholorogenic acid were found in pulp pomace and fruit pom-
ace, while higher mass fractions of procyanidin B2, quercitrin 
and chlorogenic acid were found in the peel. The distribution 
of phenolic compounds is generally maintained during stor-
age and over the two analysed harvest years. Łata et al. (20) 
studied the variation of phenolic composition in apple peels 
and whole fruits of 19 apple cultivars. Of the identified com-
pounds, the highest mass fractions on dry mass basis of 
chlorogenic acid (1.13 mg/g), followed by flavan-3-ols, rutin 
and phloridzin, were found in whole fruits. However, except 
for chlorogenic acid, higher mass fractions of compounds 
were found in the apple peel than in the whole fruit. Similar 
trends were observed in our study for the samples harvested 
in 2020, while the values for the 2021 harvest year were slight-
ly lower. 

CONCLUSIONS
After apple processing, various by-products remain (peel, 

seeds and pomace), which are often still valuable from a nu-
tritional point of view and can be further utilised as function-
al ingredients in the food industry, in pharmaceutical appli-
cations, etc. due to their content of bioactive compounds. 

The obtained results showed that all by-products ana-
lysed had high values of total phenolic content, antioxidant 
activity and anthocyanin content. In addition, ascorbic acid 
was determined only in the peel of the fruit, part that is often 
removed in apple processing and categorised as waste. The 
results therefore show that apple by-products have a high 
nutritional quality both after harvesting and at the end of 
storage under refrigeration conditions. The characterised 
by-products could be further used in the food industry for 
the development of new functional food products with im-
proved nutritional properties, but also in other areas, such as 
animal feed, pharmaceuticals, etc. The novelty of this work is 
the nine organic apple varieties analysed, which make a great 
scientific contribution to the potential use of apple by-prod-
ucts that add value to apple juice processing and also con-
tribute to sustainable waste management practices and en-
vironmental protection. However, further studies are required 
to define the processing technologies, conditioning and 
preservation of these by-products in order to ensure the safe-
ty and quality of the end products. 

Fig. 5. Changes in anthocyanin mass fraction, expressed as ideain on dry mass basis, in apple waste before and after storage of whole apples 
under refrigeration conditions: a) fruit pomace (2020), b) peel (2020), c) fruit pomace (2021), and d) peel (2021). Data are mean value±S.D. (N=3). 
The p-values for the effects of variety, stage and interaction variety×stage are shown. Asterisk indicates significance (p<0.05)
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JM, Salas E, Guyot S. Detailed LC-UV-MS quantification of 
native and oxidized phenolic compounds in experimental 
and commercial apple juices revealed highly contrasting 
compositions. J Food Compos Anal. 2023;122:105450.
https://doi.org/10.1016/j.jfca.2023.105450

  3. 	Xu Y, Fan M, Ran J, Zhang T, Sun H, Dong M, et al. Variation 
in phenolic compounds and antioxidant activity in apple 

seeds of seven cultivars. Saudi J Biol Sci. 2016;23(3):379–88.
https://doi.org/10.1016/j.sjbs.2015.04.002

  4. 	Popa (Burlacu) A, Israel-Roming F, Haddad AM. Valorization 
of apple processing by-products. Scientific Bulletin. Series 
F. Biotechnologies. 2020;24(2):184–8.

  5. 	Nile SH, Nile A, Liu J, Kim DH, Kai G. Exploitation of apple 
pomace towards extraction of triterpenic acids, antioxi-
dant potential, cytotoxic effects, and inhibition of clinical-
ly important enzymes. Food Chem Toxicol. 2019;131:110563.
https://doi.org/10.1016/j.fct.2019.110563

  6. 	Kultys E, Moczkowska-Wyrwisz M. Effect of using carrot 
pomace and beetroot-apple pomace on physicochemical 
and sensory properties of pasta. LWT – Food Sci Technol. 
2022;168:113858.
https://doi.org/10.1016/j.lwt.2022.113858

  7. 	 Pollini L, Juan-Garcia A, Blasi F, Manes J, Cossignani L, Juan 
C. Assessing bioaccessibility and bioavailability in vitro of 
phenolic compounds from freeze-dried apple pomace by 
LC-Q-TOF-MS. Food Biosci. 2022;48:101799.
https://doi.org/10.1016/j.fbio.2022.101799

  8. 	Manzoor S, Masoodi FA, Rashid R, Dar MM. Effect of apple 
pomace-based antioxidants on the stability of mustard oil 
during deep frying of French fries. LWT – Food Sci Technol. 
2022;163:113576.
https://doi.org/10.1016/j.lwt.2022.113576

  9. 	Llavata B, Picinelli A, Simal S, Carcel JA. Cider apple pomace 
as a source of nutrients: Evaluation of the polyphenolic 
profile, antioxidant and fiber properties after drying pro-
cess at different temperatures. Food Chem: X. 2022;15: 
100403.
https://doi.org/10.1016/j.fochx.2022.100403

10. 	 Chanforan C, Loonis M, Mora N, Caris-Veyrat C, Dufour C. 
The impact of industrial processing on health-beneficial to-
mato microconstituents. Food Chem. 2012;134(4):1786–95.
https://doi.org/10.1016/j.foodchem.2012.03.077

11. 	 Georgé S, Brat P, Alter P, Amiot JM. Rapid determination of 
polyphenols and vitamin C in plant-derived products. J Ag-
ric Food Chem. 2005;53:1370–3.
https://doi.org/10.1021/jf048396b

12. 	 Bujor OC, Le Bourvellec C, Volf I, Popa VI, Dufour C. Season-
al variations of the phenolic constituents in bilberry (Vac-
cinium myrtillus L.) leaves, stems and fruits and their anti-
oxidant activity. Food Chem. 2016;213:58–68.
https://doi.org/10.1016/j.foodchem.2016.06.042

13. 	 Collin S, Crouzet J. Les polyphénols de la pomme (Apple 
polyphenols). In: Collin S, Crouzet J, editors. Polyphénols et 
procèdes. Impact des procèdes cidricoles (Polyphenols 
and processes. Impact of cider processes). Paris, France: 
Te&Doc.; 2011. pp. 103–58 (in French).

