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Abstract

This study aimed to evaluate the physicochemical properties and nutritional composition of traditional Cupter prepared solely
with semolina (i.e., the control sample) and compare it to Cupter samples prepared with varying proportions of brewers’ spent
grain (BSC) as a replacement for semolina. The physicochemical and nutritional parameters analysed included pH value,
water activity, water content, ash content, fat content, protein content, carbohydrate content, total sugar content, crude fibre
content, salt content, and energy value. Six samples were prepared, of which two were traditionally prepared Cupter samples
(control samples) made with white or red must and semolina. The remaining four samples were prepared with white or red
must, different ratios of BSG, and semolina. The results showed that the modified Cupter had improved nutritional value, with
a statistically increased (p < 0.05) protein and crude fibre content. Samples 5 and 6, containing 125.5 g of BSG had higher
protein and crude fibre content compared to samples 3 and 4, which contained 25.5 g of BSG, and especially in comparison

to the traditional samples 1 and 2, which contained no BSG.
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1 Introduction

Traditional food is integral to the identity, culture, and cu-
linary heritage of nations, passed down through genera-
tions. Interest in traditional foods remains strong among
producers, consumers, and policymakers. Anders and
Caswell highlighted the benefits and challenges of geo-
graphical labelling, particularly for developing countries.!
Similarly, Caputo et al.? explored the relationship between
traditional foods and consumer preferences. In Europe,
traditional foods can obtain designations like Protected
Designation of Origin, Protected Geographical Indication,
or Traditional Speciality Guaranteed, per legislation en-
suring authenticity and uniqueness.® These products must
meet criteria related to traditional ingredients, composi-
tion, or production methods, as detailed by Trichopoulou
et al.* An example from Herzegovina is Cupter, produced
in the Brotnjo area for centuries. Resembling jelly or gum-
my candy, it is made by boiling grape must from Herze-
govinian grape varieties, such as Zilavka and Blatina, with
flour or semolina as a gelling agent and then sun-drying.>*
Traditional sun drying, reliant on September weather, pos-
es challenges like mycotoxin development and microbial
growth during adverse conditions.” Researchers, including
Betiil® and Lali¢ et al.,® have proposed alternatives like solar
drying and lyophilisation. Innovations, such as incorporat-
ing brewers’ spent grain (BSG), aim to enhance produc-
tion efficiency and quality. BSG offers numerous bioactive

* Corresponding author: Assoc. Prof. Anita Lali¢, PhD
Email: anita.juric@aptf.sum.ba

compounds, including ferulic and p-coumaric acids with
antioxidant, anti-inflammatory, and antimicrobial proper-
ties.! It serves as a lignocellulosic substrate for producing
value-added products like laccase enzymes and polyphe-
nols.® BSG is rich in vitamins (e.g., folic acid, niacin)' and
minerals (e.g., calcium, magnesium).""'? Its amino acid
profile includes histidine, glutamic acid, and valine, with
a high lignin content compared to rice straw or sugarcane
bagasse.'® Arabinoxylan in BSG exhibits probiotic effects,
boosting Lactobacillus and bifidogenic levels during in vit-
ro trials."*"> Given its nutritional and functional properties,
a Cupter modified with BSG could be classified as func-
tional food, as described by Lali¢ et al.’® Functional foods
enhance health and may reduce disease risk."” This study
investigates the physicochemical properties and nutritional
composition of Cupter and evaluates the impact of BSG in-
corporation on its nutritional value compared to traditional
preparation methods.

2 Experimental
2.1 Raw materials

For the preparation of both traditional and modified Cupt-
er, BSG was obtained from the local brewery Trojanska
pivovara, Capljina. Semolina (Franck, Zagreb, Croatia) was
bought from a local market, while grape must was pur-
chased from AgroOdak d. o. o. Citluk, Bosnia and Herze-
govina. The must used for Cupter preparation was derived
from two autochthonous grape varieties, Zilavka (white)
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and Blatina (red). Chemicals of analytical purity were used
for the nutritional composition analysis.

