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Abstract

Two natural betaine sources; dehydrated condensed molasses fermentation solubles (Betl) and Betafin®, a commercial
anhydrous betaine extracted from sugar beet molasses and vinasses (Bet2); were used to investigate their impact on rumen
fermentation parameters and lactation performance of lactating goats. Thirty-three lactating Damascus goats, with an average
weight of 37 +0.7 kg and their age ranged from 22 to 30 months (2" and 3" lactation season), were divided into three groups,
each group contained 11 animals. The control group (CON) was fed ration without betaine. While the other experimental
groups were fed a control ration supplemented either with Betl or Bet2 to provide a 4 g betaine/kg diet. Results confirmed
that betaine supplementation improved nutrient digestibility and nutritive value, and increased milk production and milk
fat contents with both Betl and Bet2. Significant increases in concentration of ruminal acetate were observed in betaine-
supplemented groups. Goats fed dietary betaine non-significantly recorded higher concentrations of short and medium-chain
fatty acids (C4:0 to C12:0), and significant lower concentrations of C14:0 and C16:0 in milk. Also, both Betl and Bet2
non-significantly decreased the blood concentrations of cholesterol and triglycerides. Therefore, it could be concluded that
betaine can improve the lactation performance of lactating goats and produce healthy milk with beneficial characteristics.
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Introduction

Betaine, also called trimethylglycine or betaine anhydrous,
is a natural by-product resulting from sugar beet process-
ing (Fernandez et al. 2009a). It acts as an osmolyte when
the cell is exposed to osmotic stress and helps in reducing
dehydration, stabilization of protein structure, and main-
taining enzyme function (Monteiro et al. 2017). Also, it
serves as a methyl donor in the animals, which increases
methionine concentration (Peterson et al. 2012; Monteiro
et al. 2017), and affects many functions in the animal body
such as hepatic function, growth, and lactation (Ratriyanto
et al. 2009). Additionally, it decreases the concentration of
homocysteine, the amino acid that is associated with heart
diseases (Peterson et al. 2012). The role of betaine as a
methyl donor, confirms its participation in energy, and pro-
tein metabolism (Eklund et al. 2005; Poolthajit et al. 2021),
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and its importance to nervous and cardiovascular systems
(Fernandez et al. 2009a). Moreover, it helps in polyamide
synthesis, which activates the immune defense system (Vir-
tanen and Rumsey 1996; Fernandez et al. 2009a).

The ability of betaine to alter rumen fermentation by
increasing the acetate concentration was recorded by Wang
et al. (2010) and Monteiro et al. (2017). Moreover, higher
milk fat content was observed with betaine supplementation
to diets of dairy cows (100 g/d) or dairy goats (4 g/kg diet)
(Wang et al. 2010; Fernandez et al. 2009a), respectively.
However, no effect of betaine supplementation was detected
on milk fat content by Fernandez et al. (2009b), there were
significant increases in medium-chain FA concentrations.
Furthermore, when betaine was added to the diet, increases
in milk yield were demonstrated either in dairy cows (Wang
et al. 2010; Peterson et al. 2012; Dunshea et al. 2019; Cheng
et al. 2020; Shah et al. 2020; Lewis et al. 2022) as well as in
lactating goats (Fernandez et al. 2004a, b, 2009a). However,
no significant differences in both milk yield and composition
with betaine supplementation were recorded by Davidson
et al. (2008), Monteiro et al. (2017), Tsiplakou et al. (2017),
Wang et al. (2019) and Williams et al. (2021). However,
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betaine supplementation in rations of lactating Naeini ewes
or lactating buffaloes increased milk yield and fat percent-
age, there were no significant effect on milk protein and
lactose contents (Nezamidoust et al. 2012; Shankhpal
et al. 2019).

The aims of this study were to investigate the effect of two
natural betaine sources on digestibility, nutritive value, lacta-
tion performance, ruminal fermentation pattern, and blood
metabolites in Damascus lactating goats.

Materials and methods

The current study was performed in January 2020 at Sheep
and Goats Unit, Agriculture Experimental and Research
Station, Faculty of Agriculture, Cairo University. Chemical
analyses were done at laboratories of the Animal Production
Department, Faculty of Agriculture, Cairo University, and
National Research Center, Giza, Egypt.

Experimental animals and rations

Thirty-three lactating Damascus goats, with an average weight
of 37+0.7 kg, and their age ranged from 22 to 30 months (2"
and 3™ lactation season), were divided into three balanced
groups (11 animals each) after 7 days of parturition accord-
ing to their weight and milk production (1200+25 g). Goats
were housed with their kids and fed in individual pens. The
period after morning feeding till evening feeding, all animals
for each group were left together in the stall. The experimental
groups were randomly given one of the experimental rations.
The lactation trial lasted for 60 days. Every 2 weeks, Milk
yield was recorded for 3 successive days and milk samples
were collected once (Abd El-Hakeem et al. 2021). The lacta-
tion trial was followed by 4 days of digestion trial and samples
collection of feces, blood, and rumen liquor.

In the current study, two natural betaine sources; Betl
(dehydrated condensed molasses fermentation solu-
bles (CMS) with 12.7% betaine concentration) and Bet2
(Betafin®, a commercial anhydrous betaine extracted from
sugar beet molasses and vinasses with 93% purity) were
used. Betafin® (Danisco Animal Nutrition) and dehydrated
(CMS) by-products were obtained from MULTIVETA
Egypt Trade Company.

All experimental groups were fed rations at 4% of their
live weight at the ratio of 40% Egyptian clover (Trifolium
alexandrinum): 60% concentrate feed mixture (CFM) to
cover the total requirements confirmed by NRC (2007).
The control group (CON) was fed ration without betaine.
While, the other experimental groups were fed a control
ration either with Betl or Bet2 to provide 4 g betaine/kg diet.
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The concentrate feed mixture consisted of 55% yel-
low corn, 25% wheat bran, 7.5% soybean meal, 10% sun-
flower meal,1.5% limestone, 0.6% NaCl and 0.4% premix.
Each 3 kg of premix contained: 7,000,000 IU (Vit A);
1,500,000 IU (Vit D3); 30,000 mg (Vit E); 60,000 mg
(Zn); 60,000 mg (Mn); 50,000 mg (Fe); 20,000 mg (Cu);
1000 mg (I); 250 mg (Co); 300 mg (Se) and up to 3 kg
(CaCO3). The chemical composition of CFM, clover (C),
and the experimental rations are illustrated in Table 1.

The betaine additives (Betl and Bet2) were mixed
with CFM daily before feeding. Rations (CFM and clo-
ver) were fed individually twice daily at 8 am and 3 pm.
Feed intake was measured for each animal daily as the
difference between the feed offered and the residual (Shah
et al. 2020). Determination of dry matter (DM) content in
feed was performed once weekly to calculate dry matter
intake (DMI). All animal groups were provided with a free
choice of fresh water and mineral blocks.

Milk sampling

The hand milking method was used to collect milk yield
from all goats after removing kids away from their moth-
ers for 12 h (from 7 pm to 7 am). The measured milk yield
was multiplied by 2 to calculate the daily milk production
as described by Smeti et al. (2015). Then 50 ml of milk
samples were collected and stored at (-18 °C) for further
analysis.

