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The current randomized, double-blind, crossover clinical trial was conducted to evaluate changes in the amino acid absorption and gut microbiota on consumption of pea protein supplemented with an enzymes-probiotics blend (Pepzyme Pro). A total of 15 healthy subjects were instructed to take test (pea protein + Pepzyme Pro) or placebo (pea protein + maltodextrin) for 15 days with a 30-day washout period. Blood samples were analyzed for plasma-free amino acids, insulin, and C-reactive protein (CRP). Additionally, nitrogen levels in urine and feces, along with the composition of gut microbiota, were evaluated. On day 15, the test arm showed a tendency to increase the rate of absorption and total absorption (AUC) of amino acids compared with the placebo arm, though the increase was statistically insignificant. In addition, 15-day test supplementation showed a tendency to reduce Tmax of all the amino acids (statistically insignificant except alanine, p = 0.021 and glycine, p = 0.023) in comparison with the placebo supplementation. There were no changes in urine and fecal nitrogen levels as well as serum CRP levels in the test and placebo arm. The increase in serum insulin level after 4 h was statistically significant in both arms, whereas the insulin level of the placebo and test arm at 4 h was not statistically different. Supplementation showed changes with respect to Archaea and few uncharacterized species but did not show statistically significant variations in microbiome profile at the higher taxonomic levels. A study with large sample size and detailed gut microbiome analysis is warranted to confirm the results statistically as well as to characterize altered species. However, the current study could provide an inkling of a positive alteration in protein digestibility, amino acid absorption, and gut microbiome with regular consumption of protein and enzymes-probiotics blend.

Clinical Trial Registration:clinicaltrials.gov/; identifier [CTRI/2021/10/037072].
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1 Introduction

The increasing clinical evidence highlights the potential health benefits and significance of proteins. It has not only increased awareness but also heightened the popularity of protein supplements among athletes and recreationally active adults. Currently, numerous protein products are marketed as sports nutrients, muscle recovery supplements, medical and dietary formulations, weight management products, geriatric supplements, and maternal/infant dietary supplements (1–3). The sources of these dietary and therapeutic proteins could be from either animal or plant origins. Proteins from animal origin are considered complete proteins and are in high demand, but they come with some ethical and regulatory concerns. On the other hand, proteins from plant sources are abundantly available as good-quality proteins and overcome the ethical and regulatory issues that are associated with animal-sourced proteins (4, 5).

Pea protein is generally considered a high-quality protein as it satisfies FAO/WHO/UNU recommendations in terms of the availability of amino acids in a balanced ratio and the presence of all essential amino acids (EAA) except methionine (6). The digestible indispensable amino acid score (DIAAS) for the pea protein is nearly one, which makes it suitable to fulfill the amino acid requirements of the body (7). Furthermore, it has comparatively lower allergenic responses, negligible health controversies, and natural availability of biologically active peptides over the other plant proteins (7–9). Regular consumption of pea protein could offer a series of benefits including muscle growth, weight management, diabetes management, and healthy heart functions (10).

The nutritive benefits of the proteins mainly depend on the composition and bioavailability of the amino acids (11). Based on this fact, protein with high digestibility and bioavailability is always a preferred choice among athletes and recreationally active adults. Consumption of protein hydrolysate is another simplest and most widely used strategy to get the benefits of improved digestibility and bioavailability of the protein. On the other hand, these approaches come with the challenges such as limited sources of protein with high digestibility and possibilities of the presence of endogenous protease inhibitory peptides in the hydrolysate (12). Combining a protein of choice with a blend of enzymes and probiotics can be an alternate approach to enhance the protein digestibility and amino acid bioavailability. Earlier studies have shown that the co-ingestion of an exogenous enzyme blend along with plant protein increases protein digestibility (13) and reduces the difference between animal and plant protein in terms of nutritive benefits (14).

