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Abstract: Consumers are increasingly aware of the consumption of natural health products. Husk 

Tomato fruit is a remarkable fruit in a modern survey. Therefore, this study aims to produce novel 

stirred probiotic yogurt (SPY) fortified with Husk Tomato Juice (HTJ). Chemical, microbiological, 

toxins, color, and viscosity characteristics for the new product were evaluated. Vitamins A, B1, B2, C, 

amino acid profile, and the effect of HTJ or SPY on the growth of some pathogens were assessed. 

Vitamin A and β-carotene for fresh stirred probiotic yogurt were also analyzed. On the other side, the 

control sample (with no fortification) and four treatments of SPY were produced with different ratios 

of Husk Tomato Juice T1, T2, T3, and T4 with (20, 30, 40, and 50% V/V) respectively. Apparent 

viscosity, color parameters, and pH values of fermented beverage samples were estimated. Data 

revealed that the juice had a considerable vitamin C ratio, representing about 32-38% of the 

recommended daily use. On the same line, Lysine, Leucine, Valine, Threonine, Tryptophan, and 

Isoleucine were the main essential amino acids in the juice. Also, the HTJ possessed diverse degrees of 

inhibition opposite to grow of some pathogenic bacteria and fungi. The counts of starter cultures of 

yogurt and Lb. casei as the probiotic strain increased during the storage period until 10 days, especially 

in T1, T2, and T3. The viable counts of pathogenic strains in the contaminated treatments decreased 

during storage periods compared with control. Furthermore, treatment samples had significantly lower 

L values and higher a & b values due to the orange color of the high ratio of β-carotene in HTJ compared 

to control samples. A healthy probiotic fruity beverage had been successfully produced. It has 

appropriate amounts of important vitamins. 
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1. Introduction 

Evolutions of functional dairy beverages are now an essential stimulus in dairy markets 

in many regions such as Asia, Africa, Europe, the Middle East, and South America. The 

fermented dairy products field is increasing in the food industry as current health-conscious 

consumers manifest expanding demand for food that can improve well-being and minimize the 

risk of diseases. Fermented milk, especially yogurt-style products, is the most marketable 

functional beverage [1,2]. Yogurt, which is considered a “functional food” is one of the most 

popular food products due to the promising behavior of probiotic bacteria [3]. 
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International Dairy Federation explained that the milk product prepared from skimmed 

milk or not with specific cultures is called fermented milk products. The microflora must be > 

106  organisms/g live lactic acid bacteria till sale to the customers [4, 5, 6]. Jalal et al. [7] 

elucidated that to reduce the risk of several diseases, it is recommended to consume an adequate 

amount of milk and fermented dairy products as a part of a healthy diet. Probiotics are living 

microorganisms, which beneficially affect the host's health by enhancing the composition of 

intestinal microflora when ingested in sufficient amounts. The most common genera and 

species are Lactic Acid Bacteria (LAB) from the genera Lactobacillus such as (Lactobacillus 

acidophilus, Lactobacillus casei) and Bifidobacterium, as are considered Generally 

Recognized as Safe (GRAS) [8, 9]. 

Furthermore, the fortification of fermented milk is a good strategy to promote nutrient 

intake in daily food products [10]. Fermented dairy products contain adequate levels of certain 

live and active cultures, namely probiotics that aid in developing the balance of “beneficial” 

facing “undesirable” bacteria in the intestinal tract [11]. Recently, functional drinks have been 

used to improve health and immune status, help lose weight, and counteract aging symptoms.    

Husk Tomato (Physalis pubescens L.) fruit has been known in Egypt under the name 

of its varieties ‘Harankish’, ‘Halawyat’ and ‘El-Set El-Mestihya’. Recently, Husk Tomato is a 

very hopeful fruit; its economic importance has been raised due to its high admittance for local 

consumption, achieving great success in the African, Latin American, and European markets 

[12-14]. It was also a good source of pro-vitamin A, vitamin C, vitamin B-complex, and several 

minerals of nutritional importance. Polyphenols in the fruit demonstrate antiinflammatory and 

antioxidant properties [15,16]. 

Otherwise, contaminated Husk Tomato and other fruit with fungi that produced 

mycotoxins are considered a great problem in trade markets. Mycotoxins had a spectacular 

influence on human health and animals who suffered from many illnesses [17,18]. There is 

various genus of Aspergillus, such as A. flavus, and A. parasiticus are known to produce 

harmful, mutagenic, and carcinogenic toxins during metabolism like coumarins derivatives 

[19,20]. About 18 types of aflatoxins (AF) are documented, especially hydroxylated M type, 

which can be insulated from dairy products. The serious problem in the fruit and juice industry, 

especially apple and pear, is the contamination with patulin after molds' growth. While this 

problem appears during the production of fresh juice (cloudy) or minimally fruit products, it 

rarely or disappears during manufacture [21].  

