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DETERMINATION OF HIGH OLEIC SUNFLOWER
OILCAKE QUALITY DURING STORAGE

Abstract

The article highlights problematic issues in the use of food and feed fats, in particular, low resistance to oxidation as a result
of: toxic and anti-nutritional effects of hydroperoxides, secondary oxidation products and hydrocarbons, trans-isomers and diene
conjugates that are resorbed in the digestive tract. Further transformation of secondary oxidation products of fat leads to anti-
nutritional and toxic effects caused by complex compounds of oxidized fats with proteins, vitamins, and trace elements. A significant
decrease in the nutritional and biological value of the finished product leads to the loss of the ability to assimilate it, to the transition
to the category of unsuitable for feeding. Excluding the possibility of processes occurring in fats that are accompanied by changes in
their organoleptic characteristics and chemical composition is an important scientific and practical problem. The rate of oxidation
reaction significantly depends on the fatty acid composition of fat, therefore, the choice of components of compound feed products
requires detailed justification, taking into account the features of the recipe, technological stages of production, direction of its use,
to ensure the stability of the composition and properties of the finished product, and the predicted zootechnical efficiency. It is an
established fact that the quantity and quality (content of saturated fatty acids, trans fats, ratio of w6/w3 polyunsaturated fatty acids
(PUFA), etc.) of fat in the food and feed ration have a significant impact on the healthy functioning of the body. The demand for
sources of fat with a more physiological lipid profile and functional components, in particular high-oleic type, has increased. The use
of high-oleic varieties of oilseeds as a food ingredient is the most effective and most acceptable way to reduce the content of PUFA,
increase nutritional and biological value, ensure resistance to free radical and peroxidative oxidation, deterioration of taste, etc.
High-oleic sunflower oil differs from other crops (soybean, rapeseed high-oleic hybrids) in a higher level of oleic acid (up to 82%), a
lower content of linoleic acid (up to 4%), a very low content of linolenic acid (up to 0.3%), but in other species it is absent altogeth-
er. High-oleic sunflower hybrids do not show a significant difference in grain yield, oil content and seed productivity compared to
conventional sunflower hybrids, are the optimal alternative to meet global demand and are stable and useful vegetable oils. A by-
product of obtaining vegetable oils is cake, which contains up to 7-9% oil. The purpose of the research is to check the possibility of
using high-oleic sunflower cake after long-term storage in different conditions. During 8 months of storage, the quality indicators of
high-oleic sunflower cake samples placed in different conditions were checked. For which, controlled conditions were created: one
sample (1) (air temperature + 20 = 3 °C, relative air humidity (p) 80 = 2%); Il — temperature +10 + 3°C, relative air humidity (p) 80
+ 2%, Il — temperature + 20 £+ 3 °C, relative air humidity 60 + 2%, IV — temperature +10 + 3°C, relative air humidity (p) 60 £ 2%.
Changes in fat quality indicators during storage of the studied samples of high-oleic sunflower oil cake were determined. After 4
months of storage, the increase in total acidity fluctuates within 1.3-1.6 times depending on the storage conditions, while at the be-
ginning of the experiment this change at the 4th month of storage was 1.6-4.7 times, which may also be associated with the intensifi-
cation of the formation of secondary oxidation products. Reducing the ambient temperature to +10 £3 °C reduces the rate of oxida-
tive processes, the studied quality indicators differ by 1.2-1.7 times. Humidity has a significant impact on the course of oxidative and
hydrolytic processes in the studied samples, its decrease slows down the accumulation of primary and secondary oxidation products
by 1.5-2 times. For all studied samples, the main constants of fat for the 8th month of storage fluctuate within acceptable limits: acid
number 5.9-12.1 mg KOH, peroxide number 3.1-7.7 % O mmol/kg, total acidity 3.6-8.7 “H. Based on the conducted research, a con-
clusion was made about the feasibility of using high-oleic sunflower oilcake in feed production, since even after long-term storage in
various favorable and unfavorable conditions, it is able to maintain the constancy of quality indicators at a safe level and ensures the
stability of the composition and properties of compound feed, safety, zootechnical efficiency of its use in livestock and poultry farm-
ing.
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Introduction caused by complex compounds of oxidized fats with pro-

FEED, QUALITY, TECHNOLOGY AND ANIMAL FEED

Fats, due to the peculiarities of their chemical
composition, are easily susceptible to changes during
storage and industrial processing, which reduces their
quality and biological value. The characteristic conse-
quences of oxidation of food and feed fats are: toxic and
anti-nutritional effects of hydroperoxides, secondary oxi-
dation products and hydrocarbons, trans-isomers and
diene conjugates, which are absorbed in the digestive
tract. Further transformation of secondary oxidation
products of fat leads to anti-nutritional and toxic effects
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teins, vitamins, and trace elements. A significant de-
crease in the nutritional and biological value of the fin-
ished product leads to the loss of the ability to assimilate,
to the transition to the category of unfit for feeding [1, 2].

