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Simple Summary: Rubber seed kernels do not contain sufficient levels of crude protein to serve
as a primary source of crude protein in ruminant diets. Yeast has been used to improve the nutri-
tional value of feedstuffs, particularly their protein content, and to diminish their anti-nutritional
components. Our earlier studies demonstrated that rubber seed kernels that had undergone yeast
fermentation had enhanced levels of crude protein, decreased fiber content, and could be provided to
dairy heifers as a source of protein. The current findings showed that the addition of yeast-fermented
rubber seed kernels had no negative effects on the hematology, milk production, milk composition,
or feed intake. Hence, yeast-fermented rubber seed kernels could be used as a source of protein in
the diets of lactating dairy cows.

Abstract: The objective of the present study was to analyze the effects of yeast-fermented rubber
seed kernels (YERSEK) on the feed intake, hematology, microbial protein synthesis, milk yield, and
milk composition in dairy cows. Six crossbred Holstein Friesian (HF) x Thai lactating dairy cows
with 110 + 10 days in milk were randomly assigned to three different amounts of YERSEK at 0%,
10%, and 20% in a concentrate mixture using a 3 x 3 repeated Latin square design. Cows were fed
with concentrate diets at a concentrate-to-milk yield ratio of 1:1.5, with rice straw fed ad libitum. The
inclusion of YERSEK did not adversely affect feed intake, nutrient intake, or digestibility (p > 0.05),
whereas ether extract intake and digestibility linearly increased in dairy cows receiving YERSEK
(p < 0.01). Increasing YERSEK levels did not adversely affect blood urea nitrogen (BUN) levels,
hematological parameters, or microbial protein synthesis (p > 0.05). Supplementation of YERSEK
did not influence milk production, lactose, or protein levels (p > 0.05). However, milk fat and total
solids decreased linearly (p < 0.05) with the addition of YERSEK. In conclusion, in a concentrate
diet, YERSEK could be used as a protein source without negative effects on feed intake, digestibility,
hematology, microbial protein synthesis, or milk yield. However, it reduced the milk fat and total
solids of tropical lactating dairy cows.
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1. Introduction

Roughage is often of poor quality in the tropics, with low protein and high fiber content,
limiting dairy production efficiency [1,2]. Supplementation of concentrate containing high
levels of protein and energy could be useful and diets could be mixed on-farm. Soybean
meal (SBM) is a primary protein source in concentrate diets due to its protein-rich and
favorable amino acid content [3]. Nevertheless, the cost of cattle feed has been affected
by the high cost of SBM [4]. As a result, there is a need to seek alternative dietary protein
sources that are less expensive and generated locally to replace SBM in animal diets [5].

A possible alternative dietary protein source is rubber seed (Hevea brasiliensis) kernels
(RSKs), a by-product of the rubber tree in northeastern Thailand. RSKs contains 19.8-23.6%
crude protein (CP), 40.8-47.7% ether extract (EE), and 11.9-20.9% neutral detergent fiber
(NDF) [6,7]. However, the protein content of RSKs is not sufficient for use as a main protein
source in concentrates in ruminant diets.

Fermentation with bakers’ yeast (Saccharomyces cerevisiae) is an easy and cheap method
of improving the nutritional value of feed for animal diets. Treatment with yeast and the
addition of urea with molasses can increase CP levels and reduce fiber and anti-nutritional
factors [8]. Our previous studies revealed that fermentation of RSK with yeast and the
addition of urea and molasses improved the CP content by 21.2% to 33.6%, and its use
at up to 25% in concentrate did not affect the nutrient intake, nutrient digestion, ruminal
metabolism, or microbial protein production of dairy heifers [9]. Pilajun et al. [10] also
reported that fermentation of plant meals with yeast and urea with molasses increased CP
and non-protein nitrogen (NPN) content.

Due to its quick hydrolysis to NH3-N and its absorption from the rumen, the amount
of non-protein nitrogen (NPN) that can be employed is limited [11]. Increased blood NHj3
concentrations increase the risk of ammonia toxicity and related negative health effects
in ruminants [12,13]. Disorders of the hematological system and many other organ and
systemic diseases can be detected through hematologic analysis [14]. However, no research
has been yet carried out on the use of yeast-fermented RSKs in dairy cows. Therefore, the
aim of this work was to evaluate the influence of the addition of yeast-fermented rubber
seed kernel meal (YERSEK) in concentrate on feed intake, hematology, microbial protein
synthesis, milk yield, and milk composition in tropical lactating dairy cows.

2. Materials and Methods
2.1. Animal Welfare

Animal care was approved by the Animals Ethical Committee of the Rajamangala
University of Technology Isan (approval number 10/2564).

2.2. Dietary Preparation

From rubber orchards in Sakon Nakhon, Thailand, fresh rubber seeds were harvested.
After being hand-picked from the ground, the whole seeds were housed indoors. A
dehulling machine was used to remove the seeds’ shells (Incanewlife, Khon Kaen, Thailand).
The kernels were crushed through a 1 mm screen after being sun-dried for three days to
make YERSEK.

