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Abstract
Colorectal cancer (CRC) is the third cause of death by cancers worldwide and is one of the most common cancer 
types reported in both Egypt and the United States. The use of probiotics as a dietary therapy is increasing either 
as a prevention or as a treatment for many diseases, particularly, in the case of CRC. The increasing acceptance 
of lactic acid bacterial (LAB) oligosaccharides as bioactive agents has led to an increase in the demand for the 
large-scale production of LAB-oligosaccharides using fermentation technology. Therefore, in the current study, 
we are using the Plackett- Burman design (PBD) approach, where sixteen experimental trials were applied to 
optimize the production of the target oligosaccharide LA-EPS-20079 from Lactobacillus acidophilus. Glucose, yeast 
extract and sodium acetate trihydrate were the top three significant variables influencing LA-EPS production. The 
maximum concentration of LA-EPS-20079 achieved by L. acidophilus was 526.79 μg/ml. Furthermore, Box–Behnken 
design (BBD) as response surface methodology (RSM) was used to complete the optimization procedure. The 
optimal levels of the chosen variables which were 30.0 g/l, glucose; 5 g/l, yeast extract and 10.0 g/l sodium acetate 
trihydrate with the predicted LA-EPS-20079 concentration of 794.82 μg/ml. Model validity reached 99.93% when 
the results were verified. Both optimized trials showed great cytotoxic effects against colon cancer line (CaCo-
2) with inhibition percentages ranging from 64.6 to 81.9%. Moreover, downregulation in the expression level of 
BCL2 and Survivin genes was found with a fold change of 3.377 and 21.38, respectively. Finally, we concluded that 
the optimized LA-EPS-20079 has maintained its anticancer effect against the CaCo-2 cell line that was previously 
reported by our research group.
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Introduction
Cancer is one of the furthermost causes of health prob-
lems that lead to high mortality rates among patients. 
Worldwide, CRC comes in third place in the cancer death 
toll [1]. Surgery, chemotherapy, immunotherapy, and/
or radiotherapy are the currently available approaches 
for treating patients suffering from cancer. Most of the 
chemotherapeutic drugs used for cancer treatment 
may cause immunotoxicity due to the lack of selectivity 
toward cancer cells. Furthermore, resistance to conven-
tional chemotherapeutic agents might be developed by 
cancer cells [2]. Accordingly, there is a need for alterna-
tive therapies with high selectivity toward killing cancer 
cells or even using them to reduce the therapeutic doses 
and hence the side effects associated with highly toxic 
drugs.

Exo-poly/penta-saccharides (EPS) synthesized by lactic 
acid bacteria (LAB) are famous to have various biologi-
cal activities. These natural compounds are usually syn-
thesized during fermentation and then could be released 
in the fermentation medium [3]. Multiple health ben-
efits were shown for exopolysaccharides extracted from 
LAB including antibacterial, anti-biofilm, and anti-tumor 
activities in addition to their immunomodulatory prop-
erties [4–6]. Many research groups have published data 
about these effects. For instance, Joo Seo et al. [7] stated 
that exopolysaccharides from Lactobacillus plantarum 
YML009 revealed a strong antioxidant effect. Also, exo-
polysaccharides obtained from L. plantarum 70,810 
demonstrated anti-proliferative activities against Hepato-
cellular carcinoma [8].

EPSs are categorized into two groups; the first group 
is the homopolysaccharides group, which consists of a 
single type of monosaccharide unit, meanwhile, the sec-
ond one is the heteropolysaccharides, which comprises 
a polymer chain consisting of two or more of differ-
ent units of monosaccharides [6]. Instantaneously, the 
growth circumstances, which are used in cultivating the 
probiotic bacteria, might change the chemical composi-
tion and hence the structure of the exopolysaccharides 
[9]. Furthermore, experimental work has shown that the 
compositions of the exopolysaccharides and their struc-
tures are strain-dependent as reported by Li et al. [10]. 
Additionally, growth conditions might also affect the 
total amount of exopolysaccharides produced by LAB 
[9]. Specifically, the composition of production media 
is an effective component in maximizing the number of 
excreted exopolysaccharides. For example, Oleksy-Sobc-
zak and Klewicka [11] reported that carbon sources, such 
as sucrose and fructose, influence the exopolysaccharide 
yields significantly.

Optimization of production media is an important step 
toward maximizing the production of the target product. 
Statistical experimental design became an easy approach 

to optimize the production media and help researchers 
to extract huge datasets from the minimum number of 
analyses. Plackett-Burman design (PBD) is one important 
approach of experimental designs that are usually used 
for screening a large number of variables that may affect 
the production of microbial target products [12, 13]. In 
addition, Response surface methodology (RSM) such as 
the Box-Behnken design is an important approach for 
analyzing the interaction between independent variables 
[14].

Several researchers used Plackett-Burman and Box-
Behnken experimental designs in optimizing the pro-
duction media for EPS production from Lactobacillus 
bacteria. For example, Chen et al. [15] used the Plackett-
Burman design to optimize the medium for the cultiva-
tion of L. acidophilus and reported that sodium acetate 
trihydrate was an important variable in cultivating L. 
acidophilus. Also, Liu et al. [16] reported that sodium 
acetate trihydrate was the most significant variable influ-
encing the yield of EPS from L. acidophilus. The model of 
the Box-Behnken design was sufficient in predicting the 
optimized values of all variables affecting L. bulgaricus 
[17].

In the current study, we conducted both Plackett-Bur-
man and Box-Behnken designs to optimize the growth 
conditions and culture parameters for producing LA-
EPS-20079 from L. acidophilus DSMZ 20079. Also, 
we evaluated its activity as an antitumor agent against 
human colon cancer cell line selectively and identified the 
mechanism of action at the molecular level.

Materials and methods
Cultivation of microorganisms
L. acidophilus DSMZ 20079 was purchased from DSMZ, 
this strain was selected based on the previously published 
data by our research group, which confirmed the pres-
ence of a positive anti-colon cancer effect of the L. aci-
dophilus DSMZ 20079 bacterial Exo-Penta-Saccharide 
(LA-EPS) [3]. A separate colony of L. acidophilus DSMZ 
20079 was inoculated into 50 ml of MRS medium in a 
250-ml flask. Then, flasks were incubated overnight at 
30 °C in a shaking incubator at 180 rpm.

