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Abstract

Kopeény J., M. Mar:)unek, S. Barto§: Batch-cultures of Rumen Microorganisms
in Vitro. Acta vet. Brno, 50, 1981: 157—178.

The modified method of batch-culture of rumen microorganisms in vitro was
developed. When checking this method we have found:

— The optimal ratio of urea and glucose in incubation medium was within the range
0.1—0.3 g N-urea/g glucose.

— By adding of 0.003 9%, amorphous FeS in the inoculated medium more negative
redox potential was always observed in the range close to in vivo conditions.

— The optimal microbial protein synthesis was achieved at an osmotic pressure
0.48 MPa. It follows from the results that osmolarity of buffer routine used
is low.

— Enhanced utilisation of starch was obviously observed in the presence of maltose.

— By decreasing the glucose concentration to 2 g/l buffer at the beginning of the in-
cubation the lactate production was prevented.

— The isonitrogenic replacement of 25 9, urea by amino acids increased the pro-
duction of protein as well as VFA and Yare.

— Succinic acid, lactic acid and hydrogen were not present in significant concen-
trations which correspons to in vivo conditions.

It follows from the results obtained that the developed batch-culture represents

a suitable in vitro system for short-term rumen fermentation studies.

Goats, sheep, fermentation, incubation, medium.

Rumen microorganisms are able to convert plant forages to nutritionally valuable products.
The cellulose degradation is the most important process. Besides this, microorganisms also synthe-
size most other saccharolytic enzymes. They further synthesize all essential amino acids for the
host — in such an amount that under optimal conditions the host is independent of their contents
in the food. Besides this they produce sufficient amounts of vitamins of groups B, H and K.

From published results and theoretical studies it follows that the synthetic capacity of rumen
microorganisms is utilized only partially. Thus, the research of their metabolism and possibilities
of its modification are in the focus of interest in the animal production at the present time.

The rumen fermentation after feeding may be divided depending on the decomposition of sac-
charides into two parts. At the first stage mono-, disaccharides and alpha-polymers of saccharides
are prevalently hydrolyzed and metabolized. The length of this stage is usually of 5 to 10 hrs,
depending on the fed substrate. The second stage comes after the first one, and is characterized
by a decomposition of beta-polymers, i. e. particularly cellulose. This stage continues up to ex-
haustion of the substrate or up to next feeding. The two stages affect each other, however, they
may be studied separately. Different approaches are used to studying the two stages. For the study
of the decomposition of alpha-polymers of saccharides it is possible to use a short-term incubation
in vitro. The metabolism of cellulolytic bacteria is more properly studied with the help of the
continuous-culture.

Advantages of the batch-culture are particularly simplicity, possibility of analyzing large amounts
of samples and easy statistical evaluation of results (Lopper etal. 1966; Barr 1974; Maeng et al.
1976; Chen et al. 1976; Van Nevel and Demeyer 1977 and others). Since the end of the
fifth decade, nobody studied in detail the method of batch-cultures or results were not published
in spite of the fact that in the meantime many new factors affecting the rumen fermentation re-
vealed. Thus, some authors employed improper conditions of the¢ incubation and particularly
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ratios of substrates, which could make the results of the experiment doubtful. When starting
with the batch-culture in our laboratory, remarkable spread of results was often encountered and
the results were sometimes mutually opposing. Thus, we decided to pay attention to a methodic
treatment of the batch-culture of rumen microorganisms.

Table 1
Comparison of different batch cultures of r microor i in vitro
|
Time of sampling
Study dealt rumen liquor Anaerobiosis
Reference with after feeding Inoculum Buffer reached by
i

LOPER 1966 amylolytic 1-2 l rumen McDougall CO,

bacteria ‘ bacteria buffer
BARR 1974 comparison of 0 rumen own -

Starea and urea liquor
SINGH et all. 4C incorporation 0 rumen own -

1975 into microbial liquor

lipids
CHEN et all. 1976 | nutrition value 0 rumen McDougall -

of corn bacteria buffer
MAENG et all. influence of 2 rumen own CO,

1976 amino acids on bacteria

fermentation
VAN NEVEL et 3P incorporation . 0 rumen own CO,
DEMEYER 1977 | into rumen liquor

microorganisms

In initial experiments we considered a combination of methods summarized in Table 1, where
works by Maeng et al. (1976) and Barr (1974) served as a basis for this purpose. These authors
were partially interested in the incubation method. A derived method was marked as “method I”
(Marounek et al. 1979). When checking this method we used a number of modifications. They
led to a modified “method II”. Particular modifications and course of the fermentation by the
modified method are discussed in the following chapters.

Mateﬁals and methods
Animals and diets

In the experiments the rumen liquor was used of goats (1 to 2 years, 30 to 45 kg) and sheep
(the same age, 50 to 65 kg). The animals were fed once daily by a constant diet consisting of 1 to
2 kg of hay, 0.5 kg of concentrate and 10 g of urea per animal and day. The animals received water
ad libitum. All animals were provided with permanent rumen fistulas.

Sampling of the rumen liquor

The sampling was carried out before feeding, since the microorganisms, except for certain cellu-
lolytic bacteria, are at the stationary stage of the growth that time. However, the cellulolytic bacteria
are not remarkably manifested during a short-term incubation in vitro. The rumen liquor was
sampled for the experiment from at least two animals by a tube, with the help of a vacuum pump
(DoleZel et al. 1969). '

Batch-culture method I

100-m] infusion flasks with Bunsen valves in stoppers were used for the incubation. Into each
flask 0.1 g cellulose (cotton, ground paper Whatman 2) and 1 g soluble starch for microbiology
(Lachema n. p.) or 1 g dried potato flakes were weighed. Further 30 ml buffer I were added, which
contained 10 g glucose and 5 g urea per liter unless otherwise indicated. Then the infusion flasks
were conditioned to 40 °C. After adding 15 ml of the rumen liquid the flasks were stoppered and
placed in the RT-60 water bath (2. cycles/s) at 40 °C. Into the infusion flasks a mixture of gases
CO, and H, was introduced (20 : 1). Residual amounts of oxygen from technical CO, were removed
by leading the mixture through palladium catalyst. The atmosphere of infusion flasks was washed
at a flow rate of 1 ml CO,/s for 30 min to achieve a residual O, concentration below 0.1 %. Gases
produced in the course of the incubation were released through Bunsen valves. The test incubation
took 6 hrs.
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After completing the incubation, pH and rH were measured (Maluszynska 1973) and the
vitality of protozoa was observed. For the determination of proteins (by precipitation with 6 %
trichloroacetic acid and kjehldalisation), ammonia (colorimetrically with Nessler agent), urea
(Biotest Lachema Brno), or of the incorporation of radioisotopes 10 ml of medium was preserved
with 5 ml of 20 %, trichloroacetic acid (TCA). The remaining portion was inactivated by adding
HgCl, and used for determining volatile fatty acids (Barto$ et al. 1960) and lactic acid (Marounek
1978). Gas was analyzed on a gas analyzer with a column filled with Porapak Q:(3.5 m long and
3 mm in diameter). One infusion flask served for testing one effect in one time interval. For each
determination at least four parallel infusion flasks were used. Succinic acid was determined by the
one-dimensional paper chromatography. Papers Whatman No. 1 were used. Chromatograms were
developed in the mixture of ethanol-ammonia-water. After air-drying at room temperature chro-
matograms were sprayed with bromthymol blue solution.

