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Highlights

The additive does not affect the feed intake of confined lambs.

Probiotics and prebiotics does not influence the digestibility of the lamb’s diet.

Active and inactive yeasts does not change the nitrogen and energy retention in lambs.

Abstract

This study aimed to evaluate the effects of adding increasing levels of a combination of active and 

inactive yeast (Milk Sacc X® - Alltech®, Maringá, Paraná, Brazil, 5.0 x 108 CFU) on the consumption 

and apparent digestibility of dry matter (DM) and its components, as well as the nitrogen and energy 

balances of lambs fed high-concentrate diets. Five Dorper x Santa Inês crossbred lambs, averaging an 

initial weight of 40.40 ± 0.15 kg, were housed in individual metabolic cages. The treatments included five 
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levels of yeast combination 0, 0.15, 0.3, 0.45, and 0.6% of the DM offered in kg animal-1 day-1 blended 

into a diet with a 20:80 ratio of corn silage to concentrate based on DM. Employing a 5x5 Latin square 

design, the study involved five animals over five periods, thus creating 25 experimental units. Regression 

analysis conducted at a significance level of 5% indicated no effects of the treatments on consumption 

variables; however, there was a significant lack of model fit (LMF), with the average DM consumption 

being 1343.0 g animal-1 day-1. The treatments also showed no effect on the apparent digestibility 

variables, which averaged 86.9% for DM. Similarly, the nitrogen balance variables were unaffected by 

the yeast levels, as indicated by the LMF effect showing that the data did not fit the regression model; 

the average retained nitrogen was 45.3 g animal-1 day-1. Energy measurements, including gross energy 

(GE) ingested, digestible energy (DE), metabolizable energy (ME), and metabolizability, did not fit the 

regression model, with averages of 5549, 2685, 2504 kcal animal-1 day-1, and 42.6%, respectively. 

Neither fecal nor urinary GE excretion was influenced by the treatments. In conclusion, the combination 

of active and inactive yeast does not alter the intake, nutrient digestibility, nitrogen, or energy balance of 

lambs fed a high-concentrate diet.

Key words: Prebiotic. Probiotic. Saccharomyces cerevisiae. Sheep. Starch.

Resumo

Objetivou-se avaliar os efeitos da adição de níveis crescentes da combinação de levedura ativa e inativa 

sobre o consumo e digestibilidade aparente da matéria seca (MS) e seus componentes, e balanços de 

nitrogênio e de energia de borregas alimentadas com dietas de alto concentrado. Foram utilizadas 5 

borregas mestiças Dorper x Santa Inês com peso inicial médio de 40,40 ± 0,15 kg, que foram alojadas 

em gaiolas individuais de metabolismo. Os tratamentos consistiram em 5 níveis de levedura ativa mais 

inativa [Milk Sacc X® - Alltech®, Maringá, Paraná, Brasil, 5,0 x 108 Unidades formadoras de colônia (UFC)], 

sendo 0; 0,15; 0,3; 0,45 e 0,6% da MS ofertada em kg animal-1 dia-1 de ração, que continha relação 20: 

80 de silagem de milho: concentrado com base na MS. O delineamento experimental utilizado foi um 

quadrado latino 5 x 5, com 5 animais e 5 períodos, totalizando 25 unidades experimentais. Os dados 

foram submetidos a análise de regressão com nível de significância de 5%. Não foram detectados 

efeitos dos tratamentos sobre as variáveis de consumo, ademais, houve significância para falta de ajuste 

do modelo (FAM), sendo a média para consumo de MS de 1343.0 g animal-1 dia-1. Não houve efeito dos 

tratamentos sobre as variáveis de digestibilidade aparente, com média de 86,89% para digestibilidade 

da MS. As variáveis de balanço de N não foram afetadas pelos níveis do aditivo, pois, o efeito para 

FAM indica que os dados não se ajustaram ao modelo de regressão. O N retido médio foi de 45,3 g 

animal-1 dia-1. Os dados de energia bruta (EB) ingerida, energia digestível (ED), energia metabolizável 

(EM) e metabolizabilidade não se ajustaram ao modelo de regressão, com médias de 5549, 2685, 

2504 kcal animal-1 dia-1 e 42,6%, respectivamente. As EB fecal e urinária não foram influenciadas pelos 

tratamentos. A combinação de levedura ativa com inativa não altera o consumo, digestibilidade de 

nutrientes, balanço de N e de energia de borregas alimentadas com dieta de alto concentrado. 

