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ABSTRACT

The dairy industry has huge amounts of by-products, and the indiscriminate disposal can lead to
significant environmental pollution. However, it contains many valuable nutritional compounds that
can be recycled. Pumpkin pulp is a plant with good functional properties due to its high content of
antioxidants, vitamins, minerals, and other active ingredients that can boost immunity and enhance
human health. The study aims to create new functional beverages prepared from some by-products such
as sweet buttermilk, sweet whey, and milk permeate enhanced with pumpkin pulp (Cucurbita maxima
L.). The natural by-product was prepared by flavoring the different by-products with 50 % pumpkin
pulp, 4 % sugar, and 0.2 % carboxymethyl cellulose and stored at 4+1°C for 30 days. Chemical analysis,
sensory evaluation, antioxidant activity, and microbiological assessment were determined. The findings
revealed that the by-products supplemented with pumpkin pulp had a significant level of total
carbohydrates, fibers, total phenolic components, antioxidant activity, vitamins C, and mineral
content. The bacterial total count was reduced. Sensory evaluation indicated that functional beverages
containing pumpkin pulp demonstrated superior sensory properties when compared to control
treatments. We recommend fortifying the by-products with pumpkin pulp due to its high nutritional
value and sensory properties.
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1. Introduction

Functional foods have recently gained favor in the health and wellness communities. They are
also known as nutraceuticals, which are highly nutritious and linked to a variety of powerful health
benefits such as preventing disease, avoiding nutrient deficits, and supporting appropriate growth and
development. As a result, functional foods include foods enhanced with vitamins, minerals, probiotics,
or fiber. Fruits, vegetables, nuts, seeds, and grains are all examples of nutrient-dense foods (Baker et
al., 2022). It can provide organoleptic properties, physicochemical properties, and preservation
properties. Fortification of food processing by-products reduces the overall cost of the final product,
providing a substantial contribution to the development of functional food (Guldiken et al., 2021).

Dairy by-products are an environmental problem if they are disposed of indiscriminately, as the
cheese industry of all kinds represents the most famous industries producing milk by-products (Costa
et al., 2021). Sweet whey and acidic whey are two types of whey products that can be obtained. Sweet
whey is made from the enzymatic precipitation of casein in the manufacturing of certain cheeses such
as cheddar, mozzarella, and Swiss, whereas acidic whey is produced from cottage cheese, cream, and
ricotta cheese (Costa et al., 2021).
Corresponding Author: Amal 1. El- Dardiry, Department of Dairy Chemistry, Animal Production Research
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Buttermilk is a popular and nutritious drink for people who suffer from lactose intolerant, and it is made
from churned unfermented milk cream (Burns ef al., 2010). It also contains a lot of proteins, vitamins,
milk salts, and other nutrients. Although there is a broad variety of buttermilk on the market, they cannot
be termed nutritious beverages owing to the inclusion of sugar, flavors, and preservatives, which may
cause more significant health issues. As a result, preparing buttermilk with natural flavor and lactic acid
bacteria that add nutrients is highly suggested to decrease the unpleasant flavor and improve customer
acceptability (Gebreselassie and Beyene 2016).

Milk permeate is a by-product of the dairy industry with low bacterial contamination. It is
obtained during the production of milk protein and contains lactose, minerals, and whey proteins with
a pH similar to milk. However, its organoleptic properties are unattractive to customers. Although it
cannot be recommended as a stand-alone high-value nutritious supplement. As a result, fermentation
with certain lactic acid bacteria strains can improve its properties (Zokaityte et al., 2020).

Pumpkin (Cucurbita maxima L.) is a plant simple to grow that is also used as a functional
vegetable and has therapeutic and medicinal properties (Dinu et al., 2016). It is rich in carotenoids, a
precursor of vitamin A, a powerful antioxidant such as polyphenols and carotenoids, and a natural
colorant found mostly in pulp and peels. As well as, other bioactive components such as minerals, and
vitamin C are particularly important for human health (Kulczynski and Gramza-Michatowska 2020).
Additionally, Pumpkin is consumed fresh as well as in the form of preserves such as soups, smoothies,
and juices. Furthermore, Pumpkin flesh is used for bread, cakes, cookies, chocolates, and sweets. Also,
Flowers, leaves, fruits, peel, and seeds are all edible components of the plant (Kim et al., 2012). Based
on dry weight, pumpkin pulp contains 3 g/100 g protein, 2.3 g/100 g fat, 171.9 mg/g carotenoid, and 66
g/100 g carbohydrate. Moreover, it included 9-10 mg/100 g of vitamin E and 2-10 mg/100 g of vitamin
C (Kulczynski and Gramza-Michalowska 2020). The study proposes to investigate various milk by-
products combined with pumpkin pulp to produce low-cost functional beverages that improve human
health.

