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Abstract

This study was designed to evaluate the bioactivities such as β-glucosidase activity, α-galactosidase activity, and the

growth behavior of the Lactobacillus cultures in soy milk medium. Ten Lactobacillus cultures were considered in this

study. L. fermentum (M2) and L. casei (NK9) were selected due to their better α-galactosidase, β-glucosidase activity

and growth behavior in soy milk medium during fermentation. Further, soy milk fermented with M2 showed higher

proteolytic activity (0.67 OD) and ACE-inhibitory (48.44%) than NK9 (proteolytic activity: 0.48 OD and ACE-inhibitory

activity: 41.33%). Bioactive peptides produced during the fermentation of soy milk using the selected Lactobacillus

cultures were also identified with potent ACE-inhibitory activity by MALDI-TOF spectrometry, and the identified ACE

inhibitory peptide sequences from fermented soy milk were characterized using Biopep database.

Keywords: α-Galactosidase, β-Glucosidase, Proteolytic, ACE-inhibitory peptides, Fermentation, Soy milk, Lactic acid

bacteria

Introduction

Soy milk is a most ideal choice of milk for individuals

with problems of lactose intolerance and faith in vegan

(Wang 2002). Soy milk has a similar composition to

bovine milk. Fermentation of soy milk is the best strat-

egy for enhancing the organoleptic and nutritional

attributes of soy milk (Wang 2002). Fermentation of

soy milk also improves the flavor and texture of soy

curd, which makes it more acceptable to the

consumers. Fermented soy milk also produces novel

soy biomolecules with health-beneficial properties

(Akabanda et al. 2010). Soy yogurt was prepared using

commercial soy milk with L. casei, Bifidobacterium, L.

acidophilus (Donkor et al. 2005). During fermentation,

the organoleptic properties and physicochemical prop-

erties of soy milk are improved because of the lactic

cultures, which produce the enzymes like β-glucosidase

and α-galactosidase. The soy oligosaccharides such as

sucrose, raffinose, and stachyose get hydrolysed by α-

galactosidase enzyme of the lactic cultures and cause a

decrease in its beany flavor and flatulence. Fermenta-

tion of soy milk is likewise the best strategy that pro-

duces different biomolecules like isoflavones and

bioactive peptides with significant bio-functional prop-

erties (Kulkarni et al. 2006; Singh et al. 2014; Hati et al.

2015a; Singh et al. 2017). Numerous researches have

been done on fermentation of soy milk utilizing single

lactic culture or blended cultures including Lactobacil-

lus plantarum, L. cellobiose, L. delbrueckii, L. fermen-

tum, L. pentosaceus, L. bulgaricus and L. fermenti in

order to reduce the oligosaccharides contents (sta-

chyose and raffinose) that cause flatulence (Wang

2002). An investigation was conducted to evaluate the

β-glucosidase activity and isoflavone bioconversion to

aglycones in fermented soy milk with the Lactobacillus

cultures namely L. rhamnosus C2, L. rhamnosus C6, L.

rhamnosus NCDC24, L. rhamnosus NCDC19 and L.

casei NCDC297. After incubation, samples of L.
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rhamnosus C6 culture at 37 °C for 12 h produced the

highest β-glucosidase and isoflavone aglycones. Isofla-

vone aglycone amount in fermented soy milk is enhan-

cing the nutritional properties of soy milk (Hati et al.

2014). Apart from isoflavones, the generation of bio-

active peptides from fermented soy milk is also import-

ant for showing the health benefits. These bioactive

peptides can be created by proteolytic enzymes, micro-

bial fermentation, or food processing.

However, the best strategy for production of peptides

in food systems is fermentation by food-grade microor-

ganisms (Singh et al. 2014). Di-peptides, oligopeptides,

and tri-peptides, due to the proteolytic activity of lactic

acid bacteria (LAB), are being released from fermented

soy milk. Microbial fermentation is the least costly strat-

egy in terms of enzymatic hydrolysis compared with the

different techniques for the generation of bioactive pep-

tides. Proteases releasing microbes are the least costly

cell factories and are therefore perceived as healthy for

use (GRAS [Generally recognized as safe] status) (Agyei

and Danquah 2011).

From miso and doenjang, the release of bioactive pep-

tides with angiotensin-converting enzyme (ACE) inhibi-

tory activity was reported. Tri-peptides (Val-Pro-Pro and

Ile-Pro-Pro) were produced from casein molecule of

miso paste, exhibited antihypertensive activity in spon-

taneously hypertensive rats (SHR) (Inoue et al. 2009).

Probiotic microorganisms with the capability of produ-

cing ACE-inhibitor peptides is an added advantage for

use in the fermentation process. Proteolytic activity of

probiotics in soy milk or soy yogurt was reported to lib-

erate peptides with ACE-inhibitory attributes (Tsai et al.

2006). In the study, potential LAB was evaluated for α-

galactosidase, β-glucosidase, proteolytic, ACE-inhibitory

activities, and the production of peptides during fermen-

tation of soy milk.

Materials and methods

Materials

In this study, soybean (AAU NRC-37- variety) was

procured from Hill Millet Research Station of Anand

Agricultural University, Gujarat, India.

