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Abstract
Bioactive molecules, with health-beneficial effects and functional activity on the human, are called “postbiotics”, produced 
by probiotic bacteria. In this study, co-production of conjugated linoleic acid (CLA), exopolysaccharides (EPSs), and bac-
teriocins (BACs) by Bifidobacterium lactis BB12 in supplemented cheese whey was optimized using Box–Behnken design. 
Yeast extract concentration had a significant effect on all responses except EPSs. The temperature significantly affected 
the production of CLA and the inhibition zone (p < 0.05). The incubation time had significant effects on CLA, EPSs, and 
BACs production (p < 0.05). Desirability functions performed to the optimization of multiple responses by maximization of 
CLA, EPSs and inhibition zone. Optimum conditions of CLA, EPSs, and BACs co-production were as follows: incubation 
temperature 38 °C, incubation time 28 h, and yeast extract concentration 2.5%. Fourier transform infrared spectroscopy was 
used to analyze functional groups of postbiotics. Gas chromatography, thin-layer chromatography, and SDS-PAGE were used 
to analyze CLA isomers, EPSs monosaccharides composition, and BACs molecular weight, respectively. Co-production of 
CLA, EPSs, and BACs by B. lactis BB12 in dairy effluent, as a cultivation medium, optimized successfully in this study.
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Statement of Novelty

Postbiotics are bioactive metabolites, produced by probi-
otics during fermentation bioprocess, which have health-
promoting effect on the consumer. Cheese whey and milk 
permeate, dairy by-product or effluents, are suitable as 
a cultivation media for fermentation. This study aimed 
to use these effluents as a model food-grade medium 
for milk and optimize fermentation variables for in situ 
co-production of postbiotics (conjugated linoleic acids, 
exopolysaccharides, and bacteriocins) by Bifidobacterium 
lactis BB12. The results showed that B. lactis BB12 could 
co-produce conjugated linoleic acid, exopolysaccharides, 
and bacteriocins during fermentation bioprocess in sup-
plemented industrial cheese whey.

Introduction

Probiotic bacteria secrete water-soluble bioactive mol-
ecules with functional effects called “Postbiotics”. 
Bioactive lipids like conjugated linoleic acid (CLA), 

antimicrobial peptides such as bacteriocins (BACs), and 
exopolysaccharides (EPSs) are examples of these metabo-
lites [1]. CLA is a term to define a set of linoleic acid 
(LA; C18:2) isomers with conjugated bonds. These bio-
active lipids are biosynthesized by microorganisms dur-
ing the exponential phase. Among the CLA isomers, cis 
9-trans 11, trans 10-cis 12, and trans 9- trans 11 are very 
important. The adequate health benefits of CLA, such 
as anti-inflammatory, anti-diabetic, anti-cancer, immu-
nomodulatory, anti-atherosclerotic, and anti-obesity activi-
ties reported by literature in recent years [2, 3]. Bacterial 
EPSs are polysaccharides molecules and these primary 
metabolites are secreted by some bacteria into the culture 
media. Due to EPSs textural and rheological properties, 
most studies in the food area focused on the technological 
applications of them. In recent years, EPSs have attracted 
much attention because of their functional properties. 
Most researches demonstrated that EPSs have immu-
nomodulatory potential, anti-inflammatory, anti-biofilm, 
and antioxidant activities [4, 5]. BACs are primary metab-
olites of some bacteria which bio-synthesized ribosomally. 
These small bacterial peptides have antagonistic activity 
against closely related BACs producer species and some 
food-borne pathogens as well as spoilage bacteria. In food 
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products, BACs are used as natural food bio-preservatives, 
for biological control of spoilage and pathogenic bacteria. 
Nonetheless, in recent years BACs have been considered 
due to their bioactive properties like anticancer and anti-
viral agents [6–8].

Probiotics are defined as live microorganisms that have 
health promoting effects on the host when consumed in ade-
quate quantities. Bifidobacterium lactis BB12 is one of the 
common probiotics that are commercially used in the pro-
duction of fermented dairy products. Bifidobacterium genus 
is rod-shaped, gram-positive, non-gas-producing, non-spore-
forming, non-motile, catalase-negative, and anaerobic micro-
organisms. There is an increasing interest in the research to use 
probiotic Bifidobacteria as a producer of bioactive fatty acids 
such as CLA, antimicrobial peptides (BACs and bacteriocin-
like compounds), and EPSs [9, 10].

