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Abstract

Fruit pomace represents a valuable by-product of the fruit processing industry that can
be reutilized to improve the nutritional quality of bakery products while contributing to
sustainable waste valorisation. This study evaluated the effect of partially replacing wheat
flour with apple, sour cherry, and peach pomace (5-15%) on the mineral composition and
colour characteristics of biscuits and performed a detailed physicochemical and sensory
assessment of biscuits enriched with peach pomace. Biscuits were prepared by substitut-
ing wheat flour with 5%, 10%, and 15% fruit pomace. Mineral composition and colour
parameters were determined for biscuits containing all three pomace types. Based on
the initial screening, peach pomace was selected for further physicochemical and sensory
analyses. Fruit pomace significantly improved the mineral composition of biscuits. Sour
cherry pomace increased Ca, Cu, and Mg contents, whereas peach pomace enhanced Fe, K,
Mg, and Zn levels. Pomace addition also affected colour, resulting in lower lightness (L*)
and higher redness (a*) and yellowness (b*), depending on pomace type and concentration.
In peach pomace biscuits, increasing the substitution level led to higher moisture and
acidity, while biscuit diameter and thickness decreased because of gluten network dilution.
Sensory evaluation showed that biscuits containing 5-10% peach pomace achieved the
highest scores for colour, aroma, taste, and overall acceptability. Fruit pomace can be
successfully incorporated into wheat biscuits to improve their mineral composition while
maintaining satisfactory quality attributes at appropriate substitution levels. The applied
two-step approach identified peach pomace as the most suitable ingredient for biscuit
fortification and supports the sustainable valorisation of fruit processing by-products in
bakery applications.

Keywords: bakery fortification; nutritional profile; consumer acceptance; sustainable
ingredients

1. Introduction

The food processing industry, particularly the fruit and vegetable sector, generates
substantial amounts of by-products such as peels, pulp, and seeds. If not properly managed,
these residues can pose environmental concerns due to their high moisture content, which
promotes microbial growth and rapid degradation [1,2]. Fruit pomace, the main by-product
of juice processing, is nevertheless a valuable source of bioactive compounds, including
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dietary fiber, minerals, proteins, and phenolic compounds [3]. Therefore, its sustainable val-
orisation represents an effective approach to reduce environmental impact while enhancing
the economic efficiency of the agri-food sector [4,5]. In recent years, growing consumer
awareness of the link between diet and health has led to a higher demand for foods en-
riched with natural bioactive compounds. This shift has stimulated the development of
functional foods with potential health-promoting effects, reinforcing the concept of “food as
medicine” [6-8]. In this context, fruit pomace has attracted considerable attention as a func-
tional ingredient due to its nutritional profile and availability as a low-cost raw material.
One of the most widely explored strategies involves the partial substitution of wheat flour
with ingredients rich in fiber, minerals, and bioactive compounds [9]. Fruit pomace has
been successfully incorporated into bakery products to improve their nutritional value, par-
ticularly by increasing dietary fiber and mineral content [10,11]. Among bakery products,
biscuits represent a suitable matrix for fortification due to their widespread consumption,
long shelf life, and technological flexibility [12]. Previous studies have demonstrated that
the incorporation of fruit pomace can significantly enhance the nutritional profile of biscuits,
contributing to the development of value-added functional products [13,14]. However,
the incorporation of fruit pomace does not only affect nutritional composition, but also
influences the technological and sensory properties of the final product. Due to their high
fiber and pectin content, pomace powders can alter dough rheology by increasing water
absorption capacity and interfering with gluten network development, leading to changes
in texture, volume, and structural properties of baked products [15,16]. These modifications
often result in denser products with reduced volume and increased hardness compared
to conventional wheat-based products. In addition, natural pigments and phenolic com-
pounds present in pomace can influence the colour of biscuits, generally leading to darker
products as the level of incorporation increases [17]. Thermal processes such as Maillard
reactions and caramelization may further intensify these colour changes [18,19]. From a sen-
sory perspective, pomace addition may affect aroma, taste, texture, and overall acceptability.
Previous studies have reported that moderate levels of pomace incorporation (e.g., 10-20%)
can maintain acceptable sensory characteristics, while higher levels may negatively impact
consumer perception [20]. Therefore, optimizing the incorporation level is essential to
balance nutritional enhancement with product quality and consumer acceptance. Although
fruit pomace has been widely investigated as an ingredient in bakery products, studies
focusing on the effects of individual pomace types on the mineral composition and color
characteristics of fortified biscuits remain limited. In addition, comprehensive evaluations
of physicochemical and sensory properties are often restricted to selected formulations,
leaving gaps in understanding the relationship between pomace type, product quality,
and consumer acceptability. In this context, the study was based on the hypothesis that
incorporating fruit pomace enhances the mineral content of wheat biscuits, with the extent
of enrichment depending on the type and level of addition, while also influencing the
product’s quality attributes. Accordingly, the aim was to evaluate the mineral composition
and colour characteristics of biscuits enriched with apple, sour cherry, and peach pomace,
and to perform a detailed physicochemical and sensory assessment of those formulated
with peach pomace. A two-step experimental approach was applied, in which all pomace
types were initially screened, and the most promising variant was subsequently selected
for in-depth analysis. This approach was intended to identify the fruit pomace with the
greatest potential for mineral enrichment while maintaining acceptable quality characteris-
tics, thereby providing a scientific basis for the sustainable valorisation of fruit processing
by-products and their use as ingredients in bakery products.

https:/ /doi.org/10.3390/molecules31152633


https://doi.org/10.3390/molecules31152633

Molecules 2026, 31, 2633

3o0f14

2. Results and Discussion
2.1. Mineral Element Content in Biscuits with Added Pomace

Given that fruit pomace represents a valuable natural source of minerals [21], its incor-
poration into white wheat flour biscuits may provide an effective strategy for developing
functional foods with enhanced mineral intake. The data presented in Table 1 illustrate
the influence of apple, sour cherry, and peach pomace additions (5, 10, and 15%) on the
mineral composition of fortified biscuits. The analysed minerals included Ca (calcium), Cr
(chromium), Cu (copper), Fe (iron), K (potassium), Mg (magnesium), Mn (manganese), Na
(sodium), and Zn (zinc). Their concentrations varied significantly (p < 0.05) depending on
both the type and level of pomace incorporated. Calcium content was differently affected
by the pomace type. Biscuits fortified with sour cherry pomace (5-15%) showed a gradual
increase from 14.68 to 19.67 mg/100 g, whereas samples with apple pomace displayed a
plateau after the 10% addition (15.54 mg/100 g). In contrast, peach pomace formulations
reached the highest calcium level at 5% addition (18.62 mg/100 g) and the lowest at 10%
(17.37 mg/100 g). This non-linear trend may be attributed to matrix interactions affecting
mineral availability, such as binding of calcium to fiber and other components at higher
inclusion levels, as well as natural variability in raw material composition. Although the
control sample showed the lowest calcium concentration (14.66 mg/100 g), it did not differ
significantly from biscuits containing 5% sour cherry pomace. The values obtained for the
control sample were consistent with those previously reported by the same authors [22],
confirming the reproducibility of the experimental conditions. Overall, formulations en-
riched with sour cherry pomace exhibited higher calcium levels compared with those
containing apple or peach pomace. This increase may be related to the naturally high
calcium content of fruit pomace and possible interactions with phenolic compounds that
enhance mineral retention during baking, thereby improving the nutritional profile of
biscuits, as calcium plays a key role in bone health and metabolic processes [22].