Extraction and quantitative assay of LA-EP- 20079
For the extraction of LA-EPS-20079, bacteria were har-
vested from the grown culture at the end of the incu-
bation time using a 3,500  rpm centrifugation force for 
30 min. Then, tri-chloro-acetic acid (TCA) was added to 
the culture supernatant and kept overnight at 4  °C. The 
following day, three cycles of ethanol precipitations were 
repeated and the LA-EP- 20079 was pelleted using cen-
trifugation at 3,500 rpm for 30 min. Ethanol was evapo-
rated in a rotary evaporator at 40  °C and the EPS was 
then dried in an oven at the same temperature [3].
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Quantitative determination of LA-EPS-20079 was car-
ried out using the phenol-sulfuric acid method [18] and 
glucose was used as a standard. Briefly, 200  μl of 5.0% 
phenol was added to the 200 μl of soluble LA-EPS-20079, 
followed by the addition of 1.0 ml of concentrated H2SO4. 
The reaction was boiled at 95 °C for 5 min, incubated on 
ice, and the absorbance was measured at 490 nm against 
blank samples.

Statistical experimental designs
Plackett–Burman design
For determining the optimum combination of produc-
tion factors including medium components and culture 
parameters, the Plackett–Burman factorial design was 
employed. Two levels were assigned for each variable: -1 
for a low level and + 1 for a high level [12], the design was 
executed according to the model of the first order:

	 Y = β0 +
∑

βixi

where Y represents the response (LA-EPS-20079 concen-
tration), β0 is the intercept, βi represents the linear coef-
ficient, and xi is the degree of the independent variable.

Table  1 shows the design’s matrix, the tested factors 
and their levels used in the experimental design. As illus-
trated in Table 1, thirteen variables were screened using 
sixteen experiments. All experiments were carried out 
using three replicates and the mean of LA-EPS-20079 
concentrations of the replicates was taken as the response 
value.

The values of LA-EPS-20079 production were analyzed 
using multiple linear regressions to estimate multiple 
correlation coefficient R, determination of coefficient 
(R2), t-values, P-values and confidence levels, express-
ing the P-values as a percentage. In order to confirm the 
results, four conformational trials were carried out to 
confirm the previously obtained results of the Plackett–
Burman design (Table 2).

Response surface methodology (Box-Behnken design)
LA-EPS-20079 production optimization using response 
surface methodology was applied using Box-Behnken 
design (BBD) to optimize the tested variables [19].

After assessing the significance of the variables using 
the PBD, the highest three variables regarding their sig-
nificant effect on the LA-EPS-20079 production (glucose, 
yeast extract, and sodium acetate trihydrate) resulted 
from Plackett-Burman design were chosen to define their 
optimal levels for LA-EPS-20079 production using BBD. 
A software (JMP) was used to analyze the obtained data 
set at three levels: low, medium, and high represented 
by -1, 0, and + 1, respectively as presented in Table  3. 
Three steps of optimization were carried out as follows: 

statistical design, determining the coefficients of the 
mathematical model, and model adequacy assessment 
and response prediction. Table 3 shows the matrix of the 
experimental design.

Regression analysis was performed using Microsoft 
Excel and JMP software. Coefficient of determination 
(R2) was calculated to determine the model’s quality of fit. 
For the three tested variables, we applied the following 
second-order polynomial model:

	
Y = b0 + b1X1 + b2X2 + b3X3 + b12X1X2 + b13X1X3

+b23X2X3 + b11X1
2 + b22X2

2 + b33X3
2

Y: the predicted response of LA-EPS-20079 concentra-
tion; β0: model intercept; X1, X2, and X3 are the indepen-
dent variables, β1, β2 and β3 are linear coefficients; β12, β13 
and β23 are cross-product coefficients; and β11, β22 and 
β33 are the quadratic coefficients [19–21].

A conformational trial was carried out to confirm the 
previously obtained results of the Box- Behnken design.

Verification of the model was carried out using tripli-
cate trials. The predicted value of LA-EPS-20079 oligo-
saccharides concentration resulting from the model was 
compared to the measured value of LA-EPS-20079 con-
centration. The accuracy percentage was calculated using 
the following equation:

	 Yaccuracy% = (Y exp/Y calc) ∗ 100

Statistical analysis of data
Multiple linear regression analysis was performed using 
Microsoft Excel and JMP software to determine the 
t-values, P-values, and confidence levels expressing the 
P-values as a percentage. The predicted values of LA-
EPS-20079 concentration and the optimal values of the 
most significant variables were determined by JMP soft-
ware. The three-dimensional graphs were generated 
using Statistica 7.0 software to represent the simultane-
ous effects of the tested variables on the LA-EPS-20079 
concentration.

Purification of the active compound from LA-EPS-20079
The optimized crude LA-EPS-20079 sample was purified 
using HPLC (Agilent, USA) with C18 Column (Biorad) 
and refractive index detector using a flow rate of 0.8 ml/
min to detect the most potent compound in the semi-
purified fraction of LA-EPS which has anticancer activity.

Evaluation of the anti-cancer effect of the extracted 
oligosaccharide
The anticancer effect of the optimized LA-EPS-20079 
against the CaCo-2 cell line was investigated using an 
MTT assay. About 100 μl CaCo-2 cell suspension (6 × 104 
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cell/ml) was distributed in the wells of 96-well tissue cul-
ture plates. The plates were then incubated at 37oC in a 
humidified CO2 incubator (5.0%) until semi-confluent 
cells grew in the plates. Then, the old medium was dis-
carded and exchanged with 100 μl of RPMI medium con-
taining 5 mg/ml LA-EPS-20079 obtained from the trials 
of Box-Benkhen design, and their verification experi-
ments. Also, to set up an experimental negative control, 
100  μl of the used medium was then added. All plates 
were finally incubated as described above for 24  h and 
an MTT assay was used to assess cellular viability. Also, 
IC50 value of the test LA-EPS-20079 was determined 
[22].

