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Litter feed additive as source of amino acids
and beneficial bacteria
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Abstract. Feed additive was derived from poultry manure by microbiological synthesis. After a 10-day
feeding poultry with probiotic strains of bacteria B. subtilis TNP-3 and B. subtilis TNP-5, the litter does not
contain potential enteropathogens and can be used as a raw material for feed additive. Based on the results
of microbiological and biochemical studies the technology of feed additive (powder) with the use of extrusion
was developed. Extrusion at a temperature of up to 120 °C for 5—6 seconds provides presence of beneficial
bacteria and significantly high content of essential amino acids. According to the results of biochemical
studies, litter feed additive contains 18 free amino acids. The total concentration of free amino acids
in the feed additive (powder) is 406.3 mg/kg, which is 1.7 times higher than that in the litter without fer-
mentation and extrusion. The experiments have shown that inclusion of 3.3% feed additive in the diet
does not have negative effect on physiological state, viability and productivity of laying hens. Survival
of birds in both groups was 100%. Additive application in the experimental group of chickens revealed
absence of opportunistic pathogenic microorganisms and microscopic fungi, presence of bifidobacteria
and spore-forming aerobic Bacillus bacteria in powder, as well as predominance of beneficial micro flora
and lack of potential enteropathogens (compared to control). It allows to conclude that feed additive obtained
by microbiological synthesis from bird droppings possess probiotic properties. The results of biochemical
study of egg production indicate that the use of food additives (to 3.3% of the basic diet) for laying hens
significantly increases content of major micro and macro-elements in eggs, compared to the control.
Therefore, the use of feed additive-powder (up to 3.3% of the basic diet) does not reduce egg quality.
Thus, based on the results of these studies, it can be concluded that the litter obtained from laying hens,
after application of probiotic ‘Nord-Bakt’, further fermentation with strains Bacillus subtilis TNP-3 and
Bacillus subtilis TNP-5, followed by extrusion can be used as a feed additive as a source of amino acids
and beneficial bacteria.
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KopmoBaqa pob6aBka na nomerta —
MCTOYHUK aMMUHOKUCJIOT U NoJie3HbIX 0aKTepui

A.M. CrenanoBa, H.II. Tapadyxkuna*, ML.II. CkpsiOuna,
M.IIL. Heyctpoes, C.!. IlapunkoBa

OUII «Sxyrckuit Hayunslii ieHTp CO PAHY,
SAxyrcknit HUU cenbekoro xo3siictea um. M.I'. CadpoHoBa,
Axymck, Poccuiickaa @edepayus
*hotubact@mail.ru

AHHOTamus. /I3 NTHYbEro nomMera nyTeM MHKPOOHOIOTHYECKOr0 CHHTE3a MOJTyYeHa KOpMOBast
no6aska. [Tomer nrun ocsnie 10 1Hel BbInanBaHus MPOOHOTHKOM U3 mtamMMoB B. subtilis THII-3 u B. sub-
tilis THII-5 He comepXKUT MOTEHIIAIBHBIX SHTEPOIIATOICHOB U MOXKET OBITh HUCIOJIB30BAH B BUJIE CHIPHS
JUISL TIOJTy4eHHST KOPMOBO# 100aBkH. ITpH pa3paboTKe TEXHOIOTUH KOPMOBOI JOOABKH — ITyJpETa C IPH-
MCHEHHEM 3KCTPYIHPOBAHNS OCHOBBIBAINCH HA PE3YJIbTaTaX MHUKPOOHOJIIOTHYECKUX U OMOXHMMHYCCKHX
HCccTeoBaHni. DKeTpyaupoBanue npu Temmeparype 1o 120 °C B Teuenne 5—6 ¢ obecreunBaeT comepika-
HHE TOJIE3HBIX OaKTepHil M JOCTOBEPHO BBICOKOE COZICPKAHHE HE3aMEHHMBIX aMHHOKHUCIOT. I1o pesybra-
TaM OMOXMMHYECKHX HCCIIEIOBaHHIT B KOPMOBOH J100aBKE M3 IIOMETa COACPKUTCS 18 CBOOOIHBIX aMHHO-
kucior. OOImasi KOHLIEHTPAIKs CBOOOHBIX aMHHOKHUCIIOT B Iyapere cocTtasisier 406,3 mr/kr, uto 1,7 paza
BBIIIIE, YeM B oMeTe 6e3 (epMeHTamy 1 SKCTpyAupoBaHus. Kak moka3aim OIbBITH, BKIIOYCHHUE B PAIMOH
3,3% xOopMOBO#i T0OABKH HE OKa3bIBAET OTPHUIIATEIBHOTO JEHCTBHS Ha (PU3UOJIOTHYECKOE COCTOSIHHE,
XKHU3HECIIOCOOHOCTh M NPOLYKTUBHOCTh Kyp-Hecymiek. CoxpaHHOCTh ITull B obeux rpynnax — 100%.
OTCyTCTBHE YCIIOBHO-IIATOT€HHBIX MUKPOOPIaHU3MOB, MUKPOCKOIIIYECKUX IPHOOB ¥ MIPUCYTCTBUS OH(UIIO-
U cropooOpasyronux aspoOHbIX Oaktepuil pona Bacillus B myapere, a Takke npeoOasaHue NmpeIcTaBu-
TeJeil MoNe3Hoi HOpMOMIOPE! U OTCYTCTBHE ITOTCHIHAIBHBIX SHTCPONATOICHOB Y ONBITHON TPYIIIBI KYp
TOCTIe ero MpUMeHeHHs (0 CPaBHEHHIO ¢ KOHTPOJIEM) ITO3BOJISIIOT CeNaTh 3aKIIIOUeHHE O MPOOHOTHIe-
CKHUX CBOMCTBaX KOPMOBOH JT00aBKH, MOTYYEHHOH IyTeM MHKPOONOJIOTHYECKOTO CHHTE3a U3 ITHYBETO
nomeTa. Pe3ynbTaTsl OMOXMMHYECKOTO HCCIIEAOBAaHMS SIMYHON MPOMYKIMH CBUETENBCTBYIOT, YTO IIPHU-
MeHeHHe KOpMOBOH N00aBkU (10 3,3%) OT OCHOBHOTO pamyoHa Kyp-HECYIIEK JOCTOBEPHO MOBBIIIACT
coziep)kaHue OCHOBHBIX MHUKPO- U MaKpPO3JIEMEHTOB B SIHIIE, IT0 CPaBHEHHUIO ¢ KOHTposeM. CIie1oBaTeNbHO,
pUMEHEHHe KOPMOBO# 100aBkr — mynpeTa (10 3,3% OT OCHOBHOTO palMOHa) HE CHIDKAET KAaueCTBO
SIMTHOW TTPOIYKIIHH.

