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ABSTRACT

Article History The consumption of plant-based yogurt has increased due to its health benefits and its
Received: 24 September 2025 importance in the nutritional intake of the elderly and individuals with higher energy
Revised: 22 December 2025 . .. . . N . - .
Accepted: 26 January 2026 requirements. Additionally, it provides a lactose-free alternative for people with lactose
Published: 17 February 2026 intolerance and those following a vegetarian lifestyle. This study aimed to enhance the

quality characteristics of plant-based yogurt by developing a probiotic and antioxidant-
Keywords rich product prepared from oat milk supplemented with 8% sugar, 0.5% xanthan gum,
Functional foods . . .
Oat milk and inoculated with 8% ABT-3 starter culture (Streptococcus thermophilus,
Plant-based yogurt Lactobacillus acidophilus, and Bifidobacterium bifidum). After fermentation at 89°C for

Probiotic bacteria . . Lo . - N - .
Sensory evaluation 16 hours, strawberry puree was added at ratios ranging from 0 to 20%. The final products

Strawberry puree. were stored at 4°C for 21 days. The evaluation of the physiochemical characteristics of
oat milk and yogurt samples was conducted after preparation, including changes in
acidity, pH values, color attributes, phenolic compounds, anthocyanins, antioxidant
activities, viable probiotic count, and sensory properties during 21 days of cold storage
at 4°C. The results showed that adding strawberry puree to yogurt samples significantly
increased total solids, carbohydrates, acidity, phenolic and anthocyanin contents, and
antioxidant activity, with these increases being directly proportional to the amount of
strawberry puree added. This also improved probiotic viability, maintaining levels above
the recommended minimum of 106 CFU/mL or g during cold storage. The yogurt
containing 15% strawberry puree achieved the highest sensory scores. The study
demonstrates the potential for producing a highly acceptable, antioxidant-rich, probiotic
plant-based yogurt from oat milk enriched with strawberry puree.

Contribution/Originality: This study presents new plant-based alternatives to conventional dairy products, a
lactose-free alternative that combines nutritional and functional benefits with good sensory properties, by producing
oat-based yogurt prepared from oat milk, strawberry purée, and probiotic bacteria. It demonstrates improved

antioxidant activity, phenolic, and anthocyanin content and maintains probiotic viability throughout cold storage.

1. INTRODUCTION

The production of plant-based yogurt plays an important role in meeting the nutritional needs of various groups,
particularly the elderly and individuals who require energy- and protein-rich foods. Recently, the plant-based milk
sector has experienced significant growth. The use of plant-based milk is increasing, and the industry is evolving to
produce beverages with beneficial properties, such as those that mitigate the effects of aging, prevent disease, or
improve nutrition, meeting the diverse needs of various populations. In recent years, soybean, oat, and coconut have
been recognized as functional foods due to their richness in proteins, dietary fiber, minerals, antioxidants, vitamins,

and energy (Naz, Raza, Murtaza, Naz, & Farooq, 2023). Functional foods are characterized as foods or dietary
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components that provide health benefits exceeding basic nutrition. A food's functionality can be achieved through the
application of various technological or biological methods, which may include increasing the concentration of certain
elements, adding, removing, or modifying specific components, as well as improving their bioavailability, provided
these changes have a functional effect (Roberfroid, 1999). Arpita, Raychaudhuri, and Chakraborty (2012) observed
that growing health awareness and the widespread accessibility of information regarding the advantages of various
diets and their connection to overall well-being have steadily driven up the demand for functional foods. These include
toods or ingredients that deliver positive effects on health and/or reduce the risk of chronic diseases beyond their
fundamental nutritional roles. With consumers increasingly focused on health and the potential of functional foods
to promote healthier lifestyles, there is now a heightened demand for food products offering diverse health benefits.
It is important to note that functional foods are not merely dietary supplements, pharmaceuticals, or antibiotics;
rather, they constitute a fundamental part of a typical diet for both humans and animals. Moreover, functional foods
are cost-effective and readily accessible in the marketplace. Regular intake of functional foods can help prevent
gastrointestinal disorders and also alleviate various acute and chronic health problems. Incorporating probiotics into
human food can effectively transform standard food items into functional foods, providing additional health benefits
(Shiomi & Savitskaya, 2022).

Oat milk is considered a promising alternative to conventional milk. It has a creamy, milk-like flavor and serves
not only as a fundamental plant-based nutritional drink but also contributes to a healthy lifestyle (Bocchi et al., 2021).
Oat milk yogurt is devoid of many allergens present in other milk varieties. Additionally, it offers numerous health
advantages, such as reducing blood sugar levels, lowering cholesterol, and preventing cancer (Jeske, Zannini, &
Arendt, 2018). Oat yogurt is rich in fiber that acts as a prebiotic, promoting the growth of beneficial bacteria and
exhibiting anti-pathogenic properties. Furthermore, oat milk yogurt contains protein, fat, carbohydrates, dietary
fibers, riboflavin, calcium, phosphorus, iron, potassium, calories, and vitamins A and D (El-Batawy, Mahdy, & Gohari,
2019). Oat milk yogurt provides various health benefits, as it is a lactose-free, plant-based yogurt. Moreover, it is a
source of vitamins B2 and B12, which aid in lowering blood cholesterol levels, thus benefiting heart and bone health.
Plant-based yogurt is rich in unsaturated fatty acids that help reduce the risk of cardiovascular diseases. IFor those
with lactose intolerance, consuming plant-based milk is advantageous. This type of yogurt is nutrient-dense and
mineral-rich, serving as synbiotic foods that are vital for the human gut and intestines, while also enhancing antibody
production in the body, thereby boosting immunity (Osundahunsi, Amosu, & Ifesan, 2007).

Yoghurt has numerous health benefits, most notably enhancing gut bacteria and releasing a range of bioactive
peptides with functional characteristics such as lowering blood pressure, antioxidant, anticoagulant, opioid,
antimicrobial, cell-regulating, and immunomodulatory properties (Mann et al., 2015).

The most prevalent method for producing functional dairy products is the incorporation of probiotic
microorganisms into yogurt. The Food and Agriculture Organization and the World Health Organization
characterize probiotics as live microorganisms which, when administered in adequate amounts, confer a health benefit
on the host (FAO, 2013). Recently, food products that contain probiotic bacteria, referred to as 'probiotic foods', have
been defined as 'foods that contain live and specific bacteria which, when consumed in adequate amounts, yield
beneficial effects by modifying the host's microflora' (FAO, 2013; Schrezenmeir & De Vrese, 2001).

The incorporation of whey protein concentrate powder into food formulations is primarily due to its health
advantages. Additionally, whey proteins can enhance the technological attributes of food products, as they can boost
the protein levels and improve the viscosity of fortified items. As a result, fortifying vegetarian fermented products
with whey proteins may enhance their attributes, such as nutritional value, consumer acceptability, and the viability
of probiotic microorganisms (El-Batawy et al., 2019).

Strawberries Fragaria ananassa are among the most widely consumed fruits and are known for their high
nutritional value. Strawberry is a soft, juicy, and delicious fruit that is available during the spring and summer seasons.

Strawberries are appreciated for their outstanding sensory characteristics, including their vibrant red hue, smooth
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texture, delightful taste, and fragrant aroma. Moreover, they are a good source of micronutrients and phytochemical
compounds, particularly ascorbic acid, anthocyanins, and phenolic compounds (Cao et al., 2012; Jiang et al., 2022).

Fruits, especially strawberries, possess pharmacological and biochemical characteristics, primarily due to their
antioxidant properties, fiber content, and a variety of other compounds. Due to its importance as a nutritious source
of bioactive compounds with antioxidant, anti-inflammatory, and antimicrobial effects, its use in yogurt production
has increased in recent years. Strawberries are added to yogurt not only to enhance its taste but also to improve its
functional and health benefits (Nikmaram, Mousavi, Emam-Djomeh, Kiani, & Razavi, 2015; Sadaghdar, Mortazavian,
& Ehsani, 2012; Sobti, Alhefeiti, Alahdali, Al Samri, & Kamal-Eldin, 2023). The health benefits of the fruit are
primarily related to its antioxidant components, especially phenolic compounds and flavonoids (Pérez-Lamela,
Franco, & Falqué, 2021).

This study aimed to enhance the nutritional values and functional characteristics of plant-based yogurt through
the incorporation of oat milk, probiotic cultures (Streptococcus thermophilus, Lactobacillus acidophilus, and
Bifidobacterium bifidum), and fortification with whey protein and strawberry puree as sources of bioactive

compounds.

2. MATERIALS AND METHODS
2.1. Materials and Equipment

Dried whey protein concentrate (DWPC) was procured from Mullins Whey Company, originating from the USA.
Oat flakes, strawberries, skimmed milk powder (97% DM) produced in Poland, and sugar were acquired from the
local market in Jeddah, Saudi Arabia. Food-grade a-amylase derived from Bacillus subtilis in powder form (activity
of 2000 IU) and ABT-3 DIP 50 pM, containing lyophilized strains of Streptococcus thermophilus, Lactobacillus
acidophilus, and Bifidobacterium bifidum, were obtained from Chr. Hansen Laboratories in Denmark. Meanwhile, the
equipment used in this study included incubator oven dehydrators, vortex mixers, pH meter, homogenizer, blender,

grinders, analytical scales, centrifuges, and spectrophotometer.

2.2. Preparation of Starter Cultures
The mother cultures were prepared by adding 1% lyophilized strains of Streptococcus thermophilus,
Lactobacillus acidophilus, and Bifidobacterium bifidum (ABT-3 DIP 50 uM) to 12% reconstituted sterile skim milk

powder. This mixture was then incubated at 39°C for 4—6 hours until ready for use.

