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Study of the Fruit Bar Based on Apple Pomace

Elma Posasindan Yapilan Meyve Barmin Arastirilmasi

Aigul USUBALIEVA'*, Vildan EYIZZ, Selman TURKER3, Zhyldyzai OZBEKOVA“,
Aibek BODOSHOV?, Anarseit DEIDIEV®, Ismail TONTUL’
Abstract

This research aimed to incorporate apple pomace into fruit bar formulations and analyzed quality properties
(chemical, physical, color and sensory parameters and biological active ingredients) of the obtained bars. For this
purpose, most preferred formulation has been developed using apple pomace, raisins, peanuts, corn semolina, and
honey. Then, the chemical composition, the total phenolic content, the total flavonoid content, the antioxidant
activity, and the physical properties of the bar were analyzed. According to the results the optimized bar contained
18.7% moisture, 1.8% ash, 9.8% protein, 10.1% lipid, 8.7% dietary fibre, 58.5% total carbohydrate, 1.1% acidity,
pH 4.4 and 364 kcal/100g energy. Furthermore, the bar contained 2.386 mg GAE (Gallic Acid Equivalent) kg™! db
(dry basis) of total phenolics and 850 mg CE (Catechin Equivalent) kg db of total flavonoids. The antioxidant
activity of fruit bar using by DPPH (2.2-diphenyl-1-picrylhydrazyl radical-scavenging activity), FRAP (Ferric
Reducing Antioxidant Power) and CUPRAC (Cupric Reducing Antioxidant Capacity) assays were determined as
25.372 mg TEAA (Triethylammonium Acetate) kg db, 8.701 mg TEAA kg db, and 5.134 mg TEAA kg™ db,
respectively. Also, physical characteristics such as a hardness (94.2+19.1), cohesiveness (0.50+0.12), springiness
(0.27£0.09), chewiness (28.24+5.20) and elasticity (0.62+0.06) were determined. Color parameters L, a* and b*
were evaluated for the fruit bar. Moreover, sensory analysis revealed that the developed bar had a high level of
general appreciation. Effect of storage period on moisture, pH and hardness of fruit bar was also analyzed.
Therefore, incorporation of apple pomace in the bar formulation was a good way to evaluate the apple juice waste
and can be used in the production of value-added product.
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Oz

Bu arastirmada elma posasinin meyve bart formiilasyon igerigine dahil edilmesi ve elde edilen barin kalite
ozellikleri (kimyasal, fiziksel, renk ve duyusal parametreler ve biyolojik aktif bilesenler) analiz edilmesi
amagclanmistir. Bu amaca kavusmak i¢in ilk 6nce elma posasi, kuru iizim, fistik, misir irmigi ve bal kullanilarak
daha ¢ok tercih edilen formiilasyon gelistirilmistir. Daha sonra optimize edilmis olan barin kimyasal bilesimi,
toplam fenolik igerigi, toplam flavonoid igerigi, antioksidan aktivitesi ve fiziksel 6zellikleri gibi parametreleri
analiz edilmistir. Kimyasal ve fiziksel analiz sonuglara gore optimize edilmis bar %18.7 nem, %1.8 kiil, %9.8
protein, %10.1 lipit, %8.7 diyet lifi, %58.5 karbonhidrat, %1.1 asidite, pH 4.4 ve 364 kcal/100g enerji igermektedir.
Ayrica, barda 2.386 mg GAE (Galik Asit Esdegeri) kg! db (kuru bazda) toplam fenolik ve 850 mg CE (Katesin
Esdegeri) kg!' db toplam flavonoid icerdigi belirlenmistir. Meyveli barin DPPH (2.2-difenil-1-pikrilhidrazil
radikal giderici aktivite), FRAP (Demir Indirgeyici Antioksidan Giicii) ve CUPRAC (Bakir indirgeyici
Antioksidan Kapasitesi) analizleri ile antioksidan aktivitesi sirastyla 25.372 mg TEAA (Triethylammonium
Acetate) kg! db, 8.701 mg TEAA kg db ve 5.134 mg TEAA kg db olarak belirlenmistir. Ayrica sertlik
(94.2+19.1), kohezyonluk (0.50+0.12), esneklik (0.27+0.09), ¢ignenebilirlik (28.2+5.20) ve elastikiyet (0.62+0.06)
gibi fiziksel 6zellikleri de belirlenmigstir. Meyveli bar i¢in renk parametreleri olan L, a* ve b* degerlendirilmeye
alinmistir. Ayrica duyusal analiz sonucunda gelistirilen barin genel begeni diizeyinin yiiksek oldugu ortaya
¢ikmistir. Depolama siiresinin gelistirilmis olan meyve barmin nemi, pH'1 ve sertligi lizerindeki etkisi de analiz
edilmistir. Bu nedenle, bar formiilasyonuna elma posasinin dahil edilmesi elma suyu endiistrisi atigim
degerlendirmek ve kullanmak i¢in iyi bir yoldur. Ayrica, elma posasi katma degerli iiriin iiretiminde kullanilabilir.

