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Table 1. Characterization of publications used in the meta-analysis
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Method of His

Source Design' supplementation® Basal diet MP-level® Other supplemental AA
Vanhatalo et al. (1999) LS Infusion Grass silage MPD Lys, Met

Kim et al. (1999) LS Deletion Grass silage MPA Lys, Met, Trp

Kim et al. (2000) LS Infusion Grass silage MPA Lys, Met

Korhonen et al. (2000) LS Infusion Grass silage MPA —

Kim et al. (2001)a’ LS Infusion Grass silage MPA —

Kim et al. (2001)b LS Infusion Grass silage MPA Lys, Met, Trp
Huhtanen et al. (2002)a LS Infusion Grass silage MPD Len

Huhtanen et al. (2002)b LS Infusion Grass silage MPD —
Hadrovi et al. (2012) LS Deletion Corn silage MPD Len, Lys, Met

Lee et al. (2012) RCB RPHis Corn silage MPD RPLys, RPMet”
Giallongo et al. (2015) RCB RPHis Corn silage MPD RPLys, RPMet
Giallongo et al. (2016) RCB RPHis Corn silage MPA RPLys, RPMet
Giallongo et al. (2017) RCB Basal diet® Corn silage MPA RPLys, RPMet

Zang et al. (2019) LS RPHis Corn silage MPA RPMet

Morris and Kononoff (2020)a LS RPHis Corn silage MPA —
Morris and Kononoff (2020)b LS RPHis Corn silage MPA RPLys

Lapierre et al. (2021)a LS Deletion Corn silage MPD Free AA, casein profile
Lapierre et al. (2021)b LS Deletion Corn silage MPD Free AA, casein profile
Riisinen et al. (2021a) LS RPHis Corn silage MPA RPLys, RPMet
Riisénen et al. (2021b) LS RPHis Corn silage MPD RPLys, RPMet
Riisénen et al. (2022)a RCB RPHis Corn silage MPA RPLys, RPMet
Riiséinen et al. (2022)b RCB RPHis Corn silage MPA RPLys, RPMet

'LS = Latin square design; RCB = Randomized complete block design.

*Deletion = deletion of His from a mixture of postruminally infused AA: Infusion = postruminal infusion of His; RPHis = supplementation of
His in the form of rumen-protected His.
*Metabolizable protein requirements and supply were caleulated based on NRC (2001); MP-deficiency was defined as MP supplied at or below
95% of NRC (2001) requirements. MPA = MP-adequate diet; MPD = MP-deficient diet.
‘Letters indicate a subset of data within the same publication.

"Rumen-protected Lys or Met.

Experimental treatments were His-deficient basal diet and His-adequate basal diet. This His supplementation method was treated as RPHis in

the meta-analysis.
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Table 4. Effect size' and heterogeneity for the effect of His supplementation on lactational performance of dairy cows
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Effect size and 95% CI

Heterogeneity

Item N Random SE Lower limit Upper limit P-value Q-value® P-value
DML, kg/d 22 0.241 0.097 0.050 0.432 0.01 21.4 0.44
Milk yield, kg/d 22 0.888 0.192 0.512 1.26 <0.001 69.4 <0.001
ECM vyield," kg/d 14 0.187 0.115 —0.039 0.413 0.11 8.78 0.85
Milk true protein, % 22 0.246 0.104 0.041 0.450 0.02 23.9 0.30
Milk true protein, kg/d 22 0.674 0.147 0.386 0.962 <0.001 42.8 0.003
Milk fat, % 22 -0.427 0.119 —0.660 =0.195 <0.001 20.7 0.10
Milk fat, kg/d 22 —0.009 0.006 —0.197 0.178 0.92 12.6 0.92
Milk lactose, % 20 0.004 0.121 —-0.234 0.241 0.97 271 0.10
Milk lactose, kg/d 20 0.425 0.101 0.227 0.623 <0.001 43.7 0.001
Plasma His, mM 22 1.81 0.251 1.39 2.37 <0.001 92.3 <0.001

'Computed as standard mean difference = raw mean difference of treatment and control means divided by the pooled SD of the means: values

of <0.2, 0.2 to 0.7, and >0.7, were considered small, moderate, or large, respectively.

