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* Thinking the right topic and aim
* Verified that our topic and aim that we thought

were dlready published by previous researchers. If
yes, then collecting all related journals to ours.

Input all data of different journals into a database
into the same sheet

* Verify our database units, must be similar!
* The statistical power is based on sample size.

* Choosing the statistical engine. SAS, R, Stata, Comprehensive
Meta-analysis, SPSS, Phyton
Anq Iysis qnd * SAS proc :PROC MIXED, GLM, class: study becomes random
. factor, R: mixed effect model
|nierpreiailon * Figures, tables, and results interpretation: linear or quadratic
response, single or multivariate models, continuous or discrete
model
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CONCEPTUAL OF EXPERIMENTS
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' Experiments
Survey,

POST-AMALYSIS
EVALUATION

*Sauvant et al (2008): Animal, 2:8, 1203-1214
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General idea concept:

Independent Obiject

variable measurement variable
Measured variable : Person, animal, plant, Parameter (height,
Dosage, diet, etc. building, cell, ete. intake, size, etc.

(var. X) (var. Y)
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General idea concept:

MCFA Ruminant

SOURCE metabolism MITIGATION
Inclusion in the Microbial and rumen Mitigate rumen
ruminant diet and fermentation methane emission
verified in vitro and in without negative

vivo impact on ruminant

production
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= Non-refevant MCFA levels and
types: 2 i viive studies {n=8)
& Mon-relevant parameters: i vilro

variabiles (o= &) and fa vive

= Others: in virre variables (n = 1%)

and in vive variables (n = 2)

|
Database of MCFA source studies on ruminant CHs production:
e Google scholar, CAB Abstract, PubMed, Web of Knowledge, Scopus
-
i
=
Z !
Z
= Effect of MCFA source on ruminant CHs production:
in vitro and in vive studies. Sources: Coconut oil, lauric acids, myristic acids, mixed MCFA,
P—, Krabok oil, Palm kernel oil. 57 studies found (n = 377)
! '
E 4 N ™
§ i vitre: i vive:
# 30 studies (n=276) 27 studies (n=94)
e, M P A
— I !
' R ™y
Removal of in vitro studies with Remowal of in vive studies with
ingligible parameters ingligible parameters
g‘ 8 Ah A
= I |
B v .
- I -
Exclusion of non-relevant eriteria Exelusion of non-relevant eriteria
21 studies remaining (n= 157) 21 studies remaining (n = 75) Mon-relevant criteria;
\ J b - = Experimental trial: 2 fan witro
studbes {n = ) and | in vivo
study (n= 1)
Abnormal MCFA levels were
excluded (n=3)
E v
H
E variables (n=3)
2 20 in vitro studies included in 21 in vive studies included in
meta-analysis meta-analysis
{n=154) (n=7%) \

FIGURE 1 Flow diagram for selection of the studies in the meta-analysis to investigate the effect of medium-chain Fatty acids (IMCFA) on

ruminal methanogenesis in the in vitro and in vivo studies

~
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TABLE 1

Exp. No.

oo R W KN R

-l

10
11
12
13
14
15
16
17

18
19

20

In vitro experiments included in the meta-analysis of the effect of medium-chain fatty acids (MCFA) on ruminal methanogenesis

Reference

Dong et al. (1997)
Machmiiller et al. (1998)
Dohme et al. (1999)
Dohme et al. (2000)
Dohme et al. (2001)

Machmiiller, Dohme, Soliva, Wanner, and
Kreuzer (2001)

Machmiller et al. (2001}

Machmiller, Soliva, and Kreuzer (2002)

Ajisaka et al. (2002)

Soliva et al. (2003)

Soliva et al. (2004)

Yabuuchi et al. (2006)

Cieslak et al. (2006)

Bofic et al. (200%)

Klevenhusen et al. (2009)

Staerfl, Kreuzer, and Soliva (2010)

O'brien, Navarro-Villa, Purcell, Boland, and
O'Kiely (2014)

Kim et al. (2014)

Kang et al. (2016)

Kang et al. (2017)

