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The aim of this research was to determine the effects of enzyme preparations, lysozyme and lysosubtilin in particular, and those supplemented
with vitamins A, C and E, added to cows’ feed, on the somatic cell count and technological properties of milk which are considered primary important
in cheesemaking. Three groups of Lithuanian Black and White cows (10 cows each) were fed on a ration supplemented with Neosomatas 1 prepara-
tion containing lysosubtilin, 0.02 g and lysozyme, 0.2 g, and Neosomatas 4 preparation (lysozyme, 0.2 g and vitamins A, C and E). The duration of
the trial was 10 days. Measurements were conducted on the 4", 7" and 10 day of the trial and 7 days following the trial.

The reduction of somatic cell count in milk was observed during and after the feeding period. The highest effect of the feed supplement was
observed in the third group which was fed on Neosomatas 4. The enzyme- and vitamin-based feed supplements were also effective with regard to the
technological properties of milk. Changes in the acidity of milk during storage were rather slow. Likewise, the process of milk fermentation was slow,
the properties of structures that were formed differed compared with control group of cows. However, the technological properties of milk from cows

fed on Neosomatas 4 supplement were better as compared with cows fed on Neosomatas 1 feed supplement.
Studies on the enzyme structure formation and the process of syneresis showed that feed supplements enriched with enzymes and vitamins had
no effect on the above indices. It was also found that milk under study was characterised by good technological characteristics and therefore was

suitable for cheesemaking.

INTRODUCTION

Dairy farming is one of the most important sectors of
Lithuania’s agriculture both from economical and social
viewpoints. In 2000, milk accounted for 17% of the total agri-
cultural produce and dairy exports accounted for more than
30% of agricultural and food products [Sederevicius, 2003].
In 2004, it reached 31%.

Recently, much attention has been paid to the quality and
safety of dairy products [Sederevicius, 2004]. The improve-
ment of milk quality is considered to be of primary impor-
tance in this respect. The somatic cell count is a common-
ly used measure of milk quality. In the milk of healthy cows
it may vary to 300 x 10%/mL [Sederevicius, 2004]. Higher
somatic cell counts demonstrate deviations from the physi-
ological standards. The most common reason for increased
somatic cell count (SCC) is an udder inflammation (masti-
tis) [Aniulis et al., 2000].

It seems important to emphasize that the quality of prod-
ucts made from milk with high SCC is evidently poorer [Ani-
ulis et al., 2000]. Consequently, it is very important to reduce
SCC in milk. One of the main ways to decrease the somatic
cell count in milk is the application of enzyme preparations
which have an immunostimulatory effect. Enzyme prepara-
tions such as lysozyme and lysosubtilin help to strengthen
the immunity [Biziulevicius ef al., 2003] of cows. They are
also characterised by antimicrobial and immunostimulato-

ry effect [Fuglsang et al., 1995; Holzapfel et al., 1995; Juo-
zaitiene & Kerziene, 2001]. These enzymes are safe for the
animal as they are naturally obtained from animal body as
well as from milk [Bachman, 1995; Walstra et al., 1999; Scer-
bakova er al., 1986].

There has been increased interest recently in lysozyme
participation in functions improving the immunity of cows
[Dick, 1981; Stelzner et al., 1982]. Lysozyme regulates
immune and regenerative processes of the organism, acts
against inflammation processes, is characterised by antitox-
ic and anticancer effect [Dick, 1982]. It has an antimicrobial
effect especially against gram-positive bacteria [Juozaitiene
& Kerziene, 2001; Pellegrini et al., 1992; Kuznecova et al.,
1985].

Lysosubtilin is applied on a large scale throughout the
former Soviet Union for the treatment of gynaecological
diseases in cows [Biziulevicius & Lukauskas, 1998a]. Lyso-
subtilin acts through disruption of microbial cell walls and
the resulting lysis products (muropeptides, lipopolysaccha-
rides, fungal S-glucans, efc.), well-known immunostimulants,
are being thought to be responsible for the imunostimula-
tory effects arising from its oral application [Biziulevicius &
Lukauskas, 1998b].