- .
“Number of studies.

*Chi-squared (Q) test for heterogeneity and variation among the study level.

1Six studies were excluded from the analysis due to lack of ECM data and respective SD in the publication.

Study name Statistics for each study
Std diff  Standard Lower Upper
in means error  Variance limit limit
Vanhatalo et al. (1999) 1.000 0.750 0.563 -0.470 2.470
Kim et al. (1999) 0.667 0.419 0.176 -0.155 1.489
Kim et al. (2000) -1.000 0474 0.225 -1.930 -0.070
Korhonen et al. (2000) 0.222 0.634 0402 -1.021 1.466
Kim et al. (2001)a 0.667 0419 0.176 -0.155 1.489
Kim et al. (2001)b 1.000 0433 0.188 0.151 1.849
Huhtanen et al. (2002)a 0.200 0.634 0402 -1.043 1.443
Huhtanen et al. (2002)b 1.000 0671 0450 -0.315 2315
Hadrova et al. (2012) -0.500 0.829 0688 -2125 1.125
Lee et al. (2012) 0.200 0.409 0.168 -0.602 1.002
Giallongo et al. (2015) 0.395 0.369 0.136 -0.327 1.118
Giallongo et al. (2016) 0.149 0.409 0.167 -0.652 0.950
Giallongo et al. (2017) 0.850 0.426 0.182 0.014 1.686
Zang et al. (2019) -0.200 0.501 0.251 -1.182 0.782
Morris and Kononoff (2020)a  0.000 0.408 0.167 -0.800 0.800
Maorris and Kononoff (2020)b  0.172 0.409 0.167 -0.629 0.974
Raisanen et al. (2021a) -0.158 0.354 0125 -0.852 0.536
Lapierre et al. (2021)a 0.333 0.637 0406 -0.915 1.582
Lapierre et al. (2021)b 0.778 0.599 0.359 -0.396 1.951
Raisanen et al. (2021b) 0.043 0.316 0.100 -0.576 0.663
Raisanen et al. (2022)a 0.145 0.409 0.187 -0.656 0.9486
Raisanen et al. (2022)b 0.014 0.408 0.167 -0.786 0.815
Pooled 0.241 0.097 0.009 0.050 0.432

Z-Value p-Value

1.333
1.588
-2.108
0.350
1.589
2.309
0.315
1.491
-0.603
0.489
1.072
0.364
1.994
-0.399
0.000
0422
-0.446
0.523
1.288
0.137
0.355
0.035
2470

0.182
0.112
0.035
0.726
0.112
0.021
0.752
0.136
0.548
0.625
0.284
0.716
0.048
0.690
1.000
0.673
0.656
0.601
0.194
0.891
0.723
0.g72
0.014

Std diff in

-4.00

and 95% CI

-
T —

-2.00

RS
=
&
0.00 2.0

0 4.00

Figure 1. Forest plot of the effect of His supplementation on DMI in lactating dairy cows based on standard difference in means. The dia-
mond at the bottom indicates the mean effect size, caleulated according to a random effects model. The size of the square illustrates the weight
of each study relative to the mean effect size. Smaller squares represent less weight. The horizontal bars represent the 95% CI for the study.


https://www.petrotarh.com/

A
Phone:+98 513 766 7944 @
Site: https:// .petrotarh.com 0
i ps://www.p ),,Zs!}z.,

Instagram:joosheshirinpars e g ctim

PETRO TARH PARS CO.LTD.

