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Abstract
exopolysaccharides (ePSs) are novel functional additives for low-fat yogurt. Pharmaceutical, medical, 
and food industries are using more lAB-based ePSs. in this study, leuconostoc spp. was used to produce 
ninth bacterial ePSs in a modified molasses medium. Production of ePSs was concentration-dependent 
on all stains and the highest yield was obtained from the S3 strain (55.23 g/l), followed by S6 (49.95 
g/l), S8 (45.68 g/l), and S7 (44.23) , respectively. HPlC and FtiR analysis showed that all purified ePSs 
from leuconostoc citreum (S3) and leuconstoc holzaapfelii (S8) were related to exopolysaccharide 
glucan.  Anticancer activity of all ePSs samples (ePSs1-9) against Caco-2 cells and normal MCR-5 cells 
were investigated using Mtt assay. the results revealed that Caco-2 cells were more sensitive than 
the normal MCR-5 cells. the highest anticancer activity against Caco-2 cancer cells was recorded 
for ePS8 (iC50 = 22.94 µg/ml, Si=3.73), followed by ePS3 (iC50 = 36.15 µg/ml, Si=8.72), ePS1 (iC50 = 
50.01 µg/ml, Si=3.73), and ePS4 (iC50 = 94.90 µg/ml, Si=3.26), respectively. the lowest cytotoxicity 
was recorded for ePS5 (iC50 = 130.5 µg/ml). the most active ePSs (ePS3 and ePS8) were used as fat 
replacements and stabilizers in low-fat set yogurt at non-toxic concentrations (0.4, 0.8, and 1.2%). ePS3 
and ePS8 improved the low-fat yogurt's organoleptic and rheological properties. ePS8 had the highest 
water holding capacity (77.26%), viscosity (3660 CP), and lowest syneresis (22.95%) and whey off (0.6 
ml). low-fat set yogurt enhanced with ePS3 and ePS8 recorded the highest sensory evaluation values 
with overall acceptability, especially ePS3b, ePS3c, ePS8c, and ePS8b; the total score point of 97.50, 
97.43, 96.51, and 96.36, respectively  in fresh age compared to control yogurt (92.64). in conclusion, 
leuconostoc ePSs, especially ePS8, can be explored for anti-cancer effects on Caco-2 colorectal cancer 
cells. it could also improve the rheological and organoleptic qualities of low-fat set yogurt.

Keywords: Anticancer, Caco-2 cells, Cytotoxicity, Molasses, Exopolysaccharide, Glucan, Leuconstoc Strains, 
Low-fat Set Yogurt, Organoleptic and Rheological Properties

iNtROduCtiON

 Yogurt is fermented milk, and it is 
consumed worldwide due to its therapeutic and 
nutritive values and consider a key component 
of daily diet and ranks second among Children’s 
favorite snacks globally.1 Yogurt's physical 
properties, including thickness and smoothness,2 
and viscosity,3 are crucial for consumers' 
acceptability. Yogurt also promoting health 
benefits4; as it contains live lactic acid bacteria, 
which cure some intestinal disorders, decrease 
the risk of cancer, lowering blood cholesterol, and 
improving digestion of lactose.5 Several researchers 
reported the association of LAB-produced EPS 
with anti-biofilm, immunomodulatory, antiulcer, 
cholesterol-binding, antioxidant, and anticancer 
effects.6,7

 I t  i s  a  r i ch  source  of  prote ins , 
carbohydrates, vitamins, fats, phosphorous, and 
calcium. Lactic acid fermentation of yogurt makes 
it easily digestible and increases the bioavailability 
of calcium in the intestine.8 Consumers prefer 
dairy items (non-fat or low-fat yogurt) as it is best 
for health; due to reduced heart diseases and 

obesity risk.9 Using the suitable type and adding 
the right amount of the stabilizer to fermented 
milk will improve the viscosity, and prevent whey 
separation and addition of skim milk powder 
will not be required. Since a low concentration 
of stabilizer may not satisfy the functional 
requirements, also too high concentration may 
result in unacceptable appearance, mouthfeel, 
surface sheen, and texture. So, to produce good 
quality yogurt; the concentration of stabilizer 
addition should be controlled.10 Fermented 
Yoghurt preparation through EPS-producing 
bacterial cultures exhibits varying gel firmness, 
ropiness, syneresis, mouth thickness, and 
rheological characteristics.11 Addition of EPSs or 
stabilizers enhancing the texture and sensory 
features of yogurt and to achieve a viscous final 
product. A few EPSs could affect the texture of 
yogurt, whereas other EPS could replace the fat 
and thicken the texture.12 Polysaccharides protect 
bacteria in harmful environments and facilitate 
microbial cell attachment to a solid surface to 
form an extracellular biofilm matrix.7,13 Food 
scientists are giving special attention to LAB-
produced EPSs because of their GRAS (Generally 
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gelling, emulsification, texturization, sweetening, 
and bioactive properties.20

 Cancer is a term refers to the uncontrolled 
proliferation of abnormal cells that have the ability 
to invade and damage surrounding tissue. The 
World Health Organization (WHO) lists cancer as a 
top 10 global killer. An increase in cancer incidence 
has been linked to a lack of education about the 
disease and access to effective chemotherapeutic 
medicines.21 Traditional cancer treatments include 
surgical removal, radiation, and drug therapy. 
Current cancer treatments include surgery, 
radiation, hormone therapy, anti-hormone 
therapy, and chemotherapy.22 Drug therapy 
can harm healthy organs and tissues, such as 
the bone marrow, kidneys, and oral mucosa, 
as well as disrupt a person's regular metabolic 
process. Cytotoxic agents such as doxorubicin, 
taxol, 5-fluorouracil, and cyclophosphamide are 
commonly used in the treatment of different 
types of cancer.23 Thus, there is a growing demand 
for targeted medicines that can effectively treat 
cancer while having minimal side effects on 
healthy tissues or that can serve as adjuvants 
to lower clinical doses and boost the efficacy of 
standard chemotherapy drugs.24 Recent research 
has shown that LAB EPS could be used as potential 
antioxidants and anticancer. Polysaccharides from 
various sources are being explored for anticancer 
efficacy and acting as immunomodulators, 
increasing the body's defense against cancer 
cells and reducing the immunosuppression 
caused by chemotherapy.7,25,26 In vitro and in vivo 
animal investigations have demonstrated that 
more than 100 polysaccharides are anticancer 
across a spectrum of cancer cell types. These 
drugs overcome several of chemotherapy's 
disadvantages.27