The fermentation solution was produced using a method modified from that of Wana-
pat et al. [15]. The yeast was activated by mixing 5 g of S. cerevisiae with 100 mL of water,
and 20 g of sucrose for an hour at room temperature. To create the liquid medium, we
combined 42 g of molasses, 100 mL of distilled water, and 40 g of urea. A 1:1 mixture
of yeast was added to the liquid medium, and it was air-flushed for 60 h. Two grams of
rubber seed kernel was combined with 1 mL of yeast medium, before being air-dried for
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72 h. We exposed the samples to sunlight for 48 h, before placing them in a plastic bag and
determining their chemical composition.

2.3. Animals, Experimental Design, and Treatments

This study was conducted at Kornwadee dairy farm under the administration and
supervision of the Dairy Farming Promotion Organization (DPO) in the northeastern region
of Thailand. Six mid-lactation crossbred dairy cows (75% HE, 25% Thai native breed) were
arranged in a three-by-three replicated Latin square pattern to receive three diets. The
cows were 542 + 30 kg, 110 &+ 10 days in milk, and produced 16 £ 1.0 kg of milk each
day. Dietary regimens were based on YERSEK levels of 0%, 10%, and 20% in concentrate
diets (Table 1). Mid-lactation crossbred dairy cows were fed concentrate diets with a milk
production ratio of 1:1.5 [16-18] and ad libitum rice straw as roughage. At 7:00 a.m. and
4:00 p.m. each day, diets were provided. The cows were kept in separate enclosures with
access to mineral blocks and clean drinking water. Three parts of the investigation, each
lasting 21 days, were performed. The first 14 days were spent adapting, whereas the
final 7 days were spent collecting data. There was a 7 day transitional period in between
each cycle.

Table 1. Ingredients of the diet used in the experiment.

Level of YERSEK (% DM)

Item

0 10 20
Ingredient, kg dry matter (DM)

Cassava chip 53.0 53.0 53.0
Soybean meal 27.0 20.0 13.3
YERSEK 0.0 10.0 20.0

Coconut meal 8.4 6.9 5.1

Rice bran 6.0 4.5 3.0

Molasses 2.5 2.5 25

Urea 1.1 1.1 1.1

Mineral and vitamin mixture 1.0 1.0 1.0
Salt 0.5 0.5 0.5

Sulfur 0.5 0.5 0.5

RSK, rubber seed kernel; YERSEK, yeast-fermented rubber seed kernel.

2.4. Data Collection and Sampling Procedures

Feed and fecal samples were taken from each cow during the final week of the col-
lection period. In the samples, the amounts of dry matter (DM), ash, EE, CP [19], NDF,
and acid detergent fiber (ADF) [19,20] were evaluated. Gross energy (GE) was calculated
using bomb calorimetry (Oxygen Bomb Calorimeter; Parr Instument Company, Moline, IL,
USA). Nutritional digestibility was computed using measurements of the concentration
of acid-insoluble ash (AIA) [21]. Over the last five days, urine samples were taken in the
morning and the afternoon. Urination was induced by strokes on the side of the vulva. The
specimens were examined for allantoin [22] and creatinine [23]. Purine derivative excretions
were utilized to gauge the amount of microbial purines consumed and the efficiency of
microbial N synthesis (EMNS) based on the relationship obtained by Chen and Gomes [24].
The amount of milk produced each day was recorded. Milk samples were also collected by
milking machines during morning and afternoon milking and were refrigerated at 4 °C to
determine fat, protein, lactose, total solids, and solids-not-fat by means of infrared methods.
Using an automated somatic cell counter, we performed somatic cell counts (SCCs).

Blood samples were collected from the jugular vein 4 h after the morning meal.
Blood urea nitrogen (BUN) was determined using Crocker’s technique [25]. Red blood
cells (RBC), hemoglobin, hematocrit, mean corpuscular volume (MCV), mean corpuscu-
lar hemoglobin (MCH), white blood cells (WBC), neutrophils, lymphocytes, monocytes,
and eosinophils were measured using a hematological analyzer (BCC-3000B; DIRUI, Gun-
goren/Istanbul, Turkey).
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2.5. Statistical Analysis

The general linear model (GLM) in SAS software was used to analyze the data for
variances using a 3 x 3 repeating Latin square design [26]. The dependent variable, Yijk,
was evaluated using the model Yijk = u + Di + Pj + gk + ¢ijk, where Yijk is the dependent
variable, 1 is the overall mean, Di is the fixed effect of diet, Pj is the fixed effect of the period,
gk is the random effect of the cow, and «ijk is the residual error. Orthogonal polynomial
contrasts were used to assess the treatment means (YERSEK levels) (linear and quadratic).
To determine whether an impact was substantial, a threshold of p < 0.05 was utilized.

3. Results
3.1. Chemical Composition of Diets

The concentrate diets were provided with a CP content ranging from 18.3% to
18.6% DM. The CP, EE, NDF, ADF, and GE of RSK were 18.6%, 39.4%, 26.9%, 23.9% DM and
28.0 MJ/kg DM respectively. After the fermentation process, the CP content of YERSEK
had increased to 35.7% DM, whereas the EE, NDF, ADF, and GE content had decreased to
32.5%, 24.2%, 15.9% DM and 25.5 M] /kg DM, respectively (Table 2).

Table 2. Chemical composition of concentrate, rice straw, RSK, and YERSEK.

