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ABSTRACT

The market of the juice industry is increasing globally including in Indonesia and one of the factors that support the
developing market of juice is the sufficient supply of raw material. Consequently, the increasing production of juice has
resulted in a high amount of solid waste such as under-ripe fruits, rotten organic matter, peels, seeds, and majorly in the
form of pomace. Pomace is usually discarded or slightly used as animal feed and becomes a serious environmental
problem, and also an economic burden for the company. However, pomace can be utilized as functional and healthy
ingredients in food product development due to its beneficial components namely dietary fiber and antioxidants. This

review will emphasize on the nutrient, fiber and bioactive content of fruit pomace.

Keywords: Fruit Juice, Food Waste, Pomace, Antioxidants, Dietary Fiber

1. INTRODUCTION

The increasing world population and the changing of
dietary habits has increased the demand for the
production of fruits [1] The production of fresh fruits
globally reached 883.42 million metric tons in 2019,
which was an increase of 53.20% from 2000 [2]. Fruits
can be consumed directly or processed by the beverage
industry. One of the beverage industry segments is the
juice industry. In general, fruit juice means an extract of
a watery part in cells or tissues of fruits by mechanically
squeezing or pressing out without using any solvent or
heat. Due to the awareness of health, juice is chosen by
consumers as it is a natural and healthy product and
provides nutritional benefits to the human body which
boosts [3].

The juice market is increasing globally and one of the
most promising segments in the beverage industry. The
market of juice is dependent on the availability of the raw
material, geographical distribution and the health
awareness of consumers themselves [4]. Based on the
compound annual growth rate (CAGR) calculation for
2021-2025, the market of juice is predicted to grow
annually by 5.60% worldwide [5] and in Indonesia itself,
the market of juices is predicted to grow annually by
7.39% [6]. The leading juice company in Indonesia is
Coca Cola Indonesia through its Minute Maid brand and

first marketed as Minute Maid Pulpy Orange. Another
leading juice company is Buavita from PT. Unilever
Indonesia with variant fruits such as orange, apple,
mango, guava and lychee [7]. Another juice company in
Indonesia that is popular for its cold-pressed juice is
Rejuve from PT. Sewu Central Primatama and the most
used fruit for juice is pineapple [8].

Processing of fruits by the juice industry results in
huge amounts of waste every year that is a worldwide
problem for both environmental and economic aspects
[9]. The waste consists of over or under-ripe fruits, rotten
organic matter, pomace, seeds, and peels [10]. Pomace is
the largest proportion of solid waste (by-product) left in
the fruit processing. About 25%-35% of pomace comes
from the mass of raw material [11] and about over
400,000 tons of pomace are produced every year [12]. It
is usually disposed of in landfills and only a part of it is
reused for animal feeding and land fertilizer. Disposal of
fruit pomace is considered environmental pollution as it
has high organic matter content [9]. Pomace also has high
water content which makes it hard to be composted well
and develop a high risk of undesired microbes’ growth
[12]. A high amount of pomace not only impacts the
environment but is an economic burden for the company
regarding their management as waste always costs money
[13]. On the other hand, there is a tendency to look for
new and more natural sources of general and functional
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food ingredients from fruit by-products [14]. Due to the
presence of valuable nutrients and dietary fiber [15],
pomace may fulfil this demand as it is also natural and
relatively low-cost material [16]. For instance, Tropicana
has utilized the orange pomace from its orange juice and
has added 25% of orange pomace in its orange juice to
increase the dietary fiber content and provided 39%
recommended daily intake of vitamin C [17]. Moreover,
the reduction of renewable resources and land for
cultivation, continuous growth of the world population
and the mismanagement of waste are the factors to utilize
the by-product in the food sector [15]. However, the
scientific studies regarding fruit pomace from the juice
industry in Indonesia are still limited. This review will
emphasize on the nutrient, fiber and bioactive content of
fruit pomace.

2. REVIEW

2.1. Nutrient and Bioactive Content of Fruit
Pomace from Juice Industry

Fruit pomace contains significant amounts of
phytochemicals [18], vitamin, minerals [11] and/or
polymeric materials such as pectin and lignocellulose
compounds [19]. Phytochemicals are antioxidant
compounds such as phenolics and carotenoids that can
prevent oxidative stress caused by oxidation and reduce
the risk of major chronic disease [20]. Antioxidant
compounds can increase the stability of food products as
they prevent lipid peroxidation [14].

Both macro- and micro- nutrients are required for our
body to process correctly [43]. Table 1 shows that fruit
pomaces vary in both macronutrients and minerals
content. A study interestingly stated that apples contain
majorly higher macro- and micro-nutrients in the form of
pomace than whole [22]. Apple and orange pomace have
the highest amount of carbohydrates and ashes. However,
Hussein et al. (2007) found that apple pomace has a total
sugar level (4.43%) which is considered as low compared
to pineapple (9.75%) and mango (40%) pomaces [23].