 This work aims to (i) evaluate the EPSs 
production from newly isolated Leuconostoc 
strains using sugar cane molasses as a cheaper 
fermentation medium, (ii) assess the cytotoxicity 
and anticancer activity of EPSs against human 
colorectal cancer (Caco-2) and normal fetal lung 
fibroblasts (MRC-5), (iii) using the EPS produced 
from some Leuconostoc strains as a fat replacer for 
making low-fat set yogurt and studying its effect 
on the rheological and organoleptic properties of 
the resulted yogurt.

Recognized as Safe) status and physicochemical, 
prebiotic, and health-promoting properties.14,15 
The exopolysaccharides obtained from bacteria 
was used since a long time in therapeutic and 
other industrial applications with no adverse 
effects.7 The complex chemical structures of 
bacterial EPSs significantly affect their functional 
properties and health-promoting potential, 
including anticarcinogenic, cholesterol-lowering, 
immunomodulatory, glycemic control, anti-
inflammatory, anti-biofilm, prebiotic, calcium 
and magnesium absorption, modulating the 
gut microbiome and antioxidant activities.7,16,17 
EPSs have a bioactive function that enables drug 
delivery systems and as antitumor agents. EPSs 
production for drug delivery is comparatively 
simple than viable cells containing biological 
scaffold production. EPS drug carriers could be 
tailored for controlling drug release, enhancing 
the drug’s shelf life inside the body, and improving 
drug efficiency.17 EPSs from LAB are varied 
from species to species; they can be divided 
into two classes, homopolysaccharides such 
as glucans, fructans, or galactans, which either 
contain a single type of monosaccharide or 
multiple types of monosaccharides known as 
heteropolysaccharides.18 EPSs are important for 
the preparation of several dairy items, including 
cheese, drinking yogurt, yogurt, desserts, and 
cultured cream. LAB-produced EPSs have been 
used in situ for reducing yogurt syneresis and 
they could also potentially be used in other 
food preparations.14,17 However, low LAB-based 
EPSs production restricts their applications as a 
functional ingredient. Consumers’ acceptance is 
affected negatively by textural defects such as the 
low gel strength and syneresis of yogurt. Leakage 
of whey from yogurt is a common defect and must 
be controlled, whey network expulsion leading to 
visible surface whey which known as Whey-off, and 
this is negatively affecting consumer perception 
of yogurt. Hence, stabilizers (starch, gelatin, and 
pectin) are used during yogurt manufacturing 
for preventing whey-off, which may be indicative 
of faulty fermentation and off-flavors.19 EPSs 
remain an interesting tool for modulating the 
sensory properties of yogurt. LAB-produced EPSs 
as natural thickeners have received considerable 
importance in food manufacturing industries 
because of their better water-binding capacity, 
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MAteRiAlS ANd MetHOdS

Bacterial Strain used for ePSs Production
 Based on the previously published work,15 
the most promising nine isolates submitted to 
the Gene bank database (Accession numbers: 
MN251629, MN251661, MN251606, MN396397, 
MN251658, MN251740, MN251663, MN251741, 
and MN251672) were assessed for production of 
EPS using Sugar cane molasses media.

Chemicals and Sugar Cane Molasses
 Analyt ical  grade chemicals  were 
purchased from (Sigma and Merck). Sugar cane 
molasses was kindly provided from the Abo-
Qurqas sugar factory, Al-Minia, Egypt. 
 
Molasses Medium, extraction and Purification 
of ePSs
 The sugar cane molasses was clarified 
and diluted with distilled water containing 
NaH2PO4 (1.5 gl-1) as described by the methods 
of Mattos et al.28 for obtaining a serial dilution 
of sugarcane molasses media (W/V) with the 
following concentrations:130, 160, 200, 262 and 
290 (g/l). The diluted molasses was autoclaved 
for 30 min at 120°C and kept for 24 h, followed 
by their separation from the solid material. Then, 
the addition of yeast extract (6g/L-1) was carried 
out at pH 7.0. The medium was inoculated with 
freshly prepared cultures (5%) of each strain and 
incubated under shaking at 37°C for 48h. The cell 
growth was measured at 600 nm using a Jenway, 
6850 UV/Vis (USA) spectrophotometer.29 After 
incubation, molasses culture broth viscosity 
was reduced by adding deionized water. Then, 
centrifugation was carried out for 30 min at 4000g, 
and supernatant (cell-free) was slowly added to 
isopropanol (two volumes) along the conical flask 
wall and kept at room temperature for 2 hours for 
EPS precipitation. The cold ethanol was used to 
wash EPS (thrice) and dried at 60°C for two days 
and weighed.14,30

Chemical Analysis of ePSs
 The two EPSs (EPS3 and EPS8) which 
produced from Leu. Mesenteroides S3 and Leu. 
Holzaapfelii S8 exhibited the highest anticancer 
activity against Human colorectal cancer (Caco-
2), and normal fetal lung fibroblasts (MRC-5) cell 

line, were partially purified, dried, and kept for 
chemical characterization. A Gallen Kamp melting 
point apparatus determined the melting point. To 
determine their content of monosaccharides, the 
sample was hydrolyzed using 6N HCl, followed by 
dilution with water and titrated against Benedict’s 
solution.

