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Abstract

:

Probiotic foods such as kefir drinks help to improve the health and well-being of consumers. Since Salmonella resistance to current antibiotic drugs is rising at an alarming rate worldwide, especially in Africa and Asia, this has raised the need for alternative ways of preventing and treating infectious diseases in humans and animals. Thus, a dairy-free probiotic drink can be an alternative for people with milk allergies or for those who avoid dairy products as a lifestyle choice. This study aims to optimize the quality of the coconut milk kefir drink for its antioxidant and antimicrobial activities and to identify the peptides and metabolites present. The time, temperature, and inoculum size that resulted in the optimal antioxidant and antimicrobial activities using Response Surface Methodology (RSM) were found to be 13.4 h, 25 °C, and 5.4 g/100 mL, respectively. The metabolic changes of coconut milk kefir at the beginning and end of fermentation were identified using 1H-NMR-based metabolomics. Some of the metabolites that were identified in the optimized product are γ-Aminobutyric acid, Biotin, Riboflavin, Butyrate, Lactate, and Caprylate. Moreover, 10 peptide sequences were identified using LC-MS/MS. The findings of this study demonstrated a high potential for coconut milk fermented using kefir grains as a functional healthy drink.
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1. Introduction


Kefir is a beverage made by fermenting milk using kefir grains containing a complex microbial diversity of lactic acid bacteria, yeasts, and acetic acid bacteria. It is reported that kefir first appeared in the Caucasus Mountains, where it has long been popular. In the last decade or so, kefir has gained popularity globally due to its health and nutritional benefits and its versatility [1]. Several studies reported that kefir is considered a probiotic beverage of high nutritional and healthy values [2]. Antimicrobial activity is one of the well-known health benefits of kefir. The antimicrobial activity is caused by the bioactive compounds of kefir, such as organic acids, acetaldehyde, and bioactive peptides produced during fermentation, as well as the presence of lactic acid bacteria [3]. Kefir bioactive compounds are reported to prevent gastrointestinal disorders and maintain healthy and balanced gut microbiota [4]. Due to the increase in pathogenic bacteria resistant to antibiotics, recent studies suggest the urgent need for natural alternatives to reduce the use of antibiotics [5].



Coconut (Cocos nucifera L.) fruit has been a stable commodity used in many South Asian countries for a long time. One of the most widely used products of the coconut is coconut milk. Coconut milk is a white milky liquid that is extracted from the kernel of the mature coconut and is made of around 54% moisture, 35–37% fat, and 9–11% non-fat solids [6]. Various studies have been conducted to investigate the health benefits of coconut milk. Coconut milk contains lauric acid, which has been shown to initiate the apoptosis of cancer cells [7]. Moreover, it contains many different vitamins such as vitamin C, B complex, and E, which are known to have antioxidant properties, as well as minerals such as potassium, magnesium, and calcium [8].



The consumption of “lactose-free” beverages and foods is a worldwide trend, especially with the increase in the diagnosis of lactose intolerance and allergies [9] and the increase in the number of vegetarians and vegans [10]. There has been constant growth in the plant-based milk beverage market. Technological advances in research have enabled alternatives that increase product quality, increase production, and improve product appearance and palatability [11]. The global coconut milk market is expected to reach $5.8 billion by 2030, growing at a CAGR of 17.3% during the forecast period of 2022–2030 [12], while the kefir market is foreseen to increase to $2.45 billion by 2030, at a CAGR of 5.9% [13]. Therefore, creating and optimizing coconut milk kefir could play a vital role in filling a market need for more plant-based alternatives to dairy products. Given the importance of antioxidant and probiotic activities among kefir properties, this study aims to develop and optimize the fermentation process concerning both of these activities in the beverage. Accordingly, this study investigates the effects of fermentation factors such as time, temperature, and inoculum size on the pH, antioxidant activity, and antimicrobial activity, and evaluates the metabolites and bioactive peptides of the optimized product (Figure S1).




2. Materials and Methods


2.1. Coconut Milk Kefir Production


Kefir grains were purchased from a local store in Malaysia (http://mykefirworld.com/, accessed on 4 February 2022) and propagated by being inoculated daily in sterile low-fat pasteurized cow milk for two weeks. Kefir grains were then sieved out using a plastic sieve, washed with sterile distilled water, and transferred to 1000 mL of coconut milk. The coconut milk used had 13.4% fat, 7.2% carbohydrates, and 4.7% protein. The coconut milk kefir samples were subjected to freeze-drying. A total of 3 g of each sample was then dissolved in 10 mL of sterile distilled water. The sample was vortexed and centrifuged at 10,000 rpm for 15 min, and the supernatant was filtered out to be used for further testing and analyses.




2.2. Experimental Design


The Response Surface Methodology (RSM) was coupled with a Box Behnken Design (RSM-BBD) and consisted of 15 experimental runs that were used to encompass the possible combinations of factor levels containing the central point (three replicates) used for the optimization. The ranges of the independent variables in the design were prescribed into three levels, which are 25, 30, and 35 °C for temperature (x1); 1.8, 3.6, and 5.4 g/100 mL for inoculum size (x2); and 6, 18, and 30 h for incubation time (x3) (Table 1). The following response variables were measured: pH (y1); DPPH scavenging activity (y2); ABTS+ scavenging activity (y3); FRAP (y4); and antimicrobial activity against Bacillus subtilis (y5), Salmonella Typhimurium (y6), Escherichia coli (y7), and Staphylococcus aureus (y8).




2.3. pH


The pH was measured using a pH meter (3505 pH meter, Jenway, England, UK).




2.4. Antibacterial Activity


The antibacterial inhibitory activity [14] was adopted in this experiment. Four types of bacteria were used in this study: Salmonella Typhimurium ATCC14028, Escherichia coli ATCC12229, Bacillus subtilis ATCC6633, and Staphylococcus aureus ATCC6538. They were grown in nutrient broth for 24 h at 37 °C. The cell density of the microbial inoculant was adjusted to 106 CFU/mL. An aliquot (100 µL) of the sample was added directly to the 96-well micro-titer plate, and 100 µL of the fresh suspension was added. The absorbance was measured at 0 h after 24 h using an ELISA spectrophotometer at 600 nm. The percentage of inhibition of microbial growth was calculated according to the following equation:


   I  mg      %  =          A   c  −    A  24   −  A  0              A   c      × 100  



(1)




where Img% is the percentage of inhibition of the microbial growth, A24h is the absorbance of the mixture at 600 nm at 24 h, A0h is the absorbance of the mixture at 0 h, and Ac is the absorbance of the control at the same wavelength. All the antimicrobial tests were carried out sixfold.