Induction of apoptosis and assessment of necrosis
To distinguish between both apoptosis as well as necro-
sis cellular status, the assay of acridine orange and ethid-
ium bromide (AO/EB) was followed as described by 

Kasibhatla et al. [23]. For acridine orange, this dye could 
stain both live as well as dead cells however; ethidium 
bromide dye stains only cells with damaged membrane 
integrity. Following treatment with LA-EPS-20079 oli-
gosaccharides, cell suspension of CaCo-2 (0.5 × 106 cells/
ml) was incubated with about 1 μl of the staining AO/EB 
solution. Examination of 10 μl of cell suspension, applied 
to a microscopic slide, was caried out using a fluores-
cence microscope.

Effect of LA-EPS-20079 on gene expression
Transcription abundance of both BCL2 and Survivin 
genes were analyzed in both LA-EPS-20079 treated and 
untreated (control) CaCo-2 cell line. Two-steps RT-qPCR 
technique was applied and GAPDH gene was used as an 
internal reference gene for gene expression data normal-
ization. RNA extraction was done using a TRIzol-based 
RNA extraction kit according to the manufacturer pro-
tocol. Then, cDNA synthesis was carried out using a 
cDNA synthesis kit (Thermo Scientific) using 10 μl of the 
obtained RNA (as per the manufacturer’s instructions).

qPCR reactions were performed in triplicates, where 1 
μl of the cDNA for each sample was incorporated with 
Maxima SYBR Green Master Mix and 5 pmol of each 
forward and reverse gene-specific primers (BCL2-F: 
5’-TATAAGCTGTCGCAGAGGGGCTA3’, BCL2-R: 
5’-GTACTCAGTCATCCACAGGGCGAT3’, Survivin-
F: 5’-TGCCCCGACGTTGCC-3, -R: 5’-CAGTTCTT-
GAATGTAGAGATGCGGT-3’). In addition, GAPDH 
gene-specific primers (GAPDH-F: 5’-GAA GGT GAA 
GGT CGG AGT-3 and GAPDH-R: 5’-GAA GAT GGT 
GAT GGG ATT TC-3’) were used for determining the 
internal reference gene expression level. The PCR cycle 
program was done in a BioRad Real-Time PCR (BioRad, 

Table 2  Confirmation trials of Plackett–Burman design
Variable Trial 1 Trial 2 Trial 3 Trial 4
PH 6 6 6 6

Incubation time (h) 48 48 48 48

Temperature (ºC) 30 30 30 30

Glucose (g/l) 20 20 20 20

Peptone (g/l) 1 ------- 1 1

Beef extract (g/l) 10 10 10 10

Yeast extract (g/l) 5 5 5 5

K2HPO4 (g/l) 0.2 ------- 0.2 0.2

Triammonium citrate (g/l) 0.2 ------- 0.2 0.2

Sodium acetate trihydrate (g/l) 5 5 5 5

MgSO4.7H2O (g/l) 2 2 2 2

Tween-80 (ml/l) 0.1 ------- ------- -------

Manganous sulfate tetrahydrate (g/l) 0.1 0.1 0.1 -------

Table 3  Box–Behnken factorial design demonstrating LA-EPS-20079 concentration as a response to changing glucose, yeast extract, 
and sodium acetate trihydrate levels
Trial Glucose (g/l) Yeast extract (g/l) Sodium 

acetate trihy-
drate (g/l)

Oligosaccharides concentra-
tion (μg/ml)
Measured Predicted

1 -1 (20) -1 (5) 0 (7.5) 485 480.65

2 + 1 (30) -1 (5) 0 (7.5) 543.095 583.75

3 -1 (20) + 1 (10) 0 (7.5) 442.62 401.96

4 + 1 (30) + 1 (10) 0 (7.5) 675 679.3

5 -1 (20) 0 (7.5) -1 (5) 423.57 454.70

6 + 1 (30) 0 (7.5) -1 (5) 516.90 503.045

7 -1 (20) 0 (7.5) + 1 (10) 417.86 431.73

8 + 1 (30) 0 (7.5) + 1 (10) 794 763.87

9 0 (25) -1 (5) -1 (5) 458.33 431.55

10 0 (25) + 1 (10) -1 (5) 571.19 580.714

11 0 (25) -1 (5) + 1 (10) 700.71 691.19

12 0 (25) + 1 (10) + 1 (10) 532.14 558.93

13 0 (25) 0 (7.5) 0 (7.5) 545.95 546.90

14 0 (25) 0 (7.5) 0 (7.5) 547.86 546.90
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USA) using the following cycling program: 1cycle 95  °C 
for 1 min then 40 cycles of; 15 s at 94 °C, 30 s at 50 °C, 
and 30  s at 72  °C. The Cq values were normalized then 
the mean relative gene expression levels and fold expres-
sion were analyzed by CFX manager Software version 
3.0.1 (BioRad, USA) [24].

Results and discussion
Plackett–Burman design
Evaluation of factors affecting LA-EPS-20079 production
Plackett–Burman design was used to determine the 
importance of the tested thirteen different factors (vari-
ables) and media conditions (Table  1) and to optimize 
LA-EPS production. The results presented in Table  1 
show the mean values of LA-EPS-20079 concentrations 
obtained from different experiments (given in μg/ml), 
where variability that ranged between 1.55 and 459.64 μg/
ml of LA-EPS-20079 was observed. In addition, the main 
effect was calculated for each variable and presented 
graphically in Fig.  1. Regression coefficients analysis of 
the thirteen variables, including incubation time, glucose, 
yeast extract, beef extract, sodium acetate trihydrate, 
MgSO4.7H2O and MnSO4.4H2O indicated the presence 
of positive effects on LA-EPS-20079 production. On the 
other hand, pH, temperature, peptone, K2HPO4, triam-
monium citrate and tween 80 showed a negative effect 

on the oligosaccharide LA-EPS-20079 production. The 
data illustrated in Fig. 2 showed the ranking of the factors 
as a Pareto chart. Furthermore, the correlation between 
the tested variables and the response is presented by the 
polynomial model:

	
Yactivity = 226.875 − 13.810X1 + 30.714X2

−7.143X3 + 78.452X4 − 53.452X5 + 23.036X6

+48.095X7 − 17.083X8 − 32.738X9 + 40.714X10

+3.214X11 − 124.762X12 + 8.452X13

The results obtained from the ANOVA analysis are sum-
marized in Table  4. The obtained results indicated that 
the p-value of the model was 0.013 indicating a signifi-
cant relationship. The determination coefficient (R2) 
indicated that 0.998 variabilities in LA-EPS-20079 con-
centration is explained by the model as fitted. The mul-
tiple R (correlation coefficient) indicated that there is a 
strong correlation of 0.991 between the measured and 
the predicted values of LA-EPS-20079 concentration.