2.2 Cupter preparation

The process of Cupter preparation is very simple. It begins
with crushing the grapes, followed by filtration to obtain
fresh juice free from grape skins. The grape juice was then
cooked, and once it reached boiling point, semolina and/
or flour were added. This process was followed by stirring
the mixture continuously until a gelatinous consistency
was obtained (Fig. 1). The thickened samples were then
poured into small containers (20 cm in diameter, 2 cm in
height) and left to cool at room temperature for 8 h.
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Fig. 7 —Samples of traditional red and white Cupter solar-dried
at the Faculty of Agriculture and Food Technology of the
University of Mostar

Slika 17 - Solarno susenje uzoraka tradicionalnog crvenog i bije-
log ¢uptera osusenog na Agronomskom i prehrambe-
no-tehnoloskom fakultetu Sveucilista u Mostaru

Table 1
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For this study, traditional Cupter was prepared using sem-
olina and must (samples 1 and 2). Modified Cupter was
prepared by partially replacing semolina with BSG (sam-
ples 3-6). Table 1 presents the recipes for each sample,
along with the cooking time, and the mass of the Cupter
after cooking and drying. All six samples were processed in
triplicate at the Faculty of Agriculture and Food Technol-
ogy of the University of Mostar and dried in a solar dryer
(Fig. 1). The solar dryer (150 cm wide, 50 cm deep, 70 cm
high) consisted of a wooden inner section, thermal insula-
tion board walls, and a transparent polycarbonate surface,
with two fans to ensure adequate drying. It was equipped
with an access door and a solar panel to power the fans
(1.6 W). After drying, the samples were weighed (Table 1)
and stored in vacuum-sealed bags in a dry, cool location
prior to analysis. The ratio of ingredients added did not
result in a statistically significant difference in final mass.
However, the addition of BSG in the modified Cupter in-
fluenced its texture, visual appearance, colour, and flavour.

2.3 Physicochemical and nutritional analyses

Samples of Cupter (500 g per sample) were homogenised
using a Grindomix GM200 knife mill (Retch, Haan, Germa-
ny) to obtain uniform samples. Physicochemical and nutri-
tional analyses were conducted using validated standard
and internal analytical methods. All measurements were
performed in triplicate using chemicals of analytical grade.
The pH was measured using a Seven Compact, Mettler To-
ledo pH meter following the method developed by Nicolai
etal."® All prepared Cupter samples were evaluated for wa-
ter activity (a,) using a HygroPalm device (Rotronic, Swit-
zerland). Water content was determined by drying the final
product at 103 = 2 °C in an oven (UF75 plus, Memmert,
Germany) according to the HRN I1SO 6496:2001 meth-
0d.” Ash content of the prepared samples was evaluat-
ed using the gravimetric method prescribed in HRN SO
5984:2004%° employing a muffle furnace (Nobertherm,
Program Controller LV 9/11/P320, Germany) set at 550 °C.
The fat content in the Cupter samples was determined us-
ing a Soxtherm 2000 (Gerhardt, Germany) according to

— Recipes used for the preparation of modified Cupter with masses after drying

Tablica T — Recepti upotrijebljeni za pripremu modificiranog ¢uptera s masama nakon susenja