Lactic acid and bifido bacteria are known for their resis-
tance to lysozyme [Puzenko, 1983], but if the quantity of
lysozyme in milk exceeds 40-80 wug/mL - it can negatively
affect the fermentation process. The duration of fermentation
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can be extended up to 1-3 h. Consequently, it seems primarily
important to select for fermentation such cultures of bifido-
bacteria which are resistant to the effect of lysosyme [Swais-
good, 1996; Puzenko, 1983].

However, the effect of lysozyme on milk technological
properties and somatic cell count in the case of a higher con-
tent of lysozyme and lysosubtilin in feed has not been stud-
ied.

An experiment was conducted to evaluate the effect of
enzyme preparations (lysosyme and lysosubtilin) and vita-
mins A, C and E added to cows’ feed on the somatic cell
count and the technological properties of milk regarding its
suitability for cheese production.

MATERIALS AND METHODS

The experiments were carried out on Lithuanian Black
and White cows. Clinically healthy 4-year-old cows of second
lactation and cows 3-6 months after calving were random-
ly sampled into 3 groups (n=10). Cows with an increased
somatic cell count in milk (from 400 to 1000x 103/mL) were
selected for experiments.

The ration of each cow contained: haylage of permanent
grass (12 kg), maize silage (12 kg), hay (2 kg), straw (1 kg),
saladin (4 kg), slices of fodder beet (6 kg), concentrates (8 kg
on the average), mineral-vitamin supplements and licking
salt.

The composition of the ration was as follows: dry matter
(solids) — 19.4 kg, digestive protein — 1843 g, sugar — 1940 g,
fiber — 3.88 kg, calcium — 124 g, phosphorus — 91 g, carotene
— 854 mg and edible salt — 124 g.

Concentrates for cows were supplemented with Neoso-
matas 1 (Group 2) and Neosomatas 4 (Group 3) prepara-
tions, with compositions given in Table 1. Feed supplement
contained lysozyme (EC 3.2.1.17) - peptidoglican N — acetil-
muramoilhidrolazys and lysosubtilin produced by AB “Bio-
sinteze*®.

All the cows under trials were of similar weight (50016 kg),
an average productivity reaching 20=0.8 kg. Ration of feed
supplements per individual (both compositions) was calculat-
ed on the basis of average norms, i.e. per 500 kg of life-weight
and 20 kg of milk production, which made 500 g/a day. Daily
doses were mixed with concentrates and the cows were fed

TABLE 1. Composition of enzyme mixtures for different groups of cows.

twice. The experimental cows were fed on feed supplements
with enzymes (lysozyme and lysosubtilin) and vitamins A, C
and E for 10 successive days. The experiments were carried
out on the 4", 7" and 10" day of the experimental feeding and
7 days after it.

Milk samples for somatic cell count were taken individu-
ally during morning milking.

Somatic cell count in milk was estimated using the
“Somascope® in the state laboratory “Pieno tyrimai“ [Sav-
ickis, 2003].

The physico-chemical analysis was aimed at determin-
ing the sensory properties of raw milk and changes in the
acidity of milk during storage [Urbiene, 2001]. All the sam-
ples were kept for 24 h at 16°C. The duration of bacteriocidic
phase was defined based on changes in the acidity. The suit-
ability of milk for manufacturing rennet cheese was evaluat-
ed by means of enzymatic coagulation and enzyme structure
formation. During the investigation of enzyme fermentation
clotting of raw milk was completed with the enzyme com-
monly used in cheese production and under the effect of
milk microorganisms. Milk quality was defined according to
clotting structure and its duration. After a 12-h period milk
was divided into three groups according to clotting structure
[Urbiene, 1999].

Parameters such as syneresis and protein content were
studied. The protein content was studied by a refractomet-
ric method based on protein extraction. After the extraction
a refraction index was defined in milk sample and the same
sample of whey, obtained after protein precipitation. The
difference between these parameters is directly proportion-
al to milk protein content [Urbiene, 2001]. Lactic acid was
defined using a method from the “Official Methods of Anal-
ysis” (Association of Official Analytical Chemists (AOAC)“
[Urbiene, 1999]. The process of syneresis was based on
a sample filtration when the amount of whey was measured
in a formed enzyme structure every 10 min and was later cal-
culated in percent [Urbiene, 1995].

The analysis of each parameter was carried out three
times and an average value was calculated.

The data were analysed statistically with the Win Excel
program [Juozaitiene & Kerziene, 2001].