The data presented in Table  5 showed that glucose, 
yeast extract, and sodium acetate trihydrate (confidence 
level > 90%) were variable with the most significant effect 
on LA-EPS-20079 production. The remaining variables 
were omitted in the following optimization trials, but 

Fig. 1  Effect of optimization factors on LA-EPS-20079 oligosaccharide concentrations (μg/ml) produced by Lactobacillus acidophilus
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instead, they were kept at the either (-1) level or (+ 1) 
level, each according to their contribution. Gamar et 
al. [25] reported that the carbon source concentration 
was the main factor affecting production of EPS from 
L. rhamnosus. The obtained results in the current study 
were similar to these results reported by Imran et al. [26] 
who documented that EPS production medium contain-
ing 20 g/l of glucose gave the highest EPS yield from L. 
plantarum NTMI05 and NTMI20. Additionally, Lacto-
bacillus spp. and Lactobacillus sakei produced the maxi-
mum concentration of EPS on glucose as a carbon source 
[27–29]. The Plackett-Burman design was utilized by 
Polak-Berecka et al. [24] for optimizing EPS production 
using L. rhamnosus strain E/N, which revealed a yeast 
extract was the main and important variable for EPS pro-
duction. Biomass and EPS concentration of L. rhamno-
sus increased by adding yeast extract to the production 
medium [28]. Liu et al. [16] reported that sodium acetate 
trihydrate was the most significant variable influencing 
the yield of EPS from L. acidophilus.

Confirmation of plackett–burman design
The conformation experiment indicated that trial No. 
4 (Tc4) gave a higher concentration of LA-EPS-20079 
oligosaccharide than the other trials (Tc1, Tc2 and 
Tc3). Trial No. 4 (Tc4) achieved a concentration of LA-
EPS-20079 equal to 526.79  μg/ml, meanwhile, Tc1, 
Tc2, and Tc3 trials resulted in concentrations of 455.20, 
497.59, and 488.61  μg/ml, respectively, as illustrated in 
Fig. 3.

Response surface methodology (Box-Behnken design)
Based on the Plackett-Burman design, the three most-
significant variables inducing LA-EPS-20079 oligosac-
charides production were determined to be glucose, X1; 
yeast extract, X2; and sodium acetate trihydrate, X3. 
These variables were investigated at three levels using 
fourteen different experimental trials to complete the 
response surface methodology (RSM), Box-Behnken 
design (BBD). Amiri et al. [30] used the Box-Behnken 
design (BBD) to optimize the production of LA-EPS from 

Table 4  ANOVA analysis of the obtained data of Plackett-Burman design
Analysis of Variance
Source Degree of freedom Sum of squares Mean square F-ratio P-value
Regression 13 428550.5 32965.42 76.34998 0.012999

Residual 2 863.5346 431.7673

Total 15 429,414 32965.42
Correlation coefficient (Multiple R) = 0.998994

Determination coefficient (R-squared) = 0.997989

Fig. 2  Pareto chart rationalizing the effect of each variable on LA-EPS-20079 concentration (μg/ml) produced by Lactobacillus acidophilus
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L. acidophilus LA5. In the present study, data presented 
in Table 3 showed the trials design for the tested variables 
along with the obtained results of LA-EPS-20079 concen-
tration. Linear multiple regression analysis showed that 
the confidence levels of the X1 (glucose) and X3 (sodium 
acetate trihydrate) variables were 99.68 and 98.31%, 
respectively (Table 6). This indicates that they made more 
extensive contributions than the other medium constitu-
ent variables did.

The results of the ANOVA analysis were shown in 
Table  7 as P = 0.024 indicating a significant relation-
ship among the tested variables (P = 0.05). Correlation 
analysis of the tested model was done by calculating the 

determination coefficients (R2) and multiple correlation 
coefficients (R). The results indicated that R = 0.98 for 
LA-EPS-20079 oligosaccharides concentration, indicat-
ing a strong correlation between the measured and the 
predicted values. Also, the value of R2 = 0.95 indicated 
that only 5.0% of the total differences are not explained 
by the model. For predicting the optimal combination 
for optimizing the production of the LA-EPS, a second-
order polynomial function was fitted to the experimental 
data using a linear optimization algorithm and the gener-
ated model combining the three variables is presented in 
the following equation:

	

Y = 546.90 + 95.12X1 + 4.23X2 + 59.46X3

+43.57X1X2 + 70.95X1X3 − 70.36X2X3

−18.87X1
2 + 8.39X2

2 + 10.30X3
2

Where X1, X2, and X3 are glucose, yeast extract, and 
sodium acetate trihydrate, respectively, and Y is the 
response (LA-EPS-20079 concentration).