Fourier transform infrared Spectrometer (FtiR) 
Analysis
 To detect the function groups of EPSs, 
Fourier Transform Infrared Spectrometer (FTIR) 
was conducted. KBr (potassium bromide) pellets 
were used to ground partially purified and dried 
samples. A 50 mg disk of dried specimens (2%) 
and KBr was prepared to analyze EPSs spectra 
at a 400–4000 cm-1 wavelength31 using FT- IR 
Spectrometer (8201 PC Shimadzu) at Chemistry 
Department, Faculty of Science, Assiut University, 
Egypt.

lC-MS Analysis
 To determine the mass spectrum of the 
EPSs through UPLC (ultra-performance liquid 
chromatography), methanol was used to dissolve 
partially purified EPSs and assessed by following 
the procedure of Supaka et al.32 UPLC system 
and Quattro Premier triple quadrupole mass 
spectrometer (Micromass, Milford, MA, USA) were 
coupled through an electrospray ionization source 
(Z-spray) operating in negative ionization mode. 

Preparation of Cancer Cell lines and Anticancer 
Activity Assay of ePSs
 Anticancer activity of EPSs samples 
produced from Leuconostoc strains was assessed 
against Human colorectal cancer (Caco-2) and 
normal fetal lung fibroblasts (MRC-5) using MTT 
assay as described by Mosmann.33 Both cell lines 
(Caco-2 and MRC-5) were employed for the 
cytotoxicity evaluation of exopolysaccharides 
(EPS1-9). Cell lines were cultured in DMEM 
(Dulbecco’s modified Eagle’s medium). Media 
was supplemented with penicillin/streptomycin 
(1%), fetal calf serum (10%), and L-glutamine. 
Experiments were conducted under optimum 
conditions (37°C, CO2 (5%), and humidity (95%)). 
Cells were detached using Trypsin/EDTA solution 
at the logarithmic growth phase. To determine the 
anticancer activity of EPSs samples, cell lines (2 × 
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104 cells/well) were cultured in 96-well plates and 
incubated for 24 h. Stock solutions (10 mg/ml) of 
EPSs produced from the selected strains (Table 
1) were prepared in sterile distilled water and 
overnight sonicated. Serial fold dilutions of EPSs 
were prepared in the media and incubated for 
24 h with cells. Doxorubicin (a chemotherapeutic 
agent) was used as a positive control. Then, the 
addition of MTT solution (0.5 mg/ml) was carried, 
out followed by incubation for 4 h. Formazan 
crystals were dissolved in DMSO (100 µl,) and a 
microplate reader was used to measure the light 
absorbance at 570 nm. Treatments were carried 
out in triplicate and 3 experimental repeats were 
performed.
 The following equation determined cell 
viability:

 
Viability =          % 

(OD sample treated cells – OD sample medium control)
(OD untreated cells – OD medium control)

Selectivity index (Si)
 In the present study, the degree of 
selectivity of the isolated polysaccharides (EPS1-9) 
is expressed as reported previously with a minor 
modification.34

    
SI =

IC50 of PS in normal cell line
IC50 of PS in cancer cell line

Preparation of ePSs for Making low-fat Set Yogurt
 EPSs (EPS3 and EPS8) that exhibited 
the highest anticancer activity were prepared at 
different concentrations of 0.4, 0.8 and 1.2% for 
making the low-fat set yogurt treatments. Each 
of the EPS was prepared individually in beakers 
containing 50 ml of distilled water and then 
warmed to 45°C until completely dissolved full 
absorption occurred. 

Preparation of low-fat set Yogurt enhanced with 
ePSs Mediated Anticancer Activity
 Yogurt was manufactured according to 
Tamime,35 the buffalo milk was skimmed to nearly 
0.65% fat for making Low-fat set yogurt, then 
heated at 90°C for 10 min., to destroy unwanted 
microorganisms and to remove the dissolved 
oxygen because starter cultures are sensitive to 
oxygen so assisting starter growth, then cold to 
45°C. After that, the EPS3 and EPS8 were added 
individually at a level of 0.4, 0.8 and 1.2% for 
making 6 treatments; coded as EPS3a, EPS3b, EPS3c, 

EPS8a, EPS8b, and EPS8c, respectively and compared 
with control (free of EPS). The different prepared 
treatments were well mixed with the remaining 
amounts of the milk and cooled down to 40°C, 
then all treatments and control were inoculated 
with a fresh yogurt starter culture (2% w/w). 
The treatments of inoculated milk were added 
into sterile plastic cups (150 ml) after stirrings 
and incubated at 40°C until curdling occurred. 
Subsequently, all treatments were cooled and 
stored at 5°C in cooling incubator.36 Physiochemical 
properties and sensory evaluation were assessed 
during storage periods for 15 days. 

Physiochemical Assays of the low-fat Set Yogurt 
treatments
 To evaluate the quality of the prepared 
low-fat set yogurt enhanced with the EPSs, 
physiochemical properties including water-holding 
capacity (WHC), syneresis, wheying-off, viscosity, 
pH and acidity were determined.
 According to Guzman-Gonzalez et al.,37 
the water-holding capacity of low-fat set yoghurt 
samples of different treatments was estimated 
yogurt. The centrifugation yogurt samples (25g (Y)) 
was carried out at 4500 rpm (room temperature) 
for 30 min. Whey expelled (WE) was collected and 
weighed; WHC was measured as shown in the 
following formula:

WHC (%) = [1-WE/Y × 100]

 Syneresis of low-fat set yogurt samples 
was estimated using the drainage method 
described by Isanga and Zhang.38 Separation of 
whey from all yogurt samples was measured and 
performed at 20°C. The samples were transferred 
into a filter paper (Whatman No. 4) placed on top 
of a funnel fixed on a graduated cylinder. Whey 
volume (ml/100g) was determined after 2h and 
taken as an index of syneresis.
 Whey expulsion from the network leading 
to a visible surface whey, known as wheying-off 
negatively affects the perception of the consumer. 
Different stabilizers (starch, gelatin, and pectin) are 
used in large-scale yogurt preparations to prevent 
wheying-off. This parameter was determined by 
pulling and measuring the amount of expelled 
whey by a syringe after manufacturing for 24 h.19