Iron content in 100 gr pomaces from apples (37.34
mg) and guavas (13.8 mg) meet the adult recommended
daily intake which is 8-18 mg per day [43]. Additionally,
apple and orange pomace comprise 250 and 160 mg
phosphorus per 100 gr, respectively. These values are
considered high compared to pineapple (4 mg/100g).
Protein content in major fruit pomaces is below 10%.
Orange pomace has the highest protein (6.00-7.90%) and
pomace made out of albedo and oleiferous sacs contain
the highest amount of fat (6.57%) [26]. Furthermore, 100
gr of orange pomace contains 770 mg of calcium,
approximately 70% of calcium recommended daily
intake (1000-1200 mg) [43].
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Fruit pomaces do not only carry beneficial macro-
and micro-nutrients, but they also contain bioactive
components as shown in Table 2. Apple pomace shows a
good source of polyphenols [44][45]. It is shown by its
flavonoid content of 91-200 mg Quercetin Equivalent in
100g pomace. Dilas et al. (2009) reviewed that the major
identified polyphenols compounds in apple pomace are
catechins, phloretin glycosides, quercetin glycosides,
hydroxycinnamates, and procyanidins [45].

The total phenolic content in both air dried and sun
dried orange pomace is considered as moderate at 43.5-
48.89 mg Gallic Acid Equivalent/100g pomace [46]. Sun
et al. (2012) found that several cinnamics (caffeic, p-
coumaric, and ferulic) and benzoics (protocatechuic, p-
hydroxybenzoic, and vanillic) were detected [37].
Compounds such as lutein and carotene were also found
[38].

Denny et al. (2013) shows that total phenolic content
in guava pomace is 3.4 mg GAE/g which is considered as
low [46] and the identified compounds are quercetin,
epicatechin, myricetin, gallic acids and isovanillic which
have anti-inflammatory and antinociceptive effects [41].
However, guava have the highest ascorbic acid compared
to pomace of other fruits, and carotene which can be
converted into vitamin A [43].

The highest carotene content (2140-2330 pg/g) was
obtained from fresh mango pomace. Pomaces from
mango also contain lutein. The ash, protein, insoluble and
soluble dietary fiber and -carotene of dried mango
pomace are higher while the other contents are lower than
the non-dried mango pomace. The total phenolic content
of mango pomace is also considered as low [46].

2.2. Dietary Fiber in Fruit Pomace from Juice
Industry

Dietary fiber represents plant substances that are hard
to be digested by digestive enzymes in the human body
and contain polysaccharides within the cell. In chemical
terms, dietary fiber is defined as non-starch
polysaccharides and lignin, non structural components
(gums) and additives (commercial gums, modified
cellulose and pectin) [47]. Fruit pomace that is left after
juice processing is a good source of dietary fiber due to
high dietary fiber content [48], has beneficial
physiological effects that may exert on human health and
has good functional properties [49].

Dietary fiber can be classified into soluble (pectin and
gums) and insoluble (cellulose, lignin and hemicellulose)
dietary fiber. Soluble dietary fiber forms viscous gel
when dissolved in water, while insoluble dietary fiber
does not form gels due to its insolubility [50]. Their ratio
is important for dietary and functional properties. The
ratio for soluble and insoluble dietary fiber to be used as
food ingredients should be close to 1:2 [47]; [51]).
Functional properties of dietary fiber that can be used in
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Table 1. Nutritive values of several fruit pomaces