Level of YERSEK (%DM)

Item Rice Straw RSK YERSEK
0 10 20
Chemical composition

Dry matter, % 88.8 88.4 88.7 95.3 94.9 97.5
Organic matter, %DM 94.3 94.6 94.5 90.5 96.7 96.6
Crude protein, %DM 18.2 18.3 18.6 2.6 18.6 35.7
Ether extract, %DM 1.3 5.4 9.8 0.6 394 325
Neutral detergent fiber, %DM 28.7 27.6 29.3 74.9 26.9 24.2
Acid detergent fiber, %DM 14.8 16.7 15.8 54.7 23.9 15.9
Ash, %DM 5.7 5.4 5.5 9.5 34 34
Gross energy, MJ /kg DM 20.5 25.0 26.3 13.2 28.0 25.5

Price, Thai baht/kg 11.1 10.7 10.4 - - -

RSK, rubber seed kernel; YERSEK, yeast-fermented rubber seed kernel.

3.2. Feed Intake and Nutrient Digestibility

Increasing levels of YERSEK did not influence the feed intake (p > 0.05) (Table 3).
Nutrient intake and digestibility were similar among groups (p > 0.05), whereas EE intake
and digestibility increased linearly (p < 0.01) with increasing levels of YERSEK.

Table 3. Effect of yeast-fermented rubber seed kernel (YERSEK) on intake and nutrient digestibility

in dairy cows.

Level of YERSEK (%DM) Contrast
Item SEM
0 10 20 p-Linear p-Quadratic
DM intake, kg/d

Rice straw 54 5.2 4.8 0.09 0.09 0.63
Concentrate 9.9 10.1 10.2 0.12 0.56 0.82
Total intake 15.3 15.4 15.0 0.14 0.51 0.62

Nutrient intake, kg/d
Organic matter 14.2 14.3 14.0 0.18 0.57 0.60
Crude protein 2.0 2.0 2.0 0.03 0.37 0.90
Ether extract 0.2 0.6 1.0 0.04 <0.01 0.79
Neutral detergent fiber 7.4 7.2 7.0 0.18 0.22 0.96
Acid detergent fiber 4.4 45 42 0.08 0.31 0.16

Digestibility coefficients, %
Dry matter 719 69.4 68.5 1.03 0.14 0.66
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Table 3. Cont.

Level of YERSEK (% DM) Contrast
Item SEM
0 10 20 p-Linear p-Quadratic
Organic matter 74.2 71.6 70.6 1.34 0.12 0.65
Crude protein 71.5 69.1 67.2 1.51 0.11 0.92
Ether extract 754 91.4 93.5 0.67 <0.01 0.00
Neutral detergent fiber 57.5 55.2 56.4 0.82 0.71 0.50
Acid detergent fiber 54.8 51.3 50.3 1.73 0.19 0.66

3.3. Blood Urea Nitrogen and Hematological Parameters

The inclusion of YERSEK did not affect the levels of BUN, RBC, WBC, MCV, MCH,
lymphocytes, neutrophils, monocytes, eosinophils, hemoglobin, or hematocrit (p > 0.05)
(Table 4).

Table 4. Effect of yeast-fermented rubber seed kernel (YERSEK) on blood urea nitrogen (BUN) and
hematological parameters in dairy cows.

Level of YERSEK (% DM) Contrast
Item SEM
0 10 20 p-Linear p-Quadratic
Blood urea nitrogen, mg/dL 15.3 17.5 13.6 1.34 0.84 0.08
Red blood cell, 1012 /L 5.0 4.7 5.5 0.14 0.39 0.28
Hemoglobin, g/dL 8.6 8.1 9.4 0.56 0.43 0.36
Hematocrit, % 25.9 24.6 28.3 1.39 0.46 0.37
Mean corpuscular volume, fL 52.9 53.3 53.5 0.49 0.75 0.93
Mean corpuscular hemoglobin, pg 17.8 17.1 18.3 0.48 0.72 0.44
White blood cells, 10% /L 9.0 8.9 11.3 0.85 0.24 0.42
Neutrophils, % 68.8 69.8 64.8 1.84 0.29 0.42
Lymphocytes, % 28.9 27.5 34.3 1.88 0.44 0.49
Monocytes, % 0.9 0.4 0.7 0.20 0.69 0.11
Eosinophils, % 1.6 2.2 3.2 0.62 0.23 0.53

3.4. Microbial Protein Synthesis

The inclusion of YERSEK did not have a significant effect on the urinary purine
derivatives, microbial CP synthesis, or EMNS (p > 0.05) (Table 5).

Table 5. Effect of yeast-fermented rubber seed kernel (YERSEK) on microbial protein synthesis in

dairy cows.
Level of YERSEK (%DM) Contrast
Item SEM 5 N
0 10 20 p-Linear p-Quadratic
Urinary purine derivatives (mmol/d)
Purine excretion 98.2 104.2 111.6 8.41 0.30 0.94
Purine absorption 79.3 87.3 97.2 11.08 0.28 0.95
Urine creatinine 59 57 6.7 0.33 0.81 0.40
MN (g/d) 57.6 63.5 70.6 8.06 0.28 0.95
MCP (g/d) 360.2 396.7 441.7 50.35 0.28 0.95
EMNS (g/kg OMDR) 7.7 10.1 10.2 1.19 0.24 0.73

MN, microbial nitrogen; MCP, microbial crude protein; EMNS, efficiency of microbial N synthesis; OMDR, organic
matter digested in the rumen.