2.8. Preparation of Oat Milk

Approximately 1000 grams of oat grains were ground in a laboratory mill to produce fine oat flour, which was
subsequently mixed with 2.7 liters of water, and a 0.04% (w/w) calcium chloride solution was incorporated as an
enzyme catalyst. The oat mixture was treated with amylase enzyme (77.78 mg/kg of rolled oats) to facilitate
liquefaction, a process that continued for 49 minutes at 75°C. Following this phase, the liquefied oat solids were
filtered through a muslin cloth to yield OM. Finally, the amylase enzyme activity was inhibited by heating the mixture
to 100°C for 5 minutes (Deswal, Deora, & Mishra, 2014).

2.4. Preparation of Strawberry Puree

The strawberry puree was obtained according to the following stages: Initially, the strawberry fruits were sorted
to eliminate any non-conforming fruits and inedible components. Following this, they were thoroughly cleaned,
washed, and cut into small pieces. Strawberry pieces were mixed with 20% (w/w) sugar, blended using a blender for
3 minutes until a homogeneous mass was obtained. They were then pasteurized at 85°C for 20 minutes. The
strawberry puree was immediately transferred into sterile containers, and the packaged product was stored at 5°C

until use.
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2.5. Production of Plant-Based Yogurt Samples

Oat milk samples were fortified with 2% DWPC (whey protein concentrate powder) and heated with continuous
stirring until they reached 60°C. Following this, 8% sugar and 0.5% xanthan gum were incorporated into the mixture.
Subsequently, the mixture was homogenized at 5000 rpm for 3 minutes. The homogenized mixture underwent
pasteurization at 95°C for 15 minutes and was then cooled to 40°C. After cooling, the mixture was inoculated with
3% ABT-38 starter culture, containing Streptococcus salivarius thermophilus, Lactobacillus acidophilus, and Bifidobacterium
bifidum. The inoculated mixture was incubated at 39°C for 16 hours (reaching a pH value of 4.5) until curd formation
was complete (plant-based yogurt). After the incubation period, yogurt samples were cooled to 25°C for 30 minutes
and then stored in a refrigerator at 4°C overnight. The plant-based yogurt was divided into five equal parts, with
strawberry puree added as follows: the first portion (PY0) was the control sample of plant-based yogurt (without
strawberry puree), the second portion (PY1) was plant-based yogurt with 5% strawberry puree added, the third
portion (PY2) was plant-based yogurt with 10% strawberry puree added, the fourth portion (PY3) was plant-based
yogurt with 15% strawberry puree added, and the fifth portion (PY4) was plant-based yogurt with 20% strawberry
puree added. After thorough mixing, the final products were transferred into 150-ml plastic containers and stored at

4°C for 21 days. Plant-based yogurt samples were analyzed on the 15, 7 14t and 215t days of storage at 4°C.

2.6. Physicochemical Analysis

Total solids, fat, titratable acidity, crude fibers, ash, and protein contents in oat milk, whey protein concentrate
powder, strawberry puree, and plant-based yogurt samples were determined according to the method (AOAC, 2019).
Total carbohydrate content was calculated by difference. The pH value of the homogenized samples, prepared by
adding water in a 1:1 ratio, was measured using a digital pH meter. The color properties of the plant-based yogurt
samples were evaluated using a Minolta Chroma Meter CR-300 (Minolta, Osaka, Japan). The measurements included
L* for whiteness, a* for redness, and b* for yellowness, following the CIE L*a*b* color system.

The total phenolic content of oat milk, strawberry puree, and plant-based yogurt samples was determined using
the Folin-Ciocalteu method, adhering to the procedure described by Singleton, Orthofer, and Lamuela-Raventés
(1999). In this procedure, 40 UL of the extract was diluted with 3.16 mL of distilled water and mixed with 200 uL of
Folin-Ciocalteu solution. After a three-minute interval, 600 uL of 20% sodium carbonate (Na,COs) solution was
added, and the mixture was maintained in the dark at a temperature of 25°C for two hours. The absorbance of the
mixture was measured at a wavelength of 760 nm using a UV-1650 PC spectrophotometer. The total phenolic content
was determined in milligrams of gallic acid equivalent (GAE) per 100 grams of sample by referencing a standard
curve prepared using gallic acid.

The antioxidant activity of oat milk, strawberry puree, and plant-based yogurt samples was assessed using the
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay, following the method described by Apostolidis,
Kwon, and Shetty (2007). A volume of 200 mL of sample extract was mixed with ethanol in a test tube, followed by
the addition of 2.4 mL of DPPH solution, and then kept in the dark for 80 minutes. Afterwards, the absorbance was
recorded at 517 nm using a UV-1650 PC spectrophotometer, compared to the blank sample, which consisted of 200

UL of distilled water. The results were calculated as a percentage of free radical inhibition based on the following

equation.
[Absorbance Comml—Absorbance samplsele;(tract
0, —
DPPH (A)) B [ Absorbance control] x 100 (l)
517

The anthocyanin content of oat milk, strawberry puree, and plant-based yogurt samples was assessed using the
method described by Moor, Karp, P6ldma, and Pae (2005). For this assessment, 20 grams of the sample were
homogenized with 40 grams of a mixture consisting of ethanol and hydrochloric acid (85:15 v/v) for one minute.

Subsequently, the mixture was filtered, and the sediments were washed three times with 10 mL of ethanol and 1.5 M
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hydrochloric acid (8 x 10 mL). The absorbance of the filtrate was measured at a wavelength of 535 nm using a UV

spectrophotometer.

2.7. Viable Counts of Probiotic Bacteria

Bifidobacterium bifidum was enumerated following the method outlined by Dave and Shah (1998), utilizing
modified MRS agar supplemented with 0.05% L-cysteine and 0.3% lithium chloride. The plates were incubated
anaerobically at 37°C for 48—72 hours. Lactobacillus acidophilus was counted using Bile MRS agar, based on the
guidelines provided by Vinderola and Reinheimer (1999). These plates were incubated aerobically at 37°C for 72
hours. Streptococcus thermophilus was enumerated using M17 agar following the protocols described by Terzaghi

and Sandine (1975) as well as Turgut and Cakmakci (2018) with aerobic incubation at 37°C for 48 hours.

2.8. Sensory Evaluations

A thirty-member committee from the Department of Food and Nutrition at the Faculty of Human Sciences and
Design, King Abdulaziz University, Saudi Arabia, conducted an evaluation of the sensory attributes of plant-based
yogurt samples. The participants, aged between 83 and 55 years, received training in sensory analysis following
established guidelines as outlined by Uzuner, Kinik, Korel, Yildiz, and Yerlikaya (2016). During the assessment, the
samples were labeled with random three-digit codes and presented in 100 g plastic containers. The participants
assessed various sensory characteristics such as taste, flavor, appearance, texture, and overall acceptability using a 5-
point hedonic scale (where 1 indicated "unacceptable" and 5 signified "excellent"). To prevent cross-contamination of

flavor, participants were offered water and unsalted crackers between tastings to cleanse their palate.

2.9. Statistical Analysis

All results were conducted in triplicate, with the exception of the sensory characteristics data (n = 30). The
findings were presented as the mean + standard deviation (SD) in this research. The results were analyzed using one-
way ANOVA through the general linear model (GLM) procedure in SPSS (version 20; SPSS Inc., Chicago, IL, USA).

The means were compared using the Duncan multiple comparison test at the p<0.05 level.

3. RESULTS AND DISCUSSION
3.1. Physicochemical Characteristics
3.1.1. Physicochemical Characteristics of Oat Mulk, Strawberry Puree and DWPC

Table 1 summarizes the physicochemical characteristics of oat milk, strawberry puree, and dried whey protein
concentrate (DWPC). The findings revealed that the moisture, total solids, protein, fat, ash, fiber, and carbohydrate
contents of oat milk were 81.63, 18.37, 2.43, 1.68, 0.46, 3.23, and 13.80 g/100g, respectively. These results are
consistent with those of a study conducted by Atwaa, Hassan, and Ramadan (2020), which reported that oat milk
contained 2.30, 2.04, 0.354, 1.74, and 17.30 g/ 100g of protein, crude fiber, ash, fat, and carbohydrates, respectively.
Furthermore, these findings were confirmed by Singhal, Baker, and Baker (2017) and El-Batawy et al. (2019), who
indicated that oat milk contained 2.20%, 1.88%, 0.34%, and 2.04% of protein, fat, ash, and fiber, respectively. The same
table showed that oat milk contained 82.34 mg GAE/ 100 g phenolic compounds, with titratable acidity and pH values
of 0.42% and 5.90, respectively. Meanwhile, the total solids, protein, fat, ash, and carbohydrate contents of dried whey
protein concentrate (DWPC) were 95.37, 87.82, 0.11, 2.54, and 5.40 g/ 100g, respectively. These results align with
those reported by I'rederico et al. (2016 ) and El-Batawy et al. (2019), who found that the total solids, protein, fat,
ash, and carbohydrate content of DWPC were 95.40, 87.36, 0.10, 2.62, and 5.82 g/ 100g, respectively. In contrast, the
total solids, protein, fat, ash, fiber, and carbohydrate content of strawberry puree were 30.47, 0.87, 0.24, 0.43, 2.44,
and 26.71 g/100g, respectively. Additionally, strawberry puree contained 3830.36 mg GAE/100 g phenolic
compounds and 42.62 mg of anthocyanins per 100 g. These findings are consistent with a study conducted by
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Mohamed, Helal, Awad, and Yacoub (2024), which reported that strawberry puree contained 0.67% protein, 0.29%
fat, 0.42% ash, and 2.13% crude fiber. Furthermore, these results were confirmed by Kaptan and Kayisoglu (2024);
Miller, Feucht, and Schmid (2019) Segantini et al. (2015) and De Souza et al. (2014, which showed that strawberry
puree contains phenolic compounds in the range of 300 to 400 mg GAE per 100 g, with titratable acidity between
0.57% and 0.95%, and pH values ranging from 3.67 to 8.75.