2. Material and Methods

2.1. Materials

Sweet whey protein was extracted from mozzarella cheese and milk permeate was previously
produced from buffalo milk using the ultrafiltration technique of the Carbo-sep ultrafiltration equipment
(SFEC, France), Cairo University, Egypt. Sweet buttermilk was obtained from butter that was produced
from buffalo milk provided by the animal production research institute, agriculture research center,
Egypt. Sodium carboxymethyl cellulose (CMC) was obtained from Misr Food Additives (MIFAD,
Egypt). A commercial-grade of granulated sugar and pumpkin fruit was obtained from the local market.

in Egypt.

2.1.1. Preparation of pumpkin pulp

Ripe pumpkins weighing between 2-3 kg were used and composition properties were
demonstrated in Table 1. It was washed with tap water, and distilled water then dried. With sharp knives,
the pumpkin fruits were peeled, seeds were removed, and the pulp was sliced into 2-3 mm thick pieces.
Pumpkin pulp was steam-cooked for 10 min at 80°C (Patel et al., 2020). The cooked pumpkin pulp was
blended using a hand blender (Braun, Germany). Following that, the steam-cooked pumpkin pulp was
poured into clean sanitized glass bottles 250 ml, then the bottle was heated at 110°C for 25 min, and
chilled for the next step of by-product beverage production.

2.1.2. Preparation of the functional beverages

Fresh buffalo buttermilk, sweet whey, and milk permeate were mixed with 4% (v/v) sucrose and
0.2 % carboxymethyl cellulose (CMC) (Sigma-Aldrich, Germany) at 40°C, then 50 % of prepared
pumpkin pulp was added to each beverage, then boiled to 85°C in a water bath for 15 min and swiftly
cooled to 4£1°C before being stored for 30 days in sanitized glass bottles 250 ml for the end of
experiments (Atallah 2015).
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2.1.3. Chemical composition of by-products and pumpkin pulp

The chemical composition of each by-product beverage and pumpkin pulp, such as protein, fat,
ash, fiber, dry matter, and minerals including (K, Mg, Fe, Cu, P, and Zn) were assessed using the
Association of Official Analytical Chemists recommendations (AOAC 2012), and - Carotene (Barros
and Ferreira 2010). Furthermore, pH was determined with a pH meter (Hanna, Italy). The carbohydrate
content was calculated as described by the following equation:

Carbohydrates % = 100 — (protein + fat + fiber + ash + moisture)

2.1.4. The viscosity of by-products and pumpkin pulp

The viscosity of by-product beverages was determined using (Brookfield DV- E viscometer) and
spindle 4 at rpm 20 in 200 ml of by-product samples. The temperature was maintained at 25°C, and the
viscosity was measured in centipoises (cp).

2.1.5. Flow time. Flow time was measured through a 50-ml pipette (Arbuckle 1986).

Microbiological evaluation
Total bacterial count and molds and yeast count were determined according to standard methods
for the examination of dairy products (APHA 2004).

Antioxidant and phenolic content assessment
The antioxidant composition, total phenols, total flavonoids, and Vit. C contents were determined
(Lee et al., 2021).

Sensory evaluation

About 12 experts (5 males and 7 females ages ranging from 32 to 60 years) working as researchers
and professors at the animal production research institute, Egypt were surveyed as sensory evaluation
test participants. In a 26+2°C environment, about 30 mL beverage samples in 60 mL plastic cups were
labeled with three numerical numbers and delivered to committee members in random order for
comparison between beverage samples, and others as the control without pumpkin pulp addition. All
volunteers confirmed that they had no dairy allergies or other health issues. Descriptive analysis was
used to explore variations in the sensory characteristics of by-product beverage samples. Additionally,
color (10) and appearance (30), flavor (60), and overall acceptability (100) were scored (Patel et al.,
2020). There was a three-minute break between samples. To refresh the assessors' palates, water was
offered. All beverage samples were kept at 4°C for 30 days, with by-product beverages free of pumpkin
serving as the reference standard.

