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Abstract 

         Probiotic fermentation is a process that is widely used in the production of dairy products. The 

purpose of this study was to scrutinize the quality of milk products enriched with tubers of Jerusalem 

Artichoke (Helianthus Tuberosus L) fermented with lactic acid bacteria (pediococcus pentosacues 

(CCM822), and Lactobacillus rhamnosus (ATCC7469) to assess the effect of such a plant on the milk 

product. The results showed that the sensory analysis was affected not only by the characteristics of 

edible plant material but also by the LAB that used during fermentation which Showed different effects 

different effect on aroma, flavor, and appearance. The pH of milk and HT mixture was lower in pH from 

HT fermentation by the strains, however, show that the pH drops during fermentation the results showed 

that HT was higher in pH compared to HT without milk. However, the results of pH determination for 

HT by the isolates show that the significant drop in pH was in the domestic strain followed by 

fermentation with pp strain. These findings provide valuable insights for the dairy industry and 

consumers alike.  
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1-Introduction

 Probiotic milk products enriched with different 

functional ingredients augment to be 

prominentProbiotics have a multitude of beneficial 

effects in human health, including immune system 

enhancement, treating diarrhea, treating 

inflammatory bowel diseases, such as Crohn’s 

disease and ulcerative colitis, relieving from the 

symptoms of irritable bowel disease, preventing 

cancer, and lowering cholesterol [1]. Erectors 

intensify to produce products rich in beneficial 
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ingredients and to be acceptable to consumers by 

achieving the best sensory characteristics. 

Helianthus tuberoses (HT) is one of the richest 

plants in biologically active compounds that were 

fermented with lactic acid bacteria (LAB) 

(pediococcus pentosacues (CCM822) PP, and 

Lactobacillus rhamnosus (ATCC7469) LGG). 

This plant was not used adequately for 

fermentation, especially with milk-based products. 

This is considered one of the fewest studies 

conducted to measure the influence of these 

beneficial plant tubers on milk product processing. 
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Helianthus tuberoses have a lot of benefits where 

it contains active compounds such as inulin which 

is used in the food industry and for other medical 

uses such lose weight and controlling diabetes. 

Inulin is used in food industry as dietary fiber with 

probiotic properties [2]. Furthermore, it is 

considered a fat replacer, HT an unconventional crop 

that has received attention in Egypt especially 

because of the high susceptibility in the different 

lands like in [3]. LAB has different uses involving 

fermented milk products. Lactic acid is a key 

metabolite produced during fermentation and in 

food products, it usually serves either as 

preservative or as flavoring agent like in [4]. LAB 

has a lot of benefits in the food industry in 

fermentation technology, its avail for the 

gastrointestinal tract, and has an antimicrobial 

effect. The intent of this study is to scrutinize the 

quality of milk products enriched with HT 

fermented with lactic acid bacteria .and to evaluate 

the effect of such a fermented plant on the milk 

product. 

 2-Materials and Methods: 

 2.1. Plant Materials 

The tubers of Helianthus tuberoses were obtained 

from the Environmental Studies & Research 

Institute (ESRI), University of Sadat City (USC), 

Sadat City, Menoufia farm- Egypt and then the 

contents were analyzed. The tubers were found to 

contain 114 g kg‒1 protein, moisture 192 g kg‒1, fat 

10 g kg‒1, ash 58 g kg‒1, inulin 42 g kg‒1 fresh 

weight [5]. The tubers were preached then 

distributed in trays put into the oven, drying at 60   

powder. The HT powder is used for fermentation 

with strain isolates LAB. 

 2.2. Fermentation of plant material and milk 

  The fermentation of HT by LAB was obtained 

from (Cairo Mircen- Ain Shams University, 

Egypt) Isolates cultured in MRS broth media at 

+30°C for 48 hours [6]. After enrichment, strains 

were diluted with saline up to103 (CFU) mL-1. 

Three hundred grams of HT were mixed with 450 mL 

of water, and 5 mL of pure cultures of 

microorganisms and fermented for 24 hours at 

+30 ͦ C. The fermentation process depends on 

various properties such as the fermentation 

conditions, type of strain used, plant composition, 

and bacterial byproducts, as supported by earlier 

studies in [7], [8]. 

2.3. Determination of pH 

   The pH measured for the samples by pH meter 

device, samples were measured at zero time and 

after one hour till the final fermentation ends. 

Samples were prepared into falcon tubes 10 ml in 

each tube. Measuring pH for liquids by pH meter 

is the most suitable method in [9]. The pH 

measurements were essential for assessing the 

fermentation process and the stability of the 

products, as described by early study in [2]. 