Method

RUSITEC
RUSITEC
RUSITEC
RUSITEC
RUSITEC
RUSITEC

RUSITEC
RUSITEC
GVl

HGT
RUSITEC
GEl
RUSITEC
CBC
RUSITEC
HGT
GPT

GVI
GEI

GEI

Diet

Grass

Concentrates

Maize silage, concentrate
Maize silage, concentrates
Maize silage, concentrate

Hay, corn silage, concentrates

Hay, corn silage, concentrates
Hay, corn silage. concentrates
Glucose, cellobiose

Not specified

Grass hay, concentrate

Corn grains

Hay; wheat meal

Alfalfa

Maize, wheat; hay

Maize silage, concentrate

Ryegrass, grass silage, barley grains

Alfalfa; concentrate

Cassava chips, rice bran; coconut and

palm meals

Rice straw, cassava

Source

co

Cco

co

CanO, PKO, CO
LA, MA

CO

LA

LA

LA

LA, MA, LMA
LA, MA, LMA
PKO,CO

co
LA
LA
LA, MA
LA

LA

KO, CO

KO

Abbreviations: CanO, canola oil enriched with lauric acid; CBC, batch culture; DM, dry matter; GBI, glass bottle incubation; GPT, gas pr
technique; GVI, glass vessel incubation; HGT, Hohenheim gas test; KO, krabok oil; LA, lauric acid; LMA, mixed lauric and myristic acids;
acid; MCFA, medium-chain fatty acids (Cy, 5 and C‘HUJ CO. coconut oil: PKO, palm kernel oil: RUSITEC, rumen simulation technigue.

MCFA
level, g/
kg DM
0-63.8
0-25.2
0-35.1

0.8-47.7

0-45
0-331

TABLE 2

mu-&wnr-gg

~

10
11
1z

13

14
15
16
17
i8

9
20
21

In vive experiments included in the meta-analysis of the effect of medium-chain fatty acids (MCFA) on ruminal methanogenesis

Reference

Machmiller and Kreuzer (1999)
Machmilller, Ossowski, and Kreuzer (2000)
Machmiller et al. (2003)a

Machmiller et al. (2003)b

Lovett et al. (2003)

Jordan, Lovett, Hawkins, Lovett, Hawkins,
Callan, and O'Mara (2006)

Jordan, Lovett, Monahan, et al. (2006)
Sauvant et al. (2008)

Crompton, Mills, and Reynolds (2010)
Hristov et al. (2009)
Ding et al. (2012)

Kongmun, Wanapat, Nontaso, Nishida, and
Angthong (2009)

Pilajun, Wanapat, Wachirapakorn, and
Navanukroaw (2010)

Van Zijderveld et al. (2011)
Liu, Vaddella, and Zhou (2011)
Hollmann et al. {2012)

Ding et al. (2012)

Hollmann, Powers, Fogiel, Liesman, and
Beede (2013)

Nguyen and Hegarty (2017)
Klop et al. (2017)
Suryani, Zain, Ningrat, and Jamarun (2017)

Animal
Sheep
Lamb

Lamb

Lamb

Duairy cattle

Dairy cattle

Dairy cattle

Dairy cattle

Dairy cattle
Dairy cattle
Female yaks

Steer

Steer

Dairy cattle
Lamb
Dairy cattle
Sheep

Dairy cattle

Dairy cattle
Dairy cattle

Steer

Feeding ration

Hay, concentrate

Hay, concentrate, maize silage
Hay, concentrate

Maize silage. concentrate
Rolled barley, soybean meal

Grass, barley, soybean meal

Barley, soybean meal

Cassava chips. soybean meal,
cocanut meal

Maize, grass silage, cereals
Alfalfa, barley, corn
Grass, oat hay

Rice straw, concentrate

Rice straw, concentrate

Maize, dry beet pulp, barley
Barley silage, concentrate
Alfalfa, corn, grass

Oat hay

Alfalfa, corn, soy hull

Qaten, alfalfa
Corn, saybean meal

Palm oil frond

co
co
MA
co
co

co

co
LA.CO
co
co

co

LA. MA
co
co
co
co

co
LA
co

MCFA level, g/
kg DM

0-36.2

0-234

0-49

0-35

0-754

0-339

0-813

0-19.5

0-22.8
0-14.3
0-78

0-45.5

71-28.2

0-16

0-148
0-1929
0-11.6

0-241

0-26.5
0-63.7
0-13.9

Abbreviations: DM, dry matter; LA, lauric acid; MA, myristic acid LMA, Mixed lauric and myristic acids; MCFA, medium-chain fatty acids (C,,.; and
Cy2) CO, coconut oil.




