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Comprehensive  Meta-Analysis
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Table 1- Summary of References used to evaluation the effect of dietary CP and NFC levels on urea transporter -
B expression.

1st Author Year No Treatment Repeat Age (d) V\éi'gg)ht Supplemented  Percent P(E(I(’jl;) d
7%
Ludden et al 2009 15 3 5 - 45.8+1.3 CP 10% 28
13%
. 25.78%
Simmonsetal 2009 6 2 3 670+14 690451 NFC 28.58% 37
7%
Moscheretal 2010 20 2 10 60 16.3+2.3 CP 10% 49
19%
0
Moscheretal 2010 20 2 10 90 24+4.2 cP 8% 49
14%
. 12.9%
Rojen et al 2011 8 2 4 - - CP 17.1% 21
.. 14%
Ibrahimi et al 2014 4 4 4 180 30+2 CP 28
18%
14.7%
Luetal 2015 10 2 5 120 16.8+1.2 NFC 31.3% 21
Luetal 2015 16 2 8 90 14.1+1.2 CP 7.3% 42
T 20.9%
Recktenwald 15.3%
ot 2014 12 4 3 - 647+37 CP 16.5% 28
0,
Recktenwald 5015 12 4 3 . 647437 NFC 29% 28
et 23%
4%
Walpole et al 2015 25 5 5 - 213+23 NFC 24% 21
.. 16%
Ibrahimi et al 2017 4 4 4 180 30+2 CP 83
18%
40%
Scott et al 2018 32 4 8 180 37.2+1.7 NFC 24
60%
14%
Luetal 2019 20 2 10 120 16.8+1.2 NFC 28
28%
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Table 2- The effect size (Hedges’s g) of dietary CP and NFC levels for pH, VFAs, N-NH3z and UT-B expression.

Variable 'Hedges’sg  SE  p-value I "Q  ‘p-value
CP
Fixed effects models -0.392 0.205 0.56 48.31 17.44 0.042
Random effects models -0.343 0.288 0.23 - - -
pH NFC
Fixed effects models -0.518 0.147 <0.001 82.86 46.68 <0.001
Random effects models -0.412 0.252 0.102 - - -
CP
Fixed effects models 0.064 0.244 0794 72.73 22.00 <0.001
. . Random effects models -0.063 0.476 0.895 - - -
Acetic Acid NEC
Fixed effects models -0.275 0.222 0.216 79.13 23.96 <0.001
Random effects models -0.435 0.504 0.388 - - -
CP
Fixed effects models +0.092 0.253 0.717 79.74 29.62 <0.001
L . Random effects models -0.190 0.570 0.740 - - -
Propionic Acid NEC
Fixed effects models 1.325 0.230 <0.001 0.000 4.64 0.490
Random effects models 1.325 0.230 <0.001 - - -
CP
Fixed effects models 1.208 0.264 0.142 62.13 15.84 0.01
. . Random effects models 1.484 0.448 0.081 - - -
Butyric Acid NEC
Fixed effects models 0.189 0.214 0.376 66.86 15.08 0.01
Random effects models 0.170 0.378 0.652 - - -
CP
Fixed effects models 1.554 0.303 <0.001 90.53 84.49 <0.001
Random effects models 0.685 1.03 0.509 - - -
N-NH3 NEC
Fixed effects models 0.577 0.234 0.145 89.61 77.01 <0.001
Random effects models 1.231 0.755 0.108 - - -
CP
Fixed effects models 0.516 0.176 0.003 51.87 22.85 0.01
. Random effects models 0.605 0.257 0.019 - - -
UT-B expression NEC
Fixed effects models 1.140 0.199 <0.001 77.58 40.15 <0.001
Random effects models 1.715 0.443 <0.001 - - -

