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Introduction

Soybean meal (SBM) is the most important 
protein source used in animal rations that contains 
about 44% crude protein (CP) (Mukherjee et  al., 
2016). Nevertheless, high feed prices in Thailand and 
undulations in animal feed production contributed 
to finding alternative protein sources that could be 
used in ruminant diets. As a  result, agroindustrial 

residues and waste from factories are gaining 
worldwide interest. Various yeast by-products have 
recently been commercially produced, marketed and 
used extensively in ruminant diets (Shurson, 2017; 
2018). Polyorach and Wanapat (2015) reported that 
live cell yeast is a probiotic source for ruminants that 
can improve fermentation in the rumen and increase
productive digestibility. Moreover, Robinson and 
Erasmus (2009) reported that yeasts affect milk 
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yield and feed intake; the result is not clear, but the 
effect on the digestibility of the nutrients is positive. 
Sacharomyces cerevisiae is also used as a microor-
ganism fermenter for bioethanol production of mo-
lasses, and the by-product after fermentation pro-
cessing is called ‘yeast cream waste’ which contains 
60–70% yeast cells (Laluce et al., 2016; Díaz et al., 
2017). This produced abundantly post-fermentative 
yeast biomass (post-FYeB) causes much environ-
mental pollution, but contains many nutrients (25–
30% of CP) and could be used as animal feed (Díaz 
et  al., 2017). Therefore, utilization of post-FYeB 
as an alternative protein source could be benefi-
cial in reducing feed cost and environmental pollu-
tion. However, feeding post-FYeB from bioethanol 
plants to ruminants has been limited. Therefore, the 
goal of this study was to determine the influence of 
substituting SBM with post-FYeB powder on feed 
utilization, ruminal fermentation and microorgan-
isms in beef cattle fed low quality roughage.

Material and methods

Cattle and dietary treatments
Cattle involved in the experiment were endorsed 

by the Animal Ethics Committee of Khon Kaen 
University (Thailand), based on the Ethic of Animal 
Experimentation of National Research Council of 
Thailand.

Four male Thai native beef cattle at around  
1 to 2 years of age with an initial body weight (BW) 
of 120 ± 20 kg were used in the study. The experi-
mental design was a 4 × 4 Latin square design and 
the dietary treatments were four levels of post-FYeB 
replacing SBM in concentrate diet at 0, 33, 67 and 
100%, respectively. Post-FYeB was obtained from 
bioethanol production factory of KSL Green Inno-
vation Public Company Limited, Khon Kaen prov-
ince (Thailand). Each cattle was housed in individ-
ual pen (3 × 5 m) and offered concentrates (Table 1) 
at 1% BW twice a day at 07:00 and 16:00 with ad 
libitum access to rice straw feeding. The study was 
composed of four periods, each lasted for 21 days. 
During the first 14 days, all animals were fed their 
respective treatments, whereas during the last 7 days 
they were transferred to metabolism cages for total 
faecal collection to assess digestibility of nutrients. 
Feed intakes were determined separately and refus-
als were recorded daily. BWs were recorded at the 
start and end of each period. The amount of concen-
trate offered to the cattle was adjusted according to 
these measurements.

Sample and analysis
Feed offered and feed refusals of each cattle 

were sampled during the last 7 days of each period 
and weighed fresh each day before the morning 
feeding and oven-dried at 60  °C for 2  days. In 
addition, faecal samples were used to determine the 
feed digestion. Faecal samples were weighed and 
recorded daily. Five percent of the faecal voided 
daily were collected and stored at −20 °C and then 
pooled for each cattle over the collection period. 
Feed samples, feed refusals and faecal samples were 
oven-dried at 60 °C, and then successively ground 
in mills with 1-mm sieves. Samples were analysed 
for dry matter (DM), ash, CP and acid detergent 
fibre (ADF) according to an AOAC International 
methods (1995). Neutral detergent fibre (NDF) was 
determined according to Van Soest et al. (1991).

At the last day of each period, rumen fluid and 
jugular blood were sampled 2 h and 4 h after feeding. 
Rumen fluid was determined for pH and temperature 
using a  portable pH temperature meter (HI 8424 
microcomputer pH meter, HANNA Instruments, 
Woonsocket, RI, USA) and ammonia-nitrogen 
(NH3-N) concentration by Kjeltec Auto 1030 
Analyzer (Foss Analytical A/S, Hillerød, Denmark). 
Rumen fluid was used for direct counts of bacteria 
and protozoal population using methods of Galyean 
(2010). Concentration of volatile fatty acids (VFA) 
and VFA profile were measured using high pressure 
liquid chromatography (HPLC) (Instruments by 
controller water model 600E, water model 484 UV 
detector, column novapak C18, column size 4  × 
150 mm, mobile phase 10 mM H2PO4 (pH 2.5); ETL 
Testing Laboratory, Inc., Cortland, NY, USA). Blood 
samples were collected from a jugular vein into tubes 
with EDTA as anticoagulant and used for blood urea 
nitrogen (BUN) analysis (Crocker, 1967).