5 Cooking time after Final weight after drying
Sample | Recipe for Cupter preparation reaching boiling point/ /g, mean value of 3
min measurements
1 250 ml of white must + 31.25 g of semolina 4-5 95.00
2 250 ml of red must + 31.25 g of semolina 4-5 122.00
3 250 ml of white must + 25 g of BSG + 15.6 g of 10 96.33
semolina
4 250 ml of red must + 25 g of BSG + 15.6 g of semolina 10 110.33
5 250 ml of white must + 125 g of BSG + 5 g of semolina 30 (semolina is added in 99.00
the last three min)
6 250 ml of red must + 125 g of BSG + 5 g of semolina 30 (semolina is added in 126.33
the last three min)
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the HRN 1SO 6492:2001 method.*" A 5 g sample was hy-
drolysed in a beaker with hydrochloride acid, then filtered
and together with filter paper transferred into an extraction
thimble. The thimble was then placed into a Soxlet extrac-
tor and extracted using petroleum. The residue was then
dried in an oven at 103 °C and weighed to a final mass. The
Kjeldahl method, following HRN ISO 5983-1:2008% and
HRN 1SO 5983-2:201023,% was used to determine crude
protein content. This method involved the destruction of
organic matter at 420 °C using a block digestion unit (Unit
8 Basic, Foss, Denmark), followed by a combination of ti-
tration and distillation using a Vapodest 50s unit (Gerhardt,
Germany). Carbohydrate content was calculated based on
the determined values of water, ash, fat, and protein con-
tent. Total sugar content (sucrose, D-glucose, and D-fruc-
tose) was determined using a commercial enzyme kit (Car-
bohydrates Kit — Sucrose/D-Clucose/D-Fructose, UV-test,
R-Biopharm, Germany). A 5 g homogenised and diluted
sample was added Carrez 1 and Carrez 2 solutions. After
adjusting the pH value between 7.5 and 8.5 and filtering
the sample, the absorbance was measured at a wavelength
of 340 nm using a spectrophotometer DR/6000 (Hach,
Germany). Before each measurement, a blank was used
to subtract from the sample result. Salt content was de-
termined using an EasyPlus™ Analyzer — Easy Na, (Mettler
Toledo, Germany) A 1 g sample was diluted with distilled
water, heated, and filtered into a plastic measuring cup.
20 ml of T M ISA solution was added, along with a stirring
magnet, and electrodes were immersed. The mass of the
sample was entered into the analyser’s programme, and
after the potentiometric measurement, the device printed
out the sodium content, from which the sodium chloride
content was determined using the stoichiometric meth-
od.*

Crude fibre content was determined using the Gerhardt
FibreBag-Systems (Bonn, Germany) following the manu-
facturer’s instructions. A 1 g sample was placed in a Fibre-
Bag, then boiled first in sulphuric acid and subsequently in
potassium hydroxide. The sample was then automatically
filtered and rinsed with distilled water and ethanol. The Fi-
breBag containing the sample residue, was dried at 105 °C,
weighed, and the result was converted into a percentage
to determine crude fibre content. The energy content of
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Cupter was calculated and expressed in kJ and kcal based
on the determined values for fat, total sugars, and protein.

2.4 Microbiological analysis

Microbiological analyses of Cupter samples (1 and 2) were
conducted in line with the Rulebook on the Conditions Re-
garding Microbiological Safety that Foodstuffs in Trade Must
Meet, (Official Gazette of SFRY No. 45/83)?°. The tested
microorganisms included coagulase-positive staphylococ-
ci, yeasts and moulds, Escherichia coli, Proteus species, and
total microbial count at 30 °C. Sulphite-reducing clostridia
were analysed according to the Rulebook on Microbiologi-
cal Criteria for Food (Official Gazette of B&H, No. 11/13,
79/16, and 64/18).2¢ Microbial counts were expressed as
presence or absence per 1 g. Salmonella spp. was tested
according to BAS EN ISO 6579:2005/Cor.2010 and ex-
pressed as presence or absence per 25 g.%’

2.5 Data analysis

Each measurement of the physicochemical and nutritional
composition of Cupter is presented as mean =+ standard
deviation. The data were processed using IBM SPSS Statis-
tics for Windows (Version 25.0. Armonk, NY: IBM Corp.,
2017). The Kolmogorov-Smirnov test was used to evaluate
normality, while one-way ANOVA was applied to compare
determined values. Post hoc Tukey tests were used to eval-
uate significant differences (p < 0.05).

3 Results and discussion

The physicochemical properties and nutritional compo-
sition of Cupter samples (Samples 1-6) are shown in Ta-
bles 2 and 3.

Sulphite-reducing clostridia, coagulase-positive staphylo-
cocci, yeasts and moulds, Escherichia coli, Proteus species,
and total microbial count at 30 °C were not detected in 1 g
of the samples. Salmonella spp. was not detected in 25 g.

