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ABSTRACT. Four ruminally-cannulated non-pregnant Brahman beef cows
(body weight (BW) = 430 kg) were used to study the effects of yeast-fermented
cassava roots (YEFECAR) as the sole source of protein on dry matter (DM)
intake and nutrient digestibility. Animals were allotted to groups fed YEFECAR
at levels: 0, 20, 30, 35% DM, according to a 4 x 4 Latin square design. Cows
were fed rice straws (as a roughage) ad libitum; concentrate treatments
(1.5% BW per day) were offered twice daily. It was indicated that the use of
YEFECAR in a concentrate diet reduced feed intake (P < 0.05) but had no effects
on nutrient digestibility, rumen ecology (pH, NH.-N), rumen volatile fatty acid
concentration, rumen bacterial population and microbial protein. Accordingly, it
can be concluded that the use of YEFECAR as the primary source of protein
at 20% DM or higher in concentrate feed can lower the feed intake, which may
subsequently affect livestock yield. To ensure optimal utilization of YEFECAR
as the main source of protein in ruminant feed further studies on increasing
the sulphur content in yeast medium prior to the production of YEFECAR are

e-mail: ppitukpol@hotmail.co.th needed.

Introduction

Farming ruminants in tropical conditions is
often challenged by the shortage of roughage
(both of its quantity and quality), and especially
a lack of protein sources during the drought season
(Wanapat and Devendra, 1992), resulting in reduced
livestock yield (Leng, 1990). One of many ways to
solve the shortage of good quality roughage during
the dry season is feeding livestock a concentrate
feed. However, such type of feed is expensive as it
is produced from protein sources such as soybean
meal (SBM) a locally rare animal feed ingredient
that must be imported. In effect farmers do not
supplement their livestock with concentrate feed or
use only limited concentrate feed, which leads to
a decreased livestock production. Finding a cheaper

protein source that can be procured locally to replace
SBM in concentrate feed will be a solution.
Cassava is considered as an important economic
crop in tropical countries and it is extensively cul-
tivated. Therefore, cassava as inexpensive protein
source is widely used among livestock produc-
ers. Cassava can be fermented with yeast to pro-
duce yeast-fermented cassava products with a high
level of protein and has the potential to be an al-
ternative source of protein replacing SBM. This
yeast-fermented cassava product is also cheaper
than SBM (yeast-fermented cassava product costs
approximately 1015 THB per kg, while soybean
meal — 1525 THB per kg; 1 USD =31.78 THB). The
use of yeast-fermented cassava products as a source
of protein in ruminant feed has been widely studied
(Boonnop et al., 2009, 2010; Wanapat et al., 2011;
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Promkot et al., 2013, 2017; Cherdthong and Supa-
pong, 2019), owing to the fact that cassava plants
thrive well in low-fertility soils, especially in the
north-eastern region of Thailand and sub-Saharan
African countries. Hence, these products are con-
sidered a good source of protein for ruminant ani-
mals (Boonnop et al., 2009). According to the study
conducted by Boonnop et al. (2009), cassava chips
(dried cassava roots) or fresh cassava roots can be
fermented with yeast (Baker’s yeast or Saccharo-
myces cerevisiae) to produce yeast-fermented cas-
sava chips (YEFECAP) or yeast-fermented cas-
sava roots (YEFECAR), resulting in an increase
of protein content from 3% dry matter (DM) in
non-fermented products to 21-30% DM in fer-
mented ones. The use of YEFECAP in ruminant
feed was further studied by Boonnop et al. (2010).
Initially, the digestive trial was conducted on
4 rumen-fistulated Holstein-Friesian dairy cross-
bred steers. Animals were fed YEFECAP in con-
centrate diets at 0, 33, 67 and 100% by replacing
SBM (YEFECAP in concentrate diets at 0, 7, 17 and
28% DM, respectively). It was shown that YEF-
ECAP can fully replace SBM by improving rumen
fermentation efficiency and nutrient digestibility.
Wanapat et al. (2011) conducted a digestion study
with YEFECAP replacing SBM in concentrate di-
ets and reported similar results as Boonnop et al.
(2010). Specifically the results indicate that YEF-
ECAP was able to fully replace SBM in concentrate
diets for dairy cows and had positive effects on ru-
men fermentation, DM intake, nutrient digestibil-
ity, milk yield and composition. Similarly, Promkot
et al. (2013) conducted a feeding trial on peripartu-
rient dairy cows by comparing the digestibility and
production of dairy cows that were fed without (SBM
as a protein source) and with YEFECAP (YEFECAP
as a protein source) in concentrate diets. According
to the results, the use of YEFECAP at 11.9% DM in
concentrate diets for prepartum cows and up to 26%
DM for lactating cows could enhance DM intake,
crude protein (CP) and neutral detergent fibre (NDF)
digestibility. Based on previous studies, YEFECAP
up to 28% DM can serve as a good protein source
fully replacing SBM in concentrate diets. However,
the use of YEFECAR (fresh roots) in ruminant feed
has not been widely studied due to weather limita-
tions as producing cassava chips is difficult during
the rainy season. Since fresh cassava roots contain
a high level of hydrogen cyanide (HCN) that is toxic
to animals, YEFECAR could be a possible alterna-
tive due to its relatively high protein content and low
toxicity. Recently, Promkot et al. (2017) conducted