Buffers
Buffer 1. 875¢g NaHCO,
1.38 ¢ NaH,PO, . 2H,0
155¢g KH,PO,
1.15¢g MgSO0, . 7TH,0
1.00 ml mineral solution
Dissolved in 11 of distilled H,O. Saturated with CO,. Final pH 6.80.

Buffer II. 13.25¢g NaHCO,
2.07¢g NaH,PO, . 2H,0
233 g KH,PO,
0,225g MgSO,.7H,0
1.00 ml mineral solution
Dissolved in 11 of distilled H,O. Saturated with CO,. Final pH 6.90.

Artificial Saliva (McDougall 1949)

9.78 g NaHCO,
9.28¢g Na,HPO, . 12H,0

0.60g KCl
050g  NaCl
0.04g  CaCl,

0.12g MgSO, . TH,O
1.00 ml mineral solution
Dissolved in 11 of distilled H,O. Saturated with CO,. Final pH 6.80.

Mineral solution

0.80 g Fe,(SO,); . 9H,O
040h MnSO, . 4H,0
040g ZnSO, . TH,O
020¢g CuSO, . 5H,0
0.18¢g CoSO, . 6H,0

Dissolved in 100 ml of water. Stored at 4 °C.

Results

Testing and adjustments of batch-culture I

1. The effect of oxidation-reduction potential of the rumen liquor on the fermen-
tation in vitro

During the isolation of rumen microorganisms, where it is not provided that
the microorganisms will be able to reduce the medium, a wide spectrum of re-
ducing agents is used, as e. g. cysteine (0.05 %,), sodium sulphide (0.025), thio-
sulphate (0.003 %,), thioglycolate (0.05), dithiothreitol (0.001 %,) and their com-
binations. Amorphous ferrous sulphide was also recommended for the cultivation
of anaerobic microorganisms (Brock and O’Dea 1977).
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In the course of preliminary incubations there was a remarkable spread of
the redox potential (E,) in individual infusion flasks under the same conditions
of the cultivation. To reduce this spread, we tested the effect of amorphous fer-
rous sulphide on the course of E,.

After conditioning amorphous ferrous sulphide was added into infusion flasks
to achieve the final concentration in the inoculated medium of 0.003 9,, and
the redox potential (E,) was compared with control samples. For results see Fig.
1. After the inoculation an enhanced redox potential was always observed — in
a range of 100 to 200 mV (against hydrogen electrode). In one hour it is reduced
by action of microorganisms as much as by 350 mV. At this stage of the fermentati-
on no effect of ferrous sulphide was found. Its effect was obvious only in subse-
quent intervals. In samples without addition of FeS the redox potential increased
after the second hour. By adding FeS a further increase of the redox potential
was achieved in 12 hrs. The spread of E, in measured samples was also reduced.
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Fig. 1. Effect of amorphous FeS on redox Fig. 2. Effect of osmotic pressure on pH
potential during incubation of rumen micro- during incubation of rumen microorganisms
organisms in vitro. in vitro.

i . — 2. Theeffect of the osmotic pressure
buffer 1t of incubation medium on the
fermentation of rumen micro-
organisms in vitro

For testing purposes buffer I with
the following concentrations was
used: diluted 1:1 (0.136 MPa/l),
non-diluted (0.269 MPa/1), concen-
trated 1.5 x (0.404 MPa/l), 2x
(0.538 MPa/1)and 3 x (0.808 MPa/1).
sof neio 1 For a comparison the effect was also

. established of McDougall artificial

saliva (0.336 MPa/l1). The osmotic

OsSMOTIC PRESSURE (MPasl)  pressure of the rumen liquor varies

. . between 0.56 and 0.62 MPa/l. It
Fig. 3. Effect of osmotic pressure on VFA .
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buffer osmolarity on the fermentation parameters of interest may be demons-
trated. The differences between minimal and maximal values achieve 25 to 40 %,.
The difference in pH was of 1.5 grades after completing the incubation, the
increase being non-linear, since besides the buffering capacity the pH was also
affected by the production of volatile fatty acids (Fig. 2).

The production of volatile fatty acids was maximalum at an osmotic pressure of
0.48 MPa/1 (buffer II), which also holds against the McDougall artificial saliva
(P< 0.05) (Fig. 3).

The protein synthesis was also most remarkable at higher osmotic pressure
0.48 PMa. There was a significant difference between buffers I and II (P < 0.05).

To provide optimal conditions
for the growth of bacteria and y y y
protozoa, only buffer IT was used buffer 1l
in further incubations.

Under in vivo conditions the
ascertained optimal osmotic pres-
sure of the rumen liquor occurs
in animals before feeding. After
feeding the osmotic pressure in-
creases and it is likely that, similar-
ly as under in vitro conditions, it
leads to a decreased production of
volatile fatty acids and proteins. 00 x w0 &%

These assumptions were checked Fig. 4. Effect of osmotic pressure on protein
indirectly by applying inorganic synthesis during incubation of rumen micro-
salts into the food (Barry et al. organisms in vitro.

1977; Thomson 1978). These

authors found, that long-term additions of KCl into food decrease the production
of volatile fatty acids and exerts no effect on the ratio of particular volatile fatty
acids, i. e. C,—C; (Barry et al. 1978). Thomson et al. (1978) found a negative
correlation between the production of propionate and diluting rate after the ap-
plication of 5 to 10 9, salt into the diet.

In continuous-culture of rumen liquor a drop of the DNA synthesis was found
after the KCIO, application. These nucleic acids correlate with the content of mic-
robial proteins. Simultaneously the production of volatile fatty acids, CO, and
CH, was reduced. The redox potential of the medium was increased. The authors
attributed this effect to a toxic effect of KClO; (Barry et al. 1978).

