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					ABSTRACT  

					ARTICLE INFO  

					Lactic Acid Bacteria (LAB), widely used in food, health, and biotechnology, have driven interest  

					in developing sustainable plant-based alternatives to conventional culture media. This study  

					investigates alternatives to Man, Rogosa and Sharpe (MRS) medium for their cultivation. We  

					evaluated the efficiency of Soybean-Beetroot Blend (SBB) in supporting the growth of  

					Lactobacillus plantarum, Enterococcus durans, and Lactobacillus fermentum. Unlike prior  

					studies, this research aims to optimize plant-derived media to address the specific nutritional needs  

					of LAB bacteria. Initial trials showed that beetroot and soybean, when used separately, failed to  

					sustain adequate bacterial growth, resulting in their elimination from further testing. Enriched  

					media formulations - SBB and beetroot juice supplemented with Tween 80 (BJ-T80)- were  

					subsequently assessed. Results demonstrated that SBB promoted the most efficient growth for L.  

					plantarum, with a maximum specific growth rate (µmax) of 0.248 h-¹ and a generation time of  

					2.79 h. In comparison, BJ-T80 exhibited a lower µmax of 0.061 h–¹ and an extended generation  

					time of 11 h, while the MRS medium achieved a µmax of 0.154 h-¹. Acid production analysis  

					revealed that SBB yielded a specific acid production rate (Qac) of 0.161 g/g/h and a productivity  

					of 0.028 g/L/h. The BJ-T80 performed moderately better, with a Qac of 0.262 g/g/h and a  

					productivity of 0.043 g/L/h, though MRS remained superior with a Qac of 1.588 g/g/h and a  

					productivity of 2.100 g/L/h. These findings underscore the promise of beetroot-based media  

					enhanced with plant-derived components as cost-effective and eco-friendly alternatives to  

					conventional microbiological media.  
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					To the best of our knowledge, there is currently no validated plant-based  

					revalorized medium that has been confirmed as an effective substitute  

					Introduction  

					Sugars, organic acids, and minerals, which are abundant in fruits  

					and vegetables, constitute key factors influencing properties such as  

					sweetness, texture, and microbiological stability. As sustainability and  

					natural alternatives gain increasing attention, the search for new  

					approaches for lactic acid bacteria (LAB) cultivation has intensified,  

					for the Man, Rogosa, and Sharpe (MRS) medium.4 This approach is  

					motivated by the recognition of the nutritional value and bioactive  

					compounds in these natural ingredients. Beetroot, known for its high  

					content of sugars, vitamins and phytochemicals, effectively supports the  

					growth and metabolic activity of LAB. 3 Similarly, soybean is valued  

					for its richness in high-quality proteins, essential amino acids, and  

					bioactive components such as isoflavones, along with its lipid content,  

					1

					especially concerning the biovalorization of unexploited resources.  

					LAB, particularly species of the Lactobacillus genus, play a vital role  

					in food fermentation, probiotics, and promoting overall health.  

					However, they are known to be demanding microorganisms requiring  

					specific growth conditions that are often lacking in conventional media.  

					5

					particularly polyunsaturated fatty acids. The study implemented a  

					robust methodological framework, encompassing the selection of LAB  

					strains, preparation of fermentation media, and evaluation of both  

					phytochemical composition and microbial growth dynamics. In  

					accordance with the methodologies adopted in earlier studies, an agar  

					plating technique was employed to assess macroscopic features and  

					enumerate viable cells. This work contributes to the development of this  

					field by investigating the potential of plant substrates, including  

					beetroot and soybean, for the formulation of environmentally friendly  

					functional foods, probiotic products, and microbial carriers.  