Methods

variables. The continuous predictor variable consisted of the concen-
trations of MCFA supplementation. The statistical model used was

(Equation 1):

Y= Bo+B1Xy+ BoX + 5+ b)) +g (1)

Poznan University of Life Sciences

Means comparison

=) Regression

The effectiveness across sources of MCFA was compared using

the following statistical model for the discrete predictor variables
IMCFA sources; (Equation 2):

Yﬁ_i: S+ 1+ 5T+ e (2}



M Inbox {13} - yanza.pulspoman@. X | [ Outlook

< cC

@ NewTab

Apps @ Punkiagia Czasopis.. (@ Foreigners - Check...

b M Haihao
b [l Hazzan

[R ChangeCHA SAS.
i} ChangaCH4re

Ginvmans

[R Data Paulowniz Invotr 5

% Paulowniz DAPI In vitro.xlsx

@ localhost:10080/SASStudio/38/main?locale=en_US&zone=GMT%252B02%253A008http%3A%2F

Methods

X | # flavoncid rumen - GoogleSchol: X G 545 Studio x  +

B REBAHIN - Situs No.. @ httpsi//plagiarismd.. B Logowanie do syste..

wywny rozkiad.sss % [} Paulows x
LoG RESULTS
HRERDLB EBEI&®Da kR [CIE 2\ |

|/** Import an XLsx file. **/

PROC IMPORT DATAFILE="/folders/myfolders/mcfasept2@19revised/SAS

OUT=WORK.. InviveMCFA
DB X
REPLACE;

RUN;
/== Print the results. ==/

PROC PRINT DAT,

JORK . Tnv

Titlel ‘The models Equation for MCFA invivo';

/* quadratic CH4mL*
proc mixed data=Tnv
class study;
model CHAmL=MCFA|
random study;
titlel ‘quadratic CH4mL';
run;

/* linear CH4m
proc mixed dat
class study;
model CH4mL=MCFA /solution;

random study;

titlel 'linear CHAmL';

run;

/¥ Fit intercept-only linear design CH4mL*/

proc mixed data=InvivoMCFA cl covtest method=type3;
class study;

model CH4mL = ;

titlel 'Fit Intercept-only Model CH4mL';

run;

MCFA €l covtest method=type3;

A /solution;

nvivoMCFA cl covtest method=type3;

/* quadratic CH4 DMI
proc mixed data=Tnvi
class study;

MI=MCFA|MCFA /solution;

MCFA

cl covtest method=type3;

/* linear CH4 DMI®
proc mixed data=

MCFA ¢l covtest method=type3;

MCFA /solution;

random study;

titlel 'linear CH4 DMI';
run;

/* Fit intercept-only linear de
proc mixed data=InvivoMCFA

sign CH&_DMI®/
<l covtest method=ty

@ rozkiad jazdy pkp P..

%2Flocalhost?3A10080%2FSASStudio%2F38%2Findex=

In vivo data.xlsx"

FLI FLE: Institute of Ani...

=] Suggested Sites

G 5AS Studio

Poznan University of Life Sciences

ax 69

@ Quota Redirection @ § 120 & 2020 NEW..