Statistical analysis
All data were subjected to analysis of variance 

(ANOVA) according to a 4 × 4 Latin square design 
using GLM procedure of SAS (1998). Data were 
analysed using the model:

Yijk = μ + Mi + Aj + Pk + εijk 
where: Y  – single observation, μ  – overall mean, 
M  – substitution levels (i  = 1, 2, 3, 4), A  – effect 
of cattle (j = 1, 2, 3, 4), P – period (k = 1, 2, 3, 4) 
and ε – residual effect. The results are presented as 
mean values and standard error of the means. Means 
were compared using Duncan’s multiple range test 
(Steel and Torrie, 1980). Significance was declared 
at  P  < 0.05 as representing statistically significant 
differences.
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Results and discussion

Chemical composition of the diets. The CP 
content of post-FYeB in the current study was 26.4% 
(Table 1) which was only lower than yeast cells of 
brewer’s yeast (46.5% of CP; Sauvant et al., 2004). 
Post-FYeB contains high ash content that could have 
an effect on digestibility, however, in the present 
study the post-FYeB was included in only 10% DM of 
concentrate diets (3.04% ash). The animals received 
1.3 kg/head/day concentrates and ash intake was only 
0.0395% DM, thus the ash content in post-FYeB has 
no adverse effect on digestibility. Using post-FYeB to 
replace SBM in ruminant diets gives an opportunity 
not only to use post-FYeB resourcefully, but also to 
lead beneficial metabolic alters in cattle. Post-FYeB 
or yeast cream is generated from bioethanol produc-
tion and contains about 60–70% of yeast cells, thus 
inclusion of post-FYeB into concentrate diet may 
provide an additional source of protein and essential 
amino acids to animals (Díaz et al., 2017). 

The control group diet included 10  kg DM of 
SBM, whereas the experimental group was given 
3.3  to 10  kg DM of post-FYeB as a  replacement 
of SBM and urea was used as N source to balance 
isonitrogenous content. The urea was additionally 

increased from 0.1  to 0.6  kg DM when compared 
to the control group (1.5  kg DM). This could be 
due to low CP in post-FYeB in comparison to SBM. 
Utilization of urea as a non-protein N substitution is 
attractive in cattle feeds, because of its lower price 
than that of SBM and its high degradability in the 
rumen (Cherdthong et al., 2014). Urea is changed via 
rumen NH3-N into microbial mass, thus supplying 
supplementary microbial protein to the ruminant 
(Cherdthong and Wanapat, 2010). The concentrates 
contained about 13.6  to 14.0%  CP that was fed to 
meet protein requirements for tropical beef cattle.

Feed intake and digestibility. Effects of post- 
FYeB as a replacement for SBM on feed intake are 
shown in Table 2. Increasing level of post-FYeB 
in concentrate from 0  to 100% as the replace-
ment of SBM did not alter roughage intake and to-
tal intake. Rice straw intake ranged from 2.0 to  
2.1 kg DM/day and from 1.6 to 1.7% of BW while 
total intake ranged from 3.3 to 3.4 kg DM/day and 
from 2.6 to 2.7% of BW, which were in the normal 
range for Thai native beef cattle. However, Shurson 
(2018) has shown that the supplementation of live 
yeast may generally enhance roughage digestibility. 
These results indicated that post-FYeB could sub-
stitute SBM with no adverse effects on feed intake 

Table 1. Ingredients and chemical  composition of  experimental diets 

Indices Level of post-FYeB, % Rice 
straw

Post-
FYeB0 33 67 100

Ingredients, kg DM
cassava chips 56.0 56.0 56.0 56.0
soybean meal 10.0 6.7 3.3   0.0
post-FYeB   0.0 3.3 6.7 10.0
rice bran 14.5 14.5 14.5 14.5
coconut meal 7.0 7.0 7.0 7.0
palm kernel meal 7.0 7.0 7.0 7.0
urea 1.5 1.7 1.9 2.1
pure sulphur 1.0 1.0 1.0 1.0
mineral premix1 1.0 1.0 1.0 1.0
molasses, liquid 1.0 1.0 1.0 1.0
salt 1.0 1.0 1.0 1.0

Chemical composition, % DM
DM, % 91.4 92.1 91.8 92.0 95.995.0
organic matter 87.1 87.3 87.3 87.4 88.669.6
ash 12.9 12.7 12.7 12.6 11.430.4
crude protein 13.6 13.7 13.7 14.0   2.826.4
neutral detergent 
fibre