Standard cultures

Ten lactic cultures viz. L. fermentum (M2), L. fermentum

(M3), L. fermentum (M4), L. helveticus MTCC 5463

(V3), L. casei (NK9), L. rhamnosus (M8), L. rhamnosus

(M9), L. paracasei (M11), L. plantarum (M38) and L.

paracasei (M16) were used in this study. All the cultures

were procured from Dairy Culture Collection, Depart-

ment of Dairy Microbiology, Sheth MC College of Dairy

Science, AAU, Anand, India. The lactic acid bacteria

were maintained by propagating through sub-culturing

in reconstituted skim milk (11% total solids). During

activation of the lactic cultures, the rate of inoculation

was 1% (v/v) at 37 °C for 24 h.

Soy milk preparation

Soy milk was prepared according to the procedure followed

by Hati et al. (2015a). One hundred grams soybeans were

taken in 2 L beaker and further soaked for 14–16 h in 1 L

distilled water at room temperature (28 °C). Then after

draining off the soaked water, blanching was carried out in

stainless steel steam jacket kettle containing double distilled

water at 98 °C for 15–20min. The quantity of water taken

was three times the weight of the original soy beans. After

thorough washing, testa was removed and further hulls

were separated. Soy slurry was papered using the blender

(Philips, India) by adding six times boiled distilled water.

During blending, the inactivation of lipoxygenase enzyme

was occurred due to boiled water. Finally, the slurry was

filtered through double-layered muslin cloth to remove

undesirable hulls. Sterilization of soy milk was carried out

at 121 °C at 15 psi for 20min. Finally, 500mL soy milk was

prepared from 100 g soybeans.

Screening of Lactobacillus cultures on the basis of α-

galactosidase activity

All the Lactobacillus cultures were evaluated for α-

galactosidase activity. Further, the best two lactic cul-

tures with the highest α-galactosidase activity were

selected.

Sample preparation

All the lactic cultures were activated in sterile soy milk.

Lactic cultures were inoculated in sterile soy milk at 2%

(v/v) of inoculation rate and further incubated at differ-

ent time intervals, i.e., 0 h, 6 h, 12 h, 18 h & 24 h at 37 °C.

Crude α-galactosidase extraction

α-galactosidase activity plays a crucial role in the good

growth of lactic cultures in the soy-based medium, free

from lactose. The lactic cultures were tested for α-

galactosidase activity in soy milk by following the pro-

cedure of Tsangalis et al. (2004) and Scalabrini et al.

(1998). After different time of intervals (0 h, 6 h, 12 h, 18

h & 24 h at 37 °C), an aliquot of 50 mL was taken out

aseptically from each sample and stored at 4 °C. Centri-

fugation was carried out to harvest the bacterial cells.

All the samples were centrifuged at 5000 rpm for 10 min

at 4 °C in the refrigerated centrifuge. Cell pellets were

washed by using 20 mL of cold 50 mM sodium citrate

buffer (pH 5.5) and further centrifuged at 5000 rpm for

10min, and this step was repeated twice. Further, the

samples were sonicated by dissolving cell pellets in 10

mL sodium citrate buffer. After sonication, cell debris

were discarded and supernatant was used as a crude

enzyme for further study after centrifugation.
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Determination of α-galactosidase activity

α-galactosidase activity of all the samples was analyzed

by the following method of Hati et al. (2014). Five hun-

dred microliter of 5 mM p-nitrophenyl-α-D galactopyra-

noside (pNPG) was mixed with 250 μL of crude enzyme

extract and further incubated at 37 °C for 30 min. Then

the reaction was terminated by adding 500 μL of cold

0.2M sodium carbonate to the mixture. Based on the

rate of hydrolysis of pNPG, α-galactosidase activity was

determined. Release of total amount p-nitrophenol was

measured by using spectrophotometer (Systronics PC

based double beam spectrophotometer 2202, India) at

410 nm. One unit of enzyme activity was defined as the

amount of enzyme that released 1 μmol of p-nitrophenol

from pNPG per milliliter per min under assay conditions

(Hati et al. 2014).

Determination of β-glucosidase activity

β-glucosidase activity of lactic cultures helps in the bio-

transformation of soy isoflavones into bioactive agly-

cones. Thus, all the Lactobacillus cultures were also

screened on the basis of β-glucosidase activity.

Sample preparation

All the lactic cultures were activated in sterile soy milk

medium. Two successive transfers were given to all the

lactic cultures in soy milk medium, for improving their

adaptability in soy milk medium (Nelson et al. 1976).

Lactic cultures were inoculated in sterile soy milk at 2%

(v/v) of inoculation rate and further incubated at differ-

ent time intervals, i.e., 0 h, 6 h, 12 h, 18 h & 24 h at 37 °C.