RESULTS

An average somatic cell count of each group is present-
ed in Table 2.

Groups of cows Feed Composition of -\ - Number The results of the trials showed that the somatic cell count
supplement mixture (g) of cows
1~ control B B 10 in milk of the control group tended to decrease. A consider-
able decrease in the somatic cell count was observed in milk

2 - experimental  Neosomatas 1 Lysosubtilin 0.02 10 of cows from Group 2 fed on the ration supplemented with
Lysozyme 0.2 enzymes on day 7 of feeding (p<0.05). However, the results

3 —experimental ~ Neosomatas 4 Lysozyme 0.2 10 reverted to their initial norm (p<0.05). In the milk of cows

Vitamins A, C, E Group 3 the somatic cell count reduced to 4.8 times.
TABLE 2. Somatic cell count in milk (x 10°/mL).

Milk “samples from the Before feeding Feeding period (days) 7 days after feeding

groups of cows 4 7 10

1 control 741.7=40 547.6=20 835.8=40 847.9+30 1270.1=40

2 experimental 719.8%30 1387.0=30 476.0=50 641.0%35 730.8%20

3 experimental 729.6=20 206.1+45 305.3+40 267.7=30 205.2+30
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TABLE 3. Physicochemical parameters of milk from cows under trial.

Feeding . Parameters
period Mllk< samples from Protein content Carbohydrate Lactic acid Milk acidity,
(days) particular groups @) Fat content (%) content (%) content (%) ©T) ’
1 control 3.02+0.01 4.15+0.03 4.66+0.04 0.130+0.004 15.0+0.5
4 2 experimental 3.10+0.01 3.95+0.03 4.53+0.05 0.144=0.005 16.0+0.5
3 experimental 3.05+0.02 4.26=0.02 4.57+0.05 0.153+0.003 17.0+0.5
1 control 2.98+0.01 4.20+0.04 4.52+0.03 0.126+0.004 14.0+0.5
7 2 experimental 3.04=0.01 3.96=0.03 4.50=0.05 0.130=0.003 14.5%0.5
3 experimental 3.10=0.02 4.12+0.04 4.55+0.04 0.139+0.004 15.5=0.5
1 control 2.96=0.01 3.95+0.03 4.52%0.05 0.144+0.005 16.0+0.5
10 2 experimental 3.12+0.02 4.01=0.03 4.56=0.03 0.153+0.003 17.0+0.5
3 experimental 3.16+0.02 4.11x0.02 4.37x0.04 0.162+0.004 18.0+0.5
1 control 3.01+0.02 3.97+0.01 4.57x0.05 0.144+0.004 16.0+0.5
Zeei?z; after ) cxperimental 3.21+0.02 4.02+0.02 459003 0.144+0.004 16.0=0.5
3 experimental 3.16+0.02 4.22+0.02 4.65+0.05 0.153+0.004 17.0+0.5

TABLE 4. Quality characteristics of milk samples after enzymatic coagulation.

Feeding Milk samples Character of cheese structure quality
period from different
(days) groups of cows Sample of enzyme fermentation Modified sample of enzyme fermentation
1 control Grade 1. Hard cheese. Grade I. Hard cheese.
4 2 experimental Grade II. Soft structure. Grade II . Porous cheese.
3 experimental Grade III. Hard cheese. Hard surface. Grade 1. Hard cheese.
1 control Grade II. Hard cheese, rough surface. Grade II. Bad structure, untaught.
7 2 experimental Grade II. Hard cheese. Tattered, rough surface.  Grade II. Poor structure. Sporadic structure flakes observed.
3 experimental Grade II. Smooth but soft surface. Porous cheese Grade II. Good structure but untaught.
1 control Grade III. Poor structure, sporadic flakes. Grade III. Poor structure, soft, swollen cheese.
10 2 experimental Grade III. Poor structure, sporadic flakes. Grade II. Smooth, but porous interior.

3 experimental

Grade III. Poor structure, sporadic flakes.

Grade II. Smooth, but porous interior.

7 days after
feeding
experiment

1 control
2 experimental

3 experimental

Grade II. Soft, porous cheese.
Grade I. Hard cheese, hard surface.

Grade II. Satisfactory quality of structure, porous
interior.

Grade III. Poor structure, multiple flakes.