Palavras-chave: Amido. Ovinos. Probiótico. Prebiótico. Saccharomyces cerevisiae.
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Introduction

Ensuring safe food for consumers, 
alongside promoting animal welfare and 
environmental preservation, are primary 
goals in animal production, where probiotics 
and prebiotics are increasingly used to 
boost production rates (Anadón et al., 2019). 
Probiotics, defined as mono or mixed cultures 
of live microorganisms, enhance animal 
health by improving gut microbiota properties 
(Fuller, 1992). Prebiotics, selectively utilized 
by host-beneficial microbes, promote their 
growth and activity, thereby improving host 
health (Gibson et al., 2017).

Yeasts, both active and inactive, are 
frequently evaluated in ruminant diets due 
to their ability to interact with and support 
the ruminal and intestinal microflora. 
Active yeasts aid ruminal metabolism by 
scavenging free oxygen and competing 
with lactic acid-producing bacteria, such as 
Streptococcus bovis and Lactobacillus sp., 
for starch utilization, often outperforming 
these bacteria (Elghandour et al., 2019; Amin 
& Mao, 2021). Inactive yeast, comprising 
dead cells, provides growth factors crucial 
for ruminal microbes, including essential 
amino acids, B vitamins, lipids, and minerals, 
while its cell wall consists primarily of α-D-
mannan, chitin, and β-D-glucan (Araújo et al., 
2009; Li et al., 2006).

Fomenky et al. (2017) noted that 
yeast cells could pass through the rumen 
intact, potentially benefiting the intestinal 
microbiota by inhibiting toxins and pathogenic 
microorganisms. Mannans from yeasts can 
adsorb pathogenic gram-negative bacteria 
through a process called lectin-mannan 
interaction, facilitating their removal from the 
digestive tract and preventing attachment 
to the intestinal mucosa, thus potentially 

enhancing food digestibility and nutrient 
supply (Araújo et al., 2009).

While numerous studies confirm the 
benefits of yeast products in dairy cows and 
beef cattle, research on sheep remains limited, 
highlighting a need for further investigation 
into the effects of yeast additives on this 
animal group. Consequently, this study 
hypothesizes that yeast additives can alter 
ruminal fermentation processes, thereby 
increasing consumption and improving 
nutrient digestibility and feed efficiency in 
confined sheep. The aim was to assess the 
effects of various levels of active and inactive 
yeast on consumption, apparent nutrient 
digestibility, nitrogen and energy balances, 
ingestive behavior, and blood metabolites in 
ewe lambs fed high-concentrate diets.

Materials and Methods

Location, animals, and treatments

The experiment was conducted at 
the sheep and goat sector of Capim Branco 
Farm, owned by Universidade Federal de 
Uberlândia (UFU), in Uberlândia, Minas 
Gerais. The region has an average annual 
temperature of 22.3 °C and rainfall of 1342 
mm. All procedures adhered to ethical 
standards approved by the Ethics Committee 
on the Use of Animals (CEUA) of UFU, under 
protocol number 145/16. The study involved 
five crossbred Dorper x Santa Inês ewe lambs, 
each weighing an average of 40.40 ± 0.15 kg 
and aged 8 months, which were identified, 
weighed, and treated for endoparasites 
before being randomly assigned to individual 
metabolic cages equipped with feeders, 
drinkers, and collection systems for feces 
and urine.



Feitosa, T. R. M. et al.