1The size of the positive effects indicates the increasing effect and the size of the negative effects indicates the reducing effect of

different levels of crude protein and non-fibrous carbohydrates on the mentioned parameters. 2 12 statistics, heterogeneity test (if 12
values are 25, 50 and 75%, it is interpreted as low, medium and high heterogeneity, respectively). 3 Cochran test, heterogeneity test
(high value of Q and low value of p-value indicate heterogeneity of studies. # p-value is related to Cochran test (Q).
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Modal Group by Studchyname Tregmeants Hedges's g and 95% Cl
Type of Treatmeant
P Irahimigtd, 4 HPHC 18% L
P lradhimietd, 4 HALC 18% i
P lrahimigtd, 4 LPHC 4% ]
P luetd, ¥ HL 206 +——
P Recdemdd, 14 HPHS 165% i
P Reciemdd 14 HALS165% L
P Reckewad, 14 LPHS 153% L
P lradhimigtd, 17 CMIS% —a—
P Irahimigtd, 77 CMeFM 16% —a—
P lrdhimigtd, 17 CM«FM 18% —
Fied CP -
Ravim CP -l
NFC Smmosdd., 8 RCB5F ——
MFC luetd, ¥ HNFC 31.%% i
NFC Rechamdd., 14 HPHS %G i
NFC Recdemdd, 14 HALS23% L
MFC Reckenwdd , 14 LPHS 299 L
NFC Scoitetd., 18 HFSF 4% ——
MNFC Scotetd, 18 LFSFEre ::::I{:::
NFC Seottetd., 18 LPNS A%
NFC luetd., 19 MNFC % ——
Fised MFC o
Fandom MFC ~ti-—
Fied Cuerdl &
Random Cuerdll -
-4.00 -200 0.00 200 4.00
Favours A Fawvours B

Figure 1- The effect of dietary CP and NFC levels on pH forest plot (The size of the squares illustrated the
weight of each study relative to the mean effect size, which is indicated by the diamond at the bottom)
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Figure 2- The effect of dietary CP and NFC levels on pH funnel plot (Empty circles indicate observed values,
and full circles possible missing values)
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Model  Group by Study name Treatmeants
Type of Treatmeant
cP lorahimi et &, 14 HPHC 18%
cP lbrahimiat d, 14 HPRLC 18%
cP lbrahimiat 4, 14 LPHC 14%
cP Lueta, 14 HL 20.%%
cP lbrahimiat d, 17 CM18%
cP lrahimiat A, 17 CMEFM 16%
cP lerahimi et &, 17 CMEFM 18%
Fixed CP
Random CP
NFC Smmorseta, 09 RC285%
NFC lueta, 14 HNFC 31.3%
NFC Scottet d., 18 HPWS 40P6
NFC Scottet d 18 LFSF dfe
NFC Scoftet d 18 LPWS B0RG
NFC Lueta, 19 WMNFC 24%
Fixed NFC
Random NFC
Fixed Overal
Random Overall
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Figure 3- The effect of dietary CP and NFC levels on acetic acid forest plot (The size of the squares illustrated

the weight of each study relative to the mean effect size, which is indicated by the diamond at the bottom)
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Figure 4- The effect of dietary CP and NFC levels on acetic acid funnel plot (Empty circles indicate observed
values, and full circles possible missing values)
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Model Group by Study name Treatmeants Hedges's g and 95% Cl
Type of Treatmeant

cP lbrghimietal, 14 HPHC 18%
cpP lbrdimietd, 14 HPLC 18%
CP lbrhimieta, 14 LPHC 4%
cP Luetal, 14 HL20. %% —m
cpP lbedimigtd, 17 CM18% BR
CP lbrimieta, 17 CIVHM16% 4 m
cP lbrhimieta, 17 CIVHFM18% i T E-
Fixed CP
Random CP i
NFC Smmoseta, 09 RC285%%
NFC luetal, 4 HNFC 31.3% — N
NFC Scott et o, 18 HPWS 40% —
NFC Scottetd., 18 LFSF 606 ——
NFC Scottet d., 18 LPWS 60% —H
NFC Luetdl, 19 MNFC 24% —H—
Fixed NFC <
Rardom NFC -
Fixed Overal &>
Random Overdl <&

4.00 -2.00 0.00 2.00 4.00

Favours A Favours B

Figure 5- The effect of dietary CP and NFC levels on propionic acid forest plot (The size of the squares
illustrated the weight of each study relative to the mean effect size, which is indicated by the diamond at the

bottom)
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Figure 6- The effect of dietary CP and NFC levels on propionic acid funnel plot (Empty circles indicate
observed values, and full circles possible missing values)
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Model Group by Study name Treatmeants
Type of Treatmeant
cP lbrahimiet 4., 14 HPHC 18%
cP lbrdhmiet A, 14 HALC 18%
cP lbrahimiet 4., 14 LPHC 14%
cP luetd, 14 HL 20.%%
cP lbrdmiet d., 17 CM18%
cP lbrshimiet 4., 17 CMeFM16%
cP lbrdmiet A, 17 CVHM168%
Fixed CP
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NFC luetd, 14 HNFC 31.3%
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NFC Scottetd, 18 LFSF 60%
NFC Scottet d., 16 LPWS 60Pe
NFC luetd, 19 IMNFC 24%
Fixed NFC
Random NFC
Fixed Overal
Rardom Overall