Applications of agro-industrial effluents in industrial 
microbiology as low-cost suitable media for fermentation 
have received much attention in the last decades. Whey is a 
greenish-yellow liquid that remains after the formation and 
separation of the crude in the cheese production process, and 
permeate is the remaining liquid result of ultrafiltration of milk 
or whey. These dairy effluents have high biological oxygen 
demand and chemical oxygen demand content. Therefore, 
whey and permeate are a potent environmental pollutant, and 
their elimination is a problem with the dairy industry, since it 
requires extensive pre-treatment before disposal, resulting in 
increased operating costs in the dairy factory [11]. Generally, 
whey and permeate have limited applications and are often 
used in the production of protein concentrates, lactose, whey, 
and permeate powders, as well as livestock feed. Due to the 
high lactose content as a carbon source and appropriate nutri-
ent content, these by-products are a perfect cultivation medium 
for fermentative microorganisms [12].

CLA [2, 13], EPSs [5], and BACs [7, 14, 15] production 
by different Bifidobacterium strains, especially Bifidobac-
terium lactis BB12, has been investigated. However, there 
is no report about the co-production of these postbiotic 
metabolites. Therefore, the main objectives of this study 
were to investigate the significant factors that affect the co-
production of CLA, EPSs, and BACs and optimization of 
these postbiotics co-production. Consequently, the aim of 
this study was the optimization of their co-production to 
obtain a model to each postbiotics synthesize during fermen-
tation in dairy effluent.

Materials and methods

Preparation of Probiotic Inoculum

The B. lactis BB12 (BB12) was obtained from Chr. Hansen, 
DK-2970 Hørsholm, Denmark and weighted according 

to the manufacturer’s recommendation. After that, it was 
grown in MRS broth with 0.1% Tween 80, 0.05% l-cysteine 
(AppliChem, Darmstadt, Germany), and 0.1% lithium chlo-
ride (Sigma-Aldrich, St. Louise, Missouri, USA) for 24 h 
at 37 °C. The cell cultures were centrifuged at 5000 × g 
for 15 min and washed twice in 0.85% w/v NaCl solution. 
The pellet was resuspended in the normal saline solution 
to obtain probiotics suspension containing approximately 
1 × 109 CFU/mL [16].

Preparation of Food‑grade Cultivation Medium

Cheese whey and milk permeate were obtained from Sahar 
and Aynaz dairy industries (local dairy plants of Urmia, 
Iran). First, the pH of cheese whey and milk permeate 
adjusted to 4.5 by 5 N HCl, then they were heated at 121 °C 
for 15 min, and the precipitates were removed by centrifuga-
tion at 2360× g for 5 min. After that, the pH of supernatants 
adjusted according to the experimental design and sterilized 
at 121 °C for 15 min. Next, linoleic acid (99% purity; Sigma-
Aldrich, St. Louise, Missouri, USA) in 2% Tween 80, and 
yeast extract (Sigma-Aldrich, St. Louise, Missouri, USA) 
added depending on the statistical design using cellulose 
acetate membrane filters with 0.45 µm pore size. The Fer-
mentation bioprocess was performed in 200 mL Erlenmeyer 
flasks with 50 mL media inoculated by 1 × 109 CFU/mL pro-
biotics. Finally, according to the experimental design, they 
were incubated in different temperature and time conditions 
[17].

Enumeration of BB12

For this purpose, a viable-cell count procedure was used 
to determine the counts of BB12 in samples. At the end 
of incubation time (according to the excremental design), 
samples were homogenized by vortex (model Genius 3 
(IKA® WERKE GMBH & CO.KG, Germany) and 1 mL 
of each fermented media added to 9 mL of sterile peptone 
water (1 mg/100 g) and serially diluted (up to 10–10) using 
the same diluent. Subsequently, a 1 mL of each dilution 
was added into Reinforced Clostridia agar medium (RCM, 
Merck, Germany) using the pour-plate method, and the 
plates were incubated for 72 h at 37 °C under anaerobic 
conditions (Anaerocult® A gas pack, Merck, Darmstadt, 
Germany). The counts were expressed as the log of the 
colony-forming units per milliliter of fermentation media 
(log CFU/mL) [18].

Extraction and Quantitative Determination of CLA

In order to extract CLA from culture media, 10 mL of cul-
ture media were centrifuged at 7500 × g for 5 min at 4 °C. 
Then, 3 mL of the supernatant were added to 6 mL of 
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isopropanol and vortexed for 1 min. After that, 5 mL of 
hexane was added and vortexed for 1 min and centrifuged at 
2000× g for 5 min at 4 °C. Finally, total CLA measurements 
were carried out in triplicate for 2 mL of the CLA extract 
in quartz cuvettes by hexane as a blank at 233 nm, using a 
UV–Vis spectrophotometer (80-2088-64, Pharmacia LKB 
Biochrom, Cambridge, UK). The concentration of CLA was 
calculated using a calibration curve. The standard curve was 
constructed for 0–30 (mg/mL in 2% tween 80) concentration 
of CLA (99%, Sigma-Aldrich, St. Louise, Missouri, USA) 
at 233 nm [19].