 A Brookfield viscometer (Brookfield 
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viscometer DVII, USA) containing spindle no.4 
and a rotation speed of 3 rpm at 25°C was used 
to determine the homogenized sample viscosity. 
The results (centipoise (CP) were recorded after 
50 s of shearing.39

 The yogurt sample's pH values for the 
different treatments were observed through a 
digital pH meter (ORION, model 420, Germany). 
Samples were mixed with distilled water (10 ml) 
to assess the acidity through titration with 0.11 N 
NaOH and 0.5 % phenolphthalein, which presented 
a faint pink color at the endpoint.36 Fat content in 
yogurt samples was determined by the Gerber 
method, and the total solids were analyzed as 
described in AOAC.40

Sensory evaluation of the low-fat Set Yogurt 
treatments
 Consumer acceptability of the low-fat set 
yogurt treatments was evaluated during storage 
periods of 1, 5, 10 and 15 days at 4°C by staff 
members of the Dairy Science Department, Faculty 
of Agriculture, Fayoum University, Fayoum, Egypt. 
Samples of low-fat set yogurt treatments were 
presented at room temperature in coded cups 
using score card of 45, 35, 10 and 10 degrees for 
appearance, texture, body, flavor, and the acid 
taste, respectively.41

Statistical Analysis
 SPSS general linear model was used for 
data analyses,42 and expressed as mean values + 
standard error, whereas means were compared 
through Duncan’s multiple range test at P ≤ 0.05.43

ReSultS ANd diSCuSSiON

exopolysaccharide Production using Sugar Cane 
Molasses Medium
 EPSs obtained from bacteria possess 
complex and diverse chemical structures, 
which significantly affect their functional 
properties and health-promoting potential, 
including anticarcinogenic, cholesterol-lowering, 
immunomodulatory, glycemic control, anti-
inflammatory, anti-biofilm, prebiotic, calcium, 
and magnesium absorption, gut microbiome 
modulation, and antioxidant activities. EPSs 
are novel additives for dairy items, particularly 
low-fat yogurt. Our previous study selected and 

characterized the promising strains among various 
bacterial colonies isolated from dairy items, 
vegetables, and fermented fruits (genotypically 
and phenotypically).15 Isolates S1, S2 and S3, were 
identified as Leu. citreum, Leu. mesenteroides, 
and Leu. Fallax, respectively. Isolate S6 was 
identified as Leu. Lactis. While isolates S4, S5, S7, 
S8, and S9 were identified as Leu. Holzaapfelii, 
respectively. All strains were non-spore-forming, 
non-motile, Gram-positive, oxidase-negative, and 
catalase-positive bacteria. All selected isolates 
could be grown at different pH from 4 to 8, 
temperatures from 20 to 37°C, and tolerant to 
NaCl at concentrations from 0 to 6.5%. Sucrose 
is the most effective among the carbon sources 
tested.15 However, the increase in demand for 
polysaccharides due to their uses in different food, 
medicinal, cosmetic, agricultural, pharmaceutical, 
and chemical industries lead to searching for highly 
EPS-producing bacterial strains and optimization 
conditions. The high cost of EPS production is the 
major restriction in industrial production and the 
cost of sugar as a carbon source is considered 
one of the most important factors in determining 
the commercial success of EPS production.44 
Therefore, an inexpensive substrate must be found 
to reduce the cost of the raw materials.45 Hence, 
the most economical by-products are produced 
from natural sources and industrial wastes. So, in 
this study, sugar cane molasses (which has a high 
concentration of sucrose) have been used not only 
as substrates instead of commercial sucrose as 
used by Razack et al.,46 but also as fermentation 
media for the production of EPS, to make the 
most economically effective as investigated 
by Sutherland et al.45 In this study, EPSs were 
produced from the selected isolates using different 
concentrations (13, 16, 20, 26.2, and 29%) of sugar 
cane molasses as a fermentation media (Figure 
1). The results indicated that a gradual increase 
in EPS production was observed as molasses 
concentration increased in the medium from 13 
to 20 % and reached the maximum with 26.2 % 
molasses. Then EPS yield was drastically decreased 
at the highest molasses concentration (29 %) for 
all tested bacterial strains. There were significant 
differences between the tested strains S1-S9 for 
EPSs production. The highest yield of EPSs was 
55.23, 49.95, 45.68 and 44.23 g/l recorded for S3, 
S6, S8 and S7, respectively. In contrast, the lowest 
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yield was 38.95, 34.27, 32.44, 27.99 and 27.99 g/l 
for S5, S4, S9, S1 and S2, respectively, when the 
molasses fermentation media was supplemented 
with 26.2% molasses. These results indicated that 
EPSs amounts inducted by the selected strains 
in the current study using the modified sugar 
cane molasses medium were higher than that 
recorded by Razack et al.,46 Moghannem et al.,47 
and who reported the highest EPS yields obtained 
from Leuconostoc species in sugar cane molasses 
medium as 2.843, 5.5 and 7.6 gl-1, respectively.