Table 1. Physicochemical properties of oat milk, strawberry puree and dried whey protein concentrate (DWPC).

Component oat milk Strawberry puree DWPC
Moisture content g/ 100g 81.63+0.80% 71.84 £0.25b 4.63 + 0.15°
Crude protein g/100g 2.43+0.04 0.87140.15°¢ 87.8241.042
Crude fat g/100g 1.68 £0.022 0.24+0.10° 0.11 £ 0.01°
Crude fiber g/100g 3.2310.082 2.4440.01P ND
Total Ash g/100g 0.46£0.02b 0.43+0.06° 2.54£0.022
Total solids % 18.8740.60¢ 28.1610.38> 95.87 £1.22
Total carbohydrate g/100g 13.80£0.4:5b 26.71£0.772 5.4010.15¢
Titratable acidity % 0.42+0.01° 0.95£0.07% 0.10+0.01¢
pH value 5.90£0.062 3.30£0.02¢ 4.6610.04P
Total Anthocyanin content (mg /100 g) ND 42.62+£1.932 ND
Total phenolic content 32.3410.87P 330.36 £4.60% 10.1210.11b
(mg GAE/100 g)

Note The values represent the averages of three replicates (mean + standard deviation). Means appearing with different letters within a row are significantly

different (P < 0.05). ND = Not detected.

3.1.2. Chemical Composition of Plant-Based Yogurt Samples

Table 2 presents the composition of plant-based yogurt prepared from oat milk, combined with 2% DWPC and
different proportions of strawberry puree (0, 5, 10, 15, and 20%). The results revealed that increasing the amount of
strawberry puree added to plant-based yogurt samples significantly (p<0.05) affected the moisture, total solids, fat,
protein, and carbohydrate content compared to the control plant-based yogurt sample (PYO) prepared without
strawberry puree. Plant-based yogurt samples showed a gradual decrease in moisture, protein, fat, crude fiber, and
ash content, while the total solids and carbohydrate contents increased with increasing proportion of added
strawberry puree. The moisture content of the control yogurt sample prepared without strawberry puree (PY0) was
70.59%, which decreased to 69.44%, 68.46%, 67.29%, and 66.30% for samples PY 1, PY2, PY3, and PY4, respectively.
The addition of strawberry puree to the yogurt samples led to a reduction in their moisture content. These findings
align with those reported by Amal, Eman, and Nahla (2016). The strawberry puree added solids to the plant-based
yogurt samples, thereby lowering their moisture content. The total solids of the control yogurt sample (PY0) were
29.41%, increasing to 30.56%, 31.54%, 32.71%, and 83.70% for samples PY'1, PY2, PY3, and PY4, respectively. As
expected, total solids in the yogurt samples increased with increasing strawberry puree content. This finding is
similar to the results of Jaster et al. (2018). Conversely, fat and protein content decreased as the percentage of added
strawberry puree increased. The protein content of the control sample (PY0) was 2.24%, and gradually decreased to
2.19%, 2.18%, 2.10%, and 2.05% in samples PY1, PY2, PY3, and PY4, respectively. The protein content of the yogurt
samples gradually decreased with increasing proportions of added strawberry puree. This is attributed to the lower
protein content of strawberry puree compared to oat milk. Regarding fat content, the control sample (PY0) contained
1.57%. However, as strawberry puree was incorporated at increasing levels, the fat content gradually decreased to
1.50%, 1.48%, 1.87%, and 1.30% for samples PY'1, PY2, PY3, and PY4, respectively. This decline is consistent with
the lower fat content of strawberry puree compared to oat milk. These findings align with previous studies, which
observed that yogurts with fruit additives tend to exhibit increased total solids but decreased protein and fat content
(Cusmenco & Bulgaru, 2020). The lower fat content in yogurts prepared with strawberry puree added compared to
the control yoghurt sample is attributed to the low-fat content of the strawberry pulp. Similar results were obtained
by Sengiil, Erkaya, and Yildiz (2014). They also reported that as the ratios of added strawberry pulp increased, the

fat and protein content of plant-based yogurt samples decreased.
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Table 2. Chemical constituents of plant-based yogurt samples.

Component (%) Treatments
PYo PY1 PY2 PY3 PY4

Moisture content 70.5910.202 69.44£0.05" 68.4610.14¢ 67.2940.114 66.3010.10¢
Crude protein 4.141+0.092 3.94.19£0.07b 3.73£0.06¢ 3.52.10£0.044 3.82+0.06¢
Crude fat 1.5740.12% 1.5040.14> 1.4840.07¢ 1.8740.10¢ 1.8010.04¢
Crude fiber 2.14£0.044 2.12+0.062p 2.09£0.05b 2.06£0.03b 2.04£0.09bc
Total Ash 0.4210.152 0.41£0.094b 0.40%0.06" 0.8910.11¢ 0.3840.044
Total solids 29.41+0.92¢ 30.5620.194 31.5410.20¢ 32.71£0.13b 38.70+0.702
Total carbohydrate 23.281+0.18¢ 24.7140.124 25.98+0.22¢ 27.4810.16P 28.701+0.322
Note: The values represent the averages of three replicates (mean * standard deviation). Means shown in the same row with different letters denote a significant

difference (P < 0.05). PYO (control sample of plant-based yogurt without strawberry puree), PY1 (plant-based yogurt with 5% strawberry puree added),
PY2 (plant-based yogurt with 10% strawberry puree added), PY3 (plant-based yogurt with 15% strawberry puree added), and PY4 (plant-based yogurt
with 20% strawberry puree added).

Conversely, the carbohydrate content of plant-based yogurt samples increased with increasing proportions of
strawberry puree added, where the carbohydrate content of the control plant-based yogurt sample (PY0) was 23.28%
and increased to 24.71%, 25.98%, 27.48%, and 28.70% for samples PY1, PY2, PY3, and PY4, respectively. This
increase in carbohydrates corroborates findings from other research that noted higher carbohydrate levels in yogurts

when fruit was added.

3.1.8. Changes in pH and Titratable Acidity During Cold Storage Periods

Table 8 shows the variations in pH values and titratable acidity of plant-based yogurt samples during 21 days of
cold storage at 4°C. The findings demonstrate that both the titratable acidity and pH values were significantly
influenced (P < 0.05) by the proportion of strawberry puree added to the yogurt samples. On the first day of storage,
a notable increase in titratable acidity was observed with increasing amounts of added strawberry puree compared to
the control sample (PY0), which was prepared without added strawberry puree. This upward trend in titratable
acidity persisted throughout the storage period. At the beginning of storage, the titratable acidity of the control
sample (PYO0), prepared without strawberry puree, was 0.4 and increased to 0.40, 0.44, 0.47, and 0.51 for samples
PY1, PY2, PY3, and PY4, respectively. This pattern indicated a direct positive relationship between the amount of
strawberry puree added and the titratable acidity of the plant-based yogurt. During the storage period, the titratable
acidity of the plant-based yogurt sample (PY2), supplemented with 10% strawberry puree, was 0.44 on the first day
of storage and increased to 0.48, 0.53, and 0.57 on the 7%, 14t and 21°t days of storage at 4°C, respectively.

Table 3. Changes in pH values and titratable acidity of yogurt samples during 21 days of cold storage at 4°C.

Treatments Storage period (Days)

1 7 | 14 21
Acidity (%)
PYo 0.34£0.01DP¢ 0.37£0.05C¢ 0.421+0.02B ¢ 0.4810.064¢
PY1 0.40%0.05D d 0.44£0.08 €d 0.4910.0648 0.53£0.034d
PY2 0.44£0.08P ¢ 0.48+0.06C¢ 0.5310.048¢ 0.5710.054¢
PY3 0.47£0.07Pb 0.51£0.09¢P 0.57£0.058b 0.6110.044b
PY4 0.511£0.06P 0.541+0.07¢2 0.601£0.03B2 0.6410.024a
pH values
PYo 4.84 £0.0942 4.80£0.04Ba 4.77£0.10Bca 4.73£0.06Da
PY1 4.75 £0.064b 4.71£0.10Bb 4.65£0.09¢h 4.60£0.12Db
PY2 4.70 £0.104¢ 4.6610.078¢ 4.61£0.058Cc 4.5440.11Dc
PY3s 4.64+0.044d 4.61£0.054d 4.55+0.11B4 4.4940.08¢d
PY4 4.57£0.074¢ 4.54£0.03ABe 4.50£0.08Be 4.46+0.04Ce
Note The values represent the averages of three replicates (mean * standard deviation). Means shown in the same row with different uppercase letters denote

a significant difference (P < 0.05). Means appearing in the same column with different lowercase letters indicate a significant difference (P < 0.05). PY0
(control sample of plant-based yogurt without strawberry puree), PY1 (plant-based yogurt with 5% strawberry puree added), PY2 (plant-based yogurt
with 10% strawberry puree added), PY$ (plant-based yogurt with 15% strawberry puree added) and PY4 (plant-based yogurt with 20% strawberry
puree added).
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The increase in titratable acidity during storage time may be attributed to the activity of Bifidobacterium and S.
thermophilus cultures. The acidity of the plant-based yogurt samples increased with increased amounts of strawberry
puree added. This finding aligns with earlier research. A similar observation was confirmed by Roy et al. (2015).
The pH values of the yogurt samples showed a significant decrease (P < 0.05) with the addition of increasing
proportions of strawberry puree on the first day of storage, compared to the control samples without puree (PYO0).
This decreasing trend in pH values continued throughout the storage period. On the first day, the pH value of the
control sample (PYO0), prepared without strawberry puree, was 4.84: and decreased to 4.75, 4.70, 4.64, and 4.57 for
samples PY'1, PY2, PY3, and PY4, respectively. During storage, the pH values of yogurt sample supplemented with
15% strawberry puree (PY3) were 4.64 on the first day and decreased to 4.61, 4.55, and 4.49 on the 7t 14, and 21
days of storage at 4°C, respectively. These results are consistent with previous research by Varedesara, Ariaii, and
Hesari (2021) and Jaster et al. (2018), who observed that pH values decreased while total acidity increased in different

types of yogurts with added fruit puree, due to increased activity during storage.