3.5. Milk Production and Compositions

Increasing levels of YERSEK did not affect milk production (p > 0.05) (Table 6). The use
of YERSEK in concentrate feed for dairy cows had also no effect on milk protein, lactose, or
solids-not-fat (p > 0.05), but milk fat and total solids linearly decreased (p < 0.05). The SCCs
were similar among treatments (p > 0.05).
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Table 6. Effect of yeast fermented rubber seed kernel (YERSEK) on milk yield and milk composition
in dairy cows.

Level of YERSEK (%DM) Contrast
Item SEM
0 10 20 p-Linear p-Quadratic

Production, kg/day
Milk yield 16.7 17.2 16.8 0.15 0.86 0.33
4% FCM 15.9 14.8 135 1.07 0.06 0.96

Milk composition, %
Fat 3.8 34 29 0.09 0.01 0.90
Protein 3.3 32 3.1 0.13 0.10 0.49
Lactose 45 4.6 4.6 0.05 0.09 0.29
Solids-not-fat 8.7 8.8 8.8 0.04 0.73 0.82
Total solids 12.6 12.3 12.0 0.28 0.04 0.94
Somatic cell counts (1/mL) 10° 2.3 3.9 1.3 1.3 0.65 0.30

FCM, fat-corrected milk.

4. Discussion
4.1. Chemical Composition of Diets

The CP content of YERSEK increased from 18.6% DM to 35.7% DM. This result is
in agreement with our previous studies, which showed that the CP content of YERSEK
increased from 21.2% DM to 33.6% DM [9]. This result could be due to the supplementation
of urea and molasses as nitrogen and carbon sources, respectively. The reduced EE of
YERSEK compared with RSK suggests that plant oil can be degraded into hydroperoxides
under the effect of light and oxygen during solid-state fermentation [27]. This radical
can generate peroxyl radicals by taking a hydrogen atom from the lipid or a hydrogen
atom from lipid hydroperoxides [28]. In addition, the reduced NDF and ADF contents of
YERSEK could result from two plausible processes. First, the fiber content of the substances
used to transform RSK into YERSEK, such as yeast, sucrose, molasses, and urea, may have
decreased, which caused the NDF and ADF contents in YERSEK to be diluted [9]. Second,
the fiber content of YERSEK may have been degraded due to the secretion of different
enzymes by yeasts and naturally occurring cellulase-producing microorganisms [29]. Gu-
nun et al. [9] also reported a decrease in EE, NDF, and ADF contents in YERSEK with the
addition of yeast, sucrose, and molasses during solid-state fermentation.

4.2. Feed Intake and Nutrient Digestibility

It has frequently been noted that the lower palatability of supplemental fat to ru-
minants may be the cause of the negative impact of fat on intake [6,30,31]. Our earlier
research revealed that rice straw intake, total intake, and fiber intake decreased when dairy
heifers were fed YERSEK at 15-25% in concentrate diets [9]. In contrast, the addition of
YERSEK in concentrate did not affect the feed intake or fiber intake of dairy cows in the
present study, which could indicate suitable levels for rumen microbial activity and also
nutrient intake [32-34]. However, the inclusion of YERSEK in the diet could increase the
intake and digestibility of EE. This is consistent with the results of our previous work, in
which we included YERSEK in concentrate to improve EE intake and digestibility in dairy
heifers [9]. These results might be due to high EE content in the diet, which enhanced EE
intake and digestibility. Moreover, another study reported a decrease in NDF and ADF
digestibility using RSK in goats at higher levels (30%) in concentrate [6]. This effect may be
due to unsaturated fatty acids, which are toxic to ruminal bacteria, especially cellulolytic
bacteria [35]. In contrast, fiber digestibility was not affected by the addition of YERSEK
in the current study. Similarly, Gunun et al. [9] reported that the inclusion of YERSEK at
5-25% in the diet had no effect on the fiber digestibility in dairy heifers. These results
suggest that dairy cows can utilize up to 20% YERSEK in the diet with no effect on nutrient
intake or digestibility.
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4.3. Blood Urea Nitrogen and Hematological Parameters

The BUN concentration is widely used to monitor protein status and metabolic con-
ditions related to health and diseases [36]. In our study, the addition of YERSEK did not
influence the BUN concentration, which is consistent with the results of Gunun et al. [9],
who reported that the inclusion of YERSEK had no effect on BUN concentrations at 4
h post-feeding in dairy heifers. Hematological indices are related to nutritional status.
They have been used to monitor and evaluate animal health and nutritional status, and
the cause of an abnormality or dysfunction in ruminants is often assessed through blood
analysis [37]. The inclusion of YERSEK did not affect hemogram indicators. Similarly,
Piamphon et al. [38] noted that hemoglobin and hematocrit were unaffected when feeding
yeast-fermented Napier grass mixed with cassava root to beef cattle. In comparison to the
previous findings, all of the hematological indices for ruminants remained within their
respective ranges [17,39,40]. Based on these findings, it can be assumed the addition of
YERSEK at any level to the diet of dairy cows is non-toxic.