a digestibility trial on four Brahman beef cattle by
replacing SBM with YEFECAR (prepared according
to Boonnop et al. (2009) in concentrate diets at 0, 50,
80 and 100% replacement levels (YEFECAR in con-
centrate diets: 0, 10, 20 and 30% DM, respectively)).
It was suggested that the use of YEFECAR at 20%
DM in concentrate feed could improve rumen bac-
terial population and NDF digestibility. Moreover,
no negative effects were found when the cattle were
fed 30% DM of YEFECAR or 100% replacement of
SBM in concentrate diets.

So, the aim of this study was to examine wheth-
er it is possible to feed ruminants with YEFECAR
as the sole source of protein (100% replacement of
SBM), as well as to determine the appropriate level
of YEFECAR in feed. Therefore, the objective of
this study is to evaluate the effects of the use of
YEFECAR as the sole source of protein on DM in-
take and nutrient digestibility in cattle.

Material and methods

Animals, design and treatments

Four ruminally cannulated non-pregnant Brah-
man beef cows (body weight (BW) = 430 kg) were
arranged according to a 4 X 4 Latin square design
to study the effects of the level of YEFECAR
in concentrate diets on DM intake and nutrient
digestibility. The study was conducted in four
periods, each lasted 21 days with the last 7 days of
sampling collection. Animals were fed concentrate
with different levels of YEFECAR: T1 diet (control)
0% DM of YEFECAR (SBM as a protein source,
100%); T2 diet 20% DM of YEFECAR (SBM 0%);
T3 diet 25% DM of YEFECAR (SBM 0%), and
T4 diet 30% DM of YEFECAR (SBM 0%).

Yeast-fermented cassava root (YEFECAR)
preparation

Fresh cassava roots (better variety, Rayong 72)
were cultivated in Phang Khon District, Sakon
Nakhon Province, Thailand. The preparation of
fermented yeast was carried out according to the
method of Boonnop et al. (2009). Briefly, fresh
cassava roots were chopped into small cubes of
2-4 cm and fermented in a closed container for
three weeks before being fermented with the yeast
medium. The preparation of yeast medium was
as follows: activated yeasts were prepared using
1 kg of Baker’s yeast (Saccharomyces cerevisiae)
and | kg of sugar mixed with 5 I of tap water. The
mixture was incubated at room temperature for 1 h.
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This solution was called ‘Solution A’. The liquid
medium was prepared using 1.2 kg of molasses and
5 1 of tap water, followed by the addition of 2.4 kg of
urea (urea fertilizer N-P-K=46-0-0). The pH of the
solution was adjusted using H,SO, to achieve the
final pH of 3.5-5. This solution was called ‘Solution
B’. Next, solutions A and B were mixed together at
a 1:1 ratio and flushed with air at room temperature
for 3 days by using an air pump (600 W). This
mixed solution was called ‘Yeast medium’. The
yeast medium solution was mixed with fermented
fresh cassava roots at a ratio of 1 | to 2 kg DM. The
mixture was then fermented in a closed container
for 120 h, resulting in the final product YEFECAR.
YEFECAR was prepared on a weekly basis.