Table 2 - Results of the physicochemical and nutritional properties of control samples (Samples 1, 2), and modified Cupter (samples

3,4,5,6), mean *+ standard deviation values

Tablica 2 — Rezultati fizikalno-kemijskih i nutritivnih svojstava kontrolnih uzoraka (uzorci 1i 2) i ¢uptera s pivskim tropom (uzorci 3, 4,
5 6), srednja vrijednost + vrijednosti standardne devijacije

Sample pH Water activity Water/ % Ash /% Fat/ % Protein /%
1 4.24 = 0.08 0.78 = 0.03 32.38 = 1.48 0.76 = 0.05 0.29 = 0.10 3.87 £ 0.09
2 3.85 = 0.03 0.38 = 0.01 3241 = 0.84 0.73 £0.25 0.13 = 0.03 3.19 = 0.08
3 4.13 = 0.05 0.65 = 0.04 27.71 = 1.95 0.87 £ 0.34 0.51 = 0.01 3.63 £0.16
4 3.88 £ 0.03 0.68 = 0.03 26.35 £ 0.97 0.99 = 0.25 0.64 = 0.09 3.38 = 0.04
5 4.68 = 0.01 0.46 + 0.02 13.55 £ 0.91 1.50 = 0.03 2.19 £ 0.13 8.03 = 0.15
6 4.28 = 0.09 0.49 + 0.02 18.02 = 1.74 1.25 +0.13 1.55 = 0.05 5.89 = 0.06
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Table 3
3,4, 5, 6), mean =+ standard deviation values
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— Results of the physicochemical and nutritional properties of control samples (Samples 1, 2), and modified Cupter (samples

Tablica 3 — Rezultati fizikalno-kemijskih i nutritivnih svojstava kontrolnih uzoraka (uzorci 1 i 2) i éuptera s pivskim tropom (uzorci 3, 4,
51 6), srednja vrijednost =+ vrijednosti standardne devijacije

Sample Carbohydrates /% Total sugars/ % Salt/% Crude fibre /% Energy / k] kcal ™
1 62.40 = 1.26 62.4 = 1.26 0.02 = 0.01 < 0.30 1137.33/267.33
2 63.42 = 0.94 63.42 = 0.94 0.02 = 0.01 < 0.30 1136.67/267.66
3 66.86 = 2.14 66.42 = 2.15 0.03 = 0.01 0.41 = 0.02 1217.67/286.66
4 68.09 = 1.17 67.38 = 1.13 0.03 = 0.01 0.68 = 0.06 1238.33/291.33
5 71.6 £ 2.13 66.82 = 2.19 0.02 = 0.01 4.56 = 0.26 1434.33/338.33
6 71.13 = 3.01 67.90 = 3.60 0.02 = 0.01 3.20 = 0.78 1367.00/322.00
3.1 pH value samples (p < 0.05). Tukey’s test identified statistically sig-

As shown in Table 2, one-way ANOVA revealed significant
differences in pH among the recipes (p < 0.05). Further-
more, Tukey’s test identified statistically significant differ-
ences in pH values between samples 1 and 5, and sam-
ples 2 and 6. Statistically significant differences were also
observed between samples 3 and 5, and samples 4 and
6. Red must samples (2, 4, 6) had a lower pH than white
must samples (1, 3, 5), which corresponded to the grape
must natural pH value. Both red and white must samples
exhibited an increase in pH with the addition of BSG. The
substitution of semolina with BSG significantly affected the
pH of Cupter. The pH of BSG itself, along with its interac-
tions with other ingredients, altered the overall acidity of
the final product, which in turn influenced its safety, taste,
texture, and shelf life.?® The pH levels play a crucial role
in influencing microbial growth, enzymatic activity, and
chemical reactions, all of which are essential for product
stability and quality.*

BSG influenced protein structure by absorbing excess wa-
ter around the protein molecules, promoting protein un-
folding, aggregation, and gelation.*® This effect could have
led to the variations in pH values of samples not due to
the addition of BSG but also due to differences in the total
amounts of semolina and BSG used.