Determination of β-glucosidase activity

The lactic cultures were evaluated for the presence of β-

glucosidase activity by determining the rate of hydrolysis

of p-nitrophenol β-D-glucopyranoside (pNPG) (HiMe-

dia, India) as reported by Otieno et al. (2006) and

Scalabrini et al. (1998) with some modifications. All the

cultures were inoculated with 2% (v/v) rate of inocula-

tion and incubated at different time intervals, i.e., 0 h, 6

h, 12 h, 18 h & 24 h at 37 °C. During the process of fer-

mentation, an aliquot sample of 50 mL was withdrawn

after every 6 h of incubations, i.e., 0 h, 6 h, 12 h, 18 h &

24 h and stored at 4 °C. Further, centrifugation was

carried out to recover the supernatant solution. For

enzymatic activity, 5 mM pNPG (substrate) was taken as

a substrate for the activity. Five hundred microliter sub-

strate and 5mL supernatant solution from each sample

were mixed together and further incubated for 30 min at

37 °C. Enzymatic reaction was terminated by adding

250 μL cold 0.2 M sodium carbonate. Further, the mix-

ture was centrifuged at 15000 rpm for 30min using a

centrifuge (Eppendrorf, US), and impurities was filtered

using a syringe filter (0.45 μm; Milllipore, USA). Finally,

the amount of release of p-nitrophenol was taken as an

indicator of the targeted activity and further estimated

by measuring absorbance at 410 nm through a spectro-

photometer (Systronics UV VIS double beam Spectro-

photometer, India). One unit of the enzyme activity is

defined as the quantity of β-glucosidase action that

released one nanomole of p-nitrophenol from pNPG per

milliliter per min at 37 °C under the assay conditions

(Hati et al. 2014).

Evaluation of the growth behavior of lactic cultures in soy

milk

All the cultures were aseptically inoculated in the sterile

100 mL soy milk medium, inoculated with 2% rate (v/v)

for 24 h at 37 °C. Further, 2 mL sample was taken and

inoculated in each 100 mL soy milk, which were incu-

bated for 0 h, 3 h, 6 h, 9 h, 12 h, 15 h & 18 h at 37 °C.

Further, each sample was tested for pH, titratable acidity

& lactic counts.

pH

The pH of fermented soy milk samples was measured

using a digital pH meter (OAKTON pH 700, India). Ten

milliliter well mixed fermented soy milk sample was put

into a beaker and then pH was measured by immersing

the pH electrode into the soy milk samples. Standard

buffer solutions of pH 4, 7 and 9 were used to calibrate

the pH meter before analysis FSSAI (2015).

Titratable acidity

The titratable acidity of fermented soy milk samples was

estimated following the method of Ranganna (2012).

Along with the same amount of distilled water, a 10 mL

sample was taken and titrated using 0.1 [M] NaOH with

0.5 mL phenolphthaleinine (indicator). Titration was

continued till the the colour reach to faint pink.

Acidity %ð Þ ¼ mL x N x 90 x 1000ð Þ= V x 100ð Þ

where, mL = 0.1 [N] NaOH used, N = Normality of 0.1 N

NaOH, V =mL sample used.

Determination of Lactobacillus counts

Determination of Lactobacillus counts of fermented soy

milk samples was carried out following the method pre-

scribed by Downes and Ito (2001). One milliliter sample

was diluted with 9 mL physiological saline solution (V/

V) to assess viable cell counts, and then serial dilutions

were prepared at a ratio of 1:10. One milliliter aliquot of

various samples was used to calculate the overall viable

lactobacilli count per mL of particular growth media

[deMan, Rogosa and Sharpe (MRS) media, HiMedia,

India]. The viable cell counts were expressed in log

CFU/mL (Abraham et al., 2014).
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Assessment of proteolytic activity

Procedures suggested by Hati et al. (2015b) and Solanki

et al. (2017) were used for the determination of proteo-

lytic activity using the OPA (O-phthalaldehyde) method.

2.5 mL cultures were added to 5mL 0.75% trichloroacetic

acid and the mixture was filtered using Whatman filter

paper 42 (MFS. Inc., CA, USA). One hundred fifty micro-

liter filtrate was added to 3mL OPA (O-phthalaldehyde)

reagent, and the absorbance of the solution was estimated

spectrophotometrically at 340 nm after 2min at room

temperature. The proteolytic activity of these bacterial

cultures was expressed as the free amino groups measured

at 340 nm.

Determination of ACE inhibitory activity

The ACE-inhibitory activity of the fermented samples

was determined by the method of Cushman and Cheung

(1971). Here, HHL (Hippuryl-L-histidyl-L-leucine) has

used a substrate and supernatant of samples was used as

a sample. The ACE enzyme was used as an initiator, and

HCL was used as a terminator of the enzymatic reaction.

Liberated hippuric acid was extracted using ethyl acet-

ate, and absorbance was measured by following the

method of Cushman and Cheung (1971). Deionized

water was mixed residues of hippuric acid, and further

absorbance was measured at 250 nm using a spectropho-

tometer (Systronic Double beam Spectrophotometer

2202, India). All Blank solution and control solution for

the activity were prepared using the method prescribed

by Hati et al. (2015b).

MALDI TOF (matrix-assisted laser desorption/ionization-

time of flight) based peptide analysis

The peptide solution obtained after trypsinization was

mixed with a matrix solution of α-cyano-4-hydroxycyn-

namic acid (HCCA) solution in a 1:1 ratio, and the

resulting 2 μL was spotted onto the MALDI plate. The

laser pulse duration was 1–5 ns (ns), and the laser fre-

quency was 100 Hz. After air-drying the sample, it was

analyzed on the MALDI TOF/TOF ultraflex III instru-

ment, and further analysis was done with ultraflex ana-

lysis software for obtaining the peptide mass fingerprint.

The masses obtained in the peptide mass fingerprint

were submitted for Mascot search in the concerned

database for identification of the protein. For Protein

Identification, MASCOT was found to be the most suit-

able database search engine. The peptides which were

identified using MASCOT were then matched with BIO-

PEP database (Wang et al. 2013).

Results and discussion

Screening of Lactobacillus cultures on the basis of α-

galactosidase activity

In the study, ten Lactobacillus cultures were considered

and selected for the ability to release α-galactosidase.