Previously, several clinical studies have demonstrated a positive impact of enzyme supplementation on protein digestion and absorption (15–17). Exogenous digestive enzymes can degrade dietary proteins simultaneously or sequentially with endogenous proteases to improve digestion and increase the availability of amino acids/smaller peptides for absorption (13). Furthermore, the effect of probiotics on the protein digestibility is of current interest. Jager et al. (18) have shown that the oral supplementation of probiotics along with the protein improved the postprandial changes in blood amino acids and can be a suitable approach to overcome compositional shortcomings of the plant protein. The positive influence of probiotics on the digestion of proteins is mainly associated with their ability to ameliorate the gut microbiota (19). This resulted in an improvement in protein digestion and its utilization, as well as a reduction in the harmful protein fermentation and associated health risks (20). Furthermore, Garcia et al. (21) hydrolyzed pea protein with proteases followed by fermentation with lactic acid bacteria and found an increase in the degree of hydrolysis and a reduction in the immunogenicity of pea protein.

Pepzyme Pro was used as a model blend of enzymes and probiotics in the current interventional study. The study was initiated with the hypothesis that the addition of blend of enzymes and probiotics in pea protein would increase the protein digestibility and bioavailability. Additionally, it would possibly contribute in positive alteration in the gut microbiota. Based on the stated hypothesis, this study aimed to evaluate the effect of supplementation of an enzymes-probiotics blend with pea protein on the digestion of proteins and the bioavailability of amino acids. Furthermore, the impact of supplementation on the gut microbiota was also under the scope of this study. Additionally, the safety assessment was done by measuring fecal and urine nitrogen content, as well as insulin and C-reactive protein (CRP) level.



2 Materials and methods


2.1 Study design and subjects selection

This prospective, interventional, double-blinded, randomized, placebo-controlled, and crossover study was conducted in conformity with ICH-GCP (E6 R2) guidelines, the Helsinki Declaration, and the local regulatory requirements (Indian GCP, Indian Council of Medical Research, and New Drugs and Clinical Trials Rules-2019). There were no further changes or amendments made after the approval of the protocol. The trial included 15 healthy adult subjects with an age range of 18–35 years, normal body weight (body mass index (BMI) of 19–24.99 kg/m2), and the willingness to provide written informed consent and comply with study instructions for its duration. Subjects with a known history of (i) smoking or tobacco consumption, (ii) clinically significant physiological, neurological, or psychiatric disease, (iii) organ transplantation or surgery in the past 6 months, (iv) known hypersensitivity or idiosyncratic reaction, intolerance to any ingredients in the formulation or any related product, as well as severe hypersensitivity reactions (like angioedema) to any drugs or food products, and/or (v) difficulty in donating blood were excluded from the study. Participants who met the necessary inclusion criteria were further encouraged not to change their current physical activity levels and to refrain from exercise for 24 h before starting the clinical trial.



2.2 Investigational product (IP)

The enzymes-probiotics blend (Pepzyme Pro) was obtained as a gift sample from Specialty Enzymes and Probiotics, Chino, USA, and was used as an IP. It is a commercial formulation of proteolytic enzymes (acid proteases from Aspergillus niger) and probiotics (Bacillus coagulans LBSC DSM (17654), Bacillus clausii 088AE (MCC 0538), Bacillus subtilis PLSSC (ATCCSD 7280), Lactobacillus acidophilus 033AE, and Lactobacillus plantarum 022AE (MCC 0537). A sachet of pea protein (30 g) with the enzymes-probiotics blend (1% of the protein) and maltodextrin (1% of the protein) was used as a test supplement and a placebo supplement, respectively. Maltodextrin was used as a placebo to nullify the effect of excipient (maltodextrin) present in the Pepzyme Pro. The labeling and packaging of the test and placebo were the same, except for the coded batch numbers mentioned on the sachet. The participants, investigators, and entire study team were blinded for the treatment allocation until the end of the study.