2.5. Antioxidant Assays


2.5.1. Diphenyl-2-picryl-hydrazyl Assay


The diphenyl-2-picryl-hydroxyl (DPPH) assay was performed with some modifications [15]. Briefly, a 0.1 mmol/L DPPH solution was freshly made in a 95% ethanol solution. 50 µL of the sample was reacted with 200 µL of the DPPH solution in a 96-well micro-titer plate and kept at room temperature for 30 min. The absorbance (A) was measured at 517 nm using an ELISA spectrophotometer (PowerWave × 340, Bio-Tek 430 Instruments, Burlington, VT, USA). A control sample was prepared with the sample. The percentage of inhibition of DPPH radical-scavenging activity I% was calculated according to the following equation:


   I   %  =     Ac − As   Ac     × 100  



(2)




where I% is the As, which is the absorbance of the sample at 517 nm, and Ac is the absorbance of the control at the same wavelength. All DPPH tests were carried out in triplicates.




2.5.2. 2,2′-Azino-bis (3-Ethylbenzothiazoline-6-sulfonic Acid) Diammonium Salt Assay


The 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS+) radical scavenging activity was used with some modifications [16]. 7.0 mM ABTS+ solution was mixed with 2.45 mM potassium persulfate and then stored in the dark at room temperature for 12–16 h before use. The mixture was afterward diluted using 80% ethanol to reach an absorbance of 0.700 ± 0.02 at 734 nm. An amount of 170 µL of this diluted ABTS+ solution was mixed with 20 µL of the sample in a 96-well micro-titer plate and stored at 30 °C for 6 min. The absorbance of the samples was measured at 734 nm. The percentage of inhibition of the ABTS+ cation radical-scavenging activity (I%) was calculated according to the same equation as the DPPH analysis (Equation (2)). All ABTS tests were carried out in triplicates.




2.5.3. Ferric Reducing Antioxidant Power Assay


The ferric-reducing antioxidant power (FRAP) method was carried out with some modifications [17]. The 100 mL of 300 mM acetate buffer (pH 3.6) with 10 mL of a 10 mM 2,4,6-Tripyridyl-S-triazine (TPTZ) solution in 40 mM Hydrogen Chloride (HCl) and one volume of 20 mM Ferric (III) chloride (FeCl3) were mixed to prepare the working FRAP reagent. 0.3 mL of sample was mixed with 2.7 mL of the FRAP reagent in a 96-well micro-titer plate and incubated for 30 min at 37 °C. It was then measured using an ELISA spectrophotometer at 593 nm. Different concentrations of Iron (II) sulfate heptahydrate (FeSO4·7H2O) were used to form a standard curve. The results were expressed as FRAP values (mmol Fe(II)/10 mL sample). All FRAP tests were carried out in triplicates.





2.6. 1H-NMR Metabolomics Analysis


The 1H-NMR metabolomics analysis method was used in this study [18]. The coconut milk kefir (CMK) was evaluated against the non-fermented coconut milk (CM), which was used as a reference. The 10 mg of each sample was mixed with 0.375 mL of methanol-d4 (CH3OH-d4) without any internal standard and 0.375 mL of potassium dihydrogen phosphate (KH2PO4) buffer in deuterium oxide (D2O) (adjusted to pH 6) containing 0.1% trimethyl-silyl propionic acid (TSP) in sixfold. The mixture was vortexed for 1 min and sonicated in an ultrasonicator (Branson, MI, USA) at 30 °C for 15 min. The solution was then centrifuged at 13,000 rpm for l0 min, and an aliquot of 600 μL of the supernatant was transferred to an NMR tube for 1H-NMR analysis. Spectra were recorded at 26 °C on a Varian Unity INOVA 500 MHz spectrometer (Varian Inc., Palo Alto, CA, USA), with a frequency of 499.887 MHz. A total of 64 scans were conducted for each sample and recorded with an acquisition time of 193 s, a pulse width of 3.75 μL, and a relaxation delay of 1.0 s. Tetramethylsilane (TMS) was employed as an internal standard, and all spectra were manually phased and bucketed using Chenomx software version 8.3, with standard bins of δ 0.05 ranging from region δ 0.50 to 10.00. The residual methanol region (δ 3.28 to 3.33) and water region (δ 4.70 to 4.96) were excluded from the analysis.




2.7. Identification of Peptides


The identification of the peptides was performed using liquid chromatography with tandem mass spectrometry (LC-MS/MS) (Q-TOF) (Agilent 6520, (Agilent Technologies, Santa Clara, CA, USA). The mobile phase and the sample were prepared as instructed by the laboratory technician at Monash University, Malaysia Campus, as the analysis was performed using their facilities. The mobile phase A was 0.1% formic acid in water and the mobile phase B was 0.1% formic acid in acetonitrile, and both mobile phases were degassed for 15 min in a sonicator bath. The freeze-dried samples were diluted in 0.75 mL of solvent A, and 10 μL was injected into LC/MS-MS to identify the peptide sequence using the Agilent 1200 HPLC-Chip/MS Interface, coupled with the Agilent 6520 Accurate-Mass Q-TOF LC-MS. The column used was Large Capacity Chip, 300 Å, C18, 160 nL enrichment column, and 75 umx150 mm analytical column. The flow rate was set at 4 μL/min from the Agilent 1200 Series Capillary Pump and 0.3 μL/min from Agilent 1200 Series Nano Pump. The injection volume was 0.5 μL. The mass spectra parameters were ion polarity (positive), voltage 175 V, gas temperature 325 °C, and gas flow 5 L/min. The acquired data were processed with PEAKS Studio 6.0, and protein sequence matching was carried out using BLAST searches in the SWISS-PROT (https://www.uniprot.org/, accessed on 20 December 2022). The identified peptides were compared with the APD3 antimicrobial database(https://aps.unmc.edu/AP/, accessed on 20 December 2022).