Poznan University of Life Sciences

In viva revised 2020-results mpatibility Mode - Saved Table Tools Yanza Rizki
File Home Insert Design Layout References Mailings Review View MathType Developer Help Grammarly Foxit PDF Design Layout P Search 13 Share = Comments
o A A e LFind ~ (C]
LD Times b L A Aa~ B AaBbCeD¢ AaBbCD¢ AaBbC AaBbCi AaBbC AaBbCcD 4cBbCeDdl AaBbCCDdI AcBbCeDd! AaBbCEDE AaBbCcDe & et {E0]]
] = g Pl o <
Tk e x. x == 1= T Normal | TNoSpac.. Heading1 Heading2 Title Subtitie  Subtle Em.. Emphasis  Intense E.. Stron Quote Intense Q.. |+ Dictate Editor Open
+ < Format Painter = R =i 2 = = = s = 4 = [% Select~ - Grammarly
Clipboard = Font & Paragraph ] Styles m  Editing Voice Editor | Grammarly ~
L GU# Mo #2003 4 B 5. B6. . 7.0 .8 B9 10 i1 1200 D0 14 15 860 1700 3801 o190 2O -
O
quadratic CH4mL quadratic CH4mL
The Mixed Procedure The Mixed Procedure
Data Set WORK INVIVOMCFA Standard z )
Dependent Variable CHdmL Cov Parm | Estimate Error| Value| PrZ|Alpha| Lower| Upper
Covariance Structure Variance Componants ST ! 20 00273 43| 150366
Estimation Methad Topes < Residual 1572 450]< 0.05]4311.08] 10352
Residual Variance Method | Factor
Fixed Effects SE Method Model-Based Fit Statistics
Degrees of Freedom Method | Containment -2 Res Log Likelihood | 7463
AIC (Smaller is Better) | 730.5
Class Level Information L0 (e Igfisher)| 7406
Class | Levels [ Valnes HGmalick Baag) 524
Sl-dy‘ 21|123455739101112131415161115192021
Solution for Fixed Effects
= = Standard |
ThatsgHons Effect Estimate|  Error| DF |t Value| Pr =g
e L O Tntercept 11321 662436| 16| 473 00002
C“-l"“"_'x 1 MCFA 63| 14m0| @1 23 oo
Sl 2 MCFA*MCFA | oozz27| vozzm| a1 1ag] 01500
Subjects 1
Max Obs per Subject 60|
- Type 3 Tests of Fixed Effects
Num | Den|
Number of Observations Effect DF| DF|F Value| Pr=F
Number of Observations Read 73 MCFA 1| 41 559| 0.0188
Number of Observations Used 60 MCFA*MCFA 1| 41 214| 01507
Number of Observations Not Used 15
Type 3 Analysis of Variance
) Sum of - Error|
Source DF Squares | Mean Square| Expected Mean Square Error Term| DEF|F Valne| Pr=F
MCFA 1 36359 3639 Var(Residual) + QUMCFA) MS(Residual) | 41 5.72| 00215
MCFA*MCFA | 1 12718 12718 Var(Rasidual) + QIMCFA*MCFA) [ MS(Residual) 41 200 0.1651
L 382508 242380( v ) +3.3632 Var(Study) |MS(Resigmal) | 41| 38.06| <0001
Residual 41 261081  6367.840084 \-‘m . , B
Page11af17  7340words  English (United States) I Facus = L £

H £ Type here ta search



‘ Methods

M Inbox {13} - yanza.pulspoman@. X | [ Outlook % | # flavonoid rumen-Google Schol: X G SAS Studio x 4+ = X

Poznan University of Life Sciences

< C Y @ localhost:10080/SASStudio/38/main?locale=en_US&zone=GMT%252802%253A008htip%3A%2F%2Flocalhost?3A10080%2FSASSudio%2F38%2Findex= a % @9

@ NewTab ) Punkiacjs Caasopis.. (@ Foreigners-Check.. B REBAHIN - Situs No.. @ httpsi/plagierismd.. B Logowaniedosyste.. (&) rozkdad jazdy pkp P..  FLI FLE Institute of Ani.. | Suggested Sites G SASStudio @ Quota Redirection @ § 120 & 2020 NEW.., »

DO @ sasrogemmer

ChangeCHdrevised % [} Invivo ravised 2020.s32 - X FAInvivo ANOVASAS % 71 "MCFA In viro ANOVA SAS % | [&] & ANOVA x| |-
s
a2 Dol bR @/ % M =2

/*= Import an XLSX file

PROC IMPORT DATAFILE="/folder
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b M Haihao
LA OUT=HOR \NOVA
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REPLACE;
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/** Print the results. **/

PROC PRINT DATA=WORK.MCFA.

vitroAflovA; RUN;

Titlel 'ANOVA of

FA Invitro 2819";

/% ANOVA OMD*/
proc mixed data=
class study Sour
model OMO=Source;

random study;