Statistical analysis

The mean + standard deviation (Mn+SD) was used to express all values. For each test, a minimum
of three separate experiments were performed. Two-way analysis of variance was used to evaluate the
statistical significance of data comparisons (ANOVA). Statistical significance was defined as p<0.05.
Statistical analysis was performed using SAS system software (version 9.1, SAS Institute, Cary, NC,
USA) to compute F values and compare means using Duncan's multiple range test.

3. Results and Discussion

3.1. Chemical composition of by-products and pumpkin pulp

Table 1. shows the chemical composition of sweet buttermilk (SBM), sweet whey (SW), milk
permeate (MP), and pumpkin pulp (PP) used to manufacture functional beverages. The results were not
statistically significant at p<0.05. PP had the greatest dry matter (DM) of 13.47+£0.01 %, ash of
2.04+0.11%, total carbohydrates of 8.70+0.21 %, fiber of 1.88+0.03%, and pH of 7.23+0.21. The lowest
amounts of DM and fat were seen in SW (6.28+0.21, 0.21£0.12 %) and MP (6.42+0.42, 0.45+0.11%),
respectively. SBM had the greatest protein amount (4.42+0.02 %). SW and PM exhibited a small
similarity of 0.684+0.32 and 0.24+0.43 %, respectively. These results agreed El-Dardiry, A. 1. (2017);
Gab-Allah,R. H. and El-Dardiry, A. L. (2016).
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Table 1: Chemical analysis of by-products and pumpkin used in the preparation of functional
beverages.
Treatments DM Fat Protein Ash Fiber Total Carbs
SBM 11.16+0.018 1.16£0.1* 4.42+0.224 0.75+0.128 ND 4.83+0.21€
SW 6.28+0.21P 0.21£0.12¢ 0.68+0.238 0.54+0.21¢ ND 4.85+0.11€
MP 6.42+0.42¢ 0.45+0.118 0.24+0.13P 0.38+0.21P ND 5.35+0.148
PP 13.47+0.624 0.28+0.11¢ 0.57+0.14¢ 2.04+0.164 1.88+0.18%  8.7+0.78%

Sweet Buttermilk (SBM); Sweet Whey (SW); Milk Permeate (MP), and Pumpkin pulp (PP). Different lowercase
superscript letters show a significant difference (p< 0.05). ND: Not detected

3.2. Chemical composition of functional beverages

The chemical composition of functional beverages during the 30 days of storage at 4+1°C was
determined. Table 2. shows the antioxidant components of functional beverages and pumpkin pulp. PP
had the greatest quantities of PB-carotene, vitamin C, flavonoids, and total phenols (10.67+1.23,
12.1140.32, 3.1440.22, and 42.98+0.12 mg/100 g) respectively. Furthermore, the antioxidant activity
of PP was determined 81.92+1.23 mg/100 g however this was not investigated in the SBM, SW, or MP
assays.

Table 2: The antioxidant composition of by-products and pumpkin pulp used in prepared functional

beverages.
Antioxidants composition (mg/100g ) SBM Sw MP PP
B-Carotene ND ND ND 10.67+1.234
Antioxidant activity 18.23+0.218  7.98+0.32P 11.04+£0.34¢  81.92+1.23%
Total phenols ND ND ND 42.98+0.128
Total flavonoids ND ND ND 3.14+0.22°
Vit. C ND ND ND 12.11£0.324

Sweet Buttermilk (SBM); Sweet Whey (SW); Milk Permeate (MP), and Pumpkin pulp (PP). Different lowercase
superscript letters show a significant difference (p< 0.05). ND: Not detected

Several studies have looked into the carotenoid content of pumpkin, but little is known about the
phenolic content and antioxidant activity of pumpkin. As a result, the findings agreed with those of
(Panato and Muller 2022), who stated that fruits and vegetables, such as pumpkin, have a high
concentration of carotenoids, vitamins, and dietary fiber and are commonly recognized as an essential
component of a healthy diet.