172 Semina: Ciênc. Agrár. Londrina, v. 46, n. 1, p. 169-182, jan./fev. 2025

Treatments included five levels (0, 
0.15, 0.3, 0.45, and 0.6%) of a combination 
of active and inactive yeast, specifically 
Milk Sacc X® (Alltech®, Maringá, Paraná, 
Brasil). This commercial premix, containing 
5.0 x 108 colony forming units (CFU) g-1 of 
Saccharomyces cerevisiae strains, also 
includes zinc, copper, selenium, chromium, 
and prebiotic and probiotic elements. Yeast 
levels were calculated based on the dry 
matter (DM) offered in kg animal-1 day-1, with 
doses corresponding to 0, 2.8, 5.8, 9.2, and 
11.6 g animal-1 day-1 of the product, mixed 
with the concentrate at feeding time.

The diet, formulated to meet the 
nutritional needs of medium-sized ewes 
targeting an average weight gain of 300 
g animal-1 day-1 according to the National 
Research Council [NRC] (2007), maintained 
a 20:80 roughage to concentrate ratio 
based on DM (Table 1). The total mixed ration 
(TMR) was split into two daily feedings at 
8:00 a.m. and 4:00 p.m. Feed consumption 
was adjusted based on the previous day’s 
leftovers, allowing for a 5 to 10% residual.

Table 1
Ingredients of the concentrate and the chemical composition of the feed and total mixed ration

Ingredient (g kg-1 DM) Concentrate Corn silage TMR

Ground corn 600.0 - 480.0

Soybean meal 360.0 - 288.0

Mineral mixture 25.0 - 20.0

Urea 10.0 - 8.0

Bromatological composition (g kg-1 DM)

Dry matter (g kg-1 NM1) 906.5 283.2 781.8

Organic matter 929.6 960.6 935.8

Mineral matter 70.4 39.4 64.2

Crude protein 233.3 92.5 205.1

Ether extract 15.2 32.9 18.8

Neutral detergent fiber 139.7 503.2 212.4

Acid detergent fiber 35.1 254.7 79.0

Total carbohydrates 685.6 835.3 715.5

Non-fibrous carbohydrates 612.4 367.2 563.4

PIND 32.5 27.4 31.5

PIAD 16.4 1.2 13.3

DM = Dry matter; MN = Natural matter; PIND = Protein insoluble in neutral detergent; PIAD = Protein insoluble in acid 
detergent; TMR = Total mixed ration.
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Measurements and analytical methods

The experiment spanned 75 days, 
organized into five 15-day periods. The initial 
ten days allowed for animal acclimatization 
to the experimental diets and metabolic 
cages, with data collection occurring over 
the last five days of each period. Animal 
weights were recorded at the start and end 
of each period, before the morning feeding, 
to calculate consumption in g kg-1 of body 
weight (BW) and metabolic weight (BW0.75).

During the collection phases, 
daily samples of silage, concentrate, total 
mixed ration (TMR), and leftover feed were 
taken, weighed, and then combined and 
homogenized at the end of each period to 
create a composite sample for each animal. 
These samples were stored at -20°C. To 
prevent nitrogen loss by volatilization, 100 
mL of 2N hydrochloric acid (HCl) was added 
to urine collection buckets the day before 
each collection. A 20% sample of the urine 
collected per animal during each period 
was stored at -10°C in plastic bottles. Fecal 
samples were collected daily, with the total 
weight recorded and a 20% aliquot taken for 
composite sample preparation. These fecal 
samples were stored at -10°C in individual 
plastic bags. 

Analytical determinations of dry 
matter (DM), mineral matter (MM), crude 
protein (CP), and ether extract (EE) were 
performed using methods 967.03, 942.05, 
981.10, and 920.39, respectively, as specified 
by the Association of Official Analytical 
Chemists [AOAC] (2016). Fiber analyses, 
including neutral detergent fiber (NDF), acid 
detergent fiber (ADF), and lignin (LIG), were 
conducted using the sequential method 
outlined by Van Soest et al. (1991). Neutral 

and acid detergent insoluble nitrogen (NIDN 
and NIDA, respectively), and NDF corrected 
for ash and protein (NDFcp) followed the 
methods of Licitra et al. (1996).