2.4. Determination of fat, ash, Fe, K, Ca, and 

moisture contents 

 Samples were dried at 70 °C for 72 hours 9HT and 

after the stable wt. of samples, the dry matter was 

calculated. The dry matter was ignition at 550 °C 

for 2 hours. To calculate the residual ash% 

according to the following method [10]. The dry 

matter was digested with enough H2O4 for 2 hours 

and then 2 ml of H2O2 followed the final addition 

of HCI until get clear solution as the following 

method of [10]. Metal determination by ICP-MS. 

The diluted Extracted samples were filtered 

through disposable 0.2 um PTFE syringe filters 

(DISMIC-25HP, Advantech, Tokyo, Japan. The 

metal concentrations in these extracts were 

determined by means of 15 inductively coupled 

plasma-mass spectroscopy (ICP-MS) (iCAP, 

Thermo, Germany). Certified reference materials 

(Merck, Germany) were included in the analyses. 

The recovery of metals was within the certified 

limits. Qtegra software was used for average and 

relative standard deviation calculation [11]. 
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2.5. Determination of carbohydrates, inulin and 

fructose 

 Samples were dried at 70 °C for 72 hours. and 

after stable wt. of samples, dry matter was 

calculated. The dry matter was ignition at 550 °C 

for 2 hours, to calculate the residual ash% as 

following method in [10]. Samples digested the dry 

matter was digested with enough H2O4 for 2 hours, 

and then 2 ml of H2O2 followed the final addition 

of HCI until get clear solution; following method 

of alike study in [10]. 

2.6. Sensory evaluation analysis 

 The sensory evaluation had been conducted at 

(Heliopolis University, Cairo-Egypt) by making a 

taste banal and sensory evaluation sheet, it was 

prepared to evaluate consumer acceptance and 

measure the (flavor, texture, appearance, and 

aroma). The results were analyzed to determine 

consumer acceptance and preferences, in line with 

methodologies established in early study [10]. 

3- Result and Discussion 

3.1. Determination of Nutritional analysis 

       The analysis of different samples determined 

a wide difference in concentration of inulin, 

fructose and fiber as mentioned in Table (1), it was 

found that there were no differences between HT- 

lactobacillus, HT-Pediococcus, and HT- domestic 

regarding ash and Fe contents, while significant 

differences in the contents of fat, fiber, inulin, phenolic 

compounds, Na, Mg, K and Ca. Also, the results 

indicated that there were differences between HT- 

lactobacillus and HT-Pediococcus versus HT- 

domestic regarding the levels of carbohydrate and 

protein. Additionally, significant differences were 

observed between HT-Pediococcus and HT- domestic 

versus HT- lactobacillus regarding the level of 

fructose. HT- domestic was found to contain high levels 

of fat, Protein, fiber, phenolic compounds, Fe, Na, Mg, 

K, and Ca, whereas the higher levels of Carbohydrate 

and Fructose were recorded for HT- lactobacillus. For 

HT-Pediococcus was found to have the highest level of 

Inulin. These differences highlight the varying 

nutritional profiles of the samples across different 

parameters. The Jerusalem artichoke fermented 

with Lactobacillus rhamnosus showed increased 

levels of protein and inulin compared to the 

domestic strain, consistent with findings in [12]. 

The results suggest that the incorporation of 

Jerusalem artichoke enhances the nutritional 

profile of the milk products. 

3.2 Determination of pH  

The determination of pH samples for HT fermented 

by different strains of lactic acid bacteria 

(Pediococcus Pentosacues, Lactobacillus 

rhamnosus and Domestic strain) showed a 

difference in pH ranges as shown in Table (2) the 

pH drops during fermentation the results, however, 
show that HT with milk was lower in pH from HT 

fermented by the strains. The P. pentosacues 

showed the most significant drop in pH 4.6 rather 

than the other samples, the L. rhamnosus was 4.7 

also the domestic strain was 4.8 on the other hand, 

the samples. of the fermented HT by the isolates 

show that the significant drop in pH was in the 

domestic strain followed by fermented HT with 

(pediococcus p) strain this could be shown in Table 

(2). This decline in pH is crucial for product 

preservation, supporting the findings in [4], which 

indicate that lactic acid production enhances the 

stability of fermented products. Fermentation 

phases depend on different properties such as the 

fermentation conditions, type of strain used, plant 

composition and bacterial products due to the 

synthesion of material components [7]. 