Physiochemical Properties of ePSs Produced by 
the Selected Strains
 The most promising EPSs samples (EPS3 
and EPS 8) that exhibited the highest anticancer 
activity and were used for making different low-
fat set yogurt treatments were analyzed by FTIR 
and LC-mass. EPSs samples were insoluble in 
cold water but soluble in hot water and revealed 
a melting point of 300°C. The monosaccharide 
content of the purified EPSs was equal to 50% 
relative to the weight of starting sample, as 
detected by the Benedict reagent after hydrolysis. 
FTIR spectrum of the purified EPSs extracted 
from the selected strains was measured in the 
wavenumber range 4000–500 cm-1, and the FT-
IR spectra concerning specific molecular groups 
were identified based on the published FT-IR 
spectra and reference standards.48 The purified 

EPSs extracted from EP S3, and EP S8 strains 
revealed prominent peaks at 3418, 2924, and 
2150. 1651, 1452 and 1165 cm-1 as indicated in 
Figure (2 a, b). Absorption broadband ranging 
from 3600 - 3418 cm-1 indicated the stretching 
vibration of the O-H group, which may also help 
explain why EPSs soluble in ethanol and methanol. 
Also, the bands at 2924 cm-1 in both EPS3 and 
EPS8 were due to aliphatic CH group asymmetrical 
stretching vibration. Prominent bands at 1652 
- 1632 cm-1 indicate the presence of CO group 
stretching vibration. However, IR data could not 
predict complete compound structure. Vibrational 
peaks mostly occur because of deformation or 
oxidation in the polyene chain.49 Furthermore, 
the high-performance liquid chromatography-
mass spectra of the purified EPSs produced by 
Leuconstoc isolates were structurally related to 
glucan exopolysaccharide. The mass spectra of 
EPSs fragmentation (Figure 3 a, b) depicted a 
signal at an m/z of 1980, which corresponded to 
a fragment of 11 glucose units, and a signal at an 
m/z of 1830 corresponded to 10 glucose units. In 
addition, signals at m/z of 1620, 1440, 1260, 1080, 
720, and 360 correspond to nine, eight, seven, six, 
four, and two glucose units, respectively Gangoiti 
et al.,50 reported that LAB species belonging to 
genera Weissella, Streptococcus, Lactobacillus, 
and Leuconostoc produce glucans (α-glucans or 
β-glucans) containing glucose residues, which 

Figure 1. EPS production (g/l) by the selected Leuconostoc strains (S1 to S9) using different concentration of sugar 
cane molasses as fermentation medium
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form the backbone structure consisting of binding 
and branching sites. The obtained results in 
this study indicated that sugar cane molasses 
could be successfully utilized as an economical 
fermentation medium for large-scale industrial 
production of EPSs by Leuconostoc strains.

Cytotoxicity and Anticancer Activity of Microbial 
exopolysaccharide
 Cancer is an abnormal growth of the 
tissues when the body cannot control the cells 
because of irreversible DNA damage in response 
to tumor suppressor gene mutations, leading 
to a significant increase in the dividing cell 
population. The development of novel antitumor 
natural compounds with comparatively lower side 
effects and non-selective toxicity has become an 

important target in beneficial health effects and 
many immunotherapy studies.51 In this study, the 
cytotoxic activity of EPS and standard cytotoxic 
drug; doxorubicin, against colorectal cancer and 
normal fibroblast cell lines are represented in 
Figure 4. Different concentrations of EPS-1-9 
were used to assess the inhibitory effects of these 
compounds on tested cells growth (Figure 4). It 
was revealed that the growth inhibition rate of 
tested cells increased significantly with increasing 
EPS concentrations, with a clear upward trend 
observed. The cytotoxic activity was categorized 
as highly active (IC50 ≤ 20 μg/ml), moderately 
active (IC50 21-200 μg/ml), weakly active (IC50 
201-500 μg/ml), and inactive (IC50 > 501 μg/
ml).52 The tested EPS showed variable moderate 
cytotoxicity on Caco-2 cells (Table 1), which were 

Figure 2. FTIR spectra analysis of Exopolysaccharides EPS3 (a), EPS8 (b) produced from Leuconostoc strains S3 and 
S8, respectively
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relatively more sensitive than normal MCR-5 
cells (Figure 4, Table 1). The maximum cytotoxic 
effect of EPS on Caco-2 cells was observed in 
EPS8 (IC50 = 22.94 µg/ml) followed by EPS3 (IC50 
= 36.15 µg/ml), EPS1 (IC50 = 50.01 µg/ml), and 
EPS4 (IC50 = 94.90 µg/ml). The lowest cytotoxicity 
was observed in EPS5 (IC50 = 130.5 µg/ml). The 
selective index (SI) values differentiated between 
the activity of EPS (Table 1). An SI value has been 
reported as less than 2 indicates general toxicity 
of the tested compound (14). Accordingly, the 
SI data in Table (1) indicate that EPS3, EPS8, and 
EPS1 exhibit a high degree of cytotoxic selectivity 
with SI values of 8.72, 3.73, and 3.61, respectively. 
However, unclear why EPS9 and EPS7 exhibited 
a low degree of selectivity in cytotoxicity with SI 
< 2 (Table 1), suggesting their general toxicity to 
cells, as per the earlier standard.53 The differences 
could be due to the application of different cell 
lines in our study. EPS targeting specificity and 
cellular sensitivity could also vary among cells. 
The difference in EPS chemical components with 
different targets could further elaborate on the 
dissimilar IC50 values of the tested samples. 
The difference in the collection, production, and 
environmental parameters and isolation sources 
might justify the variations in biological and 
chemical activities of the investigated EPS. In 
some studies, EPS biological activity corresponds 
to functional groups (amino, hydroxyl, carbonyl, 
and carboxyl groups).52,54 In the current study, FT-IR 
analysis of the sugar structure (Figure 2) of EPSs 
revealed the presence of hydroxyl and carbonyl 
groups, which may explain their significant anti-
cancer properties. These components target 
different cytotoxic pathways in cancer cells. Anti-
proliferative effects of EPSs on different cancer 
cells (breast, liver, and intestine) have been 
reported. However, the anticancer mechanisms of 
EPSs are unclear and complicated. However, the 
actual mechanism of cytotoxicity of EPSs produced 
from Leuconostoc strains in this study still needs 
further investigation and research. LAB-produced 
EPSs are known to inhibit tumor cell growth 
directly through enhanced apoptosis, induction of 
cell cycle arrest, anti-angiogenesis, anti-oxidative, 
and anti-mutagenic activities, or indirectly through 
immune stimulation.55,56 In addition, further clinical 
and in vivo investigations are needed to establish 

the anticancer potential of EPSs produced from 
Leuconostoc strains investigated in this study.