3.1.4. Colour Attributes of Plant-Based Vogurt Samples During Cold Storage Periods

Table 4 illustrates the color attributes of plant-based yogurt samples prepared from oat milk, 2% DWPC, and
various percentages of strawberry puree (ranging from 0 to 20%), with regard to L* (Lightness), a* (redness), and b*
(yellowness) values during 21 days of cold storage at 4°C. The findings indicate that the addition of strawberry puree
to yogurt samples significantly influenced (p<0.05) the color characteristics. The L* (Lightness) values of yogurt
samples showed a gradual decrease with increasing strawberry puree addition, compared to the control yogurt sample
prepared without strawberry puree (PY0), on the first day of storage. Thereafter, the L* (Lightness) values continued
to decrease throughout the storage period. These results are consistent with a study by Jaster et al. (2018), who found
that the addition of strawberry puree resulted in a decrease in the L* values of yogurt samples. The L* (Lightness)
value of the control yogurt sample (PYO0), prepared without strawberry puree, was 72.43 on the first day of storage.
This value decreased to 70.24, 68.21, 66.52, and 64.49 for samples PY1, PY2, PY3, and PY4 respectively. The
observed reduction in the L* value, indicating a decrease in Lightness, can be linked to the high pigment content
found in the strawberry puree. During the storage period, the L* (Lightness) values of the yogurt sample prepared
with 15% strawberry puree (PY38) were recorded as 66.52 on the first day of storage. These values gradually decreased
to 62.82, 59.87, and 58.36 on the 7, 14t and 21%t days of cold storage at 4°C, respectively. The control yogurt
samples (PY0), which were prepared without strawberry puree, consistently exhibited the highest L* (Lightness)
values during the storage period compared to the yogurt samples containing strawberry puree. On the other hand,
the lowest L* (Lightness) values were observed in yogurt samples (PY4) prepared with 20% added strawberry puree
at the end of the storage period. On the initial day of storage, the a* (redness) values of the yogurt samples gradually
increased with increasing proportions of strawberry puree added into the yogurt samples compared to the control
yogurt samples. Thereafter, the a* (redness) values decreased from the 7t day of storage until the end of the storage
period. On the first day of storage, the a* (redness) values of the control yogurt sample (PY0) prepared without
strawberry puree (control) were -1.22 and increased to 3.34, 4.55, 5.72, and 6.83 for samples PY1, PY2, PY3, and
PY4 respectively. These results are consistent with a study by Jaster et al. (2018), who found that the a* values of
control yogurts without strawberry puree were negative, while the addition of strawberry puree increased the a*
values of the samples. In contrast, the a* (redness) values of yogurt samples gradually decreased with increasing
storage periods. During the storage periods, the a* (redness) values of yogurt sample (PY2) supplemented with 10%
strawberry puree were 4.55 on the first day of storage and decreased to 3.93, 8.47, and 3.04 on the 7th, 14th, and 21st
days of storage at 4°C, respectively. This reduction in a* (redness) during storage is largely attributed to the
degradation of anthocyanins and/or the formation of yellow and brown polymerization complexes (Scibisz, Ziarno,
& Mitek, 2019).
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Table 4. Colour characteristics of plant-based yogurt samples during 21 days of cold storage at 4°C.

Treatments Storage period (Days)
1 | 7 | 14 21
L* (Lightness) values
PYo 72.43+2.75% 69.2812.2984 65.82+2.85% 64.22+2.09P2
PY1 70.24£2.7550 65.6712.838b 63.3412.85C> 62.9612.09Pb
PY2 68.21+4.814¢ 63.43+3.208¢ 61.68+3.30C¢ 60.40£3.58D¢
PY3 66.52+4.0244 62.32+4.238d 59.87+5.58¢d 58.36%1.70Pd
PY4 64.4914.024¢ 60.84+4.63B¢ 58.51+5.58C¢ 56.83+3.58D¢
a* (redness-greenness) values
PYo -1.2240.204¢ -1.45%0.218¢ -1.59£0.24C¢ -1.78+0.09P¢
PY1 3.3410.20CAd 3.11£0.1784 2.47+0.20% 2.14+0.19P4
PY2 4.55%0.20CA¢ 3.93+0.178¢ 3.47£0.20% 3.04+0.19P¢
PY3 5.72£0.34AP 4.99£0.04580 4.26£0.16% 3.83+0.12P"
PY4 6.83+0.364 6.24+0.188 5.45+0.80% 4.87£0.19P=
b* (yellowness-blueness) values
PYo 6.41£0.844% 6.23+0.418 6.15£0.47¢ 6.12£0.35P2
PY1 4.82+0.114Ab 4.74£0.818b 4.52£0.27< 4.84£0.35Pb
PY2 3.7440.254¢ 3.27+0.288¢ 3.2010.26C¢ 3.1410.38P¢
PY3 3.8810.2447d $.1910.218d 3.1240.20%4 3.07 £0.32Pd
PY4 3.2710.23%¢ 3.10£0.1784 3.07+0.39% 3.02+0.34P4
Note:  The values represent the averages of three replicates (mean * standard deviation). Means shown in the same row with different uppercase letters denote

a significant difference (P < 0.05). Means appearing in the same column with different lowercase letters indicate a significant difference (P < 0.05). PY0
(control sample of plant-based yogurt without strawberry puree), PY 1 (plant-based yogurt with 5% strawberry puree added), PY2 (plant-based yogurt
with 10% strawberry puree added), PY3 (plant-based yogurt with 15% strawberry puree added), and PY4 (plant-based yogurt with 20% strawberry
puree added).

The b* value, representing the yellowness of the yogurt samples, showed a gradual decrease with increasing
proportion of strawberry puree added to the yogurt samples on the first day of storage, compared to the control
sample (PYO0). Similarly, the L* (lightness) values continued to decline throughout the storage period. On the first
day, the b* (yellowness) value of the control sample (PYO0), prepared without strawberry puree, was 6.41 and
decreased to 4.82, 3.74, 3.38, and 3.27 for samples PY1, PY2, PY3, and PY4 respectively. During storage, the b*
(yellowness) values of yogurt sample PY3, supplemented with 15% strawberry puree, were 3.38 on the first day and
decreased to 3.19, 8.12, and 3.07 on the 7, 14%, and 215t days of cold storage at 4°C, respectively. On the 14t day of
storage, the b* (yellowness) values of the control yogurt sample (PY0) were 6.15 and decreased to 4.52, 3.20, 3.12,
and 3.07 for samples PY 1, PY2, PY3, and PY4 respectively.

3.1.5. Changes in Total Phenolic Content, Antioxidant Activity and Anthocyanin Content During Cold Storage Periods

Table 5 presents the total phenolic content, antioxidant activity, and anthocyanin content of plant-based yogurt
samples during 21 days of cold storage at 4°C. The findings revealed a significant increase (P < 0.05) in the total
phenolic content of plant-based yogurt samples with increasing proportions of strawberry puree added on the first
day of storage compared to the control yogurt samples (PY0) prepared without strawberry puree. Following this
initial increase, phenolic content continued to rise during the cold storage period. On the first day of storage, the
phenolic content of the control yogurt sample (PY0) was 28.01 mg Gallic acid/100g and increased to 33.89, 36.68,
38.95, and 41.44 mg Gallic acid/100g for samples PY1, PY2, PY3, and PY4, respectively. The addition of strawberry
puree was more effective in increasing the total phenolic compounds of yogurt (P < 0.05), which was attributed to the
high content of bioactive phenolic compounds in strawberries, including hydroxycinnamic acids, ellagic acids,
ellagitannins, xavan-3-ols, zavonols, and anthocyanins, as well as flavonoids and phenolic acids (Chen, Bai, Zhang, Li,
& Liu, 2015), whereas fruit-free yogurts showed decreased total phenolic compounds (Bueno, Silva, Perina, Bogsan,
& Oliveira, 2014). Consequently, total phenolic content was highest in plant-based yogurt with 20% strawberry puree
added (PY4), followed by the yogurt sample with 15% strawberry puree added (PY3), the yogurt sample with 10%
strawberry puree added (PY2), the yogurt sample with 5% strawberry puree added (PY1), and the control yogurt
sample (PY0) prepared without strawberry puree, respectively. During the storage period, the total phenolic content
of the yogurt sample prepared with 15% strawberry puree (PY3) was 38.95 mg Gallic acid / 100g on the first day.
This value gradually increased to 40.86, 42.69, and 48.55 mg Gallic acid / 100g on the 7%, 14, and 21¢¢ days of cold
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storage at 4°C, respectively. The observed rise in phenolic content during storage was attributed to the breakdown
of polyphenolic compounds into smaller, more extractable or stable units. Additionally, the complex structures formed
through polyphenol-protein interactions were considered a contributing factor to this increase (El-Said, Haggag, El-
Din, Gad, & Farahat, 2014). The results demonstrated that the antioxidant activity of plant-based yogurt samples
gradually increased with increasing proportions of strawberry puree added on the first day of storage, in comparison
to the control sample (PY0). This increasing trend in antioxidant activity continued until the 14th day of storage,
after which it decreased until the end of the storage period. The antioxidant activity of the control sample (PY0),
prepared without strawberry puree, was 22.33%. This value increased to 30.65%, 38.84%, 38.46%, and 55.74% for
samples PY1, PY2, PY3, and PY4, respectively. Increasing the proportion of strawberry puree added to the plant-
based yogurt samples resulted in increased antioxidant activity, which is attributed to the high content of antioxidant
compounds in strawberries, such as hydroxycinnamic acids, ellagic acids, ellagitannins, xavan-3-ols, zavonols, and
anthocyanins, in addition to flavonoids and phenolic acids (Chaves, Calvete, & Reginatto, 2017; Jaster et al., 2018).
Strawberries are a rich source of anthocyanin compounds, which function effectively as antioxidants. These
anthocyanins neutralize DPPH free radicals by donating hydrogen atoms from their hydroxyl groups, leading to the
formation of a more stable DPPH molecule (DPPH-H). As the concentration of anthocyanins increases, the ability to
donate hydrogen atoms enhances, thereby improving the inhibition of DPPH free radical activity (Kaptan &
Kayisoglu, 2024). Among various formulations, plant-based yogurt enriched with 20% strawberry puree (PY4)
exhibited the highest antioxidant activity, followed by yogurt sample with 15% strawberry puree added (PY3), yogurt
sample with 10% strawberry puree added (PY2), yogurt sample with 5% strawberry puree added (PY1), and the
control yogurt sample (PYO) prepared without strawberry puree, respectively. During the storage period, plant-based
yogurt supplemented with 15% strawberry puree (PY3) showed an antioxidant activity of 46.37% on the first day.
This activity gradually increased to 51.30% and 55.22% on the 7t and 14 days, respectively, before decreasing to
51.65% at the end of storage at 4°C. Antioxidant activity increased in all samples until day 14 before starting to
decline thereafter. The highest antioxidant activity was observed in yogurt samples on the 14t day, reaching 28.38%,