JlokazaHo, 4To (peKayuK OT MTHII IIPH KCIOIb30BaHus npenapaTta «Hopa-bakt» u nansHeleit dpep-
MEHTAIlMU UX coueTanueMm Oakrtepuit B. subtilis THII-3 u B. subtilis THII-5 mocie 3kcTpyanpoBaHus
MOTYT OBITh IPIMEHEHHI B Ka4eCTBE KOPMOBOH JOOABKHM KaK UICTOYHUK AMUHOKHCIIOT U TTOJIE3HBIX MHUK-
POOPTaHNU3MOB.

KuroueBble cj10Ba: Kypbl-HECYIIKU, ITHYKI TOMET, MPOOUOTHK, IITAMMBI OakTepui, B. subtilis
THII-3, B. subtilis THII-5, sxcTpyaupoBaHue, IMyIpeT, CBOOOJHBIE aMHHOKHCIOTHI, MOJIE3HASI MHKPO-
0OHOTa, SHTEPOIIATOTECHBI
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Introduction

Today, there are many poultry farms in the country, where chickens, geese, turkeys
and other bird species are bred in large quantities. Poultry products are meat, eggs, down
and feathers. At the same time, the amount of generated waste (bird droppings) can
often exceed the volume of the main production, reaching hundreds of tons per year.
Therefore, the task of developing safe and waste-free technologies for obtaining poultry
products, including organic waste in poultry complexes is urgent [1]. There are several
ways to utilize organic poultry waste: they can be used in crop production as fertilizers,
raw materials for feed additives, biofuels, as well as an additive for obtaining clean
water from wastewater. Feed additives from processed raw materials and animal waste
are not inferior to many feeds in nutritional value [2]. In addition, with bird droppings,
up to 30...35% of undigested feed is released. Depending on keeping and feeding con-
ditions, bird droppings can serve as a source of nutrients or as an environmental pol-
lution factor [3].

The aim of the study was to develop production of probiotic feed additives from
bird droppings processed using Bacillus subtilis bacteria strains.

Materials and methods

The research work was carried out at Yakutsk Poultry Factory and microbial drug
development laboratory of Physics and Technology Center of Siberian Branch of Russian
Academy of Sciences. Laying hens of Rodonit-3 cross from industrial herd of No. 18
workshop were studied. Raw poultry manure of chickens was used as material for ob-
taining a feed additive (powder) after a 10-day use of Nord-Bakt probiotic, 0.01 ml or
5 x 10" CFU per head, daily. For fermentation of fresh litter, Nord-Bakt was also used
(equal combination of B. subtilis TNP-3 and B. subtilis TNP-5 bacterial strains containing
5 x 109 CFU/ml) at the rate of 1 ml per 100 g of litter and kept for 2 days at a tempera-
ture of 25...28 °C.

Then, to obtain powder, litter was treated in a thermal way: passed through
Ekorm-1-1600.000 extruder. During the movement, the litter was heated and pressed
at a temperature of 100...120 °C for 5—6 seconds, then cooled and crushed. For expe-
riments on testing the obtained feed additive, laying hens at the age of 14 months
in the amount of 24 animals were selected. An experimental group of laying hens
received 3.3% of the powder from the main diet. The control group received the main
diet without powder. The content was similar, corresponding to zootechnical standards,
drinking was grooved with free access.
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Microbiological studies of powdered samples and bird droppings were carried out
for presence of bifidobacteria, enterococci, aerobic spore-forming bacteria, mesophilic
aerobic facultative anaerobic microorganisms, enterobacteria, staphylococci, microscopic
fungi according to the accepted standards [4—7]. Biochemical studies of powder and
eggs were carried out on NIR SCANNER model 4250 infrared analyzer. The data were
processed using the Snedecor program, Microsoft Excel, and Student's statistical
processing.

Results and discussion

In litter micro biota of the experimental bird groups after a 10-day watering with
Nord-Bakt probiotic, only representatives of intestinal normobiosis (lacto- and bifidobac-
teria, enterococci, aerobic spore bacteria) were present, no pathogenic staphylococci,
mold and toxigenic fungi were present, unlike litter of the control group of laying hens
where the probiotic was not used.

The study results confirm the data obtained by A.M. Stepanova [8], when Nord-
Bakt probiotic ensured microbiological survival of poultry waste.

High-temperature drying allows to effectively neutralizing the litter from oppor-
tunistic and pathogenic bacteria, while maintaining useful elements. Upon receipt
of the powder, we proceeded from the results of microbiological and biochemical
studies. Microbiological studies analyzed normoflora survival: bifidobacteria, entero-
cocci, spore-forming aerobic bacteria and absence of pathogenic microorganisms.
As the results (Table 1) showed, the absence of opportunistic microorganisms and
microscopic fungi in the powder provided the extruder drying mode at 100...120 °C
for 5—6s.