Physiochemical Properties of the low-fat Yogurt 
enhanced with ePSs-mediated Anticancer Activity
effect of ePSs on pH and Acidity of low-fat Set 
Yogurt
 LAB-produced Exopolysaccharides are 
gaining popularity in the food industry because of 
their potential applications as natural functional 
food compounds and safe additives, leading to 
reduced external hydrocolloid usage.14,17 These EPS 
are natural bio-thickeners, which could enhance 
the rheological characteristics of fermented foods. 
In this study, three different concentrations of EPS3 
and EPS8, which exhibited the highest anticancer 
activity were chosen for making different low-
fat yogurt treatments, and the physiochemical 
properties and sensory evaluation were assessed. 
Results in Table 2 showed the pH values of EPSs 
enriched Low-fat set yogurt samples during 
storage (4°C) compared to controls. The pH values 
of EPS enriched low-fat yogurt samples were 
significantly different (P≤0.05) compared to the 
control samples. In general, pH values of all EPSs 
enriched low-fat yogurt samples and control were 
decreased during the storage periods. Also, it was 
noticed that as EPSs concentration in low-fat yogurt 
treatments increased, the pH values decreased 
compared to control. Table 2 reveals that the 
lowest pH values were recorded for the EPS8c 
sample (4.28), followed by EPS8b and EPS3c (4.35), 
EPS8a (4.37), EPS3a (4.39) at 15 days of storage and 
EPS8c (4.39) at 10 days of storage, respectively. In 
contrast, TA% (Table 2) values of the low-fat yogurt 
control samples were significantly increased 
compared to the low-fat yogurt treatments 
supported by EPSs during the storage periods. 
At the same time, the highest TA% values were 
recorded for the EPS8c sample (0.90), followed by 
EPS8b (0.86) and EPS3c (0.84%) at 15 days of storage 
compared with control and the other EPS low-fat 
yogurt samples (0.83%). The increase in acidity 
was mainly due to lactose hydrolysis during the 
fermentation processes occurred by lactic acid 
bacteria.57 and this was more in samples of low-
fat yogurt enriched with EPS, which may activate 
lactic acid bacteria. These findings were similar to 
other previous studies.39,58 However, decreased pH 
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during yogurt fermentation could cause syneresis 
because of casein micelles destabilizations.59,60 
Therefore, low-fat yogurt's rheological properties 
could be enhanced by adding EPS. In this context, 
nineteen EPS-producing strains were isolated from 
Chinese fermented dairy items and applied for 
yogurt preparation. A high EPS-producing starter 
was selected, which produced better texture, 
lower syneresis, and better sensory evaluation 
as compared to sample fermentation using a 
commercial starter culture.61

effect of ePSs on Fat Content and total Solids of 
low-fat Set Yogurt
 Results presented in Figure (5a) reveal 
non–significantly different fat content among low-
fat yogurt treatments supplemented with EPS and 
control. On the other hand, the total solids (TS %) 
(Figure 5b) of low-fat yogurt supplemented with 

EPS were significantly increased (P≤0.001) as EPSs 
concentration increased in comparison to controls. 
Regarding the total solids content, the highest 
TS% value (10.13%) was recorded for the low-fat 
yogurt enriched with 1.2% of EPS3. In comparison, 
the lowest one was recorded for control yogurt 
(9.71%), which indicated that EPS increase the 
TS% and that reported by Omer62 as he mentions 
that polysaccharide is one of the factors which 
can improve consistency and hence will increase 
the total solids. The results of TS (%) were close 
to that mentioned by Abd El-Galeel et al.63

effect of ePSs on Water Holding Capacity (WHC%) 
of low-fat Set Yogurt
 WHC depicts the sample’s gel stability 
and syneresis.64 Results illustrated in Figure (5c) 
showed the effect of EPSs on the WHC of low-fat 
yogurt enriched with different concentrations of 

Figure 3. LC-mass of Exopolysaccharides EPS3 (a), EPS8 (b) produced from Leuconostoc strains S3 and S8, respectively
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table 1. Anticancer activity of polysaccharides (EPS1-9) 
produced from different Leuconostoc strains on Caco-
2 and MCR-5 cells compared to doxorubicin (positive 
control)
 
Compound Caco-2 MCR-5 SI

EPS1 50.01 ± 4.86 180.7 ± 16.81 3.61
EPS2 112.00 ± 11.21 277.60 ± 25.53 2.48
EPS3 36.15 ± 3.29 315.3 ± 24.39 8.72
EPS4 94.91 ± 8.73 309.51 ± 26.17 3.26
EPS5 130.5 ± 12.89 276.50 ± 18.4 2.12
EPS6 129.3 ± 10.18 291.40 ± 19.45 2.25
EPS7 113.20 ± 8.79 189.20 ± 15.49 1.67
EPS8 22.94 ± 2.24 85.48 ± 6.73 3.73
EPS9 125.24 ± 9.83 144.50 ± 11.89 1.15
Doxorubicin 1.57 ± 0.12 0.70 ± 0.05 0.45

Notes; Data expressed IC50 values (µg/ml) as mean ± SD. 
Caco-2: Human colorectal cancer, MCR-5: normal fetal lung 
fibroblasts, SI: Selectivity index.

table 2. Changing in pH values and titratable acidity (TA 
%) of low-fat set yogurt enriched with EPSs mediated 
anticancer activity during storage periods at 5°C

Treatments*  Age pH TA (%)
  (day)