40.81%, 47.89%, 55.22%, and 64.23% for samples PY0, PY'1, PY2, PY3, and PY4, respectively.

Table 5. Changes in the total phenolic content, total antioxidant activity, and total anthocyanin content of plant-based yogurt samples during
21 days of cold storage at 4°C.

Treatments Storage period (days)
1 | 7 | 14 21

Total phenolic content (mg GAE/100g)

PYo 28.01+1.22D¢ 29.36+1.45C 30.57+5.128¢ 31.84 +5.114¢
PY1 33.89+1.52Dd 34.77+1.79¢d 35.85+2.4778d $6.7312.224d
PY2 36.68+1.75D¢ 36.66+£1.11¢ 38.58+2.38B¢ 89.67 +1.294¢
PY3 38.95+1.86Db 40.86+1.28¢b 42.69+1.858b 438.55 £7.63Ab
PY4 41.44+2.10Pa 42.94+2.32C 48.48+2.378a 44.28+8.584a

Antioxidant activity

PYo 22.33+0.35D¢ 25.27+0.408¢ 28.38+0.464¢ 24.96+0.52C¢
PY1 80.65+0.42Pd 36.42+1.18Bd 40.8110.654d $4.2240.48¢d
PY2 38.84+0.330¢ 48.53%1.08B¢ 47.8940.774¢ 40.84%0.62¢¢
PYs 46.37£0.52Db 51.830£0.96Bb 55.22+0.684b 51.65+0.30CP
PY4 55.7410.60D2 61.58+1.028 64.2310.4244 59.8310.46¢
Total anthocyanin content (mg /100 g)

PYo ND ND ND ND
PY1 2.3440.104d 2.2610.128d 2.1840.18¢d 2.1840.110d
PY2 4.26+0.164¢ 4.2740.174¢ 4.21+0.228¢ 4.15+0.18C¢
PYs 6.2810.174b 6.16+0.2580 6.1140.34CP 6.0610.260b
PY4 8.4240.2244 8.8740.82Ba 8.81%0.42¢C 8.26+0.831Da

Note:  The values represent the averages of three replicates (mean + standard deviation). Means shown in the same row with different uppercase letters denote
a significant difference (P < 0.05). Means appearing in the same column with different lowercase letters indicate a significant difference (P < 0.05). PY0
(control sample of plant-based yogurt without strawberry puree), PY1 (plant-based yogurt with 5% strawberry puree added), PY2 (plant-based yogurt
with 10% strawberry puree added), PY3 (plant-based yogurt with 15% strawberry puree added) and PY4 (plant-based yogurt with 20% strawberry puree
added). ND = Not detected.
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The decrease observed after day 14 was attributed to interactions between polyphenols and milk proteins, which
reduced their antioxidant capability by decreasing the number of free hydroxyl groups available to scavenge free
radicals, as noted by Dubeau, Samson, and Tajmir-Riahi (2010).

The anthocyanin content gradually increased with increasing proportions of strawberry puree added to the
yogurt samples compared to the control sample (PYO0) on the first day of storage. Thereafter, the anthocyanin content
gradually decreased until the end of the storage period. On the initial day, the yogurt sample (PY1), prepared with
5% strawberry puree, showed an anthocyanin content of 2.4 mg/100 g. In contrast, the anthocyanin content
increased to 4.26, 6.28, and 8.42 mg/ 100 g for samples PY2, PY3, and PY4, respectively. This increase in anthocyanin
content correlated with the proportion of strawberry puree added, a result stemming from the higher anthocyanin
concentration naturally present in strawberries. During the storage period, the anthocyanin content in yogurt
samples prepared with 15% strawberry puree added (PY38) was 6.23 mg/ 100 g on the first day, gradually decreasing
to 6.16, 6.11, and 6.06 mg/ 100 g on the 7, 14, and 215t days of cold storage at 4°C, respectively. The anthocyanin
content in yogurt samples with added strawberries gradually decreased during the storage period, which aligns with
the findings of Oliveira et al. (2015) and Raikos, Ni, Hayes, and Ranawana (2019). This decrease may be attributed to
the degradation of anthocyanins through oxidation and other chemical reactions, which are influenced by the
reduction of pH during storage. Additionally, probiotic bacteria are known to produce B-glucosidase, an enzyme
capable of hydrolyzing the glycosidic bonds of anthocyanins into anthocyanidins, which are highly unstable and prone
to degradation (Acar & Yiiksekdag, 2023; Scibisz & Ziarno, 2023).

3.2. Viable Counts of Probiotic Bacteria

Table 6 presents the changes in viable counts (log cfu/g) of Streptococcus thermophilus, Lactobacillus
acidophilus, and Bifidobacterium bifidum in plant-based yogurt samples during a 21-day cold storage period at 4°C.
The results indicate that the viable counts of Streptococcus thermophilus, Lactobacillus acidophilus, and Bifidobacterium
bifidum increased with the proportion of strawberry puree added to the yogurt samples on the first day of storage.
However, the counts began to gradually decline from the 7% day of storage until the end of the period. The viable
counts of Streptococcus thermophilus in the control yogurt sample (PY0), prepared without strawberry puree, was 7.61
log cfu/g. This increased to 8.22, 8.56, 8.70, and 8.80 log cfu/g on the first day for samples PY1, PY2, PY3, and PY4,
respectively, with increasing strawberry puree added. The observed increase in viable counts of Streptococcus
thermophilus, Lactobacillus acidophilus, and Bifidobacterium bifidum is attributed to phenolic compounds, which are major
components of the fruit (Mullen et al., 2002). Phenolic compounds in fruits have been found to enhance the growth
of beneficial bacteria such as Streptococcus thermophilus, Lactobacillus acidophilus, and Bifidobacterium bifidum (Molan,
Lila, Mawson, & De, 2009).

This prebiotic effect is largely attributed to the polyphenols and insoluble fibers present in strawberry puree,
which selectively promote the growth of beneficial bacteria in the gut (Fernandez & Marette, 2017). The phenolic
components found in strawberries, including anthocyanin pigments such as pelargonidin-3-monoglucoside, cyanidin-
3-monoglucoside, and delphinidin-3-monoglucoside, play an important role in encouraging the growth of probiotic
bacteria (Werlein, Kiitemeyer, Schatton, Hubbermann, & Schwarz, 2005). During storage, yogurt samples enriched
with 15% strawberry puree (sample PY3) showed that the viable count of Streptococcus thermophilus was 8.70 log ctu/g
on the first day, which gradually decreased to 8.58, 8.33, and 7.89 log cfu/g on the 7%, 14t and 21°t days of storage
at 4°C, respectively.

Meanwhile, the viable counts of Lactobacillus acidophilus in the control yogurt sample (PYO0) without strawberry
puree was 7.58 log cfu/g and increased to 8.12, 8.33, 8.52, and 8.76 log cfu/g for samples PY1, PY2, PY3, and PY4
on the first day of storage, respectively.
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Table 6. Changes in the viable counts of probiotic bacteria in plant-based yogurt samples during a 21-day cold storage period at 4°C.