Hence, this research is a continuation of a previous study [14]. Analyze Husk Tomato 

Juice for its contents of vitamins (A, B1, B2, and C) and amino acid profile. The ability of fungi 

to produce mycotoxins under storage in a refrigerator for two weeks was assessed. Therefore, 

a novel probiotic beverage fortified with Husk Tomato “Harankish” fruit had been produced. 

Some chemical and antimicrobial properties of this product had also been evaluated during 

storage. 

2. Materials and Methods 

 2.1. Materials. 

Milk: Fresh full-fat buffalo’s milk was purchased from the Faculty of Agriculture’s 

farm, Cairo University, Giza.  

Lactic acid strains: Lactobacillus delbrueckii subsp. bulgaricus Lb-12 DRI-VAC had 

been provided by Northern Regional Research Laboratory. Illinois, USA. Streptococcus 
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thermophilus CH-1 and Lactobacillus casei FEGY 9973 were obtained from our culture 

collection, Department of Dairy Science, Faculty of Agriculture, Cairo University, Egypt. 

Pathogenic strains: Bacillus cereus B-3711 and   Aspergillus flavus 3357 were provided 

by the Northern Regional Research Laboratory Illinois, USA (NRRL).  Escherichia coli 0157: 

H7 and Staphylococcus aureus were isolated and serologically identified by the dairy 

microbiological Lab., National Research Centre.  

Husk Tomato fruits and Sugar: Fine grade of Husk Tomato fruits and sugar were bought 

from a hypermarket in Giza, Egypt.  

2.2. Methods. 

2.2.1.Preparation of husk tomato juice (HTJ). 

Husk Tomato Juice was prepared, as mentioned in the previous study [14]. 

2.2.2. Preparation of stirred probiotic yogurt (SPY). 

Sugar with 7% ratio was added to fresh buffalo milk and was pasteurized at 75º C/ 10 

sec. Then cooled to 42ºC [22]. After that, both starter cultures (1:1%) of St. thermophilus and 

Lb. bulgaricus and probiotic bacteria (Lb. casei) at a ratio of (1%) were added at 37 º C, 

respectively. Then the curd was divided to gain five treatments; first, as control (without fruit), 

second, third, fourth, and fifth treatments had been blended with HTJ at ratios of 20, 30, 40, 

and 50% (v/v) served as T1, T2, T3 and T4 {Preparation of SPY mentioned in details in the 

published paper [14]. The fermented treatments were analyzed when fresh and after 5, 10, and 

15 days of cold storage.  

Another separated contaminated samples with a mixture of four pathogenic strains 

obtained by mixing the same population (~106 CFU/ml) of different strains of each 

microorganism. The inoculated milk was divided into five treatments as previously. 

2.2.3. Determination of vitamins.  

Vitamin A and Vitamin B1 & B2 were determined according to Danish Official HPLC 

method No. AF 255.1 3th and No. AB 198.2, respectively [23,24]. Additionally, Vitamin C was 

determined according to Indian Standard Methods for Estimation of Vitamin C in Foodstuffs 

[25]. 

2.2.4. Determination of amino acid contents. 

HPLC estimated amino acid contents of Husk Tomato Juice according to the method 

[26]. 

2.2.5. pH measurement. 

The pH values of all samples were measured using a digital laboratory pH meter (HI 

93 1400, Hanna instruments) with a glass electrode. 

2.2.6. Apparent viscosity. 

The treated samples were gently stirred 5 times clockwise with a plastic spoon before 

viscosity measurements. Apparent viscosity was measured at 5±2ºC using a Brookfield digital 

viscometer (Model DV-II, Canada) fitted with spindle-4. The FHTB samples were subjected 
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to selected shear rates ranging from 3.0 to 50.0 S1 for the upward curve. Apparent viscosity 

was expressed as Pascal (Pas). 

2.2.7. Color parameters. 

The color was estimated for treatment samples by using Hunter Colorimeter model D2s 

A-2 [27]. Tri-stimulus values of the color, namely L, a, and b, were measured.  

Where: L: Values represent darkness from black (0) to white (100); a:  Values represent color 

ranging from red (+) to green (-); b: Values represent colors ranging from yellow (+) to blue (-

). 

2.2.8. Microbiological analysis. 

Lactobacillus bulgaricus counts were determined using MRS agar, according to De 

Man et al., [28]. Streptococcus thermophilus counts were determined using M17 agar 

according to Teraghi and Sandine [29]. The counts of Lactobacillus casei were determined 

using MRS agar free from sugar and supplemented with 0.05% cellobiose, according to Shah 

[30]. According to Mossel, the clearest bacterial counts were counted using violet red bile agar 

medium [31].   