To achieve optimal conditions for the growth of rumen microorganisms, in the
modified method only buffer II was used (osmotic pressure = 0.4 MPa/1).
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3. Optimal ratio of urea and glucose during the incubation in vitro

An optimal course of pH during the incubation can be achieved by suitable
buffering capacity of buffer or suitable ratio of N-compounds and saccharides.
Since the buffer concentration cannot be varied within wide concentration ranges,
it is necessary to search for an optimal ratio of saccharides and nitrogen — con-
taining compounds. The fermentation products of nutrients (particularly ammonia
and VFA) have an opposite effect on pH. With respect to the fact that there
is a matter of a short-term incubation the largest portion of volatile fatty acids
is produced by a decomposition of glucose. Starch participates only partially
and celluloses serve for maintaining vital cellulolytic bacteria in medium. The
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optimal ratio N : glucose was established in an experiment, where at a constant
urea concentration (5 g/1) the glucose level was adjusted to 0, 5, 10,33 and 66 g
glucose/1 buffer (Fig.5). It follows from the graph that optimal results were
achieved at glucose concentrations of 10 to 25 g/1 buffer, i.e. ratio N : glucose
0.1 to 0.3 Since for in vivo conditions there is a typical drop of pH in 6 hrs, for

' further work the ratio N : glucose
v T T of 0.15 was chosen.

So, the optimal ratio of urea
and glucose was established to
12 g N-urea/100 g glucose. This
is in agreement with the used
ratio of glucose and urea in
certain in vitro methods (Van
Nevel and Demeyer 1977;
Barr, 1974; Chen et al. 1976).
However, these authors did not
use in cultures any other sac-
charides, so that the final ratio
N/saccharides was high in their

nMe (n  experiments and did not cor-

Fig. 5. Effect of glucose on pH during batch-culture of ~respond torequirements of rumen

rumen microorganisms in vitro. Dash lines show the microorganisms for their optimal

limits of pH in vivo gonditions. growth. Unfortunately, these

authors do not report the final

PH during the incubations, so that comparison with our experiments is impossible.

Under in vitro conditions the optimal ratio N/saccharides was determined by

Zaki El Din and El Shazly (1969) — 2.35 g N/100 g starch. In vivo the optimal

value varies about 1.6 to 2.25g N/100g DOM (Rofler and Satter 1975; Satter

and Slyter 1974). In the case of our method the optimal ratio was established

to 1.92 g N/100 g saccharides (glucose, starch and cellulose) which corresponds
to an optimal ratio of substrates found in vivo.

4. Effect of the formulation of saccharides on rumen microorganisms in vitro

Starch is a basic substrate during short-term incubation of the rumen liquor.
Experiences of authors (Durand et al. 1976; Minato and Suto 1976) however,
indicate that there are rather large differences between different types of starch.
Thus, we compared soluble starch, potato starch and corn starch in two experi-
ments, where these starches served as the only one source of saccharides. The
finding of volatile fatty acids at the end of the incubation was the highest in the
case of the soluble starch, next to it there is the corn starch and the potato starch
was manifested as the worst. (Expressed relatively: 100—92.4—82.4 9%,). Thus for
the experiments we recommend soluble starch and, by contrast to this, we do not
recommend potato starch. Besides this we searched for a suitable mono- or di-
saccharide in a mixture with starch, through the decomposition of which the rumen
microorganisms could gain energy from the very beginning of the incubation.
Glucose, maltose, cellobiose and equimolar mixture maltose -+ cellobiose were tested.

In this experimental series the urea concentration was reduced to 0.5 g/1 and
starch was added in an amount of 0.5 g/infusion flask. For concentrations of the
othgr saccharides see Tables 2 and 9. The 32P concentration was of 2.44 KBq/ml
medium.
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In the experiments no significant differences in the production of volatile fatty
acids and pH values were ascertained, however, the samples containing maltose
exerted a higher production of volatile fatty acids and reduction of pH connected
with this (Table 2). The protein production, as determined by the 32P incorpo-
ration, was also higher after adding maltose. The effect of the other saccharides
on the 32P incorporation was insignificant. In a mixed sample of cellobiose and
maltose the effect of disaccharides was not additive. A drop was found of the 32P
incorporation as well as of the volatile fatty acid production.

. Table 2
Effect of saccharides on starch fermentation by rumen microorganisms in vitro
Values are means of four observations.

VFA Protein synthesis
Substrate pH (mmol/l) (mg N X 6.25]1)
Starch 10 g/1 6.32 4 0.08 59.7 2249 4 180
Starch 10 g/l + glucose 1 g/1 6.35 1+ 0.02 87.9 2473 + 163
Starch 10 g/l + xylan 1 g/1 6.22 + 0.03 94,9 2676 + 148%)
Starch 10 g/1 + cellobiose 0.5 g/1 6.22 4 0.02 88.3 2676 + 91%)
+ malbose 0.5 g/1 :

*) P < 0.05

Most authors use glucose as a basic saccharide for in vitro cultures (Maeng
etal. 1976; Chen et al. 1976; Owens and Issacson 1977 and others). However,
there was an objection (Van Nevel and Demeyer 1977) that an addition of
glucose can result in an increased production of lactic acid on account of volatile
fatty acids as observed by Maeng and Baldwin (1976). In the elaborated met-
hod the increased production of lactate (20 to 50 mmol/l) was often found in
experiments, where the initial glucose concentration was higher than 3 g/1 buffer
and always when pH of medium dropped below pH = 5.2 (Marounek 1978,
1980). By decreasing the glucose concentration to 2g/1 buffer, at the beginning
of the incubation the lactate accumulation was prevented and pH was not decreased
below 5.5.

In further experiments the effect of xylane (ICN Pharmaceuticals, Inc.), glu-
cose and equimolar mixture cellobiose + maltose was observed. As compared to
starch, after adding other saccharide an enhanced production of volatile fatty

Table 3
Effect of mono- and disaccharides on starch fermentation by rumen microorganisms in vitro
Values are means of ten obseivations.

VFA 32P incorporations
Substrate PH (mmol/1) (Bg/l X 10-%)

Starch 10 g/1 + glucose 2 g/1 6.63 & 0.07 50.8 - 2.4 1.29 4 0.08
Starch 10 g/l + cellobiose 2 g/1 6.64 + 0.05 51.2 £+ 0.2 1.54 + 0.12
Starch 10 g/l + maltose 2 g/1 6.55 + 0.06 54.6 + 2.0 1.94 =+ 0.07%)
Starch 10 g/l + maltose 1 g/1 6.55 + 0.05 55.1 + 2.8 1.44 4 0.03

+ cellobiose 1 g/1

* 'P < 0.05
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acids was observed. There were no significant differences in the protein production,
however, an enhanced proteosynthesis was observed in samples with additions
of xylane and mixture cellobiose 4 maltose (Table 3).