Table 3. showed the chemical composition of functional beverages SBM, SW, and MP as controls
for SBMci, SWc2, and MPc3, and after pumpkin pulp addition as treatments for SBMr;, SWr, and
MPr13. The results obtained were presented both fresh and after 30 days of storage. Fresh SBMci and 11
was the highest DM values at 14.88+0.05 and 15.994+0.01 % respectively. Whereas SBMc anda 11 after
30 days of storage were 14.98+0.02, and 16.12+ 0.04 % respectively. On the other hand, fresh SW¢2, and
12 showed the lowest DM content 10.22+0.22, and 13.66+0.2% respectively. While SWc2, ana 2 after 30
days of storage were 10.27+0.2, and 13.70+0.2% respectively. Also, SBMci anda 11 showed the highest
fat levels in freshly treated at 1.11+0.05, and 0.68+0.2% respectively as well, it was 1.11+0.11, and
0.69+0.21% after 30 days of storage. While SWc2 ana 12 had high similarity results in both fresh and after
30 days of storage 0.20+0.2, and 0.2340.2% respectively.

SBM had greater protein and ash levels as compared to the other treatments. In the same
comparison, MP receives the lowest score in both controls and after pumpkin addition. While the results
for carbohydrates varied, the highest values for PMc3 ana 13 With fresh carbohydrates were 9.3340.43
and 10.81%0.2 %, respectively. While it was 9.32+1.12% and 10.76+3.11% after 30 days of storage,
respectively. SBMci ana 11 had the lowest carbohydrate levels while fresh at 9.33+0.43% and 30 days of
storage had 10.81+0.2%. Furthermore, fresh SBMc| ana 11 had the greatest pH values of 6.4+0.05 and
6.8240.02, and during 30 days of storage, they showed 6.01+£0.01 and 6.50+0.14, respectively, whereas
PMcs and 13 had the lowest pH values of 5.86+0.21 and 6.48+0.3, and during 30 days of storage,
5.47+0.16 and 6.12+0.31, respectively.
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Table 3: Chemical composition of functional beverages fortified with pumpkin pulp (Mean+SD).

SBM SwW MP
Chemical
composition % Fresh
C T C: T Cs Ts
Dry matter 14.88+0.058¢  15.99+0.14¢ 10.22+0.22F¢  13.66+0.2P¢ 10.35+£0.025¢  13.72+0.02¢¢
Fat 1.11£0.054¢  0.68+0.25¢ 0.20+0.2Fd 0.23+0.2F¢ 0.43+0.2¢d 0.35+0.2P¢
Protein 4.59+0.024¢  2.39+0.2B4 0.64+0.3% 0.61+0.1¢ 0.22+0.4% 0.39+0.5%¢
Ash 0.71£0.01°¢  1.33+0.24¢ 0.51+0.35 1.23+0.348¢ 0.36+0.65™ 1.15+0.1¢¢
Fiber ND 1.01£0.24¢ ND 1.01£0.444 ND 1.01£0.24¢
Total Carbs 8.47+0.05% 10.60.28¢ 8.86+0.02F4 10.56+0.2<° 9.33+0.43P¢ 10.81£0.244
pH 6.4+0.05% 6.82+0.0242 6.13+0.03P? 6.64+0.282 5.86+0.21F2 6.48+0.3¢
10 days
Ci Ti C: T2 Cs Ts
Dry matter 14.95+0.028¢  16.07£0.274°  10.24+0.2F¢ 10.27+0.2P¢ 13.67+0.025¢  13.73+0.02¢°
Fat 1.114£0.024¢  0.68+0.018¢ 0.20+0.3F¢ 0.23+0.11%° 0.43+0.05¢¢ 0.3540.5P¢
Protein 4.61£0.014°  2.40+0.02B¢ 0.65+0.1¢¢ 0.62+0.2P¢ 0.2340.05%¢ 0.40+0.2F¢
Ash 0.7240.05P°  1.33+0.24° 0.52+0.05%¢ 1.2440.035¢ 0.3740.3%¢ 1.16+0.02¢¢
Fiber ND 1.01+0.014° ND 1.01+0.05%° ND 1.0140.14°
Total Carbs 8.46+0.05F¢ 10.62+0.5¢ 8.86+0.01F° 10.55+0.28¢ 9.33+0.05"° 10.81+0.14¢
pH 6.34+0.5 6.68+0.014° 6.02+0.02P° 6.49+0.03P° 5.73+0.01F° 6.32+0.05
20 days
C1 T C: T Cs T3
Dry matter 14.94+0.228%  16.09+0.734%  10.25+0.24"  13.68+0.2P° 10.38+ 0.02F°  13.72+0.02¢°
Fat 1.11£0.05%°  0.69+0.22B% 0.2+0.05 0.23+0.1F2 0.43+0.05° 0.35+0.01P°
Protein 4.63+0.54° 2.42+0.025° 0.66+0.01¢° 0.63+0.15P° 0.25+0.5™ 0.41£0.1%
Ash 0.73+£0.05°  1.3440.14° 0.53+0.12F° 1.24+0.115° 0.37+0.01% 1.16+0.13<®
Fiber ND 1.0140.124° ND 1.010.0442 ND 1.0140.154°
Total Carbs 8.46+0.21F°  10.62+0.04%°  8.86+0.1F° 10.55£0.01€®  9.32+0.12P° 10.7+£0.114°
pH 6.2+0.11¢¢ 6.60£0.01 A 5.88+0.51 D¢ 6.36+0.05 B¢ 5.61£0.1F¢ 6.22+0.01¢¢
30 days
Ci Ti C2 T2 Cs Ts
Dry matter 14.98+0.0282  16.12+ 0.044*  10.27+0.2F2 13.70+0.2P2 10.40+0.0152  13.73+0.04%
Fat 1.11£0.1142  0.69+0.218a 0.20+0.12F2 0.23+0.01P2 0.43+0.15% 0.35+0.11¢
Protein 4.70+0.034  2.4440.13Ba 0.67+0.11¢ 0.64+0.12P2 0.26+0.11F2 0.42+0.01F2
Ash 0.73+£0.11°*  1.34+0.0142 0.53+0.03E2 1.24+0.15% 0.38+0.14%2 1.17+0.51¢
Fiber ND 1.014+0.1342 ND 1.01£0.1542 ND 1.01+0.0142
Total Carbs 8.43+0.31F 10.61+2.182 8.85+0.14F2 10.55+2.11¢8 932411202 10.76+3.1142
pH 6.01£0.01%¢  6.50+0.14¢ 5.65+0.0254 6.24+0.118¢ 5.47+0.16F 6.12+0.31¢¢