2.3 Study protocol and supplementation

The study schedule is provided in Table 1. The study comprised of initial screening, baseline testing, and two 15-day supplementation periods separated by a 30-day washout phase. Block randomization was done on online randomization tool1 using a pseudorandom number generator. All the subjects were instructed to open a sachet of supplement (test or placebo) daily in the morning and mix it in lukewarm water (300–500 mL). They were further instructed to drink supplement mixture daily in the morning on empty stomach. Occurrence of adverse events and concomitant medication were recorded throughout the trial period. Site visit was planned on days 1 and 15 of each supplementation period. Upon visit, each subject was instructed to consume their respective protein supplementation, and blood samples were withdrawn at 0, 0.5, 1, 2, 3, and 4 h for the analysis of plasma-free amino acids. On day 15 of both the supplementation period, the blood samples were withdrawn at 0 h and 4 h for measuring serum levels of insulin and CRP. Urine (24 h collection) and fecal samples were collected on days 1 and 15 on each supplementation period for the analysis of nitrogen content. In addition, collected fecal samples were also used for the gut microbiota analysis.



TABLE 1 Study design.
[image: Table1]



2.4 Analysis

The concentrations of amino acids, insulin, and CRP in plasma were determined at Thyrocare Mumbai, India, using liquid chromatography tandem mass spectrometry method, electrochemiluminescence immunoassay, and immunoturbidimetry, respectively. Urine and fecal nitrogen content were analyzed by using Dumas combustion method. Leucine Rich Bio Pvt. Ltd., India, analyzed the gut microbiota of all the test samples using the shotgun microbiome sequencing method.



2.5 Gut microbiota analysis


2.5.1 Sample collection

Stool samples were collected using Invitek Molecular Stool Collection Module [Cat. No. 1038111300, Berlin, Invitek Molecular GmbH]. All participants were instructed appropriately to use the kit for the sample collection. The samples once collected were shipped under room temperature to the processing unit for DNA extraction.



2.5.2 DNA extraction

DNA from stool samples was extracted using QIAamp® Fast DNA Stool Mini (Cat No./ID: 51604, QIAGEN) following the manufacturer’s “Fast DNA Stool Mini Handbook” for fast purification of genomic DNA. Eluted DNA was collected in 1.5 mL DNA Lo-Bind microcentrifuge tubes, and the quantity and quality of DNA were assessed by Qubit 2.0 DNA HS Assay (Thermo Fisher, Massachusetts, USA) and NanoDrop® (Roche, USA) to meet the sequencing requirements.



2.5.3 Metagenome sequencing

Whole metagenome sequencing of all the samples was performed using long-read sequencing technology. Briefly, the DNA library was prepared with the Ligation sequencing kit (SQK-LSK109) (Oxford Nanopore Technologies (ONT), Oxford, UK), then loaded onto a R9.4.1 MinION flow cell (FLO-MIN106), and sequenced on the ONT MinION Mk1B device (MIN-101B). Basecalling and demultiplexing of sequence reads were performed with Guppy v4.2.2 and with assistance from MinKNOW GUI v4.1.22. Raw sequencing reads were stored in FastQ format for further computational analysis. The upstream analysis involved measurement of quality checks and quality improvement, including but not limited to host [human] sequence removal. This was followed by the alignment of quality-processed reads to a reference database of microbial genomes. The raw and % normalized abundances of all the microorganisms identified within these samples, were quantified, and later used for downstream analysis involving various statistical measures. Data filtering and data normalization steps were performed for the removal of low-quality or uninformative features from raw abundance data to improve downstream statistical analysis. Taxonomic composition of communities across samples and comparing groups were analyzed for direct quantitative comparison of abundances. Both the alpha and beta diversity analyses were performed using the phyloseq package (22, 23), and the results were plotted as box and whisker plots for alpha diversity and PCoA plot for beta diversity.

Differential abundance (DA) analysis was performed with five different DA tools, viz., univariate analysis (24), metagenomeSeq (25–27), EdgeR (v3.12) (28), DeSeq2 (29), and LEfSe (linear discriminant analysis effect size) (30). Once the DA analysis was performed using individual tools, we identified those microbial species that were called significantly differentially abundant in “consensus” by all five DA tools, ensuring the robustness of the DA characterization.