					2

					As highlighted by , the growth medium composition plays a crucial  

					role in determining the growth rate, metabolic activity, and LAB  

					viability. This recognition has driven increased interest in developing  

					sustainable alternatives to conventional synthetic media. This study  

					seeks to formulate a sustainable and complementary culture medium for  

					lactic acid bacteria (LAB) by utilizing a combination of beetroot and  

					soybean as nutritional substrates.  
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					Materials and Methods  

					Harvesting and Drying Procedure of Vegetal Samples  

					Citation: Kamel BO, Sahnouni F, Hariri Ahmed H. Greener Cultivation:  

					Replacing Man Rogosa and Sharpe Agar with Beetroot and Soybean-  

					Formulated Medium for Lactic Acid Bacteria Cultivation. Trop J Nat  

					Prod Res. 2025; 9(9): 4484 – 4494 https://doi.org/10.26538/tjnpr/v9i9.49  

					Beet pulps and soybeans were obtained from local farms in Mascara,  

					Algeria (GPS: 35.401864, 0.139919). They were then thoroughly  

					cleaned to remove soil and debris. The leafy parts were carefully  

					trimmed using a sterile scalpel, retaining only the necessary sections.  

					The materials were then peeled, ground, and air-dried at room  

					temperature (around 25°C) in a well-ventilated area. This natural  

					dehydration process involves moisture removal through air circulation  

					at ambient temperatures, without the use of artificial heat. After drying,  
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					the materials were ground into a fine powder using a mechanical  

					grinder. They were then stored in airtight containers in a cool, dry place  

					to preserve their stability.  

					media. This approach aimed to assess potential complementary  

					interactions between the two plant sources, considering their distinct  

					nutrient profiles and functional attributes, as highlighted by previous  

					studies on plant-based media for microbial cultivation.14  

					Bacterial Strains and Culture Conditions  

					The three LAB strains used in this study were selected from a pool of  

					41 strains isolated from Klila, a traditional cheese from southwest  

					Algeria. These strains were identified through 16S rRNA sequencing  

					by LGC Genomics (Berlin, Germany), with sequence analysis  

					Fermentation kinetics and analysis  

					A comparative study was conducted by fermenting selected lactic acid  

					bacterial strains in MRS medium and formulated media derived from  

					various tested plant sources. The fermentation experiments were  

					performed under strictly controlled conditions, including temperature  

					(37°C), and agitation (150 rpm). 15 Key parameters, such as acidity, pH  

					and optical density (OD), were monitored throughout the fermentation  

					process. The fermentation kinetics were analyzed by assessing  

					parameters such as the maximum specific growth rate (µmax),  

					generation time (G), acid production rate (Qac) and productivity  

					performed  

					(http://www.ncbi.nlm.nih.gov/BLAST/). This identification was part of  

					study titled "Sensory, microbiological and physico-chemical  

					using  

					the  

					NCBI  

					database  

					a

					characterization of Klila, a traditional cheese made in the southwest of  

					Algeria" by 6 The used strains included Lactobacillus plantarum (from  

					sheep's milk cheese), Lactobacillus fermentum (from cow’s milk  

					cheese), and Enterococcus durans (from goat's milk cheese). They were  

					cultured at 30°C for 24 hours in MRS broth.  

					16  

					(g/L/h), which represents the amount of acid produced per hour.  

					Samples were collected at regular intervals for comprehensive analysis,  

					including pH measurements, optical density, and acid concentration  

					17  

					Phytochemical Analyses  

					determination.  

