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Impact of baby spinach as a carrier for the development of sustainable probiotics prior to consumption
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The development of baby spinach as a vehicle to transfer Lactobacillus plantarum 299v (LP299v) and Lactobacillus rhamnosus GG (LGG) is quite promising and may address the research regarding the absence of suitable whole vegetable carriers in the current probiotic food industry. The objective of this study was to observe the effects of food storage and preparation on Lp299v and LGG viability in baby spinach before consumption. The strains were sequentially introduced into baby spinach by dipping leaves in probiotic suspension to achieve an attachment of approximately 8 log 10 CFU/g spinach. Then, probiotic viability was tested using serial dilutions. Furthermore, data processing and ANOVA during 7-day storage, with or without salad dressing, were performed using Tukey’s test. In the 7-day storage trials, LP299v and LGG viability on baby spinach declined after 7 days with significant differences by 0.19 and 0.39 log10 CFU/g, respectively. In salad dressing trials, LP299v (p value = 0.79 > 0.05) and LGG (p value = 0.58 > 0.05) survivability on baby spinach after the addition of salad dressing fluctuated approximately 8.27 and 8.40 log10 CFU/g with no statistically significant difference, respectively. LP299V and LGG viability on baby spinach in both trials was greater than 8 log10 CFU/g and close to FDA requirements, showing that food storage and preparation do not affect their viability and can be used commercially.
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1 Introduction

Currently, consumer awareness and interest in the relationship between diet and health has increased significantly, and it has gradually become one of the main enablers for food marketing positioning. Functional foods with additional health-promoting properties due to bioactive components are of great importance as an alternative to medical interventions due to their ability to prevent chronic health conditions. It is estimated that approximately 60–70% of the total functional food market is probiotic food, and global sales of probiotic products totaled over US$54 billion in 2020 (Pereira et al., 2011; Freire et al., 2017).

The main structure of this huge probiotic food industry is for dairy-based products, such as yogurt and milk-based beverages, which are unsuitable for vegetarians (Martins et al., 2013), lactose intolerance, milk protein allergies, and cholesterol-restricted diets (Fisberg and Machado, 2015). Other carriers may be fruit and vegetable beverages, grains, meat, and soy products (Granato et al., 2010; Thakur et al., 2015; Ranadheera et al., 2017; Min et al., 2019; Ho and Turner, 2020). The increasing demand for fruits and vegetables worldwide (Sarron et al., 2021) has made fruits and vegetables an excellent carrier option for delivering probiotics.

Whole fruits or vegetables differ from current fruit and vegetable beverage carriers, representing a potential research gap with few scientific publications. In addition to basic nutrients, whole vegetable probiotic food can convey additional benefits to gut health, improve vegetable consumption, prevent pathogen growth, and maintain shelf-life (Wan et al., 2019; Guo et al., 2024). Lactobacillus plantarum 299v (LP299v) and Lactobacillus rhamnosus GG (LGG) represent a new approach from whole fruit or vegetable to provide health-beneficial probiotics and facilitate as potential probiotic carriers. The study evaluated the viability of LP299V and LGG on baby spinach before consumption. The findings of this study may provide information about the ability of baby spinach to act as a carrier to transfer LP299V and LGG.

The objective of this research was to determine the role of baby spinach as a carrier of probiotics (LP299V and LGG) before human consumption, as determined by the effect of storage time and different salad dressings such as balsamic salad dressing, French salad dressing, and Italian salad dressing. Furthermore, the study also explores the ability of baby spinach to stably carry probiotics before consumption.

The findings of this research were expected to identify the role of baby spinach as a carrier of LG299v and LGG in the context of food storage and preparation, providing commercial feasibility for bagged probiotic baby spinach salad. This could potentially attract industry attention, as the development of new types of probiotic food could generate consumer interest and huge industrial benefits, provided the relevant health claims are validated by regulatory bodies.



2 Materials and methodology

This research was based on the control fraction method to compare the probiotic plate count of baby spinach with or without different salad dressings during a storage time of 7 days and in triplicate. In experimental trials, probiotics (LP299V and LGG) were obtained from the Food Microbiology Laboratory culture collection of the University of Queensland. Preparation of probiotic glycerol 167 stocks of LP299V and LGG (Figure. 1) was performed after 37 days of culture using the 16-streak plate method on MRS (Oxoid, Basingstoke, 169 United Kingdom) agar (1.4% agar) plates to isolate a 170 single colony at 37°C anaerobic incubation for 18–20h.
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FIGURE 1
 Preparation of glycerol stocks.