73.2 72.5 71.9 71.5 78.9  8.2

acid detergent fibre 55.4 53.1 52.7 52.6 58.4  4.6
post-FYeB  – post-fermentative yeast biomass; DM  – dry matter; 
1 minerals and vitamins (each kg contained): IU: vit. A 10 000 000, 
vit. E 70 000, vit. D 1 600 000; g: Fe 50, Zn 40, Mn 40, Co 0.1, Cu 10, 
Se 0.1, I 0.5 

Table 2. Effect of substitution of soybean meal (SBM) by post-
fermentative yeast biomass (post-FYeB) on feed intake, nutrients 
intake and digestibility in Thai native beef cattle

Indices Replacing SBM with post-FYeB, %  SEM P-
value0 33 67 100

Concentrate intake
kg DM/day 1.3 1.3 1.3 1.3  0.01 ns
% of body weight (BW) 1.0 1.0 1.0 1.0  0.01 ns

Rice straw intake
kg DM/day 2.0 2.0 2.1 2.0  0.02 ns
% of BW 1.6 1.6 1.7 1.6  0.02 ns

Total intake
kg DM/day 3.3 3.3 3.4 3.3  0.04 ns
% of BW 2.6 2.6 2.7 2.6  0.04 ns

Nutrients intake, kg/day
organic matter 2.87 2.87 2.91 2.87  0.03 ns
crude protein 0.21 0.21 0.20 0.22  0.01 ns
neutral detergent fibre 2.40 2.38 2.41 2.37  0.03 ns
acid detergent fibre 1.83 1.83 1.82 1.79  0.02 ns

Nutrients digestibility, % DM
DM, % 67.2 65.9 66.9 71.1  1.05 ns
organic matter 71.8 70.6 71.3 71.7  0.39 ns
crude protein 72.8 74.7 73.3 74.3  0.59 ns
neutral detergent fibre 69.4 72.8 71.9 68.2  2.59 ns
acid detergent fibre 57.0 57.7 59.1 58.2  0.87 ns

DM – dry matter; SEM – standard error of means; ns – non-significant
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in beef cattle. Similarly, Cherdthong et  al. (2014) 
revealed that using residue from slaughterhouses 
to replace SBM did not alter feed intake, which 
ranged from 2.8  to 3.0  kg/day. Moreover, organic 
matter (OM), CP, NDF and ADF intakes were simi-
lar among diets (P > 0.05). In Table 2 data of nu-
trient digestibility in animals fed different levels of  
post-FYeB that replaced SBM is also presented. The 
results show that the nutrient digestibilities of DM, 
OM, CP, NDF, and ADF in cattle fed various levels 
of post-FYeB were not significantly different among 
diets (P > 0.05). However, the numerical improve-
ment on CP digestibility for 100% post-FYeB was 
higher than that of the 100% SBM group (1.5% DM), 
which could be possibly due to the fact that CP of the 
yeast biomass is easier fermented by bacteria than 
that of SBM (Díaz et al., 2017). In addition, adding 
urea to the SBM replacement may also increase CP 
digestibility (Cherdthong and Wanapat, 2010). Thus, 
it was indicated that post-FYeB can replace 100% of 
the SBM content  as a protein source in concentrate 
diets with no adverse effect on digestibility.

Rumen ecology and microorganisms. Rumen 
ecology and microorganisms in animals fed differ-
ent levels of post-FYeB as a replacement of SBM 
are presented in Table 3. Rumen pH and rumen tem-
perature in cattle fed various levels of post-FYeB 
were not significantly different among diets. The 
rumen pH at 0 and 4  h post feeding ranged from 
6.6  to 6.8  and from 6.6  to 6.7, respectively. In ad-
dition, ruminal temperatures at 0 and 4 h post feed-
ing ranged from from 38.3  to 38.7  °C and from  
38.4 to 38.9  °C, respectively. Similarly, Polyorach 
and Wanapat (2015) also reported that supplementa-
tion ofyeast into diets resulted in rumen pH between 
6.5 and 7.0, and temperature from 38 to 39 °C, which 
are considered normal and suitable for microbial ac-
tivity in the rumen. Replacing SBM with post-FYeB 
did not change bacterial and protozoal populations 
(P > 0.05). At 0 and 4 h post feeding, the bacterial 
population ranged from 3.1 to 3.8 × 1010 cells/ml and 
from 2.9  to 4.1  × 1010  cells/ml, respectively, while 
the protozoal population ranged from 4.0  to 4.5  × 
106 cells/ml and from 3.9  to 4.1 × 106 cells/ml, re-
spectively. It was revealed that post-FYeB did not 
contain antibacterial substances and did not show 
a  negative effect on concentration of bacteria and 
protozoa in the rumen of beef cattle. However, Pé-
rez Quintana et al. (2016) reported that yeasts can 
supply essential growth factors (e.g., peptides, 
amino acids, β-glucan, sugar, etc.) for some rumen 
microorganisms. Díaz et al. (2017) also confirmed 
the idea that yeast hydrolysate supplementation 