Table 1 Chemical composition of the concentrate feed mixture, clo-
ver, and experimental ration

Item Feedstuffs *Experimental
C CFM ration
DM 90.19 90.83 90.57
Chemical composition, % (DM basis)
oM 88.16 95.88 92.79
Ash 11.84 4.12 7.21
CP 13.86 13.07 13.39
EE 1.66 2.35 2.07
CF 27.05 5.68 14.23
NFE 45.59 74.78 63.10
Fiber fraction, %
NDF 44.14 30.21 35.78
ADF 31.94 8.43 17.83

C: clover. CEM: Concentrate feed mixture. * calculated

DM: dry matter, OM: organic matter, CP: crude protein, EE: ether
extract, CF: crude fiber, NFE: nitrogen-free extract, NDF: neutral
detergent fiber, ADF: acid detergent fiber
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Digestion trial

After the lactation trial, all goats were taken for three succes-
sive days to perform a digestion trial using the bag technique
(Uehara et al. 2015; Kotz et al. 2021; Velasquez et al. 2021).
Fecal bags were fixed on goats 2 days before starting digestion
trial for adaptation. Bags were emptied two times a day before
morning and evening feeding (7 am and 2 pm). The total feces
content of each bag were mixed well. Feces were sprayed with
sulfuric acid (10%) and frozen. Representative feces samples
for each animal were pooled and dried at 70° C/24 h, then
samples were grinded and kept for chemical analysis (Abd
El-Hakeem et al. 2021).

Nutrient digestibility was determined using the acid insolu-
ble ash (AIA) method as recommended by Lee and Hristov
(2013) and calculated by the following formula:

% idicator in feed
% ondicator in feces

% nutrient in feces]

Digestion coefficient = 100 — [100 X % nuttiont in foed
o nutrient in fee

Rumen liquor sampling

On the last day of the experiment, the stomach tube (Shah
et al. 2020; Poolthajit et al. 2021; Ghoneem and Mahmoud 2022)
was used to collect rumen liquor samples 4 h post-feeding from
the six goats in each experimental group, with excluding the
first 50 ml of rumen liquor to prevent saliva contamination.
Samples were filtered using three layers of cheesecloth, then
the pH of ruminal liquor samples was determined immediately
by a digital pH meter. Rumen samples were frozen (-18 °C) and
stored for analysis of ammonia nitrogen (NH;-N), total volatile
fatty acids (TVFA’s) after the addition of ortho-phosphoric acid,
or individual VFA after the addition of meta-phosphoric acid
(Ramos-Morales et al. 2014).

Blood sampling

At the end of the experiment and before taking rumen liquor
samples, blood samples were withdrawn before the morning
feeding via jugular vein in tubes containing EDTA (Ethyl-
ene Diamine Tetra Acetic acid) anticoagulant. Blood plasma
was separated by centrifugation of the blood at 4000 rpm
for 20 min., then samples were frozen at -18 °C for further
analysis.

Feeds and feces analysis

Feces and feedstuff samples were chemically analyzed
as described by AOAC (2016). The content of NFE
(nitrogen-free extract) was calculated as NFE =[100-
(ash% + CP% + CF% + EE%)]. Fiber fractions were esti-
mated as recommended by Van Soest et al. (1991).

Rumen liquor analyses

Rumen pH values were estimated by using a digital pH meter
(HI98103, Hanna instruments Inc., Woonsocket, Rhode
Island, USA). The ruminal ammonia—nitrogen (NH;-N) con-
centration was determined according to the modified method
by Szumacher-Strabel et al. (2002). The steam distillation
method was conducted to measure the ruminal concentra-
tion of total volatile fatty acids as described by Wang et al.
(2016). Individual volatile fatty acids were measured accord-
ing to Bush et al. (1979).

Blood plasma analysis

Blood plasma analysis was done using DiaSys spectropho-
tometer apparatus (340 to 800 nm wavelength). The concen-
trations of plasma albumin were estimated by Doumas et al.
(1971). The concentrations of plasma creatinine and total
protein were determined according to Tietz (2006). The con-
centrations of plasma urea, glucose, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), cholesterol,
and total triglycerides were measured as recommended by
Reed (2013).

Milk analysis

Total solids (TS), protein, fat, and lactose were determined
in milk samples using infrared spectrophotometer apparatus
(Foss Matic 120 Milko-Scan, Foss Q3 183 Electric, Hillergd,
Denmark) according to the method of AOAC (1995). The
difference between TS and fat content was used to calculate
the Solids Not Fat content (SNF). The HPLC (High-Pressure
Liquid Chromatography) method was used to determine the
milk fatty acids profile and concentrations (Pierre-Alain and
Moulin 2016).

Statistical analysis

The general linear model procedure of SAS (2009) was
used to analyze the current data. One way ANOVA pro-
cedure was done to analyze nutrient digestibility, rumen
parameters, milk, feed intake, and blood data via the fol-
lowing model:

Yij = p+Rij + Ejj
where: p is the overall mean of Yij; Rij is the treatment
effect; Eij is the experimental error. Duncan’s New Multi-

ple Range Test was used to calculate the differences among
means.
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Results
Nutrient digestibility and nutritive value

As shown in Table 2, data indicated that the addition of 4 g
betaine/kg diet either from dehydrated condensed molasses
fermentation solubles (Betl) or anhydrous betaine (Bet2)
significantly (P <0.05) improved nutrient digestibility
of dry matter (DM), organic matter (OM), crude protein
(CP), crude fiber (CF), ether extract (EE), nitrogen free
extract (NFE), neutral detergent fiber (NDF), and acid
detergent fiber (ADF). Digestion coefficients of most nutri-
ent and fiber fractions were non-significantly increased
with Betl compared with Bet2. Regarding the nutritive
value, there were significant (P <0.05) increases in TDN
(total digestible nutrients) values, while DCP (digestible
crude protein) values were not significantly affected by
betaine supplementation.

Rumen liquor parameters

As shown in Table 3, data concerning rumen fermentation
parameters revealed no significant differences among the
experimental groups in ruminal pH. Meanwhile, significant
(P<0.05) decreases in concentrations of rumen NH3-N were
found with both Betl and Bet2 rations. However, concentra-
tions of TVFA, acetic, butyric, and acetic: propionic (A:P) ratio
were significantly (P <0.05) increased in both Betl and Bet2

Table 2 Nutrients digestibility and nutritive value as affected by
betaine addition

Item Experimental groups +SE p-value
CON Betl Bet2
Apparent digestibility, %
DM 72.40° 74.39% 73.90% 0.31 0.001
oM 74.41° 77.63% 76.80% 0.49 < 0.001
CP 74.17° 75.98% 75.59% 0.28 < 0.001
CF 62.10° 65.20% 66.49% 0.67 < 0.001
EE 65.14° 65.74% 65.46° 0.09 < 0.001
NFE  77.54¢ 81.18° 79.76 0.53 < 0.001
Fiber fractions:
NDF  59.38° 65.68" 64.82° 1.00 <0.001
ADF  52.84° 57.28* 57.09* 0.72 < 0.001
Nutritive values, %
TDN  70.76° 73.74* 72.96* 0.48 0.002
DCP 993 10.17 10.12 1.51 0.998

compared with the control. However, propionate concentration
was significantly decreased with betaine supplementation.