2.6 Efficacy and safety variables

Primary endpoints were set to assess the efficacy of enzymes-probiotics blend in the digestion and absorption of pea protein. It includes the estimation of bioavailability of plasma amino acids within 4 h of consumption of protein in placebo arm and test arm, and pairwise comparison between both the arms. Secondary endpoints were set to evaluate the changes in nitrogen level in urine and feces, changes in insulin and CRP levels in serum, and changes in fecal gut microbiome. Additionally, an assessment of adverse events was done to evaluate the safety of the enzymes-probiotics blend after oral supplementation.



2.7 Sample power and statistical analysis

Data were examined using SAS software, version 9.1, by keeping a 5% significance level (confidence interval 95%) and maintaining a minimum statistical power of 80%. Primary and secondary endpoints were analyzed separately. The concentration vs. time curve (AUC) for each amino acid was calculated at all available time points using the linear trapezoidal rule. The difference between test arm and placebo arm was statistically analyzed using Student’s t-test. All the data were represented as mean ± standard error (SE). p ≤ 0.05 denotes statistical significance unless specified.




3 Results

This randomized, double-blinded, crossover clinical study was initiated on 07 November 2021 and completed on 08 January 2022 (Figure 1) on 15 healthy subjects with average age of 21.40 ± 3.20 years. The other demographic details of the subjects, such as height, weight, and BMI, are presented in Table 2. All the patients completed the study.

[image: Figure 1]

FIGURE 1
 Schematic representation of the clinical study.




TABLE 2 Subject characteristics at baseline.
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3.1 Primary endpoints


3.1.1 Change in rate of amino acid absorption after consumption of pea protein

The effect of supplementation of enzymes-probiotics blend along with the pea protein for 15 days on the rate of amino acid absorption was measured for 4 h post-consumption on day 1 and day 15. On day 1, the rate of amino acid absorption in test and placebo arm was similar (Figure 2A). However, on day 15, variation was observed in the rate of amino acid absorption in the test and placebo arm (Figure 2B). After test supplementation, the rate of absorption of arginine, glutamine, isoleucine, leucine, lysine, methionine, serine, threonine, tryptophan, and tyrosine was positively altered by 1.25, 1.68, 1.25, 1.27, 1.26, 1.39, 1.35, 1.57, 1.44, and 1.41 folds, respectively (statistically insignificant). The analysis of essential amino acids (EAA) and branched chain amino acids (BCAA) illustrated no difference in the test and placebo arm on day 1. However, the appreciable difference though not statistically significant was observed in the increase of EAA and BCAA on day 15 within 1 h post-consumption (Figure 3). On day 15, test arm showed tendency to increase the plasma concentration of histidine (4.19%), isoleucine (25.09%), leucine (27.09%), lysine (26.37%), methionine (40.92%), phenylalanine (7.12%), threonine (57.21%), tryptophan (43.87%), and valine (5.36%), 1 h post-consumption of protein, over the placebo arm. In addition, overall absorption rate of EAA and BCAA on day 15 was in increasing trend than that of on day 1 in both placebo and test arm, though statistically insignificant.

[image: Figure 2]

FIGURE 2
 Rate of amino acid absorption (μmoL/min) after consumption of pea protein (placebo) Vs pea protein + enzymes-probiotics blend (test) on day 1 (A) and day 15 (B). Values represented as mean ± standard error. Data were statistically analyzed using the Student’s t-test, and p ≤ 0.05 was considered statistically significant.
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FIGURE 3
 Increase in essential and branched chain amino acid concentration (μmol/L) after 1 h of consumption of pea protein (placebo) Vs pea protein + enzymes-probiotics blend (test) on day 1 (A) and day 15 (B).Values represented as mean ± standard error. TBCAA: Total branched chain amino acids. # represents individual branched chain amino acid. Data were statistically analyzed using the Student’s t-test, and p ≤ 0.05 was considered statistically significant.