Table 1
Number of microorganisms in litter feed additive, CFU/g
Number of microorganisms, CFU/g
Type of microorganisms After heat treatment

Before heat treatment (extruder)
™C 7x10" 4.8x10°
Spore bacteria (Bacillus sp.) 8x10* 1.2x10°
Lactobacillus (Lactobacillus sp.)
10’ 1.9x10° -
10° 1x10° -
10° - -
Bifidobacteria (Bifidum sp.)
10" +++ +++
10° +++ +
10° +++ -
Enterococci (Enterococcus sp) 1.7x10° 3.2x10°
Escherichia L + (Escherichia sp) 9.2x10" -
Escherichia L—- (Escherichia sp) - -
Staphylococci (Staphylococcus sp) 6x10° -
Yersinia (Yersinia sp) - -
Microscopic fingi Yeasts -

Designation. L+: Escherichia fermenting lactose; L-: Escherichia not fermenting lactose; —: lack of growth;

+: single growth; +++: intensive growth.
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Litter fermented with B. subtilis strains (1 ml or 5 x 10° CFU per 100 g) and dried
for 2 days at 25...28 °C before applying heat treatment contained a significant amount
of bifidobacteria, lactobacilli up to 1.9 x 10° CFU/g, enterococcus — 1.7 x 10> CFU/g,
spore-forming bacteria — 8.0 x 10* CFU/g, lactose-positive Escherichia — 9.2 x 10* CFU/g,
staphylococcus — 6.0 x 10* CFU/g, also sporadic yeasts.

The obtained feed additive (powder) after extrusion had sharply decreased TMC,
bifidobacteria, enterococci; lactobacilli, lactose-positive escherichiae, staphylococci and
yeasts disappeared, and increased the number of spore-forming aerobe Bacillus bacteria
(up to 1.2 x 10° CFU/g), which were the basis of Nord-Bakt probiotic, used to obtain
powder from bird droppings. Preparations based on B. subtilis are known to withstand
heat and granulation [9, 10].

According to the results of biochemical studies, litter feed additive contains 18 free
amino acids (table 2). The total concentration of free amino acids in the powder is
406.3 mg/kg, which is 1.7 times higher than in the litter without fermentation and ex-
trusion. Free amino acids, getting into the blood, are involved in protein synthesis.
A mixture of amino acids, unbound free proteins in animal feed increases their immune
biological status, activates metabolism, improves appetite, digestibility of food and
resistance to various diseases [2, 11, 12].

The inclusion of 3.3% of the powder in the diet does not have a negative effect
on physiological state, vitality and productivity of laying hens. The survival of birds
in both groups was 100%.

Table 2
Amino acid analysis of litter and powder samples
Amino acid, Litter of chickens Litter after Powder after heat Proportion
mg/kg who took Nord- B. subtilis fermen- treatment of the total number
Bakt probiotic tation and drying through Ekorm of amino acids
with water for 2 days 1.1600.000 ex- in the feed additive, %
(0.01 ml per bird) at25...28°C truder
Aspartic acid 22.1+£01 27.5+11 45.1+0.3*** 9.1
Threonine 11.9+0.1 14.8+0.6 24.4+0.2*** 6.0
Serine 10.9+0.1 13.1+04 20.3£0.1*** 4.9
Glutamic acid 29.4+0.1 35.0+1.1 53.4£0.3*** 13.1
Proline 9.9+0.1 11.8£0.4 17.8£0.1*** 4.4
Glycine 13.2+0.1 15.7+0.5 23.7+£0.1*** 5.8
Alanine 19.2+£0.1 21.0+0.3 26.6+0.1*** 6.5
Cysteine 0.4+0.1 0.5+0.0 1.0£0.0*** 0.3
Valine 15.3+£0.1 18.5+£0.7 28.8+0.2*** 7.0
Methionine 6.0£0.1 7.3+0.2 12.2+£0.1*** 3.0
Isoleucine 13.7+£0.1 16.7+£0.6 26.6+0.2*** 6.5
Leucine 22.3+0.1 25.1+0.6 34.3+0.2*** 8.4
Tyrosine 11.7+£0.1 12.9+£0.3 16.9+£0.22*** 4.2
Phenylalanine 13.4+£0.1 14.9+£0.3 19.8+£0.1*** 4.9
Ornithine 0.6£0.1 0.7+£0.1 0.9+£0.1*** 0.2
Lysine 17.2+£0.1 19.1£04 25.3+0.1*** 6.2
Histidine 5.5%0.1 6.6+0.2 10.2+£0.1*** 2.5
Arginine — 16.0+0.2 19.0£0.1*** 4.7

Note. *** P> 0.001.
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Table 3
Microflora of litter after feed additive application

The number of microorganisms, CFU/g
Microorganisms
Experimental group Control group

™C 1.2+10° 1.2+10°
Spore bacteria (Bacillus sp.) 2.0+10° 43+10°
Lactobacillus (Lactobacillus sp.) 45+10° 1.2+10°
Bifidobacteria ( Bifidum sp.)
10" e+ ++
10° ++ +
10° + -
Enterococci (Enterococcus sp) 8.2+ 104 55+ 104
Escherichia L + (Escherichia sp) 9+10° 51+10°
Escherichia L— (Escherichia sp) - 1.4+10°
Staphylococci (Staphylococcus sp) 9.1+10° 1.6+10°
Yersinia (Yersinia sp) - -
Microscopic fingi - -

Designation. L+: Escherichia fermenting lactose; L-: Escherichia not fermenting lactose; —: lack of growth; +:
single growth; +++: intensive growth.

Table 4
Biochemical characteristics of chicken eggs after feeding with powder
Experimental group Control group
Elements
Yolk White Yolk White
Water, % 7.8+0.1* 14.9+0.1* 7.6+0.1 14.5+0.3
Protein, % 38.4+0.1* 81.3+0.4* 38.1+£0.2 79.9+0.8
Fat, % 55.7+£0.1* 5.4+0.2* 55.6+0.2 4.9+0.3
Carbohydrate, % 8.5+0.1** 9.6+0.1* 8.2+0.1 9.2+0.3
Ash, % 26.9+17.2* 8.3+0.1* 6.7+0.1 7.940.3
Sodium, mg % 171.6+1.4* 1071.0+7.3* 168.3+1.5 1048.9+14.0
Potassium, mg % 189.9+14 2.2+0.01* 186.7+1.4 2.1£0.1
Calcium, mg % 277.2+0.4* 79.3+0.4* 276.3+£0.3 77.9+0.8
Magnesium, mg % 34.9+0.2* 87.5+0.4* 34.4+0.2 86.4+0.7
Phosphorus, g/100 g 1.2+ 0.01 248.7 +2.3** 1.2%£0.01 241.6+4.5
Iron, mg % 29.6+0.3 11.7+£0.2* 29.0+0.3 11.0+04
Vitamin A, mg % 2.6+0.01 — 2.6+0.01 —
Vitamin B1, mg % 0.5+0.01 — 0.5%£0.01 —
Vitamin B2, mg % 0.8+0.01* 6.7+0.1 0.8%0.01 6.3+£0.2

Note. *P < 0.05; **P > 0.05.