tends to enhance microorganism growth in the liquid 
phase when compared to non-supplemented group. 
A  stimulation of the ruminal microbes growth by 
live and dead yeast has been shown in some studies  
(Miller-Webster et al., 2002; Kettunen et al., 2016), 
but current results did not confirm them. Con-
centration of ruminal NH3-N ranged from 12.0  to  
15.2 mg/dl, which is similar to those previously re-
vealed by Wanapat and Pimpa (1999), who stated 
that this range was reasonable for improving rumi-
nal fermentation and microorganism activity. Ru-
men NH3-N content is a crude predictor of efficiency 
of dietary N transformation into microbial protein  
(Firkins et al., 2007; Broderick and Muck 2009). 

The data for blood urea nitrogen (BUN) in ani-
mals fed various levels of post-FYeB in concentrate 
diets is also shown in Table 3. BUN in cattle fed vari-
ous levels of post-FYeB was not significantly differ-
ent among groups (P > 0.05). BUN at 0 and 4 h post 
feeding were ranged from 9.0 to 11.5 mg/dl and from 
12.3 to 13.8 mg/dl, respectively. Wanapat (1990) re-
ported that BUN concentrations ranged from 6.3  to 
25.5  mg/dl, depending on feeding regimes. There-
fore, post-FYeB can replace SBM in the concentrate 
diet with no adverse effect on urea-nitrogen concen-
tration in the blood stream.

Table 3. Rumen ecology, bacteria and protozoa content in rumen fluid, 
and blood urea nitrogen level in Thai native beef cattle fed different 
levels of post-fermentative yeast biomass (post-FYeB) substituting 
soybean meal (SBM)

Indices Replacing SBM with post-FYeB, %  SEM P-value0 33 67 100
Ruminal pH

0 h post feeding 6.6 6.8 6.8 6.6 0.07 ns
4 h post feeding 6.6 6.6 6.7 6.6 0.07 ns

Ruminal temperature, °C
0 h post feeding 38.3 38.5 38.7 38.4 0.17 ns
4 h post feeding 38.4 38.9 38.8 38.7 0.12 ns

NH3-N, mg/dl
0 h post feeding 12.3 12.2 12.1 12.0 0.33 ns
4 h post feeding 15.2 15.0 14.8 14.7 0.49 ns

Bacteria, × 1010 cells/ml
0 h post feeding 3.5 3.1 3.8 3.8 0.30 ns
4 h post feeding 2.9 4.1 3.4 2.2 0.79 ns

Protozoa, × 106 cells/ml
0 h post feeding 4.2 4.5 4.2 4.0 0.02 ns
4 h post feeding 4.1 4.0 3.9 4.0 0.10 ns

BUN, mg/dl
0 h post feeding 11.0 9.0 10.5 11.5 0.91 ns
4 h post feeding 13.3 12.3 13.8 13.8 0.75 ns

SEM – standard error of means; ns – non-significant; BUN – blood 
urea nitrogen 
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Volatile fatty acid (VFA) concentration. VFA 
concentration data in animals fed various levels of 
post-FYeB as a substitute for SBM in diets is pre-
sented in Table 4. The VFA concentration depends 
on the proportion of feeding, according to Wanapat 
(1990), who reported the optimum concentrations 
of fatty acids that evaporated easily in the rumen 
that were: acetic acid (C2) of about 65–70%, as 
well as 20–25% propionic acid (C3) and 10–15% 
butyric acid (C4). Total VFA, C2, C4 and C3 as well 
as C2:C3 ratio in cattle fed various levels of post-
FYeB were not significantly different among diets  
(P  > 0.05). Total VFA at 0  and 4  h post feed-
ing ranged from 118.4  to 118.6 mmol/l and 
from 118.5 to 118.7  mmol/l, respectively. How-
ever, some studies revealed that supplementa-
tion with yeast hydrolysate shifted the VFA 
profile from C2 to C3 and reduced the C2:C3 ra-
tio in batch cultures (Kettunen et  al., 2016) and  
Rusitec fermenters (Oeztuerk et  al., 2016; Díaz 
et al., 2017).

Conclusions
The substitution of soybean meal (SBM) by 

post-fermentative yeast biomass (post-FYeB) in 
diet could be a practical alternative for cattle. The 
replacement of SBM by post-FYeB up to 100% in 
cattle feed is suggested. However, future studies 
on the effect of post-FYeB as a substitute for SBM 
should be elucidated under the production trial.
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