Isolation and Quantitative Determination of EPSs

First, 5 mL of culture media were centrifuged at 5000× g for 
30 min at 4 °C. Then, 5 mL of trichloroacetic acid was added 
to the supernatant in order to inactivate EPSs-degrading 
enzymes, while cold ethanol was added for the precipitate 
proteins and concentrate the polysaccharides. After that, 
EPSs were dissolved in deionized water and then dialyzed 
in distilled water. Measurements of total EPSs were car-
ried out in triplicate by the phenol–sulfuric acid method, 
widely used for this purpose. The concentration of EPSs 
was calculated using a calibration curve. The standard curve 
was constructed for 0–150 mg/L concentrations of glucose 
(Merck, Darmstadt, Germany) at 500 nm [7].

Purification and Determination of BACs’ Inhibitory 
Activity

In order to purify the BACs, one ml of culture medium was 
centrifuged at 10,000 × g for 10 min at 4 °C. The superna-
tant was filtered through syringe filters with 0.45 µm pore 
size (Supor® membrane, Paul Co. Ltd., Ann Arbor, MI). 
Then, the activity of BACs was estimated using the agar 
well diffusion method as described below. First, Brain heart 
infusion agar (Merck, Darmstadt, Germany) was cooled to 
47 °C and inoculated with 1 ml overnight culture containing 
107 CFU/mL of Listeria monocytogenese ATCC 19113 as 
an indicator strain. Then, it was poured into a sterile plate at 
room temperature. After solidification, wells with 6 mm in 
diameter were cut and filled with 50 µL of supernatant neu-
tralized to pH 7 with 1 N NaOH solution. The plates were 
kept in the refrigerator (4 °C) for 2 h to diffuse supernatant 
and then incubated at 37 °C for 24 h. Finally, the inhibition 
zone diameters were determined [8].

Fourier Transform Infra‑red (FTIR) analysis

Major functional groups of purified EPSs, BACs, and CLA 
were investigated by Bruker TENSOR 27, FTIR spectrom-
eter (Bruker Optik, Ettlingen, Germany). For this purpose, 
the freeze-dried EPSs and BACs samples (5 mg) and methyl 

ester of CLA (1 mL) were ground with 200 mg of KBr pow-
der and were pressed into tablets by a hydraulic press. The 
tablets were scanned within the range of 4000–400 cm−1 for 
EPSs and BACs, as well as 3500–650 cm−1 for CLA [20, 21].

GC Analysis of CLA Isomers

First, 3 mL Methanolic HCl solution (1 N) was added to a 
screw-cap test tube containing 3 mL sample, and vortexed 
for the 30 s. After that, the test tube was held in a water bath 
for 55 °C for 5 min and then cooled to room temperature. 
CLA methyl esters were extracted with 3 mL n-hexane by 
vortex for 1 min. The n-hexane extract was washed with 
3 mL NaOH (1.0 N)-ethanol (50%) solution and 3 mL dis-
tilled water. The sample was dried over anhydrous sodium 
sulfate for GC analysis. A gas chromatography instrument 
(Agilent7890 A, Wilmington, DE, USA) with flame ioniza-
tion detector (GC-FID) equipped by silica capillary column 
(30 m) was used for the analysis of CLA isomers. The carrier 
gas was N2, the oven temperature was increased from 180 
to 200 °C at 2 °C/min and kept for 30 min, injection volume 
was 1 mL, injector and detector temperature were 240 and 
260 °C, respectively [22].

TLC Analysis of EPSs Composition

Thin-layer chromatography (TLC) was used to analyze the 
monosaccharide compositions of the purified EPSs. For this 
purpose, 10 mg of the EPSs dissolved in 2 mL trifluoroacetic 
acid (TFA) (2 mol/L) at 100 °C for 4 h. Then, the samples 
were dried with nitrogen and 6 mL methanol added to elimi-
nate TFA. After that, hydrolyzed EPSs samples were dis-
solved in double distilled water for further study. The silica gel 
(n-butanol: ethyl acetate: pyridine: acetic acid: distilled water 
at 4:4:1:5:1 v/v/v/v/v ratio) plates (20 cm × 20 cm) were used 
to investigate the EPSs hydrolysates. Additionally, the mixture 
of seven different monosaccharides, including glucose, fruc-
tose, mannose, rhamnose, galactose, xylose, and arabinose 
(5 mg/mL) used as standards. EPSs spots were detected after 
spraying urea—sulphuric acid at 105 °C for 5 min [23].

SDS Page Analysis of BACs Fractions

Tricine-sodium dodecyl sulfate–polyacrylamide gel elec-
trophoresis (Tricine-SDS-PAGE) (Mini-PROTEAN® Tetra 
Cell, Bio-Rad Laboratories, USA) was used to estimate the 
molecular weight of partial purification BACs at 120 V for 
3 h. Then the gel was stained by the Coomassie brilliant blue 
R-250 (Sigma Aldrich, USA) [24]. The molecular weight of 
the BACs was determined by comparison with the protein 
molecular size marker 11–180 kDa (Cina Clon, Tehran, Iran) 
using the gel documentation system BIOMATE.