Total carbohydrates (TC) were 
estimated using the equation of Sniffen et al. 
(1992), TC = 100 – (%CP + %EE + %MM). Non-
fibrous carbohydrates (NFC) in silage and 
feces were calculated based on Detmann et 
al. (2012), NFC = 100 – (%CP + %EE + %MM 
+ %NDFcp). For concentrates and leftover 
feeds containing urea, NFC was determined 
using the formula of Hall (2000) formula, 
%NFC = 100 – [(%CP - %CP derived from 
urea + %urea) + %EE + %NDFcp + %MM]. 
Intakes were obtained using the formula of 
Maynard et al. (1984), as follows:

INut=(Intake x % Intake)-( kg Leftovers x % 
Leftovers)  

wherein: INut = nutrient intake (kg); Intake 
= amount of food offered (kg); % Intake = 
nutrient content within the amount of food 
offered (%); Leftovers = amount of leftovers 
removed (kg); %Leftovers = nutrient content 
within the amount of leftovers removed (%). 
Apparent digestibility coefficients were 
determined using the formula of J. F. C. Silva 
and Leão (1979), as follows: 

wherein: ADC = apparent digestibility 
coefficient (%); Intake = average amount of 
nutrients within the ingested food (offered – 
leftovers) (kg day-1); Excreted = average amount 
of nutrients within feces removed (kg day-1).

Nitrogen (N) content in urine was 
determined using the Kjeldahl method (D. J. 
Silva & Queiroz, 2002). The nitrogen balance 
(NB), or retained nitrogen, was calculated 

Acid detergent fiber 35.1 254.7 79.0 
Total carbohydrates 685.6 835.3 715.5 
Non-fibrous carbohydrates 612.4 367.2 563.4 
PIND 32.5 27.4 31.5 

PIAD 16.4 1.2 13.3 
DM = Dry matter; MN = Natural matter; PIND = Protein insoluble in neutral detergent; PIAD = Protein 
insoluble in acid detergent; TMR = Total mixed ration. 
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based on the formula proposed by Zeoula 
et al. (2006). This calculation considers the 
nitrogen consumed (NC), nitrogen excreted in 
feces (NF), and nitrogen excreted in urine (NU): 

NB = (N offered g-N in leftovers g) - (N in 
feces g+N in urine)

Nitrogen intake (NI) was determined 
by subtracting the N content in the leftovers 
from that in the feed offered. Nitrogen 
absorbed was calculated by subtracting N 
excreted in feces (NF) from NI.

Gross energy (GE) was measured 
using an adiabatic calorimeter (Parr®, model 
6200, Moline, Illinois, USA), employing the 
direct energy determination technique with 
a calorimetric bomb. GE was determined 
for the feed offered, the leftovers, and the 
feces. Digestible energy (DE) was calculated 
according to the formula by Blaxter and 
Clapperton (1965), where DE equals the GE 
ingested minus the GE excreted in the feces. 
Metabolizable energy (ME) was defined as 
DE minus the sum of GE in the urine and 
the energy from methane gas production 
(MP). The metabolizability coefficients were 
calculated as the ratio of ME ingested to GE 
ingested.

Methane production was estimated 
using the following equation from Blaxter and 
Clapperton (1965):

MP = 0.67 + 0.062 x AD

wherein: MP = methane production in kcal 
100 kcal-1 energy consumed; and AD = 
apparent digestibility of food gross energy.

The gross energy of urine was 
calculated using the equation proposed by 
Street et al. (1964):

GE urine (kcal g-1) = 0.027 + 0.119 x (% N in 
urine)

Experimental design and statistical 
procedures

The experiment employed a 5 x 5 Latin 
square design, comprising 25 experimental 
units. The statistical analysis was conducted 
according to the following model: 

Yijk = μ + Di + Aj + Pk + eijk

Wherein: Yijk = observed value for the repetition 
in treatment i, row j, and column k; μ = general 
mean; Di = effect of treatments (diets) (i = 0.0, 
0.15, 0.3, 0.45, and 0.6%); Aj = effect of rows 
(animals) (j = 1, 2, 3, 4, and 5); Pk = effect of 
columns (periods) (k = 1, 2, 3, 4, and 5); eijk = 
random error associated with the observation.