Therefore, reducing the intensity of processes in
fats, accompanied by changes in their organoleptic char-
acteristics and chemical composition, is an important
scientific and practical problem. The rate of oxidation
reaction significantly depends on the fatty acid composi-
tion of fat, therefore, the choice of components of com-
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pound feed products requires detailed justification, taking
into account the features of the recipe, technological
stages of production, the direction of its use, to ensure
the stability of the composition and properties of the fin-
ished product, and the predicted zootechnical efficiency.

Literature review

Today, scientists have established a significant
impact on the quantity and quality (content of saturated
fatty acids, trans fats, ®6/m3 PUFA ratio, etc.) of fat in
the food and feed ration on the healthy functioning of the
body (inflammatory processes, lipotoxicity, cholesterol
levels, low-density lipoproteins, cardiovascular diseases,
complications of a number of chronic diseases, cancer,
diabetes, neurodegenerative diseases, etc.) [3, 4, 5].

The demand for fat sources with a more physio-
logical lipid profile and functional components has in-
creased worldwide [6]. It has been experimentally con-
firmed that oils with a high content of oleic acid produce
lower levels of aldehydes than PUFAs [7, 8]. Cellular
oxidation of PUFAs leads to the formation of excessive
amounts of aldehyde products (4-hydroxyhexenal, 4-
hydroxynonenal), which cause apoptosis and necrotic
cell death [9-11]. Oxidized metabolites of linoleic acid
cause oxidative stress, chronic inflammation [12, 13].

High-oleic oil has been used in the food industry
worldwide for more than 10 years, which is due to its
significant advantages in nutritional and biological value,
resistance to free radical and peroxidative oxidation, and
resistance to taste deterioration [14, 15, 16, 17]. It has
been established that the use of high-oleic varieties of
oilseeds as a food ingredient is the most effective and
acceptable way to reduce the content of PUFA in the
human diet [18-21].

More than 90% of high-oleic sunflower oil pro-
duced in Ukraine is exported, since the demand for it is
mainly formed by the countries of the European Union
[14]. Sunflower oil is among the five most common edi-
ble oils in the world, as well as sunflower seeds in the
overall structure of oilseeds in the world [22-24].

High-oleic sunflower oil differs from the oil of
other crops (soybean, rapeseed of high-oleic hybrids) in a
higher level of oleic acid (up to 82%), a lower content
of linoleic acid (up to 4%), a very low content of lino-
lenic acid (up to 0.3%), which is completely absent in
other types. The lower linoleic acid content makes
high-oleic sunflower oil a more effective alternative for
the formation of oxidative stability. The reduction in
linoleic acid content not only has a positive effect on
the stability of oil quality and safety indicators, but also
ensures compliance with consumer requirements for
physiological value. Even at the highest oleic acid con-
tent, high-oleic sunflower hybrids do not show a signif-
icant difference in grain yield, fat content compared to
conventional sunflower hybrids. Therefore, due to the
more favorable fatty acid profile and the availability of
commercial hybrids with good agronomic indicators,
high-oleic sunflower oil is positioned as an optimal
alternative to meet the global demand for stable and
useful vegetable oils [25-29].

A by-product of obtaining vegetable oils, in par-
ticular from high-oleic sunflower, is cake, which con-
tains up to 7-9% oil, depending on the processing char-

W (t+2043°C, ¢ 80+2%)
x I (t+2043°C, ¢ 60+2%)
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acteristics, and can be an effective source of protein and
fat in compound feed products.

The purpose of the research is to check the pos-
sibility of using high-oleic sunflower cake in feed pro-
duction after long-term storage in different conditions.

Materials and methods

The work used high-oleic sunflower cake, ob-
tained as a by-product in the production of olive oil by
Biohimtech LLC (Odessa) at the Plant of Stone and Veg-
etable Oils LLC (Odessa). The determination of fat quali-
ty indicators was carried out according to generally ac-
cepted standardized methods.