Table 1. The main mineral content of biscuits fortified with apple, cherry, and peach pomace *.

Sample * Ca(mg/100g) K (mg/100 g) Mg (mg/100 g) Na (mg/100 g)
Control biscuits  14.66 + 0.007"  66.60 + 0.051 1027 £ 0.031 4343 +0.021

Ba 5% 1527 £0.078 84724+ 026"  10744+0.04f 86134+ 0.32°
Ba 10% 1554 +0.02f  92614+016f  104040.02"  90.84 +0.262
Ba 15% 14.60 £0.011  93574+0.07¢  9.95+0.02] 81.70 £0.154
Bv 5% 14.68 £ 0.03" 7743 +0.147 1056 4+0.0028 38.17 4+ 0.09]

Bv 10% 178540019 938540079  11.144+0.0069 64.35+0.19¢
Bv 15% 19.67 £0.012  106.77 £ 0.06®> 12.634+0.03% 4578 +0.07"
Bp 5% 18.62 +£0.05° 8753 +0.288  10.83+0.06¢  60.05+ 0.11f

Bp 10% 1737 4£0.02¢  105.89 +£0.16¢ 11.31 +0.005¢ 59.78 & 0.08 8
Bp 15% 18174 0.01¢  129.65+0.042 12344+ 0.03> 8416+ 0.14°¢

* Ba 5,10,15%-biscuits with the addition of 5,10,15% apple pomace; Bv 5,10,15%-biscuits with the addition
of 5,10,15% cherry pomace; Bp 5,10,15%-biscuits with the addition of 5,10,15% peach pomace; X = mean;
SD = standard deviation (n = 3). The distinct letters indicate statistically significant differences (Duncan test
with multiple intervals, p < 0.05).

Potassium concentration (Table 1) also increased with the pomace level. The lowest
value was recorded in the control sample (66.60 mg/100 g), while biscuits containing
15% pomace showed higher contents (93.57, 106.77, and 129.65 mg/100 g), which can be
attributed to the naturally high mineral content of fruit pomace [23]. A similar trend was
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observed for magnesium. Biscuits containing sour cherry and peach pomace exhibited the
lowest magnesium levels at 5% addition (10.56 and 10.83 mg/100 g) and the highest at 15%
(12.63 and 12.34 mg/100 g). In contrast, biscuits fortified with apple pomace showed a
gradual decrease in magnesium content, from 10.74 mg/100 g at 5% to 9.95 mg/100 g at
15%, resulting in a lower concentration than that of the control sample (10.27 mg/100 g).
Regarding sodium content (Table 1), the highest values were observed in biscuits containing
10% apple pomace (90.84 mg/100 g), 10% sour cherry pomace (64.35 mg/100 g), and 15%
peach pomace (84.16 mg/100 g). The variations in sodium levels among samples may
be associated with technological factors, particularly the non-uniform distribution of salt
within the dough. During kneading, uneven dispersion of salt can lead to differences in
sodium concentration [24]. In addition, variations in moisture content may influence ion
distribution and sodium retention in the final product [25], while interactions between
sodium ions and the protein network can further affect retention depending on the hydra-
tion degree and gluten structure [26]. However, in the present study, these effects were not
statistically significant (p > 0.05), suggesting that the observed differences may be due to
natural variability rather than a consistent treatment effect. Although the incorporation
of fruit pomace increased the levels of calcium, magnesium, and potassium, the obtained
values (Ca: 14.66-19.67 mg/100 g; Mg: 9.95-12.63 mg/100 g; K: 66.60-129.65 mg /100 g)
represent only a small fraction of the recommended daily intake (NRV: Ca 800 mg, Mg
375 mg, K 2000 mg), corresponding to less than 15% per 100 g product, and therefore do not
meet the criteria for nutritional claims such as “source of” these minerals. Table 2 presents
the concentrations of the trace elements Cr, Cu, Fe, Mn, and Zn in the biscuit samples.

Table 2. The trace element content of biscuits fortified with apple, cherry, and peach pomace *.

Sample * Cr (mg/100 g) Cu (mg/100 g) Fe (mg/100 g) Mn (mg/100 g) Zn (mg/100 g)
Control biscuits ~ 0.0098 4+ 0.00072 0.1140.0001¢  0.18 +0.000054  0.21 4 0.000042  0.38 #+ 0.0001 €
Ba 5% 0.011 4+ 0.00092  0.12 4 0.0001> 029 40.0009¢  0.224+0.00072  0.36 + 0.0005
Ba 10% 0.011 £0.00082  0.12+0.0002P¢  0.2040.00059  0.21 £0.00053  0.35 4 0.0007 4
Ba 15% 0.009 +0.00012  0.114+0.0001¢  0.2140.000014  0.194+0.00012  0.33 + 0.0004 ¢
Bv 5% 0.0114+0.00012  0.12 4 0.0004 > 0.44 +0.0007>  0.20 +0.0003®  0.38 + 0.0008 ©
Bv 10% 0.011 4 0.0006@  0.15 £ 0.0007 3  0.3140.0005¢  0.20 +0.00032  0.35 + 0.0001 ¢
Bv 15% 0.010 + 0.0006@  0.16 4 0.00032 028 +0.0001¢ 022 4+0.0001®  0.36 + 0.0006 ¢
Bp 5% 0.010 +0.00012  0.12 4 0.0002>¢ 027 40.0008¢  0.21 +0.00072  0.38 %+ 0.0008
Bp 10% 0.011 4+ 0.00072  0.12 4 0.0002°¢  0.30 +0.0007¢  0.20 +0.0004®  0.43 + 0.0003 b
Bp 15% 0.0124+0.00012  0.13 4 0.00012¢  0.49 +0.0001®  0.22 +0.0008®  0.55 + 0.0003

* Ba 5,10,15%-biscuits with the addition of 5,10,15% apple pomace; Bv 5,10,15%-biscuits with the addition of
5,10,15% sour cherry pomace; Bp 5,10,15%-biscuits with the addition of 5,10,15% peach pomace; X = mean;
SD = standard deviation (n = 3). Separate letters indicate statistically significant differences (Duncan multiple
range test, p < 0.05).

Chromium concentrations ranged from 0.009 to 0.012 mg/100 g, with no marked
differences among the control and pomace-enriched biscuits. The control sample con-
tained 0.0098 mg/100 g Cr, while biscuits enriched with apple and sour cherry pomace
exhibited similar values (0.009-0.011 mg/100 g). In biscuits containing peach pomace,
chromium content showed a slight increase with increasing pomace addition, reaching
0.012 mg/100 g at the 15% substitution level. These results are consistent with the low
chromium concentrations previously reported for the fruit pomaces [27] and indicate
that the partial replacement of wheat flour with fruit pomace had only a limited effect
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Control sample