Examination of the model’s adequacy
The data presented in Fig. 4a showed the distribution of 
experimental points and the predicted points around the 
central line, which appears to be regularly distributed, 
representing a normal distribution and the adequacy of 
the model. As shown in Fig. 4b, the residuals were plotted 

Table 5  Statistics of Plackett–Burman data analysis indicating 
the coefficient, t-values, and P-values for each variable of the 
design
Variable Coefficients t-value P-value Confi-

dence
level 
(%)

Intercept 226.875 43.67388 0.000524

pH -13.8095 -1.02958 0.411432 58.86

Incubation time 30.71429 2.289925 0.149177 85.08

Temperature -7.14286 -0.53254 0.647594 35.24

Glucose 78.45238 5.849071 0.028008 97.20

Peptone -53.4524 -3.98518 0.057581 94.24

Beef extract 23.03571 1.862829 0.203521 79.65

Yeast extract 48.09524 4.629213 0.043633 95.64

K2HPO4 -17.0833 -1.38148 0.301221 69.88

Triammonium citrate -32.7381 -2.44081 0.134745 86.53

Sodium acetate 
trihydrate

40.71429 3.035481 0.093549 90.65

MgSO4.7H2O 3.214286 0.239643 0.832928 16.71

Tween-80 -124.762 -9.30171 0.011361 98.86

Manganous sulfate 
tetrahydrate

8.452381 0.630173 0.592981 40.70

Table 6  Box-Behnken statistics showing the coefficient values, 
t-values, and P-values for each variable of the design
Variable Coefficients t-statistics P-value Confi-

dence
level (%)

Intercept 546.9047619

x1 95.11904762 6.304373 0.003236 99.67638

x2 4.226190476 0.280107 0.793285 20.67154

x3 59.46428571 3.941219 0.016942 98.30576

x1 × 2 43.57142857 2.042026 0.110688 88.93115

x1 × 3 70.95238095 3.325266 0.029234 97.07655

x2 × 3 -70.35714286 -3.29737 0.030007 96.99927

x1 × 1 -18.86904762 -0.79096 0.473224 52.67762

x2 × 2 8.392857143 0.351815 0.742729 25.72712

x3 × 3 10.29761905 0.431659 0.688237 31.17627

Table 7  ANOVA analysis of the obtained data from Box-Behnken 
experimental design work
Analysis of variance
Source Degree 

of 
freedom

Sum of 
squares

Mean 
square

F-ratio P-value

Regression 9 150473.4 16719.26 9.180704 0.023663

Residual 4 7284.524 1821.131

Total 13 157757.9
Correlation coefficient (Multiple R) = 0.98

Determination coefficient (R-squared) = 0.95

Fig. 3  Confirmation trials of Plackett–Burman design representing the 
concentration of LA-EPS-20079 produced in each trial
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against their predicted response, which confirmed the 
postulation of constant variance. The random scatter 
plot indicated that the variance of the original observa-
tion was constant among LA-EPS-20079 concentrations. 
Therefore, data transformation was not needed for the 
response variables (within a 60 to -60 range). In addition, 
Fig. 4c illustrated that all data points were randomly dis-
tributed around the central line. This random distribu-
tion guarantees that the generated results are not biased.

The generated 3D and contour plots were generated to 
figure out the interaction between the variables affect-
ing LA-EPS-20079 oligosaccharides production. These 
plots showed that increasing glucose and sodium acetate 
trihydrate concentrations achieved higher levels of LA-
EPS-20079 oligosaccharides concentration. Meanwhile, 
the lower levels of yeast extract supported a high level 
of oligosaccharides concentration (Fig.  5). Amiri et al. 
[30] reported that a high concentration of yeast extract 
resulted in a reduction in the amount of EPS produced 
from L. acidophilus LA5. This result is in settlement with 
the results obtained in the current study. Also, Macedo et 
al. [28] showed that EPS production by L. rhamnosus was 
improved by adding yeast extract in low concentration to 
the production medium.

Furthermore, the best levels of the three variables indi-
cated by the maximum level of the polynomial model 

were determined by the solver function of the Microsoft 
Excel and JMP software. These points were as follows; 
30 g/l, glucose; 5 g/l, yeast extract and 10 g/l, sodium ace-
tate trihydrate with the predicted LA-EPS-20079 oligo-
saccharides concentration equal to 794.82 μg/ml (Fig. 6). 
Therefore, the obtained results of Plackett-Burman and 
Box-Behnken designs revealed that the expected medium 
constituents for optimum production of LA-EPS-20079 
oligosaccharides by L. acidophilus is (in g/l): 30, glucose; 
1.0, peptone; 10.0, beef extract; 5.0, yeast extract; 0.2, 
K2HPO4; 0.2, triammonium citrate; 10.0, sodium acetate 
trihydrate and 2.0, MgSO4.7H2O and physical variables; 
temperature 30 °C, pH 6, and 48 h incubation time.

Verification of the model
A verification experiment was done in order to assess 
the accuracy of the quadratic polynomial using the pre-
viously predicted optimal conditions. LA-EPS-20079 oli-
gosaccharides concentration produced by L. acidophilus 
was 794.31 μg/ml. This result reflects a high level of accu-
racy of the model (99.93%) and assures the model’s valid-
ity under the investigated conditions.

Anticancer effects of the selected trial and purified fraction
LA-EPS-20079 was further purified using HPLC and the 
extracted fraction was separated on C18 Column. The 

Fig. 4  Model adequacy examination of Box-Behnken design (a) plot of the actual values versus the predicted values of LA-EPS-20079 oligosaccharides 
production, (b) the residuals versus the predicted LA-EPS-20079 oligosaccharides production and (c) the correlation between the residual and observa-
tion order
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chromatogram presented in (Fig.  7A) indicated that the 
semi-purified fraction contains minor peaks as impu-
rities. In order to clean out the associated compounds 
we run multiple HPLC runs and collected the selected 
compound that appears at RT 8.32  min. (Fig.  7b). The 

collected fractions were then dried out and the obtained 
compound was dissolved in 1 ml of purified water and 
its purity was assessed under the same HPLC condi-
tions. In addition, the anticancer effect of the collected 
fraction showed high anticancer activity against CaCo-2 

Fig. 6  JMP profile showing the predicted optimal levels of the most significant variables, X1, glucose; X2, yeast extract and X3, sodium acetate trihydrate 
alongside the predicted LA-EPS-20079 oligosaccharides

 