5873Waste and Biomass Valorization (2021) 12:5869–5884	

1 3

Experimental Design, Statistical Analysis, 
and Optimization

In order to select the significant factors responsible for the 
co-production of CLA, EPSs, and BACs, a factorial experi-
mental design with 38 experiments was applied to investigate 
the effects of 7 independent variables, including five numeri-
cal variables (initial pH, temperature, incubation time, linoleic 
acid and yeast extract concentrations), as well as one categori-
cal variable (types of culture media) (Supplementary Table 1). 
ANOVA statistical analysis was utilized to evaluate the statis-
tical significance of the different independent variables and 
their interactions, using Fisher’s F-test and P-value at α = 0.05. 
The results of the factorial design showed the significant fac-
tors and were subjected for optimization design by response 
surface methodology.

After that, a Box–Behnken design (BBD) was performed to 
optimize and obtain a quadratic model for the co-production 
of CLA, EPSs, and BACs. The experiment consisted of three 
variables A: incubation temperature (℃), B: incubation time 
(h) and C: yeast extract concentration (%) at 3 coded levels 
(−1, 0, + 1) and had 16 experiments with 4 center points and 
12 IBfact points (Supplementary Table 2). Subsequently, 
data were fitted to a second-order polynomial Eq. (1) for each 
dependent variable (Y).

where Y = predicted response, β0 = a constant, βi = linear 
coefficient, βii = squared coefficient and βij = interaction 
coefficient.

Finally, the desirability function was used to find the opti-
mal fermentation condition of postbiotics co-production. In 
this method, each response (Yi) was converted into an individ-
ual desirability function (di) which varies from 0 to 1, which 
the variables were selected to maximize the total desirability 
as the following equation:

where m = the number of responses, di = 1 indicates that Yi 
is at its target value, and di = 0 shows that it is not in an 
acceptable state.

The design, statistical analysis, and optimization, as well as 
charting, were done by Design-Expert Version 12 (Stat-Ease, 
Minneapolis, USA).

Results

The results of the factorial design showed that the sig-
nificant factors were incubation temperature and time, as 
well as yeast extract concentration. Furthermore, cheese 

(1)Y = �0 +
∑

�1xi +
∑

�iix
2
i
+
∑

�ijxixj

(2)D = (d1 × d2 ×⋯ × dm)
1

m

whey was a better medium to co-produce CLA, EPSs, and 
BACs. In addition to, the best initial pH and free linoleic 
acid concentration for co-production of CLA, EPSs, and 
BACs were 5 and 200µL, respectively. To determine the 
optimal condition, effects of different levels of significant 
variables were evaluated with constant values of initial 
pH and free linoleic acid concentration by BB12 in cheese 
whey. Therefore, the BBD experiment was designed to 
optimize the co-production of postbiotics.

Viable Cell Count of BB1

Figure 1a, b shows the effects of investigated parameters 
on the viability of B. lactis BB12 during the fermenta-
tion bioprocess in cheese whey. According to the results, 
yeast extract concentrations, the interaction of incuba-
tion temperature with incubation time, and interaction of 
incubation temperature with yeast extract concentration 
had a significant effect on the viable cell count of BB12 
(p < 0.05). However, the viable cell count of BB12 was 
not significantly affected by the incubation temperature 
and incubation time (p > 0.05). Increasing the concen-
tration of yeast extract from 2 to 6% caused an increase 
in the viability of BB12 (Fig. 1a). This Fig. illustrates 
that increasing temperature with adding 2% yeast extract 
caused an increase in the viability of BB12, but increas-
ing temperature with adding 6% yeast extract caused a 
decrease in the viability of BB12. Furthermore, the viable 
cell count of BB12 in 34 °C and supplementation with 6% 
yeast extract was higher than that of supplementation with 
2% yeast extract. As shown in Fig. 1b, increasing tempera-
ture at 12 h caused a decrease in the viability of BB12, 
even though the viability of BB12 increased by the rising 
temperature at 60 h of incubation time. In the other word, 
the viable cell count of BB12 was increased by increasing 
incubation temperature and time, from 34 to 42 °C and 12 
to 60 h, respectively. According to sequential model sum 
of squares, the quadratic model was significant (p < 0.05), 
and the coefficient of determination (R2) and the Adjusted 
R2 of the quadratic polynomial model (Eq. 3) were 0.822 
and 0.723, respectively.