The data underwent the normality test 
(Shapiro & Wilk, 1965) and homoscedasticity 
test of variances (Levene, 1960). Upon 
confirming these assumptions, regression 
analysis was conducted to assess the 
significance of linear and quadratic effects 
using the SAS statistical package, with a 
significance level set at 5%.

Results and Discussion

No significant effects of the 
treatments were observed on intake 
parameters (P ≥ 0.05). The data did not fit the 
regression model, as shown by a significant 
lack of model fit (LMF) (P < 0.05) (Table 2). 
This result may be attributed to the more 
pronounced impact of nutrient supply, which 
promotes microbial growth and eliminates 
oxygen from the ruminal environment, when 
high-fiber diets are used (Ogunade et al., 
2019). Conversely, these effects are less 
pronounced in high-concentrate diets (Fonty 
& Chaucheyras-Durand, 2006), resulting in 
no changes to feed intake.
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Table 2
Intake of dry matter (DMI), organic matter (OMI), crude protein (CPI), neutral detergent fiber (NDFI), acid 
detergent fiber (ADFI), total carbohydrates (TCI), and non-fiber carbohydrates (NFCI) in ewe lambs fed 
a high-concentrate diet with increasing levels of active and inactive yeast as an additive

Parameter
Additive (% DM) CV 

(%)
P-value

0 0.15 0.3 0.45 0.6 L Q LFM

DMI (g animal-1 day-1) 1338.4 1836.2 1431.9 1023.8 1084.5 11.87 0.161 0.006 0.000

DMI (% BW) 3.2 4.3 3.3 2.3 2.5 11.66 0.212 0.006 0.000

DMI (g kg-1 BW0.75) 90.5 108.9 85.1 59.9 63.3 1155 0.192 0.006 0.000

OMI (g animal-1 day-1) 1233.3 1699.6 1323.8 941.7 995.9 12.29 0.159 0.007 0.000

OMI (% PC) 2.9 3.9 3.1 2.1 2.3 12.21 0.233 0.008 0.000

OMI (g kg-1 PC0.75) 74.3 100.8 78.6 55.1 58.3 12.06 0.206 0.007 0.000

CPI (g animal-1 day-1) 300.0 393.3 302.5 234.9 246.2 10.25 0.383 0.017 0.000

NDFI (g animal-1 day-1) 276.7 302.2 280.4 154.6 210.8 17.77 0.480 0.570 0.004

ADFI (g animal-1 day-1) 122.4 158.0 126.0 93.7 108.9 13.18 0.759 0.169 0.001

TCI (g animal-1 day-1) 854.7 1202.8 939.4 637.4 677.1 13.79 0.134 0.006 0.000

NFCI (g animal-1 day-1) 670.6 970.5 760.2 525.4 548.7 15.47 0.098 0.007 0.001

DM = Dry matter; CV = coefficient of variation; L = Linear effect; Q = Quadratic effect; LFM = Lack of fit to the model.

Similarly, no significant effects of 
the treatments were observed on apparent 
digestibility parameters (P ≥ 0.05) (Table 3). 
The average dry matter digestibility (DMS) 
was 86.89%, aligning with findings from 
Siqueira et al. (2020) and Rodrigues et al. 

(2021), who reported average apparent DM 
digestibility values of 84.51% and 85.79%, 
respectively, in studies supplementing 
sheep fed high-concentrate diets with a 
combination of yeast and inactive yeast.