Cellobiose with maltose are main products of the hydrolysis of cellulose and
starch. Their effect was followed in vitro in the absence of further saccharides

according to the following schematic diagram:

VFA (mmol/})

protein g/}

Sample No.

oAb W -~
VUVl = = O OO

g maltose/1 buffer

n:8

70

cellobiose
9/l

initial level —

o 1 5

maltose g/)

Fig. 6. Effect of cellobiose and maltose on VFA
production during incubation of rumen micro-
organisms in vitro.

initial level of prot

n s
Fig. 7. Effect of cellobiose and maltose on pro-

tein synthesis during incubation of rumen
. microorganisms in vitro

maltose 9/|

g cellobiose/1 buffer

N=OWN=O N=O

For results see Figs. 6 and 7.
The mixture of both disacchari-
des does not affect the volatile
fatty acids production (Fig. 8).

- By contrast to this, the protein

synthesis is affected (Fig. 9).

The results of experiments
testing the effect of disaccharides
and starch on the growth of
rumen microorganisms are in
agreement with those by Barr
(1974), who demonstrated a re-
lative possibility of replacing
usual monosaccharides when
affecting the proteosynthesis.
Enhanced proteosynthesis in the
presence of maltose obviously
resulted probably from a high
selection of amylolytic bacteria
during the incubation. An addi-
tion of xylane makes a growth
of a wider spectrum of bacteria
possible, thus favourably affec-
ting the utilisation of available
substrates (Williams et al.
1969; Belasco 1956).

The last experiments were
supposed to elucidate a mutual
effect of cellobiose and maltose
on the growth of microorganisms.
Besides glucose, this is a matter
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of main intermediate products v v T \ T N
of the polysaccharide decomposi- [
tion. The ascertained effect of an
addition of cellobiose to maltose
in medium corresponds to results
of a study by Russel et al.
(1979). These authors, when
using five pure cultures of bac-
teria, also ascertained an inhibi-
tion effect of cellobiose in the
presence of maltose on the bacte- wob 1
ria growth. . N . . .

Henderickx and Martin ° 7 s ol
(1963) by contrast to this report Fig. 8. Effect of mixture of cellobiose and maltose on
found that the proteosynthesis VFA production during in vitro incubation.
of rumen microorganisms is high-
er in the presence of cellobiose T
than that in the presence of
maltose. In all probability, the
effect of cellobiose is one of
control mechanisms between
amylolytic and cellulolytic bacte-
ria in the rumen.

By addition of cellobiose to
maltose the proteosynthesis of
microorganisms was reduced, 25
however, the production of vol-
atile fatty acids was unaffected.

From this it results that the 0 1 5
utilisation of ATP is different disaccharides g/,

when combining both substra- gjg 9. Effect of cellobiose and maltose on' microbial
tes: protein production during in vitro incubation.

%o

60}

VFA

75

1

PROTEIN PRODUCTION %%

content in medium (g/1)  Yare (g d. 1./mol ATP)

cellobiose 5 7.72
maltose 5 9.14
cellobiose + maltose 545 8.74

It can be seen from the table that through the decomposition of cellobiose the
microorganisms gain less ATP than through the decomposition of maltose. In
a mixture of both disaccharides, the inhibition effect of cellobiose on the maltose
utilisation was manifested again. It would be suitable to check the utilisation of
ATP under these conditions on pure cultures of bacteria and to establish in which
bacteria the Y rp is affected.

With respect to the results mentioned it was decided to use glucose in in vitro
cultures up to the final elucidation of the interaction of cellobiose and maltose
on the fermentation. :
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5. Urea concentration in the course of the in vitro incubation

The original concentration of urea in medium was high and ammonia released
by the hydrolysis achieved concentrations which are not typical under in vivo
conditions. Thus the in vivo fermentation was followed at an urea concentration
of 0.5 g/l buffer. At this concentration an equilibrium is established in the incu-
bated medium (Fig. 10) where the released ammonia is proportional to the con-
sumption for the synthesis of microbial proteins, i. e. 100 to 300 mg N—NH,/1
and its concentration varies within physiological ranges. Simultaneously with the
adjustment of the initial urea concentration the glucose concentration was reduced
in such a way that the optimal ratio N/saccharides was adhered to. By this decrease
a possibility was almost precluded of increasing the lactate production. The inhi-
bitory effect of high ammonia concentration was also prevented, which is indicated
by Owens and Isaacson (1977). The reduced concentration of nitrogen sources
is lower than that used by the other authors (Table 7), however, it yielded
good results in cultures.

6. Choice of nitrogen source for the fermentation

The fermentation activity of in vitro system expressed by the volatile fatty acid
production is affected not only by the amount and type of supplied saccharides,
but also by the source of N. In a further experiment we compared as sources of
nitrogen urea (35 mg N/45 ml)
and isonitrogenic amount of an
ammonium salt (NH,Cl), casein
hydrolysate, yeast autolysate and
combination of urea with yeast
autolysate (17.5 mg N-urea +
-+ 17.5mg N-yeast autolys-
ate/45ml). The amount of
saccharides (starch, cellulose,

59 urea/pffer

N-NH; (mg/'l)

e glucose in usual concentrations)

0.5 urealipufter was identical in all cases. Regard-

® . ing the volatile fatty acid produc-

. . .1 tionas well as protein production

? 4 N in the incubation medium

TIME (8) ammonium chloride is a least

Fig. 10. Effect of urea on ammonia level during suitable source of nitrogen
incubation of rumen microorganisms in vitro. (52'2 + 4.2 mmol VF A / 1). Urea

is insignificantly better (56.9 -+
<4 2.1). Amino acids in the form of casein hydrolysate and yeast autolysate sti-
mulate the fermentation (61.4 4 6.5 and 64.5 -+ 8.1 mmol VFA/I, respecti vely).
The differences as against NH,Cl are significant. The combination of urea
and yeast autolysate (67.5 + 3.5 mmol/1) was shown to be the best. The pro-
teosynthesis follows a similar trend. A reason for this is obviously in a depend-
ence of certain bacteria on amino acids — peptides, demonstrated in a number
of papers.