Anahtar Kelimeler: Antioksidan aktivitesi, Elma posasi, Flavonoidler, Fenolik igerik, Saglikli atigtirmalik

791



Usubalieva & Eyiz & Turker & Ozbekova & Bodoshov & Deidiev & Tontul
Study of the Fruit Bar Based on Apple Pomace

1. Introduction

Apple pomace is one of the most common forms of food waste, produced at a rate of about 4 million tons per
year worldwide. Due to the possibility of microbial contamination, inappropriate handling of such biorganic waste
poses significant risks to the environment and public health (Golebiewska et al., 2022). Now considerably
increased, with production reportedly exceeding 96 million tons in 2022 (FAO, 2022). The percentage of apples
consumed remains comparatively consistent, despite the fact that apple output is still increasing globally.

According to Shashi et al. (2008) and Shalini and Gupta (2010), 70% to 75% of apples produced worldwide
are used for fresh consumption, with the remaining 25% to 30% being processed into various value-added products
like juice, wine, jams, and dried goods. Apple juice, which makes about 65% of all processed apples, is still the
most popular apple product (Kammerer et al., 2014). During the juice manufacturing process, approximately 75%
of the fresh weight of apples extracted as a juice, the remaining material (apple pomace) collected as food waste
(Vendruscolo et al., 2008). Furthermore, processing of the apple pomace reduces environmental pollution and fits
into the concept of sustainable agriculture (Sobczak et al., 2022).

Skin/pulp tissue makes up much of the biomass generated. It contains bound phenolic compounds as well as
cell wall polysaccharides that are dietary fiber (Bhushan et al., 2008). Because apple pomace contains phenolics,
it has potent antioxidant properties (Lu and Foo, 2000). It has also been demonstrated that the phenol-rich marc
extract has anticarcinogenic properties (McCann et al., 2007).

Apple pomace has the potential to be utilized as a food ingredient or functional food for human consumption,
according to preclinical research that demonstrated positive effects on lipid metabolism, antioxidant capacity, and
the digestive system (Skinner et al., 2018). In Kyrgyz Republic, apples are processed (approximately 7,760,000
tons) more than any other fruit and the apple pomace is thrown away as waste. Therefore, one of the main aims of
this study is to evaluate this waste and use it in the production of new products (AgroWay LLC, 2023).

Therefore, this study was conducted to produce a functional fruit bar by incorporating apple pomace into the
formulation. The chemical composition, total phenolic content, total flavonoids, antioxidant activity, textural
properties, and sensorial properties of the developed bar were analysed. Moreover, the change in moisture content,
pH, and hardness of the fruit bar during storage was observed.

Nowadays, changes in people's lifestyle and eating habits have led to an increase in fast food and snack
consumption, which in turn has led to an increased demand for a variety of bars. Fruit bars are one of the most
popular healthy snacks and are usually made with dried fruit, nuts, honey and other ingredients.

Since people are now consuming food not just to provide nutrition but also to avoid diet-related disorders and
improve their well-being, the demand for functional foods has also grown in recent years (Brouns and Vermeer,
2000). Functional ingredients provide an excellent opportunity to develop novel products.

