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ABSTRACT

The apple (Malus domestica L.) is an ancient and widely cultivated fruit in temperate climates,
rich in dietary fiber, minerals, vitamins, and various nutrients. Its peel, core, and pulp contain
high levels of phenolic compounds and phytonutrients, contributing to a reduced risk of cancers,
cardiovascular diseases (CVD), asthma, and diabetes. The present study aimed to assess apple
waste and analyze the physicochemical properties of apple pomace. Two apple varieties, Gaja
and Golden Delicious, were studied and two extraction methods were used i.e., manual
(squeezing) and mechanical (juicer/blinder). The results revealed that the Gaja variety has higher
juice content (55.00% manual, 53.00% mechanical) compared to the golden variety (46.00%
manual, 44.00% mechanical). Additionally, the Golden Delicious showed a slightly higher peel
percentage and total waste for both extraction methods. The pH values ranged from 3.91 to 4.04,
with the Gaja variety generally having slightly higher values. Ash content was comparable
between the varieties and extraction methods. The TSS was higher in the Golden Delicious
variety, especially in the mechanical extraction method (i.e., 18.67 °Brix). Fiber and protein
content varied among the apple varieties and extraction methods, with the mechanical method
generally yielding slightly higher values. Titratable acidity was consistent across both varieties.
Moisture content was observed to be higher in the Gaja variety, particularly in the manual
extraction method. Overall, the Gaja variety was favored for its higher juice content, while
Golden Delicious had advantages in size and certain physicochemical properties like fiber,
protein, TSS, and ash.
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INTRODUCTION

The apple (Malus domestica L.) is one of the most consumed fruits worldwide, both as fresh and
processed products. To meet the global demands for juices, juice concentrates, and cider, 11.6
million tons of apples are processed (Fernandes et al., 2019), resulting in 30% of the product
becoming waste. Globally, these wastes may represent up to 4 million tons per year of apple
pomace (Martins Costa et al., 2022), consisting of pulp, skins, seeds, and stalks of the fruit
(Kammerer et al., 2014).

Apple pomace is a heterogeneous substance primarily composed of skin and flesh (95%), with
traces of seeds (2-4%) and stems (1%). Apple pomace contains a wide range of nutrients, despite
variations in concentration. It is a good source of phytochemicals and contains significant
amounts of carbohydrates as well as small amounts of proteins, vitamins, and minerals (Shashi et
al., 2008). The carbohydrates found in apple pomace are primarily composed of insoluble sugars,
such as cellulose (127.9 g/kg DW), hemicellulose (7.2 to 43.6 g/kg DW), and lignin (15.3 to 23.5
g/kg DW), along with simple sugars like glucose (22.7%), fructose (23.6%), and galactose (6%
to 15%) (Dhillon et al., 2013). Apart from carbohydrates, several minerals like P (0.07% to
0.076%), Ca (0.06% to 0.1%), Mg (0.02% to 0.36%), and Fe (31.8 to 38.3 mg/kg, dry weight
basis) were also found in apple pomace. Apple pomace is further distinguished by a high
percentage of polyphenols (31% to 51%), particularly cinnamate esters, dihydrochalcones, and
flavonols (Will et al., 2006). Moreover, it has been demonstrated that apple pomace contains a
wide range of naturally occurring antioxidants, including phloridzin, quercetin glycosides, and
other phenolic components with potent antioxidant activity (Lu and Foo, 2000; Schieber et al.,
2002). Therefore, apple pomace is of great nutritional value, providing health benefits. Several
studies indicated that apple pomace not only helps in the prevention of constipation and
hypertension but also can scavenge certain harmful substances in the human body such as free
radicals (Shashi et al., 2008).

Given its nutritional value, apple pomace has found utilization as a functional ingredient in
various food products (Gomez and Martinez, 2018). Its incorporation enhances the dietary fiber
content and health-promoting properties of bakery products, extruded foods, meat products,
confectionery items, and dairy foods. Additionally, it serves as a substrate for the development
of alcoholic beverages and edible mushrooms, contributing to product quality and nutritional
value (Lyu et al., 2020).

Understanding the physicochemical properties of apple pomace from different varieties and the
impact of various extraction methods is crucial for optimizing its utilization in different food
products. Thus, the present study aims to contribute to this knowledge, facilitating the efficient

utilization of apple pomace as a valuable resource in the food industry.
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Materials and methods
Sample collection
Two varieties (Gaja and Golden Delicious) of apple fruits were purchased from the local market

of Tandojam city of Hyderabad, Pakistan.

Extraction procedures of apple juice

1. Manual method of apple juice extraction

300 g of apple samples were weighed. These weighed samples were washed and cleaned with
tissue paper. Weighed and washed apple samples were kept in the deep freezer to freeze. Took
out freeze samples from the deep freezer and kept it for 2 to 3 hours to defrost. Put the sample in
the muslin cloths and squeeze by hand with force. Separately juice, peel, and waste materials
were measured and weighed.

2. Mechanical method of apple juice extraction

300 g of apple samples were weighed. These weighed samples were washed and cleaned with
tissue paper. Samples were put into the juicer blender. Separately juice, peel, and waste materials
were measured and weighed.