An addition of urea to the source of amino acids and peptides is, however,
advantageous from the standpoint of a rapid delivery of ammonia into the culture
medium. It removes the dependence of bacteria requlrmg ammonia as a source
of nitrogen on bacteria deaminating amino acids.
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7. The effect of peptides and amino acids on the fermentation in vitro

In short-term cultures of the rumen liquor, the amylolytic bacteria, protozoa
and bacteria utilizing intermediate metabolic products contribute essentially to the
fermentation. They are dependent on the amount of amino acids in medium
more than other microorganisms. Thus, the isonitrogenic replacement of 25 %,
urea by casein hydrolysate or potato flakes which served as a natural source of
plant proteins was tested. The casein hydrolysate is advantageous in that it is
not precipitated with 6.5 %, TCA and that it does not affect the determination of
the proteosynthesis.

One liter of buffer contained 0.5 g urea and 0.36 g casein hydrolysate (Imuna
n. p. Sari$ské Michalany) and control flasks contained buffer with 0.65 g urea/l.
The glucose level was the same in both cases — 2 g/l buffer. In isotope experiments
the 32P activity was of 0.925 MBq/45 ml medium, (i. e. infusion flask). The same
amounts of starch and potato flakes were weighed — 1 g/45 ml medium. The
potato flakes in the infusion flask contained 30 mg amino acids.

For results of the experiment see Figs. 11—14. An addition of amino acids
as well replacement of starch by potato flakes increases the production of protein-
as well as incorporation of 4C-acetate into lipids and incorporation of *2P-phospha-
te into microorganism biomass.
The increase of proteosynthesis , T T
determined by the kjeldahlisation i n:8
and incorporation of #C-acetate o1l ,
was significant. The spread of
results during the determination
of the proteosynthesis with the =~
help of the 32P-phosphate incor- 2
poration disturbed the signific- &
ance, although the trend was
the same as in preceding expe-
riments. An addition of amino
acids to potat;) flakes reduced . .
(insignificantly) the proteosyn- . ; . g .
thesis. From this it follows that  Sumin micsoorganioms during incubaten b sore.
further increases of the amino
acid concentration are useless.
The effects of the amino acid
addition on the pH and volatile
fatty acid production are summa-
rized in Table 4. Samples with
amino acids yield a higher pro-
duction of volatile fatty acids
with simultaneously reduced pH.

Most authors using batch cul-
tures do not add amino acids into
incubation medium (Lopper et
al. 1966; Barr 1974; Chen et . )
al. 1976, Van Nevel and De- 3 0
meyer 1977). So, they inten- TIME (h)

tionally prefer bacteria, which E;g 12, Effect of amino acids on protein synthesis of
utilize ammonia as a single rumen microorganisms in vitro.

u urea
pm dry potato meal
AA amino acids

.'m’AA
gnnAA

700F

500}

300}

PROTEIN SYNTHESIS mg/l

s starch
pm dry potato meal
AA amino acids -
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Effect of amino acids on pH and VFA production during i

a) pH (average of 6 observation)

Table 4

bation of rumen microorganisms in vitro

Time

(h)

Starch

Starch + amino acids

P 1 ! Potato meal +
otato mea I amino acids

6.91 £+ 0
6.71 + 0. 1

.90 +0.
46:I:015*)

oo
o

.05 6.90 + 0
3 5.45 £ 0. "‘)

b VFA production in mmol/l (average of 4 observation)

Time

()

Starch

Starch + amino acids

Potato meal

Potato meal +
amino acids

(- Y-}

3.7 + 3,
7.9 + 4.

63.7 £ 34
113.2 £ 10.3%)

62.1 &+ 3.7 : 62.1 + 3
117.3 + 2.3 128.1 +1 *)

*) P < 0.01

500p

Bq x 10°3)1

250

. INCORPORATION

dry potato meal

starch

n "

4 6
TIME (h)

Fig. 13. Effect of starch and dry potato meal on *C
incorporation from acetate to lipids on rumen
microorganisms in vitro.

Bq x 103}

32p. |NCORPORATION

dry potato meal

starch

,
f

TIME (h)

source ofnitrogen. These extreme
conditions do not occur in in
vivo processes. Even animals on
a synthetic diet are passaging
mucins of saliva into the rumen
and also the desquamation of
rumen epithelium serves as a
source of proteins for rumen
microbes. It was demonstrated
in our experiments, that a 25 9,
replacement of urea by amino
acids or proteins is sufficient for
providing an optimal growth of
microorganisms as Maeng and
Baldwin(1976). However, these
authors found that an addition
of amino acids had no effect on
the volatile fatty acid production.
This may be explained by that
in their experiments there was
an enhanced production of lacta-
te, which sometimes exceeded the
production of the other volatile
fatty acids (Maengiand Bald-
win 1976¢). In our experiments
the production of lactate was low
(3—8 mmol/l/6 hrs) and amino

Fig. 14. Effect of starch and dry potato
meal on 32P incorporation from phosp-
hate into rumen microorganisms
in vitro.



acids exerted an effect on the
production of volatile fatty acids.
The addition of amino acids
increased significantly the fer-
mentation rate, which is in agree-
ment with the found nutritional
requirements of amylolytic bac-
teria (Bryant and Robinson
1961, 1962, 1963).

The utilisation of ATP for
the synthesis was also increased
by adding amino acids. As far
as urea served as a single source
of nitrogen, Yrp was of 11.46 g
b. s./mol ATP. The addition
of amino acids resulted in an
increase to 15.75g b. s./mol
ATP, i. e. by 37 9%. A similar
result was obtained by Maeng
and Baldwin (1976). In the
absence of starch in the medium
amino acids increased Yarp by
33 9%,.

It follows from the results
presented, that in short-term in-
cubations, where a maximal
growth of microorganisms is
required, it is necessary to supply
a part of the nitrogen source in
the form of amino acids.

8. The effect of light on the in
vitro fermentation

This effect was tested in one
experiment. One half of incuba-
tion flasks were painted black to
prevent the admitance of light
to the incubated rumen liquor.
The concentrations of glucose,
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pH

er1t tot 1‘7

tEt bed *ee +* e +

6 12 2%
TIME (h

Fig. 15. Changes of pH during incubation of rumen
microorganisms in vitro.

Rumen protozoa: -+ abundant and vital

+ 4 vital
+ non-vital
T T A
7
X
Y-y
n:3
o}
i -1
12 24

TIME AFTER FEEDING (h)

Fig. 16. Changes of pH in sheep rumen liquor after
feeding.
Feed ration consisted of:
1 kg hay
0.5 kg concentrate
10 g urea

urea and casein hydrolysate were of 2, 0.5, and 0.36 g/l buffer, respectively.