Animal management, feed and feeding

Two weeks prior to the experiment, cows were
dewormed by subcutaneous injection of 200 pg of
ivermectin/kg of body weight. Cows were then kept
in an individual pens (W X L = 3 x5 m, concrete
floor), containing water and mineral blocks (each
kg of mineral block contains, g: NaCl 960, Ca 3,
Mg 2.2, P 1.5, Fe 3.5, S 1, Ze 0.85; mg: Mn 0.22,
I 50, K 15, Co 18, Se 10). The average daily
minimum and maximum temperatures during the
experimental period were 24 and 33 °C, respectively.
The ingredients and chemical composition of
concentrate treatments and roughages (rice straws)
are shown in Table 1. Concentrate treatments were
offered twice daily (7:00 and 16:00 at equal parts) at
1.5% BW per day. Roughages (rice straw) were given
ad libitum.

Data collection and sampling methods

Body weight was recorded on days 14 and
21 of each period. Data for dry matter intake (DMI)
calculation were obtained from the last 7 days of
each period.

Rice straw and concentrate feed samples were
collected daily during the last 7 days of each peri-
od and were stored at —20 °C for further analysis.
Faecal samples were collected twice a day (8:00 and
15:00) during the last two days of each period by
means of rectal sampling. Composite faecal samples
were immediately dried at 60 °C for 48 h and stored
at —20 °C until the analysis.

Rumen fluid samples were collected on day 21
of each period at 0 and 4 h post-feeding and were
immediately measured for pH by using a portable
pH meter (HI2002, edge®, Hanna Instruments,
Woonsocket RI, USA). The samples were then
filtered through four layers of cheesecloth and
centrifuged (3000 g, 4 °C for 15 min). The
supernatants were divided into two portions. The
first 50-ml portion was stored in a plastic bottle to
which 5 ml of IM H,SO, was added; the mixture
was then stored at —20 °C for NH,-N analysis. The
second 1-ml portion was stored in a plastic bottle to
which 9 ml of 10% formalin solution was added. The
mixture was stored at 4 °C to be used for total direct
count of bacteria, protozoa and fungal zoospores.

Blood samples were obtained from jugular veins
and stored in a serum separation tube at the time of
rumen fluid sampling. The samples were centrifuged
(3000 g, 4 °C for 15 min), and the supernatants were
decanted and frozen (—20 °C) for analysis.

Table 1. Ingredients and chemical composition of concentrate treatments (different levels of yeast-fermented cassava roots (YEFECAR))

YEFECAR in concentrate feed (% of dry matter (DM))

Indices 0 (Control) 20 2% 30 Rice straw
Ingredients, % DM
cassava chip 78.6 64.8 59.9 55.1
YEFECAR 0.0 20.0 25.0 30.0
rice bran 5.8 6.2 6.2 6.2
soybean meal 6.7 - -
molasses 4.0 4.0 4.0 4.0
urea 25 25 25 2.3
salt 1.1 1.1 1.1 1.1
sulphur 0.2 0.2 0.2 0.2
mineral mix' 1.1 1.1 1.1 1.1
Chemical composition, % DM
DM, % of fresh matter 88.3 69.3 65.8 62.6 89.5
crude protein 12.8 12.8 12.8 12.8 35
neutral detergent fibre 9.3 91 91 91 743
acid detergent fibre 5.0 47 46 4.6 481
TDN? 75.0 75.0 75.0 75.0 494

"contained per kg: g: iron 2.14, iodine 0.15, sulphur 11.82, copper 0.23, magnesium 0.96, sodium 2.68, manganese 7.21, cobalt 0.03, phosphorus
19.60, selenium 0.003, zinc 0.16, calcium 204.03; 2TDN - calculated total digestible nutrients
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Urine samples were collected twice a day for
aperiod of two days (morning and afternoon of the last
two days of each period) by stimulating the perineum
of the cow with a light rubbing motion. The samples
were then stored in a plastic container that contained
a suitable amount of 50% H,SO, to reduce the pH
level to <2.5. Additional urine subsamples were
immediately diluted and stored at —20 °C for
analysis.