Blood parameters

Data in Table 4 showed that betaine supplementation had
no significant effect on concentrations of blood total protein
(TP), albumin, globulin, creatinine, ALT, AST, cholesterol,
and triglycerides. However, the concentrations of blood urea
nitrogen (BUN) were significantly (P <0.05) lower with
both Betl and Bet2 compared with the control. On the other
hand, goats fed Bet2 had significantly (P <0.05) the high-
est concentration of blood glucose (55.43 mg/dl), with no
significant difference between those fed Betl (54.53 mg/dl)
and control (53.74 mg/dl).

Milk yield, composition, and feed efficiency

The effects of betaine supplementation on milk yield and
composition, dry matter intake (DMI), and feed efficiency
are presented in Table 5. Results indicated significant higher
(P <0.05) milk and 4% FCM yields for goats fed either Betl
or Bet2 than those fed control ration, with no significant dif-
ference between Betl and Bet2. Regarding milk composi-
tion, total solids and milk fat % were significantly (P <0.05)
increased with dietary betaine, with no significant differences
between Betl and Bet2. On the other hand, there were no
significant differences in the contents of milk protein, lac-
tose, ash, and SNF among the experimental groups. Higher
(P <0.05) DMI was recorded with Betl (1.31 kg/d) and Bet2
(1.30 kg/d) compared to 1.28 kg/d in control. While betaine
supplementation had no significant effect on feed efficiency.

Table 3 Effect of betaine addition on some of the rumen parameters
of lactating goats

Item Experimental groups +SE  p-value
CON Betl Bet2

pH 6.31 6.09 6.07  0.09 0.532
NH,-N, mg/100 ml ~ 24.81* 21.80% 20.79¢ 0.61 < 0.001
TVFA, mmol/L 50.11° 53.60* 54.06° 0.65 0.001
Acetate, mmol/L 2596° 28.11% 29.05* 0.49 0.003
Propionate, mmol/L  13.49* 10.14¢ 11.72 b 052 0.003
A:P ratio 193> 279* 249° 0.14 0.007
Butyrate, mmol/L 8.05% 1033° 10.01% 0.44 0.042

Values with a different superscript in the same row are significantly
different (P <0.05). TDN: total digestible nutrients. DCP: digestible
crude protein. CON: Control group, Betl, and Bet2: goat groups sup-
plemented with dehydrated condensed molasses fermentation soluble
or anhydrous betaine, respectively to provide a 4 g betaine/kg diet
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Values with a different superscript in the same row are significantly
different (P<0.05). CON: Control group, Betl, and Bet2: goat
groups supplemented with dehydrated condensed molasses fermen-
tation solubles or anhydrous betaine, respectively to provide a 4 g
betaine/kg diet
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Table 4 Effect of betaine addition on blood parameters of lactating
goats

Item Experimental groups +SE p-value
CON  Betl Bet2
Total proteins, g/dl 7.01 7.10 7.05 0.03 0429
Albumin, g/dl 3.90 3.97 3.89 0.02 0.344
Globulin, g/dl 3.11 3.13 3.16 0.02 0.743
Urea-N, mg/dl 25.65% 2427° 23.98° 027 0.001
Creatinine, mg/dl 0.84 0.83 0.87 0.02 0.658
AST, IU/L 81.60 81.77 8095 0.66 0.896
ALT, TU/L 1191 11.68 11.85 0.20 0912
Glucose, mg/dl 53.74° 54.53° 5543 028 0.009
Total cholesterol, mg/dl 95.35 9490 9492 0.21 0.687
Triglycerides, mg/dl 1539 1455 1490 0.34 0.665

Values with a different superscript in the same row are significantly
different (P <0.05). CON: Control group, Betl, and Bet2: goat
groups supplemented with dehydrated condensed molasses fermen-
tation solubles or anhydrous betaine, respectively to provide a 4 g
betaine/kg diet. ALT: Alanine aminotransferase and AST: Aspartate
aminotransferase

Milk fatty acids profile

Data concerning the influence of betaine supplementation on
milk F.A. profile (Table 6), indicated no significant effect with
betaine supplementation on most F.A. proportions, except for
C10:0, C14:0, and C16:0, which showed significant (P <0.05)

Table 5 Effect of betaine addition on milk yield and composition, dry
matter intake, and feed efficiency

Item Experimental groups +SE p-value
CON Betl Bet2
Milk Yield (kg/h/d) 1.24° 1367 1337 0.02 0.038
4% FCM (kg/h/d) 1.29° 1467 1447 0.03 0.002
Milk composition, %
Fat 426° 4477 4557  0.04 0.001
Protein 3.46 3.75 3.65 0.20 0.562
Lactose 4.70 4.71 4.69 0.03 0.986
Ash 0.93 0.91 0.92 0.03 0.974
SNF 9.09 9.36 9.26 0.08 0.433
TS 13.35° 13.83* 13.81 0.10 0.047
DMI (kg) 128°  131* 1.30% 0.01 0.001
Feed Efficiency
Milk yield/DMI, 0.95 1.04 1.02 0.02 0.180
kg/kg

Values with a different superscript in the same row are significantly
different (P <0.05)

CON: Control group, Betl, and Bet2: goat groups supplemented with
dehydrated condensed molasses fermentation soluble or anhydrous
betaine, respectively to provide a 4 g betaine/kg diet

increases in C10:0 as well as significant decreases in C14:0
and C16:0 with dietary betaine groups (Betl and Bet2). How-
ever, the total saturated (TSFA), de novo, total unsaturated
(TUFA), and total polyunsaturated (TPUFA) fatty acids were
not affected by betaine supplementation.

Discussion

In the present study, higher nutrient digestibility and nutri-
tive value were observed with betaine supplementation
either from dehydrated condensed molasses fermenta-
tion solubles or anhydrous betaine. In the same line with
the current data, the digestibility of DM, OM, CP, and
fiber fraction were increased when betaine was added to
Holstein dairy cows’ rations at either 50, 100, or 150 g/d
(Wang et al. 2010), 4 g/kg DM (Cheng et al. 2020) or
15 g/d (Shah et al. 2020). Similarly, digestibility of NDF

Table 6 Milk fatty acids profile as affected by betaine addition

Item Experimental groups +SE  p-value
C Betl Bet2
C4:0 2.35 2.39 242 0.06 0926
C6:0 2.29 2.44 2.38 0.06  0.692
C8:0 241 2.90 297 029 0487
C10:0 829°  10.73*  10.56%  0.41 0.001
C10:1 0.23 0.28 0.27 003  0.119
Cl11:0 0.15 0.19 0.20 0.03  0.280
C12:0 4.42 5.37 5.31 048  0.646
C14:0 9.06* 8.61° 8.70° 0.08  0.035
C15:0 0.72 0.75 0.73 0.04  0.969
C16:0 28.71%  26.03% 25.84% 047 0.000
cl16:1 1.64 1.57 1.58 0.08  0.939
C17:0 0.75 0.76 1.76 0.57  0.999
Cl17:1 0.49 0.33 0.31 0.19  0.200
C18:0 7.39 7.69 7.74 040 0944
Cl18:1 18.12 19.32 19.45 0.57  0.638
C18:2 1.95 1.81 1.83 0.08  0.79%4
C18:3 0.46 0.41 0.40 0.06  0.908
C20:0 0.14 0.16 0.15 0.01 0.224
TSFA 66.68 68.02 67.76 0.80  0.814
TUFA 22.89 23.73 23.84 049  0.115
TPUFA 241 222 2.23 0.12  0.788
Total de novo ~ 55.12 55.57 55.21 0.55  0.954