Fig. 5  Three-dimensional response surface and contour plots representing LA-EPS-20079 oligosaccharides production by Lactobacillus acidophilus in 
terms of concentration (μg/ml) as affected by culture conditions (glucose, yeast extract, and sodium acetate trihydrate)
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Fig. 7  HPLC chromatograms of the semi-purified (A) and the purified (B) LA-EPS-20079 fractions (F1-F3) and their anticancer effects (C) tested against 
CaCo-2 cell line comparing to the semi-purified fraction
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reaching 86.542% (Fig.  7C) compared with the activ-
ity of the semi-purified trail that showed an inhibition 
percentage of 82.2% (Fig.  7C). Furthermore, the con-
centration of the purified pentasaccharide the inhibited 
50% of the cancer cells (IC50) was found to be 1.5  mg/
ml. The morphological changes of the collected four tri-
als of Box-Behnken confirmation designs on CaCo-2 cell 
lines presented in Fig. 8: trial 1 (Fig. 8A), trial 2 (Fig. 8B), 
trial 3 (Fig. 8C), trial 4 (Fig. 8D), and the untreated cells 
(Fig.  8E). The results indicated the occurrence of dead 
cells as well as the apoptotic effect of the treatment that 
existed in the majority of the inspected plates. Also, seri-
ous changes in the structure and number of the treated 
cells were observed. The anticancer activities of microbial 
EPS have been thoroughly identified and supported by 
research. For instance, the potent anticancer effect and 
the safety usage pattern of the purified pentasaccharide 
against two cell lines (CaCo-2 and MCF7 cell lines) were 
previously evaluated by our group. Additionally, El-Deeb 
et al. [3] reported thay a cytotoxicity, BrdU incorporation 
and annexin V quantification assays were carried out. 
Our previous study indicated that the cellular viability 
inhibition percentage imposed on CaCo-2-treated cells 
reached 80.65, which is slightly lower than the obtained 
result in the current study, which is represented by the 
optimization trial (82.0%). This result confirms the com-
position similarities between the originally extracted 
fraction and the newly optimized one. Similar results 
were recorded by Deepak et al. [31], they reported anti-
cancer activities of EPS produced from probiotic L. aci-
dophilus employing Plackett–Burman design and Central 
Composite Rotatory Design (CCRD) against CaCo-2 cell 
line. They found an inverse relationship between the EPS 
concentration and CaCo-2 cells survival. Also, they found 
that when 5 mg/ml was used, a significant depression in 
cell survival rate was found.

During apoptosis, nuclear changes were also observed 
and photographed using a fluorescence microscope fol-
lowing the application of AO/EB protocol. In the normal 
living cells, nuclei stained green with also green chroma-
tin and they presented organized structures, however, 
in the early apoptotic phase, cells displayed fragmented 
or even condensed chromatin stained either green or 
orange. Nevertheless, during either the late apoptotic or 
even the necrotic stages, cells presented similar normal 
nuclei staining like live cells but with orange chroma-
tin. Upon treating the CaCo-2 cells with the IC50, they 
showed an early apoptotic feature in the form of orange-
stained multinucleated cells (Fig. 9). Comparable results 
were reported by Mathi et al. [32].

Effect of Lactobacillus oligosaccharide on gene expression 
level
In order to evaluate the effect of Lactobacillus oligosac-
charides on the relative gene expression levels of BCL2 
and Survivin genes, RT-qPCR was performed. The results 
presented in Fig. 10 indicate that both genes were down-
regulated in the treated cell lines relative to the untreated 
control cells with down-regulation fold change of 3.377 
and 21.38 for both BCL2 and Survivin genes, respectively 
in the treated cells relative to the control cells. This result 
indicated that Lactobacillus oligosaccharide treatment 
showed induce cellular apoptosis in human colo-recta-
ladeno carcinoma cell line (CaCo-2) via down-regulating 
the expression of both Survivin and BCL2 genes in the 
cancer cell line. Cell death intrinsic pathway is closely 
linked to the BCL2 anti-apoptotic activity. A research 
report the transport of Bax (pro-apoptotic) protein into 
the mitochondrial membrane that resulted in depolariza-
tion and cytochrome C release, as a result of this translo-
cation, cell death steps were induced [33]. Survivin and 
BCL2 hold potent anti-apoptotic characters. It was men-
tioned that Survivin affects caspase-3 or − 7 through the 
expression of BCL2 family. In addition, in epithelial ovar-
ian cancer, a positive correlation between the expression 
of both BCL2 and Survivin genes was found [33]. So, our 
results indicated that apoptosis related gene BCL2 may 
have a synergic role with Survivin gene in controlling 
colon cancer after oligosaccharide treatment.

Conclusion
In the current study, the composition of the MRS media 
was optimized using Plackett Burman and Box–Behnken 
designs to maximize the production of LA-EPS. Glu-
cose, yeast extract and sodium acetate trihydrate were 
the most significant variables that affecting production 
of LA-EPS compared to the other variables. Maximum 
production of LA-EPS-20079 oligosaccharides by L. aci-
dophilus was achieved on production medium that con-
sists of in g/l: 30, glucose; 1.0, peptone; 10.0, beef extract; 
5.0, yeast extract; 0.2, K2HPO4; 0.2, triammonium citrate; 
10.0, sodium acetate trihydrate and 2.0, MgSO4.7H2O. 
Additionally, the optimum physical variables were tem-
perature, 30  °C; pH, 6 and incubation time, 48  h. The 
highest concentration of LA-EPS reached 794.82  μg/ml 
on optimized production medium. The previous reported 
anticancer activity of LA-EPS against colon cancer cell 
line (by our research team) is confirmed after performing 
the optimization process.
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Fig. 8  The morphological changes of CaCo-2 cell lines after treatment with the collected trails of Box-Behnken confirmation designs using 5 mg/ml of 
each trail
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Fig. 9  CaCo2 cells incubated in the absence (A) showing green nuclei, or the presence of the IC50 of LA-EPS-20079 (B). The later treatment induced 
apoptosis and some cells showed early apoptosis (red arrows) and others presented late apoptosis (blue arrow) (C). Images were examined via a fluores-
cence microscope

 



Page 15 of 16Abo-Zaid et al. Microbial Cell Factories          (2023) 22:148 

Acknowledgements
All authors are thankful for the Academy of Scientific Research and Technology 
(ASRT) in Cairo, Egypt for supporting and funding this work. Project Reference 
Number; (call no. 2/2019/ASRT/Health 2, PRISM_5176).