Ba 5% -

Ba 10% -

Ba 15% -

Bv 5% -

Bv 10% -

Bv 15% -

Bp 5% -

Bp 10% -

Bp 15% -

on the chromium content of the final products. Copper content generally increased fol-
lowing partial substitution of wheat flour with fruit pomace compared with the control
(0.11 mg/100 g). Biscuits containing sour cherry and peach pomace showed progressive
increases (0.12-0.16 mg/100 g and 0.12-0.13 mg/100 g, respectively), whereas those forti-
fied with apple pomace showed a slight decrease (0.12-0.11 mg/100 g). The highest copper
concentrations were therefore recorded in sour cherry pomace biscuits. Iron content was
strongly influenced by both pomace type and concentration. The control sample showed
the lowest value (0.18 mg/100 g). In biscuits enriched with peach pomace, iron increased
markedly (0.27-0.49 mg/100 g), while samples containing apple and sour cherry pomace
showed gradual decreases (0.29-0.21 mg /100 g and 0.44-0.28 mg /100 g, respectively). Con-
sequently, peach pomace formulations exhibited the highest iron concentrations, likely re-
flecting the intrinsic mineral content of the fruit and its retention during baking. Manganese

levels showed moderate variations with pomace addition. Biscuits with apple pomace

presented a gradual decrease, reaching the lowest value at 15% addition (0.19 mg/100 g),
whereas sour cherry pomace formulations showed a slight increase (0.20-0.22 mg/100 g).
A similar increase was observed in peach pomace biscuits, with the highest level also

recorded at 15% addition (0.22 mg/100 g). Zinc content varied depending on pomace type.
Compared with the control (0.38 mg/100 g), biscuits containing apple and sour cherry

pomace exhibited slightly lower values (0.33-0.36 mg/100 g and 0.35-0.38 mg/100 g). In

contrast, peach pomace significantly increased zinc concentration (0.38-0.55 mg/100 g).
Comparable results were reported by Ivanisova et al. [28], who observed higher levels of

minerals—particularly copper, zinc, manganese, and iron—in biscuits enriched with grape

pomace compared with control samples. Overall, the mineral composition varied depend-
ing on the type and level of fruit pomace incorporated, resulting in increases, decreases, or

relatively stable concentrations across the analysed biscuit samples (Figure 1).

150

m |
B

Difference from the control (%)

- -50

- 0

Cr Cu Fe K Mg Mn Na Zn

Figure 1. Summary of percentage differences with respect to the control.

The heatmap illustrating the percentage differences relative to the control sample
highlights the overall trends in mineral variation. Notable increases were observed for
iron, potassium, sodium, and zinc, particularly in biscuits containing higher levels of peach
pomace (Bp 15%), while calcium, copper, magnesium, and manganese showed only minor
changes. Chromium concentrations remained relatively stable across all formulations, ex-
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hibiting only slight variations compared with the control, with a modest increase in biscuits
containing peach pomace. The color-coded heatmap provides a rapid visual overview of
the minerals positively or negatively affected by fruit pomace incorporation, facilitating the
interpretation of compositional changes in the fortified biscuits. Previous studies have re-
ported variable effects of fruit pomace incorporation on the mineral composition of bakery
products. In breads fortified with apple, sour cherry, and peach pomace, the levels of copper,
iron, and potassium increased proportionally with pomace addition, whereas magnesium,
calcium, chromium, sodium, and zinc showed irregular variations depending on pomace
concentration [29]. Similarly, Andrejko et al. [30] reported that the addition of 10% apple
pomace to biscuits reduced zinc and magnesium levels, while manganese and iron re-
mained comparable to the control sample. In contrast, Mir et al. [31] observed a progressive
increase in mineral elements (Ca, Cu, Fe, K, Mg, Na, Zn) with increasing apple pomace
concentrations (3—9%). Comparable trends were reported by Filipovi¢ et al. [32], who found
increased concentrations of K (127.73-185.49 mg/100 g), Ca (18.27-24.61 mg/100 g), Mg
(25.43-33.37 mg/100 g), and Fe (1.31-1.41 mg/100 g) in biscuits supplemented with 15% de-
hydrated peach. Differences between mineral concentrations reported in the literature
may be attributed to factors such as plant species, soil characteristics, climatic conditions,
and agricultural practices, which influence mineral uptake and accumulation in plant
materials [33]. Overall, the results highlight the distinct behaviour of mineral elements in
fortified products, as each type of pomace interacts differently with the food matrix due
to its specific mineral composition. Lidikova et al. [34] also reported that while minerals
such as calcium, potassium, and magnesium may increase following pomace incorporation,
other elements do not show a uniform trend. Furthermore, heat treatments applied during
baking can modify nutrient composition and metal-matrix interactions, altering both the
concentration and chemical forms of minerals [35,36]. In bakery systems, mineral retention
and bioavailability depend not only on the initial mineral content but also on interactions
between mineral ions and matrix components such as proteins, carbohydrates, and dietary
fibers. Minerals may form complexes with proteins, while polysaccharides and fibers can
adsorb or chelate metal ions, limiting their mobility and retention in the final product
and influencing their solubility and bioavailability [37]. In addition, technological factors
such as pH, moisture, and baking temperature can further affect mineral distribution and
retention [38].

2.2. The Effect of the Addition of Pomace on the Colour of Biscuits

Colour is one of the essential parameters of the sensory characteristics of food products,
significantly influencing their acceptability by consumers [39]. Analysis of the colorimetric
parameters L* (lightness), a* and b* of biscuits fortified with different types and levels
of pomace (5, 10 and 15%) highlights statistically significant differences (p < 0.05), as
shown in Table 3 and Figure 2. Compared to the control sample (L* = 62.73), biscuits
with apple pomace addition showed a progressive decrease in luminance with increasing
substitution level, L* values varying between 60.70 and 44.22 for the range 5-15%. The
sample with the highest addition level (15%) was characterized by the lowest luminance,
a phenomenon explained by the interaction between reducing sugars [40] and phenolic
compounds, an interaction that favours the development of the Maillard reaction and leads
to the intensification of browning processes and the darkening of the product colour [15].
At the same time, the increase in the proportion of apple pomace determined a progressive
increase in the a* parameter, from 5.97 in the control sample to 14.39 in the sample with
15% addition. The b* parameter also recorded an increase compared to the control sample
(17.80), the values varying between 20.69 and 30.10 depending on the concentration of
pomace used.
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Table 3. Colour parameters of biscuits fortified with different fruit pomace at various substitution

levels *.
Addition (%) Pomace Type L* (X £ SD) a* (X £ SD) b* (X £+ SD) AE

0 Control 62.73 + 0.58 2 5.97 +0.242 17.80 +0.70 2 -

5 Apple 60.70 + 0.78 P 7.77 £0.27° 20.69 + 0.38 P 3.96 + 0.37
Sour cherry 51.30 £ 1.87 ¢ 10.06 + 0.65 © 27.72 +£1.19°¢ 15.67 4+ 1.43
Peach 4814 +2304 11.06 4+ 1.39 <4 25.57 +0.99 17.29 4+ 2.14

10 Apple 53.87 £ 1.35¢ 8.93 4 0.40 b¢ 2237 +1.22° 10.39 4+ 1.53
Sour cherry 41.03 +1.67¢ 11.01 +1.35<d 23.20 + 2.30 be 22.70 +£2.22
Peach 46.65 +1.254 14.73 4 0.59 de 28.41 +0.82<d 18.56 + 0.75

15 Apple 4422 +1.83de 14.39 4 2.02 de 30.10 + 0.35 4 23.76 4 2.20
Sour cherry 36.02 +£2.27f 16.93 +1.44f 22.85 + 1.41b¢ 29.30 4 2.18
Peach 41.39 +1.84 15.84 4+ 1.20 ¢ 30.95 + 0.60 4 29.65 + 1.58

* L*-lightness, a* (positive)-red; (negative)-green, b* (positive)-yellow; (negative)-blue; total color difference E.
X = mean; SD = standard deviation; CV% = coefficient of variation (n = 6). Different superscript letters within the
same column indicate statistically significant differences (p < 0.05), according to Duncan’s multiple range test.