Grade II. Satisfactory quality but the cheese is soft and
porous interior.

Grade II. Satisfactory quality but soft and porous interior.

TABLE 5. Formation and character of curd structure.

Feedin Milk samples from ] i i .
periodg difforent groups o Time of structure formation (min) Protein content Character of structure formed
(days) COWS Beginning End of whey (5)
1 control 16.0+0.5 26=1.0 0.52+0.03 Standard structure, clear whey.
4 2 experimental 28.0=0.5 42.0+1.0 0.65=0.04 Soft structure.
3 experimental 28.0=0.5 42.0+1.0 0.67+0.05 Soft structure.
1 control 15+0.5 25.0+1.0 0.50+0.05 Standard hard structure, clear whey.
7 2 experimental 28.0+0.5 42.0=1.0 0.68+0.04 Hard structure, cloudy whey.
3 experimental 28.0+0.5 40.0=1.0 0.67+0.04 Structure better than with Neosomatas 1, but
worse than with control group.
1 control 16=0.5 25+1.0 0.53+0.04 Hard structure, clear whey.
10 2 experimental 28%0.5 41+1.0 0.68+0.03 Soft structure, cloudy whey.
3 experimental 25%+0.5 31=1.0 0.67x0.04 Structure sufficiently hard, but worse as compared
to the control.
1 control 13+0.5 26+1.0 0.53=0.03 Structure worse than in the control group.
7 days after Clear whey.
feeeding 2 experimental 10£0.5 20=1.0 0.51=0.02 Hard structure, clear whey.
3 experimental 10+0.5 20+1.0 0.50=0.02 Hard structure, clear whey.

Data of the samples with regard to physicochemical char-
acteristics of milk from cows fed on feed supplements with

enzymes and vitamins during and after the feeding are given
in Table 3.
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Analysis of the results leads to the conclusion that the
effect of feeding cows with vitamins A, C and E had no con-
siderable effect on milk composition and acidity. However,
the effect of the feed supplements enriched with enzymes and
vitamins A, C and E had a greater effect on the changes in the
acidity during storage.

All the samples were kept at 16°C for 24 h. Changes in the
acidity were observed during storage. It was determined that the
acidity of milk obtained during feeding cows with enzyme prepa-
rations remained unchanged during storing (24 h) at 16-17°C.

The sample of enzymatic coagulation demonstrates the
effect of milk quality on the curd structure formation and its
characteristics. The modified sample of enzymatic coagula-
tion was studied on heat-treated milk. The characteristics of
curd structures are presented in Table 4.
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FIGURE 1. Process of the curd structure syneresis during the feeding
period.
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FIGURE 2. Process of the curd structure syneresis after feeding.

Evaluation of the sample of enzyme coagulation (Table 4)
revealed that during the entire feeding period milk was char-
acterised as typical of Grade II.

Determination of the impact of feed supplements with
enzymes and vitamins on the characteristics of milk was an
important stage of the experiment in relation to cheese man-
ufacturing. During the research the duration of curd structure
formation, characteristics of the structure formed and the pro-
cess of curd structure syneresis were evaluated. The process
of curd structure formation and its character (Table 5) reveals
that during the feeding period the formation of curd structure
in the samples of milk from Groups 2 and 3 was 1.3-1.6 times
longer compared to the samples from the control group.

The curves of the curd structure syneresis in the samples
of milk 10 days after feeding cows on feed with enzymes and
vitamins and those 7 days after the experiment are given in
Figures 1 and 2.

It is evident that whey separation from milk samples of
Groups 2 and 3 (Neosomatas 1 and Neosomatas 4) was
worse compared to those in the control group. However,
7 days after the feeding the curve of syneresis changed. It was
worse in the samples of the control group than in those of
groups fed on Neosomatas 1 and Neosomatas 4.

However, after the feeding period the structure of the curd
was formed two times faster than in the samples of milk from
control group.