Carbohydrate Ash
Pomace Treatment Protein Fat References
Source Total Reducing
Fe Ca P
Sugar Sugar
Apple Freeze Dried 84.76% 2.65% 2.53% 1.79% [21]
Apple n.s. 44.5-57.4% 2.7-53% | 1.1-3.6% 0.50-6.10% [22]
37.34 mg/ 8.25 mg/ 250 mg/
0, 0, 0, 0,
Apple Fresh 4.43% 3.22% 3.68% 3.16% 100g 100q 100 [23]
Orange Freeze Dried 77.78% 6.81% 2.14% 4.18% [21]
Orange Wag‘reigaA” 17.90% 6.70% | 0.89% 2.71% [24]
Orange Wa‘g‘reigaA” 88.00% 7.90% | 0.50% 2.90% [25]
Orange Air Dried n.s. 0.43% 6.57% 3.43% [26]
770 160 mg/
0,
Orange n.s. n.s. 6.00% n.s. n.s. mg/100g 100g [27]
Orange n.s. 9-14% 1-2% <0.5% n.s. [28]
1.01- 0.07- 13.8 mg/ .
Guava n.s. 11.84-12.19% 1.78% 120 100g n.s. n.s. [29]; [27]
. . 10 mg/ 4 mg/
0, 0, 0,
Pineapple Sun Dried 43.46% 4.71% 0.61% 5 mg/ 100g 100g 100g [30]
Pineapple Freeze Dried 42.85% 4.65% 0.62% 2.21% [31]
Pineapple Freeze Dried 43.46% 4.71% 0.61% 2.24% [32]
Pineapple Air Dried 9.75% 8.20% 0.01% n.s. 0.04% [33]
Mango Fresh n.s. 10-12% n.s. n.s. n.s. [34]
Mango Washed 40 % 34.67 % 3.54% n.s. 0.86% [35]
Mango Wa?ﬁga"\” 18.76 % 143% 4.30% ns. 0.01% [35]
Table 2. Bioactive components of several fruit pomace
Pomace | Treatme Total Total . . Ascorbic
- . Tannin Lutein Carotene - References
Source nt Phenolics Flavonoids Acid
Oven
dried
' 3.98-5.78 91-200 mg QE/
Apple Ige_eze mg GAE/g 100g n.s. n.s. n.s. n.s. [36]
ried,
Sun Dried
Fresh (a),
0.83mg 30.10 mg CAT/ 13.3
Apple Jar?l;;“*d GAE/g (b) 100g (b) ns. ns. ns. mg/100g (a) [23]
. 43.50 mg
Orange Sun Dried GAE/g n.s. n.s. n.s. n.s. n.s. [37]
. . 48.89 mg
Orange Air Dried GAE/g n.s. n.s. n.s. n.s. n.s. [26]
Orange Fresh n.s. n.s. n.s. 7.89 pg/g 43.4 uglg n.s. [38]
20-50 mg/
Orange n.s. n.s. n.s. n.s. n.s. n.s. 100g [28]
87.44
Guava n.s. n.s. n.s. n.s. n.s. 1250 pg/g mg/100g [27]
Frozen, 0.09 mg 0.40 mg QE/ 62.6 mg 40-440 .
Guava Thawed GAE/qg 100g /100g ns. ns. mg/100g (39 ; [40]
Lo 3.40 mg
Guava Air Dried GAElg n.s. n.s. n.s. n.s. n.s. [41]
. S 0.14 mg 0.5807 mg 26.5 mg/ .
Pineapple Air Dried GAE/g Rutin/100g n.s. n.s. n.s. 100g [33];[42]
Mango Fresh n.s. n.s. n.s. n.s. 2140-2330 pg/g n.s. [34]
Mango Washed 1.05 mg/g 42 mg/100g n.s. 8.3 ua/g 8.9 na/g n.s. [35]
Washed,
Mango Air Dried 1.00 mg/g 28 mg/100g n.s. 5.1 pug/g 30.5 pg/g n.s. [35]
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formulation of food products are water holding capacity,
oil holding capacity, gel formation, swelling capacity
[48].

In the organism, dietary fiber has the ability to absorb
many harmful components by reducing cholesterol, and
binding mineral compounds and heavy metal.
Hemicellulose and pectin show remarkable ability to bind
heavy metal. It is also proven to be cellulose and lignin,
to a smaller extent than hemicellulose and pectin. The
sorbing capacity of dietary fiber is determined by its
origin, condition (temperature and pH) and the type of
metal. With this epidemiological data, the correlation of
civilization-induced diseases and low dietary fiber in the
diet is revealed. The diseases are obesity, atheroscleraosis,
diabetes, tooth decay, and chronic constipation [47]; [52].
With the consumption of high intake fiber will lower the
risk of coronary heart diseases, stroke, hypertension,
diabetes, obesity. It will also lower blood pressure and
cholesterol level [53]. Based on Minister of Health
Regulation No. 28 Yr 2019 about the recommended
nutritional adequacy rate for Indonesian people, using the
energy guideline of 2200 kcal/day for women (19-49
y.0.) and 2600 kcal/day for men (19-49 y.0.), the
recommended daily dietary fiber intake is 31 g/day for
adult women and 36 g/day for adult men [54].

Commercialized dietary fiber powder has several
main characteristics which are total dietary fiber content
above 50%, moisture lower than 9%, low content of
lipids, a low caloric value and neutral flavor and taste,
also perform in a satisfying manner as food ingredients.
It not only affects the physiological properties, but also
the sensorial properties of the food product. Food
products have been mainly using cereal as the source of
dietary fiber. However, dietary fiber from fruit pomace
has more advantages than cereal such as high quality of
total and soluble dietary fiber content, good functional
properties (water holding capacity, oil absorption
capacity, and gel formation), low caloric value, good
colonic fermentability and lower amounts of
antinutritional contents ([51]; [48]. Moreover, cereals
contain more insoluble dietary fiber, which is mainly
related to intestinal regulation, while dietary fiber from
fruits contain more soluble dietary fiber which can help
lower blood cholesterol and glucose intestinal absorption
[55]. Pomace from fruit juices has been studied for their
total, soluble, and insoluble fiber content (Table 3).