14. 	 Guyot S, Marnet N, Laraba D, Sanoner P, Drilleau JF. Re-
versed-phase HPLC following thiolysis for quantitative es-
timation and characterization of the four main classes of 

http://www.ftb.com.hr
https://orcid.org/0000-0003-2305-3132
https://orcid.org/0000-0003-2305-3132
https://orcid.org/0000-0002-6087-3853
https://orcid.org/0000-0002-6087-3853
https://orcid.org/0000-0002-5158-5454
https://orcid.org/0000-0002-5158-5454
https://orcid.org/0000-0003-4074-4525
https://orcid.org/0000-0003-4074-4525
https://orcid.org/0000-0002-4201-676X
https://orcid.org/0000-0002-4201-676X
https://orcid.org/0000-0001-8981-5529
https://orcid.org/0000-0001-8981-5529
https://orcid.org/0000-0002-9096-2232
https://orcid.org/0000-0002-9096-2232
https://orcid.org/0000-0003-4152-4807
https://orcid.org/0000-0003-4152-4807
https://orcid.org/0000-0003-3864-6096
https://orcid.org/0000-0003-3864-6096
https://orcid.org/0000-0001-8336-6611
https://orcid.org/0000-0001-8336-6611
https://orcid.org/0000-0002-7712-4410
https://orcid.org/0000-0002-7712-4410
https://doi.org/10.3390/plants11020201
https://doi.org/10.1016/j.jfca.2023.105450
https://doi.org/10.1016/j.sjbs.2015.04.002
https://doi.org/10.1016/j.fct.2019.110563
https://doi.org/10.1016/j.lwt.2022.113858
https://doi.org/10.1016/j.fbio.2022.101799
https://doi.org/10.1016/j.lwt.2022.113576
https://doi.org/10.1016/j.fochx.2022.100403
https://doi.org/10.1016/j.foodchem.2012.03.077
https://doi.org/10.1021/jf048396b
https://doi.org/10.1016/j.foodchem.2016.06.042


Food Technol. Biotechnol. 62 (4) 449–457 (2024)

457October-December 2024 | Vol. 62 | No. 4

phenolic compounds in different tissue zones of a French 
cider apple variety (Malus domestica Var. Kermerrien). J Ag-
ric Food Chem. 1998;46:1698–705.
https://doi.org/10.1021/jf970832p

15. 	 Le Bourvellec C, Bouzerzour K, Ginies C, Regis S, Ple Y, Re-
nard C. Phenolic and polysaccharidic composition of ap-
plesauce is close to that of apple flesh. J Food Compos 
Anal. 2011;24:537–47.
https://doi.org/10.1016/j.jfca.2010.12.012

16. 	JMP®, v. 12, SAS Institute Inc., Cary, NC, USA; 2023. 
17. 	 Ma Q, Bi J, Yi J, Wu X, Li X, Zhao Y. Stability of phenolic com-

pounds and drying characteristics of apple peel as affected 
by three drying treatments. Food Sci Hum Wellness. 2021; 
10(2):174–82.
https://doi.org/10.1016/j.fshw.2021.02.006

18. 	Kschonsek J, Wolfram T, Stöckl A, Böhm V. Polyphenolic 
compounds analysis of old and new apple cultivars and 
contribution of polyphenolic profile to the in vitro antioxi-
dant capacity. Antioxidants. 2018;7(1):20.

https://doi.org/10.3390/antiox7010020

19. 	 Suárez B, Álvarez AA, Diñeiro García Y, del Barrio G, Picinel-
li Lobo A, Parra F. Phenolic profiles, antioxidant activity and 
in vitro antiviral properties of apple pomace. Food Chem. 
2010;120(1):339–42.

https://doi.org/10.1016/j.foodchem.2009.09.073

20. 	Łata B, Trampczynska A, Paczesna J. Cultivar variation in 
apple peel and whole fruit phenolic composition. Sci Hor-
tic. 2009;121(2):176–81.

https://doi.org/10.1016/j.scienta.2009.01.038 

https://doi.org/10.1021/jf970832p
https://doi.org/10.1016/j.jfca.2010.12.012
https://doi.org/10.1016/j.fshw.2021.02.006
https://doi.org/10.3390/antiox7010020
https://doi.org/10.1016/j.foodchem.2009.09.073
https://doi.org/10.1016/j.scienta.2009.01.038

	_Hlk182486047
	_Hlk182487570
	_Hlk182489851
	_Hlk182558836
	_Hlk182575749
	_Hlk182768495
	_Hlk182769743
	_Hlk182771506
	_Hlk182772389
	_Hlk182774210
	_Hlk182818616