2.2.9. Microorganisms count (Log10CFU/ml) in contaminated HTJ samples during storage. 

One hundred ml of separated fresh HTJ contaminated with a mixture of four pathogenic 

strains (Bacillus cereus, Escherichia coli O157:H7, Staphylococcus aureus, and Aspergillus 

flavus) was obtained by mixing the same population (~106 CFU/ml) of the different strains of 

each microorganism. The mixture of pathogenic strains were enumerated on the selective 

medium during storage at 5 ̊C for 15 days, Bacillus cereus agar medium, supplemented with 

polymyxin B and egg yolk [32] for the first, Sorbitol MacConky Agar Medium for second 

pathogen [33], Baird Parker Agar with egg yolk for third one [34] and potato dextrose agar pH 

3.5 for the last [35]. Same pathogenic bacteria were detected in contaminated yogurt samples 

by the same methods mentioned previously. 

2.2.10. Isolation and identification of fungi. 

According to Nure et al. [36], the serial dilution plate method was used for isolated 

fungi in treatment samples during storage. The fungi count was determined and expressed as 

CUF/g or /ml on potato dextrose agar [37]. The identification of isolated fungi was carried out 

based on macro-and microscopically observations using descriptions provided according to 

Barnett and Hunter [38].                                   

2.2.11. Detection the ability of isolated fungi to produce mycotoxins. 

Detection of the ability of isolated fungi from raw materials (Husk Tomato Juice and 

buffalo milk) and through storage to produce mycotoxins in vitro was observed. The ability of 

A. flavus to produce aflatoxin B1, P. expansumt to produce patulin, and A. versicoular to 

produce sterigmatocystin by thin-layer chromatography plates (TLC) according to Muiz Al-

Hussaini and Kadhim, [39]. Also, Aflatoxin M, patulin, and sterigmatocystin were determined 

in raw materials and fermented beverage throw storage according to techniques of AOAC [40] 

and Giovati et al., [41] then analyzed by high-performance liquid chromatography (HPLC). 
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2.2.12. Statistical analysis. 

Statistical analysis for obtained data was carried out using variance analysis (ANOVA) 

and Duncan tests with the Statistical Analysis System [42]. A probability of P < 0.05 was used 

to establish statistical significance. 

3. Results and Discussion 

3.1. Vitamins contents of HTJ and SPY. 

Vitamins A, B1, and B2 in HTJ had been highlighted in Fig. 1; they were 0.822, 0.4, and 

0.7 mg/100g, respectively. The Recommended Daily Allowance (RDA) of vitamin C in the 

United States (Institute of Medicine of the National Academy of Sciences. Food and Nutrition 

Board) for adults between 31 and 50 years old is 90 mg/day for men 75 mg/day for women. 

Vitamin C, which is considered an indicator of fruit's nutritional quality, had a ratio of 28.7 

mg/100g, which represented about 32% and 38% of the needs for men and women/ day, 

respectively. At the same time, Hassanien and Morsel [43] and Labarca et al. [44] mentioned 

that the ascorbic acid content of fresh Rasbhari is 26.31mg/100g. However, this vitamin is a 

great reducing agent with high antioxidant activity. Ascorbic acid also plays a serious role in 

human nourishment, overall growing and preserving tissues, and producing neurotransmitters, 

hormones, and immune system responses [44,45]. 

 
Figure 1. Vitamins contents of Husk Tomato Juice. 

Vitamins C, E, and β-carotene have a Synergistic impact in scavenging reactive 

nitrogen species. Vitamin A is considered an important factor of standard vision, preserving 

the integrity of epithelial tissues and for a broad set of some metabolic activities. The reduction 

of vitamin A as micronutrient malnutrition is globally affecting over 3 billion people. Vitamin 

A Deficiency (VAD) has influenced about 190 million preschool-aged children and 19 million 

pregnant women, mostly in Africa and South-East Asia, as stated by World Health 

Organization (WHO) [46]. 

β-carotene and Vitamin A of fresh stirred probiotic yogurt were presented in Table 1. 

The results figured that β-carotene content in fresh treatment samples was significantly 

(p<0.05) higher than fresh control ones. The β-carotene contents were (0.430, 0.447, 0.578, 
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and 0.685 mg/100g) for T1, T2, T3, and T4, respectively, against traces in the control sample. 

This result was logical because β-carotene is absent in buffalo milk. So, the high ratio of β-

carotene content in SPY was due to the import of HTJ. These results followed Khedkar et al., 

[47], who mentioned that carotenoids are absent in buffalo milk. Pritwani and Mathur [48] 

declared the contents of β-carotene in some fruits such as ripe tomato (Lycopersicon 

esculentum), papaya (Carica papaya), and Cape gooseberry (Physalis peruviana), which were 

316.6-341.2, 185.02- 34.28 and 775.21-857.71 μg/100 g respectively. 

Also, it was observed that the content of vitamin A was more pronounced in all 

treatment samples compared to control. As it is known that buffalo milk is a good source of 

vitamin A which is lipo-soluble (A, D, K, and E), the ratio of this vitamin depends mainly on 

the higher fat amount in buffalo milk. Vitamin A contents were (10.26, 14.53, 15.12, 15.89, 

and 16.78 mg/100g) for control, T1, T2, T3, and T4. The increment in vitamin A of all treatments 

was due to the juice contents of this vitamin besides buffalo milk content. 