2.8. Statistical Analysis


The RSM experimental design and analysis were performed using Minitab statistical software (Minitab 16.0, Minitab Incorporation, USA). The software was also used to develop the model equation, graph the surface plot, and predict the optimum independent variable values for six response variables. The statistical significance of estimated second-order response models was a 95% confidence level of the total error. Moreover, statistical differences between the samples and the controls were evaluated by one-way analysis of variance (ANOVA). Results are expressed as the mean of three determinations ± standard deviation (SD). Mean value differences at p < 0.05 were considered statistically significant.





3. Results and Discussion


3.1. Coconut Milk Kefir Optimization


The combined effect of temperature (°C, x1), inoculum size (g/100 mL, x2), and incubation time (h, x3) (Table 1) on pH (y1), DPPH scavenging activity (%, y2), ABTS+ scavenging activity (%, y3), FRAP (mmol Fe(II)/10 mL, y4), and antimicrobial activity against Bacillus subtilis (%, y5) Salmonella Typhimurium (%, y6), Escherichia coli (%, y7), and Staphylococcus aureus (%, y8) were determined using RSM-BBD (Table 2). A mathematical model was used to describe the behavior of response variables, and the second-order polynomial model was generated from the statistical analysis (Table 3). A second-order polynomial equation was proposed for the prediction of responses. The response surface models (Equations (3)–(10)) were as follows:


y1 = 4.552 + 0.213 x1 − 0.608 x2 − 0.141 x3 − 0.005 x12 + 0.016 x1x2 + 0.002 x32



(3)






y2 = 51.989 + 0.450 x1 + 4.527 x2 + 0.554 x3 − 0.142 x1x2 − 0.016 x32



(4)






y3 = 22.889 − 0.756 x1 + 0.543 x2 + 4.670 x3 − 0.125 x32



(5)






y4 = 4711.2 − 297.753 x1 − 125.123 x2 + 21.321 x3 + 4.897 x12 + 20.470 x22 − 0.521 x32



(6)






y5 = −86.944 + 4.645 x1 + 16.378 x2 + 7.976 x3 − 0.524 x1x2 − 0.124 x1x3 − 0.107 x32



(7)






y6 = −211.864 + 14.438 x1 + 6.421 x2 + 7.760 x3 − 0.206 x12 − 0.103 x1x3 − 0.241 x2x3 − 0.084 x32



(8)






y7 = 23.730 + 0.037 x1 + 9.034 x2 + 5.161 x3 − 0.375 x2x3 − 0.082 x3



(9)






y8 = −215.961 + 12.992 x1 + 18.232 x2 + 8.428 x3 − 0.149 x12 − 0.444 x1x2 − 0.115 x1x3 − 0.196 x2x3 − 0.111 x32



(10)




where temperature (x1); inoculum size (x2); incubation time (x3); pH (y1); DPPH scavenging activity (y2); ABTS+ scavenging activity (y3); FRAP (y4); and antimicrobial activity against Bacillus subtilis (y5), Salmonella Typhimurium (y6), Escherichia coli (y7), and Staphylococcus aureus (y8).



The results obtained were analyzed using analysis of variance (ANOVA) to assess the “Goodness of fit”, and only significant (p < 0.05) data were included in the final reduced model. It should be noted that some variables were kept in the reduced model despite their insignificance (p > 0.05), especially linear terms if a quadratic or interaction term containing this variable was significant (p < 0.05) [19]. Multiple regression was used to analyze the data, determine the regression coefficients of the quadratic equations, and fit the experimental data.



The coefficient of determination (R2) is an important measure of response variable variation explained by a linear model. After the reduction of the insignificant terms in the model, R2 values of response variables indicate that the quadratic polynomial model well explains the variations in 6 response variables [19,20], i.e., pH (99.04%); FRAP (85.67%); antimicrobial activity against B. subtilis (91.99%), S. Typhimurium (95.55%), E. coli (83.8%), and S. aureus (97.34%). However, the R2 for the two remaining response variables, DPPH and ABTS+ scavenging activities, were 73.7% and 79.13%, respectively. Thus, around 75% of the response variations could be accurately explained by the response-surface model as a function of three variables (temperature, inoculum size, and incubation time). To be able to assess whether our model provides a better fit than an intercept-only model, it is important to look at the lack of fit (p-value) [21]. The results showed a non-significant (p > 0.05) lack of fit for the regression models fitted for pH, DPPH, and FRAP, indicating the fit of these models for these responses.



The second-order linear effect of temperature (x1), as seen in Table 3, was significant (p < 0.05) for FRAP, antimicrobial activity against B. subtilis, antimicrobial activity against Salmonella Typhimurium, and antimicrobial activity against S. aureus. The effect of inoculum size (x2) was significant for all responses except ABTS+ scavenging activity and FRAP, whereas time (x2) has a significant effect for all responses. When it comes to the quadratic effect, temperature quadratic effect (x1 x1) was significant in the case of pH, FRAP, and antimicrobial activity against Salmonella Typhimurium and S. aureus. The inoculum size quadratic effect (x2 x2) was only significant for FRAP whereas the time (x3 x3) quadratic effect was significant for all responses. The interaction effect of temperature and inoculum size was highly significant (p < 0.05) for half of the responses (pH, DPPH scavenging activity, antimicrobial activity against B. subtilis, and antimicrobial activity against S. aureus). On the other hand, the p-value of the interaction effect in the case of temperature and time was significant in the antimicrobial effect against B. subtilis, Salmonella Typhimurium, and S. aureus, and the interaction of inoculum size and time was significant while measuring the antimicrobial effect against Salmonella Typhimurium, E. coli, and S. aureus.




3.2. Effect of Process Variables on Response Variables


3.2.1. Effect of Process Variables on pH


The sign and magnitude of the coefficients for the linear, quadratic, and interaction effects of all response variables were reported (Table 3). When the independent variable level increased, a negative coefficient showed a decrease in the response variable, while a positive coefficient indicated an increase in the response variable [22]. The significant effects on pH (p < 0.05) were observed for the linear term: inoculum size (x2) and incubation time (x3); for the quadratic term: temperature (x1x1) and incubation time (x3x3); and lastly, for the interaction term: temperature and inoculum size (x1x2). Their effects are illustrated in Figure 1A–C, where the ANOVA data demonstrates that the lack of fit was insignificant, the model was significant, and the R2 values for the developed model were 99%.