Laboratory analysis and calculation

Composite faecal and feed samples were ground
(1 mm screen) and analysed for DM, ash and crude
protein (CP) contents (AOAC International, 2005),
neutral detergent fibre (NDF) and acid detergent
fibre (ADF) (Goering and Van Soest, 1970), and
acid-insoluble ash (AIA; Van Keulen and Young,
1977). AIA was used to estimate the digestibility of
nutrients (Van Keulen and Young, 1977). It was pre-
pared by drying and ashing the sample, and boiling
the ashed sample in 2M hydrochloric acid for five
minutes. The ash content was determined gravimet-
rically after the hot hydrolysate had been filtered,
washed free of acid, and re-ashed. The digestibil-
ity of nutrients was calculated as the ratio of AIA in
feed and faeces.

The NH,-N and volatile fatty acids (VFA) con-
centrations in rumen fluids were analysed by mi-
cro-Kjeldahl (FOSS, Hillerad, Denmark) (AOAC
International, 2005) and high-performance liquid
chromatography (HPLC) (Mathew et al., 1997)
methods, respectively. The total direct count of
bacteria, protozoa and fungal zoospores in rumen
fluids were carried out by employing the method
of Galyean (1989) based on the use of a haemocy-
tometer (Boeco, Hamburg, Germany). The bacterial
and protozoal shapes of the specimen were analysed
under a microscope. Rumen fungal zoospores and
small protozoa were identified based on their ultra-
structural characteristics; fungal zoospores have fla-
gella while protozoa have ciliates. Rumen fluid was
diluted with sterile water by 100, 10 and 10 times
for bacteria, protozoa and fungal zoospore counting
using 10 x4, 10 x 10 and 10 x 40 ocular x objec-
tive of haemocytometer, respectively.

Blood serum was analysed for blood urea nitro-
gen (BUN) by using BUN colorimetric detection kit.

Urine samples were analysed for purine de-
rivatives (PD: uric acid and allantoin; IAEA,1997)
and creatinine (by creatinine assay kit). The mi-
crobial protein synthesis was calculated based
on purine derivatives:creatinine (PDC) index,
PD excretion and PD absorption according the fol-
lowing equation:

Y =ay,
where: Y — PDC index (kg), a — PD to creatinine
ratio, ¥y — metabolic body weight (kg). PD and
creatinine concentrations are expressed in mmol/l
(Cetinkaya et al., 2000).

Since the daily PD excretion and PDC index are
linearly correlated, the former can be estimated by
using the following equation:

Y=a+Cx

where: Y — PD excretion (mmol/day), a — PD
to creatinine ratio,b x — PDC index (purine
derivatives:creatinine), C — regression coefficient,
which corresponds to the average daily creatinine
excretion expressed in kg/kg W7, where W%’ — the
metabolic body weight (kg) of the animal (Cetinkaya
et al., 2000).

Purine derivative absorption (X) can be calcu-
lated using the following equation:

Y =0.85X + (0.385 W°7)
where: Y — PD excretion (mmol/day), X — purine
derivative absorption (once Y is determined, X can
be calculated), W°7 — the metabolic body weight (kg)
of the animal.
The microbial N yield was calculated using:

X (mmol/d) x 70

Microbial N (gN/d) = 0.116 x 0.83 x 1000

Statistical analysis

Statistical analysis was performed by using the
general linear model of SAS Institute Inc. (SAS,
2009). The mean differences with a significant F-value
(P <0.05) were statistically compared using Duncan’s
new multiple-range test.

Results and discussion

Dry matter intake and nutrient digestibility.
The use of YEFECAR (at 0-30% DM) as the
main source of protein for beef cows resulted in a
lower level of DMI (P < 0.05), specifically in the
case of concentrate feed (Table 2). The foregoing
observation is in line with the results of the study by
Promkot et al. (2017), in which it was found that the
use of YEFECAR at 30% DM in concentrate feed
(100% replacement of SBM) could lead to a lower
feed intake. Based on the results of this experiment
and previous studies it can be suggested that the
use of YEFECAR as the primary source of protein
in concentrate feed has a tendency to cause lower
levels of DM intake. This may be connected with the
chemical composition of YEFECAR, which contains
approximately 47.3 mg/kg of HCN (Boonnop et al.,
2009) that contributes to loss of appetite in animals