The enzymatic ability depends on the reaction of α-

galactosidase with pNPG as substrate, and it produces p-

nitrophenol in the medium with yellow color due to re-

lease of p-nitrophenol from the substrate (Table 1). In

this study, all the cultures exhibited a different ability for

the production of α-galactosidase during fermentation.

This was in concurrence with the report of Scalabrini

Table 1 α-galactosidase activity (U/mg) of Lactobacillus cultures in soy milk medium

Lactobacillus
cultures (C)

Period (Time in hours) Treatment
Mean

0 h 6 h 12 h 18 h 24 h

M2 3.55 ± 0.10 7.25 ± 0.05 9.64 ± 0.12 12.64 ± 0.11 12.94 ± 0.16 9.20

M3 3.83 ± 0.06 6.25 ± 0.17 8.39 ± 0.17 9.57 ± 0.14 9.94 ± 0.21 7.59

M4 3.54 ± 0.07 6.85 ± 0.21 7.36 ± 0.12 7.89 ± 0.49 8.81 ± 0.20 6.89

M8 2.61 ± 0.10 6.35 ± 0.23 9.32 ± 0.11 11.33 ± 0.13 11.74 ± 0.38 8.27

M9 3.80 ± 0.11 6.42 ± 0.17 6.71 ± 0.23 7.39 ± 0.26 8.16 ± 0.36 6.49

M11 2.44 ± 0.13 5.71 ± 0.20 6.26 ± 0.37 6.62 ± 0.17 6.98 ± 0.17 5.60

M16 3.35 ± 0.11 6.76 ± 0.06 9.52 ± 0.68 11.11 ± 0.13 11.56 ± 0.17 8.46

M38 2.33 ± 0.13 7.48 ± 0.16 8.02 ± 0.38 8.58 ± 0.09 9.07 ± 0.27 7.09

NK9 3.74 ± 0.10 7.64 ± 0.15 9.73 ± 0.30 12.65 ± 0.16 13.90 ± 0.33 9.54

V3 3.33 ± 0.07 6.71 ± 0.14 9.91 ± 0.25 10.46 ± 0.18 12.10 ± 0.18 8.50

Period Mean 3.25 6.74 8.49 9.82 1.05 –

Source Sem CD (0.05) CV%

C 0.086 0.241 4.28

P 0.061 0.171

C*P 0.192 0.539

Each observation is a mean ± SD of three replicate experiments (n = 3)
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et al. (1998), who found that the fermented soy milk

showed different degrees of α-galactosidase activity rely-

ing upon the various starter cultures.

From Table 1, it was found that α-galactosidase

action was contrasting fundamentally (P < 0.05) with

incubation times. Likewise, there was a significant dif-

ference (P < 0.05) noticed within the cultures. It was

observed that the α-galactosidase activity of ten

Lactobacillus cultures was significantly increased with

the time of incubation. In this experiment, all the cul-

tures produced α-galactosidase in the range of 6.98 U/

mg to 13.90 U/mg after 24 h of incubation at 37 °C.

NK9 (L. casei) culture was showing highest activity

(13.90 U/mg) followed by M2 (L. fermentum) (12.94

U/mg), then V3 (L. helveticus) (12.10 U/mg) and M8

(11.74 U/mg). These observations were in agreement

with the work reported by Mital and Steinkraus

(1975). They used a strain of L. fermentum NRRL B-

585, which showed the α-galactosidase activity

(Table 2). Some other researchers reported that the

highest enzyme activity was exhibited by K4 (L. rham-

nosus) as 0.407 enzyme units, followed by K3 (L. fer-

mentum) with 0.399 enzyme units and then K16 (L.

fermentum) with 0.357 enzyme units (μM/mL) than

other cultures in soy milk which supported our find-

ings (Mishra et al. 2017). Lactic culture, C6 (L. rham-

nosus) has shown highest α-galactosidase activity

(1.99 U/mg), followed by L. rhamnosus NCDC 19

(1.38 U/mg), L. casei NCDC 299 (0.68 U/mg) and L.

rhamnosus C2 (0.66 U/mg) (Hati 2012). L. plantarum

LR C6 has shown the highest activity (17.39 ± 0.64 U/

mL) after the incubation of 24 h, which was signifi-

cantly higher (P < 0.05) in comparison to reference

NCDC 288 (L. helveticus) strain as well as other

lactobacilli (Singh and Vij 2018). Furthermore, LR

C25 (L. rhamnosus) showed 16.6 4 ± 0.33 U/mL

enzyme activity. Hence, this study shows similarity

with our work as LR C8 (L. rhamnosus) displayed the

highest cumulative enzyme activity between 6 h, 12 h,

and 18 h of incubation and not showed a significant

difference after 24 h with the highest producer strain

(LP C6).

The α-galactosidase activity of six standard probiotic

Lactobacillus cultures was evaluated by Hati (2012)

under different incubation times (6 h, 12 h, 18 h, 24 h,

30 h) in soy milk medium. Maximum production of α-

galactosidase enzyme (66.98 U/mg) was reported by C6

(L. rhamnosus) as compared with the other Lactobacillus

cultures after 30 h of incubation. NCDC 19 (L. rhamno-

sus) also exhibited good α-galactosidase activity (41.86

U/mg) in soy milk medium. The production of α-

galactosidase activity relies on the strain type and avail-

ability of oligosaccharides present in the medium.