Due to a small spread the differences were significant (P < 0.05). Changes
of pH and production of volatile fatty acids and protein were followed. In a 6-hr
incubation the effect of light was manifested as an inhibition of the production
of protein as well as fatty volatile acid:

light

pH

VFA (mmol/1)
protein (mg/1)

present absent
5.13 4 0.02 5.05 4- 0.03
66.7 4 0.04 69.1 4 1.4
2046 22 3170 4 66
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The light exerts bactericidal or bacteriostatic effects on most heterotrophic bac-
teria, particularly the pathogenic ones (Hampl 1964). In our experiments it
was demonstrated that it also acted on rumen microorganisms. The ascertain-
ed inhibition effect on the fermentation was small (about 5 9,) however for
establishing optimal conditions it is more suitable to eliminate the effect of the
light in the course of the incubation.

Modified Method of the Incubation of Rumen Microorganisms
in Vitro

The modified method was checked by a 24-hrs incubation of the rumen liquor.
Sampling as well as inoculation of the rumen liquor were performed similarly
as in the original method. Into an infusion flask 0.5 g of soluble starch (Lachema
Brno) and 0.1 g cellulose (cotton or ground paper Whatman No. 2) were weighed.
Then 30 ml buffer II were added and the flasks were heated for 15 min to
40 °C. The glucose concentration was of 2 g/l buffer, urea concentration 0.5 g/l

buffer and casein hydrolysate
’ r concentration 0.36 g/1 buffer.
1 After heating amorphous FeS
was added, whose final concent-
ration in medium was of 0.003 9 .
The incubation time was 24 hrs.

For the course of pH see Fig.
1 15. For a comparison a course
is presented of the pH of rumen
liquid of rams, from which the
inoculum was obtained (Fig. 16).
The drop of pH in initial hours
under in vivo conditions is more

E, (V)

n "
6 12 24

rapid than that during the in-

TIME (k) cubation. In both cases the

Fig. 17. Change% of En dgring_inqubation of course is in the same range of
rumen micCroorganisms in vitro. pH' The decrease Of pH after the

— 12th hr of the incubation under

2l o2 in vitro conditions results from

" the volatile fatty acid accumula-
tion. These acids are resorbed
in the rumen. The vitality of
protozoa was followed micro-
scopically during the in vitro
incubation. It is indicated in

1o} the graphs. A decrease of the

protozoa vitality occurs only in

the second half of the incuba-
tions. In 6 hrs, i. e. time of the

1 . incubation, the vitality of pro-
® 12 2 tozoa remained unaltered.

TIME (1) The course of the oxidation-

Fig. 18. Changes of rH during incubation of reduction potential of the Incu-
rumen microorganisms in vitro. bation medium can be seen in

tH
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Fig. 17. From the initial value of 180 mV it decreases in one hr to —74 mV,
up to the second hr it drops to —160 mV and it remains constant up to 12th hr.
Then there is a moderate increase of E, to —100 mV in 24 hrs. The measured
values were calculated with respect to rH units (Fig. 18). Even here the
course was similar. The final drop of rH after 24 hrs of incubation results
from a decrease of pH.

The volatile fatty acid production may be controlled by an amount of added
saccharides. Under mentioned conditions their production is shown in a graph
(Fig. 19). In first 10 hrs the volatile fatty acids originate from the decomposition
of glucose (at most 17 mmol/l) and starch (at most 160 mmol/l). The decreased
production of fatty volatile acids in an interval of 12 to 24 hrs results from de-
creasing the number of microorganisms (Fig. 24). The maximal rate of the volatile
fatty acid production is of about 12.6 mmol/hr/l medium. The concentration
of individual volatile fatty acids in the course of the incubation is in Fig.20 and
besides this, in Fig. 21 there is a production of individual volatile fatty acids.
In first 10 hrs of the incubation the rate of the propionate production is the same
as that of the acetate production. The molar ratio of individual volatile fatty acids
in the course of the incubation was as follows:

Incubation time (hrs)  acetate (mol 9,) propionate (mol 9,) butyrate (mol %,)

0 80.95 14.97 4.08
1, 15 min 72.22 23.08 4.70
2 74.73 19.75 5.52
4, 30 min 64.91 29.24 5.85
7 60.00 35.08 4.92
10 57.45 38.87 4.68
12 60.83 34.12 5.05
24 61.73 , 33.96 431

The lactic acid concentration in the medium remained unaltered in 7 hrs of the
incubation:

Incubation time (hrs) lactic acid (mmol/I)
0 4.58 1 2.86
7 293 1+ 163

This means that under mentioned conditions no lactic acid accumulation occurs,
which also corresponds to the course of pH.
The production of gas (CO, and CH,) was measured only for 7 hrs.

Incubation time (hrs) gas production (ml/45 ml medium/hr)
0 0 : '
2 1.16 + 0.27
4.30 min 8.67 4 1.05
7 17.60 + 1.10

After the incubation (7 hrs) the residual atmosphere was washed with 40 9,
NaOH and so CO, was removed. The remaining gases (CH, and H,) represented
50 to 10 9, of the original gas volume.
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mmol/l

s0p

VFA

6 1 24
TIME (h)

Fig. 19. VFA production during incubation
of rumen microorganisms in vitro.

Ca

i

501 Cs3

!
mmol/l

VFA
w
(=]

1

TIME (h)

Fig. 20. Concentration of some VFA during
incubation of rumen microorganisms in vitro.
C, — acetate
C; — propionate
C, — butyrate

mmolil

VFA

TIME (h)

The gas chromatographic ana-
lysis of a sample of gas from the
end of the incubation presented
the following result:

826 ul CO,/1 ml
131 1 CH,/1 ml
4 ul H,y/1 ml"
20 ul Ny(+ Oy)/1 ml

On Porapak Q nitrogen and
oxygen are eluted in only one
peak and thus, it is impossible
to decide whether this is a matter
of nitrogen or nitrogen with resi-
dual amounts of oxygen. A low
value of redox potential and high
value of methane in gas (product
of methanobacteria sensitive to
oxygen) however, provide suffi-
ciently good anaerobiosis of the
methodic experiment. CO, ori-
ginating from the acid decom-
position of sodium hydrocarbo-
nate contained in the buffer
represents the main component
of the gas. Hydrogen, considered
as an atypical fermentation pro-
duct is present only in a low
amount. As far as succinic acid
is concerned its level did not
exceed 0.08 mmol/l.

The rate of the urea hydrolysis
varied about 500 mg N-urea/hr/l
medium during the in vitro in-
cubation (Fig. 22). In one hour
98 9, urea was decomposed to
ammonia and CO,. These results
also correspond to the dynamics
of ammonia in the medium in-
cubated (Fig. 23). In the first
hour of the incubation there was
a maximum concentration of
ammonia — 295 mg N—NH,/1.