Since all of the ingredients in the bar are potential sources of bioactive compounds with health benefits, like
phenolics and carotenoids, they all contribute to increased antioxidant activity. Numerous studies have shown that
raisins have a high percentage of polyphenol chemicals (Grases et al., 2015). Peanut kernels are a healthy
alternative to animal products and a great source of antioxidants and phytosterols. Total tocopherols (80—140
mg/kg) and several phenolics, such as hydroxybenzoic acid, ferulic acid, coumaric acid, resveratrol, flavonoids
(catechin and procyanidins), and flavonols (quercetin and kaempferol), have been found to be present in peanut
kernels (Griel et al., 2004; Isanga and Zhang, 2007). Tocopherol, phenolics, carotenoids, and sterols are among
the bioactive substances found in pumpkin seeds that have been linked to health benefits (Jiao et al., 2014; Naki¢
et al., 2006; Rezig et al., 2012; Rezig et al., 2018; Stevenson et al., 2007; Bakir, 2024). The bar's ingredient was
corn semolina, which has healthy nutrients. Corn kernels include carotenoids and polyphenols (Bae et al., 2021).
Corn kernels get their yellow hue from carotenoids, another source of antioxidant activity (Venado et al., 2017,
Muzhingi et al., 2017; Suwarno et al., 2015). Numerous research have demonstrated the antioxidant activity of
honey (Becerril-Sanchez et al., 2021; Back et al., 2015). As a result, the chosen ingredients have advantageous
qualities and influence the created bars nutritional worth.

As their high content of phenolics, antioxidant compounds and dietary fibres, fruit by-products are good and
economical products for production of functional foods (Elleuch et al., 2011). Therefore, this research intended to
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integrate apple pomace into the recipe for fruit bars and to evaluate the quality traits of the final product, covering
its chemical, physical, color, sensory attributes, and bioactive compounds.

2. Materials and Methods
2.1. Materials

Raisins, honey, peanuts, pumpkin seeds and corn semolina were purchased from the local market (Bishkek,
Kyrgyz Republic). Apple pomace (Reinette Simirenko varities) was freshly taken from the Ecoproduct Asia LLC
processing line. It is one of the largest producers of natural juices, nectars, and juice drinks in the Kyrgyz Republic.
Freshly taken apple pomace was brought into the lab and placed in the freezer. Then, it is dried in a Freeze Dryer
(Kambic LIO-5P, Slovenia) at -50°C at a pressure of 0.026-0.067 kPa. Finally, the dried apple pomace was crushed
in a blender (Waring, Torrington, USA).

For the preparation of fruit bar following ingredients were used, dried apple pomace, raisins, peanuts, pumpkin
seeds, corn semolina and honey. The bar was created in five different variations, each with different ingredient
proportions. Bars were prepared with dried apple extract added in proportions of 15, 20, 25, 30 and 35%. As the
proportion of dried apple extract changed, the proportion of all ingredients also changed. The main criteria were
organoleptic properties and bar formation. These five variants were then submitted for organoleptic analysis. Ten
trained panelists evaluated sensory properties. All panelists were trained under the “Sensory Analysis” study
program. Based on the results of this analysis, the most preferred variant (with 25% dried apple extract) was
identified. Figure 1 shows the process flowchart of this bar. Raisins were cut into 0.3-0.5 cm pieces with a knife.
Roasted peanuts and pumpkin seeds were crushed into small pieces with the laboratory blender (Waring,
Torrington, USA). Then all the ingredients were mixed by adding corn semolina and mixed thoroughly. After
mixing, the mixture was placed in special moulds (1 cmx5 cm). After holding the bars in a freezer for 1 h, the bars
were removed from the mould.