Despite the absence and small number of beneficial microflora in the powder,
chickens of the experimental group (Table 3) showed a higher content of lacto- and
bifidobacteria in the intestinal microbiota, and the absence of lactose-negative escherichia
compared to the control chickens, which received the full main feed ration without feed
additives. The absence of opportunistic microorganisms, microscopic fungi, the presence
of bifidobacteria and Bacillus spore-forming aerobic bacteria in the powder, predomi-
nance of beneficial normoflora and the absence of potential enteropathogens in the
experimental group of chickens after its use (compared with the control) result in pro-
biotic properties of the feed additive obtained by microbiological synthesis from bird
droppings. The data obtained are consistent with the results of studies on the use
of feed additives based on B. subtilis, Bac. licheniformis [13—18].

The results of egg biochemical study (Table 4) indicate that the use of powder
(up to 3.3% of the main ration for laying hens) significantly increases content of main
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micro- and macro-elements in eggs, compared with the control. At the same time, egg
quality does not decrease. Thus, the litter obtained by litter extrusion after watering
with the Nord-Bakt probiotic and subsequent fermentation with B. subtilis TNP-3 and
B. subtilis TNP-5 is promising as a feed additive containing amino acids and beneficial
microorganisms.

Conclusions

1. The drying mode for litter feed additive with an extruder at 100...120 °C for
5—6 s ensures destruction of opportunistic pathogenic microorganisms and micro-
scopic fungi.

2. TMC sharply decreased in powder after extrusion, the number of bifidobacteria,
enterococci, lactobacilli, lactose-positive escherichia, staphylococcus, and yeast comple-
tely disappeared, but the number of spore-forming aerobic Bacillus bacteria increased
(1.2 x 10° CFU/g), which are the basis of Nord-Bakt probiotic used to obtain powder
from birds litter.

3. The litter contains 18 free amino acids. The total concentration of free amino
acids in the powder was 406.3 mg/kg, which was 1.7 times higher than in the litter
without fermentation and extrusion.

4. The inclusion of 3.3% of the feed additive in the bird ration did not adversely
affect the physiological state, viability and productivity of laying hens, significantly
increased the content of the main micro and macro elements in the egg.

5. The powder obtained by extruding bird droppings after watering with the Nord-
Bakt probiotic and fermenting with B. subtilis TNP-3 and B. subtilis TNP-5 strains can
be added as a source of amino acids and useful bacteria to the ration of laying hens.

BBepeHune

Ha cerogusmnMii eHs B CTpaHe CYIIECTBYET MHOXECTBO nruuedadpuk, rae
B OOJIBIINX KOJIMYECTBAX Pa3BOAAT Kyp, TyCeid, HHIECEK U Apyrue BUIbI NTUIl. [IpoayKTh
Npou3BOICTBA nTUieabpuk — MsIco, siflia, mepo u myx. [Ipu 3ToM Hepeako Koiuye-
CTBO 00pa3yIOMIMXCSl OTXOJ0B (2 UMEHHO NTUYBEr0 MOMETa) MOXKET MPEBHIIIATh 00beM
OCHOBHOM MPOJYKIIUH, JOCTUTasi COTEH TOHH B TOJ[, B CBS3HM C YeM aKTyallbHa 3a/1a4ya
pa3paboTku 6e30MmacHbIX U 0€30TXOTHBIX TEXHOJIOTHIA MOTYYESHHUS TPOTYKIHH MITHIIC-
BOJICTBA, BKIIIOYAIOIINX OPTaHUYECKUE OTXOJIbI B MTUIIEBOIYECKUX KOMILIeKcax [1].
Cy1ecTByeT HeCKOJIBKO CITOCOO0B YTHIU3AIMH OPTaHUIECKUX OTXO/I0B MTHIIEBO/ICTBA!
UCTIOJIb30BAaHNE WX B PACTCHHUEBOJICTBE KAaK YAOOPEHUH, CHIPBS sl MTOMYyYSHUsT KOp-
MOBBIX J00ABOK, MOJTy4YeHHE OMOTOIUINBA, @ TAK)KE YUCTOM BOJIBI U3 CTOYHBIX BoJ. Kop-
MOBBIE JI0OABKH U3 MEPepadOTaHHOTO CBIPbs M OTXOJIOB )KHBOTHOBOJICTBA HE YCTYIAIOT
MHOTHM KOpMaM M0 MUTaTeNbHON 1eHHOCTH [2]. Kpome Toro, ¢ moMeToM NTHIl BEIXOAUT
1o 30...35% He nepeBapeHHOro KopMma. B 3aBucUMOCTH OT yCJIOBUM coaepkaHus
¥ KOPMJICHHUS ITULBI ITHYMIA TIOMET MOXKET CITY)KHTh UCTOYHHKOM TIOJIE3HBIX BEUIECTB
WK (HaKTOPOM 3arps3HEHUS TPUPOTHOM cpebl [3].