Concerning the combined effects exhibited by both the temperature and inoculum size [Figure 1A], the pH values showed a very prominent decrease when the temperature was raised from 25 to 35 °C at the smallest inoculum size. However, this negative linear effect became more evident as the inoculum size increased, which could be explained by the higher inoculum level causing higher activity during fermentation [23].



As can be noted, the quadratic effect of temperature alteration significantly relied on the inoculum size. From a visual analysis in Figure 1B, for the temperature tested, pH values decreased with increasing fermentation time, as a longer fermentation time gave the microbes more time to consume the sugars available and lowered the pH level even further. Figure 1C shows the effect of inoculum size and fermentation time on pH. As was observed, the increase in fermentation time engendered a decrease in pH, which can be explained by the fact that higher fermentation temperatures can promote an increase in the metabolic activity of LAB bacteria and, as a result, an increase in the production of organic acids [24].




3.2.2. Effect of Process Variables on Antioxidants


The influences of all three independent variables, temperature (x1), inoculum size (x2), and incubation time (x3), on the DPPH radical scavenging activity (y2), are shown in Figure 1D–F. Two linear variables, one quadratic variable, and one interaction term had significant effects on the values of the DPPH radical scavenging activity (Table 3). As observed in Figure 1D, a significant interaction was found between temperature and inoculum size. Depending on the inoculum size, the quadratic effect of temperature changes significantly, and at the largest inoculum size, the DPPH values steadily decrease when moving from 20 to 35 °C. In contrast, the DPPH value increased significantly for the largest inoculum size. Figure 1D,E shows that regardless of the fermentation temperature and the inoculum size, the DPPH activity inclined with time, reaching a maximum at approximately 20 h and then declining as the fermentation was allowed to continue for longer.



The antioxidant activity of the coconut milk kefir drink was also measured by an ABTS+ scavenging activity using single electron transfer reactions to evaluate the redox potential of the analyzed compounds [25]. The linear, quadratic, and interaction variables had significant effects on the ABTS+ radical scavenging (Table 3). The effect of the independent variables on the ABTS values is shown in Figure 1G–I. As depicted in Figure 1G, a gradual and linear demotion in the ABTS value was disclosed when the fermentation temperature increased. This linear effect became more prominent as the inoculum size increased. At the largest inoculum size, ABTS steadily decreased when moving from 25 to 35 °C. Both DPPH and ABTS values decreased with increased temperature as it could lead to the denaturation of thermolabile antioxidants such as polyphenols, thus decreasing the radical scavenging activity of a compound [22]. The antioxidant properties of milk and dairy products are strongly affected by handling, processing, distribution, storage length, and conditions [26]. Figure 1H,I shows that, as with DPPH values, the ABTS level continued to increase with time until around 20 h and then started decreasing as time progressed. This agrees with the study of Ozcan et al. [27], which shows that the DPPH and ABTS+ radical scavenging activities can decrease with prolonged fermentation time.



For FRAP, all linear and all quadratic variables—temperature (x1), inoculum size (x2), and incubation time (x3)—possessed significant effects. The effect of the independent variables on the FRAP values is shown in Figure 1J–L. Figure 1J shows high FRAP values obtained at a temperature of around 25 °C and an inoculum size of around 5 g/100 mL. At a constant inoculum amount, an increase in temperature up to an estimated 30 °C decreased the FRAP values, and at a temperature >30 °C, an increase in FRAP was observed. Figure 1K shows that the FRAP value decreases with increasing temperature (up to 30 °C) and time (<10 h). In contrast, at constant time, increasing the temperature even further had a positive effect on the FRAP values. However, at a constant temperature, increasing the time >20 h decreased the FRAP values. A similar trend is observed by increasing the time at a constant inoculum size in Figure 1L. However, at a constant rate, FRAP values show a slight decrease with inoculum size < 4 g/100 mL before they start to increase again.




3.2.3. Effect of Process Variables on Antimicrobial Properties


Kefir has an antibacterial effect against many pathogenic organisms due to the presence of lactic acid bacteria, which compete with pathogens for nutrients. Moreover, kefir fermentation causes the inherent formation of organic acids, hydrogen peroxide, acetaldehyde, carbon dioxide, and bacteriocins [28]. The coefficients of determination obtained for the antimicrobial effect against B. subtilis (R2 = 91.99%), Salmonella Typhimurium (R2 = 95.55%), E. coli (R2 = 83.80%), and S. aureus (R2 = 97.34%) indicate that the model is appropriate for explaining up to >83.80% variability (Table 3).



The results concerning the effect of independent variables on the antimicrobial effects against B. subtilis, Salmonella Typhimurium, E. coli, and S. aureus of coconut milk kefir beverages were found to show a similar trend, although with some unique features (Figure 2). Both B. subtilis [Figure 2A–C] and S. aureus [Figure 2J–L] are Gram-positive bacteria. At a constant inoculum size, the antimicrobial effect of the beverage against B. subtilis [Figure 2A] and S. aureus [Figure 2J] continues to increase with temperature until approximately 32 °C, after which it starts to decrease. The mesophilic temperature of about 32 °C is optimum for the growth of mesophilic kefir bacteria and yeasts, which can compete with the pathogens over nutrients and inhibit their growth at that temperature [29]. Kefir lactic acid bacteria also ferment the milk and form many compounds such as organic acids, hydrogen peroxide, acetaldehyde, carbon dioxide, and bacteriocins, which have an antibacterial effect against many pathogenic organisms. Whereas at a constant temperature, the antimicrobial effect against these two pathogens increases steadily with the increase in the inoculum size. At the same time, Figure 2B,C,K,L, it is illustrated that regardless of the temperature and inoculum size, the antimicrobial effect against B. subtilis and S. aureus increases with time up to 20 h before it declines. E. coli and Salmonella Typhimurium are harmful Gram-negative bacteria that can be present in food and beverages. The antimicrobial effect of Salmonella Typhimurium [Figure 2D] and E. coli [Figure 2G] increases with inoculum size at a constant temperature. The bacteriocin named lacticin, 3147, produced by Lactococcus lactis strain DPC3147 isolated from kefir grains, had antimicrobial activity against E. coli, L. monocytogenes, Salmonella Typhimurium, S. enteritidis, S. flexneri, and Y. enterocolitica [30]. As with the antimicrobial effect against B. subtilis and S. aureus, the antimicrobial effect against E. coli and Salmonella Typhimurium increases with time >20 h and decreases until fermentation. The antimicrobial effect resulting from fermenting cow milk with kefir milk could depend on the fermentation time [31]. In that study, the broadest antimicrobial spectra against eight food pathogens and spoilage organisms were obtained after at least 36–48 h of fermentation for all types of kefirs used.