Figure 7- The effect of dietary CP and NFC levels on butyric acid forest plot (The size of the squares

Hedges's g and 95% Cl

_+
—
——
—B—
—m—
—m—
—m—
-
-
—+— B
— B
—H
—+—
—H
——
L
-
-2.00 0.00 2.00 4.00
Favours A Favours B

illustrated the weight of each study relative to the mean effect size, which is indicated by the diamond at the
bottom)
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Figure 8- The effect of dietary CP and NFC levels on butyric acid funnel plot (Empty circles indicate

Hedges's g

observed values, and full circles possible missing values)
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Figure 9- The effect of dietary CP and NFC levels on N-NHz forest plot (The size of the squares illustrated the
weight of each study relative to the mean effect size, which is indicated by the diamond at the bottom)
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Figure 10- The effect of dietary CP and NFC levels on N-NHs funnel plot (Empty circles indicate observed
values, and full circles possible missing values)
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Nodel  Group by Study name Treatmeants Hedges's g and 85% CI
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Figure 11- The effect of dietary CP and NFC levels on UT-B forest plot (The size of the squares illustrated the
weight of each study relative to the mean effect size, which is indicated by the diamond at the bottom)
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Figure 12- The effect of dietary CP and NFC levels on UT-B expression funnel plot (Empty circles indicate
observed values, and full circles possible missing values)
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Introduction: As is already known, urea transport across the ruminant wall is mediated via urea
transporters in the epithelium membrane (Stewart et al. 2005). Facilitative urea transporters are
derived from the UT-A and UT-B genes. UT-B mRNA or protein expressions have been
characterized in the rumen epithelium (Ludden et al. 2009; Marini and Van Amburgh 2003; Marini
et al. 2004; Stewart et al. 2005). Gene transcript abundance for UT-B is significantly correlated with
the ruminal serosal to mucosal urea fluxes. However, the mechanism by which the increased gene
expression occurred is unclear (Jin et al. 2018). Transcriptome analysis has been used to analyze the
rumen epithelium metabolic pathway changes under various conditions (Baldwin et al 2012,
Dionissopoulos et al 2014; Naeem et al 2014). The regulation of these urea transport mechanisms
across the rumen wall may be reavealed through this approach.

Material and methods: Literature searches were performed through various databases (Google
Scholar, PubMed, Medline, Science Direct, Scopus, Web of Science). The keywords used to search
relevant studies included: carbohydrate, dietary, protein and urea transporter. Based on the selection
criteria, only 11 articles were included in the database for the final analysis. The response variables
extracted for the meta-analysis included pH, VFAs, N-NHz and UT-B expression. Meta-analysis
was carried out using the Comprehensive Meta-Analysis package, version 3. The effect sizes of
across studies were calculated with fixed and random effect models. The presence of true
heterogeneity among studies was identified with Cochran’s Q—tests and quantification of the degree
of heterogeneity was done with the 12 index. Possible publication bias was evaluated with funnel
plot and statistical tests (Vesterinen et al. 2014).

Results and discussion: The results of current meta-analysis showed that different levels of CP in
diet, has a positive effect on ruminal N-NHs concentration and UT-B expression (<0.05). However,
different levels of dietary CP had insignificant effects on ruminal pH and VVFAs concentration. The
values of 12 and Q for ruminal N-NH3 concentration and UT-B expression effect size indicated high
and moderate heterogeneity, respectively. Different levels of NFC in diet increased ruminal VFAs
concentration and UT-B expression (<0.05). Different levels of dietary NFC decreased ruminal pH
(<0.05). Ruminal N-NHs concentration was not influenced by different levels of dietary NFC. The
values of 12 and Q for pH and UT-B expression effect size indicated high heterogeneity.
Conclusion: According to the results of current meta-analysis, both dietary CP and NFC increase
UT-B expression. It seems however that the NFC have a greater effect on increasing UT-B
expression than CP.
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