During 8 months of storage, the quality indicators
of high-oleic sunflower cake samples placed in different
conditions were checked. For this, all samples were
placed in controlled conditions: one sample (I) (air tem-
perature + 20 + 3 °C, relative air humidity (¢) 80 + 2 %);
Il - temperature +10 + 3°C, relative air moisture mass
fraction (@) 80 & 2 %; III - temperature + 20 + 3 °C, rela-
tive air humidity 60 + 2 %; IV - temperature +10 = 3°C,
relative air humidity 60 = 2 %.

Results and discussion

All studied samples had the same quality indica-
tors when stored (Fig. 1-3). Usually, fats contained in
immature plant seeds are characterized by the presence of
a larger amount of free fatty acids. As the seeds ripen, the
acidity of the fat in it decreases. Free fatty acids are ab-
sent in the oil of fully ripe seeds, but in the process of
releasing fat from the raw material and storing them, they
are formed as a result of hydrolysis. In the technological
process of obtaining vegetable oils, the by-product of
which is oil cake, metal ions from the equipment can
enter the fat, which also activate the oxidation process [2,
3]. Factors of influence in the production process are
also: oxygen, enzymes (lipoxygenase), microorganisms
(biochemical changes under the action of lipase), light,
temperature, mechanical action. As a result, the processes
of hydrolysis, oxidation, interaction with proteins and
carbohydrates occur with the formation of glycerol, fatty
acids, primary and secondary oxidation products, protein-
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Fig. 1 - Change in total fat acidity during
storage of high-oleic sunflower oilcake
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Fig. 2 - Change in the acid value of fat
during storage of high-oleic sunflower
oil cake
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lipid complexes and lipid-carbohydrate complexes [2].
When storing oilseeds in conditions of high temperature
and high mass fraction of moisture, the hydrolysis pro-
cess is intensive and the products of processing such
seeds (oil, cake) even immediately after production have
a high acid number, however, such trends were not de-
tected in the studied samples, as evidenced by certain
initial quality indicators [2].

When storing seeds and products of processing
oilseeds (cake) in conditions of high temperature and
high mass fraction of moisture, the hydrolysis process in
fat is particularly intensive. Usually, fats in which oxida-
tive processes have begun, in particular, characteristic of
oils and cakes from ordinary high-linoleic sunflower va-
rieties, have reduced stability during further storage, and
the studied samples turned out to be more resistant to the
influence of regulated factors.

For example, after 4 months of storage of the
studied samples, the rate of accumulation of primary oxi-
dation products decreases somewhat, in particular: the
increase in total acidity (Fig. 1) varies within 1.3-1.6
times depending on storage conditions, while at the be-
ginning of the experiment this change for the 4th month
of storage was 1.6-4.7 times. Similarly, the increase in
acid number (Fig. 2) for the first 4 months for all samples
varies within 4.1-7.5 times, for the next 4 months the
change was 1.5-2.3 times, which may also be associated
with the intensification of the formation of secondary
oxidation products.

The peroxide value (Fig. 3) at the end of the ex-
periment increases by 5.8...7.1 times for samples (I, II)
and by 2.7..3.2 times for samples (111, V).

It is known that peroxides are able to accelerate
the oxidation reaction of fat, while they themselves de-
compose with the formation of oxides, aldehydes and
other substances. The oxidation reaction is a free radical
chain reaction, therefore it is accelerated under the action
of free radicals. The high activity of the lipase enzyme
accelerates the reaction, since free fatty acids are oxi-
dized faster than those that are part of acylglycerols.
However, despite the occurrence of oxidative and hydro-
Iytic processes in all studied samples (Fig. 3), their speed
is insignificant and allows to ensure compliance with the
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Fig. 3 - Change in the peroxide value of
fat during storage of high-oleic
sunflower oil cake
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quality and safety of the product during the studied peri-
od.

For all studied samples, the main constants of fat

for the 8th month of storage fluctuate within acceptable
limits: acid number 5.9-12.1 mg KOH, peroxide number
3.1-7.7 Y2 O mmol/kg, total acidity 3.6-8.7 "H.
It was established that a decrease in ambient temperature
to +10 °C reduces the rate of oxidative processes, in par-
ticular, the studied quality indicators differ by 1.2-1.7
times.