					These methods were adapted from established  

					Phytochemical analyses were conducted on 100 g samples of dried and  

					finely ground beetroot and soybean powders using standard chemical  

					assays. Nutritional components, including total sugars, protein, water,  

					fat, fiber content, and humidity, were quantified following standard  

					protocols. Calibration standards were prepared for accurate  

					measurement and chemical reagents were handled according to  

					standard procedures.7 Titratable acidity and total sugar content in beet  

					and soybean juices were determined using a pH meter (Model Metrohm  

					pH-Meter 632 AG CH-9101 Herisau -Swiss made). Titratable acidity  

					was measured by titration with a standardized 0.1 N NaOH solution of  

					98% purity to a final pH of 8.2, according to ISO 750:1998. Total sugar  

					content was quantified using the phenol-sulfuric acid method; a phenol  

					solution was prepared at a 5% (w/v) concentration (5 g of phenol per  

					100 mL of water) with a purity of 99%, involving a reaction with phenol  

					and sulfuric acid, followed by spectrophotometric measurement (Model  

					SPECORD® 50 PLUS BU-TTF from Analytik Jena company -  

					protocols for LAB fermentation. As well, measurements were  

					performed in triplicate, ensuring consistency and reproducibility of the  

					results. 18  

					Testing Growth on Agar Plates  

					Agar plates were prepared using fermentation-derived media  

					supplemented with agar in order to solidify the medium. For  

					inoculation, bacterial strains were adjusted to a standardized optical  

					density (OD) of 0.1 at 600 nm (approximately 10⁸ CFU/mL), according  

					19  

					to standard practice for ensuring consistent bacterial concentration.  

					Following inoculation, the plates were incubated at 37°C for 24 to 48  

					hours under aerobic conditions to evaluate growth dynamics,  

					macroscopic appearance, and colony characteristics, including size,  

					shape, and color. Incubation was conducted at 37°C with a maintained  

					relative humidity of 90%. 20 Colony characteristics such as morphology  

					(e.g., round, smooth, or rough), color (e.g., white, creamy), and texture  

					were recorded to assess the growth performance of the strains across  

					different media.  

					8,9  

					Germany) at 490 nm. Both methods followed the protocols of.  

					regarding the phenol-sulfuric acid method and ISO 12846:2012 for  

					titratable acidity. All measurements were performed in triplicate.  

					Statistical Analysis and Fermentation Parameters Calculation  

					High-Performance Liquid Chromatography Analysis  

					To assess the effectiveness of the formulated medium on bacterial  

					The soybean and beetroot medium contents were determined using  

					HPLC analysis, with compounds identified according to Fluka and  

					Sigma Aldrich standards, with a purity of 99.5%, using Shimazu  

					equipment (USA Manufacturing Inc, USA) consisting of two LC-20AD  

					pumps, a CBM-20A controller, a SIL-20AC column oven, and an SPD-  

					20AV UV/Vis spectrometer. Accurately weighed amounts of soybean  

					and beetroot powder samples were placed in plastic test tubes. Then, 1  

					mL of methanol containing 1% ascorbic acid was added. The  

					components were mixed well using a vortex device, and then incubated  

					in an ultrasonic bath for 20 min at 20°C. After incubation, the samples  

					were centrifuged at 3,920 × g. From each test tube, 1 mL of the extract  

					growth,  

					a

					detailed analytical framework was implemented.  

					Fermentation experiments were performed in triplicate. Statistical  

					analyses were carried out to evaluate key fermentation parameters,  

					including specific microbial growth rates. A one-way variance analysis  

					(ANOVA) was employed to detect significant differences in parameters  

					such as maximum specific growth rate (µmax), generation time, acid  

					production rate (Qac) and productivity across media, thereby  

					highlighting statistically significant variations.  

					Results and Discussion  

					Phytochemical analysis  

					was individually collected and recentrifuged at 22,579  

					×

					g.  

					The chemical analyses of beetroot and soybean powders revealed  

					distinct compositional characteristics, as summarized in Figure 1.  

					Beetroot powder had a slightly acidic pH of 5.6, whereas soybean  

					powder exhibited a pH of 6.2, consistent with findings by 21 and slightly  

					higher than the typical 6.5-7.0 range reported by 22 Total sugar content  

					was substantial in both powders, at 67% for beetroot and 70.2% for  

					soybean, aligning with the generally high carbohydrate content of  

					soybeans, though some studies indicate lower sugar levels. Water  

					content was markedly higher in beetroot powder (87.6%) compared to  

					soybean powder (63.1%), reflecting beetroot's higher moisture retention  

					capability, as also noted by  

					highlighting soybean's comparatively lower moisture retention.  