4.4. Microbial Protein Synthesis

Microbial CP is important for ruminant protein supply and provides the majority of
amino acids required for animal activity and growth [41]. The amount of microbial CP flow
from the rumen, which is a result of microbial growth and its outflow from the rumen, is
one measure of the effectiveness of rumen nitrogen utilization [42]. The effects of YERSEK
on PD and microbial CP synthesis in ruminants have been investigated in limited studies.
Gunun et al. [9] reported that the inclusion of YERSEK in concentrate had no effect on PD
or microbial CP synthesis in dairy heifers. Similarly, PD and microbial CP synthesis were
not affected by the inclusion of YERSEK in the present study. When beef cattle were fed
yeast-fermented cassava root, Promkot and Pornanek [43] reported that this had no effect
on the synthesis of microbial proteins in the rumen. Moreover, EMNS was unaffected by
YERSEK supplementation, which is consistent with our earlier findings that the inclusion
of YERSEK in concentrate had no effect on EMNS in dairy heifers [9]. These results suggest
that YERSEK did not enhance rumen ammonia or branched-chain amino acid levels; hence,
it did not affect microbial CP in the rumen.

4.5. Milk Production and Composition

Milk yield was not affected, but milk fat and total solid contents were reduced in
dairy cows fed YERSEK in concentrate. In contrast, Udo et al. [44] reported that milk yield
and milk composition were unaffected by the inclusion of boiled rubber seed kernel at
10-30% in the concentrate of West African Dwarf goats. The unsaturated fatty acid content
of the rubber seed kernel was 80.8%, mainly including 37.8% linoleic acid (C18:2) and
17.6% linolenic acid (C18:3) [7]. The inclusion of unsaturated fatty acids in the diet can
increase trans-fatty acid production in the rumen due to incomplete biohydrogenation.
Trans-fatty acids, particularly trans-10 and cis-12 conjugated linoleic acid, inhibit the de
novo synthesis of fatty acids in milk through reducing the expression of lipogenic enzymes
(e.g., acetyl-CoA carboxylase and fatty acid synthase) in the mammary gland [45,46]. These
mechanisms revealed that the inclusion of YERSEK in concentrate decreased milk fat
content in dairy cows.

5. Conclusions

Feed with the inclusion of YERSEK at 10-20% in concentrate was able to be used
as a protein source and this had no effect on feed utilization, hematological parameters,
microbial protein synthesis, or milk production, whereas milk fat and total solids decreased
in tropical lactating dairy cows.

Author Contributions: Planning and design of the study, P.G. and N.G.; conducting and sampling,
T.O., PG, N.G. and C.T,; sample analysis, T.O. and PK. (Pichad Khejornsart); statistical analysis, P.G.,
T.O. and C.K,; manuscript drafting, P.G. and N.G.; manuscript editing and finalization, P.G., N.G., PK.



Vet. Sci. 2022, 9, 360 80f10

(Piyawit Kesorn), A.C.,, M\W.,, S.P,, S.F. and TK. All authors have read and agreed to the published
version of the manuscript.

Funding: This work received financial support from the Research and Researcher for Industry (RRi),
the Thailand Research Fund (TRF) (contract code: MSD6010044).

Institutional Review Board Statement: All animal procedures were approved by the Animals
Ethical Committee of the Rajamangala University of Technology Isan (approval number 10/2564 on
13 January 2021). Informed consent was obtained from Kornwadee dairy farm, which owns the dairy
cattle used in this experiment.

Informed Consent Statement: Informed consent was obtained from Rajamangala University of
Technology Isan, Sakon Nakhon Campus.

Data Availability Statement: Not applicable.

Acknowledgments: The authors greatly acknowledge the Department of Animal Science, Faculty
of Natural Resources, Rajamangala University of Technology Isan, Sakon Nakhon Campus and
Department of Animal Science, Faculty of Technology, Udon Thani Rajabhat University for the use of
experimental facilities. Thank you to the Kornwadee dairy farm and the DPO Northeast for supplying
the animals and assisting with the experiments.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

Halmemies-Beauchet-Filleau, A.; Rinne, M.; Lamminen, M.; Mapato, C.; Ampapon, T.; Wanapat, M.; Vanhatalo, A. Review:
Alternative and novel feeds for ruminants: Nutritive value, product quality and environmental aspects. Animal 2018, 12,
$295-s309. [CrossRef] [PubMed]

Gunun, P.; Wanapat, M.; Anantasook, N. Effects of physical forms and urea treatment of rice straw on rumen fermentation,
microbial protein synthesis and nutrient digestibility in dairy steers. Anim. Biosci. 2013, 26, 1689-1697. [CrossRef] [PubMed]
Cherdthong, A.; Wanapat, M.; Saenkamsorn, A.; Waraphila, N.; Khota, W.; Rakwongrit, D.; Anantasook, N.; Gunun, P. Effects of
replacing soybean meal with dried rumen digesta on feed intake, digestibility of nutrients, rumen fermentation and nitrogen use
efficiency in Thai cattle fed on rice straw. Livest. Sci. 2014, 169, 71-77. [CrossRef]