3.1.2 Absorption of total free amino acids after consumption of pea protein

The change in the absorption of free amino acids in test and placebo arm was analyzed by assessing the maximum plasma concentration (Cmax), the corresponding time (Tmax), and area under the curve (AUC). The AUC (concentration vs. time) was calculated for the plasma amino acids through the linear trapezoidal rule and using all available time points. Cmax was defined as the highest observed concentration of amino acid, and Tmax was the time when Cmax was reached. On day 1, there was no noticeable difference in the AUC and Cmax in the test and placebo arm, (Table 3A), whereas on day 15, test supplementation showed proclivity to increase the absorption of alanine, arginine, glutamine, glycine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine as determined by the increase in the AUC and Cmax values (Table 3B). Furthermore, the Tmax of all the amino acids in test and placebo arm was studied on day 1 and day 15. The Tmax of tryptophan (4%) and tyrosine (11%) showed statistically insignificant decrease after consumption of test supplement on day 1 (Table 4A), whereas on day 15, test supplementation demonstrated the tendency to decrease Tmax of the all amino acids except histidine (Table 4B). In particular, alanine (40%, p = 0.021) and glycine (40%, p = 0.023) showed statistically significant decrease in Tmax after supplementation of the test product.



TABLE 3A AUC and Cmax for plasma amino acid concentration of placebo (Pea protein) and test (Pea protein + enzymes-probiotics blend) on day 1.
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TABLE 3B AUC and Cmax for plasma amino acid concentration of placebo (Pea protein) and test (Pea protein + enzymes-probiotics blend) on day 15.
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TABLE 4A Tmax (h) for plasma amino acid concentration of placebo (pea protein) and test (Pea protein + enzymes-probiotics blend) on day 0.
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TABLE 4B Tmax (h) for plasma amino acid concentration of placebo (Pea protein) and test (Pea protein + enzymes-probiotics blend) at day 15.
[image: Table6]




3.2 Secondary endpoints


3.2.1 Safety assessment of enzymes-probiotics blend

During this clinical trial, no adverse events were recorded in both the study arms, ensuring safety upon consumption of supplement in human subjects.



3.2.2 Change in nitrogen levels In fecal and urine samples

The effect of supplementation with pea proteins and enzymes-probiotics blend on fecal and urine nitrogen levels was evaluated in the test and placebo arms on days 1 and 15 of the study. The results indicated that supplementation did not alter the nitrogen levels in test compared with the placebo. Additionally, there was no statistically significant difference in the fecal nitrogen and urine nitrogen between the initial day (day 1) and the final day (day 15) of supplementation (Figure 4).

[image: Figure 4]

FIGURE 4
 Total nitrogen content (g/day) after consumption of pea protein (placebo) and pea protein + enzymes-probiotics blend (test) present in urine (A) and fecal (B) samples. Values represented as mean ± standard error. Data were statistically analyzed using the Student’s t-test, and p ≤ 0.05 was considered statistically significant.




3.2.3 Change in serum insulin and CRP level

The changes in levels of serum insulin and CRP after the supplementation with pea proteins and enzymes-probiotics blend were quantified in the test and placebo arms on day 15 of the study (Figure 5). A considerable rise in the serum insulin level from 9.03 ± 2.43 μU/mL to 34.56 ± 9.98 μU/mL (p = 0.019) and 6.73 ± 1.11 μU/mL to 24.26 ± 6.48 μU/mL (p = 0.012) after 4 h of protein consumption was seen in the placebo and test arms, respectively. Consumption of protein has elevated the insulin level in both the placebo and test arms. The insulin level at 4 h in both arms was not statistically different. The CRP level did not show variation between the placebo and test arms as well as between the 0 h and 4 h samples, demonstrating the safety of the supplement.