The baby spinach was purchased in pre-packaged form (Coles, Australia) and kept refrigerated at 4°C. Commercial salad dressings were purchased from Price (NSW, Australia) and refrigerated at 4°C after opening, i.e., balsamic salad dressing, French salad dressing, and Italian salad dressing.


2.1 Preparation of probiotic inoculated and control baby spinach

The preparation of probiotic (LP299V or LGG) inoculation of baby spinach consisted of two parts: preparation of a 150-mL probiotic solution and probiotic inoculation into baby spinach. The preparation of control baby spinach was generally the same as that of probiotic baby spinach, except that 150 mL of saline (0.85% NaCl solution) solution was used instead of 150 mL of probiotic solution. The process was the same for both LP299V and LGG, and LP299V is taken as an example for brief illustration.


2.1.1 Probiotic solution preparation

The preparation of the 150 mL LP299V solution (Figure 2) began with the LP299V glycerol stock. To obtain the stationary phase, 10 μL LP299V glycerol stock was inoculated into each of six tubes containing 50 mL MRS broth for overnight 37°C anaerobic incubation. After 22 h, the washed LP299V pellets were re-suspended in 150 mL of saline solution using a refrigerated centrifuge (Allegra) to obtain a 150-mL LP299V probiotic solution.

[image: Figure 2]

FIGURE 2
 Preparation of probiotic solution.


The refrigerated centrifuge was operated in advance to reach the desirable 4°C condition for the centrifugation step. At each centrifugation, the top solution was removed and an appropriate amount of saline was added to wash the probiotic cells. The same procedure was followed in the preparation step of 150 mL of LGG probiotic solution. It is noteworthy that 150 mL of probiotic solution was used to inoculate 100 g of baby spinach.



2.1.2 Baby spinach inoculation

The inoculation was carried out in a class II biological safety cabinet (BSCII). Tap-washed 100 g of baby spinach was first dried by a salad spinner for 2 min and was placed in a PET bag in a laminar flow cabinet and stored at 4°C (Figure 3). Then, 100 g of baby spinach was immersed in 500 mL of LP299V suspended solution (150 mL of LP299V probiotic solution with 350 mL of saline) for 5 min. After collecting and drying for 2 min in a spinner, the LP299V-inoculated baby spinach was weighed into five bags of baby spinach (20 g per bag) and stored at 4°C for 7-day storage and salad dressing trials to be done. The inoculation step for 100 g of the LGG sample followed the same procedure as for the LP299V sample.

[image: Figure 3]

FIGURE 3
 Inoculation of baby spinach.


In 7-day storage trials (Section “Methods”), control baby spinach was also required (Figure 3) and both the control and probiotic inoculated samples were subjected to the same procedure at BSCII, except that the control sample was completely. It was soaked in salt water containing 500 mL. 5 min instead of 500 mL of probiotic suspended solution. Differently, in the salad dressing trials, only probiotic inoculated baby spinach was required and is in Section 3.4. in working order.




2.2 Method of 7-day storage trials

After preparing the control and probiotic samples, 7-day storage tests were conducted for LP299V or LGG vaccinated baby spinach using the same method. Four bags of 20 g of control samples and four bags of 20 g of LP299V or LGG inoculated samples (Figure 4) were labeled as day 0, day 3, day 7, and pH samples, respectively, for a maximum of 7 days. They were refrigerated at 4°C to observe probiotic survival.

[image: Figure 4]

FIGURE 4
 Flowchart of 7-day storage trials.


During storage on days 0, 3, and 7, 180 mL of 0.1% peptone water (Bacteriological Peptone, Oxoid) was added to each bag of samples and mixed using a stirrer for 1 min. Subsequently, 10-fold serial dilutions up to 10–6 were made for spread plating on MRS agar plates, and these plates were incubated using anaerobic pouches and jars at 37°C for 24 h to obtain probiotic counts. The pH value of the control and probiotic inoculated baby spinach was determined using a pH meter from pH samples on day 7.