Physico-chemical analysis of apple pomace

The proximate composition analysis of samples, including moisture (%), protein (%), ash (%),
TSS (°Brix), pH value, crude fiber (%), and titratable acidity (%) contents was determined using
(AOAC, 2016).

Statistical analysis
The data collected from the research were statistically analyzed according to the statistical
procedure of analysis of variance two-way (ANOVA), by using Statistix 8.1 software.

Results and Discussion

Juice (%) of apple varieties

The results regarding Juice (%) of apple varieties as influenced by different extraction methods
are shown in Figure 1. The statistical analysis showed significant variation (P<0.05) in juice
content among different apple varieties. The maximum juice % was noted in the Gaja variety
(55.00%) in the manual method, followed by the Gaja variety through the mechanical method
(53.00%), Golden Delicious manual and mechanical method i.e., 46.00% and 44.00%,
respectively. The results are further confirmed by Nadulski et al. (2014) who reported that the
maximum apple juice was (54.24%), while the minimum apple juice was (42.24%). Similarly,
the study of Sharma et al. (2015) showed that the maximum apple juice was (59.17%), while the

minimum apple juice was (53.14%), respectively. The variations may be due to extraction
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methods or harvesting time.

Fig. 1 Juice (%) of apple varieties as influenced by different
extraction methods
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Peel (%) of apple varieties

The results regarding the peel (%) of apple varieties as influenced by different extraction methods
are shown in Figure 2. The statistical analysis showed significant variation (P<0.05) in juice
content among different apple varieties. The maximum peel % was observed in the Golden
Delicious variety (10.87%) in the mechanical method followed by the Golden Delicious manual
method (10.63%) while the lowest results were recorded in the Gaja variety mechanical method
(10.36%). The results are further confirmed by Martinez-Ladrén de Guevara et al. (2016) who
reported that the maximum apple peel was (15.14%), however minimum apple peel was
(10.75%). Similarly, the study of Francini and Sebastiani, (2013) revealed that the maximum
apple peel was (14.46%), while the minimum apple peel was (11.15%). The variation may be
because the peel comprises only a small percentage of the entire fruit weight, its importance as a

donor of phenolic is disputable.
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Fig. 2 Peel (%) of apple varieties as influenced by different
extraction methods
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Total waste (%) of apple varieties

The results regarding the total waste (%) of apple varieties as influenced by different extraction
methods are shown in Figure 3. The statistical analysis showed significant variation (P<0.05) in
juice content among different apple varieties. The maximum total waste % was noted in the
Golden Delicious (35.07%) mechanical method, followed by the Golden Delicious manual
method (34.50%) while minimum results were recorded in the Gaja variety manual method
(29%). The observed results are confirmed by Okruhlicova et al. (2002) who reported that the
maximum total waste was (41.15%), while the minimum total waste was (32.14%). The results
were also compared with Lin et al. (2006) who reported that the maximum total waste was
(42.15%), while the minimum total waste was (32.14%). The observed variations may be due to
the extraction methods or water present in the apple.
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Fig. 3 Total waste (%) of apple varieties as influenced by different
extraction methods
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pH value of apple pomace

The results regarding the pH value of apple pomace as influenced by different extraction methods
are shown in Figure 4. The statically analyzed result for pH value in apple pomace significantly
varied at (P<0.05). The maximum pH value was noted in the Gaja variety (4.04) mechanical
method, followed by the Gaja variety manual method (4.03) while the minimum pH value was
noted in the Golden Delicious manual method i.e., 3.91. The results are further confirmed by
Venkatachalam et al. (2018) who observed that the maximum pH value of apple pomace was
(6.8+£0.4), while the minimum pH value was (3.0+0.3). A similar study by Giryn et al. (2004)
showed that the maximum pH value of apple pomace was (3.77), while the minimum pH value
of apple pomace was (3.39). The variation in pH value may be due to the variety, location of
apple harvest, harvest time method of extracting, and further processing of juices.
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Fig. 4 pH value of apple pomace as influenced by different
extraction methods
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Ash (%) of apple pomace

The results regarding the ash (%) of apple pomace as influenced by different extraction methods
are shown in Figure 5. The statically analyzed result for ash % in all treatments of apple pomace
significantly varied at (P<0.05). The maximum ash % was noted in the Golden Delicious (0.66%)
manual method, followed by the Gaja variety mechanical method 0.60%, while the minimum ash
% was recorded in the Gaja variety manual method i.e., 0.58%. The results are further confirmed
by Jayaprakasha and Patil, (2007) who reported that the maximum ash % was (0.61%), while the
minimum ash % was (0.57%) in apple pomace. Similarly, the study of Eisele and Drake, (2005)
reported that the maximum ash % was (0.39%), while the minimum ash % was (0.12%). The

variation may be due to the quantity of minerals present in the apple.
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Fig. 5 Ash (%) of apple pomace as influenced by different extraction
methods
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Total soluble solids (°Brix) of apple pomace