1lsmeans Source/pdiff cl s
titlel "ANOVA OMD';

run;

ro2e1% ¢l covtest method=type3;

st=Tukey;
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class study So
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run;
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proc mixed dataz
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mo pH=Source;
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1smeans Source/pdiff cl adjust=T
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run;
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/** Import an XLSX file. **/

PROC IMPORT DATAFILE="/folders/myfolders/mcfasept2019revised/ChangeCH4 SAS.xlsx"
OUT=WORK . Change(H4

RUN;
/== Print the results. ==/
PROC PRINT DATA=WORK.ChangeCH4 ; RUN;

/* quadratic change of CH4 OMD*/

proc mixed data=ChangeCH4 cl covtest method=type3;

class method;
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random method;

titlel 'quadratic CH4 OMD';

run;

MCF;
/* linear change_of_CH4 OMD®/

proc mixed data=ChangeCH2 cl covtest method=type3;
class method;

model Change CH4 OMD=MCFA/solution;

random method;

titlel 'linear CH4 OMD';

run;

/* Fit intercept-only linear design DMD*/
proc mixed data=ChangeCH4 ¢l covtest method=
class method;
model Change CH4 OMD= ;

i "Fit Intercept-only Model CH4_OMD';

ype3;

ods graphics / reset width=gin height=4in sttrpriority—n
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TABLE 3 Descriptive statistics of the variables in the database used to evaluate the effect of medium-chain fatty acids (MCFA) on
ruminal methane production in ruminants

In wvitro In vive
ltem n Mean SD Max Min n Mean 5D Max Min
DMI (kg d) 65 10.2 79 26.5 0.7
Digestibility (36)
DMD 23 564 1iz2.4 81.5 38.1 32 56.3 &3 75.5 50.0
omMD a4 55.8 105 77e 334 44 a&9.7 4.4 T6.4 59.3
CPD 28 G011 17.3 89.4 341 3z a6 2 87 0.4 30.0
MNDFD 53 25.6 13.5 573 5.3 46 55.6 79 70.0 35.2
Rumen fermentation
pH B8é &.8 0.2 T2 6.3 32 &6 0.3 .0 61
Gas (mL/g DMs) 63 218 120 489 2.0
CH, (mL/d and Lsd) 102 59 5.8 20.2 0.0 &0 303 272 83s 10.5
CH_.JDMS (L/kg) 110 144 11.3 454 0.2 53 311 11.0 54.5 Q.6
CH,/OMD (L/kg) 38 i78 7.4 29.4 4.4 36 38.9 14.5 578 &.5
Total VFA (mmol/L) 108 727 31.3 170.7 21.0 36 101.2 16.6 1349 59.5
C, (mol /100 mol VFA) 108 569 6.0 70.2 40.2 36 65.8 2.5 701 601
4 {mol/100 mol VFEA) 109 22:6 5.8 39.5 11.4 40 212 3.0 271 13.8
C4 {mol/100 mol VFA) 109 139 4.3 24.2 51 40 10.4 2.4 15.3 4.3
IsoC, (mol/100 mol 66 1.1 0 2.6 0.1 27 o7 0.4 1.2 0.1
WVEA)
Cs5(mol/100 mol VFEA) a8 4.0 2.7 .6 -1 27 1.7 0.5 27 1.0
IsoCi (mol /100 mol 59 2.8 1.5 5.8 .5 27 1.3 o5 21 o4
VEA)
€y 105 2.7 11 5.3 01 3s 3.2 0.5 4.2 2.3
Hs (mmol/L) 56 o9 14 4.0 0.0
NH, (mmol/L) 70 12.6 6.7 25.6 21 23 8.3 3.5 18.0 5
Microorganism
Protozoa (10%/ml) a9 051 0.54 2.24 0.0 34 51.7 36.6 138.2 1.0
Bacteria (10%/mil) 40 33 1.5 5.1 0.3 20 177 14.5 44 .0 3.0
Archoea (107 /mil) 50 o i 8.4 339 0.0 16 71.0 &1.6 234.0 5.1