Sweet Buttermilk (SBM); Sweet Whey (SW); Milk Permeate (MP), and Pumpkin pulp (PP). C 3 treatments are
controlled without fortified pumpkin pulp. T; 23 treatments with fortified 50 % pumpkin pulp; ND: Not detected; A, B,
C, D: Means with the same letter in the same character assessed for each treatment during the storage period are not
significantly different (p< 0.05). a,b,c,d: Means with the same letter in the same character assessed among treatments
in the same storage period are not significantly different (p<0.05).

The DM results agreed with (Atallah 2015) who suggested that the slight increase in DM during
storage might be due to moisture loss during cold storage. Furthermore, the obtained findings were
consistent with those (Varzakas and Verpoort 2016) who investigated the chemical composition of their
products enriched with pumpkin pulp, papaya pulp, and apple pulp, resulting in lower fat and protein
content than raw milk. Furthermore, the increased total carbohydrate load was due to the higher sugar
concentration used in product manufacturing. In addition, the obtained results were consistent with
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those (Barakat and Hassan 2017) who investigated that the inclusion of pumpkin pulps decreased the
pH of pumpkin yogurt significantly (p<0.05). Also, it corresponded with those of (Men et al., 2021)
who stated that pumpkin is high in dietary fiber, carotene, minerals, and vitamins. In addition, it agreed
with (Patel ef al., 2020) who reported that pumpkin pulp has a high carotene concentration of 3
mg/100g.

3.3. The vitamin and mineral content analysis

Table 4. showed the vitamin C and mineral content of functional beverages during control
treatment and after pumpkin pulp addition. The results revealed no significant difference (p<0.05)
across treatments. SBMci ana 11 had the highest vitamin C concentrations of 3.02+0.01 and 7.71+0.01
mg/100g, respectively. While MPc3 and 13 had the highest concentration with 2.10+£0.01 and 7.25+0.03
mg/100g. Furthermore, the mineral content of the treatments differed considerably (p<0.05). SBM also
has the greatest amounts of K, Mg, Ca, and Zn. While MP had the greatest amounts of Fe and Cu.
Furthermore, SW had the greatest amount of Na in both the control and pumpkin pulp additions.

Minerals and vitamins are necessary for growth, development, wound healing, immunity, and
other physiological functions. Furthermore, the results were entirely consistent with (Unal et al., 2022)
who demonstrated that pumpkin, like other fruits and vegetables, is high in vitamins and minerals.