A set of 7-day storage tests included control and corresponding probiotic sample data, and specifically, the 7-day storage tests were performed in triplicate. Overall, these tests generated three sets of data.



2.3 Method of salad dressing trials

In salad dressing trials, five bags of 20 g each of LP299V or LGG inoculated baby spinach (Figure 5) were refrigerated for 1 h at 4°C. Then, after shaking well, 5 mL of three different salad dressings was added to three bags of probiotic baby spinach, respectively. The remaining two bags of probiotic samples served as the control group: one was added with 5 mL of sterilized water, while the other remained intact without any additional additions. In total, five bags of baby spinach samples, namely, control, water sample, balsamic sample, French sample, and Italian sample, were prepared.

[image: Figure 5]

FIGURE 5
 Flow diagrams of salad dressing trials.


After that five bags of samples were maintained at room temperature for 15 min. Each bag of samples was serially diluted using 0.1% peptone water and spread on MRS agar plates. Probiotic counts were obtained by incubating these agar plates anaerobically at 37°C for 24 h. The pH values of various salad dressings were determined and recorded. Salad dressing trials were conducted in triplicate, following the procedures outlined in Figure 5.



2.4 Statistical analyses


2.4.1 Data processing

Probiotic colonies from triplicate samples of two tests were manually counted and recorded. CFU/g of samples was calculated by dividing the total number of probiotics by the dilution factor of the spread plate volume result. The detection limit of probiotics was 100 CFU/g, and the probiotic count of value 0 was expressed as less than 100 CFU/g. Then, base 10 logarithmic notation was applied to the CFU/g values to effectively represent probiotic log reduction, i.e., log 10 (CFU/g). Then, all log10 (CFU/g) data were plotted in a column chart with error bars for comparison.



2.4.2 Statistical analyses

The statistical software Minitab ExpressTM (version 1.5.0, Minitab Inc., United States) was used to optimize the statistical analyses using ANOVA. One-way ANOVA was used to assess the statistical significance and Tukey’s test was used for comparison across groups.





3 Results and discussion


3.1 7-day storage trials

In the 7-day storage trials, baby spinach leaves were dipped in probiotics, LP299V and LGG, respectively, to compare the survival over 7 days with respect to control samples. The results obtained from these experimental procedures are presented below with explanations in the form of graphs and tables.

The survival rate of LP299V on young spinach leaves (Figure 6) showed a slight decrease from 8.35 log10 CFU/g on day 0 to 8.20 log10 CFU/g on day 3 and 8.16 log10 CFU/g on day 7. Studies reported that probiotic survival rate can be affected by the physicochemical characteristics of green leafy vegetables. For example, the microbes present on the surface of the spinach leaves and antimicrobial compounds can affect the viability of probiotics such as LP299V (Dudzicz et al., 2018; Axling et al., 2020). The p-value of 0.04 (<0.05) between the three LP299V samples with different storage periods suggested that there was a significant difference in the viability of LP299V on baby spinach at 7 days. As can be seen in Table 1, the only p-value (<0.05) from the Tukey test was the p-value for the day 7 sample compared to the day 0 sample (0.04), suggesting a decline of 0.19 log10 CFU/kg from day 0 to 7 with no statistically significant difference in survival of LP299V on baby spinach during storage. Even though P299V viability declined with a significant margin to 0.19 log 10 CFU/g after 7-day storage, the initial and final survival rates were still more than 8 log10 CFU/g, meaning that the 7-day storage did not impact the role of baby spinach in delivering the LP299V. The decrease in viability was due to the storage temperature, oxygen, and water activity of the material (Ardanareswari et al., 2017). Moreover, probiotics have a higher survival rate, and changes in the optimal storage conditions can lead to a gradual decrease in their availability.

[image: Figure 6]

FIGURE 6
 Survival rate of LP299v and control on baby spinach in 7-day storage trials. Control: Baby spinach dipped in saline.