Screening of Lactobacillus cultures on the basis of β-

glucosidase activity

In the current investigation, ten Lactobacillus cultures

were considered for evaluating the ability to produce β-

glucosidase. Tochikura et al. (1986) and Tsangalis et al.

(2002) reported that the fermented soy milk showed dif-

ferent degrees of β-glucosidase activity relying upon the

types of starter culture.

Table 2 β-glucosidase activity (U/ml) of Lactobacillus cultures in soy milk medium

Lactobacillus
cultures (C)

Period (Time in hours) Treatment
Mean

0 h 6 h 12 h 18 h 24 h

M2 0.56 ± 0.09 1.06 ± 0.04 1.33 ± 0.14 1.50 ± 0.12 1.74 ± 0.06 1.24

M3 0.45 ± 0.03 1.04 ± 0.03 1.38 ± 0.04 1.61 ± 0.05 1.67 ± 0.05 1.23

M4 0.56 ± 0.08 0.59 ± 0.04 0.63 ± 0.03 0.71 ± 0.09 0.82 ± 0.12 0.69

M8 0.11 ± 0.11 0.87 ± 0.03 1.01 ± 0.09 1.07 ± 0.13 1.14 ± 0.08 0.86

M9 0.52 ± 0.13 0.78 ± 0.02 1.29 ± 0.02 1.49 ± 0.06 1.70 ± 0.06 1.15

M11 0.54 ± 0.06 0.58 ± 0.06 0.57 ± 0.03 0.62 ± 0.07 0.76 ± 0.07 0.61

M16 0.44 ± 0.10 0.76 ± 0.06 1.32 ± 0.08 1.60 ± 0.04 1.67 ± 0.10 1.16

M38 0.36 ± 0.09 0.72 ± 0.04 0.87 ± 0.06 0.91 ± 0.02 0.95 ± 0.02 0.84

NK9 0.55 ± 0.12 1.00 ± 0.03 1.42 ± 0.11 1.69 ± 0.03 1.76 ± 0.03 1.29

V3 0.58 ± 0.02 0.97 ± 0.14 1.23 ± 0.01 1.38 ± 0.12 1.46 ± 0.08 1.12

Period Mean 0.47 0.86 1.17 1.35 1.49 –

Source SEm CD (0.05) CV%

C 0.023 0.066 8.47

P 0.017 0.047

C*P 0.052 0.147

Each observation is a mean ± SD of three replicate experiments (n = 3)
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From Table 2, it had been found that β-glucosidase

activity was varying significantly (P < 0.05) with incuba-

tion times. It was observed that the β-glucosidase activ-

ity of Lactobacillus cultures was enhanced significantly

with incubation periods. Likewise, there was a significant

difference (P < 0.05) noticed within the cultures for the

production of β-glucosidase. After 24 h of incubation at

37 °C, NK9 exhibited the highest activity (1.76 U/mL),

followed by M2 (L. fermentum) (1.74 U/mL). In contrast,

M3 (L. fermentum) (1.67 U/mL) and M16 (L. fermentum)

(1.67 U/mL) had the same enzymatic activity during fer-

mentation in soy milk medium. However, M11 (L. para-

casei) and M4 (L. fermentum) showed minimum β-

glucosidase activity (0.76 and 0.84 U/mL). It was statisti-

cally observed that the response presented by NK9 (L.

casei) was significantly higher (P < 0.05) than the other

cultures.

Mishra et al. (2017) found highest enzyme activity by

K4 (L. rhamnosus) as 0.396 μM/mL followed by K5 (L.

fermentum) with 0.361 μM/mL and K14 (L. helveticus)

with 0.332 μM/mL during fermentation in soy milk

medium and this result supported our findings. Rekha

and Vijayalakshmi (2011), reported L. fermentum BM-

325 strain which is commonly dynamic, indicating

higher β-glucosidase action (97.7 ± 3.9 U/mL) at 20 h of

fermentation than other Lactobacillus strains. Otieno

et al. (2006), noticed the highest β-glucosidase activity

produced by L. rhamnosus 4692 than other strains. Don-

kor and Shah (2008) also observed the enhanced

production of β-glucosidase by L. acidophilus L10 within

12 and 18 h than L. casei L26.

Hati et al. (2017) also studied the β-glucosidase activity

of four lactic cultures V3 (L. helveticus) and showed the

highest activity of 0.86 U/mL, followed by NS4 (L. rham-

nosus) 0.81 U/mL in soy milk medium. The lowest activ-

ity was observed in 09 (L. bulgaricus) and MD2 (S.

thermophillus) of 0.27 and 0.001 U/mL, respectively.

Further, Hati et al. (2015a) reported β-glucosidase activ-

ity of six Lactobacillus cultures that exhibited different

levels of β-glucosidase activity during their growth under

optimal conditions and L. rhamnosus C6 exhibited the

maximum activity (1.66 U/mL) among the others. Many

lactobacilli possess β-glucosidase, including Lactobacil-

lus acidophilus (Chien et al. 2006; Wei et al. 2007),

Lactobacillus casei, Lactobacillus rhamnosus (Tang et al.

2007), Lactobacillus rhamnosus, and Lactobacillus del-

brueckii ssp. bulgaricus (Pyo et al. 2005).