C. Promkot and P, Pornanek

210

Table 2. Effects of the level of yeast-fermented cassava roots (YEFECAR) in concentrate diet on dry matter intake and nutrient digestion

coefficients in beef cattle

YEFECAR in concentrate feed (% of dry matter (DM))

Indices 0 (Control) 2 25 30 SEM P-value
DM intake, kg/head/day
concentrate 6.3 5.3 52° 5.0° 0.20 0.043
rice straw 35 25 3.3 32 0.30 0.219
total 9.8 7.8 8.5 8.4 0.60 0.244
% of body weight
concentrate 1.42 1.2 1.2 1.1° 0.2 0.036
rice straw 0.8 0.6 0.7 0.7 0.4 0.101
total 2.2 1.8 1.9 1.8 05 0.045
Apparent total tract digestibility, % DM
DM 69.1 75.6 74.5 68.6 2.7 0.261
crude protein 73.1 784 74.2 T4.7 4.0 0.807
neutral-detergent fibre 475 48.8 49.2 48.6 3.3 0.980
acid-detergent fibre 42.2 43.2 445 447 2.6 0.188

® — means with different superscripts in the same row are significantly different at P < 0.05 (according to Duncan’s new multiple-range test);

SEM - standard error of the mean

(Paulinus and Obaika, 2013). In addition, the presence
of HCN in ruminant feed leads to higher levels of
sulphur intake or sulphur-containing amino acids such
as methionine and cysteine, for HCN detoxification
(Promkot et al., 2007; Promkot and Wanapat, 2009;
Cherdthongetal., 2018). According to the theory, 1.2 g
of sulphur is required to detoxify 1 g of HCN (Wheeler
et al., 1975). Hence, if the level of sulphur intake is
msufficient for HCN detoxification, the level of feed
intake will decrease. Ultimately, this implies that
a high level of YEFECAR in feed may cause the level
of sulphur to be inadequate for the nutrient needs and
HCN detoxification of the ruminants. According to
the study conducted by Promkot and Wanapat (2009),
the level of feed intake in dairy cattle had a tendency
to increase when sulphur content in concentrate feed
was increased from 0.2 to 0.4% DM. Since only
0.2% of DM of sulphur was used in this study, there
may be a lack of sulphur content in concentrate feed.
Nonetheless, Promkot et al. (2017) found that the use
of YEFECAR at 10-20% in concentrate feed had no
adverse effect on feed intake, although only 0.2%
DM of sulphur was added to the concentrate feed.
Such difference in the experimental results may be
attributable to the presence of methionine and cysteine
in SBM. Concerning the fact that in this experiment
YEFECAR was used as the primary source of
protein, the contents of methionine and cysteine may
be relatively low. Although there has been no report
on methionine and cysteine contents in YEFECAR,
in the study conducted by Nagib and Sousa (2007)
it was shown that cassava roots contain only
0-0.41 g/kg DM of methionine and 0.25-0.26 g/kg DM
of cysteine. Similarly, Watson (1976) found that the

yeast Saccharomyces cerevisiae, which is cultivated
from ammonium (NH,") used in protein synthesis,
contains only 1.07 g/lkg DM of methionine and less
than 0.3 g/lkg DM of cysteine. Likewise, Wanapat and
Kang (2015) reported only 0.16 and 0.05 g/kg DM of
methionine and cysteine in YEFECAP, respectively.
Hence, it can be inferred that YEFECAR contains
relatively low levels of methionine and cysteine, as
well as lower levels of sulphur-containing amino
acids than SBM. According to the report of Cavins
et al. (1972), SBM contains relatively high levels of
methionine and cysteine in comparison with cassava
roots, specifically at 5.1 and 4.4 g/kg DM, respectively.
These findings suggest that a 100% replacement of
SBM with YEFECAR in concentrate feed at the level
above 20% DM will cause an increased demand for
sulphur in ruminants. For future research, the amount
of methionine and cysteine should be increased by
adding sulphur to the yeast medium prior to yeast
fermentation of cassava roots.