Treatments Storage period (Days)

1 7 14 21
Streptococcus thermophilus
PYo 7.61£ 0.094¢ 7.54 + 0.12Be 7.41£0.08¢C¢ 7.22 £ 0.08De
PY1 8.22 £ 0.17Ad 8.10 £ 0.208d 7.72 £0.16% 7.46 £ 0.14Dd
PY2 8.56 £ 0.224¢ 8.36 £ 0.215B¢ 8.12 *+ 0.24C¢ 7.78 £ 0.16D¢
PYs 8.70 £ 0.254b 8.58 + 0.07Bb 8.33 £ 0.26¢b 7.89 £ 0.17bb
PY4 8.80 £ 0.2844 8.63 £ 0.08Ba 8.49 £ 0.15¢2 8.17 £ 0.22Dba
Lactobacillus acidophilus
PYo 7.58 £ 0.18 A¢ 7.44 £ 0.07 Be 7.82 £ 0.16C¢ 7.20 £ 0.09 De
PY1 8.12 £ 0.1 Ad 7.9 £ 0.12 Bd 7.64 £ 0.18 ¢d 7.89 £ 0.16 Dd
PY2 8.33+0.22 Ac 8.21 £ 0.09 Be 7.92 £ 0.20 ¢ 7.54 £ 0.11D¢
PYs 8.52 £ 0.244b 8.40 £ 0.08Bb 8.1440.21 ¢b 7.78 £ 0.12 Db
PY4 8.76 + 0.2074 8.61 £ 0.20Ba 8.38 £ 0.19¢2 7.90 £ 0.08 ba
Bifidobacterium bifidum
PYo 7.86 £ 0.054¢ 7.22 £+ 0.10 Be 7.11 £ 0.05% 6.82 £ 0.02D¢
PY1 7.68 £ 0.094d 7.56 £ 0.11Bd 7.82 £ 0.09¢ 7.14 £ 0.04Pd
PY2 7.81 £ 0.104¢ 7.60 £ 0.18B¢ 7.46 £0.10 ¢ 7.25+0.07 De
PYs 7.94 +0.184Ab 7.72 £+ 0.20 Bb 7.58 £0.18¢h 7.36 £ 0.15Pb
PY4 8.10 £0.1244 7.84 £ 0.15Ba 7.62 £0.12¢ 7.41 £ 0.10DPa
Note:  The values represent the averages of three replicates (mean + standard deviation). Means shown in the same row with different uppercase

letters denote a significant difference (P < 0.05). Means appearing in the same column with different lowercase letters indicate a significant
difference (P < 0.05).PY0 (Control sample of plant-based yogurt without strawberry puree), PY1 (Plant-based yogurt with 5% strawberry
puree added), PY2 (Plant-based yogurt with 10% strawberry puree added), PY3 (Plant-based yogurt with 15% strawberry puree added) and
PY4 (Plant-based yogurt with 20% strawberry puree added).

The yogurt samples enriched with strawberry puree showed significantly higher (p<0.05) viable counts of
Streptococcus thermophilus, Lactobacillus acidophilus, and Bifidobacterium bifidum during a 21-day storage period at 4°C
compared to the control yogurt sample (PY0). The reduction in viable counts in the control sample, which was
prepared without strawberry puree, is likely due to the absence of substances that encourage microbial growth.
During the storage period, the viable counts of Lactobacillus acidophilus in the yogurt sample (PY2) supplemented with
10% strawberry puree were recorded at 8.33 log cfu/g on the first day of storage. These counts gradually decreased
to 8.21, 7.92, and 7.54 log ctu/g on storage days 7, 14, and 21 at 4°C, respectively. The viable counts of Bifidobacterium
bifidum in the control yogurt sample (PY0), prepared without strawberry puree, were 7.36 log cfu/g. These counts
increased to 7.68, 7.81, 7.94, and 8.10 log cfu/g for samples PY 1, PY2, PY3, and PY4, respectively, on the first day
of storage. During the storage period, the viable counts of Bifidobacterium bifidum in yogurt sample (PY3),
supplemented with 15% strawberry puree, were 7.94 log cfu/g on the first day of storage. However, they decreased
to 7.72, 7.58, and 7.36 log ctu/g on the 7%, 14t and 21 days of cold storage at 4°C, respectively. The counts of
Streptococcus thermophilus, Lactobacillus acidophilus, and Bifidobacterium bifidum in the different yogurt samples also
showed a gradual decrease starting from the seventh day of storage until the end of the period. Despite this decline,
the levels remained above the recommended threshold of 106 log cfu/g after 21 days at 4°C (FAO, 2018). The observed
reduction in the viable counts across all samples by the end of the storage period is likely linked to increased acidity

levels.

3.3. Sensory Attributes

Table 7 presents the sensory characteristics, including taste, aroma, appearance, texture, and overall acceptability
of plant-based yogurt samples during 21 days of cold storage at 4°C. The results indicated a significant improvement
(P < 0.05) in the sensory characteristics (taste, aroma, appearance, texture, and overall acceptability) of plant-based
yogurt samples with increased proportion of strawberry puree added on the first day of storage, compared to the
control yogurt sample (PY0), prepared without strawberry puree. However, these sensory attributes gradually

declined in all samples as the storage period progressed.
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Table 7. Sensory characteristics of plant-based yogurt samples during 21 days of cold storage at 4°C.

Treatments Storage period (days)

1 7 14 21
Taste
PYo 2.7710.104¢ 2.55+0.108d 2.8610.22Ce 2.1810.08De
PY1 3.69%0.054d 3.8010.228¢ 8.12+0.11¢d 2.88+0.18Pd
PY2 4.881+0.084¢ 4.25+0.108b 3.910.22C¢ 3.70%0.10D¢
PYs 4.70£0.1544 4.566£0.0684 4.41£0.20¢ 4.80%0.18Da
PY4 4.61£0.04Ab 4.48+0.18Bab 4.2440.18¢b 4.11£0.28bb
Flavor
PYo 2.73%0.204¢ 2.5610.238¢ 2.30£0.10¢¢ 2.23+0.57Pe
PY1 3.4110.084d 3.1440.258d 2.86%0.07¢ 2.5610.050d
PY2 3.84%0.064¢ 3.66£0.158¢ 3.40%0.15C¢ 3.28+0.10P¢
PYs 4.8810.0242 4.80%0.118 4.17£0.208 3.83+0.150
PY4 4.6510.1143b 4.20%0.268ab 4.08%0.76Bab 3.57£0.76Dab
Appearance
PYo 2.68+0.224¢ 2.5340.048¢ 2.85+0.15C¢ 2.12+0.200d
PY1 3.7240.244d 3.56%0.158d 3.86%0.098¢d 3.11£0.42C¢
PY2 4.4140.174¢ 4.1240.10B¢ 8.7010.11C¢ 3.3010.84Db
PYs 4.7240.1242 4.6710.114Ba 4.8710.14584 3.70£0.30Ca
PY4 4.60£0.134b 4.88+0.18Bab 4.2010.13Bab 4.05+0.50Cab
Texture
PYo 2.9410.144d 2.7610.138¢ 2.43+0.04C¢ 2.2640.20DPd
PY1 3.8310.204¢ 3.15+0.128d 2.844+0.07¢d 2.64%0.12D¢
PY2 4.2010.04Ab 3.983+0.208bc 3.58+0.08¢h 3.28+0.22Db
PYs3 4.87+0.1142 4.3310.1648 3.8810.2482 3.7810.80C2
PY4 4.2010.10Ab 4.10%0.124Bb 3.63£0.17Cbe 3.288+0.21Dbb
Overall Acceptability
PYo 2.8510.164d 2.57%0.088¢ 2.34£0.12¢C¢ 2.13£0.07D¢
PY1 3.67%0.074¢ 3.3810.138d 3.2140.08¢d 3.0610.13Dd
PY2 4.12£0.054b 3.8940.238¢ 3.58%0.05C¢ 3.27%0.12D¢
PY3 4.5510.1042 4.4240.038a 4.16£0.06¢ 3.9940.05P2
PY4 4.51£0.0242 4.29+40.118b 3.7610.10CP 8.541+0.04Db

Note:  The values represent the averages of thirty panelists (Means * standard deviation). Means shown in the same row with different uppercase
letters denote a significant difference (P < 0.05). Means appearing in the same column with different lowercase letters indicate a significant
difference (P < 0.05). PY0 (Control sample of plant-based yogurt without strawberry puree), PY1 (Plant-based yogurt with 5% strawberry
puree added), PY2 (plant-based yogurt with 10% strawberry puree added), PY3 (Plant-based yogurt with 15% strawberry puree added) and
PY4 (Plant-based yogurt with 20% strawberry puree added).

The addition of strawberry puree significantly improved sensory properties (P < 0.05), such as taste, aroma,
texture, appearance, and overall acceptability, compared to the control sample (Kaptan & Kayisoglu, 2024). The
yogurt sample (PY3) supplemented with 15% strawberry puree achieved the highest sensory scores for taste, aroma,
appearance, texture, and overall acceptability during storage. This was followed by yogurt sample (PY4) prepared
with 20% strawberry puree, yogurt sample (PY2) prepared with 10% strawberry puree, yogurt sample (PY 1) prepared
with 5% strawberry puree, and finally, the control sample (PY0) without strawberry puree.

Furthermore, yogurt containing natural fruit sugars was preferred over plain yogurt. Fruit-enriched yogurts
garnered higher acceptance scores in sensory evaluations, reaftfirming their preference among consumers (Feng et al.,

2019; Werlein et al., 2005).

4. CONCLUSION

The present study indicates the potential for producing plant-based yogurt that meets the nutritional and sensory
needs of diverse consumers, particularly those with lactose intolerance or those adhering to a vegan diet. Fortification
with strawberry puree significantly enhanced the total solids, carbohydrate content, acidity, phenolic compounds,
anthocyanins, and antioxidant activity of the product. Moreover, strawberry puree promoted the viability of

Streptococcus thermophilus, Lactobacillus acidophilus, and Bifidobacterium bifidum during refrigerated storage,
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keeping them above the recommended therapeutic threshold. Among the formulations, yogurt containing 15%
strawberry puree received the highest sensory scores, demonstrating its superior balance between health benefits and
consumer acceptance. This innovation holds significance in creating functional nutritional options for children, adults,
and the elderly, addressing a noticeable gap in non-dairy products within the market. Future work includes improving
the formulation of plant-based yogurt by using different plant protein sources, nutrient-rich fruits, bioactive
components, and stabilizers to enhance the sensory, functional properties, and nutritional quality of plant-based

yogurt.

Funding: This study received no specific financial support.

Institutional Review Board Statement: Not applicable.

Transparency: The author states that the manuscript is honest, truthful, and transparent, that no key aspects
of the investigation have been omitted, and that any differences from the study as planned have been clarified.
This study followed all writing ethics.