3.3. Validation and Verification of the Predictive Model


The optimum temperature, inoculum size, and fermentation time of coconut milk kefir were predicted using response surface plots and response optimization. The optimum coconut milk kefir production to obtain a drink with potent antioxidant and antimicrobial properties was at a temperature of 25 °C, an inoculum size of 5.4 g/100 mL, and a time of 13.5 h, where the maximum values for DPPH, ABTS+ scavenging activity, FRAP, antimicrobial effects against B. subtilis, Salmonella Typhimurium, E. coli, and S. aureus, and the targeted pH were reported (Table 4). To confirm the predicted value of response variables, the optimum coconut milk kefir conditions were revalidated, and experimental values were compared to the predicted values. Predicted values within the range of the experimental values showed the RSM model had a good correlation.




3.4. Peptide Sequencing


Peptide sequencing was performed to identify bioactive peptides and determine the molecular weight range of antibacterial peptides. A total of 10 peptides were identified from two different proteins. PEAKS STUDIO chromatography of the peptides of COS1_COCNU Cocosin 1 OS (Figure S2) and PEAKS STUDIO chromatography of the peptides of COCNU 11S globulin isoform 2 OS (Figure S3) can be found in the Supplementary Materials.
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Table 5. Peptide sequences identified from COS1_COCNU Cocosin 1 OS (Cocos nucifera protein of coconut milk kefir) and their similarity to known antimicrobial peptides at the APD3 website for antimicrobial peptides database.






Table 5. Peptide sequences identified from COS1_COCNU Cocosin 1 OS (Cocos nucifera protein of coconut milk kefir) and their similarity to known antimicrobial peptides at the APD3 website for antimicrobial peptides database.





	Peptides
	MW (Da)
	Net Charge
	Activity
	Database Similarity
	Reference





	LTRGDEVAIFTPR
	1475
	1
	Anti-Gram+ and Gram−
	GSEIQPR (38.46%)
	[32]



	DEVAIFTPR
	1047
	0
	Anti-Gram+ and Gram−
	GSEIQPR (40%)
	[32]



	GDEVAIFTPR
	1104
	−1
	Anti-Gram+ and Gram−
	RLGDGCTR (33.33%)
	[33]



	RVKLTRGDEVAIFTPR
	1858
	3
	Anticancer
	RLGDGCTR (37.5%)
	[33]



	LNALEPTR
	913
	1
	Anticancer
	RLGDGCTR (33.33%)
	[33]
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Table 6. Peptide sequences identified from COCNU 11S globulin isoform 2 OS (Cocos nucifera protein of coconut milk kefir) and their similarity to known antimicrobial peptides at the APD3 website for antimicrobial peptides database.






Table 6. Peptide sequences identified from COCNU 11S globulin isoform 2 OS (Cocos nucifera protein of coconut milk kefir) and their similarity to known antimicrobial peptides at the APD3 website for antimicrobial peptides database.





	Peptides
	MW (Da)
	Net Charge
	Activity
	Database Similarity
	Reference





	LTRGDEVAIFAPR
	1445
	1
	Anti-Gram+ and Gram−
	GSEIQPR (38.46%)
	[32]



	GDEVAIFAPR
	1074
	0
	Anti-Gram+ and Gram−
	RLGDGCTR (33.33%)
	[32]



	RVKLTRGDEVAIFAPR
	1828
	3
	Anticancer
	RLGDGCTR(37.5%)
	[32]



	IERLNALEPTR
	1311
	1
	Anti-Gram−
	IVRVAVALRRIR (41.66%)
	[34]



	AMVSSIVGK
	891
	1
	Anti-Gram+ and Gram−, Anti-MRSA, anti-sepsis
	KVTKSVKSIPVKI (40%)
	[35]








As seen in Table 5 and Table 6, the identified peptides demonstrated very low molecular weights, ranging from 891 Da to 1858 Da. The identified peptides were all cationic except for the peptide GDEVAIFTPR, while the peptides RVKLTRGDEVAIFTPR and RVKLTRGDEVAIFAPR showed the highest charge (+3). These findings are in line with those from several previous studies showing that the majority of antimicrobial peptides identified are cationic peptides of 5–50 residues with a positive net charge of +2 and +9 and low molecular weight [36,37,38]. Cationic peptides share similar mechanisms for the inhibition of the growth of target bacteria via the accumulation of positively charged peptides on the negatively charged bacterial cell wall, causing the formation of membrane pores and disruption of the bacterial cytoplasmic membrane, resulting in the leakage of ions and metabolites and, eventually, cell death [39]. The peptides identified from coconut milk kefir were novel, similar to previously known antimicrobial peptides in the APD3 antimicrobial peptide database (Table 5 and Table 6). The APD3 database contains many natural antimicrobial peptides (AMPs), including 80 parasites, 105 anti-HIV, 172 antiviral, 185 anticancer, 959 antifungal, and 2169 antibacterial peptides [40]. The screening of novel antimicrobial peptides from bacteriocin-producing Carnobacterium was previously carried out by Stoffels et al. [32] and identified the GSEIQPR peptide, which showed 38.46% similarity to the peptides LTRGDEVAIFTPR and LTRGDEVAIFAPR and 40% similarity to the peptide DEVAIFTPR sequenced in the present study [32]. Moreover, the RLGDGCTR peptide from Mishra et al. [33] exhibited 33.33% similarity to two peptide sequences, GDE-VAIFTPR and GDEVAIFAPR, which show intense antimicrobial effects, and 37.5% similarity to another two peptide sequences, RVKLTRGDEVAIFTPR and RVKLTRGDEVAIFAPR, with strong anticancer activity. Hilpert et al. [34] reported the anti-Gram-negative bacteria activity of the identified peptide sequence IVRVAVALRRIR, which has a 41.66% similarity to the coconut milk kefir peptide IERLNALEPTR. In another study, the peptide sequence KVTKSVKSIPVKI showed strong antimicrobial, anti-MRSA, and antisepsis activities and had a 40% similarity to AMVSSIVGK [35].