					Protein content was significantly greater in soybean powder (41.67%)  

					than beetroot powder (31.09%), aligning with soybean’s known high  

					protein composition, 25 though some beetroot varieties have reported  

					slightly higher protein contents. 24,26  

					Subsequently, 500 μL of each extract was transferred into HPLC vials  

					for analysis. The concentration and retention time of each compound  

					were expressed in ppm, following the protocol described by 10  

					Vegetal-formulated media Fermentation  

					A systematic series of experiments was conducted to evaluate the  

					potential of soybean and beetroot media mixtures for lactic acid bacteria  

					(LAB) cultivation. Initially, the individual effects of each component  

					were assessed using standard protocols for media formulation and LAB  

					cultivation, as described by 11 and 12. Subsequently, selected additives,  

					including meat extract, yeast extract and chemical agents such as  

					sodium acetate and ammonium citrate, at concentrations ranging from  

					1ꢀg/L to 0.1ꢀM, were incorporated into the media to evaluate their  

					influence on LAB growth and metabolic activity.13 Next, we  

					investigated the possible combinations of the two plant sources  

					(soybean and beetroot), both individually and in combination, with  

					supplementation, to compare their results with those of the standalone  

					23  

					21  

					and supported by other studies  

					23, 24  
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					Comparaison between beetroot and Soybean Powder  
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					Figure 1: Chemical analysis of the soybean and beetroot powder  

					Similarly, fat content was substantially higher in soybean powder  

					(14.89%) compared to beetroot powder (1.32%), consistent with  

					soybeans' lipid-rich profile, whereas beetroot is recognized as having  

					soybean-beetroot medium to enhance LAB proliferation and acid  

					production effectively.  

					4

					negligible fat content. Fiber content was notably greater in beetroot  

					Fermentation  

					powder (18.32% cellulose) than soybean powder (2%), reflecting  

					beetroot's higher dietary fiber content compared to the typically lower  

					fiber levels in soybeans.27 Lastly, moisture levels were higher in  

					beetroot powder (8.45%) relative to soybean powder (1.38%),  

					consistent with beetroot’s higher water activity and soybean’s lower  

					moisture retention capacity (Figure 1). 28  

					This experiment involved the cultivation of three lactic acid bacteria,  

					namely Lactobacillus plantarum, Lactobacillus fermentum, and  

					Enterococcus durans, in soybean and beetroot juice individually, as  

					well as in various synergistic formulations. The initial inoculum of all  

					lactic acid bacteria in fermented juices was calibrated at 107 logs  

					CFU/mL with optical density serving as an indicator of bacterial growth  

					and medium consumption (Figures 2, 3, 4). Multiple contrasts were  

					observed between soybean juice and beetroot juice, whether alone or  

					with the mixed formulation.  

					Beetroot juice alone exhibited the lowest growth among the three lactic  

					acid strains throughout the fermentation period. This may be attributed  

					to its limited nutritional value and the high nutritional requirements of  

					lactic acid bacteria, which are known to be fastidious in their trophic  

					requirements. Slightly improved bacterial growth was observed when  

					The primary objective of this study was to assess the viability of lactic  

					acid bacteria (LAB), specifically Lactobacillus plantarum,  

					Enterococcus durans and Lactobacillus fermentum, in beetroot-based  

					media and their formulations as sustainable alternatives to the  

					conventional MRS medium. Previous studies exploring similar  

					objectives frequently focused on fermentation or probiotic effects in  

					35  

					36;  

					food products like yogurt  

					or biscuits  

					in contrast, our research  

					emphasized optimizing plant-based growth media. Prior investigations  

					affirm the ability of LAB to grow successfully on plant-derived  

					beetroot juice was supplemented with meat extract and yeast extract.  