2.2. Methods
2.2.1 Physico-chemical analysis

The physicochemical composition of the bar was determined by the AOAC methods for moisture and total solids
(AOAC method 922.10, 17th ed., 2000, AOAC International), protein (AOAC method 920.152, 17th ed., 2000, AOAC
International), lipids (AOAC method 945.44, 17th ed., 2000, AOAC International), total carbohydrate (AOAC method
925.36, 17th ed., 2000, AOAC International), water activity, total dietary fiber (AOAC Method 991.43, 17th ed., 2000,
AOAC International), ash (AOAC Method 940.26, 17th ed., 2000, AOAC International), titratable acidity and pH
(AOAC Method 942.15, 17th ed., 2000, AOAC International). A bench-top water activity meter, the HygroLab 3
(Rotronic Instrument Corp., Huntington, NY, USA), was used to measure the water activity (aw) of the samples at
23°C (#0.1°C). A pH meter (Model 220, Denver Instrument, USA) was used to measure the pH. Energy values were
calculated according to Aigster et al. (2011).

2.2.2 Antioxidant activity, total phenolic and total flavonoid analysis

The extract utilized to measure the antioxidant activity (AA), total phenolic content (TPC), and total flavonoid
content (TFC) was made according to Tontul and Topuz (2017). 20 mL of aqueous ethanol (80%) was added to 2 g of
a homogenized fruit bar sample and homogenized (IKA T25, Germany) at 10000 rpm for 1 min. The mixture then
incubated at 40°C for 2 h under constant stirring at 200 rpm. After extraction, a clear extract was obtained by filtration.

For determination of TPC, 0.5 mL of extract (diluted when needed) was transferred into a test tube and 2 mL of
0.2 N Folin-Ciocalteu solution and 2 mL of Na,CO; solution (7.5%) was sequentially added. The mixture was
incubated at 50°C in a water bath for 5 minutes. The absorbance of the mixture was measured at 760 nm. The TPC was
calculated as mg gallic acid equivalent (GAE) kg™! dry basis (db) using the calibration curve obtained with gallic acid
(Eyiz et al., 2020a; Aoudeh et al., 2024; Sahin et al., 2022).

TFC determination was carried out in 4 steps. The first step involved mixing 150 puL of 5% NaNO, solution, 2.5
mL of distilled water, and 0.5 mL of extract in a test tube. The mixture was mixed with 300 pL of a 10% AICl; solution
in the second step. In the third step, 1 mL of NaOH solution (1 M) was added. In the final step, the absorbance was
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measured at 510 nm. Between each step, the tube content was vigorously shaken. A calibration curve prepared with
catechin was used to calculate TFC which were expressed as mg catechin equivalent (CE) kg™ db (Eyiz et al., 2020a).

Drving of the apple
pomace

]!

‘ Grinding of the dried

pomace

!

/_ Weighing of the dried
Ingredients prepareh pomace, 25 %

according to the

recipe: U
Raisins, 15 %

Peanut, 15 % Mixing of the bar
ingredients

Honey, 30 %

Corn semolina, 5 % ﬂ
Pu

mpkin seeds, 10 %
\ / ( Forming ‘

‘ Cooling (1 hour) ‘

L

‘ Packaging ‘

Figure 1. General flow chart of fruit bar with apple pomace

The antioxidant activity was determined using 3 different methods which were 2,2-diphenyl-1-picrylhydrazyl
radical-scavenging activity (DPPH), Cupric Reducing Antioxidant Capacity (CUPRAC), and Ferric Reducing
Antioxidant Power (FRAP). The details of antioxidant activity methods can be found elsewhere (Eyiz et al., 2020a).
Texture analysis was done according to texture profile analysis using a TX-XT2 Plus texture analyser (Stable
Microsystems, Surrey, UK). A cylindrical probe (36 mm) was used in the analysis to determine the resilience,
cohesiveness, springiness, and chewiness of the samples. Analytical conditions were the same as Eyiz et al. (2020b).
The color was measured using a Color Tec-PCM (HunterLab, USA), which is based on the CIELAB color system.

2.2.2 Hardness measurement

The hardness of the samples was measured with a penetrometer (Koehler K95500) (Hagenmuller and Pilloix, 2016),
which is based on measuring the depth of penetration of standard needle or cone-shaped bodies into the test material.
Its unit (1 penetration unit, p.u.) is equal to 0.1 mm.