Authors’ contributions
G.A, A.K, N.E, and L.A conceived, designed the study, acquired data, 
contributed to experiments performing, data analysis, manuscript preparation, 
editing, and reviewing, and they have approved the manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).

Data Availability
The raw data supporting the conclusions of this article will be made available 
by the authors, without undue reservation, to any qualified researcher.

Declarations

Competing interests
The authors declare no competing interests.

Author details
1Bioprocess Development Department, Genetic Engineering and 
Biotechnology Research Institute, City of Scientific Research and 
Technological Applications (SRTA-City), New Borg El-Arab City, Alexandria, 
Egypt
2Nucleic Acids Research Department, Genetic Engineering and 
Biotechnology Research Institute, City of Scientific Research and 
Technological Applications (SRTA-City), New Borg El-Arab City, Alexandria, 
Egypt
3Pharmaceutical Bioproducts Research Department, Genetic Engineering 
and Biotechnology Research Institute, City of Scientific Research and 
Technological Applications (SRTA-City), New Borg El-Arab City, Alexandria, 
Egypt
4Department of Pharmaceutical Microbiology, Faculty of Pharmacy, Tanta 
University, Tanta, Egypt

Received: 7 May 2023 / Accepted: 17 July 2023

References
1.	 World Health Organization. (2018). The International Agency for Research on 

Cancer (IARC). Latest Global Cancer Data, 2018.

2.	 Bray F, et al. Global Cancer Statistics 2018: GLOBOCAN estimates of incidence 
and Mortality Worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2018;68:394–424.

3.	 El-Deeb NM, Yassin AM, Al–Madboly LA, El–Hawiet A. A novel purified Lac-
tobacillus acidophilus 20079 exopolysaccharide, LA–EPS–20079, molecularly 
regulates both apoptotic and NF–κB inflammatory pathways in human colon 
cancer. Microb Cell Fact. 2018;17:29.

4.	 Hill C, et al. The International Scientific Association for Probiotics and Prebiot-
ics consensus statement on the scope and appropriate use of the term 
probiotic. Nat Rev Gastroenterol Hepatol. 2014;11:506–14.

5.	 Tukenmez U, Aktas B, Aslim B, Yavuz S. (2019). The relationship between the 
structural characteristics of lactobacilli-EPS and its ability to induce apop-
tosis in colon cancer cells in vitro. 2019) 9:8268 | https://doi.org/10.1038/
s41598-019-44753-81

6.	 Khalil MA, Sonbol FI, Al-Madboly LA, Aboshady TA, Alqurashi AS, Ali SS. 
Exploring the therapeutic potentials of Exopolysaccharides Derived from 
Lactic acid Bacteria and Bifidobacteria: antioxidant, Antitumor, and Periodon-
tal Regeneration. Front Microbiol. 2022;13:803688. https://doi.org/10.3389/
fmicb.2022.803688

7.	 Joo Seo B, Bajpai V, Rather I, Park Y. Partially purified exopolysaccharide from 
Lactobacillus plantarum YML009 with total phenolic content, antioxidant and 
free radical scavenging efficacy. Ind J Pharm Educ Res. 2015;49(4):282–92. 
https://www.ijper.org/article/3637

8.	 Wang C, Wu T, Hsieh S, Tsai Y, Yeh C, Huang C. Antioxidant activity and growth 
inhibition of human colon cancer cells by crude and purified fucoidan 
preparations extracted from Sargassum cristaefolium. J Food Drug Anal. 
2015;23:766–77.

9.	 Zannini E, Waters DM, Coffey A, Arendt EK. Production, properties, and 
industrial food application of lactic acid bacteria-derived exopolysaccharides. 
Appl Microbiol Biotechnol. 2016;100:1121–35. https://doi.org/10.1007/
s00253-015-7172-2

10.	 Li C, Li W, Chen X, Feng M, Rui X, Jiang M, et al. Microbiological, physico-
chemical and rheological properties of fermented soymilk produced with 
exopolysaccharide (EPS) producing lactic acid bacteria strains. LWT Food Sci 
Technol. 2014;57:477–85.

11.	 Magdalena O, Elżbieta K. Optimization of media composition to maximize 
the yield of Exopolysaccharides production by Lactobacillus rhamnosus 
strains. Probiotics and Antimicrobial Proteins. 2019;12:774–83.

12.	 Plackett RL, Burman JP. The design of optimum multi-factorial experiments. 
Biometrika. 1946;33:305–25.

13.	 Vanaja K, Rani RH. Design of experiments: concept and applications of Plack-
ett Burman design. Clin Res Regul Affairs. 2007;24(1):1–23.

14.	 Neelesh S, Garima S, Mahe T, Himanshu R, Onkar NS, Arvind MK. Cicer 
α-galactosidase immobilization onto functionalized graphene nanosheets 
using response surface method and its applications. Food Chem. 
2014;142:430–8.

15.	 Chen H, Niu J, Qin T, Ma Q, Wang L, Shu G. Optimization of the medium for 
lactobacillus acidophilus by Plackett-burman and steepest ascent experiment. 
Acta Sci Pol Technol Aliment. 2015;14(3):227–32.

Fig. 10  Relative gene expression RT-qPCR results for BCL2 and Survivin genes in oligosaccharide-treated CaCo-2 cell lines relative to the untreated control 
CaCo-2 cells. The gene expression data was normalized using the GAPDH reference gene

 

https://doi.org/10.1038/s41598-019-44753-81
https://doi.org/10.1038/s41598-019-44753-81
https://doi.org/10.3389/fmicb.2022.803688
https://doi.org/10.3389/fmicb.2022.803688
https://www.ijper.org/article/3637
https://doi.org/10.1007/s00253-015-7172-2
https://doi.org/10.1007/s00253-015-7172-2


Page 16 of 16Abo-Zaid et al. Microbial Cell Factories          (2023) 22:148 

16.	 Liu Q, Huang X, Yangm D, Si T, Pan S, Yang F. Yield improvement of exopoly-
saccharides by screening of the Lactobacillus acidophilus ATCC and optimiza-
tion of the fermentation and extraction conditions. EXCLI J. 2016;15:119–33.