Abbreviation: n, number of observations; sD, standard deviation: Max, maximum; Min, minimum; DMD, digested dry matter: OMD, digested organic
matter; CPD. digested crude protein: NDFD. digested neutral detergent fibre: CH ymethane, mL/d for the in vitro and L/d for the in vivo: DMs, dry
matter substrate for in vitro or dry matter intake for in vivo; VFA, volatile fatty acids; C,, acetate; C,, propionate; C,, butyrate; Iso-C,, isobutyrate; Cs,
valerate; Iso-Cgiisovalerate; H,, hydrogen.
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TABLE 4 Regression equations of ruminal fermentation parameters on the concentrations of medium-chain fatty acids (MCFA) addition
in the in vitro experiments

Parameter estimates
Response parameters n Model Intercept SE Intercept Slope SE Slope P value RMSE R
In vitro digestibility (%)
DMD 23 L 61.5 277 -0.2 0.08 .0z 297 0.32
OMD 44 L 5746 3.28 =-0.07 0.05 ns 5.32 0.74
CPD 28 Y 577 8.39 -0.09 0.06 ns 619 0.87
NDFD 53 Y 298 3.82 -0.23 0.06 <01 715 071
Rumen fermentation
pH 86 E 6.82 0.05 -0.00006 0.0004 ns 0.09 078
Gas (mL /g DMs) 43 I 209 35.6 -0.5 04 ns 66.7 0.68
CH, (ml) 102 L 9.51 16 -0.044 0.02 .03 355 0.62
CH,/DMs (L/kg) 110 L 18 2.3 -013 0.03 <01 & 0.72
CH./OMD (L/kg) 38 IE: 237 21 =02 0.03 <01 3.66 0.75
Total VFA [mmol/L) 106 11 814 71 -01 01 07 1117 0.87
C,(mol/100 mol VFA) 108 Q 579 1.3 -01 0.04 01 35 0.66
0.0014 0.0006 02
C,(mol/100 mol VFA) 109 Q 216 15 01 0.04 <01 313 079
-0.001 0.001 05
C,(mol/100 mol VFA) 109 L 142 v | -0.015 0.008 o8 183 0.82
IsoC, (mol/100 mol 66 1! 083 0.26 0.00002 0.0019 ns 032 0.86
VFA)
C;(mol/100 mol VFA) 88 Q 355 0.68 0.023 0.012 06 0.93 0.88
-0.00029 0.00016 07
Is6C; (mol/100 mol 69 I 22 046 -0.0024 0.003 ns 0.48 0.89
VFA)
CiCy 105 Q 3.01 0.24 -0.021 0.007 <01 0.6 07
0.0002 0.0001 .03
Ha, (mmol/L) 56 ! 0.56 0.28 0.01 0.003 <01 0.49 078
NH; (mmal/L) 70 Q 1175 18 =011 0.05 .03 2.59 0.85
0.0014 0.0008 o8
Microarganism
Protozoa (10%/ml) 49 L 10.3 1.03 =019 0.03 <01 316 0.65
Bacteria (10°/ml) 40 L 3.27 0.49 -0.0009 0.006 ns 0.6 0.84
Archaea (107/ml) 50 Q 14.52 5.41 -0.77 0.26 o1 448 071
0.01 0.01 04

Note: The model is tended to be significantly compatible at p £ .10. The model is considered compatible at p = .05.

Abbreviations: C,, acetate; C,, propionate; C,, butyrate; Cg, valerate; CH,, methane; CPD, digested crude protein; DMD, digested dry matter; DMs,
dry matter substrate; H,, hydrogen; Iso-C,, isobutyrate; Iso-Cs, isovalerate; Model, linear (L) or quadratic (Q}; n, number of observations; NDFD,
digested neutral detergent fibre; OMD, digested organic matter; R R-square;RMSE, root mean square of errors; 5E, standard error; VFA, volatile
fatty acids.
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TABLE 5 Responses of ruminal fermentation parameters affected by different medium-chain fatty acids (MCFA) sources in the in vitro
experiments

Response parameters n Control co CanQ KO LA MA LMA PKO p value
In vitro digestibility (%)
DMD 23 704° 50.3° i 54.2° 47.5° - = - <01
OMD 44 57.5 55.9 57.5 - 51.5 57.4 56.2 55.4 ns
CPD 28 s8.0 51.9 - - 53.7 59.0 53.2 = ns
NDFD 50 30.5° 18.1” 21.8%  255% 15.0° 27.9% 21.3% 15.3° <01