Competing Interests: The author declares that there are no conflicts of interests regarding the publication
of this paper.

REFERENCES

Acar, B. ., & Yiiksekdag, Z. (2023). Beta-glycosidase activities of Lactobacillus spp. and Bifidobacterium spp. and the effect of
different physiological conditions on enzyme activity. Natural and Engineering Sciences, 8(1), 1-17.
https://doi.org/10.28978/nesciences.1223571

Amal, A. M., Eman, A. M. M, & Nahla, S. Z. (2016). Fruit flavored yoghurt: Chemical, functional and rheological properties.
International Journal of Environmental and Agriculture Research, 2(5), 57-66.

AOAC. (2019). Official methods of analysis (21st ed.). Washington DC: AOAC.

Apostolidis, E., Kwon, Y -1, & Shetty, K. (2007). Inhibitory potential of herb, fruit, and fungal-enriched cheese against key enzymes
linked to type 2 diabetes and hypertension. Innovative Food Science & IEmerging Technologies, 8(1), 46-54.
https://doi.org/10.1016/j.ifset.2006.06.001

Arpita, D., Raychaudhuri, U., & Chakraborty, R. (2012). Cereal based functional food of Indian subcontinent: A review. Journal of
Food Science and Technology, 49(6), 665-672. https://doi.org/10.1007/s13197-011-0474-1

Atwaa, E. H., Hassan, M. A. A,, & Ramadan, M. F. (2020). Production of probiotic stirred yoghurt from camel milk and oat milk.
Journal of Food and Dairy Sciences, 11(9), 259-264. https://doi.org/10.21608/jfds.2020.118366

Bocchi, S., Rocchetti, G., Elli, M., Lucini, L., Lim, C.-Y., & Morelli, L. (2021). The combined effect of fermentation of lactic acid
bacteria and in vitro digestion on metabolomic and oligosaccharide profile of oat beverage. Food Research International,
142, 110216. https://doi.org/10.1016/j.foodres.2021.110216

Bueno, L., Silva, T. M. S,, Perina, N. P., Bogsan, C., & Oliveira, M. N. (2014). Addition of strawberry, raspberry and “pitanga”
pulps improves the physical properties of symbiotic yoghurts. Chemical Engineering Transactions, 38, 499-504.
https://doi.org/10.8303/CET 1438084

Cao, X,, Bi, X., Huang, W., Wu, J., Hu, X., & Liao, X. (2012). Changes of quality of high hydrostatic pressure processed cloudy and
clear strawberry juices during storage. Innovative Food Science & Emerging Technologies, 16, 181-190.
https://doi.org/10.1016/].ifset.2012.05.008

Chaves, V. C,, Calvete, E., & Reginatto, I'. H. (2017). Quality properties and antioxidant activity of seven strawberry (Fragaria x
ananassa duch) cultivars. Scientia Horticulturae, 225, 293-298. https://doi.org/10.1016/].scienta.2017.07.013

Chen, H.-S,, Bai, M.-H., Zhang, T, Li, G.-D., & Liu, M. (2015). Ellagic acid induces cell cycle arrest and apoptosis through TGF-
/Smads signaling pathway in human breast cancer MCF-7 cells. International Journal of Oncology, 46(4), 1730-1738.
https://doi.org/10.8892/1j0.2015.2870

Cusmenco, T., & Bulgaru, V. (2020). Quality characteristics and antioxidant activity of goat milk yogurt with fruits. Ukrainian
Food Journal, 9(1), 86-98. https://doi.org/10.24263/2304-974X-2020-9-1-8

Dave, R. I, & Shah, N. P. (1998). Ingredient supplementation effects on viability of probiotic bacteria in yogurt. Journal of Dairy
Science, 81(11), 2804-2816. https://doi.org/10.3168/jds.S0022-0302(98)75839-4

60
© 2026 Conscientia Beam. All Rights Reserved.


https://doi.org/10.28978/nesciences.1223571
https://doi.org/10.1016/j.ifset.2006.06.001
https://doi.org/10.1007/s13197-011-0474-1
https://doi.org/10.21608/jfds.2020.118366
https://doi.org/10.1016/j.foodres.2021.110216
https://doi.org/10.3303/CET1438084
https://doi.org/10.1016/j.ifset.2012.05.008
https://doi.org/10.1016/j.scienta.2017.07.013
https://doi.org/10.3892/ijo.2015.2870
https://doi.org/10.24263/2304-974X-2020-9-1-8
https://doi.org/10.3168/jds.S0022-0302(98)75839-4

Journal of Food Technology Research, 2026, 13(1): 47-63

De Souza, V. R., Pereira, P. A. P, da Silva, T. L. T., de Oliveira Lima, L. C,, Pio, R., & Queiroz, F. (2014). Determination of the
bioactive compounds, antioxidant activity and chemical composition of Brazilian blackberry, red raspberry, strawberry,
blueberry and sweet cherry fruits. Food Chemistry, 156, 362-368. https://doi.org/10.1016/j.foodchem.2014.01.125

Deswal, A., Deora, N. S., & Mishra, H. N. (2014). Optimization of enzymatic production process of oat milk using response surface
methodology. Food and Bioprocess Technology, 7(2), 610-618. https://doi.org/10.1007/5s11947-013-1144-2

Dubeau, S., Samson, G., & Tajmir-Riahi, H.-A. (2010). Dual effect of milk on the antioxidant capacity of green, Darjeeling, and
English breakfast teas. Food Chemistry, 122(8), 539-54:5. https://doi.org/10.1016/].foodchem.2010.08.005

El-Batawy, O. I, Mahdy, S. M., & Gohari, S. T. (2019). Development of functional fermented oat milk by using probiotic strains
and whey protein. International Journal of Dairy Science, 14(1), 21-28. https://doi.org/10.3923/1jds.2019.21.28

El-Said, M. M., Haggag, H. ., EI-Din, H. M. I, Gad, A. S., & Farahat, A. M. (2014). Antioxidant activities and physical properties
of stirred yoghurt fortified with pomegranate peel extracts. Annals of Agricultural Sciences, 59(2), 207-212.
https://doi.org/10.1016/j.a0as.2014.11.007

FAO. (2013). Guidelines for the evaluation of probiotics in_food: Report of a joint FAO/WHO working group on drafting guidelines for the
evaluation of probiotics in food. Rome, Italy: FAO.

Feng, C., Wang, B., Zhao, A., Wei, L., Shao, Y., Wang, Y., . . . Zhang, F. (2019). Quality characteristics and antioxidant activities
of goat milk yogurt with added jujube pulp. Food Chemistry, 277, 238-245.
https://doi.org/10.1016/j.foodchem.2018.10.104

Fernandez, M. A., & Marette, A. (2017). Potential health benefits of combining yogurt and fruits based on their probiotic and
prebiotic properties. Advances in Nutrition, 8(1), 1555-164S. https://doi.org/10.8945/an.115.011114

Frederico, C., Pinto, T. B., Castro, E., Suguimoto, H. H., De Santana, E. H. W, Alegro, L. C. A, & De Souza, C. H. B. (2016).
Probiotic dairy dessert supplemented with whey protein concentrate: effect on the viability of Lactobacillus acidophilus,
on texture, physicochemical and sensory features. Journal of Food & Nutrition Research, 55(1), 48-56.

Jaster, H., Arend, G. D., Rezzadori, K., Chaves, V. C., Reginatto, F. H., & Petrus, J. C. C. (2018). Enhancement of antioxidant
activity and physicochemical properties of yogurt enriched with concentrated strawberry pulp obtained by block freeze
concentration. Food Research International, 104, 119-125. https://doi.org/10.1016/).foodres.2017.10.006

Jeske, S., Zannini, E., & Arendt, E. K. (2018). Past, present and future: The strength of plant-based dairy substitutes based on
gluten-free raw materials. Food Research International, 110, 42-51. https://doi.org/10.1016/).foodres.2017.03.045

Jiang, Y., Subbiah, V., Wu, H., Amrit, B. K., Sharifi-Rad, J., & Suleria, H. A. R. (2022). Phenolic profiling of berries waste and
determination ~ of  their  antioxidant  potential.  Jowrnal  of Food  Quality,  2022(1), 5605739.
https://doi.org/10.1155/2022/ 5605739

Kaptan, B., & Kayisoglu, S. (2024)). Influence of forest fruit purees (strawberry or blackberry) on the biochemical, microbiological,
sensory properties, and consumer preferences of standard and probiotic cultured yogurts. Journal of Food Safety and Food
Quality, 75(3), 77-85. https://doi.org/10.53194/0003-925X-75-77

Mann, B., Kumari, A., Kumar, R., Sharma, R., Prajapati, K., Mahboob, S., & Athira, S. (2015). Antioxidant activity of whey protein
hydrolysates in milk beverage system. Jowrnal of [Food Science and Technology, 52(6), 8235-3241.
https://doi.org/10.1007/s13197-014-1361-3

Miller, K., Feucht, W., & Schmid, M. (2019). Bioactive compounds of strawberry and blueberry and their potential health effects
based on human intervention studies: A brief overview. Nutrients, 11(7), 1510. https://doi.org/10.3390/nu11071510

Mohamed, M. G, Helal, A. M., Awad, S. A, & Yacoub, S. S. (2024). Investigating the effects of strawberry puree on the quality
attributes of goat and sheep milk puddings. Journal of Agricultural and Environmental Sciences, 23(1), 82-103.
https://doi.org/10.21608/jaes].2024.282686.1162

Molan, A. L., Lila, M. A., Mawson, J., & De, S. (2009). In vitro and in vivo evaluation of the prebiotic activity of water-soluble
blueberry extracts. World Journal of Microbiology and Biotechnology, 25(7), 1248-1249. https://doi.org/10.1007/s11274~-

009-0011-9

61
© 2026 Conscientia Beam. All Rights Reserved.