Regarding the effects of YEFECAR on nutrient
digestibility, it was found that there were no adverse
effects on the digestibility of DM and protein, which is
in line with the study of Promkot et al. (2017). None-
theless, Promkot et al. (2017) suggested that the use
of YEFECAR at the level of 20% DM in concentrate
feed had a tendency to improve the digestibility of
NDF and ADF due to the increase in rumen bacterial
population. However, in this study it was found that
the use of YEFECAR as the main source of protein
in concentrate feed had no impact on the digestibility
of NDF and ADF in beef cows, owing to the fact that
there was no increase in rumen bacterial population
(Table 3).
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Table 3. Effects of the level of yeast-fermented cassava roots (YEFECAR) in concentrate diet on rumen ecology, volatile fatty acid (VFA)

concentration, rumen microorganisms and microbial N yield in beef cattle

YEFECAR in concentrate feed (% of dry matter (DM))

Indices 0 (Control) 20 25 30 SEM P-value
Rumen pH
H=0 6.62 6.58 6.88 7.05 0.35 0.760
H=4 6.57 6.50 6.58 6.37 0.25 0.950
mean 6.59 6.54 6.73 6.71 0.30 0.855
Rumen ammonia nitrogen (NH,-N), mg/dl
H=0 11.55 9.80 10.55 9.23 191 0.830
H=4 11.60 11.08 13.58 11.90 1.69 0.750
mean 11.57 10.44 12.06 10.56 1.80 0.791
Total VFA, mM 75.6 72.7 724 732 6.0 0.724
VFA, mol/100 mol
acetate (C2) 65.8 63.5 64.4 64.0 6.8 0.629
propionate (C3) 24.0 24.0 26.4 26.8 22 0.533
butyrate (C4) 10.2 12.5 10.2 10.2 1.4 0.543
C2.C3 2.7 2.6 24 2.3 0.3 0.964
Total direct counts
bacteria, x10"" cell/ml 1.2 1.0 1.1 1.1 04 0.425
protozoa, x10° cell/ml 0.5 0.6 0.5 0.5 0.3 0.743
fungal zoospores, x108 cell/ml 0.4 0.5 0.4 0.5 0.2 0.423
mMicrobial N yield, g N/day 744 73.8 73.9 73.7 4.0 0.639

SEM - standard error of the mean

Another factor affecting the digestibility of
nutrients is the rate of passage through the rumen
of both particulate and liquid parts of the feed. If
the rate of passage is rapid, the feed will not stay
in the rumen for a long time, resulting in shorter
time for microbial fermentation and reduced di-
gestibility of total nutrients (Colucci et al., 1982).
Therefore, the factors that affect the rate of passage
of feed through the rumen should relatively affect
the digestibility of overall nutrients. There are many
factors that affect the rate of passage, such as the
quality of roughage (Nsahlai and Apaloo, 2007),
ratio of concentrate feed to roughage (Baumont et
al., 2000), environmental temperature (Varga and
Prigge, 1982) and physiological state (Gunter et al.,
1990). In this research, animals were fed with the
same type of roughage at a similar ratio to concen-
trate feed. They were kept in the same environment
and were also animals of similar physiological char-
acteristics. Therefore, although the information on
the rate of passage of feed through the rumen was
not collected in this study, it could be expected that
the rate of passage of the animals from control and
experimental groups were similar. Another factor
that could be used to indicate no difference in the
rate of passage of feed through the rumen between
animals in control and experimental groups was the
similar amount of microbial N yield (Table 3) as the
rate of passage of feed through the rumen was found

to be relevant to the microbial N yield. According
to Pathak (2008) the efficiency of protein synthesis
can increase by 20% if the rate of passage of feed
through the rumen increases from 0.02 to 0.08 per
h. However, in previous studies the influence of the
rate of passage of feed through the rumen on the
amount of feed intake was discussed. It was found
that the increased rate of passage of feed through
the rumen was found to also increase feed intake in
ruminants (Lindberg et al., 1988; Seo et al., 2006).
In this research, the intake of nutrients in the control
group was found to be higher than in the YEFRCAR
group, which might be due to the appetite for feed or
other aforementioned factors rather than caused by
the influence of the rate of passage of feed through
the rumen. The increase in feed intake without the
increased rate of passage could be explained by the
augmented rumen capacity (Hummel et al., 2008).
When considering NDF intake and rumen capacity
in animals from control and experimental groups,
it was found that NDF intake was lower than the
highest NDF intake (1.2% BW). Therefore, it could
be deduced that their rumen did not reach its full
capacity.