2.2.2 Sensory analysis

The bars were subjected to sensory analysis on a 5-point hedonic scale. Sensory attributes (appearance, flavour,
taste, chewiness, and overall acceptance) of the bars were evaluated by 10 trained panelists. The evaluation was
performed in the Food Analysis laboratory (Kyrgyz-Turkish Manas University).
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The mean + standard deviations used to represent the data, and all experiment analyses performed three times.
3. Results and Discussion
3.1. Physico-chemical properties of the bar

Table 1 presents the proximate composition and energy value of the produced fruit bar. The moisture content
was measured at 18.72%, while the lipid content was 10.11%. Total carbohydrate made up 58.52% of the fruit bar,
with dietary fiber contributing 8.72% and ash content at 1.83%. The water activity was recorded at 0.31. The fruit
bar's energy value was 364 kcal per 100g. Additionally, its acidity was determined to be 1.10%, with a pH of 4.42.
A person of average weight (60 kg) will get 20% and 23% of their daily protein and lipid requirement by consuming
100 g of the produced bar, respectively. A person of average weight (60 kg) will get 20% of their daily protein
requirement by consuming 100 g of the bar. It will also provide 15% of their daily energy intake.

The moisture content of the functional snack bars depends on the ingredients and processing conditions. For
example, it was found that the moisture content of a bar made with the addition of apples and bananas ranged from
19.72% to 21.16% (Parimita et al., 2015). Another study found that fruit bars coated with various biopolymers had
a moisture level between 13.2 and 17.14 g/100g (Eyiz et al., 2020a). In another study, the moisture content of date
bars was ranged in 15.73 and 26.25% (Parn et al., 2015). The moisture content obtained in the present study (7able
1) showed higher than the result reported 11.24 to 13.12% in cereal bars (Marques et al., 2015). The high moisture
content of the present samples (18.7%) was probably due to the presence of dried raisins which had a moisture
content of 14-16% (Sharma et al., 2013). Consequently, it can be posited that the moisture level of fruit bars was
barely impacted by the addition of apple pomace to their composition.

The protein content of fruit bars (which consisted of dried fruits, nuts, and honey) was 12.6 g/100 g according
to Eyiz et al. (2020a). On the other hand, bars solely prepared with fruits had much less protein content (1.37-
1.42%) (Parimita et al., 2015). Since nuts were also used in the formulation of the bars, the protein content of the
fruit bar was determined as 9.8%. According to the literature, peanuts contain 20.7-34% of protein (Cobb and
Johnson, 1973; Alhassan et al., 2017).

The lipid content of the fruit bar studied was 10.11%, which is very high compared to fruit-only bars in the
literature. For example, the lipid content of the fruit bar was 0.59-0.65% (Parimita et al., 2015). However, there
have also been reports in the literature of fruit bars produced with nuts and fruits having a comparable lipid content
(Eyiz et al., 2020a). Therefore, the lipid content of the bars is explained by the fact that the raw materials contain
lipid-containing products. Indeed, peanuts reported to contain 44-46% of lipid (Cobb and Johnson, 1973).

Table 1. Physico-chemical properties of fruit bar

Physico-chemical properties Mean+SD*
Moisture content (%) 18.72+0.30
Total solid (%) 81.31+£0.25
Protein (%) 9.82+0.40
Lipid (%) 10.11+0.30
Total carbohydrate (%) 58.52+1.20
Ash (%) 1.83+0.11
Dietary fiber (%) 8.72+0.30
Water activity 0.31+0.01
Acidity (%) 1.10+0.22
pH 4.42+0.61
Energy (kcal) 364

*SD — standard deviation

The content of dietary fibre in the fruit bar made in the research was 8.72%. Studies show that the addition of
cereals to bars increases the amount of dietary fibre (Silva et al., 2013). Therefore, the addition of fibre-containing
foods confirms the increase in fibre content in the bar. For bars enriched with apple by-products, the dietary fibre
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content was reported between 8.7 and 9.93 (Bchir et al., 2017). Consequently, the outcomes align with the findings
documented in the literature.

In a previous study, the sugar content and inverted sugar content of fruit bars with papaya pulp were reported
as 36.0-55.45 and 21.44-39.2, respectively (Megala and Hymavathi, 2011). The sugar content of cereal bars added
with apple fibre was determined to be 74.06% (Bchir et al., 2017). As a result, the total carbohydrate content of
the bars is highly dependent on the formulation.