Fig. 21. VFA production during in-
cubation of rumen microorganisms
in vitro.

C, — acetate
C; — propionate
C, — butyrate
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It was continuously consumed for the synthesis of microbial proteins. After 8th
hour of incubation the ammonia level is already decreasing below the concentra-
tion optimal for the proteosynthesis. This decrease also resulted in decreasing the

production of volatile fatty acids
and proteins. After 10th hour of
incubation there is a moderate
increase of the ammonia concen-
tration. This increase obviously
results from the decomposition
of microbial proteins, amino
acids or amines. By suitable
choice of initial concentration of
urea and amino acids an equili-
brated dynamics was achieved.

The synthesis of total proteins
was followed in a time interval
of 0 to 24 hrs (Fig. 24). In first
two hours the production of pro-
teins stagnated. This corresponds
to a latent stage of the growth
of microorganisms. From the
second to seventh hour the ex-
ponential stage was observed. In
intervals 2 to 4 hrs and 4 to 7 hrs
the rate of the protein synthesis
varied about 48.3 and 51.3 mg
N-proteins/hr/1 medium, res-
pectively. After the seventh hour
the protein synthesis was stop-
ped. The decreasing level of
ammonia exerted the main effect
on the limitation of the proteo-
synthesis. In 7hrs the protein
concentration in medium reached
85 9%, of the initial concentra-
tion in the rumen liquor.

The utilisation of ATP by
microorganisms in medium was
as follows (Fig. 25). In the initial
hour the utilisation of ATP is
concentrated to the adaptation
to new environment and with
respect to the decrease of pro-
tein the Y,rp is of zero value.
Between the first and second
hours the microorganisms start

Fig. 24. Crude protein synthesis in
in vitro incubation of rumen micro-
organisms.

AMMONIA gI UREA 4.1

g Nx625/)

PROTEIN SYNTHESIS

-

01}

n=8

TIME (h)

Fig. 22, Urea hydrolysis in in vitro system
with rumen microorganisms.

T ~T

TIME (h)

Fig. 23. Ammonia concentration during in-
cubation of rumen microorganisms in vitro.

-T T

+1F

o

TIME (h)
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Fig. 25. Growth efficiency of rumen

microorganisms expressed as g dry

weight of cells per mol ATP (g d. c./mol
ATP) in incubation in vitro.

201

to grow and Y,.re increased to
13.4g d. b./mol ATP. In the
1of { exponential stage of the growth
the Y s rp increases to 21.8. Then
the concentration of protein is
T 1 decreased. The growth of bacte-
" - " ria after the 12th hour is limited
by the substrate and this also
TIME (R) corresponds to a low Y,pp —

— 2.5g d. b./mol ATP.

In our experiments, numbers of bacteria in the course of 6-hrs incubation were
established. The increase in three groups of bacteria — amylolytic, proteolytic
and cellulolytic — was also determined. For the cultivation of amylolytic bacteria
medium according to Bryant and Burkey (1953) was used, the group of pro-
teolytic bacteria was cultivated in medium according to Fulghum and Moore
(1963) and the cellulolytic group in medium Hungate (1950).

These groups of bacteria were cultivated in solid agar medium on Petri
dishes. The dishes were put into an anaerostat, where the anaerobic atmosphere
was formed by a mixture of gases (95 9, CO, + H,).

The determination of the number of the grown colonies was performed after
5 days in amylolytic and proteolytic bacteria and after 7 days in the cellulolytic

group.

9 dc /mol ATP

Yarp

Number of bacteria

Group before incubation after 6-hr incubation
Amylolytic 5.0 4 1.0 x 105 374+ 13 x 108
Proteolytic : 424 0.6 x 105 15+ 0.3 x 107
Cellulolytic 7.1 4+ 2.0 x 108 24409 x10°

The rumen liquor was taken from experimental animals just before feeding.
This corresponds to the initial representation of individual groups: the largest
increase in biomass was found in cellulolytic bacteria, smaller increase was observed
in amylolytic and proteolytic bacteria. In six hours of the incubation there was the
most remarkable increase in the amylolytic group, about twice as high as that in
the cellulolytic group. The smallest growth was noted in proteolytic bacteria.

Discussion

By adjusting the ‘“method I” conditions were achieved, under which the in
vitro fermentation yields results comparable to those obtained during an in vivo
fermentation.

Besides the first hour, the oxidation-reduction potential in the course of the
incubation is within physiological ranges. The initial increase obviously results
from the contamination with oxygen and from sudden addition of a large amount
of the substrate. The redox potencial was tentatively expressed in terms of
rH. However, some authors do not recommend this expression for anaerobic
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media (Jacob 1970). The expression of redox potential in rH units presented in
our case smaller spread of results than that in E, units. Similar results were obtain-
ed by Barry et al. (1977) and Marounek (1980). For this reason, during the
incubation of the rumen liquid in vitro it is possible to recommend the expression
of the redox potential with the help of rH.

The results of the dependence of rH on time also show a physiological course.
They differ from Broberg’s (1957) results by about two units of rH. In spite
of this increase there is no obvious disturbance of the activity of rumen micro-
organisms. The vitality of metanogens, i. e. bacteria which are most sensitive
to the increase in rH was demonstrated in the course of the in vitro incubation.

The production of volatile fatty acids in the followed experiments is similar
to that under in vivo conditions. The ascertained production rate of fatty vola-
tile acids — 12.6 mmol/hr/l medium — corresponds to the rate of the production
in the rumen — 5 to 18 fatty volatile acid/hr/l rumen liquor (Van Der Walt
and Briel 1976; Marounek 1978). The increased production of propionate
is characteristic for concentrate feeding (Ryan 1964; Church 1970). For a gi-
ven composition of substrates the production of particular fatty volatile acids
is normal. The dynamics of the production of fatty volatile acids in the course
of the incubation did not correlate with the protein production and so it cannot
be recommended as an indicator of the bacteria growth.

In the course of the incubation no lactate production was found. From this
it is possible to consider that neither Streptococcus bovis nor other bacteria pro-
ducing lactate are selected as in the case of a method used by Maeng and Bald-
win (1976).

The maximal rate of the hydrolysis of urea in the experiments performed varied
about 500 mg N-urea/hr/l medium. This corresponds to the hydrolysis rate in
the rumen (Sharma and Shukla 1973; Henderickx 1976; Mahadevan et
al. 1976, 1977). The ammonia concentration in medium (at most 300 mg N—NH,1)
cannot moderate the growth of microorganisms (Owens and Isaacson 1977)
and its level is the same to the 8th hour of incubation as that in the rumen
(Church 1970).