Figure 2. Representative images of biscuits enriched with sour cherry (top row), apple (middle row),
and peach (bottom row) pomace at 5%, 10%, and 15% substitution levels (from left to right).

A similar behaviour in terms of luminance reduction was also observed in the case of
biscuits with cherry pomace. With the increase in the addition level (5-15%), the L* values
decreased from 51.30 to 36.02, indicating an intensification of the colour of the products. In
contrast, the chromaticity a* increased progressively (10.06-16.93), while the values of the
parameter b* recorded a slight reduction (27.72-22.85). The amplification of the a* values
can be associated with the oxidation of the pomace polyphenols, which represent a substrate
for enzymatic browning reactions [41]. In general, enzymatic browning contributes to a
greater extent to the formation of red and yellow shades than non-enzymatic browning
processes [42]. Also, the higher values of the a* parameter observed in the case of cherry
marc biscuits can be attributed to the increased anthocyanin content characteristic of this
type of raw material. In the case of biscuits fortified with peach pomace, increasing the
addition level (5-15%) also caused a significant reduction in luminance, with L* values
ranging between 48.14 and 41.39. At the same time, the a* and b* parameters showed
an increasing trend, with a* values ranging between 11.06 and 15.84, and those of the b*
parameter between 25.57 and 30.95. The total colour difference (AE) of the biscuits increased
proportionally with the added peach pomace level, reaching maximum values ranging
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between 23.76 and 29.65 at the 15% substitution level. Colour changes were observed even
at the lowest addition level, with AE values ranging between 3.96 and 17.29, indicating
a visible change in the chromatic parameters of the final products. These variations can
be explained both by the presence of phenolic compounds, including anthocyanins, and
by the influence of technological processes that can intensify or modify the colour of
formulated products. Similar results were also reported by Mir et al. [31], who highlighted
the effect of adding apple pomace on the properties of biscuits. Therefore, fruit pomace
can be considered not only a valuable source of bioactive compounds, but also a supplier
of natural pigments that contribute to improving the functional and visual properties of
food products.

2.3. Physico-Chemical Characteristics of Biscuits with Added Fruit Pomace

The physicochemical characteristics of biscuits formulated with peach pomace (Pp), at
substitution levels of 5-15%, are presented in Table 4. The properties of biscuits with apple
and sour cherry pomace have been reported in previous studies by the same authors and
are not detailed in the present work, which focuses on the evaluation of biscuits with peach
pomace [22].

Table 4. Physicochemical characteristics of formulated biscuits *.

Humidity Acidity Height . Diameter/Height
Sample (%) (Degrees) (mm) Diameter (mm) Ratio
Control sample 6.83 +0.752 1.80 + 0.022 10.65 + 0.27 2 55.77 + 0.45 2 524 +0.152
BP 5% 716 +£0.79b 430 +0.07° 9.00 + 0.26 P 52.40 + 052 P 5.82 +0.18P
BP 10% 719 £0.79b 490 + 0.06 € 8.47 + 0.12 bc 51.80 + 0.95 be 6.12 +0.14¢
BP 15% 722 +0.79b 5.20 + 0.06 € 8.17 +£0.38¢ 50.63 + 0.90 © 6.20 +£0.22°¢

* Values are expressed as mean =+ standard deviation. Different letters within the same column indicate significant
differences (p < 0.05) according to Duncan’s multiple range test.

The results show a very small increase in moisture content with increasing proportion
of peach pomace. The control sample presented a moisture content of 6.83%, while the
biscuits with 15% addition recorded a value of 7.22%. Similar trends were reported by
Usman et al. [43], who observed an increase in the moisture content of biscuits supple-
mented with apple pomace, as well as by Shabnam et al. [44] and Naseem et al. [41] for
biscuits enriched with peach and apple pomace. The values obtained in this study remain
below the threshold of 13%, the limit at which microbial growth is inhibited, suggesting
a good potential for stability during storage [45]. The acidity of biscuits with peach po-
mace increased with the level of substitution. The control sample presented an acidity of
1.8 degrees, and biscuits with 15% pomace recorded a value of 5.2 degrees. These results
are consistent with those reported by Taraseviciené et al. [46], who highlighted the increase
in acidity in bakery products fortified with pomace.

From a morphometric point of view, the increase in the substitution level caused
the biscuit dimensions to be reduced compared to the control sample (height 10.65 mm;
diameter 55.77 mm). The biscuits with peach pomace showed lower values of height
(9.00-8.17 mm) and diameter (52.40-50.63 mm). These changes are attributed to the weak-
ening of the gluten and starch network as a result of the addition of pomace fibres, a
phenomenon also reported by Usman et al. [43] and De Toledo et al. [47]. The reduction in
biscuit height can be explained by structural changes in the dough, since expansion during
baking depends on the stability of the gluten network, leavening agents and thermally
generated water vapor [48]. Partial replacement of wheat flour with fibre-rich ingredi-
ents, such as pomace, reduces gluten content and leads to products with lower volume
and a more compact structure [32,49]. The diameter/height ratio, an important indicator
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of biscuit quality, was higher in all formulations with peach pomace compared to the
control sample (5.24), reaching values up to 6.20 at the 15% substitution level. The same
trend was observed in other studies, where increasing the pomace level led to an increase
in this ratio [41,43]. In our previous work [22], apple and sour cherry pomace (5-15%)
were successfully used to enrich biscuits, improving their content of bioactive compounds
and antioxidant activity. These results demonstrated the potential of fruit pomace as a
functional ingredient and provided the basis for the present study.

2.4. Evaluation of the Sensory Characteristics of Biscuits with the Addition of Peach Pomace

The results of the sensory evaluation indicate that the addition of peach pomace
significantly influenced the organoleptic characteristics of the formulated biscuits, with
scores varying depending on the level of substitution (Table 5). The sensory properties of
biscuits enriched with apple and sour cherry pomace have been previously investigated
by the same authors [22] and are not detailed in the present work, which focuses on the
evaluation of biscuits with peach pomace.

Table 5. Sensory scores of biscuits fortified with pomace (hedonic scale 1-9) *.

Exterior . Overall
Sample Appearance Consistency Colour Smell and Taste Acceptability
Control 8.17 +£0.52b 8.67 + 0.48 2 7.00 + 0.67 8.00 + 0.58 P 833 +£0.49P
BP 5% 8.67 +0.492 8.00 + 0.58 b 9.00 = 0.00° 9.00 £ 0.00 9.00 & 0.00@
BP 10% 8.17 + 0.58 b 7.50 + 0.53 ¢ 9.00 +0.002 8.67 +0.494 833+ 049b
BP 15% 750 +0.53¢ 7.00 £ 0.67 ¢ 8.83 +0.39 P 733+ 065°¢ 750 & 0.53 ¢

* Values represent mean = standard deviation (# = 10). Different superscript letters within the same column
indicate significant differences (Duncan test, p < 0.05).

The products obtained presented the typical characteristics of this assortment, being
appreciated for their uniform, slightly glossy and well-browned surface. The internal
structure of the biscuits was appropriate; they were well baked, with fine porosity and
without obvious defects. The analysis of the sensory scores highlights that moderate levels
of peach pomace (5-10%) generated the highest scores for most of the evaluated parameters.
For the external aspect parameter, biscuits with 5% pomace obtained the highest score
(8.67), being significantly superior to the control sample (8.17), while at the 15% level
a significant decrease was recorded (7.50). These results confirm that a low addition of
pomace does not negatively affect the acceptability of bakery products, an observation
also reported by Kohajdov4 et al. [50]. Regarding consistency, all formulations with peach
pomace presented lower values compared to the control sample (8.67), with scores of 8.00,
7.50 and 7.00 for the 5%, 10% and 15% levels, respectively. The decrease in consistency can
be attributed to the structural changes in the dough determined by the presence of dietary
fibres in pomace, a phenomenon also described by Dhingra et al. [51].