17.	 Zhang B, Shu G, Bao C, Cao J, Tan Y. Optimization of culture medium for. 
Lactobacillus bulgaricus using Box-Behnken design; 2017.

18.	 DuBois M, Gilles KA, Hamilton JK, Rebers PA, Smith F. Colorimetric method for 
determination of sugars and related substances. Anal Chem. 1956;28:350–6.

19.	 Box GEP, Behnken DW. Some new three level designs for the study of quanti-
tative variables. Technometrics. 1960;2:455–75.

20.	 Abdel-Fattah YR. Optimization of thermostable lipase production from a ther-
mophilic Geobacillus sp. using Box-Behnken experimental design. Biotech 
Lett. 2002;24:1217–22.

21.	 Abo-Zaid GA, Wagih EE, Matar. SM, Ashmawy NA, Hafez EE. Optimization of 
pyocyanin production from Pseudomonas aeruginosa JY21 using statistical 
experimental designs. Inter J ChemTech Res. 2015;8:137–48.

22.	 Gerlier D, Thomasset N. Use of MTT colorimetric assay to measure 
cell activation. J Immunol Methods. 1986;94(1–2):57–63. https://doi.
org/10.1016/0022-1759(86)90215-2

23.	 Kasibhatla S, Amarante-Mendes GP, Finucane D, Brunner T, Bossy-Wetzel E, 
Green DR. (2006). Acridine Orange/Ethidium Bromide (AO/EB) Staining to 
Detect Apoptosis. CSH Protoc. PMID: 22485874 https://doi.org/10.1101/pdb.
prot4493

24.	 John Wiley & Sons Inc. - Curr Protoc Mol Biol (2003), 593–8.
25.	 Gamar L, Blondeau K, Simonet JM. Physiological approach to extracellular 

polysaccharide production by Lactobacillus rhamnosus strain C83. J Appl 
Microbiol. 1997;83:281287.

26.	 Imran MY, Reehana N, Jayaraj KA, Ahamed AA, Dhanasekaran D, Thajuddin 
N, Muralitharan G. Statistical optimization of exopolysaccharide produc-
tion by Lactobacillus plantarum NTMI05 and NTMI20. Int J Biol Macromol. 
2016;93:731–45.

27.	 Degeest B, Janssens B, De Vuyst L. (2001). Exopolysaccharide (EPS) biosynthe-
sis by Lactobacillus sakei 0–1: Production kinetics, enzyme activities and EPS 
yields. J. Appl. Microbiol. 91: 470–477

28.	 Macedo, M.G. C. Lacroix, C.P. (2002). Champagne, Combined effect of 
temperature and medium composition on exopolysaccharide production 
by Lactobacillus rhamnosus RW-9595 M in a whey permeate based medium. 
Biotechnol. Prog. 18: 167–173.

29.	 Sánchez JI, Martínez B, Guillén R, Jiménez-Díaz R, Rodríguez A. Culture 
conditions determine the balance between two different exopolysaccha-
rides produced by Lactobacillus pentosus LPS26. Appl Environ Microbiol. 
2006;72:7495–502.

30.	 Amiri S, Mokarram RR, Khiabani MS, Bari MR, Khaledabad MA. Exopolysaccha-
rides production by Lactobacillus acidophilus LA5 and Bifidobacterium anima-
lis subsp. lactis BB12: optimization of fermentation variables and characteriza-
tion of structure and bioactivities. Int J Biolog Macro. 2019;123:752–65.

31.	 Deepak V, Ram Kumar Pandian S, Sivasubramaniam SD, Nellaiah H, Sundar 
K. Optimization of anticancer exopolysaccharide production from probiotic 
Lactobacillus acidophilus by response surface methodology. Prep Biochem 
Biotechnol. 2016;46(3):288–97. https://doi.org/10.1080/10826068.2015.10313
86

32.	 Mathi P, Nikhil K, Ambatipudi N, Roy P, Bokka VR, Botlagunta M. (2014). In-
Vitro and In-Silico characterization of Sophora interrupta plant extract as an 
anticancer activity. Bioinformation Vol 10(3), DOI: 10.6026/97320630010144 · 
Source: PubMed.

33.	 Knudson CM, Korsmeyer SJ. Bcl-2 and bax function independently to 
regulate cell death. Nat Genet. 1997;16(4):358–63. https://doi.org/10.1038/
ng0897-358

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1016/0022-1759(86)90215-2
https://doi.org/10.1016/0022-1759(86)90215-2
https://doi.org/10.1101/pdb.prot4493
https://doi.org/10.1101/pdb.prot4493
https://doi.org/10.1080/10826068.2015.1031386
https://doi.org/10.1080/10826068.2015.1031386
https://doi.org/10.1038/ng0897-358
https://doi.org/10.1038/ng0897-358

	﻿Improvement and enhancement of oligosaccharide production from ﻿Lactobacillus acidophilus﻿ using statistical experimental designs and its inhibitory effect on colon cancer
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Cultivation of microorganisms
	﻿Extraction and quantitative assay of LA-EP- 20079
	﻿Statistical experimental designs
	﻿Plackett–Burman design
	﻿Response surface methodology (Box-Behnken design)
	﻿Statistical analysis of data


	﻿Purification of the active compound from LA-EPS-20079
	﻿Evaluation of the anti-cancer effect of the extracted oligosaccharide
	﻿Induction of apoptosis and assessment of necrosis
	﻿Effect of LA-EPS-20079 on gene expression
	﻿Results and discussion
	﻿Evaluation of factors affecting LA-EPS-20079 production
	﻿Confirmation of plackett–burman design
	﻿Examination of the model’s adequacy
	﻿Verification of the model
	﻿Anticancer effects of the selected trial and purified fraction

	﻿Effect of ﻿Lactobacillus﻿ oligosaccharide on gene expression level
	﻿Conclusion
	﻿References