3.5. Bioactive Metabolites


The metabolites were extracted from lyophilized coconut milk and coconut milk with kefir to determine the effects of the introduction of kefir grains during the fermentation of coconut milk. The 1H-NMR metabolomics profiling of coconut milk kefir (CMK) and coconut milk (CM) was observed in Figure 3.



The metabolite profile of coconut milk kefir (CMK) was observed to contain more bioactive metabolites compared to coconut milk (CM) (Table 7). CM showed higher sugar contents such as xylose (4.7923 mmol/L) and sucrose (2.9443 mmol/L) than CMK, which has 2.3029 and 2.0539 mmol/L xylose and sucrose, respectively. However, lactic acid, biotin, butyrate, caprylic acid, and riboflavin were only detected in CMK (1.0271, 0.0816, 0.0557, 0.6683, and 0.1440 mmol/L, respectively). GABA in CMK (0.1642 mmol/L) was found at a higher concentration compared to that in CM (0.0657 mmol/L).



CM showed higher sugar contents such as xylose (4.7923 mmol/L) and sucrose (2.9443 mmol/L) than CMK, which has 2.3029 and 2.0539 mmol/L xylose and sucrose, respectively. However, lactic acid, biotin, butyrate, caprylic acid, and riboflavin were only detected in CMK (1.0271, 0.0816, 0.0557, 0.6683, and 0.1440 mmol/L, respectively) as a result of the fermentation process. GABA in CMK (0.1642 mmol/L) was found at a higher concentration compared to that in CM (0.0657 mmol/L).



These bioactive compounds can have different health benefits, including antioxidant properties. Feng et al. [41] found that a diet supplemented with biotin in juvenile Jian carp (Cyprinus carpio var. Jian) improved antioxidant status and depressed lipid peroxidation and protein oxidation in all studied tissues and serum. Moreover, the study of Al-Qudah and Ismail [42] showed a strong correlation between low biotin serum levels and oxidant by-products, suggesting a role for biotin as an antioxidant. A study conducted on the effect of sodium butyrate on the antioxidant stability in sub-acute ruminal acidosis in dairy goats showed that sodium butyrate could improve the oxidative status in sub-acute ruminal acidosis [43]. GABA is a non-protein amino acid widely distributed in nature and acts as a major inhibitory neurotransmitter in the central nervous system [44]. GABA is produced by glutamate decarboxylase, which catalyzes the irreversible decarboxylation of l-glutamate to GABA [45]. GABA is well-known for its physiological functions, such as the induction of hypotension as well as diuretic and tranquilizer effects [46]. In a recent study, Muhialdin et al. [47] fermented dragon fruit juice, and the major bioactive metabolites were identified using NMR spectroscopy. Lactic acid is one of the major fermentation products responsible for fermented foods’ biological activities. Riboflavin has physiological effects due to its antioxidant effects [48]. According to Zhu et al. [49], the antioxidant activity of fermented soymilk may be related to the presence of riboflavin.





4. Conclusions


This research is a groundbreaking effort in the optimization of a kefir drink made from coconut milk. The optimal fermentation parameters were found to be: temperature = 25 °C, inoculum size = 5.4 g/100 mL, and fermentation time = 13.5 h. As a result of these conditions, no significant difference was observed between the experimental values and the predicted values. Results showed that the selected fermentation parameters were able to produce coconut milk kefir with high antimicrobial (against Salmonella Typhimurium, E. coli, B. subtilis, and S. aureus) and antioxidant activities (DPPH, ABTS, and FRAP). The optimized product was then analyzed using LC-MS/MS, and as a result, 11 peptide sequences with potential antimicrobial effects were identified. Comparing the coconut milk kefir to normal coconut milk using 1HNMR led to the identification of some metabolites, such as γ-Aminobutyric acid, Biotin, Riboflavin, Butyr-ate, Lactate, and Caprylate, that either resulted from or increased due to the fermentation process. This study proved the validity of the selected regression models to sufficiently explain the factor-response relationship during coconut milk fermentation with kefir grains and that the predicted optimum fermentation conditions are valid to generate bioactive peptides and metabolites.
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Figure 1. Response surface plots illustrating the combined effects of time, inoculum size, and temperature on coconut milk kefir with regard to pH (A–C), DPPH (D–F), ABTS+ (G–I), and FRAP (J–L). 
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Figure 2. Response surface plots illustrating the combined effects of time, inoculum size, and temperature on coconut milk kefir concerning antimicrobial activity against B. subtilis (A–C), Salmonella Typhimurium (D–F), E. coli (G–I), and S. aureus (J–L). 
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Figure 3. 1H-NMR metabolomics profiling of coconut milk kefir (CMK) and coconut milk (CM). 
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Table 1. Experimental range and levels of independent variables.
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Factors

	
Code

	
Variable Levels




	
−1

	
0

	
+1






	
Temperature (°C)

	
x1

	
25

	
30

	
35




	
Inoculum size (g/100 mL)

	
x2

	
1.8

	
3.6

	
5.4




	
incubation time (h)

	
x3

	
6

	
18

	
30
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Table 2. Box–Behnken design (BBD) for the observed responses under different experimental conditions.
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Run

	
x1

	
x2

	
x3

	
Responses




	

	
C

	
A

(°C)

	
C

	
A (g/100 mL)

	
C

	
A

(h)

	
y1

	
y2

(%)

	
y3

(%)

	
y4 (mmol Fe(II)/10 mL)

	
y5

(%)

	
y6

(%)

	
y7

(%)

	
y8

(%)