Kodagoda and Marapana (2017) reviewed the dietary
fiber content in apple pomace consisting of 35-60% of
total dietary fiber with 14.6% soluble and 36.5%
insoluble dietary fiber [14]. Younis and Ahmad (2015)
analyzed the dietary fiber content in apple pomace and
resulted in a higher amount of total and insoluble dietary
fiber with 62.3% and 54.12% respectively, but a lower
amount of soluble dietary fiber with 8.55% [56].
Kolodziejczyk et al. (2007) also analyzed the dietary
fiber content in apple pomace [57] and the results were
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similar with Younis and Ahmad (2015) with 60.9% total
dietary fiber and 7.7% of soluble dietary fiber [56]. Apple
pomace consists of 10-15% pectin. Pectin from apple
pomace has more superior gelling properties than citrus
pectin but it presents a brown hue that may limit its uses
for light-colour foods [10]. Apple pomace also contains
high amounts of lignin [48]. Struck and Rohm (2019)
reviewed the content in apple pomace which consist of
4.26%-24.40% of hemicellulose, 7.2%-43.6% of
cellulose, 15.3%-23.5% of lignin, 3.5%-14.32% of pectin
and 4.7%-51.1% of fiber [18].

Kumar et al. (2018) and Selani et al. (2014) observed
the dietary fiber content in pineapple pomace and
resulted in a similar amount of dietary fiber [31],[32].
Kumar et al. (2018) got 44.38% of total dietary fiber with
0.62% of soluble and 43.46% of insoluble dietary fiber
[31], while Selani et al. (2014) got 45.22% of total dietary
fiber with 0.78% of soluble and 44.44% of insoluble
dietary fiber in pineapple pomace [32]. Ocen and Xu
(2013) analyzed the dietary fiber content in orange
pomace and resulted in 71% of total dietary fiber, 17.97%
soluble dietary fiber and 53.07% of insoluble dietary
fiber [26]. Romero-Lopez et al. (2011) also analyzed the
dietary fiber content in orange pomace [58] and got lower
results than Ocen and Xu (2013) with 41.5% of total
dietary fiber, 18.6% soluble dietary fiber and 22.9% of
insoluble dietary fiber [26]. However, Ramadan (2012)
got higher dietary fiber content in orange pomace than
Romero-Lopez et al. (2011) with 54.21% of total dietary
fiber, 24.71% of soluble dietary fiber and 29.47% of
soluble dietary fiber and 29.47% of insoluble dietary
fiber [59], [58].

Table 3. List of total (TDF), soluble (SDF) and insoluble
(IDF) dietary fiber content in the fruit pomace for juice

TDF SDF IDF
Product References
(%) (%) (%)
35-60 14.6 36.5 [14]
Apple 60.9 7.7 - [57]
62.67 8.55 54.12 [56]
) 44.38 0.62 43.46 [31]
Pineapple
45.22 0.78 44.44 [32]
71.04 17.97 53.07 [26]
Orange 415 18.6 22.9 [58]
54.21 24.71 29.47 [59]
88 9 79 [60]
Mango 19.2 - 38.9 -
- [35]
20.9 43.1
Guava 63.9 - 63.55 [27]
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Guava pomace contained 63.9% of total dietary fiber
and 63.55% of insoluble dietary fiber [27]. Mango
pomace contained 88% of total dietary fiber, 9% of
soluble dietary fiber and 79% of insoluble dietary fiber
[60]. (Sudha et al., 2015) analyzed the dietary fiber
content of both fresh and dried mango pomace and found
a higher percentage of dietary fiber in the dried than fresh
mango pomace. Dried mango pomace contained 43.1%
insoluble and 20.9% soluble dietary fiber, while fresh
mango pomace contained 38.9% insoluble and 19.2%
soluble dietary fiber [35]. Mango pomace contains 0.03%
of both cellulose and lignin [34].

3. CONCLUSION

Huge amounts of pomace resulted from the fruit juice
industry becoming a serious problem worldwide
including Indonesia that should be utilized. The
utilization of fruit pomace may be toward the food sector
as fruit pomace has valuable compounds such as dietary
fiber; also it is safe and characterized as low-cost
ingredients. Moreover, high demands of healthy food in
Indonesia encourage the food and beverage manufacture
to actively work on it and they have to look for healthy,
yet low-cost ingredients so the price of the product will
not be too high and fruit pomace is the potential
ingredient.
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