Plain yogurt  1 4.65a..d 0.72g

(free of EPS)   5 4.55a..e 0.775d…g

as control  10 4.45e…h 0.81b…f

  15 4.41e…h 0.83bcd

  1 4.64abcd 0.76e…g

EPS3** EPS3a 5 4.43e…h 0.793b…f

  10 4.40e…h 0.80b…e

  15 4.39e…h 0.83bcd

  1 4.66abc 0.773c…g 
 EPS3b 5 4.50b…g 0.775c…g

  10 4.48d…g 0.815b..f

  15 4.43e…h 0.83bcd

  1 4.67abc 0.765d…g

 EPS3c 5 4.40e…h 0.77d…g

  10 4.39e…h 0.815b…f

  15 4.35fgh 0.84abc

   1 4.695a 0.768d…g

EPS8*** EPS8a 5 4.53a…f 0.773c…g

  10 4.44e…h 0.798b…f

  15 4.37e…h 0.828b..e

  1 4.68ab 0.748fg

 EPS8b 5 4.49c…g 0.77d…g

  10 4.45e…h 0.825b..e

  15 4.35fgh 0.86ab

  1 4.68ab 0.72g

 EPS8c 5 4.52a…g 0.763d…g

  10 4.49c…g 0.793b…f

  15 4.28h 0.9a

 SE+  0.054 0.020

Notes: a, b,…and h: Means having different superscripts 
within each column are significantly different (P≤0.05). SE: 
Standard Error. *: Control: fermented low-fat Plain set yogurt 
(free exopolysaccharide), treatments of EPS3a, EPS3b and 
EPS3c, EPS8a, EPS8b and EPS8c are the fermented low-fat yogurt 
enhanced with of 0.4, 0.8 and 1.2% EPSs, respectively. **EPS3: 
Exopolysaccharide produced from isolate S3. ***EPS8: 
Exopolysaccharide produced from isolate S8.

EPS of Leuconstoc strains compared to control. 
It was noticed that as EPS increased, the water 
holding capacity increased. Whereas the highest 
value of WHC was recorded for EPS8c at a level of 
1.2% (77.2%), followed by EPS3c (76.34%), EPS8b 
(75.48%) and EPS3b (73.52%), respectively, whereas 
control treatment demonstrated the lowest value 
(67.05%). Thus, EPS improves the water holding 
capacity of the yogurt by interacting with casein 
micelles and holding water in between.65 Similar 
researchers reported that EPS from Leuconostoc 
pseudomesenteroides improved the WHC, yogurt 
viscosity, and texture profile in cold storage 
compared to controls.66

effect of ePSs on the Viscosity of low-fat Set 
Yogurt
 Results illustrated in Figure (5d) indicated 
that EPSs significantly increased the viscosity 
of low-fat yogurt and increased the viscosity, 
indicating more water binding increasing, the 
internal structure denser and uniform.65 The 
highest viscosity value was noticed for low-fat 
yogurt treatment of EPS8c, followed by EPS3c, EPS8b 
and EPS3b which were 3660, 2640, 2600 and 2500 
CP, respectively, compared to the yogurt control 
treatment (without EPS) that recorded the lowest 
viscosity (2313 CP). Similar studies indicated that 
the viscosity and texture properties of yogurt 
were improved by adding EPSs to low-fat yogurt, 

because polysaccharides in the gel-like structure 
interact with free water.67

effect of ePSs on the Syneresis and Whey-off of 
low-fat Set Yogurt
 Syneresis (Whey separation) occurs as a 
textural defect in yogurt. Due to the shrinkage of 
gel, water will expel from the network, which leads 
to syneresis, causing an unstable gel network with 
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Figure 4. Cytotoxicity (IC50) and anticancer activity of tested polysaccharides produced from Leuconostoc strains 
(EPS1-9) and doxorubicin (positive control) on Caco-2 and MCR-5 cells. Notes: the cytotoxic activity was categorized 
as highly active (IC50 ≤ 20 μg/ml), moderately active (IC50 21-200 μg/ml), weakly active (IC50 201-500 μg/ml), and 
inactive (IC50 > 501 μg/ml)
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the poor capability of entrapping serum phase.68,60 
Wheying-off or separation of the whey on the 
surface affects consumers' perception because it 
indicates something wrong microbiologically with 
the product.69 Results in Figure (5e) summarize the 
potential effect of ESPs to reduce and decrease 
the syneresis (%) and Wheying-off (ml) in low-fat 
yogurt containing EPSs samples compared to the 
control. In general, it was noticed that additions 
of EPSs decrease the syneresis and hence improve 
the stability of yogurt. In addition, in this study, 
as EPS concentration increased, the syneresis 
and Wheying-off were decreased,. Ge et al.64 also 

reported that adding the polysaccharide effectively 
reduces syneresis. Whereas the lowest syneresis 
value was recorded for EPS8c (22.95%), followed 
by EPS3c (24.57%) and the highest amount was 
recorded for control treatment; 42.03%. Likewise, 
Wheying-off results take the same trends as 
syneresis. The results illustrated in Figure (5f) 
show the whey-off expressed as ml/100g for low-
fat yogurt enriched with different EPS produced 
from Leuconstoc strains. The highest separated 
amount of whey (4.05 ml) was recorded for the 
control treatment (low-fat yogurt without EPS). In 
the contrast, all low-fat yogurt supplemented with 

table 3. Organoleptic properties of low-fat set yogurt enriched with EPSs mediated anticancer activity during 
storage periods at 5°C

Treatments  Age (day) Flavor Body &  Acidity Appearance Total
  (45)  (35) Texture (10)  (10)  (100)