For the colour parameter, biscuits with 5% and 10% peach pomace obtained the
highest scores (9.00), being significantly superior to the control sample (7.00), while at
the 15% level the score was slightly lower (8.83). The improvement in colour can be
associated with the presence of natural pigments and phenolic compounds in the pomace,
which contribute to the intensification of the product colour, as also reported by Andrés-
Bello et al. [52]. This is consistent with the instrumental colour data (CIE L*, a*, b*),
which showed darker and more reddish tones, in agreement with the sensory evaluation
where panelists perceived a more intense and appealing colour. A similar behaviour was
observed for smell and taste, where biscuits with 5% and 10% pomace recorded the highest
scores (9.00 and 8.67), compared to the control sample (8.00), while at the 15% level a
significant decrease was observed (7.33). These results are consistent with the observations
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reported by Kohajdova et al. [50] and O’Shea et al. [53], who highlighted the positive
effect of the aromatic compounds in pomace on the sensory properties. In terms of overall
acceptability, the best evaluated formulation was the one with 5% peach pomace (9.00),
followed by the control sample and the biscuits with 10% pomace (8.33), while the 15% level
led to a significant decrease in acceptability (7.50). These results confirm that moderate
levels of substitution contribute to maintaining high acceptability, while higher levels
may negatively affect consumer perception. Similar results were also reported by Salehi
and Aghajanzadeh [49] and Shabnam et al. [44], who highlighted that the acceptability of
cereal-based products enriched with fruit ingredients directly depends on the proportion
of addition used. It has also been reported that at high levels of substitution (above 20%),
the structure of the products can become more compact and less uniform [38], which
may explain the decrease in sensory scores observed at the 15% level. It is found that the
integration of peach pomace into biscuit formulations contributes to the improvement of
sensory characteristics when used in moderate proportions. The 5% level has been shown
to be optimal for obtaining a product with high sensory acceptability, while higher levels
may negatively affect certain quality attributes.

3. Materials and Methods
3.1. Raw Materials

Apple (Malus domestica), sour cherry (Prunus cerasus), and peach (Prunus persica)
pomace, obtained as by-products of cold-pressed juice production, were sourced from two
local processors. The samples were dried in a laboratory oven at 50-60 °C until the moisture
content decreased to around 10%. Subsequently, the dried pomace was ground and passed
through a 0.55 mm sieve to obtain fine powders. The pomace powders were stored in
hermetically sealed glass containers at 4 °C until further use. The mineral composition of
apple, sour cherry, and peach pomace has been previously reported by the same authors [27]
and is therefore not detailed in the present study.

3.2. Biscuit Formulation and Preparation

The formulation of the biscuits is presented in Table 6. Wheat biscuits were prepared
in a confectionery laboratory using wheat flour type 000, eggs, milk powder, sunflower
oil, sugar, iodized salt, and baking powder. Wheat flour was partially replaced with apple,
sour cherry, and peach pomace powders at substitution levels of 5%, 10%, and 15% to
evaluate mineral enrichment and colour characteristics. For the detailed physicochemical
and sensory evaluation, only biscuits containing peach pomace were further analyzed.

Table 6. Formulation of wheat biscuits with different levels of pomace substitution.

Wheat Milk . Baking
Sample Flour (g) Pomace (g) Eggs (g) Powder (g) Oil (mL)  Sugar(g)  Salt(g) Powder (g)
Control 500 0 168 50 166 213 2 2
5% 475 25 168 50 166 213 2 2
10% 450 50 168 50 166 213 2 2
15% 425 75 168 50 166 213 2 2

All ingredients were mixed in a professional planetary mixer (type KitchenAid Pro-
fessional 5 Plus, Greenville, OH, USA) at medium speed (level 2-3) for approximately
8-10 min until a homogeneous dough was obtained. The dough was then laminated
and shaped using a stainless-steel mold. The biscuits were baked in a convection oven
(professional laboratory oven, Memmert, Schwabach, Germany) at 180 °C for 10 min
and then cooled at room temperature (21-22 °C). The biscuit samples were coded as fol-
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lows: Ba—biscuits containing apple pomace; Bv—biscuits containing sour cherry pomace;
Bp—biscuits containing peach pomace. The control biscuit formulation and processing
conditions were identical to those previously reported by the same authors [27], ensuring
comparability of the results.

3.3. Mineral Analysis of Tested Biscuits

The mineral composition of pomace-enriched biscuits (apple, sour cherry, and peach)
was determined using inductively coupled plasma optical emission spectrometry (ICP-
OES). Approximately 4.8-5.1 g of each biscuit sample was subjected to cold digestion
with 15 mL of spectrally pure nitric acid (Merck-Sigma-Aldrich, Darmstadt, Germany) for
six weeks. This extended digestion period was applied to ensure complete mineralization
of the complex biscuit matrix, particularly rich in organic matter, in accordance with
established procedures [22]. The digested solutions were filtered and diluted to a final
volume of 25 mL with ultrapure water. Elemental concentrations (Ca, Cr, Cu, Fe, K, Mg, Mn,
Na, and Zn) were quantified using an ICP-OES instrument (Thermo Scientific, Waltham,
MA, USA, iCAP 6000), following the methodology described by Dr6zdz et al. [54]. The
instrumental operating conditions were: RF power 1.15 kW, auxiliary Ar gas flow rate
0.2 L min—!, nebulizer Ar gas flow rate 0.42 L min~1, and coolant gas flow rate 12 L min~ 1.
The analytical wavelengths used were: Ca 422.673 nm, Cr 283.563 nm, Cu 224.700 nm,
Fe 259.940 nm, K 766.490 nm, Mg 280.270 nm, Mn 257.610 nm, Na 589.592 nm, and Zn
213.856 nm.

3.4. Colour Measurement of Tested Biscuits

Colour parameters were determined using the CIE Lab* system with a reflectance
colorimeter (PCE-CSM 2, PCE Instruments, Manchester, UK). The total colour difference
(AE) was calculated as AE = [(L* — Ly*)? + (a* — ap*)? + (b* — bg*)2]/2, relative to the
control sample. Values were interpreted as follows: AE < 1 (not perceptible), 1-3 (slightly
perceptible), and >3 (clearly perceptible).

3.5. Physicochemical Analysis of Tested Biscuits

The physicochemical properties were determined for biscuits containing peach po-
mace, selected based on preliminary results as the most promising formulation. The
evaluated parameters included moisture content, acidity, and dimensional characteristics
(diameter, thickness, and diameter-to-thickness ratio). Moisture content was determined
gravimetrically by drying samples to constant weight according to AOAC standard meth-
ods, while acidity was measured by titration following AACC standard procedures. Biscuit
dimensions were measured using a digital caliper (electronic caliper, Mitutoyo, Kawasaki,
Japan) [22,27].

3.6. Sensory Evaluation of Tested Biscuits

Sensory evaluation was conducted for biscuits containing peach pomace using a panel
of ten semi-trained evaluators (4 males and 6 females) and a nine-point hedonic scale
(1 = dislike extremely; 9 = like extremely). The evaluated attributes included appearance,
colour, texture, aroma, taste, and overall acceptability. Samples were presented at room
temperature in randomized, coded order, with water provided for palate cleansing. The
evaluation followed standard guidelines (e.g., ISO 8589) [55], and informed consent was
obtained from all participants.