					29  

					substrates, such as beetroot, with Lactococcus lactis and Weissella  

					These results are similar to those described by  

					They exhibited  

					35  

					cibaria strains isolated from fermented beetroot products  

					and  

					observable growth in L. plantarum, with a progressive increase in the  

					number of viable cells over time when beetroot juice was used as the  

					fermentation substrate. This is further supported by 30 who successfully  

					fermented beetroot-based media using lactic acid bacteria,  

					demonstrating that adequate nutritional supplementation is essential for  

					the minimal growth requirements of these microorganisms. 30  

					Lactobacillus species demonstrating viability in pasteurized beetroot  

					36  

					juice without nutrient supplementation. These findings support our  

					observations, confirming beet juice as a suitable substrate for basic LAB  

					cultivation, particularly for L. plantarum and L. fermentum. However,  

					37  

					as highlighted by beetroots alone might not offer optimal growth  

					conditions for LAB, as demonstrated by the moderate growth of  

					Lactobacillus acidophilus and L. plantarum in beetroot juice alone. Our  

					findings corroborate this, indicating that soybean supplementation  

					substantially enhances bacterial proliferation.  

					Our study demonstrates that a soybean-beetroot blend (SBB) supports  

					bacterial growth comparable to the MRS medium, contrasting with  

					previous studies where plant-based media underperformed traditional  

					formulations.37 Notably, growth parameters such as µmax and  

					generation time improved significantly in the SBB medium,  

					underscoring its potential as a viable alternative to Man Rogosa Shape.  

					Although L. plantarum exhibited robust growth in this formulation,  

					Kinetic Findings  

					Although MRS medium remains the gold standard for LAB cultivation,  

					increasing interest in sustainable alternatives has driven the  

					development of plant-based media. This study highlights the  

					effectiveness of beetroot-based formulations in promoting LAB growth.  

					Notably, beetroot juice alone resulted in the highest maximum specific  

					growth rate (µmax) for L. plantarum (0.222 h⁻¹), surpassing both MRS  

					(0.154 h⁻¹) and soybean-based media. This can be attributed to the  

					abundance of bioactive compounds present in beetroot, such as  

					31  

					betalains and flavonoids,  

					supporting findings that emphasize the  

					overall acid production and productivity remained inferior to MRS,  

					potential of plant-derived media.32  

					14,38  

					which consistently promoted superior LAB growth.  

					This  

					discrepancy underscores the necessity for further optimization of the  
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					Figure 2: Log CFU ml-,1 pH and titratable acidity of Lactobacillus plantarum strains in different growth media: (a) Viable LAB bacteria count; (b) pH; (c) Total titratable. All  

					treatments were carried out in triplicate.  
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					Figure 3: Log CFU ml-1, pH and acidity of Enterococcus durans strains in different growth media: (a) Viable LAB bacteria count; (b) pH; (c) Total titratable. Experimental data were  

					fitted to the logistic model. All treatments were performed in triplicate.  
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					Figure 4: Log CFU ml-1, pH and acidity of Lactobacillus Fermentum strains in different growth media: (a) Viable LAB bacteria count; (b) pH; (c) Total titratable acidity.  

					Experimental data were fitted to the logistic model. All treatments were performed in triplicate  
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					Table 1 summarizes kinetic parameters, showing that L. plantarum  

					exhibited the fastest generation time in beetroot juice alone (3.122 h),  

					whereas the soybean-beetroot blend (SBB) formulation emerged as the  

					most efficient medium for E. durans (2.037 h), highlighting the  

					advantage of targeted nutrient supplementation. Although BJ-T80  

					exhibited slower growth, it nonetheless supported LAB proliferation,  

					indicating potential for further medium optimization.  