Rumen fermentation

pH 84 6.82 679 6.83 6.66 6.82 6.83 6.83 6.82 ns
Gas (mL/g DMs) 63 220 156 - 197 176 258 236 163 s
CH, (mL) 102 9.75° 10.2° — g9.21%¢ 570° 12.8% 477" — <01
CH,/DM:s (L/kg) 110 1857 12.3° 15.8% 115% 10.97 18.6% 13.4° 13,5 <01
CH/OMD (L/kg) 38 23.0° 15.8° 21 4% - 13.7° 21 g 13.3% 1568 <01
Total VFA (mmaol/L} 106 817 76.7 80.2 80.6 752 859 79.1 822 ns
C,(mol/100 mol VFA) 105 579 56.2 58.0 559 56.3 59.5 544 56.2 ns
C,(mol/100 mal VFA) 109 il 2449 21.3% 24 50 24.3° o gab 22 5% 23,5% 07
C,(mol/100 mol VFA) 108 141 14.0 14.9 14.2 13.2 131 15.0 14.5 ns
150C4{mol.|f 100 mol 66 086 0.64 - - 0.84 0.85 0.80 — ns
VFA)
Cs(mol/100 mol VFA) 79 3.57° 2.89° A g0 — 3.21F 3.646° 5.84° 3.85° 03
Iso-C. (%) 69 2.28 162 - - 218 206 2.06 1.65 ns
c,C, 105 304 2.74% 3457 261% 233 2a9®  271% 299% 03
H, (mmol/L) 50 0.53° Q.77 Q.53 — 1.37% 0.49° 1.84° 1, 24¢ 02
NH, (mmol/L) 70 11.7 9.32 10.6 - 100 13.2 9.23 952 ns
Microorganism
Protozoa (10%/ml) 42 10.3° 2597 a2y — 1.520 9.10° 3.24° - <01
Bacteria (10°/ml) 40 3.30 2.98 3.45 3.39 3.55 3.30 4.00 ns
Archaea (107/ml) 50 151° 6.80% 9.75°% 1.48° 9.10° 0.00° 9.74°% <01

MNote: Different superscript alphabets of means in a row are significant differences at p = .05.

Abbreviations: C,, acetate; Cy, propionate; C,, butyrate; C, valerate; CanQ, canola oil enriched with lauric acid; CH,, methane; CO, coconut cil; CPD,
digested crude protein; DMD, digested dry matter; DMs, dry matter substrate; H,, hydrogen; Iso-C,, isobutyrate; 1so-C, isovalerate; KO, krabok oil;
LA, lauric acid; LMA, mixed lauric and myristic acids: MA, myristic acid; n, number of observations; NDFD, digested neutral detergent fibre; OMD,
digested organic matter; PKO, palm kernel oil; VFA, volatile fatty acids.
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TABLE 6 Regression equations of ruminal fermentation parameters on the concentrations of medium-chain fatty acids (MCFA) addition
in the in vivo experiments

Parameter estimates
Response Parameters n Model Intercept SE Intercept Slope SE Slope p value RMSE R?
DMI (kg/d) 65 Q 10.2 19 -0.072 0.024 <01 1.05 098
0.0008 0.0004 05
In vivo digestibility (%)
DMD 32 L 64.4 21 -0.005 002 ns 2.01 0.82
OoMD 44 5 69.3 1.2 -0.01 002 ns 175 0.83
CPD 32 L 65.8 33 0.03 002 09 161 096
NDFD 44 L 56.8 2y -0.08 0.03 02 3.73 077
Rumen fermentation
pH 32 L 6.61 0.1 -0.002 0.001 08 0.12 0.83
CH, (L/d) &0 L 303 65.6 -1.58 0.3 <01 67.6 093
CH,/DMI (L/kg) 53 Q 338 279 -0.32 01 <01 3.89 0.87
0.0029 0.0014 05
CH,/OMD (Likg) 36 Q 42.2 4.57 -0.44 014 o1 5.67 .84
0.0048 0.0026 07
Total VFA (mmaol/L) 36 Q 105.5 53 -0.58 0.29 06 706 0.81
0.011 0.005 06
C, {mal/100 mol VFA) 36 L 635.6 07 =0.011 0.013 ns 1.28 0.73
C,(mol/100 mal VFA) 40 L 20.5 0.8 0.03 002 06 1.65 07
C, (mol/100 mol VFA) 40 L 10.8 07 -0.01 0.01 ns 1.02 0.81
IsoC,(mol/100 mol 27 L 078 013 -0.003 0.001 .03 01 091
VFA)
C;(mol/100 mal VFA) 27 Q 1.69 0.2 0.01 0.004 02 o.08 098
-0.0002 0.0001 .02
IsoCS(mnlfli)O mal 27 L 146 0.19 =0.006 0.002 <01 0.18 0.87
VFA)
lIZZ:C3 38 L 3.27 012 -0.006 0.003 .05 0.31 0.52
NH; (mmal/L) 23 L 10.5 13 -0.08 0.02 <01 091 093
Microorganism
Protozoa (msfmn 34 714 099 -0.09 0.0z <01 1.87 073
Bacteria (10°/ml) 20 L 18 72 -0.05 0.04 ns 277 096
Archaea (107/ml) 16 L 885 329 -0.52 0.5 ns 312 073