Rumen ecology. The use of YEFECAR as the
primary source of protein in concentrate feed for
beef cows had no effect on rumen ecology, both in
the aspect of pH and NH,-N (Table 3). This result is
consistent with the study of Promkot et al. (2017) in



C. Promkot and P, Pornanek

212

which YEFECAR had no impact on rumen pH and
NH,-N. However, the level of rumen pH (6.5-6.7)
observed in this study was lower than 6.8—7 found
by Promkot et al. (2017). Such difference in the pH
levels may be explained by different methods of
rumen fluid collection. More specifically, the fluid
samples in this study were collected through rumen
fistulas, which is a more precise method of determin-
ing rumen pH than the use of an oral stomach tube
employed in the study of Promkot et al. (2017). Ac-
cording to the study of Enemark et al. (2002), rumen
fluids collected by an oral stomach tube reflected
a higher level of pH by approximately 0.39-1.31
due to saliva contamination.

The concentration of rumen NH,-N depends on
the level of protein and rumen degradable protein
(RDP) in the feed (Promkot and Wanapat, 2005;
Mutsvangwa et al., 2016). Since all beef cows in the
experiment were given an equal amount of protein,
there were no differences in the concentration of
rumen NH_-N. Moreover, the NH.-N concentration
in the experiment was suitable for microbial growth.
According to the report of Broderick (2005), the
concentration of rumen NH.-N should be higher than
5 mg/dl for optimal rumen fermentation and
synthesis of microbial protein. Regarding this
experiment, the concentration of rumen NH,-N
was 10.4-12.0 mg/dl which is higher than the
recommended level.

Ruminal VFAs and microorganisms. Accord-
ing to Table 3, the level of YEFECAR in concentrate
feed had no effects on the concentration of VFA, ru-
men bacterial population and amount of microbial
protein. There has been no report on the effects of
YEFECAR in concentrate diets on the concentra-
tion of ruminal VFA in beef cows yet. Nevertheless,
in the study conducted by Polyorach et al. (2014) on
the effects of yeast-fermented cassava chip protein
(YEFECAP) on VFA concentration it was found
that YEFECAP contributed to an increase in the
concentration of total VFA and propionate due to
the increase in rumen microbial population. Since
YEFECAR was used in this experiment, there was
no increase in the population of microorganisms,
specifically bacteria. Thus, there was no change in
the concentration of ruminal VFA. This result is in-
consistent with the findings of the study of Prom-
kot et al. (2017) in which YEFECAR and SBM as
a source of protein in concentrate feed had a ten-
dency to increase rumen bacterial population and
microbial N yield. Such inconsistency could be
attributable to the fact that this experiment used
YEFECAR as the primary source of protein, which

caused an increased demand for amino acids, par-
ticularly sulphur-containing amino acids, to detox-
ify cyanide in the YEFECAR. As previously men-
tioned, the amount of amino acids in the YEFECAR
may be limited, hence impeding microbial growth
and population in the rumen.

Conclusions

Based on the results of this study, it can be
concluded that a 100% replacement of soybean
meal (SBM) with yeast-fermented cassava roots
(YEFECAR) at the level of 20% dry matter (DM)
or higher contributes to a decrease in the level of
DM intake but has no effects on nutrient digest-
ibility, rumen ecology, microbial population and
microbial protein. Concerning the fact that a de-
creased level of feed intake may adversely af-
fect the yield and growth of ruminants, the use of
YEFECAR as the main source of protein in con-
centrate feed for beef cows should be lower than
20% DM. Likewise, other sources of protein that
comprise sulphur-containing amino acids should
be incorporated into the feed. Additionally, fur-
ther studies concerning the effects of the use of
YEFECAR in conjunction with sulphur supple-
mentation on livestock yield, or the increase of
methionine and cysteine content in YEFECAR by
adding sulphur to the yeast medium prior to the fer-
mentation of cassava roots are needed. The use of
YEFECAR in ruminants feeding at the level lower
than 20% DM in concentrates feed should also be
explored relatively with the feed intake and live-
stock yield.
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