					Specific growth parameters (see Figure 5) also confirmed the superior  

					performance of the SBB formulation. For L. plantarum, SBB showed a  

					µmax of 0.248 h⁻¹ and a generation time of 2.79 hours, while BJ-T80  

					had lower growth and higher generation time (µmax of 0.061 h⁻¹ and  

					11 hours, respectively), with MRS medium intermediate between these  

					values (µmax of 0.154 h⁻¹ and generation time of 4.5 hours). For E.  

					durans, SBB markedly outperformed BJ-T80 (µmax of 0.340 h⁻¹ and  

					generation time of 2.037 h), whereas MRS underperformed  

					comparatively (µmax of 0.081 h⁻¹). Similarly, for L. fermentum, SBB  

					again excelled (µmax of 0.200 h⁻¹), outperforming BJ-T80 (µmax of  

					0.137 h⁻¹) and significantly surpassing MRS medium, which showed  

					33  

					39,  

					the lowest efficiency (µmax of 0.100 h⁻¹). These results align with  

					who demonstrated that Lactobacillus acidophilus effectively fermented  

					a soybean-based beverage, achieving a viable cell count of 4.66 log  

					CFU/g.  

					Table 1: Growth parameters of the selected lactic strain cultivated in MRS and the medium  

					Qac (g/g.h)  

					Productivity (g/L.h)  

					Parameter  

					L.plantarum  

					1.588 ± 0.6  

					0.310 ± 0.6  

					0.316 ± 0.6  

					0.262 ± 0.6  

					0.161 ± 0.6  

					E. durans  

					L. fermentum  

					1.852 ± 0.6  

					0.320 ± 0.6  

					0.327 ± 0.6  

					0.430 ± 0.6  

					0.530 ± 0.6  

					L.plantarum  

					2.100 ± 0.8  

					0.155 ± 0.8  

					0.030 ± 0.8  

					0.043 ± 0.8  

					0.028 ± 0.8  

					E. durans  

					2.531 ± 0.8  

					0.145 ± 0.8  

					0.025 ± 0.8  

					0.061 ± 0.8  

					0.029 ± 0.8  

					L. fermentum  

					2.100 ± 0.8  

					0.160 ± 0.8  

					0.027 ± 0.8  

					0.062 ± 0.8  

					0.028 ± 0.8  

					MRS1  

					BA2  

					4.055 ± 0.6  

					0.290 ± 0.6  

					0.336 ± 0.6  

					0.536 ± 0.6  

					0.701 ± 0.6  

					SA3  

					BJ-T804  

					SBB5  

					1: Man, Rogosa, and Sharpe; 2: Beetroot alone; 3: Soybean alone; 4: SBB: Stands for soybean-beetroot blend; 5: Beetroot juice without Tween 80. The findings are  

					shown as mean ± standard deviation (SD).  
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					Figure 5: Results of kinetic fermentation of different beetroots with lactic acid bacteria, including MRS (Man, Rogosa and Sharpe), BA  

					(beet alone), SA (soybean alone), SBB (soybean-beetroot mixture) and BJ-T80 (beet juice without Tween 80).  

					Furthermore, MRS medium consistently exhibited superior  

					performance, achieving the highest Qac (1.588 g/g·h for L. plantarum)  

					and productivity (2.10 g/L·h), confirming its established efficiency in  

					LAB cultivation.11 Conversely, beetroot alone (BA) and soybean alone  

					(SA) showed significantly lower Qac values (0.310 and 0.316 g/g·h,  

					respectively) and reduced productivity, highlighting their limited  

					capability to support high acid production.  

					enhancements still did not match the performance of MRS. This finding  

					aligns with 33, who observed that additives could enhance LAB growth  

					but typically yield inferior results compared to traditional media. SBB  

					medium demonstrated better outcomes, particularly for E. durans (Qac  

					of 0.701 g/g·h, productivity of 0.029 g/L·h), underscoring the potential  

					of plant-based media when supplemented with appropriate nutrients.  