Evaluation of the growth behaviour of lactic cultures in

soy milk

Ten active Lactobacillus cultures were added in steril-

ized soy milk at 2% (v/v) and sub-cultured two to three

times for enhancing their physiological status. Active

cultures were added in soy milk at 37 °C. Samples were

analyzed at different intervals such as 0 h, 3 h, 6 h, 9 h,

12 h, 15 h and 18 h. During the evaluation of growth

behavior of ten Lactobacillus cultures, it had been

observed that pH and viable counts were differing

Fig. 1 Change in pH of lactic cultures incubated for different hours at 37 °C in soy milk medium
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significantly (P < 0.05) with incubation periods, whereas

acidity (%LA; lactic acid) was significantly differing with

an incubation period. Furthermore, a significant differ-

ence (P < 0.05) was observed within the cultures. It was

observed that pH value of all ten Lactobacillus cultures

was decreased, while the acidity and viable counts were

increased with the time of incubation. All the strains

were found to reach the stationary phase in between 12

h to 18 h, and a log count increased till 18 h of incuba-

tion. From Fig. 1, it was observed that the pH of the soy

milk was gradually declined with the progression of fer-

mentation. Maximum pH reduction was observed in M2

culture (pH 6.14 to 5.33), followed by V3 culture (pH

6.15 to 5.38) and NK9 (pH 6.28 to 5.40) after 18 h. How-

ever, M11 and M16 did not attain the desired pH during

fermentation.

Initial titratable acidity of unfermented soy milk (0

h of incubation) was in the range of 0.06 to 0.08%

lactic acid (LA), and final acidity reached 0.26% LA at

after 18 h (Fig. 2). M2 showed maximum acidity

(0.26% LA), followed by NK9 (0.25%LA). Minimum

lactic acid was produced by M16 (0.15% LA) and

M11 (0.17% LA). It is due to the lack of α-

galactosidase enzyme production by the cultures for

utilizing sucrose and other oligosaccharides in soy

milk. Viable counts were increased from 4.22 to 4.52

log CFU/mL to 5.57 to 7.19 log CFU/mL (Fig. 3).

Thus, it was observed that viable counts of 3 log

cycle were increased by M2 (7.19 log CFU/mL) and

NK9 (7.16 log CFU/mL), which is desirable for good

fermented products. Similarly, slow acid production

was also noticed in other strains. Hence, M2 and

NK9 were the best choice for the preparation of the

fermented soy-based beverage.

After 12 h of incubation, among the two mixed dahi

cultures, NCDC323 indicated the greatest acidity (0.74%

LA), trailed by NCDC167 (0.69% LA). Further,

NCDC323 culture was the fast acid producer in soy milk

(0.71% LA) after 8 h of incubation and 0.74% acidity

after 12 h of incubation (Hati 2012). Mital et al. (1974)

had likewise revealed that specific lactic cultures, for

example, S. thermophilus, L. acidophilus, L. cellobiosis,

and L. plantarum, which used sucrose, produced acid in

soy milk. Soy milk had been established as a suitable

growth medium for some LAB (Liu et al. 2002).

Hati et al. (2018) also studied the growth performance

of eight selected lactic acid bacteria by determining

viable counts (log CFU/mL) and production of lactic

acid (%) measured by a decline in pH in soy milk inocu-

lated at the rate of 2% (v/v) at 37 °C for 24 h. L. bulgari-

cus NCDC 09 and S. thermophilus MD2 were lowered

down the pH of soy milk in the greatest amount. Acid

production (titratable acidity) by L. bulgaricus NCDC 09

and L. helveticus V3 was higher as compared to different

strains. Higher viable counts were noticed in S. thermo-

philes MD2 and L. helveticus V3. It was also concluded

that viable cell counts, pH, and acidity vary due to the

use of different strains (Hati et al. 2018) as found in our

study. All the strains studied showed good growth in soy

milk. The decrease of pH could be mostly because of the

Fig. 2 Change in acidity (%LA) produced by Lactobacillus cultures incubated for different hours at 37 °C in soy milk medium
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gathering of natural acids released by lactobacilli during

fermentation (Gan et al. 2017).

After 24 h fermentation, the pH had declined from

7.03 ± 0.04 to 3.43 ± 0.01 by NCDC 288. Though, pH

decreased by LR C25 (3.91 ± 0.06) was recorded mini-

mum (P < 0.001) than reference strain NCDC 288. L.

helveticus NCDC 288 showed viable counts 10.46 ±

0.003 log CFU/mL after 24 h of incubation during fer-

mentation of soy milk (Singh and Vij 2018). Most of the

strains produced acidity, viable counts in between 0 h to

18 h of incubation. Gan et al. (2017) further expressed

that the suitable cell number of L. plantarum strain

WCFS1 sharply increased at 9 h of fermentation in soy

milk. In addition, L. plantarum B1–6 was also produced

maximum, viable counts at around 10 h of fermentation

in soy whey medium (Xiao et al. 2015). Moreover, Chun

et al. (2007) reported that distinctive LAB strains

displayed higher cell populations in soy milk. But L.

plantarum strain BHM10 was unable to ferment soy

milk (Bhushan et al. 2017).

Proteolytic activity of Lactobacillus cultures in soy milk

The starter and non-starter microorganisms engaged

in the manufacturing of fermented dairy products are

considered to release bioactive peptides. The LAB, for

example, Lactococcus lactis, Lactobacillus helveticus

and Lb. delbrueckii ssp. bulgaricus contains a cell

wall-bound proteinase and various typical intracellular

peptidases, containing endopeptidases, aminopepti-

dases, tripeptidases, and dipeptidases, which are liable

for their proteolytic system (Christensen et al. 1999).