Values with a different superscript in the same row are significantly
different (P <0.05)

CON: Control group, Betl, and Bet2: goat groups supplemented with
dehydrated condensed molasses fermentation soluble or anhydrous
betaine, respectively to provide a 4 g betaine/kg diet. TSFA: total
saturated fatty acids, TUFA: total unsaturated fatty acids, TPUFA:
total polyunsaturated fatty acids. Total de novo: total of (C4:0, C6:0,
C10:0, C12:0, C14:0 and C16:0)
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and ADF were higher when Angus bulls’ rations were sup-
plemented with 0.6 g betaine/kg DM (Wang et al. 2020).
On the other hand, no significant differences in digestibil-
ity of DM, OM, EE, NDF, and ADF were detected when
a mixture of betaine, biotin, and chromium was added to
the rations of feedlot bulls (Poolthajit et al. 2021). The
improvement in nutrient digestibility and nutritive value
in the current study with betaine supplementation could be
explained by the improvement in microbial fermentation
of the diet (Eklund et al. 2005), and also may be due to
the role of betaine as a methyl donor which maintains the
rumen pH (Shah et al. 2020). In the same context, Cheng
et al. (2020), Wang et al. (2020) and Liu et al. (2021)
recorded increases in the total count of ruminal bacteria
and protozoa, and in the activity of ruminal enzymes such
as carboxymethyl cellulase, xylanase, cellobiase and pro-
tease which may explain the improvement in the digestion
with betaine supplementation. A possible positive effect
of betaine on energy utilization as a result of its osmolyte
properties was recorded by Eklund et al. (2005).

The current results illustrate the ability of betaine to
alter the rumen fermentation pattern, as it can be used
as a source of methyl groups or available nitrogen in the
rumen (Loest et al. 2002). The increases in TVFA concen-
tration and A:P ratio with betaine supplementation could
be attributed to the increase in acetate and butyrate and the
decrease in propionate concentrations. Consistent with the
previous findings, betaine was demonstrated to be metabo-
lized by rumen microbes and converted into acetic acid
(Peterson et al. 2012; Cheng et al. 2020), which plays an
important role in fat synthesis (Shah et al. 2020). In addi-
tion, the increase in concentrations of TVFA and acetate
with betaine supplementation may be due to higher NDF
and ADF digestibility in the present study, which indicates
a higher rate of microbial fermentation (Wang et al. 2010).
Rumen microbes can be promoted by betaine supplementa-
tion due to their osmoprotective effect (Wdowiak-Wrébel
et al. 2013). The decrease in the concentration of ruminal
NH3-N and the increase in CP digestibility with betaine
supplementation may confirm the improvement in N uti-
lization in the rumen (Wang et al. 2010), which may be
attributed to the higher growth of rumen microbes (Cheng
et al. 2020; Wang et al. 2020). In agreement with the cur-
rent results, decreases in ruminal NH3-N, and propion-
ate, and increases in TVFA, acetate, butyrate, and A:P
ratio were observed when betaine was added to rations
of dairy cows (Wang et al. 2010; Nakai et al. 2013; Shah
et al. 2020). In parallel to the present study, Cheng et al.
(2020) reported no significant effect on rumen pH, sig-
nificant increases in TVFA and acetate, and significant
decreases in NH3-N when 4 g betaine/kg DM was added to
the diet of dairy cows. However, there were no significant
effects on ruminal NH3-N, acetic, propionic, butyric acids,
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and A:P ratio, with significant decreases in TVFA when
the ration of feedlot bulls (60 concentrates: 40 roughages)
was supplemented with a mixture of betaine, biotin, and
chromium (Poolthajit et al. 2021).

In concordance with the present results, no changes were
detected in concentrations of blood TP and albumin (Fernan-
dez et al. 2009a; Cheng et al. 2020), ALT (Zhang et al. 2014),
creatinine (Fernandez et al. 2009a) and glucose (Fernandez
et al. 2009a; Wang et al. 2010; Zhang et al. 2014; Monteiro
et al. 2017; Cheng et al. 2020; Poolthajit et al. 2021) with
betaine supply. While, Shah et al. (2020) recorded increases
in concentrations of blood glucose with betaine supple-
mentation especially when it was added at 15 g/cow/d, and
explained that it resulted from the improvement in digestibil-
ity and feed intake with betaine supplementation. In agree-
ment with the current data, Zhang et al. (2014) demonstrated
decreases in the concentration of BUN when betaine was
added at 10, 15, and 20 g/cow/d. That result confirms higher
N utilization and retention as a result of betaine supplemen-
tation (Zhang et al. 2014). Although concentrations of blood
cholesterol and triglycerides were not significantly altered
in the current study, they were numerically decreased with
betaine supplementation. The decline in blood concentra-
tions of triglycerides and cholesterol may be explained by
the increase in fat mobilization (Zhang et al. 2014), which
could be promoted by betaine due to its role as a methyl
donor (Davidson et al. 2008). In accordance with the current
findings, Davidson et al. (2008) showed that the addition
of 40 g rumen-protected betaine/d in rations of dairy cows
had no significant influence on blood triglycerides and total
cholesterol. However, a decrease in the concentration of tri-
glycerides with betaine supply was recorded by Fernandez
et al. (2009a) when goats’ ration was supplemented with
4 g betaine/kg DM in the summer season. This inconsistent
effect of betaine on blood concentrations of triglycerides
and cholesterol may be attributed to that animals in the cur-
rent study were not exposed to extraordinary environmental
conditions such as heat stress, so the dietary treatment had
a limited effect on lipid metabolism (Davidson et al. 2008).
The current blood plasma metabolites indicate no adverse
effect on goats' health, as the values of blood parameters
were within the normal ranges (Mohammed et al. 2016).

Milk yield in the present study was increased by 10 and
7% with Bet1 and Bet2, respectively. In the same trend, the
addition of 4 g betaine/kg DM either in goats’ ration
(Fernindez et al. 2004a, b, 2009a) or in dairy cows’ ration
(Cheng et al. 2020) increased milk yield. Similarly, several
studies conducted on dairy cows confirmed higher milk yield
with betaine supplementation (Wang et al. 2010; Peterson
et al. 2012; Zhang et al. 2014; Monteiro et al. 2017; Dun-
shea et al. 2019; Shah et al. 2020). Also, an improvement in
milk production with 35 and 70 g betaine/cow/d was
observed under thermoneutral conditions (Hall et al. 2016).
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Whereas, no significant effect on milk yield was observed
when the ration of multiparous cows was supplemented with
20 g rumen-protected betaine (Davidson et al. 2008). The
increase in milk production with betaine supplementation
may be a result of the improvement in nutrient digestibility
(Wang et al. 2010). Betaine could promote mammary growth
which reflects in higher milk production as a result of main-
taining cellular osmolarity and promoting cell proliferation
(Monteiro et al. 2017). The positive effect of betaine sup-
plementation on mammary gland has been confirmed by
several studies, which may be ascribed to the decrease in the
milk somatic cells number (Wang et al. 2019, 2020), the
reduction in the oxidative damage of the mammary epithelial
cells under heat stress conditions (Li et al. 2019) and allevia-
tion of the inflammation cytokines production, which sug-
gests the ability of betaine to be an effective feed additive
for mastitis (Zhao et al. 2022). Another possible reason for
the positive effect of betaine on nutrient digestibility and
animal performance could be due to its effect on improving
mitochondrial function via increasing mitochondrial fission
and fusion factors, which were demonstrated to have a role
in maintaining cell homeostasis and promoting cell survival
(Kim 2018). Furthermore, it was confirmed that betaine can
stabilize cellular and subcellular membrane through restor-
ing both enzymatic and non-enzymatic antioxidants, and
positively regulate the mitochondrial function (Lee 2015;
Wen et al. 2021). Therefore, we think that betaine may
improve the function of rumen microbes, because part of
betaine can be digested and utilized by rumen microorgan-
isms (Nakai et al. 2013).