TABLE 1 Differences of means (p value) of LP299v and control survivability in 7-day storage trials from Tukey’s simultaneous tests.
[image: Table1]

For the probiotic LGG, the viability of baby spinach (Figure 7) decreased slightly from 8.55 log10 CFU/g on day 0 to 8.32 log10 CFU/g on day 3 and 8.16 log10 CFU/g on day 7. A gradual decrease in the viability is due to the persistent metabolic activity and cellular stress responses (Segers and Lebeer, 2014). LGG viability results on baby spinach were 0.01 (<0.05) with an increase of 7 days, which suggests the presence of statistically significant differences among the three LGG samples with different storage periods. From Table 2, it can be seen that the p values for both the day 3 sample compared to the day 0 sample (0.03) as well as the day 7 sample compared to the day 0 sample (0.01) were less than 0.05. This suggests that a decrease of 0.23 log10 CFU/g could be observed in LGG survival on baby spinach during storage, with a statistically significant difference from day 0 to day 3.

[image: Figure 7]

FIGURE 7
 Survival rate of LGG and control on baby spinach in 7-day storage trials. Control: Baby spinach dipped in saline.




TABLE 2 Differences of means (p value) of LGG and control survivability in 7-day storage trials from Tukey’s simultaneous tests.
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Similar to LP299V, although the survival of LGG showed a decrease of 0.39 log10 CFU/g with a statistically significant difference after 7-day storage, the initial and final viability were still higher than 8 log10 CFU/g, indicating that even 7-day storage. This finding was consistent with the study reported by Campos et al. (2019).

When comparing the survival of LP299V (Figure 6) and LGG (Figure 7), the survival of LGG (0.19 log10 CFU/g) was 0.20 log10 CFU compared to LP299V (0.39 log10 CFU/g) after 7-day storage. A significant decrease was observed. The survival conditions for LP299V were pH 2.4–8.8 and 12–40°C, while for LGG; they were pH 3–7 and 2.7–52°C or 6–41°C. The pH of both the LP299V (Table 3) and LGG (Table 4) samples were in the range of the appropriate pH required for growth, approximately 6.40–7.00, while the pH of the probiotic samples was statistically lower than the control samples. A significant difference is probably attributed to their slower secretion of acidic substances under low temperatures (Bermudez-Brito et al., 2012). The difference in viability changes of LP299V and LGG is consistent with the fact that strain differences can substantially affect the phenotype. The greater decline in the survival of LGG may be a result of its greater tolerance to low temperatures compared to LP299v.



TABLE 3 pH value of LP299V and control baby spinach samples on Day 7 with p value.
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TABLE 4 pH value of LGG and control baby spinach samples on Day 7 with p value.
[image: Table4]

As regulated by the FDA (2016), probiotic LP299V should be present up to 1,011 CFU/serving and probiotic LGG usage levels should range from 108 to 1,010 CFU/serving. Typically, the size of one serving of baby spinach salad is approximately 70 g based on the packaging information for pre-packed baby spinach. The Lp299V levels in 70 g of baby spinach are close to 10.00– 10.20 log10’ CFU. The FDA requirement is (11 log10 CFU), while the LGG levels (10.00–10.40 log10 CFU) approached the upper limit of the FDA-required use level range (108–1,010 CFU). Therefore, these results and findings indicate the commercial feasibility of baby spinach as a carrier of Lp299V and LGG in the context of 7-day storage at the regulatory body and food industry level. It may be possible for regulatory bodies to make health claims for the GRAS probiotic LP299V based on established clinical trial studies and credible scientific publications. These implications could be very important in the development of a new type of probiotic food, bagged probiotic baby spinach salad, which could lead to consumer interest and huge industrial profits.



3.2 Salad dressing trials

In salad dressing trials, probiotic-inoculated baby spinach was subjected to various salad dressings and compared according to probiotic survival with reference to pure probiotic baby spinach or probiotic baby spinach with sterilized water. The results along with the discussion are presented below.

The survival rates of LP299V and LGG on baby spinach (Figure 8), under five different preparations without water and with different salad dressings, fluctuated slightly around 8.27 and 8.40 log10 CFU/g, respectively. There was an increase. The p value of LP299V samples (0.79) and the p value of LGG samples (0.58) were greater than 0.05 with reference to Table 5, indicating that no statistically significant difference was present in the results. To conclude, the viability of LP299V and LGG in the presence of balsamic, French, and Italian salad dressings compared to control and water samples did not change with a statistically significant difference and was more than 8 log10 CFU/g. The reason behind this is that both LP299 and LGG are known for their robustness and ability to survive in harsh conditions, such as different pH levels and food matrices. Moreover, LP299v can survive in acidic environments or salad dressings like balsamic and French. Moreover, vinegar as a common ingredient present in salad dressing may restrict the growth of harmful bacteria and allow probiotics such as LP 299v and LGG to thrive (Montel et al., 2014).