3.2 Water activity and water content

One-way ANOVA revealed a statistically significant differ-
ence in a, values with respect to the recipe (p < 0.05).
The water activity and water content values are present-
ed in Table 2. Tukey’s test showed statistically significant
differences between samples 1 and 5, and samples 2 and
6. Additionally, statistically significant differences were de-
termined between samples 1 and 3, and samples 2 and
4, as well as between samples 3 and 5, and samples 4
and 6. These findings indicate differences in water content
among the Cupter samples. Water content plays an impor-
tant role in the storability of food products. Higher water
content increases the risk of microbial spoilage, including
the growth of bacteria and mould, thereby reducing shelf
life.*" One-way ANOVA revealed a statistically significant
difference in water content between red and white must

nificant differences between samples 1 and 3, and samples
1 and 5, as well as between samples 2 and 4, and samples
2 and 6. Statistically significant differences were also de-
termined between samples 3 and 5, and samples 4 and
6. The lowest measured water content was found in sam-
ple 5, while sample 1 had the highest value. Samples with
higher amounts of BSG and longer cooking times exhibit-
ed lower water content. Samples with a greater total mass
added (31.25 to 130 g) contained less water. BSG binds
more water than semolina, which emphasises the impor-
tance of sufficient drying time to prevent mould growth
and spoilage.

3.3 Ash content

Ash content analysis provides insights into the presence of
inorganic components and minerals.’ One-way ANOVA
revealed a statistically significant difference in ash content
between red and white must samples (p < 0.05). Tukey’s
test identified statistically significant differences between
samples 1 and 5, and samples 3 and 5 (Table 2). Samples
with a higher proportion of BSG had a higher ash content.
According to lkram et al., minerals present in BSG include
iron, copper, potassium, and manganese.'®

3.4 Fat content

Lipid content influences the texture, taste, and softness of
the product.?? Observed was a correlation between the fat
content and the water content, where an increase in fat
content resulted in a decreased water content, leading to
a firmer texture of the Cupter, which was to be expected
because lipids do not absorb water well. One-way ANO-
VA revealed a statistically significant difference in fat values
between red and white must samples (p < 0.05), (Table 2).
Tukey’s test determined statistically significant differences
between samples 1 and 5, and between samples 2 and 6.
In addition, statistically significant differences were deter-
mined between samples 3 and 5, and samples 4 and 6.
A statistically significant difference was also observed be-
tween samples 2 and 4. In the Cupter with a higher pro-
portion of BSG, the fat content increased. The higher fat



A LALIC et al.: Use of Brewers Spent Grain as an Emerging Protein and Fibre Source in Cupter; Kem. Ind. 74 (9-10) (2025) 365-372

content and reduced water content in BSG samples sug-
gest potential differences not only in shelf life but also in
sensory attributes compared to control samples. Extensive
research has explored foods containing BSG, particularly
focusing on consumer acceptance and sensory properties.
BSG enrichment has been linked to alterations in tex-
ture, >3 colour,3>3¢ taste,* aroma,* and rheological prop-
erties,* across a variety of products, including bread, cook-
ies, blscwts pasta, breadsticks, pizza, and baked snacks
In our previous paper®, panellists moderately liked Cupter
samples prepared with BSGC.

3.5 Protein content

Proteins, as essential macronutrients, provide energy, sup-
port amino acid balance, optimal growth, and aid diges-
tion. Randomised clinical trials by Li et al.*' have shown
that incorporating plant proteins can reduce cardiovascular
disease markers and lower blood lipid levels. Additionally,
the Healthy Lifestyle in Europe by Nutrition in Adolescence
(HELENA) study found that replacing animal proteins with
plant proteins contributes to reduced body fat percentages
and lower BMI.** One-way ANOVA revealed a statistically
significant difference in protein content with regard to the
recipe (p < 0.05). With a value of protein shown in Table
2, Tukey’s test revealed statistically significant differences
between samples 1 and 5, and samples 2 and 6. Statisti-
cally significant differences were also determined between
samples 3 and 5, and samples 4 and 6. Samples prepared
with white must (1, 3, 5) exhibited a higher protein con-
tent compared to those prepared with red must (2, 4, 6).
The addition of BSG to traditionally prepared Cupter re-
sulted in a product with increased protein content. Spe-
cifically, samples 5 and 6 exhibited an increase in nutrient
content of over 30 % compared to the control samples (1
and 2). While the obtained results are promising, further
research is needed to assess the impact of BSG enrichment
on consumer preferences. Consumers are often willing to
compromise on sensory attributes when a product carries
a health claim.** For instance, Curtchet et al.** reported
that consumer interest in bread and pasta significantly in-
creased when they became aware of the health benefits
associated with BSG enrichment.