The results regarding total soluble solids (°Brix) of apple pomace as influenced by different
extraction methods are shown in Figure 6. The statically analyzed results for total soluble solids
in all treatments of apple pomace significantly varied at (P<0.05). The maximum TSS was noted
in Golden Delicious (18.67 °Brix) in the mechanical method, followed by Golden Delicious
manual method (18.61 °Brix), while minimum TSS was recorded in the Gaja variety mechanical
method i.e., 15.66 °Brix. The results are compared with Eisele and Drake, (2005) who reported
that the maximum total soluble solids were (21.62 °Brix), while the minimum total soluble solids
were (10.26 °Brix) depending on the apple variety. The total soluble solids of apple fruit increased
gradually with increasing storage durations. The total soluble solids could be attributed to the

breakdown of starch or the hydrolysis of cell wall polysaccharides.
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Fig. 6 Total soluble solids (°Brix) of apple pomace as influenced by
different extraction methods
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Protein (%) of apple varieties

The results regarding protein (%) of apple pomace as influenced by different extraction methods
are shown in Figure 7. The statically analyzed result for protein in all treatments of apple pomace
significantly varied at (P<0.05). The maximum protein % was noted in the Golden Delicious
(2.31%) manual extraction method, followed by the Gaja variety mechanical method (2.26%),
while the minimum protein % was recorded in the Gaja variety manual method i.e., 2.10%. The
results are confirmed by Okokon and Okokon, (2019) who reported that the maximum protein %
was (1.85%), while the minimum protein % was (1.14%) in apple pomace. The variation may be
due to phenolic compounds ranging from anthocyanin or carotenoid pigments to tannins are

usually far less than 1% or 2.50%.
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Fig. 7 Protein (%) of apple pomace as influenced by different
extraction methods
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Fiber (%) of apple pomace

The results regarding fiber (%) of apple pomace as influenced by different extraction methods
are shown in Figure 8. The statically analyzed result for fiber in all treatments of apple pomace
significantly varied at (P<0.05). The maximum fiber % was noted in the Golden Delicious
(2.10%) mechanical method, followed by the Golden Delicious manual method (2.03%), while
the minimum fiber % was recorded in the Gaja variety mechanical method i.e., 1.90%. The results
are further confirmed by Lisicar et al. (2017) who reported similar reports as observed by the
present study. Ciriminna et al. (2016) recorded the maximum fiber % as 2.24% and minimum as
2.19% in apple pomace from different apple varieties. The variation may be due to different

varieties having different fibers.
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Fig. 8 Fiber (%) of apple pomace as influenced by different
extraction methods
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Titratable acidity (%) of apple pomace

The results regarding titratable acidity (%) of apple pomace as influenced by different extraction
methods are shown in Figure 9. The statically analyzed result for titratable acidity in all treatments
of apple pomace significantly varied at (P<0.05). The maximum titratable acidity was observed
in Golden Delicious (0.2467 %) through the manual method, followed by the Gaja variety through
the mechanical method (0.2557%), while minimum results were noted in Gaja variety through
the manual method i.e., 0.2387%. The results are further associated with the report that the
maximum titratable acidity was (0.251), while the minimum was (0.240). The variation may be

due to malic and citric acids making the major contribution to the acidity of the apple.
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Fig. 9 Titratable acidity (%) of apple pomace as influenced by
different extraction methods
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Moisture (%) of apple pomace

The results regarding moisture (%) of apple pomace as influenced by different extraction methods
are shown in Figure 10. The statically analyzed result for moisture in all treatments of apple
pomace significantly varied at (P<0.05). The maximum moisture % was observed in the Gaja
variety (11.50%) in the manual method, followed by Golden Delicious through the mechanical
extraction method (10.30%), while minimum moisture content was observed in Golden Delicious
through the manually extracted method i.e., 9.76%. The results further correlate with the study of
Olaniran et al. (2019) who reported the maximum moisture (9.21%) in apple pomace while the
minimum moisture recorded was (8.44%). The variation may be due to the variety, environmental

temperature, and juice processing methods.
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Fig. 10 Moisture (%) of apple pomace as influenced by different
extraction methods
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Conclusion

The present study investigated the physicochemical properties of apple pomace obtained from
Gaja and Golden Delicious apple varieties using manual and mechanical extraction methods. The
findings suggest that the Gaja variety yielded a higher juice content compared to Golden
Delicious. Golden Delicious had a slightly higher peel percentage and total waste for both
extraction methods. pH values were acidic with minimal variation between varieties and
extraction methods. Ash content showed no significant difference between varieties or extraction
methods. Golden Delicious exhibited higher TSS, especially with mechanical extraction. Fiber
and protein content varied with the mechanical method generally yielding slightly higher values.
Titratable acidity remained consistent across both varieties. The Gaja variety had higher moisture
content, particularly with manual extraction. In conclusion, Gaja appears favorable for juice
production due to its higher juice yield. However, Golden Delicious offers advantages in terms
of size and specific physicochemical properties like fiber, protein, TSS, and ash content. The
choice of variety and extraction method may depend on the desired end product and its intended
use.
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