[image: Figure 8]

FIGURE 8
 Survivability of probiotics (LP299v and LGG) on baby spinach with the addition of three types of salad dressings.




TABLE 5 Differences of means (p value) of LP299v and LGG survivability in salad dressing trials from Tukey’s simultaneous tests.
[image: Table5]

That is to say, the salad dressing trials did not negatively impact the role of baby spinach in providing probiotic LP299V and LGG, and this result was expected in Hypothesis II. Adding probiotic LP299V and LGG baby spinach to different salad dressings before consumption did not disintegrate probiotic cells or reduce probiotic survival rates. The underlying reason for this of salad dressings. The normal pH of salad dressings is approximately 4.4; as a result, salad dressings are quite acidic. It can be seen from Table 6, that the pH values of balsamic, French, and Italian salad dressings are 3.25, 3.32, and 3.04, respectively, and are in the range of reasonable survival pH of LP299V (2.4–8.8) and LGG (3–8.8.7). Therefore, adding acidic salad dressings poses no threat to LP299V and LGG.



TABLE 6 pH value of salad dressings.
[image: Table6]

After adding various salad dressings, the levels of LP299 in 70 g of baby spinach (10.11–10.13 log10 CFU) and LGG in 70 g of baby spinach (10.21–10.33 log10 CFU) are all close to the FDA requirement, which ensures the feasibility of delivering LP299V and LGG in baby spinach for food preparation. As a result, regulatory bodies may be able to make health claims, and the food industry may profit from this new product.




4 Conclusion

Baby spinach as a vehicle for LP299V and LGG fills the research gap lacking a complete vegetable carrier in current probiotic diets and related established scientific publications. This research investigated the effects of storage time and the addition of different salad dressings on the survival levels of LP299V and LGG in baby spinach. The general findings of this research are summarized based on two experimental tests, namely 7-day storage tests and salad dressing tests.

In the 7-day storage trials, a slight decline in the survival levels of both LP299V and LGG was observed on baby spinach. Considering the viability higher than 8 log10 CFU/g, baby spinach could be a suitable carrier for LP299V and LGG under 7-day storage. In salad dressing trials, the survival rates of both LP299V and LGG on baby spinach remained the same with or without different salad dressings, and adding salad dressing did not differentiate LP299V and LGG cells. With viability greater than 8 log10 CFU/g, baby spinach can be a suitable medium for LP299V and LGG under salad dressing.

In conclusion, baby spinach shows promise as a medium for delivering GRAS probiotics LP299V and LGG in the context of food storage and preparation with salad dressings. LP299V and LGG levels in two trials close to FDA requirements showed potential for commercialization in bagged baby spinach probiotic products. This professional capacity must also manage health claims for regulatory bodies.


4.1 Recommendations for future research

In the future, research subjects could engage in human digestion trials to understand the effects of harsh environments on the role of baby spinach in carrying LP299V and LGG. Furthermore, sensory tests are needed to gain better knowledge about the sensory properties and nutritional quality of probiotic baby spinach during storage. Surveys on consumer interests and industrial trials are necessary to obtain probiotic baby spinach on a large scale for the commercialization of probiotic baby spinach. In addition, clinical data about LP299V and LGG should be researched in the future to provide enough evidence to make health claims on the package for better advertising effects. Finally, further studies regarding the effects of other salad dressings on probiotic viability and sensory properties of probiotic-enriched spinach may be very important in order to commercialize the product. This study provides a way forward to explore more diverse options in order to fulfill the dietary and nutritional needs of an individual by investigating the use of other whole vegetables. In the industrial sector, it will provide promising opportunities to producers for the development of innovative probiotic food products. Moreover, the consumption of probiotic baby spinach will help to reduce the risk of chronic disease and inflammation.
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