Note: The model is tended to be significantly compatible at p = .10, The model is considered compatible at p £ .05.

n, number of observations; Model, linear (L} or quadratic (Q); SE, standard error; RMSE, root mean square of errors; r% R-sguare; DMI, dry matter
intake; DMD, digested dry matter; OMD, digested organic matter; CPD, digested crude protein; NDFD, digested neutral detergent fibre; CH,,
methane; VFA, volatile fatty acids; C,, acetate; C;, propionate; C,, butyrate; Iso-C,, isobutyrate; C;, valerate; Iso-C, isovalerate.
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TABLE 7 Responses of ruminal fermentation parameters affected by different medium-chain fatty acids (MCFA) sources in the in vivo

experiments

Response parameters
DMI (ke/d)
In vivo digestibility (%)
DMD
OMD
CPD
NDFD
Rumen fermentation
pH
CH, (L/d)
CH,/DMI (L/kg)
CH,/OMD (L/kg)
Total VFA (mmol/L)
C,(mol/100 mol VFA)
C, (mol/100 mol VFA)
C4{mnlf100 mol VFA)
1saC, (mol/100 mal VFA)
C; (mol/100 mol VFA)
Isa-C5 (mol/100 mol VFA)
GGy
NH, (mM)
Microorganism
Protozoa (10°/ml)
Bacteria (10°/ml)
Archaea (107/ml)

63

30

32

32
40
53
36
34
37
40
40
27
24
27
a7
23

34
20
16

Control
10.37

&7.8°
701
63.8
57.5

6.58°
320°
34.6°
4297
1129
45.8
20.1°
10.8°
0.77°
1.68%
147
3.38°
9.61°

846"
181
974

co
gog®

64.8°
68.6
66.7
53.0

6447
231°
27.4°
33.0°
990
65.2
210%®
111°
0.79"
1.88°
1.23
3.07°
7.25°

424"
16.5
593

LA
B.75%

69.3"
715
665
529

558"
285%
33.7%
41.5%
110°
64.4
22.3%
1047
0.71°
1.68°
1.34
2.93%
7.33%

1.25

Note: Different superscript alphabets of means in a row are significant differences at p 5 .05,
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Increasing the MCFA concentrations caused a decrease in CH4 emission in both
in vitro and in vivo studies, and this was associated with diminished populations
of protozoa both in the in vitro and in vivo studies and Archaea in the in vitro
study, but not of bacteria.

Among the sources of MCFA, suppression of CH4 production was noted in the
following order: coconut oil > lauric acid > myristic acid > mixed lauric and
myristic acids > palm kernel oil > canola oil enriched with lauric acids >

krabok oil.

In general, greater concentrations of dietary MCFA resulted in the reduction of
ruminal fermentation products and digestibility.

The in vitro results did not fully reflect the in vivo results regarding the effect of
MCFA on ruminal methane production.

The effective dose of dietary MCFA is usually 40 g/kg DM to decrease
methane production, with the exception of MA and KO due to limited numbers
of observations for these MCFA sources.
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