3.6 Carbohydrate content

Carbohydrates are an essential nutritional component
that provide a good source of energy. However, due to
their impact on blood glucose levels, they are not recom-
mended for diabetics.** BSG, incorporated in Cupter, is
rich in hemicelluloses, primarily arabinoxylan. One-way
ANOVA revealed a statistically significant difference in
carbohydrate values between red and white must samples
(p < 0.05). Tukey’s test revealed statistically significant dif-
ferences in carbohydrate values shown in Table 3 between
samples 1 and 5, and between samples 2 and 6. Samples 5
and 6 exhibited significantly higher levels of carbohydrates
compared to samples 1 and 2 (Table 3). This is due to the
higher proportion of BSG in samples 5 and 6, as BSG is
rich in carbohydrates. Naibaho and Korzeniowska found
variations in carbohydrate content, specifically, in cellulose
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and hemicellulose levels in BSG sourced from different
breweries. They emphasised how these differences could
significantly influence the final product.*

3.7 Total sugar content

One-way ANOVA revealed a statistically significant differ-
ence in sugar values with respect to the recipe (p < 0.05).
Tukey’s test did not show statistically significant differences
between the samples. Sample 1 had the lowest measured
sugar content, while sample 6 had the highest (Table 3).
Sugar content increased slightly with the addition of BSG.
Total sugars in a food product contribute to its overall ener-
gy content. When comparing carbohydrate and total sugar
proportions, it was evident that the majority of sugars orig-
inated from the must, with a slight increase following the
addition of BSG, similar to other carbohydrates. Sugars in
particular determine the quality of the must and, conse-
quently, Cupter.*” ‘Herzegovinian Cupter’ is a traditional
dessert that can be classified as a type of confectionery.*®
Therefore, all natural sugars, aside from refined sugars, are
welcome. Among the basic tastes, sweetness appears to be
universally perceived as pleasant and rewarding.>°

3.8 Crude fibre content

One-way ANOVA revealed a statistically significant differ-
ence in crude fibre content between black must and white
must samples (p < 0.05). Tukey’s test revealed statistically
significant differences in crude fibre content between sam-
ples 1 and 5, and samples 2 and 6. Statistically significant
differences were also determined between samples 3 and
5, and samples 4 and 6. The lowest measured fibre content
was found in sample 1, while the highest was recorded in
sample 5 (Table 3). From a dietary perspective, the research
of Ifrah et al.*°, supports the idea that high-fibre diets are
essential for managing and preventing chronic illnesses.

3.9 Energy value results

The results in Table 3 indicate that the addition of BSG
led to a slight increase in energy value in samples 5 and 6,
which contained higher amounts of BSC. However, ANO-
VA did not show statistically significant differences. It is
also important to highlight the findings from Neylon et al.
who reported that replacing semolina with BSG leads to a
lower predicted glycemic index.*"*? A low glycemic index
is associated with a reduced risk of type-2 diabetes and
cardiovascular disease.>

3.10 Salt content

The Kolmogorov-Smirnov test showed a significant devia-
tion from normal distribution for salt content (p < 0.05).
As the data did not meet the normality condition, ANOVA
could not be applied. When comparing the results in Ta-
ble 3, no significant differences in salt content were ob-
served.
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3.11 Microbiological analyses results

Samples 1 and 4 represent Cupter without BSG, (serving as
control samples), that has been consumed in Herzegovina
for decades. Given the high values of a,, obtained for these
samples, a microbial analysis was conducted. The analysis
included testing for sulphite-reducing clostridia, coagu-
lase-positive staphylococci, yeasts and moulds, Escherichia
coli, Proteus species, and total microbial count at 30 °C.
None of these were detected in 1 g of the samples. Salmo-
nella spp. was not detected in 25 g. Regarding stability and
shelf life, the challenge lies in finding a balance between
adequate water removal for preservation and maintain-
ing the sensory attributes of Cupter. This challenge is par-
ticularly pronounced in samples containing BSG, despite
their water activity levels falling within the typical range
(0.6-0.7 a,). The increased fat content and reduced water
content in BSG samples suggest that the behaviour of these
samples during storage may differ from that of the control
samples.