Lenp uccnenoBanusi — pa3pabOTKa MPOU3BOACTBA MPOOUOTUIECKOM KOPMOBOI
N00aBKU M3 MITHYBETO MTOMETa, MepepaboTaHHOrO ¢ MPUMEHEHHEM IITaMMOB OaKkTepuit
Bacillus subtilis.
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MaTtepuansl u meTOAbI

Hayuno-uccnenoparensckast padora nposegeHa B OAO «SIkyTckast nruiiedaOprkay
Ha Kypax-Hecyllkax kpocca «PooHHUT-3» NpOMBIIUIEHHOrO cTajga B nexe Ne 18 u sa-
6opartopuu 1o pazpaborke MukpoOHsix npenaparos ®I'BYH OUILL «IHL] CO PAH»
SHUNCX. B xauecTBe ChIpbs IS IOMyYSHHUsT KOPMOBOI T0OABKH (ITy/IpeTa) UCTIONIB30-
BJIM CHIPOW NTHUYMI TIOMeT Kyp nociie 10-aHeBHOr0 npruMeHeHus npoobuoruka «Hopa-
bakt» 1o 0,01 M1 wu 5x107 KOE Ha 1 rosnoBy, exemaneBHo. 11 epMEeHTAIMU CBEXe-
MOJTyYEHHOT'0 TIOMEeTa MCIOJIb30BaIM Takxke npenapat «Hopn-bakt» (npeacrasistrormit
paBHOE coueranue mrTaMmoB Oaktepuii B. subtilis THII-3 w B. subtilis THII-5 u conep-
xanmit 5x109 KOE/mn) u3 pacyera 1 mi Ha 100 1 moMeTa 1 BbIIEp)KUBAIIN B TEUCHUE
2 nHeyt npu Temnepartype 25...28 °C.

3ateM A7 OTydeHus Iy apeTa 00paboTanu MoMeT TEPMUYECKUM CIIOCOO0M: IPo-
MyCTWIIN Yepe3 IKCTpyaep Mapku «IxopM-1-1600.000», nmpu 1BUKEHUH TOMET HOA-
Beprajics pa3orpeBy u npeccosanuto npu temmeparype 100...120 °C B Teuenue 5—6 c,
3aTeM OXJIAXKIICHUIO U M3MENIbUCHHUIO. J{JIsl ONBITOB 1O MCIIBITAHHIO MTOJTYYSHHON KOPMO-
BOH 100aBKM OTOOpaHBI KyphI-HECYIIIKU B Bo3pacte 14 mecsiieB B KOMU4ecTBe 24 TOJIOB.
OnbITHas Tpynna Kyp-Hecyiuek noiyyana 3,3% myzapera oT OCHOBHOro panuoHa. KoHt-
pOJIBbHAS TpPYIIa Mojydalia OCHOBHOW paiioH Oe3 mynapera. CopepkaHue aHaJIOTUYHOE,
COOTBETCTBYIOILIEE 300TEXHUYECKUM HOpMaM, IOEHHE JKeJI00KOBOE, TOCTYII CBOOOIHBIH.

MukpoOnoIOoTHIeCKHe UCCIIeIOBaHMs MPo0 My IpeTa, MOMeTa NTHII POBEICHBI
Ha Haim4ue 6upuI0-IaKTOOAKTEPH, SHTEPOKOKKOB, a9POOHBIX CIIOPOOOPa3yIOIINX OaK-
TEpHA, TAK)KE Ha COAEPIKaHNe ME30(MIBHBIX adpPOOHBIX (haKyIbTaTUBHO-aHAIPOOHBIX
MUKPOOPTraHU3MOB, SHTEPOOAKTEPUi, CTa(UIOKOKKOB, MUKPOCKOIINYECKUX I'PUOOB,
1o OOMIETIPUHATHIM MeToAuKaM [4—7]. buoxuMudeckue uccienoBanus myapeTa u sSuly
nposenensl Ha uHppakpacHoM aHanmm3aTtope MKA NIR SCANNER model 4250.
OO0paboTKy MOIyYEHHBIX JIAHHBIX ITPOBOJIMIIM € UCIOIBb30BAaHUEM ITpOrpaMMsbl Snedecor,
Microsoft Excel u Takyke HCHOIb30BaIM CTATUCTHUYECKYIO 00paboTKy 1m0 CTBIOJCHTY.

Pe3ynbTaTbl M 00CYXAEHUS

B MukpoOuoTe nomera OnbITHBIX TPYMIl NTHULL Tocie 10-IHeBHOro NoeHus! pooHo-
THKOM «Hopa-bakT» NpuUCYTCTBYET TOJBKO NMPEACTaBUTEIM HOPMOOHO3a KUIIIEYHUKA
(;axTo- 1 6GudunodaKTEpHH, FHTEPOKOKKH, a9pOOHBIE CIIOPOBBIE OAKTEpUH), HE COJIEep-
’KaTcs MaTOTeHHbIe CTAQHIOKOKKH, INIECHEBbIE U TOKCUICHHbIE TPUOBI B OTJIMYHE
OT IOMETa KOHTPOJIbHOM I'PYHIIbI Kyp-HECYIIEK, Y KOTOPBIX HE IPUMEHSIICS Mpernapar.

Pe3ynbpTathl HCCIEIOBaHUM NOATBEPKAAIOT AaHHBIE, omy4yeHHble A.M. CtenaHo-
Boii [8], 0 ToM, uTO npuMeHeHue npoduotuka «Hopa-bakr» obecnieunBaer MukpoOuo-
JIOTUUYECKYIO0 O€30I1aCHOCTh OTXO0JI0B NTULIEBOACTBA.