https://doi.org/10.1016/j.foodchem.2014.01.125
https://doi.org/10.1007/s11947-013-1144-2
https://doi.org/10.1016/j.foodchem.2010.03.005
https://doi.org/10.3923/ijds.2019.21.28
https://doi.org/10.1016/j.aoas.2014.11.007
https://doi.org/10.1016/j.foodchem.2018.10.104
https://doi.org/10.3945/an.115.011114
https://doi.org/10.1016/j.foodres.2017.10.006
https://doi.org/10.1016/j.foodres.2017.03.045
https://doi.org/10.1155/2022/5605739
https://doi.org/10.53194/0003-925X-75-77
https://doi.org/10.1007/s13197-014-1361-3
https://doi.org/10.3390/nu11071510
https://doi.org/10.21608/jaesj.2024.282686.1162
https://doi.org/10.1007/s11274-009-0011-9
https://doi.org/10.1007/s11274-009-0011-9

Journal of Food Technology Research, 2026, 13(1): 47-63

Moor, U,, Karp, K., Poldma, P., & Pae, A. (2005). Cultural systems affect content of anthocyanins and vitamin C in strawberry
fruits. European Journal of Horticultural Science, 70(4), 195—201. https://doi.org/10.1079/ejhs.2005/31888

Mullen, W, Stewart, A. J,, Lean, M. E. J,, Gardner, P., Duthie, G. G., & Crozier, A. (2002). Effect of freezing and storage on the
phenolics, ellagitannins, flavonoids, and antioxidant capacity of red raspberries. Journal of Agricultural and Food Chemistry,
50(18), 5197-5201. https://doi.org/10.1021/jf020141f

Naz, H., Raza, N, Murtaza, S., Naz, A., & Farooq, U. (2023). Development and quality evaluation of non-dairy yogurts. DIET
FACTOR (Journal of Nutritional and Food Sciences), 4(1), 6-12.

Nikmaram, P., Mousavi, S. M., Emam-Djomeh, Z., Kiani, H., & Razavi, S. H. (2015). Evaluation and prediction of metabolite
production, antioxidant activities, and survival of Lactobacillus casei 431 in a pomegranate juice supplemented yogurt
drink  using  support  vector  regression.  Food  Science  and  Biotechnology,  24(6), 2105-2112.
https://doi.org/10.1007/510068-015-0279-5

Oliveira, A., Alexandre, E. M. C., Coelho, M., Lopes, C., Almeida, D. P. F., & Pintado, M. (2015). Incorporation of strawberries
preparation in yoghurt: Impact on phytochemicals and milk proteins. Food Chemistry, 171, 370-378.
https://doi.org/10.1016/j.foodchem.2014.08.107

Osundahunsi, O. F., Amosu, D., & Ifesan, B. O. T. (2007). Quality evaluation and acceptability of soy-yoghurt with different colours
and fruit flavours. American Journal of Food Technology, 2(4), 273-280. https://doi.org/10.3923/ajft.2007.273.280

Pérez-Lamela, C,, Franco, 1., & Falqué, E. (2021). Impact of high-pressure processing on antioxidant activity during storage of
fruits and fruit products: A review. Molecules, 26(17), 5265. https://doi.org/10.3390/molecules26175265

Raikos, V., Ni, H., Hayes, H., & Ranawana, V. (2019). Antioxidant properties of a yogurt beverage enriched with salal (Gaultheria
shallon) berries and blackcurrant (Ribes nigrum) pomace during cold storage. Beverages, 5(1), 1-11.
https://doi.org/10.8390/beverages5010002

Roberfroid, M. B. (1999). Concepts in functional foods: The case of inulin and oligofructose. The Journal of Nutrition, 129(7), 1398S-
14018. https://doi.org/10.1093/jn/129.7.1398S

Roy, D. K. D,, Saha, T., Akter, M., Hosain, M., Khatun, H., & Roy, M. C. (2015). Quality evaluation of yoghurt supplemented with
fruit pulp (Banana, Papaya, and Water Melon). International Journal of Nutrition and Food Sciences, 4(6), 695-699.

Sadaghdar, Y., Mortazavian, A. M., & Ehsani, M. R. (2012). Survival and activity of 5 probiotic lactobacilli strains in 2 types of
flavored fermented milk. Food Science and Biotechnology, 21(1), 151-157. https://doi.org/10.1007/510068-012-0019-2

Schrezenmeir, J., & De Vrese, M. (2001). Probiotics, prebiotics, and synbiotics—approaching a definition. The American Journal of
Clinical Nutrition, 73(2), 361s-364s. https://doi.org/10.1093/ajcn/73.2.361s

Scibisz, I, & Ziarno, M. (2023). Effect of yogurt addition on the stability of anthocyanin during cold storage of strawberry,
raspberry, and blueberry smoothies. Foods, 12(20), 3858. https://doi.org/10.8390/foods12203858

Scibisz, 1., Ziarno, M., & Mitek, M. (2019). Color stability of fruit yogurt during storage. Journal of food Science and Technology,
56(4), 1997-2009. https://doi.org/10.1007/513197-019-03668-y

Segantini, D. M., Falagén, N., Leonel, S., Modesto, J. H., Takata, W. H. S., & Artés, F. (2015). Chemical quality parameters and
bioactive compound content of Brazilian berries. Food Science and  Technology, 35(3), 502-508.
https://doi.org/10.1590/1678-457X.6726

Sengiil, M., Erkaya, T., & Yildiz, H. (2014). An investigation of the antioxidant activities and some physicochemical characteristics
of strawberry added yogurt. Italian Journal of Food Science, 26(3), 235-242.

Shiomi, N., & Savitskaya, A. (2022). Current topics in_functional food. In Ghazanfar, S (Ed.), An Overview of Functional Food. United
Kingdom: IntechOpen Publishing.

Singhal, S., Baker, R. D., & Baker, S. S. (2017). A comparison of the nutritional value of cow's milk and nondairy beverages. Journal
of Pediatric Gastroenterology and Nutrition, 64(5), 799-805. https://doi.org/10.1097/MPG.0000000000001380
Singleton, V. L., Orthofer, R., & Lamuela-Raventés, R. M. (1999). Analysis of total phenols and other oxidation substrates and

antioxidants by means of folin-ciocalteu reagent. In Methods in enzymology. In (Vol. 299, pp. 152-178). United States:

Elsevier.

62
© 2026 Conscientia Beam. All Rights Reserved.


https://doi.org/10.1079/ejhs.2005/31888
https://doi.org/10.1021/jf020141f
https://doi.org/10.1007/s10068-015-0279-5
https://doi.org/10.1016/j.foodchem.2014.08.107
https://doi.org/10.3923/ajft.2007.273.280
https://doi.org/10.3390/molecules26175265
https://doi.org/10.3390/beverages5010002
https://doi.org/10.1093/jn/129.7.1398S
https://doi.org/10.1007/s10068-012-0019-z
https://doi.org/10.1093/ajcn/73.2.361s
https://doi.org/10.3390/foods12203858
https://doi.org/10.1007/s13197-019-03668-y
https://doi.org/10.1590/1678-457X.6726
https://doi.org/10.1097/MPG.0000000000001380

Journal of Food Technology Research, 2026, 13(1): 47-63

Sobti, B., Alhefeiti, R. M. S., Alahdali, F. A, Al Samri, M. A. M., & Kamal-Eldin, A. (2023). Supplementation of drinkable yogurt
(Laban) from Camel milk with fruit purees improves its quality and sensory properties. NFS Journal, 32, 100143.
https://doi.org/10.1016/j.nfs.2023.10014:3

Terzaghi, B. E., & Sandine, W. E. (1975). Improved medium for lactic streptococci and their bacteriophages. Applied Microbiology,
29(6), 807-813. https://doi.org/10.1128/am.29.6.807-813.1975

Turgut, T., & Cakmakci, S. (2018). Probiotic strawberry yogurts: Microbiological, chemical and sensory properties. Probiotics and
Antimicrobial Proteins, 10(1), 64-70. https://doi.org/10.1007/512602-017-9278-6

Uzuner, A. E., Kinik, O., Korel, F., Yildiz, G., & Yerlikaya, O. (2016). Usage of rice milk in probiotic yoghurt production. Carpathian
Journal of Food Science and Technology, 8(4), 5-25.

Varedesara, M. S., Ariaii, P., & Hesari, J. (2021). The effect of grape seed protein hydrolysate on the properties of stirred yogurt
and viability of Lactobacillus casei in it. Food Science & Nutrition, 9(4), 2180-2190. https://doi.org/10.1002/fsn3.2188

Vinderola, C. G., & Reinheimer, J. A. (1999). Culture media for the enumeration of Bifidobacterium bifidum and Lactobacillus
acidophilus in  the presence of yoghurt bacteria.  International Dairy  Journal, 9(8), 497-505.
https://doi.org/10.1016/S0958-6946(99)00120-X

Werlein, H.-D., Kiitemeyer, C., Schatton, G., Hubbermann, E. M., & Schwarz, K. (2005). Influence of elderberry and blackcurrant
concentrates on the growth of microorganisms. Food Control, 16(8), 729-738.

https://doi.org/10.1016/j.foodcont.2004.06.011

Views and opinions expressed in this article are the views and opinions of the author(s), Journal of Food Technology Research shall not be responsible or
answerable for any loss, damage or liability etc. caused in relation to/arising out of the use of the content.

63
© 2026 Conscientia Beam. All Rights Reserved.


https://doi.org/10.1016/j.nfs.2023.100143
https://doi.org/10.1128/am.29.6.807-813.1975
https://doi.org/10.1007/s12602-017-9278-6
https://doi.org/10.1002/fsn3.2188
https://doi.org/10.1016/S0958-6946(99)00120-X
https://doi.org/10.1016/j.foodcont.2004.06.011