DISCUSSION

It was found during the feeding trials that the somatic cell
count in the milk of Group 2 cows fed on feed supplements with
lysozyme and lysosubtilin decreased insignificantly, although in
the milk of individual cows the decrease was 2.05-2.23 times as
low. The enzymes and vitamins based feed supplement fed to
cows of Group 3 was found to have a significant effect on the
somatic cell count in milk. Due to the effect of the preparation
the average somatic cell count in milk was reduced by 2.8 times
during the feeding period and after the feeding, the tendency
of reduction in SCC was observed. A considerably high effect
of this supplement was observed on milk somatic cell count in
cows of Group 3. At the end of the feeding period, the somatic
cell count in the milk of this group of cows showed a reduction
from 3.2 to 4.8 times. It indicates a significant improvement in
the quality of milk after feeding [Aniulis ez a/., 2000; Biziulevicius
et al., 1998b; Biziulevicius et al., 2003].

According to the data of the trials, the technological
properties of milk for cows fed on feed supplements with
enzymes and vitamins (Neosomatas 1 and Neosomatas 4)
has changed. Changes in the acidity of milk samples were
notably slow. When milk samples of the cows of Group 2
and Group 3 were kept for 24 h at 16-17°C, no changes in
the acidity were observed. However, all the other samples of
milk were characterised for changes in the acidity. However,
in the milk samples from the control Group | and in all other
samples taken 7 days after the feeding on Neosomatas | and
Neosomatas 4, changes in the acidity ranged from 6 to 7° T.
These results led to the conclusion that the lysozyme supple-
ment extends the bacteriocidic phase in milk [Holzapfel ef al.,
1995; Fuglsang et al., 1995]. It has been found by Polish sci-
entists that such an effect was observed when lysozyme was
added directly into the milk [Pieczonka & Burek, 1994].
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The formation of curd structure in the milk samples from
cows fed on enzymes and vitamins based feed showed that
during 10 days of feeding the structure of cheese was worse
and the structure formation process took 1.3—1.6 times longer
than that in milk of the control group. This can be explained
by a higher somatic cell count in the milk as well as a lower
milk quality [Aniulis et al., 2000]. However, after the feed-
ing period, these qualities improved considerably. The curd
structure was formed 2 times faster than in the samples of
milk from the control group.

The analysis of milk samples from both groups of cows
7 days after the feeding trial showed that the milk from cows
fed on enzyme and vitamin based supplements was charac-
terised by improved curd characteristics and a better quality
of the structure.

The content of proteins in whey during the entire peri-
od of feeding cows on enzyme preparations was higher than
that after this period. It is assumed that some changes might
have occurred in the milk protein system, which positively
affected the quality of structure and protein concentration in
whey [Walstra et al., 1999]. It can be related to cows’ health
and improved quality of milk due to the effect of feed with
enzymes [Aniulis ef al., 2000; Biziulevicius et al., 1998b].

The process of syneresis reflects the quality of curd struc-
ture and its ability to separate whey. It is widely accepted
that a hard curd structure with well separated whey is rap-
idly (~30 min) formed in a high quality milk designated for
cheese manufacturing [Walstra et al., 1999].

It has been established that the separation of whey in the
samples of milk from cows fed on Neosomatas-1 and Neoso-
matas-4 preparations was more effective than that in the con-
trol group milk samples. However, 7 days after the feeding the
curve of syneresis changed. It was worse in the samples of the
control group than in those of groups fed on Neosomatas |
and Neosomatas 4. Thus, after feeding cows on feed supple-
ments with enzymes and vitamins the quality of curd struc-
ture was much better.

All the above-mentioned changes can be related to an
improved physiological state of animals [Brown & Gordon,
2003] and a better milk quality [Biziulevicius et al., 2003],
which was evidenced by a reduced somatic cell count in milk.

CONCLUSIONS

1. It was established that feeding cows on feed supple-
ments enriched with lysozyme and lysosubtilis enzymes
(Neosomatas 1) reduced the somatic cell count in milk by
2.05-2.23 times.

2. Feed supplements based on lysozyme and vitamins
(Neosomatas 4) can reduce the somatic cell count in milk
from 3.2 to 4.8 times.

3. Feeding cows on feed supplements Neosomatas 1 and
Neosomatas 2 extends the bacteriocidic phase in milk. The
acidity of milk during the feeding remained unchanged with-
in the period of 24 h at 16-17°C.

4. The feed supplements Neosomatas 1 and Neosoma-
tas 4 had a positive effect on the qualities of milk intended
for cheesemaking. After feeding cows with the above prepa-
rations the formation of curd structure was approx. 2 times
faster and the separation of whey was faster.
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