(3)

Ln (Viable cell number (CFU∕ml))

= −87.90 + 5.65 × Temperature (◦C) − 0.54

× Incubation time (h) + 5.18 × Yeast extract(%)+

0.015 × Temperature (◦C) × Incubation time (h)

− 0.13 × Temperature (◦C) × Yeast extract (%)

− 0.07 × Temperature (◦C)2
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CLA Production

According to results, the effects of temperature, incuba-
tion time, yeast extract concentrations, and the interaction 
of temperature with incubation time and temperature with 
yeast extract concentrations on the CLA production, were 

statistically significant (p < 0.05). According to the obtained 
results, the CLA production decrease by increasing the tem-
perature, incubation time, and yeast extract concentrations. 
Although CLA production by supplementing 2 and 6% of 
yeast extract had no statistically difference at 34 °C, rising 
temperature from 34 to 42 °C, its production decreased and 

Fig. 1   The effects of independ-
ent variables on the viability of 
BB12
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Fig. 2   The effects of independ-
ent variables on CLA biosyn-
thesis by BB12
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increased by adding 6 and 2% yeast extract, respectively 
(Fig.  2a). However, at 34  °C, by increasing incubation 
time from 12 to 60 h, CLA biosynthesize increased, but at 
42 °C, its production decreased by increasing incubation 

time (Fig. 2a). The coefficient of determination (R2) and 
the adjusted R2 values for the obtained model (Eq. 4) were 
0.902 and 0.853.

Fig. 3   The effects of independ-
ent variables on EPSs produc-
tion by BB12
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EPSs Production

According to the results, incubation time and interaction of 
incubation time with yeast extract concentration significantly 
affected EPSs production (p < 0.05). Nonetheless, tempera-
ture and yeast extract concentration had no significant effect 
on EPSs production (p > 0.05). Results showed that EPSs 
production was increased significantly by increasing incuba-
tion time. According to Fig. 3a, which illustrates the interac-
tion of incubation time with yeast extract concentration, at 
12 h, increasing yeast extract concentration from 2 to 6% 
caused an increase in the production of EPSs. As confirmed 
by this Fig., an increase in incubation time resulted in a 
decrease and increase in the production of EPSs by adding 
6 and 2% yeast extract, respectively. From Fig. 3b, although 
the amount of EPSs 12 h decreased by increasing tempera-
ture, its amount increased at 60 h by increasing temperature. 
The coefficient of determination (R2) and the adjusted R2 
values for the obtained model (Eq. 5) were 0.924 and 0.838.

BACs’ Inhibitory Activity

The results showed that the temperature, incubation time, 
yeast extract concentration, and interaction of incubation 
time with yeast extract concentration had a significant effect 
on BACs production (p < 0.05). The temperature and yeast 
extract concentration had a positive effect i.e., increas-
ing these parameters led to increased BACs activity. On 
the other hand, incubation time had a negative effect i.e., 
the BACs activity decreased by increasing the incubation 
time. Figure 4a shows that the inhibition zone increased by 
increasing temperature. As shown in Fig. 4b, inhibition zone 

(4)

CLA (�g∕mL) = − 115.42 + 5.81 × Temperature (◦C)

+ 4.15 × Incubation time (h) + 28.49

× Yeast extract (%) − 0.11 × Temperature (◦C)

× Incubation time (h) − 0.82 × Temperature (◦C)

× Yeast extract (%)

(5)

EPSs (mg∕L) = − 1256.88 + 72.22 × Temperature
(

◦C
)

− 0.03 × Incubation time (h) − 7.98

× Yeast extract (%) + 0.09 × Temperature
(

◦C
)

× Incubation time (h) − 0.35 × Incubation time (h)

× Yeast extract (%) − 0.97 × Temperature
(

◦C
)2

− 0.02 × Incubation time (h)2 + 2.52

× Yeast extract (%)2

(BACs activity) at 12 h after fermentation bioprocess inhibi-
tion zone had no difference by adding 2 and 6% yeast extract. 
Although at 60 h after fermentation, bioprocess inhibition 
zone in diameter increased by increasing with supplementing 
6% yeast extract, its amount decreased with supplementation 
by 2% yeast extract (Fig. 4b). The coefficient of determina-
tion (R2) and the Adjusted R2 of the quadratic polynomial 
model (Eq. 6) were 0.933 and 0.888, respectively.

Optimization

Optimization was based on maximization of viable cell 
count, CLA, EPSs, and inhibition zone. The optimal condi-
tion was found to be incubation temperature 38 °C, incuba-
tion time 28 h, and yeast extract concentration 2.5%, by the 
desirability value equal to 0.63. At this point, viable cell 
count, CLA, EPSs and inhibition zone were 7.06 × 109 CFU/
mL, 95.54  µg/mL, 130.35  mg/mL and 11.14  mm, 
respectively.