Hao, X.Y.; Yu, S.C.; Mu, C.T.; Wu, X.D.; Zhang, C.X; Zhao, ].X. Replacing soybean meal with flax seed meal: Effects on nutrient
digestibility, rumen microbial protein synthesis and growth performance in sheep. Animal 2020, 14, 1841-1848. [CrossRef]
Sekali, M.; Mlambo, V.; Marume, U.; Mathuthu, M. Replacement of soybean meal with heat-treated canola meal in finishing diets
of meatmaster lambs: Physiological and meat qauality responses. Animals 2020, 10, 1735. [CrossRef] [PubMed]

Chanjula, P; Siriwathananukul, Y.; Lawpetchara, A. Effect of feeding rubber seed kernel and palm kernel cake in combination
on nutrient utilization, rumen fermentation characteristics, and microbial populations in goats fed on Briachiaria humidicola
hay-based diets. Anim. Biosci. 2011, 24, 73-81. [CrossRef]

Pha-obnga, N.; Aiumlamai, S.; Wachirapakorn, C. Nutritive value and effect of different levels of rubber seed kernel in total
mixed ration on digestibility using in vitro gas production technique. KKU Res. J. 2016, 21, 51-62.

Boonnop, K.; Wanapat, M.; Nontaso, N.; Wanapat, S. Enriching nutritive value of cassava root by yeast fermentation. Sci. Agric.
2009, 66, 616-620. [CrossRef]

Gunun, N.; Ouppamong, T.; Khejornsart, P.; Cherdthong, A.; Wanapat, M.; Polyorach, S.; Kaewpila, C.; Kang, S.; Gunun, P. Effects
of rubber seed kernel fermented with yeast on feed utilization, rumen fermentation and microbial protein synthesis in dairy
heifers. Fermentation 2022, 8, 288. [CrossRef]

Pilajun, R.; Wanapat, M. Chemical composition and in vitro gas production of fermented cassava pulp with different types of
supplements. |. Appl. Anim. Res. 2018, 46, 81-86. [CrossRef]

Cherdthong, A.; Wanapat, M.; Wongwungchun, W.; Yeekeng, S.; Niltho, T.; Rakwongrit, D.; Khota, W.; Khantharin, S.; Tangmut-
thapattharakun, G.; Phesatcha, K.; et al. Effect of feeding feed blocks containing different levels of urea calcium sulphate mixture
on feed intake, digestibility and rumen fermentation in Thai native beef cattle fed on rice straw. Anim. Feed Sci. Technol. 2014, 198,
151-157. [CrossRef]

Huntington, G.B.; Harmon, D.L.; Kristensen, N.B.; Hanson, K.C.; Spears, ].W. Effects of a slow-release urea source on absorption
of ammonia and endogenous production of urea by cattle. Anim. Feed Sci. Technol. 2006, 130, 225-241. [CrossRef]

Salami, S.A.; Devant, M.; Apajalahti, J.; Holder, V.; Salomaa, S.; Keegan, J.D.; Moran, C.A. Slow-releasse urea as a sustainable
alternative to soybean meal in ruminant nutrition. Sustainability 2021, 13, 2464. [CrossRef]

Roland, L.; Drillich, M.; Iwersen, M. Hematology as a diagnostic tool in bovine medicine. . Vet. Diagn. Investig. 2014, 26, 592-598.
[CrossRef] [PubMed]

Wanapat, M.; Polyorach, S.; Chanthakhoun, V.; Sornsongnern, N. Yeast-fermented cassava chip protein (YEFECAP) concentrate
for lactating dairy cows fed on urea-lime treated rice straw. Livest. Sci. 2011, 139, 258-263. [CrossRef]


http://doi.org/10.1017/S1751731118002252
http://www.ncbi.nlm.nih.gov/pubmed/30318027
http://doi.org/10.5713/ajas.2013.13190
http://www.ncbi.nlm.nih.gov/pubmed/25049759
http://doi.org/10.1016/j.livsci.2014.09.008
http://doi.org/10.1017/S1751731120000397
http://doi.org/10.3390/ani10101735
http://www.ncbi.nlm.nih.gov/pubmed/32987713
http://doi.org/10.5713/ajas.2011.10171
http://doi.org/10.1590/S0103-90162009000500007
http://doi.org/10.3390/fermentation8060288
http://doi.org/10.1080/09712119.2016.1261029
http://doi.org/10.1016/j.anifeedsci.2014.10.016
http://doi.org/10.1016/j.anifeedsci.2006.01.012
http://doi.org/10.3390/su13052464
http://doi.org/10.1177/1040638714546490
http://www.ncbi.nlm.nih.gov/pubmed/25121728
http://doi.org/10.1016/j.livsci.2011.01.016

Vet. Sci. 2022, 9, 360 9 of 10

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Phesatcha, K.; Wanapat, M. Performance of lactating dairy cows fed a diet based on treated rice straw and supplemented with
pelleted sweet potato vines. Trop. Anim. Health Prod. 2013, 45, 533-538. [CrossRef]

Gunun, P; Gunun, N.; Khejornsart, P.; Ouppamong, T.; Cherdthong, A.; Wanapat, M.; Sililaophaisan, S.; Yuangklang, C.;
Polyorach, S.; Kenchaiwong, W.; et al. Effects of Antidesma thwaitesianum Muell. Arg. pomace as a source of plant secondary
compounds on digestibility, rumen environment, hematology, and milk production in dairy cows. Anim. Sci. J. 2019, 90, 372-381.
[CrossRef]

Insoongnern, H.; Srakaew, W.; Prapaiwong, T.; Suphrap, N.; Potirahong, S.; Wachirapakorn, C. Effect of mineral salt blocks
containing sodium bicarbonate or selenium on ruminal pH, rumen fermentation and milk production and composition in
crossbred dairy cows. Vet. Sci. 2021, 8, 322. [CrossRef]

AOAC. Official Method of Analysis, 20th ed.; Association of Official Analytical Chemists: Arlington, VA, USA, 2016.