	
1

	
−1

	
25

	
−1

	
1.8

	
0

	
18

	
4.65

	
70.232

	
45.611

	
384.648

	
85.90

	
87.78

	
95.65

	
84.61




	
2

	
+1

	
35

	
−1

	
1.8

	
0

	
18

	
4.04

	
71.370

	
40.214

	
296.685

	
99.64

	
99.28

	
100.00

	
96.22




	
3

	
−1

	
25

	
+1

	
5.4

	
0

	
18

	
4.00

	
72.652

	
60.113

	
445.389

	
100.00

	
99.21

	
99.65

	
100.00




	
4

	
+1

	
35

	
+1

	
5.4

	
0

	
18

	
3.98

	
68.663

	
32.806

	
491.685

	
94.86

	
99.97

	
99.97

	
95.61




	
5

	
−1

	
25

	
0

	
3.6

	
−1

	
6

	
5.22

	
68.014

	
24.435

	
217.796

	
62.43

	
67.54

	
68.15

	
65.04




	
6

	
+1

	
35

	
0

	
3.6

	
−1

	
6

	
5.12

	
69.254

	
27.153

	
211.130

	
83.41

	
78.70

	
71.76

	
82.75




	
7

	
−1

	
25

	
0

	
3.6

	
+1

	
30

	
3.99

	
68.877

	
25.481

	
365.944

	
91.29

	
98.62

	
99.73

	
89.22




	
8

	
+1

	
35

	
0

	
3.6

	
+1

	
30

	
3.70

	
67.989

	
25.241

	
257.796

	
82.43

	
85.02

	
92.91

	
79.31




	
9

	
0

	
30

	
−1

	
1.8

	
0

	
6

	
5.60

	
67.943

	
24.559

	
144.093

	
76.40

	
70.36

	
69.22

	
74.68




	
10

	
0

	
30

	
+1

	
5.4

	
0

	
6

	
4.99

	
71.421

	
26.574

	
245.389

	
83.06

	
89.74

	
99.88

	
85.67




	
11

	
0

	
30

	
−1

	
1.8

	
+1

	
30

	
4.15

	
68.503

	
34.111

	
237.611

	
88.42

	
100.00

	
99.82

	
86.59




	
12

	
0

	
30

	
+1

	
5.4

	
+1

	
30

	
3.81

	
68.972

	
32.816

	
201.130

	
81.77

	
98.58

	
98.08

	
80.68




	
13

	
0

	
30

	
0

	
3.6

	
0

	
18

	
4.33

	
71.332

	
47.574

	
219.352

	
98.51

	
98.57

	
99.80

	
99.65




	
14

	
0

	
30

	
0

	
3.6

	
0

	
18

	
4.28

	
72.354

	
45.639

	
200.574

	
98.93

	
99.99

	
99.97

	
98.39




	
15

	
0

	
30

	
0

	
3.6

	
0

	
18

	
4.25

	
71.685

	
47.287

	
227.611

	
97.84

	
99.32

	
100.00

	
98.63








C coded values; A actual values temperature (x1); inoculum size (x2); incubation time (x3); pH (y1); DPPH scavenging activity (y2); ABTS+ scavenging activity (y3); FRAP (y4); antimicrobial activity against Bacillus subtilis (y5), Salmonella Typhimurium (y6), Escherichia coli (y7), and Staphylococcus aureus (y8).
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Table 3. Analysis of variance and regression coefficients of the full quadratic model.
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y1

	
y2

(%)

	
y3

(%)

	
y4 (mmol Fe(II)/10 mL)

	
y5

(%)

	
y6

(%)

	
y7

(%)

	
y8

(%)




	

	
RC

	
PV

	
RC

	
PV

	
RC

	
PV

	
RC

	
PV

	
RC

	
PV

	
RC

	
PV

	
RC

	
PV

	
RC

	
PV






	
Intercept

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Constant

	
4.552

	

	
51.989

	

	
22.889

	

	
4711.20

	

	
−86.944

	

	
−211.86

	

	
23.730

	

	
−215.96

	




	
Linear

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
x1

	
0.213

	
0.053

	
0.450

	
0.082

	
−0.756

	
0.105

	
−297.75

	
0.001

	
4.644

	
0.002

	
14.438

	
0.011

	
0.037

	
0.935

	
12.992

	
0.008




	
x2

	
−0.608

	
0.001

	
4.527

	
0.035

	
0.543

	
0.655

	
−125.12

	
0.066

	
16.377

	
0.039

	
6.421

	
0.004

	
9.034

	
0.011

	
18.232

	
0.006




	
x3

	
−0.141

	
0.000

	
0.554

	
0.004

	
4.671

	
0.000

	
21.32

	
0.013

	
7.976

	
0.000

	
7.760

	
0.000

	
5.161

	
0.000

	
8.428

	
0.000




	
Quadratic

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
x1x1

	
−0.005

	
0.012

	

	

	

	

	
4.90

	
0.002

	

	

	
−0.206

	
0.022

	

	

	
−0.149

	
0.032




	
x2x2

	

	

	

	

	

	

	
20.47

	
0.035

	

	

	

	

	

	

	

	




	
x3x3

	
0.0024

	
0.000

	
−0.016

	
0.004

	
−0.125

	
0.000

	
−0.52

	
0.020

	
−0.107

	
0.000

	
−0.084

	
0.000

	
−0.0823

	
0.005

	
−0.111

	
0.000




	
Interaction

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
x1x2

	
0.0164

	
0.004

	
−0.1424

	
0.042

	

	

	

	

	
−0.524

	
0.045

	

	

	

	

	
−0.444

	
0.021




	
x1x3

	

	

	

	

	

	

	

	

	
−0.124

	
0.006

	
−0.103

	
0.008

	

	

	
−0.115

	
0.002




	
x2x3

	

	

	

	

	

	

	

	

	

	

	
−0.241

	
0.018

	
−0.375

	
0.027

	
−0.196

	
0.017




	
R2

	
99.04%

	

	
73.70%

	

	
79.13%

	

	
85.67%

	

	
91.99%

	

	
95.55%

	

	
83.80%

	

	
97.34%

	




	
R2-adjust

	
98.33%

	

	
59.09%

	

	
70.79%

	

	
74.92%

	

	
85.99%

	

	
91.10%

	

	
74.80%

	

	
93.80%

	




	
p-value

	
0.000

	

	
0.018

	

	
0.002

	

	
0.005

	

	
0.001

	

	
0.000

	

	
0.002

	

	
0.000

	




	
F value

	
138.22

	

	
5.04

	

	
9.48

	

	
7.97

	

	
15.32

	

	
21.47

	

	
9.31

	

	
27.47

	




	
Lack of fit (p-value)

	
0.223

	

	
0.167

	

	
0.024

	

	
0.056

	

	
0.014

	

	
0.031

	

	
0.000

	

	
0.044

	




	
Lack of fit (F-value)

	
3.80

	

	
5.32

	

	
41.08

	

	
17.10

	

	
69.01

	

	
31.30

	

	
4161.17

	

	
21.81

	








Regression coefficient (RC); p-value (PV); temperature (x1); inoculum size (x2); incubation time (x3); pH (y1); DPPH scavenging activity (y2); ABTS+ scavenging activity (y3); FRAP (y4); antimicrobial activity against Bacillus subtilis (y5), Salmonella Typhimurium (y6), Escherichia coli (y7), and Staphylococcus aureus (y8).
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Table 4. Predicted and experimental values of response variables.