Table 3
Apparent digestibility of dry matter (DDM), organic matter (DOM), crude protein (DCP), neutral detergent 
fiber (DNDF), total carbohydrates (DTC), non-fiber carbohydrates (NFCD), and total digestible nutrients 
(TDN) in ewe lambs fed a high concentrate diet with increasing levels of active yeast as an additive

Parameter (%)
Additive (% DM) CV 

(%)
P-value

0 0.15 0.3 0.45 0.6 L Q LFM

DDM 89.3 90.7 87.1 84.3 83.1 5.95 0.802 0.632 0.662

DOM 90.6 91.9 88.7 86.6 85.2 5.45 0.887 0.597 0.700

DCP 90.8 91.3 86.7 85.2 84.2 5.38 0.423 0.992 0.595

DNDF 80.7 79.7 74.7 62.0 67.3 14.03 0.275 0.782 0.275

DTC 89.0 91.5 88.7 85.7 84.1 6.48 0.778 0.396 0.696

TDN 94.8 94.8 94.1 93.1 91.4 3.15 0.861 0.442 0.999

CV = coefficient of variation; L = Linear effect; Q = Quadratic effect; LFM = Lack of fit to the model.
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Few studies have explored the 
association of active and inactive yeast, 
and limited information is available on the 
combined effects of probiotic and prebiotic 
supplementation on digestive function in 
ruminants fed high-energy diets. According 
to Zapata et al. (2021), the distinct modes 
of action of probiotics (live yeast cells) and 
prebiotics (fiber, cell wall material, mannan-
polysaccharides, and derivatives of yeast cell 
wall hydrolysis) may result in additive effects 
on digestion and fermentation when used 
together. In their study, supplementation 
of lambs fed a high-energy diet with 3 g 
(equivalent to 0.26% of ingested DM) of 
active yeast, inactive yeast, or a probiotic-
prebiotic combination improved digestion 
and fermentation patterns of the diet.

The apparent digestibility averages 
were high across all variables studied, 
indicating efficient diet utilization. The diet 
contained high levels of highly fermentable 
carbohydrates, a highly soluble non-
protein nitrogen source in the rumen, and 
high biological value non-degradable 
protein, derived from crushed corn, urea, 
and soybean meal, respectively (Table 1). 
Products containing active and inactive 
yeast are commonly used to enhance the 
ruminal environment and improve animal 
performance. They achieve this through 
various mechanisms, including the supply 
of nutrients from the intracellular contents 
and cell walls, which serve as substrates 
for microbial proliferation and activity 
(Chaucheyras-Durand et al., 2008; Sales, 
2011; Alzahal et al., 2014; Malekkhahi et al., 
2016).

Yeasts can pass through the ruminant's 
foregut without being degraded, moderately 
influencing the intestinal microbiota and 

colonic gene expression (Fomenky et al., 
2017; Bach et al., 2018, 2019), thereby 
exerting potential effects at the intestinal 
level. Saccharomyces cerevisiae can inhibit 
toxins and pathogenic microorganisms, 
improving intestinal microflora, nutrient 
supply, and food digestibility. These effects 
may have contributed to the notable apparent 
digestibility of crude protein (CP) and neutral 
detergent fiber (NDF). By enhancing microbial 
proliferation, the utilization of fiber by ruminal 
microorganisms increased, as did the flow of 
microbial protein and nutrient absorption in 
the small intestine.

These findings align with those of 
Song et al. (2021), who reported no effects 
of supplementing confined sheep with 
5 g of yeast culture containing both live 
cells and yeast cell walls on the apparent 
digestibilities of dry matter (DM), organic 
matter (OM), and CP. Similarly, Rodrigues et 
al. (2021) observed no significant effects of 
supplementing sheep with 15 g of active and 
inactive yeast on the apparent digestibility of 
DM, corroborating our results.

Nitrogen (N) balance variables were 
not influenced by the levels of active and 
inactive yeast (P ≥ 0.05) (Table 4). The lack 
of model fit (LMF) indicates that the data 
did not conform to the regression model, 
consistent with the significant LMF observed 
in the intake variables (Table 2). The effects of 
probiotics and/or prebiotics on N digestion 
have shown variability in previous studies. 
When effects are detected, they are often 
attributed to enhanced ruminal microbial 
synthesis, which increases microbial N flux 
to the duodenum and improves N absorption 
efficiency (Williams & Newbold, 1996; Hristov 
et al., 2010). Supporting this, Garcia Diaz et 
al. (2018) reported reduced ruminal ammonia 
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concentrations in sheep fed a grain-rich diet 
supplemented with a combination of active 
and inactive yeast at a dose of 2 g/kg DM, 

resulting from increased microbial protein 
flux to the small intestine.