Udén, P; Robinson, PH.; Wiseman, J. Use of detergent system terminology and criteria for submission of manuscripts on new, or
revised, analytical methods as well as descriptive information on feed analysis and/or variability. Anim. Feed Sci. Technol. 2005,
118, 181-186. [CrossRef]

Van Keulen, J.; Young, B.A. Evaluation of acid insoluble ash as a neutral marker in ruminant digestibility studies. J. Anim. Sci.
1977, 44, 282-287. [CrossRef]

IAEA. Determination of Purine Derivative in Urine. In Estimation of the Rumen Microbial Protein Production from Purine Derivatives
in Rumen; Animal Production and Health Section: Vienna, Austria, 1997.

Hawk, P.B.; Oser, B.L.; Summerson, W.H. Practical Physiological Chemistry, 13th ed.; McGraw Hill Publishing Company Ltd.:
London, UK, 1954.

Chen, X.B.; Gomes, M.]. Estimation of Microbial Protein Supply to Sheep and Cattle Based on Urinary Excretion of Purine Derivative—An
Owerview of the Technique Details; International Feed Resources Unit, Rowett Research Institute: Aberdeen, UK, 1995.

Crocker, C.L. Rapid determination of urea nitrogen in serum or plasma without deproteinization. Am. J. Med. Technol. 1967, 33,
361-365. [PubMed]

Statistical Analysis Systems. SAS/STAT User’s Guide: Version 6.12, 4th ed.; SAS Inc.: Cary, NC, USA, 1996.

Verduin, J.; den Uijl, M.].; Peters, RJ.B.; van Bommel, M.R. Photodegradation products and their analysis in food. J. Food Sci. Nutr.
2020, 6, 67-83. [CrossRef]

Choe, E.; Min, D.B. Chemistry and reaction of reactive oxygen species in food. J. Food Sci. 2005, 70, 28-36. [CrossRef]

Lateef, A.; Oloke, ].K.; Gueguim Kana, E.B.; Oyeniyi, S.0.; Onifade, O.R.; Oyeleye, A.O.; Oladosu, O.C.; Oyelami, A.O. Improving
the quality of agro-wastes by solid-state fermentation: Enhanced antioxidant activities and nutritional qualities. World ]. Microbiol.
Biotechnol. 2008, 24, 2369-2374. [CrossRef]

Doreau, M.; Chillard, Y. Effects of ruminal or postruminal fish oil supplementation on intake and digestion in dairy cows. Reprod.
Nutr. Dev. 1997, 37, 113-124. [CrossRef]

Haddad, S.G.; Younis, H.M. The effect of adding ruminally protected fat in fattening diets on nutrient intake, digestibility and
growth performance of Awassi lambs. Anim. Feed Sci. Technol. 2004, 113, 61-69. [CrossRef]

Kholif, A.E.; Morsy, T.A.; Abdo, M.M. Crushed flaxseed versus flaxseed oil in the diets of Nubian goats: Effect on feed intake,
digestion, ruminal fermentation, blood chemistry, milk production, milk composition and milk fatty acid profile. Anim. Feed Sci.
Technol. 2018, 244, 66-75. [CrossRef]

Morsy, T.A.; Kholif, 5.M.; Kholif, A.E.; Matloup, O.H.; Salem, A.Z.M.; Abu Elella, A. Influence of sunflower whole seeds or oil on
ruminal fermentation, milk production, composition, and fatty acid profile in lactating goats. Anim. Biosci. 2015, 28, 1116-1122.
[CrossRef]

Gomaa, A.S.; Kholif, A.E.; Kholif, A.M.; Salama, R.; El-Alamy, H.A.; Olafadehan, O.A. Sunflower oil and Nannochloropsis oculata
microalgae as sources of unsaturated fatty acids for mitigation of methane production and enhancing diets’ nutritive value. J.
Agric. Food Chem. 2018, 66, 1751-1759. [CrossRef]

Maia, M.R.G.; Chaudhary, L.C.; Figueres, L.; Wallace, R.]. Metabolism of polyunsaturated fatty acids and their toxicity to the
microflora of the rumen. Antonie Van Leeuwenhoek 2007, 91, 303-314. [CrossRef]

Hammond, A.C. The use of blood urea nitrogen concentration as an indicator of protein status in cattle. Bov. Pract. 1983, 18,
114-118.