[image: Figure 5]

FIGURE 5
 Insulin (A) and CRP (B) on consumption of pea protein (placebo) and pea protein + enzymes-probiotics blend (test) on day 15. Values represented as mean ± standard error. Data were statistically analyzed using the Student’s t-test. Lower letters placed on the bar represent statistical difference at p ≤ 0.05.




3.2.4 Changes in gut microbiome

The variations in the gut microbiome profile of the test arm after supplementation with pea protein and enzymes-probiotics blend on day 1 and day 15 were assessed by visualizing and characterizing for direct quantitative comparison of abundances. This was followed by alpha and beta diversity measurements, and then determining differentially abundant species across the comparing groups. As whole metagenome sequencing was performed, the profiling of all the microbial taxa (including fungi and viruses) within each sample was done successfully.

The composition of microbial kingdom between day 1 (PP_Pre) and day 15 (PP_Post) of supplementation with pea protein and enzymes-probiotics blend is shown as stacked bar plots (Figure 6A). A slight but not statistically significant variation was observed in the microbial composition, particularly a small decline in the bacterial and viral populations post-consumption of test supplementation. The downtrend in bacterial and viral composition was from 99.37% (PP_Pre) to 99.13% (PP_Post) and 0.11% (PP_Pre) to 0.04% (PP_Post), respectively, after 15 days of supplementation with pea protein and enzymes-probiotics blend. Furthermore, the uptrend in archeal and eukaryotic abundance was from 0.12% (PP_Pre) to 0.33% (PP_Post), and 0.40% (PP_Pre) to 0.49% (PP_Post), respectively, after 15 days of supplementation. The relative abundance of this pattern can also be seen at phylum level (Figure 6B). The 15-day test supplementation showed the possibility of a downtrend in the abundance of Bacteroidetes and Proteobacteria, which may be due to a reduction in the abundance of Holdemanella (Holdemanella porci and Holdemanella biformis) (Figures 6F, 7A,B) and Prevotella copri. There was also a decline in Haemophilus pittmaniae of the phylum Proteobacteria (Figure 7C). The observed uptrend in the abundance of Firmicutes was largely due to an increase in the relative abundance of Roseburia (Roseburia intestinalis, Roseburia hominis, and Roseburia inulinivorans) (Figures 6F, 7D,E).

[image: Figure 6]

FIGURE 6
 Composition of the gut microbiome after consumption of pea protein + enzymes-probiotics blend on day 1 (PP_Pre) and day 15 (PP_Post). (A) Quantitative comparison of abundances Kingdom level; (B) Quantitative comparison of abundances Phylum level; (C) Alpha Diversity—Chao1; (D) Alpha Diversity—Shannon Index; (E) Beta Diversity—Bray-Curtis distance, PERMANOVA; (F) Log2 Fold Change, of some of the most differentially abundant species.
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FIGURE 7
 Differential abundance of species (A) Holdemanella porci, (B) Holdemanella biformis, (C) Haemophilus pittmaniae, (D) Roseburia intestinalis, (E) Roseburia inulinivorans, (F) Aeromonas caviae, (G) Botrytis sinoallii, (H) Clostridium sp. OF03 18AA, (I) Mediterraneibacter sp. 210,702 DFI 5 30, and (J) Streptomyces sp. DH12. ** represents significant difference between day 1 (PP_Pre) and day 15 (PP_Post) of supplementation at p ≤ 0.01.


The measurement of alpha and beta diversity confirmed minor variations in diversities, but there were no statistically significant differences among the diversity measures on days 1 and 15 of the supplementation with pea protein and enzymes-probiotics blend. The Chao1 diversity displayed an increasing trend in the mean species richness in day 15 samples as compared to day 1 samples, with the diversity becoming more similar across all samples (lower deviation across samples) (Figure 6C). Furthermore, the Shannon diversity measure also showed increasing trend in diversities of day 15 samples with almost similar evenness as compared to day 1 samples (Figure 6D). The beta diversity measure by Bray-Curtis distance had not established any statistically significant difference between day 1 and day 15 of supplementation, even though it displayed clustering between the groups, represented by the ellipses (Figure 6E).