Table 4: The vitamin and minerals content mg/100g of functional beverages fortified with pumpkin

pulp (Mean£SD).
Component Treatments
(mg;)IOOg) SBM SW MP
Ci Ti C: Tz Cs Ts
Vit. C 3.02+0.014 7.71£0.014  2.41£0.114 7.40+0.324 2.10£0.018  7.25+0.034

Na 16.02+£0.034  9.21+0.01*B  21.46+0.14®  11.93+0.02* 18.27£0.218  10.33+0.144B
K 101.28+0.118  211.14+0.18  13.78+0.234  167.39+0.3248  12.56+0.114 166.78+0. 334
Mg 2.3440.214 6.89+0.314  2.18+0.33% 6.81£0.014 2.07+0.014  6.75+0.014
Ca 92.96+0.314  57.65£0.414 46.63+£0.3248  33.48+0.014 57.38+0.234  38.86+0.02°
Fe 0.04+0.014 0.39+0.014B  0.26+0.01¢ 0.50+0.314 0.324+0.4148  0.53+0.014
Cu 0.02+0.114 0.08+0.01¢  0.04+0.11€ 0.09+0.044 0.05+£0.15¢  0.09+0.05*

P 59.47+0.114  45.73£0.41% 24.75+0.4% 28.38+0.11¢ 27.98+0.034  29.99+0.02¢
Zn 0.05+0.41°¢ 0.1840.014  0.04+0.12% 0.18+0.23B 0.03+0.518  0.17+£0.014

Sweet Buttermilk (SBM); Sweet Whey (SW); Milk Permeate (MP), and Pumpkin pulp (PP). C,3 treatments are
controlled without fortified pumpkin pulp. T, treatments with fortified 50% pumpkin pulp; A, B, C, D: Means with
the same letter in the same character assessed for each treatment during the storage period are not significantly different
(p<0.05).

3.4. Antioxidant activity of functional beverages

Table 5. showed the antioxidant activity of all functional beverages including pumpkin was higher

than in the control samples. However, during storage periods antioxidant activity was significantly
different (p<0.05) among all treatments.
The total phenol content of functional beverages in a pumpkin was higher than that in control samples
(p<0.05). Furthermore, the total phenol level in the fresh functional beverages varied from 0.002+0.01
to 22.67+0.11 mg/100g. While stored for up to 30 days increased from 0.002+0.01 to 22.32+0.22
mg/100g.

The findings agreed with those of (Ozer and Ozturk 2022) who indicated that pumpkin is a good
source of antioxidants, total phenols, total flavonoids, and vitamin C, all of which are important
nutrients in the human diet. They also observed that antioxidant activity levels decreased somewhat
during cold storage. It also agreed with (Barakat and Hassan 2017) who found that adding pumpkin
pulp to yogurt enhanced the antioxidant content.
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Table 5: Total phenolic content (equivalent mg of Gallic acid/100 g) and antioxidant activity (%) of
functional beverages supplemented with pumpkin pulp (Mean = SD).

Storage Total phenol (equivalent mg Gallic acid/100gm)
period/ SBM SW MP
days Ci T C T2 G T
0 1.00+£0.21P%  22.67+£0.114* 0.08+£0.23F2  21.32+0.22B¢  0.02+0.23F 20.90+0.44¢
10 0.82+0.01°%  22.48+0.304° 0.07+0.24%°  21.15+0.218%  0.01+0.217 20.7140.54<°
20 0.70£0.07P¢  22.37+0.21%°  0.04+0.31F¢ 21.03+0.408¢  0.005+£0.21F¢  20.62+0.21¢¢
30 0.52+0.25P¢  22.32+0.2244  0.02+£0.328¢  20.94+0.248¢  0.002+0.01F¢  20.51+£0.45%4
Antioxidant activity (%)
SBM SwW MP
Ci Ti C: T2 Cs Ts
0 17.1240.27%  46.37£0.294%  11.18+1.01%%  43.89+0.318%  11.05+2.21F  43.16+3.2¢
10 17.01£0.21°°  46.310.234°  11.04£1.24%  43.83+2.215°  10.92£1.21™  43.09+3.01<°
20 16.95+0.34P°  46.27+£0.25%  10.99+0.31F¢  43.79+0.115¢  10.86+0.21F  43.04+2.21¢¢
30 16.91£0.22%4  46.25+0.014¢  10.94+0.115%¢  43.76+3.318¢  10.80+£0.237  43.01x1.27%

Sweet Buttermilk (SBM); Sweet Whey (SW); Milk Permeate (MP), and Pumpkin pulp (PP). C;,3 treatments are
controlled without fortified pumpkin pulp. T3, treatments with fortified 50% pumpkin pulp; A, B, C, D: Means with
the same letter in the same character assessed for each treatment during the storage period are not significantly different
(p< 0.05). a,b,c,d: Means with the same letter in the same character assessed among treatments in the same storage
period are not significantly different (p<0.05).