Saeed, O.A.; Sazili, A.Q.; Akit, H.; Alimon, A.R.; Samsudin, A.A. Effects of corn supplementation into PKC-urea treated rice straw
basal diet on hematological indices and serum mineral level in lambs. Animals 2019, 9, 781. [CrossRef] [PubMed]

Piamphon, N.; Wachirapakorn, C.; Bannasan, K.; Pornsopin, P.; Sotawong, P.; Gunun, P. Influence of Aspergillus niger or
Saccharomyces cerevisiae-fermented Napier grass (Pennisetum purpureum) mixed with fresh cassava root on blood parameters and
nutrient digestibility in growing beef cattle. Pak. J. Nutr. 2017, 16, 776-781. [CrossRef]

Herman, N.; Trumel, C.; Geffré, A.; Braun, ].-P.; Thibault, M.; Schelcher, F.; Bourgés-Abella, N. Hematology reference intervals for
adult cows in France using the Sysmex XT-2000iV analyzer. J. Vet. Diagn. 2018, 30, 678-687. [CrossRef]

Wood, D.; Quiroz-Rocha, G.F. Normal hematology of cattle. In Schalm’s Veterinary Hematology, 6th ed.; Weiss, D.J., Ed.; Wiley:
Ames, IA, USA, 2010; pp. 829-835.

Vaithiyanathan, S.; Bhatta, R.; Mishra, A.S.; Prasad, R.; Verma, D.L.; Singh, N.P. Effect of feeding graded levels of prosopis
cineraria leaves on rumen ciliate protozoa, nitrogen balance and microbial protein synthesis in lambs and kids. Anim. Feed Sci.
Technol. 2007, 133, 177-191. [CrossRef]


http://doi.org/10.1007/s11250-012-0255-5
http://doi.org/10.1111/asj.13147
http://doi.org/10.3390/vetsci8120322
http://doi.org/10.1016/j.anifeedsci.2004.11.011
http://doi.org/10.2527/jas1977.442282x
http://www.ncbi.nlm.nih.gov/pubmed/6056194
http://doi.org/10.24966/FSN-1076/100067
http://doi.org/10.1111/j.1365-2621.2005.tb09055.x
http://doi.org/10.1007/s11274-008-9749-8
http://doi.org/10.1051/rnd:19970112
http://doi.org/10.1016/j.anifeedsci.2003.10.015
http://doi.org/10.1016/j.anifeedsci.2018.08.003
http://doi.org/10.5713/ajas.14.0850
http://doi.org/10.1021/acs.jafc.7b04704
http://doi.org/10.1007/s10482-006-9118-2
http://doi.org/10.3390/ani9100781
http://www.ncbi.nlm.nih.gov/pubmed/31614434
http://doi.org/10.3923/pjn.2017.776.781
http://doi.org/10.1177/1040638718790310
http://doi.org/10.1016/j.anifeedsci.2006.04.003

Vet. Sci. 2022, 9, 360 10 of 10

42.

43.

44.

45.

46.

Weisbjerg, M.R.; Hvelplund, T.; Hellberg, S.; Olsson, S.; Same, S. Effective rumen degradability and intestinal digestibility of
individual amino acids in different concentrates determined in situ. Anim. Feed Sci. Technol. 1996, 62, 179-188. [CrossRef]
Promkot, C.; Pornanek, P. The use of yeast-fermented cassava roots as a sole source of protein in beef cows. J. Anim. Feed Sci.
2020, 29, 206-214. [CrossRef]

Udo, M.D.; Ahamefule, F.O.; Ibeawuchi, J.A.; Ekpo, J.S. Lactating performance of West African dwarf does fed dietary levels of
boiled rubber seed meal based diets. Niger. ]. Anim. Prod. 2020, 47, 227-236. [CrossRef]

Pi, Y,; Gao, S.T.; Ma, L.; Zhu, Y.X.; Wang, ].Q.; Zhang, ] M.; Xu, ].C.; Bu, D.P. Effectiveness of rubber seed oil and flaxseed oil to
enhance the o-linolenic acid content in milk from dairy cows. J. Dairy Sci. 2016, 99, 5719-5730. [CrossRef]

Welter, K.C.; Martins, C.M.d.; de Palma, A.S.V.; Martins, M.M.; dos Reis, B.R.; Schmidt, B.L.U.; Netto, A.S. Canola oil in lactating
dairy cow diets reduces milk saturated fatty acids and improves its omega-3 and oleic fatty acid content. PLoS ONE 2016,
11, e0151876. [CrossRef]


http://doi.org/10.1016/S0377-8401(96)00970-4
http://doi.org/10.22358/jafs/127694/2020
http://doi.org/10.51791/njap.v47i4.105
http://doi.org/10.3168/jds.2015-9307
http://doi.org/10.1371/journal.pone.0151876

	Introduction 
	Materials and Methods 
	Animal Welfare 
	Dietary Preparation 
	Animals, Experimental Design, and Treatments 
	Data Collection and Sampling Procedures 
	Statistical Analysis 

	Results 
	Chemical Composition of Diets 
	Feed Intake and Nutrient Digestibility 
	Blood Urea Nitrogen and Hematological Parameters 
	Microbial Protein Synthesis 
	Milk Production and Compositions 

	Discussion 
	Chemical Composition of Diets 
	Feed Intake and Nutrient Digestibility 
	Blood Urea Nitrogen and Hematological Parameters 
	Microbial Protein Synthesis 
	Milk Production and Composition 

	Conclusions 
	References