Table 3 exhibited the proteolytic activity of soy milk

fermented with M2 and NK9 cultures. After incuba-

tion, M2 showed maximum proteolytic activity (0.67),

then NK9 (0.48) during fermentation of soy milk.

It was experienced that the degree of proteolysis

depends on strains and time of incubation (Donkor et al.

2007). The study revealed the proteolysis of eight LAB,

for example, S. thermophilus MD2, L. helveticus V3, L.

rhamnosus NS6, L. rhamnosus NS4, L. bulgaricus NCDC

09, L. acidophilus NCDC 15, L. acidophilus NCDC 298

and L. helveticus NCDC 292 in skim and soy milk.

Higher proteolysis was produced by S. thermophilus

MD2 and L. rhamnosus NS6 in both skim and soy milk

among all the lactic cultures, but all performed better in

skim milk than soy milk (Subrota et al. 2013). Hati

(2012) reported that L. rhamnosus C6 produced highest

proteolytic activity as 565.83 (lg serine/mL) in soy milk.

Fig. 3 Change in viable counts of Lactobacillus cultures incubated for different hours at 37 °C in soy milk medium. Values are mean ± standard

deviation of triplicate determinations (n = 3)

Table 3 Proteolytic activity of the soy milk fermented with L.

fermentum M2 and L. casei NK9

Cultures Proteolytic activity (OD)

M2 0.67 ± 0.19a

NK9 0.48 ± 0.17b

*Values with different superscripts differ significantly (p < 0.05), Proteolytic

activity (%) Mean ± SD
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Probiotic strain L. helveticus M92 demonstrated the

proteolytic (Beganović et al. 2013). Lactobacillus plan-

tarum NRRL B-4004 was also the most proteolytic,

which hydrolyzed alpha-casein after 215 h Khalid and

Marth (1990).

ACE-inhibitory activity of Lactobacillus cultures in soy

milk

ACE inhibitory activity of fermented soy milk is one

of the most important attributes of the biofunctional

property. Changes in ACE inhibitory activity (%) of

fermented soy milk has been shown in Table 4. The

data indicated that the ACE inhibitory activity was

48.44 and 41.33% for soy milk fermented with M2

and NK9, respectively. Soy milk fermented with M2

contributed to higher ACE inhibitory activity than

NK9.

This was supported by many workers who found a

significant percentage of ACE inhibitory activity in fer-

mented soy milk. Bhatnagar et al. (2018) studied the dif-

ferent strains for their ACE inhibitory activity in

fermented soy milk. The ACE inhibitory activity was

found in fermented soy milk prepared with Lactobacillus

paracasei CD4 (41.66%) and Brevibacillus thermoruber

HM34 (6.90%) than the other cultures. It is because of

various metabolic activities of lactic acid bacteria during

the fermentation of soy milk. The soy milk fermented

with various lactic acid bacteria, for example, L. casei, L.

acidophilus, S. thermophilus, L. bulgaricus strains (Val-

labha and Tiku 2014) had likewise demonstrated the

ACE inhibitory activity.

In probiotic soy dahi, Hati (2012) reported the re-

lease of ACE inhibitory molecules which exhibited re-

markable in vitro ACE inhibitory activity. NCDC

323 + C6 have altogether (P < 0.05) higher value

(75.91%) of ACE inhibitory activity, than C6 (62.78%)

and NCDC 323 (56.21%), and minimum with unfer-

mented soy milk (41.22%).

Soy yogurt made with probiotic strains as an additional

culture produced maximum ACE inhibitory activity

(Bozanic et al. 2011). The probiotic soy yogurt containing

higher amounts of bioactive ACE inhibitors may contrib-

ute biofunctional compounds as a functional fermented

Table 4 ACE inhibitory activity of the soy milk fermented with

L. fermentum M2 and L. casei NK9

Cultures ACE inhibitory Activity (%)

M2 48.44 ± 0.01a

NK9 41.33 ± 0.02b

*Values with different superscripts differ significantly (p < 0.05), ACE inhibitory

activity (%) Mean ± SD

Fig. 4 RP-HPLC chromatogram of 3 kDa permeate of fermented soy milk produced by (a) M2 and (b) NK9
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milk product (Donkor et al. 2005). Further, the greatest

ACE inhibition was recorded with MD2 (60.41%), than

NS4 (55.00%) and V3 (54.57%) (Hati et al. 2018). These

reports showed improved ACE inhibitory activity after

fermentation of soy milk, which supports our findings.

The outcomes showed that fermented soy milk could be a

good source of ACE inhibitory activity and utilized for

prevention and treatment of hypertension.