Telegram: joosheshirinpars

Study name Statistics for each study Std diff in means and 95% CI|
Std diff Standard Lower Upper
inmeans  error Variance limit limit Z-Value p-Value
Vanhatalo et al. (1999) 1.400 0.789 0623 -0.146 2.946 1.774 0.076 —i—
Kim et al. (1999) 2.000 0.500 0.250 1.020 2980 4.000 0.000 —
Kim et al. (2000) 2.091 0.556 0.309 1.001 3.181 3.760 0.000 -
Korhonen et al. (2000) 1.444 0.710 0.504 0.053 2.836 2.034 0.042 —i—
Kim et al. (2001)a 3.400 0.638 0408 2149 4.651 5.326 0.000 -
Kim et al. (2001)b 2778 0.572 0327 1656 3.899 4.855  0.000 ——
Huhtanen et al. (2002)a 1.000 0.671 0450 -0.315 2315 1491 0.136 .
Huhtanen et al. (2002)b 1.000 0.671 0450 -0.315 2315 1.491 0.136 +——
Hadrova et al. (2012) 2750 1.139 1.297 0518 4982 2415 0.016 ——
Lee et al. (2012) 0.314 0.411 0.169 -0.491 1.118 0.764 0445
Giallongo et al. (2015) 0.275 0.367 0.135 -0.444 0994 0.749 0454
Giallongo et al. (2016) 0.034 0.408 0.167 -0.766 0.834 0.083 0.934
Giallongo et al. (2017) 0.967 0.431 0.186 0.121 1.812 2241 0.025 -
Zang et al. (2019) 0.158 0.501 0.251 -0.824 1.138 0.315 0.753
Morris and Kononoff (2020)a  0.113 0.409 0.167 -0.688 0813 0276 0.783
Marris and Kononoff (2020)b  0.141 0.409 0.167 -0660 0842 0345 0.730
Raisanen et al. (2021a) -0.009 0.354 0125 -0.702 0684 -0.026 0979
Lapierre et al. (2021)a 1.259 0.692 0479 -0.098 2616 1.819 0.069
Lapierre et al. (2021)b 0.805 0.600 0.360 -0.372 1.981 1.341 0.180
Raisanen et al. (2021b) 0.231 0.317 0.101 -0.391 0.853 0.727  0.467
Raisanen et al. (2022)a 0.309 0.411 0168 -0496 1.113  0.751 0.453
Raisanen et al. (2022)b 0.170 0.409 0.167 -0.631 0872 0416 08677
Pooled 0.888 0.192 0.037 0512 1.264 4626 0.000 L3
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Figure 2. Forest plot of the effect of His supplementation on milk yield in lactating dairy cows based on standard difference in means. The
diamond at the bottom indicates the mean effect size, calculated according to a random effects model. The size of the square illustrates the
weight of each study relative to the mean effect size. Smaller squares represent less weight. The horizontal bars represent the 95% confidence
intervals for the study.
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Std diff Standard

Study name

in means
Vanhatalo et al. (1999) 0.143
Kim et al. (1999) 1.875
Kim et al. (2000) 1.000
Korhonen et al. (2000) 1.333
Kim et al. (2001)a 1.200
Kim et al. (2001)b 2.000
Huhtanen et al. (2002)a 1.000
Huhtanen et al. (2002)b 1.333
Hadrova et al. (2012) 0.375
Lee et al. (2012) 0.235
Giallongo et al. (2015) 0.333
Giallongo et al. (2016) 0.250
Giallongo et al. (2017) 1.000
Zang et al. (2019) 0.182

Morris and Kononoff (2020)a  0.056
Morris and Kononoff (2020)b  0.222
Raisanen et al. (2021a) 0.000
Lapierre et al. (2021)a 2111
Lapierre et al. (2021)b 2.286
Raisanen et al. (2021b) 0.308
Raisanen et al. (2022)a 0.087
Raisénen et al. (2022)b 0.000
Pooled 0.674

error

0.708
0.490
0.474
0.699
0.443
0.500
0.671
0.699
0.824
0.410
0.368
0.410
0.433
0.501
0.408
0.410
0.354
0.789
0.742
0.318
0.408
0.408
0.147

