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Introduction
The name of yogurt comes from the Turkish word: “ya-urt”, which 

literally means “sour milk”. Over 3000 years ago it was consumed by 
Babylonians, Egyptians and Hindus, to next come at the Turkish and 
Bulgarian tables. Previously it was prepared with sheep’s, buffalo’s, goat’s 
and cow’s milk. Nowadays yogurt is produced mainly from cow’s milk. 
Even in 20th century yogurt was sold in Sweden pharmacies, because it 
was known to have a good effect on health [1].

Yogurt is a fermented milk product that has been prepared 
traditionally by spontaneous fermentation, simply allowing milk to sour 
at 40–45° C. Modern yogurt production is a well-controlled process that 
utilizes ingredients such as: milk, milk powder, sugar, fruits, flavors, 
colorings, emulsifiers, stabilizers, and specific pure cultures of lactic 
acid bacteria (LAB) to conduct the fermentation process [2,3]. The 
characteristic taste and aroma of yogurt is caused by the fermentation of 
the individual components of milk like: lactose, glucose, and galactose. 
In yogurt the amount of lactic acid bacteria should be in the range 106-
107 CFU per 1 g of product, and yeast ≥102 CFU per 1 g of the product 
[4,5]. The most common LAB are mesophilic and thermophilic strains 
such as: Lactococcus lactis, Lactobacillus casei, Lactobacillus plantarum, 
Leuconostoc, Lactobacillus delbrueckii and Streptococcus thermophiles 
with proven probiotic properties on human body [6,7].

Probiotics are live microorganisms, which influence good effect 
on the organism and maintenance of normal intestinal microflora. 
The consumption of fermented milk drinks helps to keep optimal 
level of normal intestinal microflora and have a scientifically proven 
therapeutic applications in: curing insomnia, soothing nerves, 
enhancement the immune system, reduction of serum cholesterol 
levels, anticarcinogenic activity (protection against colon and bladder 
cancer), alleviation of constipation, protection against traveller's 
diarrhea, prevention of infantile diarrhea, reduction of antibiotic-
induced diarrhea, prevention of hypercholesterolemia [8]. They have 
a good influence on bone and circulatory system, improves nutritional 
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Abstract
The fermentation of cow milk in natural yogurt production with 5 lactic acid bacteria (LAB) inoculum (Lactobacillus delbrueckii ssp. Bulgaricus, Lactobacillus acidophilus, 
Bifidobacterium lactis, Lactococcus lactis ssp. Cremoris, Lactococcus lactis ssp. Lactis) was performed to test the influence of lactulose addition on quality parameters. Highest 
concentration of lactic acid (LA) (10.00 g·L-1) and LA production rate after third hour of fermentation (1.45 g·L-1·h-1) was noted in variant with 5% addition of dry 
matter of milk and 1% lactulose (D.M.L.) samples. Highest concentration of LAB CFU per mL was reported in 1% lactulose supplemented samples (L.) during 
overall time of fermentation. Sensory evaluation of samples showed that use of 1% addition of lactulose and 5% addition of milk dry matter ensures good quality of 
final product. Achieving consumer acceptance proved in sensory evaluation performed by trained assessors.

value of foods, protects from osteoporosis [9]. Fermented milk drinks 
reduce the risk of lactose-intolerance, because lactic acid bacteria by 
fermentation decompose lactose to glucose and galactose and produce 
the enzyme β-galactosidase, which hydrolyses lactose resulting in 
increased tolerance for dairy products [10]. Fermented milk drinks are 
good sources of vitamins and minerals [3,11].

The most important process parameters of lactic acid 
fermentation of dairy products are lactic acid productivity and 
lactic acid content. High productivity rates helps to achieve a proper 
LA concentration in shorter time period which is vital for product 
stability and quality. Having great impact on organoleptic parameters 
such as: consistency, taste, aroma and general appearance.

Materials and methods
Biological material and starter preparation

1,5 g d.m. of lyophilized Lactobacillus delbrueckii ssp. Bulgaricus, 
Lactobacillus acidophilus, Bifidobacterium lactis, Lactococcus lactis ssp. 
Cremoris, Lactococcus lactis ssp. Lactis obtained from Gamma-Tech 
company (Poland), was rehydrated in 50 mL of sterile (3,2% fat) cow 
milk for one hour. Then whole starer was transferred to 1 L of sterile 
(3,2% fat) milk and incubated in 30°C for 24 h. 