BricokoTemneparypHas cylika 1mo3BoJisgeT 3(p(HEeKTUBHO 00€3BpeAUTh MOMET
OT YCJIOBHO-IIATOTE€HHBIX M MATOT€HHbIX OaKTEepUl, COXpaHss MPHU 3TOM I0JIE3HbIE
aneMeHThl. [Ipu nomydeHuu myapera UCXOJUIN U3 Pe3yIbTaTOB MUKPOOHOIOTMYECKHX
1 OMOXMMHUYECKHUX HcciiefoBaHui. [Ipn MUKpOOHOIOrHYECKOM HCCIIEJOBAaHUU YUHU-
TBHIBAJIM COXPAHHOCTB Ipe/ICTaBUTENEH HOPMOGIIOpBI: OUBHI0-TaKTOOAKTEPUH, SHTEPO-
KOKKH, CIIOpoo0pasyrole a3poOHble OaKTepUu U OTCYTCTBHE MAaTOI€HHBIX MHKpOOpPTa-
Hu3MOB. Kak mokazanu pe3ybTarhl uccienoBanuil (tadmi. 1), oTcyTcTBHE yCIOBHO-TIA-
TOT€HHBIX MUKPOOPIaHU3MOB U MUKPOCKOIUYECKUX IPUOOB B IyApeTe o0ecrednBaeT
peXHUM CyLIKH IKcTpyaepoMm npu temmeparype 100...120 °C B reuenune 5—6 c.
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Tabnvua 1
KonunyecTBO MUKpOOpPraHn3MoB B KOPMOBOi Ao06aBke u3 nometa ntuu, KOE/r
KonuyecTtBo mmkpoopraHnamos, KOE/r
HazsaHns Mmkpoopranmamos [0 TEePMUYECKOIA nocne TepMuU4ecko
06paboTkn 06paboTku (aKCTpyaep)

KMADAHM 7+10° 4,8+10"
Cnoposele 6akTepun (Bacillus sp.) 8+10 1,2+ 10°
NakTtobakTepuu (Lactobacillus sp.

1 pun | P) 1,9+10° -
10
10° 1+10° -
10° - -
5m1c]>m,u.o6aKTepvw| (Bifidum sp.) it et
10
10° +++ +
10° +++
OHTEpPOKOKKM (Enterococcus sp) 1,7+ 10° 3,2+ 10°
Owepwuxum J1+ (Escherichia sp) 9,2+ 10*
Owepwuxumn J1- (Escherichia sp) - -
Cradunokokku (Staphylococcus sp) 6+10° -
MepcuHum (Yersinia sp) - -
Mwukpock. rpunbbl Apoxekun -

0603HaueHus. JT+ — awepuxun, hepMeHTHpYoLme NakToay; J1- — awepuxmn, He GepMeHTUPYIOLLME NaKTo3Y;
— — OTCYTCTBWE POCTA; + — €AUHUYHbIN POCT; +++ — NHTEHCUBHBIN POCT.

ITomer, ¢epmenTHpOBaHHBIN IITAMMaMu OakTepuil B. subtilis (13 pacuera 1 M1 uim
5x10° KOE na 100 r) u BHICYIIEHHBI B TeueHue 2 AHeil mpu Temmepatype 25...28 °C
JI0 TIPUMEHEHUS TEPMUUYECKON 00pabOTKH, CONEPIKUT 3HAYNTEIBHOE KOJIMYECTBO Ondu-
nobakTepuii, nakrobakrepuii 10 1,9 x 10° KOE/r, surepokokkos — 1,7 x 10° KOE/T,
cropoobpasyromux 6akrepuii — 8,0 x 10* KOE/T, 1aKT030I10J0KUTEIbHBIX SIIEPHU-
xuit — 9,2 x 10* KOE/r, crapunokokkos — 6,0 x 10* KOE/r, Takxke eIMHUYHbIE
JIPOACKH.

B nomydyenHoil KOpMOBOii H00aBKe (IyIpeTe) Mmociie SKCTPYAUPOBAHUS PE3IKO
cokparmiock KMA®AHM, konudecTBo O6upumodakTepuii, FHTEPOKOKKOB (IIPUMEPHO
Ha 2 TOPSIZIKA), UCUYE3ITH JIAKTOOAKTEPUH, JTAKTO30II0JIOKUTEIbHBIE SUIEPUXUH, cTadu-
JIOKOKKH, IPOACKHU, U B TOKE BpPEeMs HE TOJIbKO COXPAHUIIOCh, HO M YBEJIMYUIIOCH YHCIIO
Cropoo6pasyroIKx a’spoOHbIX GakTepuii pona Bacillus (o 1,2 x 10° KOE/r), koTopsie
ABIIAIOTCSA OCHOBOM mpobunotuka «Hopa-bakT», HCnoap30BaHHOrO MpHU MOJyYEHUU
nmyApeTa U3 NTuubero nomera. Kak u3BecTHo, mpenaparsl Ha OCHOBe B. subtilis Bbinep-
’KUBAIOT HarpeBanue v rpanynuposanue [9, 10].

I[To pe3ynpTatam OMOXUMHYECKHUX HCCIIEIOBAHUI B KOPMOBOM JOOABKE M3 MOMETa
cogepkutcst 18 cBOOOHBIX aMUHOKHUCIOT (Tabi. 2). OO0mas KOHIEHTpalusi CBOOOIHBIX
aMUHOKHCIIOT B myzpere coctapisieT 406,3 mr/kr, uto 1,7 pa3a Bblle, 4eM B TIOMETE
6e3 GepmeHTau U SKCTpynupoBanus. CBOOOIHBIE aMUHOKUCIIOTHI, TTOTIa1asi B KPOBB,
y4acTBYIOT B cUHTe3¢ 0enkoB. CMeCh aMMHOKHUCIIOT, HECBA3aHHBIX CBOOO/IHBIX OEIKOB
B COCTaBe KOMOMKOPMOB YKHBOTHBIX MOBBIIIAIOT UX HMMYHOOHOJIOTHYECKHUI CTaTyC,
AKTUBM3HUPYIOT OOMEH BEIIECTB, YIIyUIIAlOT alleTHT, ePeBapuMOCTh KOPMOB U COIPO-
TUBJISIEMOCTH K Pa3InYHbIM 3a0oneBanusm 2, 11, 12].
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Tabnmua 2
AMUNHOKNCIIOTHBIN aHanNnM3 o6pa3uoB NnoMeTa u nyapeTta
AMUHOKMCNOTA, Momer kyp, Momet nocne Mynpet nocne Jons ot o6Liero