4 Conclusions

The addition of BSG to Cupter significantly improved its
nutritional composition, particularly in terms of protein, fi-
bre, and carbohydrate content. Specifically, samples 5 and
6, which had the highest BSG content, exhibited a marked
increase in protein content (8.03 and 5.89 %, respectively)
compared to the control samples, fulfilling the criteria for
the “increased protein content” nutritional claim. These
modifications also led to higher levels of crude fibre (4.56
and 3.20 %) and carbohydrates (71.60 and 71.13 %), fur-
ther enhancing the product’s value as a functional food.
However, the addition of BSG also resulted in significant
variations in pH, water activity, and fat content, which
may influence the product’s shelf life, texture, and sensory
characteristics. For instance, samples with higher BSG con-
tent (5 and 6) exhibited lower water content and higher fat
content, which are critical factors for storage stability and
consumer acceptance. Although these modifications posi-
tion Cupter enriched with BSG as a nutritionally superior
product, further research is needed to optimise the recipe.
This includes fine-tuning the balance between nutritional
enhancements and maintaining traditional sensory quali-
ties. Additionally, given the product’s improved nutritional
profile and the potential ecological benefits of reducing
biological waste, future studies should focus on evaluat-
ing consumer acceptance and sensory attributes to ensure
that the final product is both nutritionally beneficial and
appealing to consumers. This study investigates the nutri-
tional composition of Cupter and evaluates the impact of
incorporating BSG on its nutritional value compared to tra-
ditional preparation methods using semolina. It analyses
samples prepared with white or red must and varying pro-
portions of BSG as a replacement for semolina.
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SAZETAK

Upotreba pivskog tropa kao perspektivnog izvora bjelancevina
i vlakana za cupter
Anita Lali¢,?” Andrea Karlovic,? Jelka Pleadin® i Marina Maric ¢

Cilj ovog istrazivanja bio je utvrditi fizikalno-kemijska svojstva i nutritivni sastav tradicionalnog
Cuptera pripremljenog iskljucivo s grizom (kontrolni uzorak) te ga usporediti s uzorcima ¢uptera
pripremljenim s razlicitim udjelima pivskog tropa kao zamjene za griz. Za fizikalno-kemijski i
nutritivni sastav analizirani su pH vrijednost, aktivnost vode, udio vlage, masti, bjelancevine, uglji-
kohidrati, ukupni Seceri, sirova vlakna, sol i energetska vrijednost. Pripremljeno je Sest uzoraka,
od kojih su dva bila tradicionalno pripremljena cuptera (kontrolni uzorci) s bijelim ili crvenim mo-
Stom i grizom. Preostala Cetiri uzorka bila su modificirani ¢upteri pripremljeni s bijelim ili crvenim
mostom, uz razli¢ite omjere pivskog tropa i griza. Rezultati su pokazali da modificirani ¢upter ima
poboljsanu nutritivnu vrijednost, sa statisticki znacajnim povecanjem (p < 0,05) udjela bjelance-
vina i sirovih vlakana. Uzorci 5 i 6, koji su sadrzavali 125,5 g pivskog tropa, imali su vedi sadrzaj
bjelancevina i sirovih vlakana u usporedbi s uzorcima 3 i 4, koji su sadrzavali 25,5 g pivskog tropa,
kao i u odnosu na tradicionalne uzorke 1 i 2, koji nisu sadrzavali pivski trop.

Kljucne rijeci

Cupter, pivski trop, most od crnog grozda, pozitivni zdravstveni ucinci, tradicionalni proizvodi,

solarno susenje
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