The decisive influence of the moisture factor on
the course of oxidative and hydrolytic processes in the
studied samples has been established. Such conditions
(11, 1V) slow down the accumulation of primary and
secondary oxidation products by 1.5 - 2 times (Fig. 1-3).

The obtained results of changes in quality indica-
tors during storage of samples of high-oleic sunflower
cake are explained by the fact that the content of saturat-
ed, monounsaturated and polyunsaturated fatty acids
(PUFA) is considered the most important parameters
affecting oxidative stability [30-32]. It has been estab-
lished that the oxidation rate of a number of unsaturated
fatty acids: oleic, linoleic, linolenic is in the ratio to stea-
ric 1:100:1200:2500 [33]. The degree of resistance of
different types of oils to oxidation at elevated tempera-
tures (120 °C) was determined by the oxidative stability
index, induction period, in particular, in hours: palm 7-
12, soybean 1-7, rapeseed 3-5, olive 6-11 [34].

Conclusions

Based on the conducted studies, it can be con-
cluded that it is advisable to use high-oleic sunflower
oilcake in feed production, since even after long-term
storage in various favorable and unfavorable conditions,
it is able to maintain the constancy of quality indicators
at a safe level and ensures the stability of the composition
and properties of compound feed, safety, zootechnical
efficiency of its use in livestock and poultry farming.

A significantly lower intensity of oxidative and
hydrolytic processes in fat helps minimize the use of an-
tioxidants, most of which are of chemical origin and the
use of which is associated with the entry of toxic and
anti-nutrients into livestock and poultry products.
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The use of high-oleic sunflower cake in feed pro- of high-oleic sunflower processing in the production of

duction corresponds to modern trends in the formation of compound feed products, based on the study of the bio-
safe and high-quality food products. logical potential of raw materials and modern approaches

Further research is needed to substantiate the to keeping and feeding farm poultry.

methods of maximum effective use of seeds and products
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BU3HAUYEHHS AKOCTI MAKYXU BUCOKOOJIEIHOBOI'O
COHSAIIHUKA B ITPOLECI 3BEPII'AHHSA

Anomauisn

B cmammi euceimneno npobaemui numanus npu GUKOPUCMAHHI XAPUOBUX I KOPMOBUX JICUPIB, 30KpeMAd HU3bKA
CMIUKICMb 00 OKUCHEHHsL 5IK HACAIOOK. MOKCUYHA MA GHMUATIMEHMAapHa Ois 2i0ponepoxkcuois, 6MOPUHHUX NPOOYKMIG
OKUCHEHHs1 Mma 8)2/1e600HI8, MPAHC-i30Mepié ma OIEHOBUX KOH 102anHmis, ujo pe3opbyromovcsa 6 mpasrnomy mpaxmi. Ilo-
oanvuie nepemeopeHHs 6MOPUHHUX NPOOYKMIE OKUCHEHMS JHCUPY NPU3B00UMsb 00 AHMUALIMEHMAPHUX MA MOKCUYHUX
eqhexmie, BUKTUKAHUX KOMNJIEKCHUMU CROTYKAMU OKUCHEHUX JHCUpI6 3 OLIKaMu, imamiHamuy, MikpoeremeHmamuy. 3Hau-

He 3HUNCEHHs. NOJNCUBHOI ma 6ionociuHOl YinHOCMI 20M060I NPOOYKYIl NPU3800UmMb axc 00 6Mpamu MONCIUGOCMI il