In the present study, the ash content was 1.83%, while Marques et al. (Marques et al., 2015) reported the ash
content of fruit bars as 1.33-1.45%. Depending on the composition of the bars, the ash content may vary, for
example, the ash content of the bar made with grains and Amazon fruits was 1.48% (Faber and Yuyama, 2015)
while it was 1.41% for apple bars (Bchir et al., 2017). The results are consistent with the literature.

The ay, of the fruit bar was 0.31, which is low enough to minimize microbial activity. In the literature, the ay
of the apple bar was 0.475 (Bchir et al., 2017), various ingredients were 0.62-0.73 (Ayad et al., 2020), and date
bars was 0.5-0.6 (Munir et al., 2018). Therefore, it can be concluded that the low water activity of the bars is an
indicator of creating a safe environment during their storage.

The total acidity of the fruit bar was determined as 1.10%. Similarly, the acidity of the apple bar was reported
as 1.24-1.47% in the literature (Azmat et al., 2017).

The energy value fruit bar was 364 kcal/100g. The literature claims that different fruit bars have different
energy values. For example, fruit bars with peanuts contain 386.96 kcal/100g (Shaheen et al., 2013), an average
energy bar has a weight of 45-80 g and provides roughly 200-300 kcal. (Tiwari et al., 2017). Fruit bars coated
with different biopolymers were reported between 387.3-396.6 kcal/100g (Eyiz et al., 2020a). Therefore, the
results are in agreement the with literature.

3.2. Biological active ingredients of the bar

The results by content TPC, TFC, and AA of fruit bars are shown in Table 2. The TPC and TFC of the fruit
bar containing apple pomace was 2,386 mg GAE kg™' db and 850 mg CE kg™! db, respectively. AA of the fruit bar
was determined as 25,372 mg TEAA kg™ db, 8,701 mg TEAA kg db, and 5,134 mg TEAA kg! db according to
DPPH, FRAP, and CUPRAC procedures, respectively.

The TPC of the fruit bar was 2,386 mg GAE kg db (Table 2). In a previous study, the TPC of a similar fruit
bar was determined to be 2,637.2 mg GAE kg! db (Eyiz et al., 2020a). Ingredients used in the production of fruit
bars such as dried fruits, peanuts, and contribute to the TPC of the product.

Table 2. Total phenolic content, total flavonoids and antioxidant activity of fruit bar

Total phenolic Total flavonoid CUPRAC (mg
content content (mg CE kg DPPH (mg TEAA FRAP (mg TEAA  TEAA kg db)
(mg GAE kg! db) kg db) kg! db)
db)
2,386+381" 850+12.8 25,372+2422 8,701+£563 5,134+238

*SD — standard deviation

The total flavonoids of the bar were determined as 850 mg CE kg' db. The total flavonoids of sapodilla bar as
1,170.3-1,791.0 depending on the extraction solvent (Murnisyazwani and Rabeta, 2019). Given that the TFC of
the fruits can fluctuate greatly, the reduced flavonoid content in this study may be due to the different raw materials
(Murnisyazwani and Rabeta, 2019).

The AA of fruit bars determined by DPPH, FRAP and CUPRAC assays were determined as 25,372 mg TEAA
kg'db, 8,701 mg TEAA kg™ db, and 5,134 mg TEAA kg! db respectively. Eyiz et al. (2020a) reported the DPPH
of fruit bars between 1,286.5-1,369.7 mg TEAA kg'' db. Raisin, honey and apple pomace that include produced
fruit bar influenced the increase AA content.
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3.3. Physical, sensory and color parameters of the bar

The physical characteristic of the fruit bar is shown in Table 3. The color of the fruit bars was evaluated as L,
a*, and b*.

TPA analysis showed (7able 3) that the hardness of fruit bars was 94.21 N, thereby it can be classified as
medium hard food. The cohesiveness and springiness of the samples were determined as 0.50 and 0.27,
respectively. The elasticity value of the samples was calculated as 0.62. The flexibility value of fruit bars was
determined to be quite low. Its low elasticity value indicates that it is susceptible to brittleness. The chewiness
value indicates the force required to reduce food to a swallowable size, and it is desirable neither too low nor too
high. The chewiness value of fruit bars produced from apple pomace was determined as 28.23 N, which is in the
ideal range. The current study's findings are in line with those of Eyiz et al. (2020a).