3.3 Sensory evaluation analysis 

    The sensory evaluation demonstrated that the 

probiotic milk products were well-received by 

consumers, with significant improvements in flavor 

and aroma noted [13]. The incorporation of Jerusalem 

artichoke and lactic acid bacteria not only enhanced the 

nutritional quality of the products but also improved 

their sensory attributes, making them more appealing 

to consumers, as supported by previous study [14]. The 

fermentation process known to make a change in 

fermented products not only the product physical 

characteristics like (texture, aroma, color...etc.) but also 

affect the product chemical characteristics like 

(lowering acidity). After conducting the sensory 

analysis for HT fermented milk (pediococcus 

pentosacues) was the most favorable, as shown in 

Figure (1) also, It  can be noted that  the differences in 

the texture, flavor and color shown in Table (3), this 

could be defined by it being less smooth than 

samples (A& D) Figure (2) pageants the external 

flavor for it. Furthermore, it had the most pleasant 

taste and aroma also in acidity. 
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Table 1: The nutritional composition of helianthus tubers with different bacterial strains 

Unit Composition HT- lactobacillus HT-Pediococcus HT- domestic 

g/100g Ash 1.35 1.35 1.35 

g/100g Carbohydrates 78 76 68.2 

g/100g Fat 3.1 6.0 7.1 

g/100g Protein 4.1 4.0 10.1 

g/100g Fiber 2.5 3.5 4.4 

g/100g Inulin 1.3 7.5 6.7 

g/100g Fructose 31.1 27.0 27.6 

g/100g  Phenols 6.1 5.0 8.5 

ppm Fe 99.9 103.9 104.9 

ppm Na 1897.6 1606.3 8048.8 

ppm Mg 244.9 161.2 385.8 

ppm K 419.7 187.0 483.1 

ppm Ca 3359.2 1734.7 6307.5 

Table 2: Determination of pH for HT samples fermented with milk and different LAB strains 

Time (hr) Sample c1-A -HT with 

lactobacillus 

Sample c2-C-HT with 

pediococcus 

Sample c3-D – HT 

with domestic strain 

0 6.61 6.49 6.50 

1 6.01 6.22 6.50 

2 5.59 5.91 5.88 

3 5.42 5.54 5.20 

4 4.91 4.76 4.78 

24 4.71 4.65 4.87 

Table 3: overall sensory evaluation results between the different samples 

Sample Flavor Texture Aroma Appearance 

sample HT-pediococcus 10 10 10 10 

sample HT- lactobacillus 7 10 5 8 

sample HT-domestic 

strain 
8 10 7 8 

Control  10 10 10 10 

The sample fermented by Lactobacillus rhamnoses 

was the lowest favorable in aroma, maybe this 

because of the bacterial biproduct but it had neutral 

taste favorability. At this point the analysis shows 

that the sensory analysis is affected not only by 

the characteristics of edible plant material but also 

by the LAB that is used during fermentation which 

shows a different effect on aroma, flavor and 

texture. The findings indicated that the sensory 

attributes, including aroma, flavor, and 

appearance, were significantly influenced by both 

the characteristics of the plant material and the 

specific LAB used during fermentation [15].
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Figure 1: statistical analysis showing the differences between samples in sensory attributes 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

  Figure 2: the overall sensory evaluation results for the samples. 
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4-Conclusion 

 In conclusion, the experimental studies on the 

influence of probiotic-fermented milk products 

enriched with Helianthus Tuberoses and fermented 

with lactic acid bacteria have demonstrated 

profound effects on the quality and nutritional 

composition of dairy foods. The incorporation of 

HT in milk products, fermented with specific 

LAB strains, has shown promising results in terms 

of sensory attributes, pH levels, nutritional 

composition, and shelf-life enhancement. The 

sensory evaluation revealed distinct 

characteristics in the fermented milk products, 

with Pediococcus pentosacues strain yielding the 

most favorable results, particularly in terms of 

smoothness, flavor, aroma, and acidity. The 

fermentation process also led to significant 

decreases in pH, particularly with the PP strain, 

indicating the activity of lactic acid bacteria in the 

production of organic acids. This activity, in turn, 

impacted on the nutritional composition of the 

milk products, resulting in altered fat, ash, 

carbohydrate, protein, and fiber content. 

Furthermore, the evaluation of health benefits 

associated with the consumption of these 

probiotic-fermented dairy foods demonstrated the 

potential for immune modulation, gut health 

enhancement, and disease prevention. The 

specific strains used in fermentation, such as PP 

and LGG, played crucial roles in providing 

essential nutrients and health Overall, these 

findings highlight the potential for incorporating 

probiotic fermentation, particularly with HT and 

specific LAB strains, in the production of milk 

products. The continued exploration of the 

influence of probiotic fermentation on sensory 

attributes and health benefits will undoubtedly 

contribute to the advancement of dairy product 

development and consumer satisfaction [16], [17], 

[18]. These insights are valuable to both the dairy 

industry and consumers, paving the way for the 

development of dairy foods with enhanced quality 

and significant health advantages as supported by 

findings from [19], [20].The continued 

exploration of the influence of probiotic 

fermentation on sensory attributes and health 

benefits will undoubtedly contribute to the 

advancement of dairy product development and 

consumer satisfaction. 
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