Though there were no statistically significant variations in microbiome profile at the higher taxonomic levels, we observed several specific changes at species level that were statistically, potentially, and functionally significant. Based on the consensus approach employed with five different DA tools, we could establish a total of five species to be significantly differentially abundant (p < 0.05) between day 1 and day 15. The comparative abundance plots of Aeromonas caviae, Botrytis sinoallii, Clostridium sp. OF03 18AA, Mediterraneibacter sp. 210,702 DFI 5 30, and Streptomyces sp. DH12 are displayed in Figures 7F-J.





4 Discussion

The present clinical trial was designed to evaluate the effect of the enzymes-probiotics blend on pea protein digestibility, amino acid bioavailability, and gut microbiota after regular consumption of high protein. Furthermore, the safety of the supplement was studied in terms of the adverse events, an alteration in serum insulin and CRP levels, as well as the changes in fecal and urine nitrogen levels.

Test supplementation showed an uptrend in the rate of amino acid absorption compared with the placebo on day 15, but not on day 1. The inability of the supplement to demonstrate positive effect on the amino acid absorption on day 1 illustrated that the external enzyme supplementation alone could not enhance the digestion and absorption of amino acids from the pea protein, but the probiotics aid the process. Consumption of the supplement for 15 consecutive days demonstrated the likelihood of augmenting the absorption of total amino acids (AUC) and maximum concentration (Cmax), as well as the tendency to reduce the time required to reach the maximum concentration (Tmax) in the blood. These results illustrated the possibility of enzymes-probiotics blend to positively alter the pea protein digestion and absorption. Previously, our in vitro study had showed that the co-ingestion of Pepzyme AG (containing acid proteases) with protein (whey, pea, and collagen) improved the protein digestion (13).

Probiotics are known to help digestion of protein by promoting healthy intestinal flora. They regulate and influence intestinal bacteria related to protein digestion. Some probiotics could also secrete proteolytic enzymes capable of hydrolyzing proteins and can also induce host digestive proteases and peptidases. They also reduce the production of toxic metabolites by controlling or inhibiting the fermentation of harmful proteins. Furthermore, probiotics also elevate the absorption of smaller peptides and amino acids by altering the abilities of the epithelium lining and promoting transport (20). The role of Bacillus coagulans, Bacillus subtilis, Lactobacillus acidophilus, and Lactobacillus plantarum in enhancing protein digestion has been well documented (18, 31–34). Previously, Jager et al. (18) documented the ability of probiotics to enhance the digestion of pea proteins. Garcia et al. (21) firstly hydrolyzed the pea proteins with digestive proteases and then fermented them using Lactobacillus plantarum, leading to production of smaller peptides which could be easily absorbed in gastrointestinal track. Furthermore, the enzymes-probiotics blend has been shown to boost the nutrient digestibility and to stabilize the microbial environment, thus promoting healthy gut in Nile tilapia (35). It is worth noticing that the digestion potential of probiotics could be augmented by blending them with exogenous proteases. In the current trial, 15-day supplementation of protein along with the enzymes-probiotics blend demonstrated an uptrend in rate of amino acid absorption and total amino acid absorption compared with the only protein supplementation. This could be possibly owed to the role of enzymes in digestion of protein and role of probiotics in regulating and influencing gut microbiota related to proteolysis.