Table 1. β-carotene and Vitamin A of fresh Stirred Probiotic Yogurt (SPY). 

Vitamins Contents (mg/100g) 
Treatment samples 

Control T1 T2 T3 T4 

β-carotene Traces 0.430A 0.447B 0.578C 0.685D 

Vitamin A 10.26a 14.53b 15.12bc 15.89c 16.78cd 
      T1= 20% HTJT2= 30% HTJ T3= 40% HTJ    T4=50% HTJ 

       Different capital letters were significant (p<0.05) between treatment samples of β-carotene. 

       Different small letters were significant (p<0.05) between treatment samples of vitamin A. 

3.2. Amino acid contents of husk tomato juice. 

Amino acid contents of Husk Tomato Juice (HTJ) were pointed in Table 2. As 

announced in the first published research [11], it was found that the total protein of the juice 

was 0.98%. Obviously, lysine, leucine, valine, threonine, tryptophan, and isoleucine were the 

major essential amino acids found in husk tomato juice. While glutamic acid, proline, aspartic 

acid, alanine, and serine were the non-essential amino acids that had been estimated in fresh 

HTJ. There were considerable amounts of amino acids compared to those recommended by 

Anon FAO/WHO/UNU [49]. It was apparent that the ratios of particular amino acids 

isoleucine, leucine, and lysine cover the requirements for children from 2-12 years old. The 

same trend was found about threonine, tryptophan, and valine amino acids. As well, it could 

be concluded from the obvious Table that sulfur-containing amino acids supply the needs for 

the same age group and about half of the needs for the adult group. As mentioned by Colovic 

et al. [50], the action of sulfur amino acids and their derivatives (such as glutathione (GSH), 

thioredoxins, glutaredoxins) includes their protective role against oxygen reactive species as 

master antioxidants and in protein metabolism. Moreover, methionine side chains can be sited 

on the protein surface, influencing an endogenous antioxidant defense in proteins. Cysteine 

and methionine belong to a group of twenty canonic amino acids integrated into protein 

structures. As a component of tissue proteins, cysteine presents an essential precursor for 

protein synthesis. Our findings were in ceremony with EL Sheikha et al., [13], who stated that 

alanine, aspartic acid, glutamic acid, glycine, and proline were the superior amino acids in 

Physalis juice. 

Table 2. Amino acid contents of fresh Husk Tomato Juice (HTJ). 

Amino acid 
Content 

(g/100 g protein) 

FAO Pattern*(g/100g protein) 

Child 2-5 years Child 10-12 years Adult 

Isoleucine 2.51 2.8 2.8 1.3 

Leucine 4.12 6.6 4.4 1.9 
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Amino acid 
Content 

(g/100 g protein) 

FAO Pattern*(g/100g protein) 

Child 2-5 years Child 10-12 years Adult 

Lysine 4.34 5.8 4.4 1.6 

Cysteine 1.31 - - - 

Methionine 1.63 - - - 

Total sulfur containing amino acids 2.94 2.5 2.2 1.7 

Tyrosine 1.01 - - - 

Phenylalanine 2.28 - - - 

Total aromatic amino acids 3.29 6.3 2.2 1.9 

Threonine 3.12 3.4 2.8 0.9 

Terptophane 2.53 1.1 0.9 0.5 

Valine 3.22 3.5 2.5 1.3 

Total essential Amino Acids 26.07 32 22.2 11.1 

Histidine 2.78 - - - 

Argenine 2.33 - - - 

Aspartic acid 10.55 - - - 

Glutamic acid 17.23 - - - 

Serine 4.26 - - - 

Proline 17.09 - - - 

Glycine 3.28 - - - 

Alanine 9.11 - - - 
Total non-essential Amino Acids 66.63    

  *FAO/WHO/UNU Pattern [46]. 

3.3. pH measurement of stirred probiotic yogurt (SPY) during storage. 

Data in Fig. 2 displayed that all treatments supplemented with HTJ had lower pH values 

than control samples, either fresh or after 5, 10, and 15 days of storage. A decrease in pH values 

was ultimately proportional to HTJ concentrations. The decrease in pH values was a collection 

effect of the existence of probiotic & starter culture and HTJ and also due to the production of 

organic acids.  In fact, a diminish in pH values during cold storage was significant (p<0.05) 

after 10 and 15 days at high ratios treatments (T3& T4). The taste of acidity was more present 

on the 15th day of storage. The same outcome was found by Rozada-Sánchez et al., [51], who 

evaluated the pH range as a result of Bifidobacterium spp. addition after 14 hours of 

fermentation, and the range was between 4.40 and 4.6. Also, Gustaw et al. [52] pointed to the 

range of pH values of all FHTB types supplemented with 1% probiotic were 4.62 to 4.20, lower 

than control samples during the storage. Also, the same results agreed with El-Sayed and 

Ramadan [53], who found that the pH values were decreased during the storage period of 

probiotic rice milk beverages. 