Statistics for each study

Variance

0.501
0.240
0.225
0.489
0.197
0.250
0.450
0.489
0.678
0.168
0.135
0.168
0.188
0.251
0.167
0.168
0.125
0.623
0.551
0.101
0.167
0.167
0.022

Lower Upper

limit
-1.245
0.915
0.070
-0.037
0.331
1.020
-0.315
-0.037
-1.239
-0.568
-0.387
-0.553
0.151
-0.800
-0.745
-0.580
-0.693
0.564
0.831
-0.316
-0.734
-0.800
0.386

limit

1.531
2.835
1.930
2.704
2.069
2.980
2.315
2.704
1.989
1.038
1.054
1.053
1.849
1.164
0.856
1.025
0.693
3.6858
3.741
0.931
0.867
0.800
0.862

Z-Value p-Value

Std diff in means and 95% Cl

0202 0.840
3.828 0.000
2108 0.035
1.907  0.057
2.706  0.007
4.000 0.000
1.491 0.136
1.907  0.057
0.455 0.649
0.574 0.566
0.907 0.365
0610 0.542
2309  0.021
0.363 0.717
0136  0.892
0543  0.587
0.000 1.000
2675 0.007
3.079  0.002
0.967 0.333
0.163  0.870
0.000  1.000
4.583  0.000
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Figure 3. Forest plot of the effect of His supplementation on milk true protein yield in lactating dairy cows based on standard difference
in means. The diamond at the bottom indicates the mean effect size, caleulated according to a random effects model. The size of the square
illustrates the weight of each study relative to the mean effect size. Smaller squares represent less weight. The horizontal bars represent the 95%

CI for the study.
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Figure 4. (A) Dry matter intake and (B) milk yield observations across increasing adjusted digestible His (adHis) supply. n = 62. Regression
model fit was performed with a log logistic model, and parameter estimates were for panel A: M = 26.9 (SE = 0.173); D = 16.9 (SE = 0.280);
K = 8.04 (SE = 0.713); L = 45.1 (SE = 0.539), for panel B: M = 42.4 (SE = 0.368); D = 23.2 (SE = (.725); K = 6.30 (SE = 0.572); L = 43.8
(SE = 0.745). For details see Materials and Methods.
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Figure 5. Milk true protein yvield observations across increasing ad-
justed digestible His (adHis) supply by His supplementation method.
EPHis = supplementation of His in the form of rumen-protected His.
Int = post-ruminal infusion of His. Regression model fit was performed
with a log logistic model, and parameter estimates were as follows.
RPHis n = 28; M = 0.856 (SE = 0.0331); D = 1.30 (SE = 0.011); K
= 7.59 (SE = 0.963); L = 49.1 (SE = 1.20). Inf n = 34; M = 0.718
(SE = 0.015); D = 1.09 (SE = 0.020); K= 27.1 (SE =19.1); L = 39.3
(SE = 0.458). Contrast for comparison of model parameters across
classification levels based on single degree of freedom contrasts: P <
0.01 for D, M., and L parameters, respectively. For details see Materials
and Methods.
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Figure 6. Plasma His concentration observations across increas-
ing adjusted digestible His (adHis) by His supplementation method.
RPHis = supplementation of His in the form of rumen-protected His:
Inf = postruminal infusion of His. RPHis n = 28, intercept estimate =
—3.69 (SE = 10.5), slope estimate = 0.820 (SE = 0.1697); Inf n = 34,
intercept estimate = —38.9 (SE = 9.44), slope estimate = 2.16 (SE =
0.247). P < 0.001.
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Figure 7. Efficiency of His utilization (Effy,) observations by MP-level and across (A) increasing adjusted digestible His (adHis) supply
or (B) ratio of r\d]l]‘!t(d digestible His (adHis) to NE; supplies. Metabolizable protein requirements and supply were calculated based on NRC
(2001); MP-deficiency (MPD) was defined as MP supplied at or below 95% of NRC (2001) requirements, and MP-adequacy (MPA) above 95%

supply of requirements.
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