Plain yogurt   1 42.50ABC 32.286A..D 9.14A..D 8.71C..G 92.64A..G

as control (C) * 5 42.80AB 30.20DE 9.00A..F 7.50I 89.50FG

  10 38.20D 29.60E 7.70G 7.40I 82.90H

  15 38.20D 29.00E 7.70G 7.80HI 82.70H

  1 43.14AB 33.86ABC 9.50AB 9.36A..D 95.86ABC

EPS3** EPS3a 5 43.60A 32.60ABC 9.80A 9.30A..F 95.30A..D

  10 42.40ABC 32.80ABC 8.60B..G 9.00A..G 92.80A..G

  15 41.80ABC 31.70CD 8.10FG 8.40F..H 90.00EFG

 EPS3b 1 44.00A 34.50A 9.50AB 9.50A..D 97.50A

  5 42.90AB 34.20AB 8.20EFG 8.90A..G 94.20A..F

  10 42.80AB 32.80ABC 9.00A..F 8.70C..G 93.30A..g

  15 42.80AB 32.40ABC 9.10A..D 8.90A..G 93.20A..g

 EPS3c 1 43.79A 34.36A 9.64A 9.64AB 97.43A

  5 42.60ABC 33.70ABC 9.50AB 9.60ABC 95.40A..D

  10 42.40ABC 33.30ABC 9.30ABC 8.20GHI 93.20A..G

  15 41.10BC 32.40ABC 8.30EFG 8.80B..G 90.60D..G

EPS8  0 43.43AB 33.79ABC 9.36A..D 9.29A..F 95.86ABC

*** EPS8a 5 43.40AB 32.00A..D 9.80A 8.90A..G 94.10A..F

  10 41.70ABC 33.20ABC 8.50C..G 8.50E..H 91.90B..G

  15 40.90C 31.70CD 8.65B..G 7.30I 88.55F

  1 43.64A 33.86ABC 9.50AB 9.36A..E 96.36ABC

 EPS8b 5 42.90AB 32.30A..D 9.40ABC 9.00A..G 93.60A..F

  10 41.90ABC 32.60ABC 8.60B..G 8.60D..H 91.70B..G

  15 41.80AB 33.00ABC 8.10FG 8.50E..H 91.40C..G

  1 43.29AB 34.29A 9.43ABC 9.50A..D 96.51AB

 EPS8c 5 42.50ABC 33.30ABC 9.30A..D 9.80A 94.9A..D

  10 42.80AB 33.10ABC 8.40D..G 8.80B..G 93.10A..F

  15 40.30C 31.90BCD 8.10FG 8.20GHI 88.5F

 SE+  0.729 0.70 0.301 0.282 1.534

Note: A, B,…and I: Means having different superscripts within each column are significantly different (P ≤ 0.001), SE: Standard 
Error, *: Control: low-fat Plain set yogurt (free exopolysaccharide), treatments of EPS3a, EPS3b and EPS3c, EPS8a, EPS8b and EPS8c 
are the low-fat set yogurt enhanced with of 0.4, 0.8 and 1.2% EPSs, respectively. **EPS3: Exopolysaccharide produced from 
isolate S3. ***EPS8: Exopolysaccharide produced from isolate S8.
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different EPSs exhibited less separated amounts of 
whey. Whereas the lowest whey-off values were 
recorded for EPS8c (0.6 ml), EPS8b (0.8 ml) and EPS3c 
(0.75 ml), respectively, while the highest value 
was recorded for the control treatment (4.005). 
As reported by Korcz et al.,60 syneresis formation 
during the fermentation process of yogurt is the 
main yogurt defect that occurs in response to 
gel network rearrangements resulting from the 
destabilization of casein micelles due to decreasing 

the pH and increasing the acidity. The results 
obtained in this study indicated that additions 
of EPSs decrease the syneresis whey-off and 
hence improve the stability of yogurt. However, 
rheological issues, including high syneresis, gel 
fracture, and low viscosity, frequently occur during 
the preparation of fermented milk, which could be 
avoided through EPS-producing LAB strains and 
also by fat replacements.11,70

Organoleptic Characteristics of low-fat Set Yogurt 

Figure 5. Some physiochemical properties of low-fat set yogurt enhanced with different levels of Exopolysaccharides 
(EPS3 and EPS8) produced from Leuconostoc strains S3 and S8. Notes: Control: fermented low-fat Plain set yogurt 
(free exopolysaccharide), treatments of EPS3a, EPS3b and EPS3c, EPS8a, EPS8b and EPS8c are the fermented low-fat set 
yogurt enhanced with of 0.4, 0.8 and 1.2% EPSs, respectively. Total solids (a), Fat (b), Water holding capacity (c), 
Viscosity (d), Syneresis (e) and Wheying off (f)
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with ePSs
 Recently, Low-fat yogurt has gained 
interest due to consumer awareness about 
health concerns. Complete or partial yogurt fat 
removal negatively affects its quality. Therefore, 
fat replacer, in particular EPSs as an ingredient 
to improve the function of the product as well 
as low-calorie yogurts has recently emerged on 
the market.11,70 Results in Table (3) revealed that, 
addition of EPSs of Leuconostoc strains significantly 
(P≤0.001) improved the mouth feel, gel firmness, 
syneresis, and rheological parameters of low-fat 
yogurt in comparison to control. The highest total 
score points were recorded for low-fat yogurt 
supplemented with 0.8% EPS (EPS3b) and 1.2% 
(EPS3c), followed by EPS8b, EPS8c and EPS8a compared 
to control yogurt, respectively. Similar studies have 
incorporated different exopolysaccharides (EPSs) 
and stabilizers for improving sensory features of 
yogurt (clean cut, mouthful, creaminess, shininess, 
and ropiness).4,14,61

CONCluSiON

 The major problems and limitations in 
the large-scale application of exopolysaccharides 
include their high cost and lower yield by LAB 
strains. So, EPS production should be optimized 
through new techniques for industrial usage. 
In this study, Leuconostoc strains inducted 
considerable EPSs yield reached up to 55 g/L 
using molasses media. Furthermore, the EPSs 
produced from Leuconostoc species particularly 
EPS8 can be explored as anti-cancer activity 
against colorectal cancer cells Caco-2. In addition, 
beside the health benefits of the EPSs, it improves 
rheological properties, texture, flavor, stability, 
and shelf life of the fermented low-fat yogurt with 
desirable characteristics for consumers comparing 
with control. Whereas, using EPSs in particular 
EPS8; increased water holding capacity, viscosity 
and decreases both syneresis and the whey off, 
indicating its high ability of binding water especially 
at concentration of 1.2%. However, further in vivo 
and clinical investigations are needed to establish 
the anticancer potential of EPSs produced from 
Leuconostoc strains investigated in this study.
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