 
Figure 2. pH values of stirred probiotic yogurt (SPY) during storage. 

T1, T2, T3, and T4 at the ratios mentioned before 

3.4. Apparent viscosity of stirred probiotic yogurt (SPY) during storage. 

In non-Newtonian fluid, the apparent viscosity depends on the share rate changes, as 

the shear rate is changed. As shown in Fig. 3, the apparent viscosity of control samples was 
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higher than treatment samples, either fresh or during storage.  As cleared in Fig. (3 a, b, c, and 

d), fresh control samples had significantly (p≤ 0.05) higher apparent viscosity than treatments. 

This is because yogurt beverage represented as a matrix of casein micelles with entrapped water 

like in control samples. When adding the HTJ, it may split the structure of fortified samples 

and minimize the viscosity. As the juice concentration increased, the apparent viscosity 

decreased compared to the control. Increment of viscosity might be due to the production of 

exopolysaccharides (EPS) produced by Lactic acid bacteria like starter bacteria and Lb. casei, 

which interact with milk protein and increase viscosity. As it’s known as hetero-

exopolysaccharides, Lactic acid bacteria participated in gel formation of the stirred yogurt 

through the formation of the EPS that inhibits syneresis of the final product. This explanation 

is in line with Rawson and Marshall [54], Béal and Helinck [55], Han et al. [56], and Mekhici 

et al. [57]. By the time, the apparent viscosity of all samples had been slightly increased until 

day 15. Also, these data were in correspondence with Sahan et al. [58], who announced that 

apparent viscosity by time could increase due to the rearrangement of protein and protein-

protein contacts. On the same line, Gilbert et al. [59] discussed the microstructure of stirred 

yogurt and its viscosity and firmness, which depends on interactions between molecules or 

particles. They found that the viscosity of yogurt is temperature-dependent; it lowers with 

increasing temperature. So, the yogurt gel suffers structural breakdowns during shearing; the 

interactions bonds and structures that define the gel are progressively broken, leading to the 

formation of microgels. This could be expressed by the reduction of viscosity during shearing. 

3.5. Color parameters of stirred probiotic yogurt (SPY) during storage. 

Table 3 clarifies the color parameters of SPY. It was noted that the whiteness parameter 

(L) was higher in control samples compared to treated ones; due to the fortification of HTJ. 

Therefore, more ratios of HTJ increased, the treatment was more saturated with color 

concentration, and the parameter (L) went away from whiteness, and this because of the 

featured color of the juice, which tends to be orange. L values were (91.03, 85.90, 82.25, 79.48, 

and 77.80) for control, T1, T2, T3, and T4 at fresh period, respectively. Then they reached (91.72, 

87.06, 83.13, 80.89, and 78.31) for control, T1, T2, T3, and T4 at the end, respectively. While 

the opposite trend was found in redness parameters (a), it boosted in treatment samples more 

than control due to the tendency of color juice to red. The treated sample (T4) had gained the 

highest score compared to other samples. On the other hand, it was observed that b-values for 

treatments were more noticeable than control ones with remarkable differences in treated 

samples by changing the concentration juice.  Carotenoids are responsible for the orange color 

of this beverage, especially β-carotene, which was high in HTJ. Furthermore, the b-values of 

treated samples were prominent higher than control ones with fewer differences between 

treatments by adding more juice ratios. Husk Tomato fruit is an orange color fruit with a high 

ratio of β-carotene; consequently, it is responsible for stirred probiotic yogurt color by 

decreasing L value and increasing b & a value.  

These results were harmonized with Yu et al., [60], who fortified yogurt with red pepper 

and revealed that L value decreased, whereas the a and b values increased significantly with 

the amount of red pepper added. As well as Nguyen and Hwang [61] showed that the Aronia 

juice which had been added to yogurt treatments made them redder, darker, and less yellow 

than control yogurt. 
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Figure 3. Apparent viscosity of Stirred Probiotic Yogurt (SPY) during storage. 

T1, T2, T3 and T4 at the ratios which mentioned before. 
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Table 3. Color parameters of Stirred Probiotic Yogurt (SPY) during storage. 

Color 

parameters 

Treatment samples 

Control T1 T2 T3 T4 

Fresh 

L 91.03 85.90 82.25 79.48 77.80 

a -1.93 1.63 3.29 4.11 5.40 

b 10.77 22.39 31.82 36.51 41.93 

5 Days 

L 90.95 85.65 82.04 79.41 77.63 

a -2.03 1.59 2.97 4.02 5.39 

b 10.53 22.60 31.70 36.45 41.42 

10 Days 

L 90.81 85.36 81.69 79.32 77.35 

a -2.12 1.54 2.71 3.89 5.41 

b 10.47 22.88 31.62 36.40 41.10 

15 Days 

L 91.72 87.06 83.13 80.89 78.31 

a -1.97 2.02 3.11 4.51 6.51 

b 10.92 24.39 32.56 36.98 43.63 
      T1, T2, T3 and T4 at the ratios which mentioned before. 