					Specifically, for L. plantarum, SBB yielded moderate parameters (Qac  

					of 0.161 g/g·h, productivity of 0.028 g/L·h), while BJ-T80 showed  

					improved values (Qac of 0.262 g/g·h, productivity of 0.043 g/L·h);  

					Introducing additives into BJ-T80 slightly improved performance,  

					particularly for L. plantarum and E. durans, although these  
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					however, MRS still outperformed both. For E. durans, BJ-T80  

					exhibited lower Qac (0.536 g/g·h) but higher productivity (0.061  

					g/L·h), whereas MRS had the highest performance (Qac of 4.055 g/g·h,  

					productivity of 2.531 g/L·h). Likewise, for L. fermentum, SBB recorded  

					a Qac of 0.530 g/g·h and productivity of 0.028 g/L·h, whereas BJ-T80  

					demonstrated lower Qac (0.430 g/g·h) but higher productivity (0.062  

					g/L·h), with MRS remaining superior (Qac of 1.852 g/g·h, productivity  

					of 2.100 g/L·h).These findings highlight the necessity for further  

					optimization of plant-based media to achieve improved acid production  

					and productivity, challenging the prevailing view that MRS universally  

					cinnamic acid, detected at 7.207 ppm, aligns with its recognized  

					influence on bacterial growth. 35The HPLC analysis emphasizes distinct  

					roles of these bioactive compounds in LAB metabolic activities.  

					Benzoic acid, though inhibitory at elevated concentrations, was present  

					at LAB-tolerable levels, maintaining medium stability without  

					negatively impacting growth. 45 Gallic acid functions as a protective  

					agent, enhancing bacterial resilience under oxidative stress conditions  

					and promoting survival during metabolism. 46 Similarly, quercetin aids  

					bacterial survival in oxidative environments, indirectly supporting  

					growth. 47 Trans-cinnamic acid stimulates adaptive metabolic responses  

					at low concentrations, potentially improving LAB metabolic flexibility,  

					although careful control of concentration is necessary to prevent  

					inhibition.48. These findings underscore the critical role of phenolic  

					acids and flavonoids in optimized plant-based media formulations.  

					While the significant presence of these compounds contrasts with  

					reports of their inhibitory effects on specific LAB strains, the data  

					indicates that controlled concentrations and compositions in SBB media  

					can beneficially modulate LAB growth and metabolic activity.  

					35  

					provides optimal conditions.  

					High-Performance Liquid Chromatography  

					Figure 6 presents the growth parameters of selected LAB strains  

					cultivated in MRS and SBB media, highlighting the correlation between  

					key bioactive compounds and their concentrations. Calibration curves  

					for benzoic acid, gallic acid, quercetin, and trans-cinnamic acid showed  

					strong correlations (r² values ranging from 0.99962 to 0.99998),  

					confirming accurate quantification of these compounds. Figure 7  

					displays the HPLC chromatogram, revealing four significant peaks  

					corresponding to these compounds. Quercetin exhibited the highest  

					concentration (47.629 ppm) with a retention time of 47.6 minutes,  

					indicating its predominant role in LAB growth regulation. 33 Gallic acid  

					and benzoic acid were present in lower concentrations (5.912 ppm and  

					76.313 ppm, respectively), yet still demonstrated strong correlations,  

					suggesting their involvement in modulating LAB metabolism. Trans-  

					Agar plate growth  

					The agar plate culture of the lactic acid bacteria displayed clearly  

					distinguishable colonies, evenly distributed and easily enumerable.  

					Consistent colony morphology and uniform sizes indicate bacterial  

					purity and optimal growth conditions. The colonies were mostly white  

					or milky white, with a round shape, neat edges, and a moist, smooth  

					surface. (Table 2).  

					Table 2: Growth result of formulated medium which showed lactic acid bacterial growth.  

					Medium  

					Cultural aspect  

					L.plantarum  

					E. durans  

					L. Fermentum  

					MRS1  

					BJ-T802  

					SBB3  

					1MRS: Man, Rogosa and Sharpe; 2BJ-T80: Beetroot juice auditioned with Tween 80; 3SBB: Soybean beetroot blend.  
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					Figure 6: Compounds present in the SBB medium: (a) retention time; (b) quantities.  