3.5. Microbiological evaluation of functional beverages

Microbiological analysis displayed that there was a significant difference (p<0.05) between
functional beverage treatments and control samples during cold storage (Table 6). The highest total
count of bacteria was MPc3 showed 4.75+0.09 log cfu/ml after 30 days of storage while the lowest count
was SBMr,; at zero time showed 4.09+0.05 log cfu/ml. Notably, there are no fungus or molds were
detected in any of the treatments during the storage period.

Table 6: Microbiological evaluation (log cfu/mL) of functional beverages supplemented with pumpkin

pulp (Mean+SD).
Storage SBM Sw MP
period/days Total bacterial count log cfu/mL
Ci T C: T2 Cs Ts

0 4.14£0.02%¢  4.09+0.057¢  4.13+0.01¢¢ 4.10+0.025¢  4.18+0.0284¢  4.11+0.21"¢
10 4.19£0.03%  4.17+0.045¢  4.21+0.001% 4.16+0.23F 4.29+0.524¢ 4.18+0.41P¢
20 434021 423+0.03™  436+0.32%°  426+0.06"™  4.41+0.227° 4.30+0.11°°
30 4.53£0.61°*  4.3240.047  4.56+0.245 4.34+0.065  4.75+0.09%  4.51+1.01>*

Sweet Buttermilk (SBM); Sweet Whey (SW); Milk Permeate (MP), and Pumpkin pulp (PP). C,,3 treatments are
controlled without fortified pumpkin pulp. T3, treatments with fortified 50% pumpkin pulp; A, B, C, D: Means with
the same letter in the same character assessed for each treatment during the storage period are not significantly different
(p< 0.05). a,b,c,d: Means with the same letter in the same character assessed among treatments in the same storage
period are not significantly different (p<0.05).

The total number of bacteria in dairy products plays a key role in the safety improvement and
quality enhancement of the final product (De Paula et al., 2021). The findings were consistent with
those of (Jantapaso and Mittraparp-arthorn 2022) who indicated that bioactive compounds are based on
phenolic compounds (flavonoid, phenols) that had antimicrobial activity on bacterial viability.

Yeasts and molds are indicators of general hygiene during the production process of functional
beverages, whether fresh or stored, which may cause health problems in the future. The results obtained
are consistent with (Atallah 2015) who demonstrated that yeasts and molds were not detected during
treatments, whether fresh or during cold storage, due to good hygienic conditions during the
manufacturing and storage process.
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3.6. Viscosity and flow time assessment

In comparison to the control samples, pumpkin fruits enhanced the viscosity of the produced
beverages. Figure 1. demonstrates that functional beverages containing pumpkin pulp had higher total
solids levels, which may explain our findings. The findings were strikingly similar to those (Atallah
2015) who discovered that adding fruit pulp such as papaya or guava considerably enhanced the
viscosity of beverages while the control treatment was significantly decreased.

| ufresh m10days m20days ™ 30days I

1800 -
: 1592
1600 | 1499
| 1389
1400 | 1231 - 30
! o 109 1113 1208 41k
=]1200 &5
<] 961351 100 1005+ 1028
Z 1000 | j 893r 86
7 1 78
§ 800 !
5] 600 |
1
400 !
200 |
i |
a E]
Sweet buttermilk Sweet whey Milk Permeate

Control, C, 23 and by-products treatments after pumpkin pump addition T 23
Fig. 1: Viscosity (cp) of functional beverages fortified with pumpkin pulp

Pumpkin beverages may have the highest viscosity owing to the presence of fiber stabilizers,
which have favorable functional properties such as texture, gelling, thickening, emulsification, and
stability in dietary fiber-enriched diets (Men et al., 2021). Viscosity is a measurement of a fluid's
internal friction; it may also bind water, which might improve product consistency by increasing water-
binding capacity (Caili et al., 2007). The results also revealed that the viscosity of the control sample
buttermilk was greater than the other control samples such as sweet whey or milk permeate. This might
be due to an increase in the number of solids in the buttermilk. Additionally, Figure 2. showed the flow
time and it displayed that SBMr; had higher flow time values during fresh or cold storage compared to
the other treatments and the control. Moreover, the effect of adding pumpkin and storage time was
significant (p<0.05). the results are in agreement with (Barakat and Hassan 2017) who reported that
adding pumpkin pulp to the mixture altered the flow time/sec and viscosity.
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Fig. 2: Flow time/Sec of functional beverages fortified with pumpkin pulp
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3.7. Sensory evaluation