FTIR Analysis

Figure 5a shows the result of FTIR analysis for the bio-
produced CLA. The CLA showed a peak at 2900 cm−1, 
which was due to the hydrocarbon chain asymmetric fatty 
acids − CH2. A peak at 1759 cm−1 was due to the carbonyl 
ester. Bio-produced CLA had an absorption at 1100 cm−1, 
which was caused by the C–O [25]. According to the results 
of Kadamne et al. (2011), the peaks at the 1100 − 1300 cm−1 
range were caused by the C = O and C = C bonds. The cis 
and trans bonds, are separated by more than one methyl-
ene group, showed the absorption at 1000 cm−1 [25]. At 
973 cm−1 the peak was created by cis and trans isomers [21]. 
CLA had a peak at 775 cm−1, which was related to the meth-
ylene vibrations and showed the high chain fatty acids [25].

Figure 5b shows the results of FT-IR analysis for the 
EPSs. The stretched peak at 3435 cm−1, was created by the 
OH (hydroxyl) groups. According to Zhou et al. (2016), the 
peaks at the 3200–3600 cm−1 range were created by OH 
groups [23]. A peak at 2909 was due to the vibration of C-H 
groups in the carbohydrates and showed the methyl groups 
of EPSs [26]. The C–C groups had a peak at 1603 cm−1. 
Imran et al. (2016) reported that the peak at 1700–1498 cm−1 

(6)

Inhibition zone diameter (mm)

= − 129.86 + 6.93 × Temperature (◦C) − 0.20

× Incubation time (h) + 4.79 × Yeast extract (%)

+ 0.04 × Incubation time (h) × Yeast extract (%)

− 0.09 × Temperature (◦C)2 − 0.62

× Yeast extract (%)2
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was due to stretching the C–C bond. This peak is typical 
for EPSs and is known as the fingerprint region of EPSs. 
Carboxyl groups (COO −) had a peak at 1343 cm−1. The 
peak at 1082 cm−1, was created by the C–O bonds. Imran 

et al. (2016) reported that the peaks at 1300–1000 cm−1 were 
due to the C–O bonds. The peak at 891 cm−1, was due to 
the C − O and C − O − C bands and showed the presence of 

Fig. 4   The effects of independ-
ent variables on BACs produc-
tion by BB12
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carbohydrates because the 1200 − 800 cm−1 area is another 
fingerprint region of EPSs [26].

Figure 5c shows the FTIR spectrum of the produced 
BACs. The sharp peak at 3288 cm−1, revealed the stretch-
ing of the N–H bond. Perumal and Venkatesan (2017) 
reported that a broad peak at 3000–3600 cm−1 was due to 
the N–H group [27]. Additionally, they stated that peaks at 
the 3200–3500 cm−1 range were due to the existence of the 
amide group. Produced BACs had absorptions at 1713 and 
1600 cm−1, which were due to carbonyl stretching in amide 
I, respectively. BACs showed a peak at 1503 cm−1 that was 
related to amide II and agrees with the result of Senbagam 
et al. (2013) [28].

Isomers of Produced CLA

The GC analysis is the formal method for the determining 
the produced CLA and its isomers based on methyl ester of 

fatty acid. Figure 6a shows the result of isomers of produced 
CLA by BB12 under the optimized conditions. As can be 
seen, this commercial probiotic produced both isomers of 
CLA (CLA 1: c9, t11 C18:2 methyl ester; CLA 2: t10, c12 
C18:2 methyl ester). However, the quantities of these iso-
mers were different. Rodríguez-Alcalá et al. (2011) reported 
that Bifidobacteria could produce both isomers of CLA [19]. 
The results of this study were in agreement with the previous 
studies [16, 19, 29].

Monosaccharides Composition of Produced EPSs

The TLC analysis for purified EPSs showed that the pro-
duced EPSs by BB12 mainly consisted of glucose, galac-
tose, glucuronic acid, rhamnose, and xylose which was in 
agreement with the result of the previous study by Amiri 
et al. (2019) [5].

Fig. 5   The FTIR spectrum of a 
CLA, b EPSs, and c BACs
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Molecular Weight of Produced BACs

Figure 6b shows the result of the SDS-Page analysis for the 
partially purified BACs produced by BB12. This analysis 
indicated that produced BACs by BB12 had three bands with 
estimated molecular mass 26, 45, and 95 KD.

Discussion

Incubation temperature and time are important factors in fer-
mentation bioprocess, which have a significant effect on the 
growth of bacteria and the biosynthesis of metabolites. In a 
combination of these factors, yeast extract concentration is 
one of the best organic nitrogen sources with a vibrant effect 
on probiotics growth and metabolites production [30, 31].