Regarding milk composition, the increase in milk fat con-
tent with betaine supply was reported by several studies. It
was indicated that dietary supplementation with 4 g betaine/
kg DM significantly increased milk fat % either in lactat-
ing Murciano-Granadina goats (Ferndndez et al. 2004b,
2009a) or in dairy Holstein cows (Cheng et al. 2020). Also,
increases in milk fat content with betaine supplementation
in Holstein dairy cows’ rations were observed by Wang et al.
(2010), and Monteiro et al. (2017). However, the findings
of Fernandez et al. (2004a, 2009b), Peterson et al. (2012),
Zhang et al. (2014) and Dunshea et al. (2019) indicated that
there were no significant differences in milk fat content
with betaine supplementation either in rations of lactating
Murciano-Granadina goats, Holstein or Friesian X Holstein
cows, respectively. In the present study, the increases in milk
fat % with Betl and Bet2 (4.47 and 4.55 respectively vs
4.26%), are consistent with the increases in concentrations
of ruminal acetate (28.11 and 29.05 mmol/l, respectively)
compared with control (25.96 mmol/l). It was suggested
that betaine can alter rumen fermentation patterns towards
higher acetate concentration that may in turn promote fat
synthesis by the mammary gland (Monteiro et al. 2017).
The lack of significant effect of betaine supplementation on

milk protein and lactose concentrations in the present study
agrees with the results recorded by Fernandez et al. (2004b,
2009a, b) and Wang et al. (2010). Monteiro et al. (2017)
observed a decrease in milk lactose content despite similar
concentrations of blood glucose when betaine was added to
ration of Holstein dairy cows. They explained the lack of
conversion blood glucose to milk lactose by reducing the
synthesis rate of lactose by mammary gland as a result of
betaine supplementation. Wang et al. (2010) explained the
inconsistent effect of betaine supplementation on milk yield
or composition as a result of the differences in betaine form
and dose or the basal diet content of CP. Increases in DMI
were recorded with betaine groups. Similar results were
obtained by Zhang et al. (2014), Dunshea et al. (2019) and
Shah et al. (2020), which reported significant increases in
feed intake with betaine supplementation either in Holstein
or Friesian X Holstein dairy cows’ ration. However, DMI was
not affected by betaine added to rations of Holstein dairy
cows in other studies (Wang et al. 2010; Peterson et al. 2012;
Monteiro et al. 2017; Cheng et al. 2020). Although there
were no significant differences in feed efficiency (FE)
between the experimental groups, betaine-supplemented
goats showed higher FE being 1.04 and 1.02 kg/kg than con-
trol goats (0.95 kg/kg). This non-significant improvement in
FE in the current study with betaine supplementation may
account for the increase in milk yield. However, higher FE
was expected with the high betaine dose used in the present
study (4 g/kg diet) in comparison to the other studies. Wang
et al. (2010) attributed that result to the variation in form
and dose of betaine used or in the basal diet composition.
There are several conflicting studies, Davidson et al. (2008),
Wang et al. (2010), and Peterson et al. (2012) showed no
significant change in FE when dairy cow's ration was supple-
mented with betaine, while Monteiro et al. (2017) observed
a significant increase in FE with betaine supplementation.
Concerning the influence of betaine supplementation on
milk F.A. profile, the current data indicated that percentages
of individual F.A. were in agreement with the ranges con-
ducted by Alonso et al. (1999). While, the sum of the most
important F.A. (C10:0, C14:0, C16:0, C18:0, and C18:1)
in goats’ milk accounted for 77 or 78% of the total F.A.
(Fernandez et al. 2004a, b), the current study reported a
lower value of 72%. Significantly higher values of capric
acid C10:0 (10.73 and 10.56 vs 8.29%) and lower values of
myristic acid C14:0 (8.61 and 8.70 vs 9.06%) and palmitic
acid C16:0 (26.03 and 25.84 vs 28.71%) were observed in
the current study with dietary betaine groups (Betl and
Bet2), respectively. In the same trend, Fernandez et al.
(20044a, b) demonstrated significant increases in C10:0 and
non-significant decreases in C14:0 and C16:0 when goats
were fed a ration containing 4 g betaine/kg DM. Whereas,
concentrations of C10:0, C14:0, and C16:0 obtained by
Peterson et al. (2012) did not differ when betaine was added
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to dairy cows’ ration. Ferndndez et al. (2009b) reported
health benefits for humans with betaine supplementation as
aresult of decreasing concentrations of C14:0 and C16:0 due
to their hypercholesterolemic effect (McGuire et al. 1997).
Although the present data showed no significant differences
in short and medium-chain F.A. (C4:0, C6:0, C8:0, C10:1,
C11:0, and C12:0), there was an improvement in their con-
centrations with betaine supplementation. Also, higher
but non-significant values of C18:0 and C18:1 and lower
values of C18:2 and C18:3 were observed with betaine-
supplemented groups. The increase in short and medium-
chain F.A. with betaine supplementation is in parallel with
the results obtained by Fernandez et al. (2004a, b, 2009b).
Fernandez et al. (2004b) suggested that the increase in short
and medium-chain F.A. with betaine supply may be due to
the increase in nutrient availability that is needed for F.A.
synthesis by the mammary gland. However, the decrease in
C18 fatty acids, which are of dietary origin, may be attrib-
uted to the higher acetate proportion that affects the concen-
trations of blood triglycerides and free fatty acids. Besides,
the increases in short and medium-chain F.A. with betaine
supplementation were found to be related to the hypocho-
lesterolemic effect, which has beneficial properties for the
consumers’ health (Fernandez et al. 2009b). In the same
context, the total saturated (TSFA), de novo, unsaturated
(TUFA), and polyunsaturated (TPUFA) fatty acids were not
affected by betaine supplementation. Similarly, no effect on
TSFA, and TPUFA was demonstrated by Fernandez et al.
(2004a, 2009b) for goats fed rations supplemented with
betaine. Also, Peterson et al. (2012) reported no effect on
TSFA, TUFA, and de novo fatty acids with lower TPUFA
concentrations when betaine was added at 25, 50, and 100 g/
cow/d.

Conclusion

Under thermoneutral conditions, betaine supplementation
either in form of dehydrated condensed molasses fermenta-
tion solubles or anhydrous betaine extracted from sugar beet
molasses and vinasses at a 4 g/kg diet, improved both nutri-
ent digestibility and nutritive value, recorded higher milk
production for Damascus lactating goats with healthy and
beneficial characteristics.

Acknowledgements The authors wish to thank the Faculty of Agricul-
ture, Cairo University for supporting and providing the experimental
animals as well as the facilities for this work.

Authors’ contributions W.M.A.G.: Performing the trial, lab analyses,
statistical analysis, data discussion, writing and editing the manuscript,
R.R.A.E.: Following up the trial and lab analyses, reviewing statistical
analysis and the manuscript.