3.7. Statistical Analysis

All analyses were performed in triplicate, and results were expressed as mean =+ standard
deviation. Statistical differences among samples were assessed using one-way analysis
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of variance (ANOVA), followed by Duncan’s multiple range test, with significance set at
p <0.05. All statistical analyses were conducted using IBM SPSS Statistics 26.

4. Conclusions

The present study demonstrates that apple, sour cherry, and peach pomace can be
effectively used to fortify wheat biscuits, leading to measurable increases in mineral con-
tent, particularly potassium (66.60-129.65 mg/100 g), alongside moderate increases in
calcium and magnesium. Pomace addition significantly affected colour parameters, re-
sulting in decreased lightness (L*: 62.73-36.02) and increased redness (a*) and yellowness
(b*), depending on the type and level of substitution. In peach pomace biscuits, the in-
crease in moisture and acidity, together with reduced diameter and thickness, suggests
formulation-related effects associated with gluten dilution and matrix interactions. Sensory
evaluation identified 5-10% as the optimal incorporation level, while 15% negatively im-
pacted acceptability. The sensory assessment was conducted using a semi-trained panel
consisting of 10 participants. Overall, the findings support the use of fruit pomace as a
functional ingredient to enhance mineral profile and promote the sustainable valorisation
of agro-industrial by-products, while maintaining product quality.

Author Contributions: Conceptualization, 5S.C. and M.B.M.; methodology, S.C.; software, M.B.M.;
validation, S.C. and M.B.M.; investigation, M.B.M.; writing—original draft preparation, S.C. and
M.B.M.; writing—review and editing, S.C. and M.B.M.; supervision, S.C. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study
because no vulnerable groups, medical procedures, or sensitive personal data were involved.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding authors.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Joshi, VK. Fruit and vegetable processing waste management—An overview. Int. ]. Food Ferment. Technol. 2020, 10, 67-94.
[CrossRef]

2. Erinle, TJ.; Adewole, D.I. Fruit pomaces-their nutrient and bioactive components, effects on growth and health of poultry species,
and possible optimization techniques. Anim. Nutr. 2022, 9, 357-377. [CrossRef] [PubMed]

3.  Arun, K.B,; Madhavan, A.; Anoopkumar, A.N.; Surendhar, A.; Liz Kuriakose, L.; Tiwari, A.; Sirohi, R.; Kuddus, M.; Rebello, S.;
Kumar Awasthi, M. Integrated biorefinery development for pomegranate peel: Prospects for the production of fuel, chemicals
and bioactive molecules. Bioresour. Technol. 2022, 362, 127833. [CrossRef] [PubMed]

4. Awasthi, M.K.; Ferreira, J.A.; Sirohi, R; Sarsaiya, S.; Khoshnevisan, B.; Baladi, S.; Sindhu, R.; Binod, P.; Pandey, A.; Juneja, A.; et al.
A critical review on the development stage of biorefinery systems towards the management of apple processing-derived waste.
Renew. Sustain. Energy Rev. 2021, 143, 110972. [CrossRef]

5. Haris, S,; Alam, M.; Galiwango, E.; Mohamed, M.M.; Kamal-Eldin, A.; Al-Marzougqi, A.H. Characterization analysis of date fruit
pomace: An underutilized waste bioresource rich in dietary fiber and phenolic antioxidants. Waste Manag. 2023, 163, 34—42.
[CrossRef] [PubMed]

6.  Granato, D.; Barba, EJ.; Bursa¢ Kovacevi¢, D.; Lorenzo, ].M.; Cruz, A.G.; Putnik, P. Functional foods: Product development,
technological trends, efficacy testing, and safety. Annu. Rev. Food Sci. Technol. 2020, 11, 93-118. [CrossRef] [PubMed]

7. Nuzzo, D.; Picone, P.; Lozano Sanchez, J.; Borras-Linares, I.; Guiducci, A.; Muscolino, E.; Giacomazza, D.; Sanfilippo, T.; Guggino,
R.; Bulone, D. Recovery from food waste—Biscuit doughs enriched with pomegranate peel powder as a model of fortified aliment.
Biology 2022, 11, 416. [CrossRef] [PubMed]

8.  Salehi, F. Recent applications of powdered fruits and vegetables as novel ingredients in biscuits: A review. Nutrire 2020, 45, 1.

[CrossRef]

https:/ /doi.org/10.3390/molecules31152633


https://doi.org/10.30954/2277-9396.02.2020.4
https://doi.org/10.1016/j.aninu.2021.11.011
https://www.ncbi.nlm.nih.gov/pubmed/35600557
https://doi.org/10.1016/j.biortech.2022.127833
https://www.ncbi.nlm.nih.gov/pubmed/36029981
https://doi.org/10.1016/j.rser.2021.110972
https://doi.org/10.1016/j.wasman.2023.03.027
https://www.ncbi.nlm.nih.gov/pubmed/37001310
https://doi.org/10.1146/annurev-food-032519-051708
https://www.ncbi.nlm.nih.gov/pubmed/31905019
https://doi.org/10.3390/biology11030416
https://www.ncbi.nlm.nih.gov/pubmed/35336790
https://doi.org/10.1186/s41110-019-0103-8
https://doi.org/10.3390/molecules31152633

Molecules 2026, 31, 2633 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

Davidson, 1. Biscuit, Cookie and Cracker Production: Process, Production and Packaging Equipment, 2nd ed.; Academic Press: Cam-
bridge, MA, USA; Elsevier: Amsterdam, The Netherlands, 2018; ISBN 0128155795.

Krajewska, A.; Dziki, D. Enrichment of cookies with fruits and their by-products: Chemical composition, antioxidant properties,
and sensory changes. Molecules 2023, 28, 4005. [CrossRef] [PubMed]

Raczkowska, E.; Wojdyto, A.; Nowicka, P. The use of blackcurrant pomace and erythritol to optimise the functional properties of
shortbread cookies. Sci. Rep. 2024, 14, 3788. [CrossRef] [PubMed]

Mashau, M.E.; Ramalisa, T.; Ramashia, S.E.; Mshayisa, V.V. Development of high-protein biscuits by the enrichment with mopane
worm (Gonimbrasia belina) flour. Food Sci. Technol. Int. 2026, 32, 164-176. [CrossRef] [PubMed]

Kauser, S.; Murtaza, M.A.; Hussain, A.; Imran, M.; Kabir, K.; Najam, A.; Yaqub, S. Apple pomace, a bioresource of functional and
nutritional components with potential of utilization in different food formulations: A review. Food Chem. Adv. 2024, 4, 100598.
[CrossRef]

Zuiiiga-Martinez, B.S.; Dominguez-Avila, ].A.; Robles-Sanchez, R.M.; Ayala-Zavala, ].F.; Villegas-Ochoa, M.A.; Gonzélez-Aguilar,
G.A. Agro-industrial fruit byproducts as health-promoting ingredients used to supplement baked food products. Foods 2022,
11, 3181. [CrossRef] [PubMed]

Sudha, M.L.; Baskaran, V.; Leelavathi, K. Apple pomace as a source of dietary fiber and polyphenols and its effect on the
rheological characteristics and cake making. Food Chem. 2007, 104, 686—692. [CrossRef]