Yogurt preparation

Four varieties of yogurt were prepared: a) with 5% addition of dry 
matter of milk and 1% lactulose (D.M.L), b) with 1% lactulose (L.), c) 
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5% dry matter (D.M.) addition and d) control sample without addition 
of any component (clear 3.2% fat cow milk) (CM). After normalization 
of pasteurized milk the inoculation with 100 mL starter (2.1) per 1 L of 
milk was performed. All samples were prepared in triplicates and kept 
in temperature of 30°C with continuous stirring for 3 days. 

Determination of lactic acid bacteria

MRS agar was used for the enumeration of Lactic acid bacteria’s 
following Wang et al. [12] method. One milliliter of appropriate serial 
dilutions of each sample were pour-plated onto the appropriate media. 
After 48 h of incubation at 37° C, the colonies that appeared on the 
plates were counted and the CFU per mL were calculated.

Determination of lactic acid

The fermentation courses were assessed according to the changes 
in concentration of lactic acid using high performance liquid 
chromatography (HPLC). Samples for chromatographic analyses were 
10-fold diluted with de-ionized water and filtered through 0.2 µm 
nylon membrane filter. Analyses were performed using Flexar HPLC 
chromatograph equipped with Rezex ROA-Organic Acid H+ column 
(300 x 7.8 mm) (Phenomenex, Torrance, USA). The samples were 
loaded into 10 µL injection loop and eluted at 20°C with 0.005 M H2SO4 
as a mobile phase at a flow rate of 0.4 mL·min-1. The compounds were 
detected using refractive index detector, detection temperature was 
maintained at 20°C.

Sensory analysis

Eight trained judges (4 men and 4 women aged from 25 to 40) 
performed sensory analysis.

The yogurts were kept and served at 12°C, randomly and evaluated 
induplicate. During one session, maximum of 6 cups were assayed. 
Six sensory different attributes: general appearance, odor, consistency, 
color and taste were evaluated with five-point score scale.

Statistical analysis

Effects of lactic acid and LAB concentration during fermentation 
was measured by Tukey test at significance level of α=0.05. In the two-
way analysis of variance (ANOVA) was performed to detect significant 
differences in the analyte concentrations depending on the main factors 
studied (addition of dry substance of milk and lactulose). Packet 
Statistica in version 10 was used for data processing.

Results and discussions
Figure 1 presents relation of lactic acid (LA) concentration 

opposite to yogurt fermentation time. Basic LA concentration in 
milk oscillated around 1.8 – 3.0 g·L-1. Concentration of LA increases 
dynamically during first 6 hour of fermentation reach 8.4 g·L-1 LA in 
D.M.L. yogurt which was highest concentration and only 6.7 g·L-1 in 
C.M. yogurt. Since 6 to 48 hour of fermentation concentrations of LA 
in all samples wasn’t changed significantly. Analogical situation was 
observed by Brabandere and Baerdemaeker whom analyzed effects of 
process conditions on acidity of yogurts and notice the most dynamic 
reduction of pH (from 6.5 to 4.5) in first 6 hours of fermentation [13]. 
Other authors also reported analogical results in continues lactic acid 
fermentations of synthetic and natural media like Fu and Mathews [14] 
or Silva and Yang [15] which were study kinetics of lactose conversion 
to LA and notice 5 – 9 g·L-1 of LA after first 6 hour of process [14,15].

Dynamics of fermentation showed in Figure 2. points that the first 
3 hours of fermentation were the most turbulent in overall process. The 

highest productivity was reported in D.M.L. yogurt variant reaching 
after 3rd hour of fermentation LA production rate of 1.45 g·L-1·h-1. The 
lowest production rates were observed in C.M. and D.M. variants (1.25 
g·L-1·h-1). Wu et. al. proved that productivity of lactic acid in batch yogurt 
fermentation is highest in first hours after inoculation [16]. Also, other 
researchers who examined continues systems of lactic fermentation had 
been noted highest LA production rates in first 6 hours of fermentation 
[17-20].