3.6. Viability of starter cultures counts (Log10CFU/ml) of stirred probiotic yogurt (SPY) during 

storage. 

The effect of HTJ at divers’ concentrations on the growth of studied Lb. bulgaricus 

counts in SPY through storage were highlighted in Table 4. A little raise was observed in viable 

counts of Lb. bulgaricus until 10 days of storage, then decreased at 15 days of storage. The 

first and third treatments (T1 and T3) contained the highest viable count of Lb. bulgaricus during 

storage versus control and other treatments. Moreover, St. thermophilus was increasing up to 

10 days then decreased at the end of the storage period in all treatments. Samples with 30% 

HTJ had the highest counts, the viable counts of St. thermophilus and Lb. bulgaricus reached 

8.90 and 9.00 log10CFU/ml at the end for the same treatments, respectively, against control and 

other treatments. Also, measuring the pH values through the trial to control the influence of 

HTJ on the activity of the starter culture in the final product. These data confirmed with much 

literature which displayed that fruit juice that contained high amounts of minerals (iron, 

potassium, and phosphorus), vitamins (A, B, and C), and carotenoid can enhance the starter 

culture growth [12, 62, 63]. 

Table 4. Viable counts of a starter of Stirred Probiotic Yogurt (SPY) during storage (Log10 CFU/ml). 

Treatments 

Lb. bulgaricus St. thermophilus 

Storage periods (days) Storage periods (days) 

Fresh 5 10 15 Fresh 5 10 15 

Control 8.25Cb 8.40Bc 8.60Ae 8.00Dd 8.15Dc 8.30Cc 8.70Ae 8.40Bd 

T1 8.30Da 8.70Bb 8.95Ab 8.60Cb 7.90Db 8.50Cb 9.00Ab 8.90Bb 

T2 8.12Cc 8.75ABb 8.88Ac 8.40Bc 7.95Db 8.65Ca 9.20Aa 9.00Ba 

T3 8.00Dd 8.90Ca 9.12Aa 9.00Ba 8.00Da 8.55Cb 8.90Ac 8.80Bc 

T4 8.20Db 8.50Cc 8.75Ad 8.45Bc 8.10Ca 8.33Bc 8.70Ad 8.35Bd 
   T1, T2, T3 and T4 at the ratios which mentioned before. Data expressed as mean of 3 replicates. Means in the same row showing the same 

capital letters are not significantly different (p≤0.05). Means in the same column showing the same small letters are not significantly different 

(p≤0.05). 

3.7. Viability of Lb. casei counts (Log10CFU/ml) of Stirred Probiotic Yogurt (SPY) during 

storage: 

Viability of Lb. casei in SPY was seen in Table 5. The data expounded that treatments 

that involved 30, 40 and 50% HTJ owned the more count of Lb. casei during storage in contrast 

with control. Nevertheless, it was observed significant differences between treatments with 
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HTJ through storage period, while there was a slightly significant difference compared to 

control. Lb. casei counts were growing through 10 days. Then it was shown a little bit decrease 

at the end of storage in all treatments. These data revealed that various vitamins, essential 

amino acids, and minerals in the HTJ encourage the growth of probiotics during storage 

periods. These outcomes are in the same line with El- Sheikha et al., [10], who studied the 

protein content of Physalis pubescens L. fruit, showing 31.8% of essential amino acids, mainly 

leucine, lysine, and isoleucine. The juice also contained high amounts of polyunsaturated fatty 

acids, vitamins A, B, and C, and phytosterols [12,  63]. 

Moreover, Thuy et al. [64] found that Physalis peruviana contains moderate levels of 

vitamins (C and A), antioxidants (polyphenols), minerals (especially high content of 

phosphorus), and fiber. So, the juice may be considered a good source for probiotic growth. 

Besides that, several fermented dairy products' quality and shelf life were determined according 

to the viable count of coliform during storage. Coliforms were not detected in all treatment and 

control samples during storage, which indicated the good pasteurization and hygienic 

conditions followed in its production. 

Table 5. Viable counts of Lb. casei of Stirred Probiotic Yogurt (SPY) during storage(Log10 CFU/ml). 

Treatments 
 Storage periods 5 °C/ 15 days 

Fresh 5 10 15 

Control 8.50Cb 8.75Ae 8.60Bd 8.40Cd 

T1 8.65Da 9.00Cd 9.25Ac 9.15Bc 

T2 8.60Da 9.30Cb 9.60Ab 9.50Bb 

T3 8.55Db 9.45Ca 9.70Aa 9.65Ba 

T4 8.45Cc 9.22Bc 9.35Ac 9.20Bc 
   T1, T2, T3 and T4 at the ratios which mentioned before. Data expressed as mean of 3 replicates. Means in the same row showing the same 

capital letters are not significantly different (p≤0.05). Means in the same column showing the same small letters are not significantly different 

(p≤0.05) 

3.8. Microorganisms counts (Log10CFU/ml) in contaminated husk tomato juice (HTJ) during 

storage. 