On average, 8.8% of ingested N 
was excreted in feces, while urinary losses 
accounted for 19.6%. The higher proportion 
of urinary N excretion compared to fecal N 
can be attributed to the CP content of the 
diet (20.51%) and the inclusion of urea to 
meet the animals' growth requirements. 
This likely led to increased urea degradation 
and amino acid deamination, reflecting 
limited synergy between the degradation 
of carbohydrates and nitrogen compounds 
under these conditions (Zeoula et al., 2006). 
Excess ruminal ammonia, combined with 
its absorption through the ruminal wall, 
increases hepatic urea production, leading 
to greater urinary N losses. Additionally, 
this process contributes to a higher caloric 

Table 4
Nitrogen balance in ewe lambs fed a high-concentrate diet with increasing levels of active and inactive 
yeast as an additive

Parameter
(g animal-1 day-1)

Additive (% DM) CV 
(%)

P-value

0 0.15 0.3 0.45 0.6 L Q LFM

N ingested 63.5 82.8 64.3 51.5 54.4 8.60 0.334 0.012 0.000

N fecal 4.2 5.5 6.3 5.3 6.5 33.95 0.300 0.534 0.483

N urinary 11.8 22.5 12.4 7.1 8.2 21.74 0.193 0.008 0.000

N absorbed 59.3 77.3 58.0 46.1 47.9 10.46 0.581 0.030 0.000

N retained 47.5 54.8 45.5 39.0 39.7 10.78 0.953 0.224 0.014

CV = coefficient of variation; L = Linear effect; Q = Quadratic effect; LFM = Lack of fit to the model.

increment (Van Soest, 1994), as it requires 
energy expenditure, which Martin and Blaxter 
(1965) calculated at 88.4 kcal/mol for sheep.

The data for ingested gross energy 
(GE), digestible energy (DE), metabolizable 
energy (ME), and metabolizability did not 
fit the regression model, as indicated by a 
significant lack of model fit (LMF) (P < 0.05) 
(Table 5). These variables were associated 
with intake parameters, as presented in Table 
2, which also influenced the fecal apparent 
metabolizability (FAM). Fecal GE and urinary 
GE were not significantly affected by the 
treatments (P ≥ 0.05), likely reflecting 
the patterns observed in the apparent 
digestibility coefficients (Table 3).
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Table 5
Energy balance in ewe lambs fed a high-concentrate diet with increasing levels of active and inactive 
yeast as an additive

Parameter
(kcal animal-1 day-1)

Additive (% DM) CV 
(%)

P-value

0 0.15 0.3 0.45 0.6 L Q LFM

GE intake 5489 7421 5831 4339 4666 9.30 0.131 0.004 0.000

GE feces 2790 3013 2956 2740 2824 10.45 0.498 0.400 0.401

DE 2699 4408 2875 1599 1843 14.36 0.130 0.001 0.000

GE urine 184 172 175 170 199 36.10 0.578 0.505 0.951

EM 2514 4236 2700 1429 1643 14.27 0.088 0.001 0.000

ME/GE (%) 45.0 56.4 45.2 32.5 34.1 8.50 0.442 0.005 0.000

CV = coefficient of variation; L= Linear effect; Q= Quadratic effect; LFM = Lack of fit to the model; GE = Gross energy; DE 
= Digestible energy; ME = Metabolizable energy; ME/GE = Metabolizability coefficient.

Energy intake, metabolization, and 
losses are directly related to the amount of 
organic matter consumed. Since there were 
no changes in the intake or digestibility of 
organic matter the primary source of the 
energy required by the animals gross energy 
consumption, the energy available for 
metabolic processes, and metabolizability 
remained consistent and unchanged.

Conclusion

The combination of active and 
inactive yeast does not affect nutrient intake, 
digestibility, or the nitrogen and energy 
balances in ewes fed a high-concentrate diet.
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