The microbiota profiling data displayed an increasing trend in the abundance of Archaea, and specifically that of Methanobrevibacter smithii belonging to the phylum Euryarchaeota, post-test supplementation. This was interesting, as a previous study with whey protein supplementation reported an increase in Archaea diversity (36). M. smithii is highly prevalent microbes of the gut (37). In an earlier study, the presence of M. smithii had promoted calories intake from the diet in an animal model (38). The potential increase in the methanogenic archaea observed after supplementation of test for 15 days needs further detailed study with respect to the role of the Archaea and its functional impact. The supplementation also showed tendency to reduce the viral abundance and increase the abundance of Eukaryota (mainly fungi). At the phylum level, there was a downtrend in the abundance of Bacteroidetes and Proteobacteria and an uptrend in the Firmicutes (Roseburia intestinalis and Roseburia inulinivorans) on day 15. This can be functionally important as Roseburia intestinalis being one of the keystone species that influences the structure of the microbial communities (39), while Roseburia inulinivorans being one of the primary species associated with recovery of post-antibiotic exposure (40). On the other hand, pathogens like Haemophilus pittmaniae, belonging to phylum Proteobacteria, showed a tendency to reduce their abundance post-supplementation. However, none of these species were significantly differentially abundant across the groups. The comparative abundance of five species, namely Aeromonas caviae, Botrytis sinoallii, Clostridium sp. OF03 18AA, Mediterraneibacter sp. 210,702 DFI 5 30, and Streptomyces sp. DH12, was estimated to be significantly different in the test on day 15 by at least 2 Log2Folds across the groups. Most of these microbiome species have been identified and characterized within the gut microbiome of humans recently. For instance, Clostridium sp. OF03 18AA and Mediterraneibacter sp. 210,702 DFI 5 30, both belonging to the phylum Firmicutes, are relatively new and comes under the group of uncharacterized isolates of Clostridium (41) and Mediterraneibacter, respectively (42). Hence, their increase in abundance or its functional association post-supplementation of pea protein and enzymes-probiotics blend needs further evaluation. Of the five species, Streptomyces sp. DH12 was perhaps the one with most potential to have a positive impact on the gut microbiome, with broad-spectrum antibacterial activity toward Gram-positive and Gram-negative pathogens, based on its genomic characterization (43). This was estimated to have increased by ~3-fold after supplementation with pea protein and an enzymes-probiotics blend. Though the statistically significant differences were not observed among the test and placebo group at phylum level of gut microbial population, the study provided inkling of possible positive effect which supplement might offer on long-term consumption.

Enzymes-probiotics supplementation was found to be safe in this trial as no adverse effects were recorded. Furthermore, it did not negatively affect the metabolism as shown by unaltered nitrogen levels of urine and feces as well as CRP on the initial and final day of the trial in both the placebo and test arms. This confirms the safety of the supplementation. The level of serum insulin was increased after consumption of pea protein in placebo as well as in test arm on day 15. Thondre et al. (44) has already documented the role of pea protein on the secretion of insulin. Though statistically insignificant, low levels of serum insulin in the test over the placebo arm may be attributed to the fixed time-point (0 h and 4 h) analysis. A potential decline in the Tmax after 15-day test supplementation might be owing to earlier insulin spike in the blood. The time kinetics for the serum insulin levels after protein supplementation would definitely help to shed more light on the observed results. Although an increase in protein digestibility was seen in test arm, no statistically significant difference was found between test and placebo arms. The variation in the digestive processes and amino acid metabolism of each individual and relatively small subject size making it difficult to justify the results statistically.



5 Conclusion

The placebo-controlled, double-blinded, randomized, and crossover study conducted on 15 healthy subjects demonstrated the possible effect of the enzymes-probiotics blend (Pepzyme Pro) on the digestion of pea protein and gut health. Supplementation of the enzymes-probiotics blend along with the pea protein for 15 consecutive days provided an inkling of a possible uptrend in the rate of amino acid absorption, total amino acid absorption (AUC), Cmax, and a downtrend in the Tmax compared with the placebo arm. Supplementation did not show statistically significant variations in microbiome profile at the higher taxonomic levels; expect changes observed with respect to Archaea and a few uncharacterized species. A detailed study related to the gut microbiome might be useful to characterize those species. The small sample size and metabolic variations had affected the statistical significance of the data. A study on a large population would be useful to shed more light on the details.
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