3AC60€EHHA, nepexody 00 Kame2opii Henpuoamuoi 01 320008Y8aHHA. BukitouenHs Moxciueocmi npomikants 6 dHcupax
npoyecia, wo CynpoBoOod’CYIOMbCsl 3MIHOIO IXHIX OP2AHOLENMUYHUX NOKA3HUKIG 1 XIMIYH020 CKAADY, € BAICIUBOIO HAYKO-
680 — npakmuyHoro npodaemoro. [lIsudxicmes peakyii OKUCHEHHA 3HAYHO 3ANENHCUMb BI0 HCUPHOKUCTIOMHO2O CKAAOY JHCU-
PV, momy eudip KOMNOHEHMI8 KOMOIKOPMOBOT NpoOYKYii nompebye 0emanbHo20 00TPYHMYBAHHS, 8PAX08YIOYU 0COOIU-
80Cmi peyenmypu, MexHOIOIYHUX emanie eUpoOHUYMEA, HANPAMKY il BUKOpUCTIAHHA, 01 3abe3neyeHHs CMabitbHOCmi
CKa0y ma 61acmugocmett 20mogoi npoodyKyii, NpoeH0308aH0I 300mexHiuHoi eghpexmuenocmi. Bcmanosnenum paxmom
€ 3HAYHULL GNIUG KiINLKOCMI MA AKOCMI (6MICT HACUYEHUX JCUPHUX KUCLOM, MPAHC JHCUpis, cniesionowents wb/w3 no-
sinenacuuenux scuprux kuciom (IIHXKK) ma in.) sicupy 6 xapuosomy i KOpmMosoMy payioHi Ha 300p08Y HCUMMEIsb-
Hicmb opeanizmy. 3pic nonum Ha Odxcepena dcupy i3 Oinvur pizionoziunum ainionum npoginem i QyHKyionarbHuMU
CKAA008UMU, 30KPEMA GUCOKOOLEIH06020 muny. BUKOpucmanHs 6ucoKo0NeiHO8UX COPpMIG ONIIHUX KYAbMYP K XAPY080-
20 iHepedieHmy € HalleheKMUGHIWUM Ma HAUNPUUHAMHIWUM cnocobom smenuenHs: emicmy TTHIXKK, nioeuwenws no-
JHCUBHOI, bIONOCTUHOT YIHHOCMI, 3a0e3neyenHs CMIUKOCmI 00 BLIbHOPAOUKATIbHO2O MA NEPEeKUCHO20 OKUCHEHHs, NO2ip-
wenns cmaxy ma in. Bucoxooneinoa cOHAWHUKOB8A 0is 8IOPIZHAEMbCA GI0 peuwmu THUWUX Kyabmyp (cos, pinax euco-
Koaeinosux 2iopudie) euwum pienem oreinosoi xuciomu (00 82 %), nuscuum eémicmom ninonesoi xuciomu (00 4 %),
oyarce HUSLKUM eMicmoMm ninoaeno8oi kuciomu (0o 0,3 %), npome 6 inwux euoax ona e3azani eiocymusa. 1iopuou eu-
COKO0O0IEIH08020 COHAUIHUKY He 0eMOHCMPYIOMb CYMMEBOL PIHUYT Y 8POAICAUHOCTI 3epHA, 6MICMI Olii Ma NPoOYKmMu 6-
HOCMI HACIHHA NOPIBHAHO i3 36UYAUHUMU 2IOPUOAMU COHAWHUKY, € ONMUMANLHOIO ANbMEPHAMUBOI0 OJi 3A0080IEHHS
€8iMogoeo nonumy ma cmadinohi ma KopucHi pocaunni oxii. IobOiyHUM NPOOYKMOM NpU OMPUMAHHT POCIUHHUX OTill, €
Makyxa, axa micmums 00 7- 9 % oxii. Memoiwo 0ocniodicenb € nepedipra MONCIUBOCI BUKOPUCTIAHHS MAKYXU GUCOKOO-
JIEIH068020 COHAWHUKA NIC/IsL MPUBAN020 30epieants 6 pisHux ymoeax. Ilpomseom 8-mu micayie 36epiecanHs nepegipeHo
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NOKA3HUKU AKOCMI 3pA3Ki6 MAKYXU BUCOKOOICIHOB020 COHAWHUKA, NOMIWeHUX 8 Pi3Hi ymosu. [is wo2o cmeopeno pezy-
b08ani ymosu: oout 3paszox (I) (memnepamypa nogimpsa + 20 £ 3 °C, éionocna gonozicms nogimps (p) 80 =2 %), I —
memnepamypa +10 + 3°C, gionocna éonozicms nogimps (p) 80 £ 2 %, Il — memnepamypa + 20 + 3 °C, gionocna 6o-
qozicmo nogimpsa 60 + 2 %; IV — memnepamypa +10 + 3°C , gionocna eonozicms nogimps(p) 60 + 2 %. Busnaueno
3MIHU NOKA3HUKIG AKOCMI JHCUPY 8 npoyeci 30epicatts 00CIONHCY8AHUX 3DA3KI8 MAKYXU BUCOKOOLEIHO8020 COHAUMUKA.
Iicna 4-x micayie 36epicanus 30iMbUeHHA 302a1bHOI KUCIOMHOCMI Koueaemuvcs 6 medcax 1,3-1,6 pasie y 3anexcnocmi
8i0 yM08 30epicants, 8 Mol 4ac K HA NOYAMKY eKCnepuMennmy ysa smina Ha 4-u micayv 30epieanns cmanosuna 1,6-4,7
Pazis, wo Modce maxKoxc Oymu nog si3aHo i3 IHMEHCUDIKAYiero YMEOPeHHsT 6MOPUHHUX NPOOYKMI6 OKUCHEHHs. 3Hu-
JHCEHHA MmeMnepamypu HaAsKonuwHbL020 cepedosuuja 0o +10 ‘C 3uudcye weuokicmos npomixanus OKUCHUX NpoYecis,
00CHIOHCYBAHT NOKAZHUKU SIKOCMI 8IOpIisHiombest 610 6 1,2-1,7 pasis. 3naunuil éniue mae 60102icmv HaA NPOMIKAHHS
OKUCHUX § 2i0pONIMUYHUX NPoYyecis 8 00CTIONCYS8AHUX 3paA3Kax, il 3MenuenHsa ynoginvnioe 6 1,5 - 2 pasu naxonuyenns
NepSUHHUX | 6MOPUHHUX NPOOYKMIE OKUCHEHHSA. [[NA Ycix 00CTIONCYS8AHUX 3PA3KIE OCHOGHI KOHCIAHMU JHCUpy Ha 8 — i
Micayb 30epicanHs KOIUBAIOMbCA 8 OONYCMUMUX Medcax: Kkuciomue yucio 5,9-12,1 me KOH, nepokcudne uucno 3,1-7,7
%5 O mmonv/ke, 3aeanvna kuciomuicme 3,6-8,7 “H. Ha ocnosi nposedenux 0ocniodicetsb 3p001eHO 8UCHOBOK NPO O0Yilb-
HICMb BUKOPUCMAHHA MAKYXU BUCOKOONCIHOB020 COHAUHUKA Y KOPMOBUPOOHUYMEI, OCKINbKY HAGIMb NICA MPUBALO20
30epieants 8 Pi3HUX CAPUAAUGUX | HECHPUAMIUBUX YMOBAX B0OHA 30aMHA 30epieamu Cmanicms NOKA3HUKIE AKOCMI HA
be3neynomy pieHi ma 3abe3neuye cmadilbHICMb CKIAOY MaA 61ACMUBOCmell KOMOIKOpMY, be3neyHicms, 300MexXHIiuHYy
ehekmusHicmb 11020 GUKOPUCMANHSA ) MEBAPUHHUYMEBT Md NMAXI6HUYME.