LAB CFU concentration during fermentation process was 
showed on Figure 3. In 6 hours of fermentation the CFU of LAB 
increased to maximal concentration in all yogurts variants (5,2 – 7,2 
x 109 CFU per mL) except L yogurt variant samples which reached 
to 1,2×1010 CFU per mL. Concentration of LAB CFU per mL in 
yogurt after 6th and hour has not changed until an experiment ends. 
Opposite results were noted by Wang et al. [12] who examined 
lactic mixed fermentation carried by Bifidobacterium infantis, 
Bifidobacterium longum with Lactobacillus acidophilus. Wang et al. 
[12] noted maximal log CFU of LAB after 24 hours of fermentation 
analogical to this study where 108 CFU per mL of LAB was found 
after second hour after inoculation [12]. Addition of lactulose and 
starter microbiological content could be an couse of highest results 
of CFU in this study. Gopal et al. [21] analyzed Bifidobacterium 
lactis and Lactobacillus rhamnosus noted 106 CFU per mL LAB 
as started concentration. In first 12 hours of process they noted 
for most of samples a dynamic growth of bacteria reaching to 8.5 
x 107 CFU per mL [21]. Vinderola and others [22] proved that 
chemical composition of diary starter have great impact on bacterial 
growth during LAB fermentation [22]. Gustaw et al. [23] proved 

 
Figure 1. Lactic acid concentration changes during yogurt fermentation

 
Figure 2. Productivity of lactic acid during yogurt samples 
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that addition of prebiotics like inulin, fructooligosaccharides and 
lactulose significantly effects on LAB growth in dairy products [23].

Sensory analysis was performed by 8 trained judges after 48 hours 
of yogurt fermentation. Every sample was obtained in 12° C and served 
after it was encoded. Average results of sensory analysis was showed 
on Figure 4. Scores for color and odour descriptors were similar 
in all samples (4.6 – 5.0). The most significant differences between 
analyzed samples were observed in consistency. D.M.L. sample has 
been significantly high rated (5.0) in compare to other samples which 
had notes ranging from 2.0 to 4.2 points. General appearance and 
taste were similarly scored. The most high rated yogurt was D.M.L. 
variant in opposite to C.M. variant which has lowest rates of all sensory 
descriptors.

It was found that yogurt with addition of lactulose and dry 
substance (D.M.L) had better consistency in contrast to control sample 
(C.M) and yogurt with only lactulose (L) addition.

Guven et al. [24] proved that 1% of inulin addition with 4.3% 
addition dry substance had positive influence on consistence of yogurt, 
but too high addition of prebiotic had negative influence on consistence 
causing whey separation. Fat content had great influence on yogurt 
production. Addition of prebiotics allows to reduce the fat content [24].

Cruz et al. [25] proved also that increase of prebiotics addition have 
a negative influence on rheological properties of yogurt and rejection 
of the consumer. According to Cruz yogurt with addition 2.58% 
oligofructose was adequate and 25 % was too high [25].

Allgeyer et al. [26] checked influence of addition polydextrose 
and chicory inulin on sensory propertiess of yogurt. They proved that 
addition of prebiotics and probiotics have positive influence on features 
organoleptic of yogurts. Moreover, bioyogurt arouse recognition of 
consumer [26].

In the study of Walsh et al. [27] yogurt with added inulin get the 
average rating. Types of prebiotics and other additions to milk can 
cause low note [27]. 

Ayrana et al. [28] improved that Chain length of prebiotics affected 
some characteristics of the yogurts. Inulin with a longer chain decreases 
syneresis and ensure better texture than sample control and inulin with 
a shorter chain but has worse taste [28].

Conclusions
Continues study of dairy products fermentation is an important 

subject in food chain quality and control improvement. Synergism 
of 1% addition lactulose mixed with milk dry matter has been most 
effective composition in this study of yogurt fermentation also effects 
highest’s sensory evaluation results. Yogurt’s sensory quality is an 
function of many factors which influences consumer acceptation 
consumers acceptation. 
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Figure 3. LAB concentration during yogurt fermentation

 
Figure 4. Sensory evaluation of analyzed yogurts
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