Fig. 6    a The GC chromatogram 
of FLA ans CLA isomers (CLA: 
c9, t11, and CLA: t10, c12) and 
b The result of SDS-Page for 
the molecular weight of BACs
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The coefficient of determination value (0.822) for Eq. 3 
indicated that the sample variation for a viable cell count 
of 82.2% was attributed to the independent variables, and 
17.8% of the total variations were not explained by this equa-
tion. The optimal temperature for the growth of Bifidobac-
terium strains is around 37 °C [33]. Khosravi-Darani et al. 
(2014) supposed that parallel with an increase in temperature 
due to a suitable condition for the growth of BB12, which 
have an optimum temperature for growth at 37 °C, enhance 
the production of CLA [13, 33]. According to the similar 
results reported by Van Nieuwenhove et al. (2007), cell 
growth has not been significantly affected by linoleic acid 
concentration. The results demonstrated that the conversion 
bioprocess was dependent on the free linoleic acid concen-
tration. However, numerous authors reported that the bacte-
rial growth inhibition effect of linoleic acid with diverse 
tolerance for different strains. Recently studies reported that 
common probiotic strains were able to grow in low concen-
trations of linoleic acid [34]. The growth of BB12 can be 
improved by supplementing the culture medium by nitrogen 
sources (including peptone, yeast extract, and beef extracts) 
and Tween 80, sodium acetate, and magnesium salts [32]. 
Generally, based on cell growth studies, an increase in nitro-
gen supplementation of the culture medium caused increase 
the biomass of bacterial culture. According to the literature, 
the nitrogen source generally improves biological changes in 
the fermentation bioprocess [3]. Alonso et al. (2003) inves-
tigated the effect of yeast extract on the growth of lactic 
acid bacterial strains in the commercial cheese whey as a 
culture medium and reported that in yeast extract supple-
mented culture media cell density was found to be higher 
(about 1.8 g/L), compared with non-supplemented medium 
(1.2 g/L) [35]. Dey et al. (2012) showed that among the vari-
ous nitrogen sources, yeast extract had the highest effect on 
biomass increase due to having high nitrogen content and 
including amino acids and vitamins [30]. Moreover, some 
researchers reported that among the various complex sources 
of nitrogen, yeast extract is the best choice for high biomass 
growth [15, 34].

The R2 value of 0.902 gives 90.8% variability in the 
production of CLA, and about 9.2% total variation can-
not explain by the model. The results demonstrated that 
the bioconversion process was extremely dependent on the 
free linoleic acid concentration [34]. According to Ye et al. 
(2013), the total amount of CLA production was signifi-
cantly affected by temperature [31]. Khosravi-Darani et al. 
(2014) reported that CLA production increased by adding 
4% whey powder, which could be due to the role of proteins 

in the oxidation of linoleic acid and the formation of its 
radical. This result is similar to the previous report demon-
strating that the production of CLA increased by the addi-
tion of skim milk. The role of proteins can be as hydrogen 
donors, increasing the isomerization of linoleic acids in bio-
hydrogenation [33]. Based on the results of bibliographic 
studies, the highest CLA production by probiotics, especially 
Bifidobacterium strains, is done in the first 24 h of incuba-
tion time, in the exponential phase [13, 33, 34]. The findings 
are in good agreement with the results of this study. The 
main reason for the bioconversion of linoleic acid to CLA 
by bacteria is unclear. However, some researchers proposed 
that it may be due to the inhibitory effect of linoleic acid 
and the detoxification mechanism of bacteria for growth [34, 
36]. Earlier researches reported that many compounds of 
culture media, such as proteins, could neutralize the harm-
ful effects of fatty acids on probiotics metabolism. Also, 
bacterial growth in the milk-based media, like cheese whey, 
was not affected by added linoleic acid and produced CLA. 
The results of this study are consistent with the findings 
of other authors who reported on the CLA production in 
the milk-based media [13]. Similar results were reported 
by Terán et al. (2015) [29] and Macouzet et al. (2009) [13] 
on the effect of linoleic acid concentration on CLA produc-
tion. Terán et al. (2015) claimed that the highest percent-
ages of conversion of linoleic acid to CLA were determined 
by adding linoleic acid concentrations lower than 500 µg/
mL; nevertheless, these percentages decreased with higher 
concentrations of linoleic acid [29]. Khosravi et al. (2015) 
reported the linear effect of linoleic acid content on CLA 
production [36]. Considering all reported results, generally, 
there is a direct relationship between the CLA bio-synthesis 
and the concentration of free linoleic acid in the cultivation 
medium [33]. Khosravi et al. (2015) demonstrated that the 
CLA productions were positively affected by yeast extract 
concentration. The high buffering capacity of yeast extract 
with complex nutritional factors, consisting of free amino 
acids, small peptides, nucleotides, some carbohydrates, trace 
elements, and Group-B vitamins, is the most-frequently-used 
nitrogen source for microbial fermentation. Some research-
ers reported on the linear effect of yeast extract concentra-
tion on CLA production [36]. Earlier researches reported 
that many compounds of culture media, such as proteins, 
could neutralize the negative effects of fatty acids on probi-
otics metabolism. Also, bacterial growth in the milk-based 
media, like cheese whey, was not affected by added linoleic 
acid and produced CLA. The results of this study are con-
sistent with the findings of other authors who reported on 
the CLA production in the milk-based media [13]. Terán 
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et al. (2015) reported that the B. animalis subsp. lactis INL2 
strain showed a high CLA production, depending on the sub-
strate’s concentration present in the culture medium [29]. Ye 
et al. (2013) reported that CLA production increased from 
54.17 μg/mL at pH 4.5–110.70 μg/mL at pH 6.5 in skim 
milk [31].