Mr/Kr NPUHUMABLLNX depmeHTaumm TepMUYEeCKOoM KonnyecTea

npoBuoTrK LwTaMMamu 06paboTku yepes aMUHOKUCAOT

«Hoppa-BakT» B. subtilis v cyLukun aKCTpyaep B KOPMOBOM

C BOOOW B J03€ | B TeyeHue 2 gHen «9KopM nobaske, %

13 pacyeta npv Temneparype 1.1600.000»
0,01 mnHa 1ron. 25...28°C

AcnaparvHoBas kucnorta 22,1+0,1 275+1,1 45,1 +£0,3*** 9,1
TpeoHuH 11,9+0,1 14,8+0,6 24,4+ 0,2*** 6,0
CepuH 10,9+0,1 13,1+0,4 20,3+ 0,1*** 4,9
nyTammHoOBas kncnorta 29,4+0,1 35,0+1,1 53,4+0,3*** 13,1
MponuH 9,9+0,1 11,8+0,4 17,8+0,1*** 4,4
MuuyH 13,2+0,1 15,7+0,5 23,7+0,1*** 5,8
AnaHuH 19,2+0,1 21,0+0,3 26,6 £0,1*** 6,5
LnctenH 0,4+0,1 0,5+0,0 1,0£0,0*** 0,3
Banun 15,3+0,1 18,5+0,7 28,8+ 0,2*** 7,0
MeTnoHuH 6,0£0,1 7,3+£0,2 12,2+0,1*** 3,0
N3onenumH 13,7+0,1 16,7+0,6 26,6 £0,2*** 6,5
NeliumnH 22,3+0,1 25,1+0,6 34,3+0,2*** 8,4
Tpo3uH 11,7+0,1 12,9+0,3 16,9+ 0,22*** 4,2
deHnnanaHnH 13,4+0,1 14,9+0,3 19,8+0,1*** 4,9
OpHUTKH 0,6+0,1 0,7+0,1 0,9+0,1*** 0,2
NnsnH 17,2+0,1 19,1+0,4 25,3+ 0,1*** 6,2
f'metnamuH 5,5+0,1 6,6+0,2 10,2+ 0,1*** 2,5
ApPruHuH — 16,0+0,2 19,0+0,1*** 4,7

lMpumeyvanune. *** P> 0,001.

Bxurouenue B paruon 3,3% myapeTa He OKa3bIBae€T OTPULIATENILHOTO JACHCTBUS
Ha (U3MOIOTHYECKOE COCTOSIHUE, KU3HECTIOCOOHOCTh M MPOAYKTUBHOCT Kyp-HECYIIIEK.
CoxpanHocts nitu1] B 06eux rpymmnax 100%.

HecmoTps Ha 0TCYyTCTBHE M Majoe KOJIMYECTBO MPEICTaBUTENEH MOIE3HON MUK-
podopsl B myapeTe, y Kyp ONBITHOW rpynmsl (Tabi. 3) B MUKPOOHOTE KHIIEUHUKA
OTMeUeHO 0oJiee BBICOKOE COJIepKaHUE JTaKTO- U Ou(pHI00aKTepuii, OTCYTCTBUE JIAKTO-
300TPHUIIATENBHBIX SMIEPUXHUA B OTIUYUE OT Kyp KOHTPOJIBHOM I'PYIIIBI, TOTYyYaBIIMX
TIOJTHBIN OCHOBHOM palmoH KOMOMKOpMa 6e3 KOpMOBO# 100aBkU. OTCYTCTBHE YCIOBHO-
MaTOreHHBIX MUKPOOPTaHU3MOB, MUKPOCKOIIMYECKHX IPUOOB, IPUCYTCTBHE OupuIo-
U criopooOpasyronux a’dpoOHbIX Oaktepuit poaa Bacillus B myapere, npeobnananue
NpeACTaBUTENeH MOIe3HOW HOPMO(MIOPHl U OTCYTCTBHE MOTEHIIMAIBHBIX SHTEPOIATO-
T€HOB y OMBITHOW TPYIIBI Kyp MOCIIE €r0 MPUMEHEHHS (10 CPABHEHUIO C KOHTPOJIEM)
00yCJIOBIMBAIOT MPOOHOTHYECKHE CBOMCTBA KOPMOBOM 100aBKH, MMOTYYEHHOU ITyTeM
MHUKpPOOHOJIOTMYECKOTO CHHTE3a U3 NTUYbEro rnomMeta. [lomydyeHHble JaHHBIE COTIacy-
IOTCSI C Pe3yJIbTaTaMU UCCIICIOBAHUHN 110 IPUMEHEHUIO KOPMOBBIX JJ00aBOK Ha OCHOBE
mTamMMoB Oaktepuit B. subtilis, Bac. licheniformis [13—18].
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Tabnya 3
Mukpodnopa nomeTa nTuL, Nocne NPUMEHeHUsi KOPMOBOW A,06aBKN
MukpoopraHmamel Konunyectso mukpoopraHnamos B dekanusax, KOE/r
OnbiTHas rpynna KoHTponbHas rpynna
KMADAHM 1,2+10° 1,2+10°
Cnoposeble 6aktepuu (Bacillus sp.) 20+10° 43+10°
NaktobakTepwun (Lactobacillus sp.
e pan( P 45+10° 1,2410°
5VI1CbVI,D.O6aKTepVIVI (Bifidum sp.) i -
10
10° ++ +
10° -
QHTEpoKokku (Enterococcus sp) 8,2+ 10" 55+10"
Swepuxun N+ Escherichia sp) 9+10* 51+10°
Auiepuxviv J1- (Escherichia sp) 1,4+10°
CTadunnokokkun HenaToreHHble 4 5
(Staphylococcus sp) 9,1£10 1,610
WNepcuHun (Yersinia sp) - -
Mwukpock. rpunbbl - _
lMpyumeyarmne. J1+ — awepunxmnn, depMeHTUpyowme nakTosy; J1- — awepuxuun, He pepMeHTUPYIoLUME NaKTo3Y;

— — OTCYTCTBWE POCTA; + — €AUHUYHbIN POCT; +++ — NHTEHCUBHBIN POCT.