Verbeke, C.; Debonne, E.; Versele, S.; Van Bockstaele, F.; Eeckhout, M. Technological evaluation of fiber effects in wheat-based
dough and bread. Foods 2024, 13, 2582. [CrossRef] [PubMed]

Mir, S.A.; Bosco, S.J.D.; Shah, M.A. Technological and nutritional properties of gluten-free snacks based on brown rice and
chestnut flour. J. Saudi Soc. Agric. Sci. 2019, 18, 89-94. [CrossRef]

Kathuria, D.; Gautam, S.; Thakur, A. Maillard reaction in different food products: Effect on product quality, human health and
mitigation strategies. Food Control 2023, 153, 109911. [CrossRef]

Lukinac, J.; Komleni¢, D.K,; Coli¢, M.L.; Nakov, G.; Jukié¢, M. Modelling the browning of bakery products during baking: A
review. Ukr. Food J. 2022, 11, 217. [CrossRef]

Alongi, M.; Melchior, S.; Anese, M. Reducing the glycemic index of short dough biscuits by using apple pomace as a functional
ingredient. LWT 2019, 100, 300-305. [CrossRef]

Granucci, N.; Harris, PJ.; Villas-Boas, S.G. Chemical compositions of fruit and vegetable pomaces from the beverage industries.
Waste Biomass Valor. 2023, 14, 3841-3856. [CrossRef]

Mandache, M.B.; Topala, C.M.; Vijan, L.E.; Cosmulescu, S. Enhancing biscuit nutritional value through apple and sour cherry
pomace fortification. Appl. Sci. 2025, 15, 11823. [CrossRef]

Rizzoli, R.; Biver, E.; Brennan-Speranza, T.C. Nutritional intake and bone health. Lancet Diabetes Endocrinol. 2021, 9, 606—621.
[CrossRef] [PubMed]

Simek, M.; Vyniuchal, J.; Tomasova, L. Salt-Kneading: Alternative sizing of active pharmaceutical ingredients? Pharm. Dev. Technol.
2015, 21, 972-979. [CrossRef] [PubMed]

Chudy, S.; Makowska, A.; Kowalski, R. Sodium chloride in food. Foods 2025, 14, 2741. [CrossRef] [PubMed]

Ferrari, G.T.; Proserpio, C.; Stragliotto, L.K.; Boff, ].M.; Pagliarini, E.; de Oliveira, V.R. Salt reduction in bakery products: A critical
review on the worldwide scenario, its impacts and different strategies. Trends Food Sci. Technol. 2022, 129, 440—448. [CrossRef]
Mandache, M.B.; Cosmulescu, S. Mineral content of apple, sour cherry and peach pomace and the impact of their application on
bakery products. Foods 2025, 14, 3146. [CrossRef] [PubMed]

Ivani$ovd, E.; Harangozo, L.; Paulen, O.; Trebichalsky, P. Utilizing grape pomace as a functional ingredient: A case study in
biscuit production. Waste Forum 2025, 1, 23.

Mandache, M.B.; Vijan, L.E.; Cosmulescu, S. The influence of extraction time on concentration of bioactive compounds in apple
and sour cherry pomace: A need for optimization. AgroLife Sci. ]. 2025, 14, 98-107. [CrossRef]

Andrejko, D.; Blicharz-Kania, A.; Krajewska, M.; Sagan, A.; Pastusiak, M.; Ociesa, M. The influence of the use of carrot and apple
pomace on changes in the physical characteristics and nutritional quality of oat cookies. Processes 2024, 12, 2063. [CrossRef]
Mir, S.A.; Bosco, S.J.D.; Shah, M.A.; Santhalakshmy, S.; Mir, M.M. Effect of apple pomace on quality characteristics of brown
rice-based cracker. J. Saudi Soc. Agric. Sci. 2017, 16, 25-32. [CrossRef]

Filipovi¢, V.; Lonéar, B.; Filipovi¢, J.; Nicetin, M.; KneZevi¢, V,; éeregelj, V.; Kosuti¢, M.; Bodroza Solarov, M. Addition of
combinedly dehydrated peach to the cookies—Technological quality testing and optimization. Foods 2022, 11, 1258. [CrossRef]
[PubMed]

Gupta, N; Yadav, K.K,; Kumar, V.; Prasad, S.; Cabral-Pinto, M.M.S.; Jeon, B.H.; Kumar, S.; Abdellattif, M.H.; Alsukaibia, A.K.D.
Investigation of heavy metal accumulation in vegetables and health risk to humans from their consumption. Front. Environ. Sci.
2022, 10, 791052. [CrossRef]

Lidikova, J.; Ceryové, N.; Musilov4, J.; Vollmannova, A.; Trebichalsky, P. Impact of grape pomace addition on the mineral profile
of long-life bakery products. Waste Forum 2025, 1, 16-21.

https:/ /doi.org/10.3390/molecules31152633


https://doi.org/10.3390/molecules28104005
https://www.ncbi.nlm.nih.gov/pubmed/37241744
https://doi.org/10.1038/s41598-024-54461-7
https://www.ncbi.nlm.nih.gov/pubmed/38361029
https://doi.org/10.1177/10820132241283322
https://www.ncbi.nlm.nih.gov/pubmed/39308452
https://doi.org/10.1016/j.focha.2023.100598
https://doi.org/10.3390/foods11203181
https://www.ncbi.nlm.nih.gov/pubmed/37430928
https://doi.org/10.1016/j.foodchem.2006.12.016
https://doi.org/10.3390/foods13162582
https://www.ncbi.nlm.nih.gov/pubmed/39200509
https://doi.org/10.1016/j.jssas.2017.02.002
https://doi.org/10.1016/j.foodcont.2023.109911
https://doi.org/10.24263/2304-974X-2022-11-2-3
https://doi.org/10.1016/j.lwt.2018.10.068
https://doi.org/10.1007/s12649-023-02095-7
https://doi.org/10.3390/app152111823
https://doi.org/10.1016/S2213-8587(21)00119-4
https://www.ncbi.nlm.nih.gov/pubmed/34242583
https://doi.org/10.3109/10837450.2015.1086371
https://www.ncbi.nlm.nih.gov/pubmed/26365246
https://doi.org/10.3390/foods14152741
https://www.ncbi.nlm.nih.gov/pubmed/40807678
https://doi.org/10.1016/j.tifs.2022.10.013
https://doi.org/10.3390/foods14183146
https://www.ncbi.nlm.nih.gov/pubmed/41008120
https://doi.org/10.17930/agl2025111
https://doi.org/10.3390/pr12102063
https://doi.org/10.1016/j.jssas.2015.01.001
https://doi.org/10.3390/foods11091258
https://www.ncbi.nlm.nih.gov/pubmed/35563980
https://doi.org/10.3389/fenvs.2022.791052
https://doi.org/10.3390/molecules31152633

Molecules 2026, 31, 2633 14 of 14

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Moreda-Pifieiro, J.; Moreda-Pifieiro, A.; Romaris-Hortas, V.; Dominguez-Gonzélez, R.; Alonso-Rodriguez, E.; Lépez-Mahia, P;
Muniategui-Lorenzo, S.; Prada-Rodriguez, D.; Bermejo-Barrera, P. Trace metals in marine foodstuff: Bioavailability estimation
and effect of major food constituents. Food Chem. 2012, 134, 339-345. [CrossRef]

Hemalatha, S.; Platel, K.; Srinivasan, K. Influence of heat processing on the bioaccessibility of zinc and iron from cereals and
pulses consumed in India. J. Trace Elem. Med. Biol. 2007, 21, 1-7. [CrossRef] [PubMed]