Table 4. Predicted and experimental values of response variables.





	
Response Variables

	
Goal

	
Maximum/Minimum Values




	
Predicted

	
Experimental (n = 3)






	
pH

	
In range

	
4.2

	
4.17 ± 0.21




	
DPPH scavenging activity (%)

	
Maximize

	
72.6

	
71.17 ± 3.67




	
ABTS+ scavenging activity (%)

	
Maximize

	
47.06

	
43.63 ± 3.42




	
FRAP (mmol Fe(II)/10 mL)

	
Maximize

	
437.045

	
419.6 ± 17.7




	
Antimicrobial activity against B. subtilis (%)

	
Maximize

	
93.1

	
90.4 ± 1.35




	
Antimicrobial activity against Salmonella Typhimurium (%)

	
Maximize

	
97.3

	
97.2 ± 1.54




	
Antimicrobial activity against E. coli (%)

	
Maximize

	
100

	
99.6 ± 0.64




	
Antimicrobial activity against S. aureus (%)

	
Maximize

	
94.8

	
94.7 ± 1.65








All the values are means ± standard deviation.
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Table 7. The chemical shifts and concentrations (mmol/L) of the metabolites identified in coconut milk kefir (CMK) and coconut milk (CM).






Table 7. The chemical shifts and concentrations (mmol/L) of the metabolites identified in coconut milk kefir (CMK) and coconut milk (CM).





	Metabolites
	1H-NMR Characteristic Signals
	CMK
	CM





	Butyrate
	δ 0.88 (t)
	0.0557
	ND



	Threonine
	δ 1.316 (d)
	ND
	0.2543



	Lactic acid
	δ 1.32 (d), δ 4.14 (q)
	1.0271
	ND



	Alanine
	δ 1.46 (d)
	0.0442
	0.1167



	Biotin
	δ 1.61 (dd)
	0.0816
	ND



	Caprylic acid
	δ 1.61 (br. S.)
	0.6683
	ND



	4-Aminobutyrate (GABA)
	δ 1.89 (m), δ 2.28 (t), δ 3.00 (t)
	0.1642
	0.0657



	gamma-Butyrolactone
	δ 2.24 (m)
	0.3383
	ND



	3-Hydroxybutyrate
	δ 2.314 (m), δ 2.414 (m)
	ND
	0.3137



	Malic acid
	δ 2.36 (dd), δ 2.66 (dd)
	ND
	0.2602



	Riboflavin
	δ 2.5 (t)
	0.1440
	ND



	Lysine
	δ 3.02 (t)
	0.0708
	0.1281



	Choline
	δ 3.189 (s), δ 3.507 (dd), δ 4.056 (m)
	0.0213
	0.0157



	Carnitine
	δ 3.22 (s)
	0.0101
	ND



	Glucuronate
	δ 3.289 (t)
	2.5208
	5.2900



	Xylose
	δ 3.42 (t), δ 3.51 (dd)
	2.3029
	4.7923



	Sucrose
	δ 3.67 (s), δ 3.87 (dd), δ 4.04 (t), δ 4.21 (d), 5.4 (d)
	2.0539
	2.9443



	2-Aminobutyrate
	δ 3.718 (dd)
	1.8177
	ND



	Leucine
	δ 3.722 (m)
	ND
	1.8325



	Guanidoacetate
	δ 3.78 (s)
	0.2967
	0.9874



	Ethanolamine
	δ 3.81 (d)
	0.262
	1.5021



	Gluconate
	4.15 (d)
	0.3070
	1.5317



	O-Acetylcarnitine
	δ 5.57 (q)
	ND
	0.0176
















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  fermentation-09-00430


  
    		
      fermentation-09-00430
    


  




  





media/file5.png
(C)

o

—
™
—
o o o
i
(%) sunqns g nuy (%) wnunwiydA s nuy (%) 1102 3 nuy (%) snaino s nuy
-
(RN
V\z
N
u
t 13 5 .
—
o S S _
) v g T < — S
o g w I T S = &
S5 o S — g = o
— o S | — = - g _ P
() m mt o &
o 5 = 3
i
7] o s &
Q g g ;
3 k] 8 s
2 g £
T T %
o
=2 o o m o o m
m o w = (=3 w
(%) 1102 *3 nuy (%) snaino ‘s nuy

8 8 &
(%) wnunwiydA} *s nuy

M~

=2
o ]
i

(%) snaino *s nuy

(D)

1025

(%) 1102 "3 nuy

-
& &

(A)

T

uw o
g g

(%) wnunwiydA; s nuy

(%) sinqns g nuy





media/file6.jpg





media/file3.png
(A) (B) (C)

4.6
4.4
s
4.2
»
5 &
4.0 $
\Y
&

29
30

Tem 35
Peraty &
re (°c) &

(D)

DPPH (%)
DPPH (%)

30

N

Tem 35 &
Pe

rature {OC) \Qo

(G)

£ % £
& a0 &
] & o
> S >
© (1]
3] S Q
n A v
+ + +
) & ¥
B = @
< < <
N
Te 35 &
(L)
- = -
€ 1S 1S
8 b 8 300 l
i -] —
=~ = =
I o T
.
% w — 200
[=) o]
£ £ £
£ E £
Q. Q.
< < < 100
o o o
(1 w (¥

33

\
™
35 L

Tt-zmperatu,e (°c )






media/file0.png





media/file4.jpg





media/file7.png
~1

Guanidoacetate L
2-Amihobutyrate
Sucrose
Sucrose
CMK e lactate
Xylose
Riboflavin
o Caprylate
GAB\A G&'&Vr'acm?ﬁ‘m\ \Alaiine
Guanidoacetate
Sucrose iikucink
Sucrose Sucrose
cM
Xylose
Malic acid
3-Hydroxybutyrate Threonine
GABA GABA  GABA Alanine \
54 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 2 28 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0





media/file2.jpg