@ Springer

Funding Open access funding provided by The Science, Technology &
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB). Open Access funding is provided by
Cairo University.

Data availability The raw data for this research will be available from
the corresponding author upon request.

Declarations

Ethical approval The present study was performed according to the
protocol of the Institutional Animal Care and Use Committee, Cairo
University IACUC) (Approval No: CU/II/F/16/22).

Conflict of interest Both authors do not have any conflicts of interest
to declare.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abd El-Hakeem, O.S., Hanafy, M.A., Mahmoud, A.E.M., Ebeid, H.M. and
Farghaly, M.S. 2021. Productive performance of Damascus goat§ fed
on rations containing extruded full-fat linseed and soybean seeds. Int.
J. Dairy Sci., 16: 75-84. https://doi.org/10.3923/ijds.2021.75.84

Alonso, L., Fontecha, J., Lozada, L., Fraga, M.J. and Juarez, M. 1999.
Fatty acid composition of caprine milk: major, branched-chain,
and trans fatty acids. J. Dairy Sci., 82:878-884.

AOAC. 1995. Official Methods of Analysis of AOAC International,
16" Ed. Vol.1, “Agricultural, Chemicals, Contaminants, Drugs”.
Washington, D.C., USA, 521p.

AOAC. 2016. Official Methods of Analysis of AOAC International,
19" Ed. Vol.1, “Animal feed”. Maryland, USA. http://www.coma.
aoac.org/app_f.pdf

Bush, K.J., Russell, R.W. and Young, J.W. 1979. Quantitative separa-
tion for volatile fatty acids by high-pressure liquid chromatog-
raphy. J. Liquid Chromat., 2:1367-1374. https://doi.org/10.1080/
01483917908060143

Cheng, K.F.,Wang, C., Zhang, G.W., Du, H.S.,Wu, Z.Z., Li, Q., Guo,
G., Huo, W.J., Zhang, J., Chen, L. and Pei, C.X. 2020. Effects
of betaine and rumen-protected folic acid supplementation on
lactation performance, nutrient digestion, rumen fermentation
and blood metabolites in dairy cows. Anim. Feed Sci. Technol.,
262:114445. https://doi.org/10.1016/j.anifeedsci.2020.114445

Davidson, S., Hopkins, B.A., Odle, J., Brownie, C., Fellner, V. and
Whitlow, L.W. 2008. Supplementing limited methionine diets
with rumen-protected methionine, betaine, and choline in early
lactation Holstein cows. J. Dairy Sci., 91:1552-1559. https://doi.
org/10.3168/jds.2007-0721


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3923/ijds.2021.75.84
http://www.eoma.aoac.org/app_f.pdf
http://www.eoma.aoac.org/app_f.pdf
https://doi.org/10.1080/01483917908060143
https://doi.org/10.1080/01483917908060143
https://doi.org/10.1016/j.anifeedsci.2020.114445
https://doi.org/10.3168/jds.2007-0721
https://doi.org/10.3168/jds.2007-0721

Tropical Animal Health and Production (2023) 55:123

Page90of10 123

Doumas, B., Wabson, W. and Biggs, H. 1971. Albumin standards and
measurements of serum with bromochresol green. Clin. Chem.
Acto., 31:87. https://doi.org/10.1016/0009-8981(71)90365-2

Dunshea, F.R., Oluboyede, K., DiGiacomo, K., Leury, B.J. and Cot-
trell, J.J. 2019. Betaine improves milk yield in grazing dairy cows
supplemented with concentrates at high temperatures. Animals,
9:57. https://doi.org/10.3390/ani9020057

Eklund, M., Bauer, E., Wamatu, J. and Mosenthin, R. 2005. Potential
nutritional and physiological functions of betaine in livestock. Nutr.
Abstr. Rev., 18(1):31-48. https://doi.org/10.1079/NRR200493

Fernandez, C., Fontecha, J., Latorre, M.A., Garces, C., Soler, M. and de
la Fuente, J.M. 2004a. Influence of betaine on goat milk produc-
tionand composition. S. Afr. J. Anim. Sci., 34(Suppl. 1):165-168.

Fernandez, C., Sanchez-Seiquer, P., Sanchez, A., Contreras, A. and
de la Fuente, J.M. 2004b. Influence of betaine on milk yield and
composition in primiparous lactating dairy goats. Small Rumin.
Res., 52:37-43. https://doi.org/10.1016/S0921-4488(03)00202-5

Fernandez, C., Mata, C., Piquer, O., Bacha, F. and de la Fuente, J.M.
2009a. Influence of betaine on goat milk yield and blood metabo-
lites. Trop. Subtrop. Agroecosyst., 11:209-213.

Fernandez, C., Rodriguez-Alcala, L.M., Abilleira, E., de la Fuente,
J.M. and Fontecha J. 2009b. Influence of betaine on milk yield
and fatty acid composition in lactating dairy goats. J. Appl. Anim.
Res., 36:89-92. https://doi.org/10.1080/09712119.2009.9707038

Ghoneem, W.M.A. and Mahmoud, A.E.M. 2022. Impact of incorporat-
ing Thymus vulgaris as leaves or essential oil in Damascus goats
ration on lactation performance. Int. J. Dairy Sci., 17(1):1-12.

Hall, L., Dunshea, F., Allen, J., Rungruang, S., Collier, J., Long, N.
and Collier, R.J. 2016. Evaluation of dietary betaine in lactating
Holstein cows subjected to heat stress. J. Dairy. Sci., 99:9745-
9753. https://doi.org/10.3168/jds.2015-10514

Kim, M.J. 2018. Betaine enhances the cellular survival via mitochon-
drial fusion and fission factors, MFN2 and DRP1, Animal Cells
and Systems, 22:5, 289-298, https://doi.org/10.1080/19768354.
2018.1512523

Kotz, A., Azevedo, P.A., Khafipour, E. and Plaizier, J.C. 2021. Effects
of the dietary grain content on rumen and fecal microbiota of
dairy cows. Can. J. Anim. Sci., 101: 274-286. https://doi.org/10.
1139/cjas-2020-0122

Lee, C. and Hristov, A.N. 2013. Short communication: Evaluation
of acid-insoluble ash and indigestible neutral detergent fiber as
total-tract digestibility markers in dairy cows fed corn silage-
based diets. J. Dairy Sci., 96(8):5295-5299. https://doi.org/10.
3168/jds.2012-6442

Lee, I. 2015. Betaine is a positive regulator of mitochondrial respira-
tion. Biochemical and Biophysical Research Communications,
465(2): 621-625. https://doi.org/10.1016/j.bbrc.2014.12.005

Li, C., Wang, Y., Li, L., Han, Z., Mao, S. and Wang, G. 2019. Betaine
protects against heat exposure-induced oxidative stress and apop-
tosis in bovine mammary epithelial cells via regulation of ROS
production. Cell Stress Chaperones, 24(2): 453-460. https://doi.
org/10.1007/s12192-019-00982-4

Lewis, C.D., Marett, L.C., Malcolm, B., Williams, S.R.O., Milner,
T.C., Moate, PJ., Ho, C.K.M. 2022. Economic threshold analysis
of supplementing dairy cow diets with betaine and fat during a
heat challenge: a pre- and post-experimental comparison. Ani-
mals, 12: 92. https://doi.org/10.3390/ani12010092

Liu, C., Wang, C., Zhang, J., Liu, Q., Guo, G., Huo, W.J., Pei, C.X.,
Chen, L. and Zhang, Y.L. 2021. Guanidinoacetic acid and betaine
supplementation have positive effects on growth performance,
nutrient digestion and rumen fermentation in Angus bulls. Anim.
Feed Sci. Technol., 276:114923. https://doi.org/10.1016/j.anife
edsci.2021.114923

Loest, C.A., Titgemeyer, E.C., Drouillard, J.S., Coetzer, C.M., Hunter,
R.D., Bindel, D.J. and Lambert, B.D. 2002. Supplemental betaine

and peroxide-treated feather meal for finishing cattle. J. Anim.
Sci., 80:2234-2240.