Kuro4oBi ciioBa: KoMOikopM, sKHp, AKiCTb, OKHCHEHHS, 0J1e{HOBA KMCJI0Ta, MAKyXa BHCOKOO0JIEIHOBOIO COHSI LII-
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IMPACT OF NONPATHOGENIC MICROBIAL BURDEN
OF FEED ON THE HEALTH OF LABORATORY RATS

Abstract

Compound feeds provide nutritious and favorable environment for microorganisms, which can affect animal
health during feeding. Microorganisms can interact with the animal’s normal gut microbiota and its own body, affect-
ing the processes of feed digestion and assimilation, and consequently the animal’s health and productivity. During
these interactions, biochemical, physiological, and even behavioral changes occur in animals; however, undesirable
expenditure of metabolic energy on the immune response may be observed. These factors are considered most signifi-
cant for young animals, as they are the most vulnerable group with an underdeveloped microbiome and immune system.
It is known that adding probiotic microorganisms to feed stimulates body weight gain, promotes protection against
pathogenic species, and improves animal health; however, the role of the background non-pathogenic microbiota is
unknown. In this study, two groups of laboratory rats, each consisting of 5 males aged 1.5 months, were fed feed sam-
ples with different levels of microbial contamination: the control sample contained no more than 20,000 CFU/g, and
the experimental sample contained no more than 500,000 CFU/g. The samples were disinfected with dry heat, and sus-
pensions of non-pathogenic microorganisms were added in the previously calculated required amounts: the bacteria
Bacillus subtilis and Micrococcus luteus, and the fungi Aspergillus awamori, Penicillium decumbens, and Saccharomy-
ces cerevisiae. The rats were fed for 9 days; during this period, their body weight and feed intake were measured, and
absolute and relative body weight gain were calculated. Feed intake in the two groups was equal, and the absolute body
weight gain on day 9 in the experimental group was 21.2% higher than in the control group (43.8 g in the control group
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