Tabnnua 4

Pe3ynbTaTbl GMOXUMUYECKUX UCCIIeA0BAHUIA SULL KYP NOCJie CKapMIMBaHua nyapera

OnemMeHTbl OnbITHas rpynna KoHTponbHasg rpynna
Xentok Benok XXentok Benok

Bopa, % 7,8+0,1* 14,9+0,1* 7,6%0,1 14,5+0,3
Benok, % 38,4+0,1* 81,3+0,4* 38,1+£0,2 79,9+0,8
Xup, % 55,7+0,1* 5,4+0,2* 55,6+0,2 4,9+0,3
YrneBogbl, % 8,5+0,1** 9,6+0,1* 8,2+0,1 9,2+0,3
3ona, % 26,9+17,2* 8,3+0,1* 6,7+0,1 7,9+0,3
Hatpwuin, mr % 171,6£1,4* 1071,0£7,3* 168,3+1,5 1048,9+ 14,0
Kanuin, mr % 189,9+1,4 2,2+0,01* 186,7+1,4 2,1+0,1
Kanbuuin, mr % 277,2+0,4* 79,3+0,4* 276,3+0,3 77,9+0,8
Marnui, mr % 34,9+0,2* 87,5+0,4* 34,4+0,2 86,4+0,7
docoop, r/100r 1,2+0,01 248,7 +2,3** 1,2+0,01 241,6+4,5
XXeneso, Mr % 29,6+0,3 11,7+£0,2* 29,0+0,3 11,0+0,4
ButamuH A, mr % 2,6+0,01 — 2,6£0,01 —_
Butamun B, Mr % 0,5+0,01 — 0,5+0,01 —_
ButamuH B,, Mmr % 0,8+0,01* 6,7+0,1 0,8+0,01 6,3+£0,2

lNMpumevanne. *P < 0,05; **P > 0,05.

Pe3ynbTaThl OMOXMMHYECKOTO UCCIICOBAHUS IMUHOM Tpoaykuuu (Tabdi. 4) cBu-
JIETENILCTBYIOT, YTO NpUMeHeHue nyapera (10 3,3% OT OCHOBHOIO paluoHa Kyp-He-
CYIIEK) JOCTOBEPHO IOBBIIIAET CO/EP)KaHNE OCHOBHBIX MHUKPO- U MAaKpO3JIEMEHTOB
B si1e, 10 CPABHEHUIO C KOHTposeM. IIpu 3TOM He CHMKaeTcs KauyecTBO SIMYHOMU
npoayKuun. TakuM 00pa3oMm, MOATBEPKAACTCS MOTYUECHHBIH IyTeM SKCTPYAUPOBAHUS
noMeTa NTHll nocie nmoeHus npoduotrnkom «Hopa-bakt» u mocnemyromeit dpepmen-
Tanuu cycnensueit mramMMmoB B. subtilis THII-3 u B. subtilis THII-5 nepcnextuBex
B KaUeCTBE KOPMOBOH /100aBKM KaK MCTOYHHUK aMHUHOKHUCIIOT M IMOJE3HBIX MUKPOOP-

TaHU3MOB.
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BbiBOAbI

1. Pexxum cymku KOpMOBOHU JTOOABKH M3 IMOMETA MTHUI] SKCTPYAECPOM IPH TeMIIe-
patype 100...120 °C B Teuenue 5—6 ¢ obecrneynBaeT yHUUTOKEHUE YCIOBHO-11aTO-
T'€HHBIX MUKPOOPT'aHU3MOB U MUKPOCKOITMYECKUX I'PHOOB.

2. B myapere nocne skcTpyaupoBanus pe3ko cokparuiioch KMA®AHM, konu-
4yecTBO OupuaodakTepuil, SJHTEPOKOKKOB (IPUMEPHO Ha 2 MOPsSJKA), COBEPIIEHHO
MCYE3JH JTAKTOOAKTEPHH, JTAKTO30I0I0KUTENIbHbIE SIEPUXUH, CTADUIOKOKKH, IPOXIKH,
OJIHAKO YBEIIMYMIIOCH YHCJIO CIIOPOOOpa3yronux adpoOHbIx OakTepuii poaa Bacillus
(mo 1,2 x 10° KOE/T), KoTopsIe SBISIOTCA OCHOBOM npobuotuka «Hopa-Bakty, ucrnosns-
30BAHHBIM NP MOJIYYEHHUHU ITyIPETA U3 ITUYBETO TOMETA.

3. B xopMoBoii 106aBKe U3 nmomera coaepkutcs 18 cBoOOOIHBIX aMUHOKHCIIOT.
OOwras KOHLEHTpaIMs CBOOOJHBIX aMMHOKHUCIIOT B Iyapere coctaBuia 406,3 mr/kr,
gto 1,7 paza Bbille, 4eM B momere 6e3 hepMeHTANU U IKCTPYTUPOBAHHUS.

4. Bxutouenue B paruoH ntuil 3,3% KOpMOBO 100aBKH HE OKa3bIBAJIO OTPHIIA-
TEJIBHOTO JIEUCTBUS HAa (U3UOJIOIMYECKOE COCTOSIHUE, KU3HECTIOCOOHOCTh U MPOAYK-
TUBHOCTb Kyp-HECYILIEK, JOCTOBEPHO MOBBICUIIO CO/IEP’KAHUE OCHOBHBIX MHUKPO- U MaK-
PO3JIEMEHTOB B SIALIE.

5. Ilyaper, nony4eHHBII dKCTPYIUPOBAHUEM TIOMETA IITHUL[ IIOCIE IMOEHUS MIPO-
ouotukom «Hopn-bakT» u nanpHeinie ero gpepMeHTanuel CycrneH3nel mraMmMoB
B. subtilis THII-3 u B. subtilis THII-5, moxeT kak KopMoBasi 100aBKa 100aBIATbCA
B PALMOH Kyp-HECYIIeK B KAUECTBE HCTOYHNKA AMHUHOKHCIIOT M TOJIE3HBIX OAKTEPHIA.
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