The R2 value (0.924) for Eq. 5 indicates that the sam-
ple variation of 92.4% for EPSs was attributed to the inde-
pendent variables, and 7.6% of the total variation cannot be 
explained by the model. According to the result of Deepak 
et al. (2015), the temperature had no significant effect on the 
production of EPSs, which is in agreement with the finding 
of this study [37]. Deepak et al. (2015) reported that EPSs 
biosynthesis was increased when the incubation time was 
increased, which is in agreement with this study. The result 
of Deepak et al. (2015) showed that the production EPSs 
was found to increase by increasing the concentration of 
yeast extract due to increase growth of producer bacterium. 
Nonetheless, according to the result of this study, the yeast 
extract concentration had no significant effect on EPSs pro-
duction. Suresh Kumar et al. (2007) stated that EPSs pro-
duction was improved by adding organic nitrogen sources 
into culture media [4]. According to Macedo et al. (2002), 
nitrogen source supplementation of whey permeate-based 
medium increased EPSs production by Lactobacillus rham-
nosus RW-9595M, in agreement with data presented in this 
study [38]. Haj-Mustafa et al. (2015) investigated the effect 
of fermentation conditions on EPSs production by Lacto-
bacillus rhamnosus 519 in skimmed milk base media and 
reported on the significant effect of pH and yeast extract 
interaction on the production of EPSs. The findings of the 
current study are consistent with those of Haj-Mustafa et al. 
(2015), who demonstrated that EPSs production increased 
with increasing pH, considering that the maximum EPSs 
were obtained around pH 5.8 and decreased at higher pH 
[39]. Furthermore, it has been reported that EPSs production 
in continuously-growing cultures with controlled pH is more 
productive than that in acidified batch cultures. Consider-
ing the fact that pH has a direct effect on both cell growth 
and bacteriocins production and bacteriocins production is 
associated with cell growth, it can be concluded that both 
cell growth and bacteriocins production stop at lower pH 
due to the accumulation of lactic acid in the medium [40].

The model’s *tness (Eq. 6) was analyzed by determina-
tion coefficient (R2 = 0.933), which implied that the sample 
variation 93.3% was attributed to the variables and only 6.7% 
of the total variance could not be explained by the model. 
Previous researchers demonstrated differences between opti-
mal incubation temperature for growth and BACs produc-
tion [40]. Suresh Kumar et al. (2007) reported, the optimal 
temperature for BACs production was 35 °C using Lacto-
bacillus casei LA-1 and Micrococcus sp. GO5 is close to 
the optimum temperature obtained in this study. However, 

differences in optimal temperatures were reported for organ-
isms producing nisin [4]. As primary metabolites, BACs, 
produced during the exponential phase, reach the maximum 
at the end of this phase or at the beginning of the station-
ary phase. Therefore, the maximum activity of bacteriocins 
can usually be observed at the time interval of 10–12 h of 
fermentation and decreased after that [40]. According to the 
previous study, which used cheese whey as an alternative 
substrate for BACs production, BACs produced in a medium 
only after supplementing it with yeast extract [14]. Because 
yeast extract provides a large proportion of free amino acids 
and short peptides and enhances bacterial growth [40, 41].

Conclusion

Previously the ability of different probiotic bacteria inves-
tigated and optimized the production of CLA, EPSs, and 
BACs, but there was no report on the co-producing capacity 
of these bioactive metabolites by probiotics. To the best of 
our knowledge, the present work is the first study to inves-
tigate and optimize the co-production of postbiotic metabo-
lites by BB12 in supplemented cheese whey as a food-grade 
medium. The optimal condition was found to be incubation 
temperature 38 °C, incubation time 28 h, and yeast extract 
concentration 2.5%, by the desirability value equal to 0.63. 
At this point, viable cell count, CLA, EPSs, and inhibition 
zone were 7.06 × 109 CFU/mL, 95.54 µg/mL, 130.35 mg/
mL, and 11.14 mm, respectively. However, co-production 
potential of CLA, EPSs, and BACs by BB12 in cheese whey 
optimized successfully in this work, produced values were 
lower than their individually production at optimal condi-
tion. Further studies are suggested to investigate and opti-
mize in situ co-production of postbiotics by BB12 in fer-
mented dairy products such as yogurt, kefir, etc.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s12649-​021-​01429-7.
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