McGuire, M.K., Park, Y.S., Shultz, T.D., Harrison, L.Y. and McGuire,
M.A. 1997. Conjugated linoleic acid concentrations of human
milk and infant formula. Nutr. Res., 17:1277-1283.

Mohammed, S.A., Razzaque, M.A., Omar, A.E., Albert, S. and Al-
Gallaf, W.M. 2016. Biochemical and hematological profile of
different breeds of goat maintained under intensive production
system. Afr. J. Biotechnol., 15:1253-1257. https://doi.org/10.
5897/AJB2016.15362

Monteiro, A.P.A., Bernard, J.K., Guo, J.R., Weng, X.S., Emanuele, S.,
Davis, R., Dahl, G.E. and Tao, S. 2017. Effects of feeding betaine-
containing liquid supplement to transition dairy cows. J. Dairy
Sci., 100:1063-1071. https://doi.org/10.3168/jds.2016-11452

Nakai, T., Sato, T., Teramura, M., Sadoya, H., Ohtani, M., Takahashi,
T., Kida, K. and Hidaka, S. 2013. The effect of a continuous sup-
ply of betaine on the degradation of betaine in the rumen of dairy
cows. Biosci. Biotechnol. Biochem., 77(3):666-669. https://doi.
org/10.1271/bbb.120839

Nezamidoust, M., Alikhani, M., Ghorbani, G.R., Edris, M.A. 2012.
Effects of betaine and sulfate supplementation on milk and wool
production of Naeini ewes. Small Rumin. Res., 105: 170-175.
https://doi.org/10.1016/j.smallrumres.2012.01.010

NRC. 2007. Nutrient requirements of small ruminants: Sheep, goats,
cervids, and new world camelids. The National Academies Press,
Washington, https://www.nap.edu/read/11654/chapter/1

Peterson, S.E., Rezamand, P., Williams, J.E., Price, W., Chahine, M.
and McGuire, M.A. 2012. Effects of dietary betaine on milk yield
and milk composition of mid-lactation Holstein dairy cows. J.
Dairy Sci., 95:6557-6562. https://doi.org/10.3168/jds.2011-4808

Pierre-Alain, G. and Moulin, J. 2016. Determination of Labeled Fatty
Acids Content in Milk Products, Infant Formula, and Adult/Pedi-
atric Nutritional Formula by Capillary Gas Chromatography: Col-
laborative Study, Final Action 2012.13. J AOAC Int., 99(1):210-
222. https://doi.org/10.5740/jaoacint.15-0140

Poolthajit, S., Srakaew, W., Haitook, T. and Wachirapakorn, C. 2021.
Effects of betaine-biotin-chromium supplementation and concen-
trate to roughage ratio on nutrient utilization efficiency in Thai
Native cattle. Animals, 11:2747. https://doi.org/10.3390/anil 1
092747

Ramos-Morales, E., Arco-Pérez, A., Martin-Garcia, A.lL., Yafiez-Ruiz,
D.R., Frutos, P. and Hervas, G. 2014. Use of stomach tubing as
an alternative to rumen cannulation to study ruminal fermenta-
tion and microbiota in sheep and goats. Anim. Feed. Sci. Tech.,
198:57-66.

Ratriyanto, A., Mosenthin, R., Bauer, E. and Eklund, M. 2009. Meta-
bolic, osmoregulatory and nutritional functions of betaine in
monogastric animals. Asian-australis J. Anim. Sci., 22:1461-1467.

Reed, R. 2013. Clinical Chemistry: Learning guide series. https://www.
corelaboratory.abbott/sal/learningGuide/

SAS. 20009. Statistical Analysis System. User’s Guide: Statistics. Ver-
sion 9.2.SAS Inst. Inc., Cary, NC., USA. pp. 7869

Shah, A.M., Ma, J., Wang, Z., Zou, H., Hu, R. and Peng, Q. 2020.
Betaine supplementation improves the production performance,
rumen fermentation, and antioxidant profile of dairy cows in heat
stress. Animals, 10:634-642. https://doi.org/10.3390/ani10040634

Shankhpal, S.S., Waghela, C.R., Sherasia, P.L., Srivastava, A.K. and
Sridhar, V. 2019. Effect of feeding betaine hydrochloride and
bypass fat supplement on feed intake, milk yield and physiologi-
cal parameters in lactating buffaloes during heat stress. Indian J
Dairy Sci., 72(3): 297-301. https://doi.org/10.33785/1JDS.2019.
v72i03.009

Smeti, S., Hajji, H., Bouzid, K., Abdelmoula, J., Muiioz, F., Mah-
ouachi, M. and Atti, N. 2015. Effects of Rosmarinusofficinalis L.
as essential oils or in form of leaves supplementation on goat’s

@ Springer


https://doi.org/10.1016/0009-8981(71)90365-2
https://doi.org/10.3390/ani9020057
https://doi.org/10.1079/NRR200493
https://doi.org/10.1016/S0921-4488(03)00202-5
https://doi.org/10.1080/09712119.2009.9707038
https://doi.org/10.3168/jds.2015-10514
https://doi.org/10.1080/19768354.2018.1512523
https://doi.org/10.1080/19768354.2018.1512523
https://doi.org/10.1139/cjas-2020-0122
https://doi.org/10.1139/cjas-2020-0122
https://doi.org/10.3168/jds.2012-6442
https://doi.org/10.3168/jds.2012-6442
https://doi.org/10.1016/j.bbrc.2014.12.005
https://doi.org/10.1007/s12192-019-00982-4
https://doi.org/10.1007/s12192-019-00982-4
https://doi.org/10.3390/ani12010092
https://doi.org/10.1016/j.anifeedsci.2021.114923
https://doi.org/10.1016/j.anifeedsci.2021.114923
https://doi.org/10.5897/AJB2016.15362
https://doi.org/10.5897/AJB2016.15362
https://doi.org/10.3168/jds.2016-11452
https://doi.org/10.1271/bbb.120839
https://doi.org/10.1271/bbb.120839
https://doi.org/10.1016/j.smallrumres.2012.01.010
https://www.nap.edu/read/11654/chapter/1
https://doi.org/10.3168/jds.2011-4808
https://doi.org/10.5740/jaoacint.15-0140
https://doi.org/10.3390/ani11092747
https://doi.org/10.3390/ani11092747
https://www.corelaboratory.abbott/sal/learningGuide/ADD00061345_ClinChem_Learning_Guide.pdf
https://www.corelaboratory.abbott/sal/learningGuide/ADD00061345_ClinChem_Learning_Guide.pdf
https://doi.org/10.3390/ani10040634
https://doi.org/10.33785/IJDS.2019.v72i03.009
https://doi.org/10.33785/IJDS.2019.v72i03.009

123 Page 10 0f 10

Tropical Animal Health and Production (2023) 55:123

production and metabolic statute. Trop. Anim. Health Prod.,
47(2), 451-457. https://doi.org/10.1007/s11250-014-0721-3

Szumacher-Strabel, M., Potkanski, A., Kowalczyk, J., Cieslak, A.,
Czauderna, M., Gubala, M. and Jedroszkowiak, P. 2002. The
influence of supplemental fat on rumen volatile fatty acid profile,
ammonia and pH level in sheep fed a standard diet. J. Anim. Feed
Sci., 11(4):577- 587.