Rousseau, S.; Kyomugasho, C.; Celus, M.; Hendrickx, M.E.; Grauwet, T. Barriers impairing mineral bioaccessibility and
bioavailability in plant-based foods and the perspectives for food processing. Crit. Rev. Food Sci. Nutr. 2020, 60, 826-843.
[CrossRef] [PubMed]

Azam, HM.; Alam, S.T.; Hasan, M.; Yameogo, D.D.S.; Kannan, A.D.; Rahman, A.; Kwon, M.]J. Phosphorous in the environment:
Characteristics with distribution and effects, removal mechanisms, treatment technologies, and factors affecting recovery as
minerals in natural and engineered systems. Environ. Sci. Pollut. Res. 2019, 26, 20183-20207. [CrossRef] [PubMed]

Kruczek, M.; Gumul, D.; Korus, A.; Buksa, K.; Ziobro, R. Phenolic compounds and antioxidant status of cookies supplemented
with apple pomace. Antioxidants 2023, 12, 324. [CrossRef] [PubMed]

Sanchez-Rivera, M.M.; Bello-Pérez, L.A ; Tovar, ].; Martinez, M.M.; Agama-Acevedo, E. Esterified plantain flour for the production
of cookies rich in indigestible carbohydrates. Food Chem. 2019, 292, 1-5. [CrossRef] [PubMed]

Naseem, Z.; Bhat, N.A.; Mir, S.A. Valorisation of apple pomace for the development of high-fibre and polyphenol-rich wheat
flour cookies. Sci. Rep. 2024, 14, 25912. [CrossRef] [PubMed]

Bhat, LM.; Wani, S.M.; Mir, S.A.; Naseem, Z. Effect of microwave-assisted vacuum and hot air oven drying methods on quality
characteristics of apple pomace powder. Food Prod. Process. Nutr. 2023, 5, 26. [CrossRef]

Usman, M.; Ahmed, S.; Mehmood, A; Bilal, M.; Patil, PJ.; Akram, K.; Farooq, U. Effect of apple pomace on nutrition, rheology of
dough and cookies quality. J. Food Sci. Technol. 2020, 57, 3244-3251. [CrossRef] [PubMed]

Shabnam, S.; Dar, A.H.; Aga, M.B.; Khan, S.A. Effect of date powder and peach pomace powder on the microstructure and
functional attributes of cookies. J. Post. Harvest Technol. 2020, 8, 37—-49.

Bustos, M.C.; Perez, G.T.; Leon, A.E. Structure and quality of pasta enriched with functional ingredients. RSC Adv. 2015, 5,
30780-30792. [CrossRef]

Taraseviiené, Z.; Cechovidiené, L; Jukniate, K.; glepetiené, A.; Paulauskiené, A. Qualitative properties of cookies enriched with
berries pomace. Food Sci. Technol. 2021, 41, 474-481. [CrossRef]

De Toledo, N.M.V,; Nunes, L.P;; Da Silva, PP.M.; Spoto, M.H.E,; Canniatti-Brazaca, S.G. Influence of pineapple, apple and melon
by-products on cookies: Physicochemical and sensory aspects. Int. |. Food Sci. Technol. 2017, 52, 1185-1192. [CrossRef]

Mamat, H.; Hardan, M.O.A.; Hill, S.E. Physicochemical properties of commercial semi-sweet biscuit. Food Chem. 2010, 121,
1029-1038. [CrossRef]

Salehi, F.; Aghajanzadeh, S. Effect of dried fruits and vegetables powder on cakes quality: A review. Trends Food Sci. Technol. 2020,
95, 162-172. [CrossRef]

Kohajdovd, Z.; Karovic¢ovd, J.; Magala, M.; Kuchtova, V. Effect of apple pomace powder addition on farinographic properties of
wheat dough and biscuits quality. Chem. Pap. 2014, 68, 1059-1065. [CrossRef]

Dhingra, D.; Michael, M.; Rajput, H.; Patil, R.T. Dietary fibre in foods: A review. J. Food Sci. Technol. 2012, 49, 255-266. [CrossRef]
[PubMed]

Andrés-Bello, A.; Barreto-Palacios, V.; Garcia-Segovia, P.; Mir-Bel, ].; Martinez-Monzo, J. Effect of pH on color and texture of food
products. Food Eng. Rev. 2013, 5, 158-170. [CrossRef]

O’Shea, N.; Roflle, C.; Arendt, E.; Gallagher, E. Modelling the effects of orange pomace using response surface design for
gluten-free bread baking. Food Chem. 2015, 166, 223-230. [CrossRef] [PubMed]

Drézdz, P; Seziene, V.; Pyrzynska, K. Mineral composition of wild and cultivated blueberries. Biol. Trace Elem. Res. 2018, 181,
173-177. [CrossRef] [PubMed]

ISO 8589:2007; Sensory Analysis—General Guidance for the Design of Test Rooms. International Organization for Standardization
(ISO): Geneva, Switzerland, 2007.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/molecules31152633


https://doi.org/10.1016/j.foodchem.2012.02.165
https://doi.org/10.1016/j.jtemb.2006.10.002
https://www.ncbi.nlm.nih.gov/pubmed/17317519
https://doi.org/10.1080/10408398.2018.1552243
https://www.ncbi.nlm.nih.gov/pubmed/30632768
https://doi.org/10.1007/s11356-019-04732-y
https://www.ncbi.nlm.nih.gov/pubmed/31119535
https://doi.org/10.3390/antiox12020324
https://www.ncbi.nlm.nih.gov/pubmed/36829883
https://doi.org/10.1016/j.foodchem.2019.04.007
https://www.ncbi.nlm.nih.gov/pubmed/31054650
https://doi.org/10.1038/s41598-024-77377-8
https://www.ncbi.nlm.nih.gov/pubmed/39472528
https://doi.org/10.1186/s43014-023-00141-4
https://doi.org/10.1007/s13197-020-04355-z
https://www.ncbi.nlm.nih.gov/pubmed/32728272
https://doi.org/10.1039/c4ra11857j
https://doi.org/10.1590/fst.02120
https://doi.org/10.1111/ijfs.13383
https://doi.org/10.1016/j.foodchem.2010.01.043
https://doi.org/10.1016/j.tifs.2019.11.011
https://doi.org/10.2478/s11696-014-0567-1
https://doi.org/10.1007/s13197-011-0365-5
https://www.ncbi.nlm.nih.gov/pubmed/23729846
https://doi.org/10.1007/s12393-013-9067-2
https://doi.org/10.1016/j.foodchem.2014.05.157
https://www.ncbi.nlm.nih.gov/pubmed/25053049
https://doi.org/10.1007/s12011-017-1033-z
https://www.ncbi.nlm.nih.gov/pubmed/28484903
https://doi.org/10.3390/molecules31152633

	Introduction 
	Results and Discussion 
	Mineral Element Content in Biscuits with Added Pomace 
	The Effect of the Addition of Pomace on the Colour of Biscuits 
	Physico-Chemical Characteristics of Biscuits with Added Fruit Pomace 
	Evaluation of the Sensory Characteristics of Biscuits with the Addition of Peach Pomace 

	Materials and Methods 
	Raw Materials 
	Biscuit Formulation and Preparation 
	Mineral Analysis of Tested Biscuits 
	Colour Measurement of Tested Biscuits 
	Physicochemical Analysis of Tested Biscuits 
	Sensory Evaluation of Tested Biscuits 
	Statistical Analysis 

	Conclusions 
	References