Analysis of peptide with antihypertensive activity from

fermented soy milk using M2 and NK9

Peptide identification by mass spectrometry

The trypsin digested peptides have been evaluated under

MALDI TOF analysis to characterize the peptide se-

quence and also to recognize the peptides on NCBI/

BLAST under the mammalian protein database. Figure 4

shows the RP-HPLC chromatogram of 3 kDa permeate

Table 5 List of ACE inhibitory peptides (3 kDa permeate) by Biopep software

Culture Identified
Sequence

Matched
Sequence

Chemical
Mass

Source Reference

M2 SGLGRGWIDGDI
GHGK

NYVADGLG 807.83 ACEinhibitory peptide from Stimulated GI digestion of edible
insects

(Zielińska et al. 2018)

RNEQ
MGAGRLGRLRK

1742.03 ACEinhibitory peptide from Bean (Phaseolus vulgaris) (Mojica et al. 2015)

DIGP 400.42 ACE inhibitory peptide from porcine gelatin prolylendoproteinase
hydrolysate

(O'Keeffe et al. 2017)

GHG 269.25 ACE inhibitory peptide from enzymatic hydrolysates of cuttlefish (Balti et al. 2010)

SMEDMM MM 280.40 ACE inhibitory peptide from poultry protein hydrolysate (Anna et al. 2016)

NK9 VPVVLGSKNEVD
YIK

VPVTST 602.67 ACE inhibitory peptide from the oil palm (ElaeisguineensisJacq.)
kernel protein hydrolysate

(Chang et al. 2015)

TPVVVPPFLQP 1193.44 ACEinhibitory peptide from cheese whey protein by proteinase K
digestion

(Abubakar et al. 1998)

VKKVLGNP 854.05 ACE inhibitor from myosin light chain (Katayama et al. 2007)

WPEAAELM
MEVDP

1517.73 ACE inhibitory peptide from hydrolysates of big eye tuna dark
muscle

(Qian et al. 2007)

GYHYVGTLSG
HTK

HYVPV 613.70 Antioxidant and ACE inhibitory peptide from poultry protein
hydrolysate

(Anna et al. 2016)

TLS 319.34 ACE inhibitory peptide (Wu et al. 2013)

VREDGVYCEIVP
FQK

KVREGTTY 953.04 ACE inhibitory peptide from hen ovotransferrin (Lee et al. 2006)

KVREGT 688.76 ACE inhibitory peptide from hen ovotransferrin (Lee et al. 2006)

DGVVYY 714.74 ACE inhibitory and antioxidant peptide from tomato waste
proteins

(Moayedi et al. 2018)

STHGVY 662.68 ACE inhibitory peptide from cuttlefish (Balti et al. 2015)

GVY 337.35 ACE inhibitory peptide (Wu et al. 2006)

LNVPGEIVE 969.09 ACE inhibitory peptide from bovine β-CN (Ven 2002)

EIVPNSAEERLH 1393.51 ACE inhibitory peptide from milk (Villegas et al. 2014)

VLIVP 539.70 ACE inhibitory peptide from Glycinin of soybean (Mallikarjun Gouda
et al. 2006)

EIVPNSAEERLH 1393.51 ACE inhibitory peptide from milk (Villegas et al. 2014)

AFKDEDTEEV
PFR

1582.68 ACE inhibitory peptide from ostrich egg white (Tanzadehpanah et al.
2013)

FQKVVAG 747.88 ACE inhibitory peptide from hemoglobin (Mito et al. 1996)

FQKVVAK 819.00 ACE inhibitory peptide from hemoglobin (Mito et al. 1996)

FQKVVA 690.83 ACE inhibitory peptide from hemoglobin (Mito et al. 1996)

FQKPKR 802.96 ACE inhibitory peptide from chicken muscle (Iroyukifujita et al.
2000)

TPPASWSKLGYK VVPPA 481.58 ACE inhibitory peptide from peptic digest of microalgae (Suetsuna and Chen
2001)

RYLGY 670.74 ACE inhibitory peptide from bovine αs1-CN (90–94) (Stuknytė et al. 2015)

GYK 366.40 ACE inhibitory peptide from pea vicilin (Meisel et al. 2006)
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of fermented soy milk produced by strains M2 and NK9.

Here, four novel peptides from fermented soy milk

were identified and presented in Table 5; and identified

mass spectra have also been visualized in Fig. 5. Identi-

fied peptides were SGLGRGWIDGDIGHGK and SMED

MM from fermented soy milk with M2 as well as

VPVVLGSKNEVDYIK, GYHYVGTLSGHTK, VREDGV

YCEIVPFQK, TPPASWSKLGYK from fermented soy

milk with NK9. Further, GHG (Balti et al. 2010), MM

(Anna et al. 2016), TLS (Wu et al. 2013), GYK (Meisel

et al. 2006) peptide sequences with ACE inhibitory

activity were matched with us completely in BIOPEP

database.

Conclusion

Out of ten Lactobacillus cultures, two Lactobacillus

cultures (M2 and NK9) were screened based on α-

galactosidase and β-glucosidase activity in soy milk

medium. M2 and NK9 also showed good growth behav-

ior as compared to other Lactobacillus cultures in soy

milk. For the release of bioactive peptides from soy milk,

two selected Lactobacillus cultures also showed better

Fig. 5 Mass Spectrum of soy peptide from soy milk fermented with: a M2 and b NK9
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proteolytic and ACE-inhibitory activity. Fermented soy

milk released potent ACE-inhibitory peptides such as

SGLGRGWIDGDIGHGK and SMEDMM by M2 and

VPVVLGSKNEVDYIK, GYHYVGTLSGHTK, VREDGV

YCEIVPFQK, TPPASWSKLGYK by NK9. Further, add-

itional studies are required to optimize the production

of these peptides during fermentation and also to

explore the commercial feasibility for enhancing bio-

functional properties of fermented soy products with

particular health claims.
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