Tietz, N.W. 2006. Clinical Guide to Laboratory Tests.4"Ed. W.B.
Saunders Co., Philadelphia, USA.ISBN:9781437719871.

Tsiplakou, E., Mavrommatis, A., Kalogeropoulos, T., Chatzikonstanti-
nou, M., Koutsouli, P., Sotirakoglou, K., Labrou, N. and Zervas,
G. 2017. The effect of dietary supplementation with rumen- pro-
tected methionine alone or in combination with rumen-protected
choline and betaine on sheep milk and antioxidant capacity. Jour-
nal of Animal Physiology and Animal Nutrition, 101:1004-1013.
https://doi.org/10.1111/jpn.12537

Uehara, A., Ayush, E., Ganbaatal, O., Shindo K. and Yamasaki, S.
2015. Estimation of forage intake of grazing sheep using lignin
method during autumn and the following spring in a forest-steppe
zone in Mongolia. Nihon Chikusan Gakkaiho. 86 (2), 201-209.

Van Soest, P.J., Robertson, J.B. and Lewis, B.A. 1991. Methods for
dietary fiber, neutral detergent fiber and nonstarch polysaccharides
in relation to animal nutrition. J. Dairy Sci., 74:3583-3597.

Velasquez, A.V., Oliveira,C.A., Martins, C.M.M.R., Balieiro, J.C.C.,
Silva, L. F.P., Fukushima, R. S. and Sousa, D.O. 2021. Diet,
marker and fecal sampling method interactions with internal and
external marker pairs when estimating dry matter intake in beef
cattle. Livestock Sci., 253:104730. https://doi.org/10.1016/j.livsci.
2021.104730

Virtanen, E. and Rumsey, G. 1996. Betaine supplementation can opti-
mize use of methionine, choline in diets. Feedstuffs, 68(42):1-3.

Wang, B., Wang, C., Guan, R., Shi, K., Wei, Z., Liu J. and Liu, H.
2019. Effects of dietary rumen-protected betaine supplementation
on performance of postpartum dairy cows and immunity of new-
born calves. Animals, 9: 167. https://doi.org/10.3390/ani9040167

Wang, C., Liu, Q., Yang, W.Z., Wu, J., Zhang, W.W., Zhang, P., Dong,
K.H. and Huang, Y.X. 2010. Effects of betaine supplementation
on rumen fermentation, lactation performance, feed digestibilities,
and plasma characteristics in dairy cows. J. Agric. Sci., 148:487-
495. https://doi.org/10.1017/S0021859610000328

@ Springer

Wang, C., Liu, C.,Zhang, G.W.,Du, H.S., Wu, Z.Z.,Liu, Q., Guo,
G., Huo, W.J., Zhang, J., Pei, C.X., Chen, L. and Zhang, S.L.
2020. Effects of rumen-protected folic acid and betaine supple-
mentation on growth performance, nutrient digestion, rumen
fermentation and blood metabolites in Angus bulls. Br. J. Nutr.,
123(10):1109-1116. https://doi.org/10.1017/S0007114520000331

Wang, M., Wang, R., Janssen, P.H., Zhang, X.M., Sun, X.Z., Pacheco,
D. and Tan, Z.L. 2016. Sampling procedure for the measurement
of dissolved hydrogen and volatile fatty acids in the rumen of
dairy cows. J. Anim. Sci., 94(3):1159-1169. https://doi.org/10.
2527/jas.2015-9658

Wdowiak-Wrébel, S., Leszcz, A. and Matek, W. 2013. Salt tolerance
in Astragalus cicer micro symbionts: The role of glycine betaine
in osmoprotection. Curr. Microbiol., 66:428-436. https://doi.org/
10.1007/s00284-012-0293-2

Wen, C., Leng, Z., Chen, Y., Ding, L., Wang, T. and Zhou, Y. 2021.
Betaine alleviates heat stress-induced hepatic and mitochondrial
oxidative damage in broilers. J. Poult. Sci., 58: 103-109. https://
doi.org/10.2141/jpsa.0200003

Williams, S.R.O., Milner, T.C., Garner, J.B., Moate, P.J., Jacobs, J.L.,
Hannah, M.C., Wales,W.J., Marett, L.C. 2021. Dietary Fat and
Betaine Supplements Offered to Lactating Cows Affect Dry Mat-
ter Intake, Milk Production and Body Temperature Responses to
an Acute Heat Challenge. Animals, 11: 3110. https://doi.org/10.
3390/anil1113110

Zhang, L., Ying, S., An, W., Lian, H., Zhou, G. and Han, Z. 2014.
Effects of dietary betaine supplementation subjected to heat stress
on milk performances and physiology indices in dairy cow. Gen.
Mol. Res., 13:7577-7586. https://doi.org/10.4238/2014

Zhao, N., Yang, Y., Xu, H., Li, L., Hu, Y., Liu, E. and Cui, J. 2022.
Betaine protects bovine mammary epithelial cells against LPS-
induced inflammatory response and oxidative damage via modu-
lating NF-xB and Nrf2 signalling pathway, Italian J. Anim. Sci.,
21(1): 859-869. https://doi.org/10.1080/1828051X.2022.2070035

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s11250-014-0721-3
https://doi.org/10.1111/jpn.12537
https://doi.org/10.1016/j.livsci.2021.104730
https://doi.org/10.1016/j.livsci.2021.104730
https://doi.org/10.3390/ani9040167
https://doi.org/10.1017/S0021859610000328
https://doi.org/10.1017/S0007114520000331
https://doi.org/10.2527/jas.2015-9658
https://doi.org/10.2527/jas.2015-9658
https://doi.org/10.1007/s00284-012-0293-2
https://doi.org/10.1007/s00284-012-0293-2
https://doi.org/10.2141/jpsa.0200003
https://doi.org/10.2141/jpsa.0200003
https://doi.org/10.3390/ani11113110
https://doi.org/10.3390/ani11113110
https://doi.org/10.4238/2014
https://doi.org/10.1080/1828051X.2022.2070035

	Impact of natural betaine supplementation on rumen fermentation and productive performance of lactating Damascus goats
	Abstract
	Introduction
	Materials and methods
	Experimental animals and rations
	Milk sampling
	Digestion trial
	Rumen liquor sampling
	Blood sampling
	Feeds and feces analysis
	Rumen liquor analyses
	Blood plasma analysis
	Milk analysis
	Statistical analysis
	Results
	Nutrient digestibility and nutritive value
	Rumen liquor parameters
	Blood parameters
	Milk yield, composition, and feed efficiency
	Milk fatty acids profile

	Discussion
	Conclusion
	Acknowledgements 
	References