The synthesis of the microbial protein was satisfactory in the incubated medium.
The initial stagnation represents the lag-phase of the microorganism growth. It
is obviously affected by a change of the environment and initial high redox po-
tential of the medium (Mdlek 1953). A similar stagnation was also observed by
Maeng and Baldwin (1976) who sampled rumen microorganisms for the incu-
bation in log-phase of the growth, i. e. 2 hrs after feeding. With respect to the adap-
tation of microorganisms to a new environment, it is unsuitable to use the batch-
~-cultures for following the proteosynthesis of microorganisms in a time interval
shorter than 2 hrs (Barr 1974). The rate of the growth of microorganisms in
the log-stage is in an agreement with the found rate of the growth in vivo (Walker
et al. 1975; Church 1970) as well as in vitro (Nikoli€ et al. 1975; Henderickx
1976).

There was a high utilisation of ATP for the growth during the incubation.
Some authors refuse the batch-culture just for low utilisation of ATP for synthetic
processes, or for high consumption of ATP in the basal metabolism (Hespell
1979). The consumption of the basal energy — M. — is to the largest extent
dependent on the diluting capacity of the medium. Wlth respect to the fact that
the batch culture has continuously a zero diluting rate, the growth of microorga-
nisms depends on the initial dilution of the inoculum. In our case the rumen
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liquor was diluted during inoculation three times which, when related to 10-hrs
interval of incubation, represents 20 9, dilution/hr.

In the exponential stage the value Y ore achieves the growth of 21.8 g d. b./mol
ATP. However this was not achieved in all the incubations. The Y rp values
usually vary between 13 and 23 g d. b./mol ATP, which are results comparable
with those obtained in continuous incubations (Hespell and Bryant 1979).
Similar Y,rp values with the batch culture were also obtained by Maeng and
Baldwin (1976).

Our results indicate that the obtained parameters of the batch fermentation in
vitro in 6 hrs are comparable with parameters of the fermentation obtained in vivo.
It is obvious, that in 6 hrs particularly amylolytic organisms and organisms
utilizing intermediate products contribute to the fermentation. This fact should
always be considered when evaluating the incubation results.

Vsadkova kultivace bachorovych mikroorganismi in vitro

Byla vyvinuta modifikovand metoda vsidkové kultivace bachorovych mikro-
organismu in vitro. Pfi jejim ové&fovani bylo zji§téno, Ze:
Optimalni pomér mocoviny a glukosy v inkubaénim médiu se pohybuje v inter-
valu 0,1—0,3 g N-moCoviny/g glukosy.
Po pfidani 0,003 9%, amorfniho FeS je redox potencial stabilngj§i a priblizuje
se hodnotdm zjiSténym in vivo.
Optimalni osmoticky tlak inkubalniho média pro mikrobidlni proteosyntézu je
0,480 MPa/l. Z toho vyplyva, Ze koncentrace doposud pouZivanych pufra je
nizka.
Maltosa stimuluje utilizaci Skrobu v bachorovém prostiedi.
SniZenim polétecni koncentrace glukosy pod 2 g/l pufru nedochazi k tvorb& ky-
seliny mlécné.
Isonitrogenni zdména 25 9%, N-mocoviny aminokyselinami zvySuje produkci
proteint, TMK i Y, rp.
V inkubalnim médiu nebyla zjiSténa pfitomnost kyseliny jantarové, mlé¢né ani
vodiku, coz odpovidd podminkdm fermentace in vivo.

Hlavni ukazatele fermentace v prvych 8 hodinich inkubace jsou srovnatelné
s nalezy zjiSténymi in vivo. Ovéfena metoda inkubace in vitro poskytuje schiidnou
cestu pro studium metabolismu bachorovych mikroorganismu.

KynsTHBanus MHUKpoopraHmsMoB py6na 3arpyskoif B mpoGupke

Brin paspaboraH MOIMQHUIIMPOBAHHBIA METON KyJbTHBAllUK 3arpysKOH B IIpO-
6upke MUKpOOpraHU3MOB pybua. B xone ero mpoBepku OBLIO yCTaHOBJEHO, YTO:
— OnTuManbHOEe COOTHOLIEHWE MOYEBMHBI U IJIIOKO3HI B MHKyOallMOHHON cpere

nocruraer npeneaos 0,1—0,3 r H-MoueBuHEI/T TJIOKO3HL.

— Tlocne mob6asmenma 0,003 % amopduoro SleC oxmcaMTENHHO-BOCCTAHOBUTEIE-
HBIA IOTEHUHaJ SBJAeTCA Oosiee CTAaOMJIBHBIM K NpUGIMIKAaeTCs BeIMYUHAM,
BBLISIBJIEHHBEIM B KMBOM OpPraHU3Me.

— OnrumanbHOEe OCMOTHYECKOE IaBJE€HHE WMHKyOalLlMOHHOM Cpelosl NJIA MHKpO-
6uanpuoro mporeocunresa — 0,480 MIla/n. Ys sroro BeITeKaer, UTO KOH-
LEHTPALMs KCIIOJb3YEMEIX IO CUX NMop 6ydepHBIX pacTBOPOB ABJIAETCA HUIKOM.

-— ManbTo3a CTHMyJHpyeT yTHJIM3aljuio KpaxMmaia B cpere pybua.
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— IlonwxeHueM HadaJbHOK KOHIIEHTPALUU TJIOKO3H Hmke 2 r/n 6GydepHoro
pacTBOpa He NPOUCXOZUT OGpasoBaHHE MOJOYHOM KUCJIOTHL

— HWsonutporennoe samemenue 25 90 H-MOueBHHBI aMHMHOKHCJIOTAMM IIOBBI-
maer npoxykuuio nporeunHos, TMK u YATP.

— B unky6anuoHHOM pacTBOpe He GBLIO BBIABJIEHO NPHCYTCTBUE SHTAapHOM, MO-
JIOYHOH KHCJOT, HA BOIOPOLA, YTO COOTBETCTBYET YCJIOBHAM d¢epMeHTanUM
B JKUBOM OpraHU3Me.

OcHoBHBIe HOKa3aTeau GpOXKEHHs B TedeHMe IEepBHIX 8 4acoB MHKyGanum cpas-
HHUMHI C pe3yJbTaTaMM, YCTAHOBJEHHBIMU B )XHBOM opraHmsme. IIposepeHHEId Me-
TON MHKy6aluu B IPOGHpKe ABJAETCA NPHUEMJEMEIM HaIpaBJIeHHWEM B IIpOIecce
M3ydeHUsa MeTabonuM3Ma MHKpPOOPTaHHM3MOB py6ua.
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