There were no significant variations in sensory assessment across samples p<0.05 (Table 7). A
taste panel gave all functional beverages containing pumpkins an extraordinarily high score for
acceptability. The organoleptic scores of all treatments improved after 10 days of cold storage. There
were no differences in sensory measures across the treatments after 20 days of storage. While, after 30
days of cold storage, a similar trend occurred for all of the tested items, with slight decreases in the
obtained score. The beverage samples containing pumpkin pulp achieved the highest overall score
ranging from 91+0.08 to 98+0.76 during storage. Given the potential benefits of functional beverages
containing pumpkin pulp, they might be utilized to mask any flavor or aroma concerns. The findings
were consistent with those (Atallah 2015) who explored whether adding fruit pulp to products improves
sensory evaluation.

Table 7: Sensory evolution of functional beverages fortified with pumpkin pulp.

S SBM SwW MP
e Gar
Ci T C2 T2 Cs Ts
0 8+0.01* 10£0.212 8+0.11* 10+0.312 8+0.03* 104£0.04*
10 8+0.21° 10+£0.312 8+0.01° 10+0.322 8+0.41° 10+0.212
20 7+0.04* 10+0.022 8+0.07° 10£0.21% 8+0.15° 10+0.312
30 7+0.06* 10+0.042 7+0.022 10+0.072 7+0.112 10+0.312
Appearance (30)

Ci T: C2 Tz Cs T3
0 28+0.03* 30+0.012 254+0.01% 30+0.212 28+0.32% 30+0.012
10 28+0.022 30+0.212 25+0.03° 30+0.30% 27+0.01° 30+0.412
20 25+0.01° 30+0.06* 24+0.21° 28+0.517 25+0.84° 30+0.06*
30 15+0.01°¢ 28+0.05* 12+0.01% 25+0.03° 15+0.012 26+0.81°

Flavor (60)

Ci T C2 T2 Cs Ts
0 45+0.342 58+0.312 43+0.54° 57+0.01% 44+0.91° 58+0.05°
10 45+0.06° 58+0.012 43+0.05% 57+0.412 424+0.01¢ 58+0.032
20 40+0.01°¢ 57+0.51° 42+0.61° 56+0.022 40+0.07° 5740.03¢
30 40+0.04* 55+0.23% 40+0.01° 54+0.01° 40+0.01 55+0.01°

Total (100)

Ci T C2 T2 Cs T3
0 81+0.23° 98+0.02? 76+0.41% 97+0.91°¢ 80+0.712 98+0.76*
10 81+0.432 98+0.91? 76+0.76° 974+0.70* 77+0.01¢ 98+0.01?
20 72+0.51% 97+0.63* 72+0.23¢ 93+0.66* 73+0.88* 97+0.31°
30 62+0.01° 934+0.07* 59+0.012 88+0.31° 62+0.91* 91+0.08*

Sweet Buttermilk (SBM); Sweet Whey (SW); Milk Permeate (MP), and Pumpkin pulp (PP). C,3 treatments are
controlled without fortified pumpkin pulp. T3, treatments with fortified 50% pumpkin pulp; A, B, C, D: Means with
the same letter in the same character assessed for each treatment during the storage period are not significantly different
(p< 0.05). a,b,c,d: Means with the same letter in the same character assessed among treatments in the same storage
period are not significantly different (p<0.05).

4. Conclusion

Combining pumpkin pulp with milk by-products such as buttermilk and sweet whey, or milk
permeates in a 1:1 ratio with 4 % sugar, can efficiently generate a functional nutritious beverage.
Because of its high antioxidant activity, total phenols, total flavonoids, ascorbic acid, and carotenoids,
pumpkin pulp improved the flavor and nutritional value of the functional beverage. Furthermore, the
sensory assessment of functional beverages was quite acceptable. Generally, pumpkin is highly
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recommended as a flavor enhancer and public health support ingredient in functional beverage
production. Based on the chemical composition, microbiological examination, sensory functions, and
antioxidant activity of the final product, recycling of dairy by-products reduces the total cost of
functional beverages as well as improves the environmental impact.
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