The effect of HTJ on pathogenic strains is illustrated in Table 6. It was clear that the 

counts of pathogenic strains gradually reduced by increasing as time progressed. Also, from 

this study, it was regarded that S. aureus was more significantly (p<0.05) sensitive to the juice, 

which decreased from 5.90 to 1.10 Log10 CFU/ml in the viable count followed by A. flavus, 

which the viable count decreased from 6.00 to 1.80 Log10 CFU/ml at the end of storage. These 

outcomes were proven that the HTJ had an antioxidant activity that strongly affected the 

viability of pathogenic and spoilage microorganisms. So, with this evidence, it can be said that 

Husk Tomato Juice owns antimicrobial properties that keep fermented dairy products safe from 

food-born pathogen and spoilage during storage as assessed before in Hegazy et al. [ 14 ]. 

Göztok and  Zengin [ 65]elucidated that the fruit extract of P. peruviana was prohibited the 

growing of  B. megaterium, P. aeruginosa, E. coli, K. pneumoniae, C. albicans, and C. globrata 

at different ratios. Also, Shenstone et al. [66] indicated that polyphenol pyrogallol found in 

different Physalis species have antibacterial properties and effectively used as a pesticide and 

in pharmaceutical industries. 

Table 6. The effect of Husk Tomato Juice (HTJ) on pathogenic strains during storage (Log10 CFU/ml). 

Pathogenic strains 
Storage period (days) 

Fresh 5 10 15 

Escherichia coli 6.00Aa 4.80Bb 3.18Cc 2.35Da 

Staphylococcus aureus 5.90Ab 4.20Bd 3.00Cd 1.10Dd 
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Pathogenic strains 
Storage period (days) 

Fresh 5 10 15 

Bacillus cereus 6.15Aab 5.00Ba 3.25Cb 2.00Db 

Aspergillus flavus 6.00Aa 4.55Bc 3.50Ca 1.80Dc 

Data expressed as mean of 3 replicates. Means in the same row showing the same capital letters are not significantly different (p≤ 0.05). 

Means in the same column showing the same small letters are not significantly different (p≤ 0.05). 

3.9. Microorganisms count (Log10CFU/ml) in contaminated stirred probiotic yogurt (SPY) 

treatments. 

The impact of varied ratios of Husk Tomato Juice (HTJ) in Stirred Probiotic Yogurt 

(SPY), including contaminated pathogenic strains, as stated in Table 7. The different ratios' 

counts of different pathogenic strains gradually decreased over time in the treatment samples 

with HTJ. Contrary to the control samples which the pathogenic counts remained stable during 

storage. Also, the T3 and T4, which contained 40 and 50% HTJ had a higher effect on 

pathogenic strains when compared with control. Also, this study found that E. coli and A. flavus 

were more sensitive to HTJ at different ratios. The viable counts of these strains decreased in 

T4 from 6.15 and 6.00 to 3.20 and 3.80 Log10CFU/ml in finishing of storage, respectively. 

These results indicated that HTJ had antimicrobial characteristics that can save fermented dairy 

products from food-borne pathogens and spoilage. Our results are confirmed by Göztok and 

Zengin [ 65 ]. 

Table 7. Effect of Husk Tomato Juice (HTJ) in Stirred Probiotic Yogurt (SPY) treatments during storage on the 

pathogenic strains count (Log CFU/ml). 

Microorganisms Storage period (days) Control T1 T2 T3 T4 

 

Escherichia 

Coli 

Fresh 6.20ABa 6.25Aa 6.20ABa 6.10Ba 6.15Ba 

5 6.00Ac 6.00Ab 5.00Cb 5.30Bb 5.00Cb 

10 6.10Aab 5.30Bc 4.50Cc 4.40Cc 4.20Dc 

15 5.95Ac 5.00Bd 4.10Cd 3.35Dd 3.20Ed 

 

Staphylococcus 

aureus 

Fresh 6.10ABa 6.20Aa 6.10ABa 6.00Ca 6.20Aa 

5 6.00Ab 6.00Ab 5.60Bb 5.20Cb 5.20Cb 

10 6.20Aa 5.45Bd 5.00Cc 4.80Dc 4.20Ec 

15 6.00Ab 5.80Bc 4.30CDd 4.45Cd 4.00Dd 

 

Bacillus cereus 

Fresh 6.30Aa 6.25Ba 6.25Ba 6.20Ca 6.20Ca 

5 6.00Ab 6.00Ab 5.65Bb 5.45Cb 5.25Db 

10 6.10Ab 5.60Bc 5.20Cc 5.00Dc 4.75Ec 

15 5.90Ac 5.20Bd 4.85Cd 4.50Dd 4.10Ed 

 

Aspergillus 

Flavus 

Fresh 6.10Ba 6.20Aa 6.00Ca 6.15ABa 6.00Ca 

5 6.00Ab 5.80Bb 5.35Cb 5.25CDb 5.20Db 

10 6.15Aa 5.50Bc 5.00Cc 4.95Dc 4.60Ec 

15 5.90Ac 4.85Bd 4.70Cd 4.55Dd 3.80Ed 
     T1, T2, T3 and T4 at the ratios which mentioned before. Data expressed as mean of 3 replicates. Means in the same row showing the same 

capital letters are not significantly different (p≤0.05). Means in the same column showing the same small letters are not significantly different 

(p≤0.05). 