Table 3. Physical characteristic of fruit bar

Texture Mean + SD*
Hardness (N) 94.21£19.13
Cohesiveness 0.50+0.12

Springiness 0.27+0.09

Chewiness (N) 28.23+5.20

Elasticity 0.62+0.06
Color

L 38.72+0.11

a* 7.01+0.52

b* 86.93+0.90

*SD — standard deviation. L, a*, and b* — Lightness, from green to red pigments, from blue to yellow pigments, respectively

The results of the sensory analysis are shown in Figure 3. The obtained data demonstrate the positive effect of
adding apple pomace on the visual characteristics of fruit bars (Figure 2). The content of light pigments L* 38.72
is due to the presence of peanut, corn semolina and honey in the bar, indicating a clear pigment. The pigments a*
from green to red were relatively low 7.01. The fact that the blue to yellow b* pigment content of the bar is 86.93
and contains raisins and dried apple pomace can be explained by the high performance of these pigments. A study
by Bchir et al. (2017) found that the content of apples and apricots provided high b* values (16.7). These authors
indicated than pigment indicators vary depending on the composition of the bar.

Figure 2. Fruit bar with apple pomace
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Figure 3. Sensory properties of the fruit bar

The fruit bar with 25% apple pomace addition was sensorially acceptable as the product scored above 4 for
appearance, taste, chewiness and overall acceptability, with the exception of the flavour which was due to natural
ingredients without the addition of odour enhancers. With the increasing of apple pomace to the bar recipe resulted
in a deterioration in consistency. The panellists also noted a deterioration in chewiness. Blicharz-Kania et al. (2023)
also indicated that the increase of apple residues worsened the bar's aroma.

The fruit bar was also analysed during a storage period of three months. The changes in moisture, acidity, and
hardness of the fruit bar during storage are shown in Table 4.

Table 4. Effect of storage period on moisture, pH and hardness of fruit bar

Storage periods Moisture pH Hardness
(months) (%) (p-u.)

1 18.72+0.11 4.414£0.15 25.84+0.32

2 18.00+0.20 4.83+0.20 25.12+0.31

3 17.91+0.13 5.22+0.18 24.71+0.21

*SD — standard deviation

The storage environment is one of the most important indicators of the development of microorganisms.
Previous studies showed that the acidity of the bars varies depending on the composition, but they form an acidic
environment. For example, when examining the effect of adding an apple to a bar composition on shelf life, pH
was determined by storage for a total of 90 days every 15 days from the date of manufacture of the bar (Akhtar et
al., 2014). It was concluded that the pH range is maintained in a neutral environment with a change of 5.28-4.30.
In this work it was found that the pH of the fruit bar was 4.41 and after three months of storage it changed to 5.22.
The increase in pH of the bars is probably due to the addition of peanuts. Peanuts contain a significant amount of
lipid and can change the acidic environment of the product during storage. During storage, the hardness of the bar
changed from 25.84 to 24.71 p.u. (Table 4). Probably with the loss of moisture, the bar became slightly hard.

4. Conclusions

Apple pomace is the main waste of the apple juice industry. Its utilization is not only important for economic
reasons but also for environmental aspects. Therefore, the present study investigated the use of apple pomace in
fruit bar formulation. The study showed that apple pomace can be used in fruit bar formulation with good chemical,
physical and sensory properties. A fruit bar prepared with apple pomace and other ingredients was shown to have
a high TPC and AA. Raisin, honey and apple pomace that include produced fruit bar influenced the increase AA
content. According to the results of the sensory study, the apple pomace-made fruit bar well received and has a lot
of potential for usage in the food sector. Therefore, the use of apple pulp in fruit bar formulation is a good way to
add value to this waste. Further studies will be needed to evaluate the product's quality during storage to determine
its shelf life and appropriate storage temperature. Also studies on color change in fortified products stored for long
periods recommended.
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