					Figure 7: The HPLC chromatograms of the soybean beetroot blend (SBB) medium : (1) Quercetin; (2) t-Cinnamic Acid; (3) Gallic  

					Acid; (4) Benzoic Acid.  
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					Although MRS medium consistently supports the best performance  

					across all LAB strains, our findings demonstrate that our plant-based  

					media, composed of beetroot and soybean, especially when  

					supplemented with appropriate additives, have the potential to  

					Y.  

					Sensory,  

					microbiological  

					and  

					physico-chemical  

					characterization of Klila, a traditional cheese made in the south-  

					west of Algeria. African J Microbiol Res. 2016; 10(41):1728–  

					1738.  

					18, 44,  

					substitute or supplement conventional media like MRS (Table 2).  

					7. Janiszewska-Turak E, Pobiega K, Rybak K, Synowiec A,  

					Woźniak Ł, Trych U, Gniewosz M, Witrowa-R D. Changes in  

					Physical and Chemical Parameters of Beetroot and Carrot Juices  

					Obtained by Lactic Fermentation. Appl Sci . 2023; 13(10):6113.  

					https://www.mdpi.com/2076-3417/13/10/6113  

					8. DuBois M, Gilles KA, Hamilton JK, Rebers PA, Smith F.  

					Colorimetric Method for Determination of Sugars and Related  

					Substances. Anal Chem. 1956; 28(3):350–356. Doi:  

					10.1021/ac60111a017.  

					9. ISO 12846:2012-08. Standard outlines a method for determining  

					titratable acidity in fruit and vegetable juices. Berlin: DIN Media  

					GmbH; 2012. https://www.dinmedia.de/de/-/-/149564491  

					10. Kelebek H, Selli S, Canbas A, Cabaroglu T. HPLC determination  

					of organic acids, sugars, phenolic compositions, and antioxidant  

					capacity of orange juice and orange wine made from a Turkish cv.  

					40 Further optimization of these plant-based formulations could lead to  

					more sustainable, cost-effective, and eco-friendly alternatives for LAB  

					cultivation in various biotechnological applications. 41, 43 These results  

					underscore the clear advantages of MRS medium for acid production  

					and productivity. However, the SBB medium was found to be the most  

					favorable for bacterial growth, followed by BJ-T80, demonstrating that  

					soybean extract could replace Tween 80 while still enhancing LAB  

					growth. This suggests that with further optimization, plant-based  

					formulations could serve as cost-effective and sustainable alternatives  

					to MRS for LAB growth  

					Conclusion  

					This study successfully demonstrated the feasibility of using a soybean  

					and beetroot-based medium to support the growth of lactic acid bacteria  

					(LAB). The results highlighted the potential of plant-based semi-natural  

					media as cost-effective alternatives to conventional MRS media for  

					cultivating Lactobacillus plantarum, Enterococcus durans, and  

					Lactobacillus fermentum. The HPLC analysis identified benzoic acid,  

					gallic acid, quercetin, and trans-cinnamic acid in the beetroot and  

					soybean medium, which supporting LAB growth and metabolic  

					activity. These compounds enhance oxidative stress resilience,  

					metabolic adaptability as well as medium stability at appropriate  

					concentrations. Our study revealed that the SBB medium was  

					comparable to its second formulation, containing Tween 80, and could  

					provide the same effect. Overall, our findings provide compelling  

					numerical and practical evidence that the development and optimization  

					of our soybean-beetroot-based medium offers a sustainable and  

					efficient alternative for LAB cultivation. While these novel media have  

					demonstrated their ability to support bacterial growth and lactic acid  

					production, future investigations should determine their suitability  

					either as proliferation media or as media dedicated to metabolite  

					production.  
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