3.10. Isolation and identification of fungi in fresh husk tomato juice and milk. 

Table 8 cleared that some isolated fungi were detected from HTJ and milk used in the 

manufacturing of SPY. The genus had three identified species, A. niger, A. flavus, and A. 

versicolor. Also, the identified species were found at a low level. The same Table did not detect 

mycotoxin produced from these isolates in raw materials before or after the pasteurization 

process.  Moreover, the heat treatment used in pasteurization is sufficient to destroy the 

detected isolates. The data by Thomma [ 67] and Ostry [68]  found that the cold temperature 

was suitable for the growth of different fungi in food.  They observed that about thirty toxins 

could be produced at low temperatures from some species. , The presence of fungi does not 
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mean the production of mycotoxins, which depend on several factors, especially temperature 

and humidity [69]. The warm temperature at high humidity is the most appropriate condition 

for mycotoxin production from fungi. Therefore, tropical and subtropical countries such as 

Colombia, Mexico, and Egypt are susceptible to fungal contamination and mycotoxin 

production. Also, the storage time & processing type and their conditions greatly affected 

contamination with fungi and mycotoxins production [70]. 

Table 8. Isolated fungi from Husk Tomato Juice (HTJ) and milk before and after pasteurization. 

Raw materials Fungi detection before pasteurization after pasteurization 

HTJ 
A. versicolor 2.90 ND 

A. niger 2.30 ND 

Milk 
Penicillum sp. 1.00 ND 

A. niger ND ND 

     ND: Not detectable 

3.11. Detection the ability of isolated fungi from SPY to produce mycotoxins. 

From Table 9, it was found that A. niger was detected only in fresh control SPY at the 

ratio of 2.48 log cfu/ml, while all treatments hadn’t any detected fungi. Also, after 10 days of 

storage, T1 had got A. niger at the ratio 2.60 log cfu/ml, and T2 had A. versicaler at the ratio 

2.95 log cfu/ml. Moreover, the present study used the TLC technique to compare isolated fungi' 

ability to produce mycotoxins during storage. The investigated mycotoxins included aflatoxin 

B1 by A. flavus and sterigmatocystin by A. vesicolor. Our data showed that many isolated 

species could not be able to produce mycotoxins under-investigated conditions. The main 

fungal species in the production of mycotoxins are Pencillium and Aspergillus. Their toxins 

are toxic, mutagenic, and have a significant effect on animal and human health. Approximately 

three hundred mycotoxins can be produced from the mentioned species. However, only about 

twenty types are known for their potential effects, reduced animal production, and caused 

human illness [20]. The obtained results showed that all collected beverage treatments were 

free from mycotoxins such as aflatoxin and sterigmatocystin. Also, it was demonstrated that 

the treatments fortified with HTJ were mostly uncontaminated by fungi species; this may be 

due to the antimicrobial properties of HTJ, as mentioned before by Hegazy et al. [ 14].   

Table 9. Detection of fungi from SPY during storage (Log cfu/ml). 

Treatments 
Fungi isolates  Storage periods 5 °C/ 15 days 

 Fresh 5 10 15 

Control 

A. niger 2.48 N.D N.D N.D 

A. flavus N.D N.D N.D 2.78 

A. versicaler N.D N.D N.D N.D 

T1 

A. niger N.D N.D 2.60 N.D 

A. flavus N.D N.D N.D N.D 

A. versicaler N.D N.D N.D N.D 

T2 

A. niger N.D N.D N.D N.D 

A. flavus N.D N.D N.D N.D 

A. versicaler N.D N.D 2.95 N.D 

T3 

A. niger N.D N.D N.D N.D 

A. flavus N.D N.D N.D N.D 

A. versicaler N.D N.D N.D N.D 

T4 

A. niger N.D N.D N.D N.D 

A. flavus N.D N.D N.D N.D 

A. versicaler N.D N.D N.D N.D 
ND: Not detectable. T1, T2, T3 and T4 at the ratios mentioned before. 
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4. Conclusions 

 A novel fermented beverage was successfully produced fortified with probiotics and 

Husk Tomato Juice. Adding HTJ positively affected the beverage contents of vitamins, amino 

acids, and vitamin C. Also, this juice has a strong antimicrobial activity. The final product was 

free from any pathogenic bacteria, fungi, and mycotoxins. So, it was recommended that the 

addition of HTJ increased the product's shelf life and enhanced probiotic bacteria. 
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