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Biochar is a carbonaceous material compound with a porous structure and large surface area that
create habitat for establishment and development of biofilm residing microbes in rumen. The
objective of this study was to determine the effects of different levels of mineral biochar (MB) on
performance, nutrient digestibility, and some blood parameters of Holstein calves. Twenty-seven
Holstein female weaned calves (64.7 £ 12.0 days of age and 67.7 = 9.45 kg initial BW) were
randomly assigned to one of three experimental diets (n=9); contained 0%, 0.35% and 0.70% of
mineral biochar (DM basis) in concentrate respectively. Experimental diets were formulated with
32.83% forage to 67.17% concentrate ratio and were fed three times daily as total mixed rations. Dry
matter intake (DMI) and body weight gain were recorded at the end of each week. Blood samples
were collected on day 48 and nutrient digestibility was measured at the end of the experimental
period (days 46 to 49). Results showed that mean of total body weight gain, final body weight and
daily gain were not affected by different levels of MB in diets; however, average daily gain tended
to increase linearly (P=0.06) as the level of MB increased in the diet. There was no difference in
average daily dry matter intake of calves consuming different experimental diets; while, feed
conversion ratio (FCR) was lower (P=0.02) in calves fed diets containing MB compared to control
group and FCR decreased linearly (P=0.02) as the level of MB increased in the diet. Apparent total
tract digestibility of OM, CP and NDF increased (P < 0.01) with diets containing MB in comparison
to control group. Also, blood urea nitrogen, total protein, triglycerides and VVLDL were not different
across experimental diets, but, calves fed 0.35% MB had lower (p<0.05) blood cholesterol than
those fed other diet. It was concluded that using of MB had favorable effects on nutrient
digestibility, FCR and blood cholesterol.

4[Key words: Mineral biochar, performance, digestibility, blood parameters, Holstein calves. }

SN 5 53 gland sla a3l 51 b 0Ll BU b S5 58l
S sl aylgen b SL Caglis sbul 555 el
veeq Saxena s Patra) el os p 4dis Olawesze
A Olgea Wb b S OS5 NS ks
Ko oL s Chu) col et e eSS 50 5T

Sl op S 5 g8 03le & Hla oo (Y VP O, Kea sPraSAI

-

dodio
S| 3 i sl (sl il (SThs (slagog
S50 Sl M5 I3 Calg 53 5 OB WSl s 4
b 3552 31 szl & Ol 5 oo abezr OT 51 68" a3 § )1 5 a5
Callaway) e sus, (Y WL Kea 5 McGuffey)
OL&es 5 Shakeri) alE laojlas (Y40 F OKes
ANNONYMOUS) s S 5 5SSl (glaodiS” Jlab & 5 (Y41

U'f-‘ )‘ (5>J" OJ}{ o 4§ é\> DL 4); a)u‘ (Y'\V

ﬂﬁﬂé/w D



o 5 by S esliel ST L daly 3 (g3 gdmee Sledb
Spnds 3 (Nidpsh Glhaninlp 5 ol 5 Shas 5 gl
5 s 5 6l godate e (B 1)l 5y S
ol addlas yls s sy 5 5iS )5 Hlr sy Sdae c\.’..a Oemad
o 0> Sne Sl g5 OSG l eslizal 3T sy SUa L
I Fa s dhe sl pdn bl oSl oM
plials 1 8 5 5l oil ool hdle S St slaaminl b

WIS

b 9y 93190
osle e S uly YV 31 eslimal L V¥R Jle o3 hags ol
3 500 PENVEVY/ o 80Le 1) ods w8 8 s 51 pleida
@3 el 53 (8 AST PYNELFD 0y 055 ks
B 3 5 Olghol aem 3 b pls 5 LS S5 (550358
A Sl W) 555 L ¥ L el S 2 b oS
5 4ule o3 YYAY Lols ole3T slao > b | o) las
V) o 3 eslitul 3540 0 BluiS 5 W g o, 5lS Lo ys FV/NY
Loys N 5 YD Gre ol i ga (F) 5 (F) (wals L
il e bl Jsb s iy Guae Dl
3Bl & L 53 43 50 @55 5 bsliee Sl & 5o
0333 355 VF ulasT lae o 4 (6 pdsosle 03 i ools
ST bl Job 5 s deelesl dgb 4 5as PO G20l
Vs 53 i esls 513 LAl 8 Ll s 5T O pen
osls olas ol whewd LS 5 GQLAJ',T Se > gl
el pbeed LS Y ot 5o e Sl 0l
Ol g 53 @dly Hlr gy Odae | &S alesT s eslizul 54

Sl ol e:,;T “\'3.‘5,)? Lwh Qb; Ol Br) QL..J&;

&

(F 35w 5 Hiadgsy)

ST Sluls 5 eS8 gy dile (93050 5 g I &S
Bhr M F O3S phm pde by oS O3S gl 5
Y-F spus g b g JRbe Sbsle el ol
S (Y20 OLSes 5 DAY) sl 05 8 sl 4 e e
sy Ss Jlasl (gl 3L ek >l 5 Jiudiume Jlisla b
PSSl Gty g5 S Slelarl gl (Sl pmhaw sl
Ll s 5315 (0580 e 033k a3 5 ool e (b5
sLeng) o els 53 5 (YoAYR OLes s Leng) 505,
sl 0313 3 500 (YYD (01,0

g8 o 258 5 g o 0 4 g 03933
o liS (3 e Slapls Lo g odil o gl e Sl (g hol>
5 eslizul woman (YeVe (MCHENPY) ol o osle oyl
Slrep 0 )3ty (85 J pammn Sl Joolo sl s A3 S
Jets o35k ailios 055 GRIA P</10) 35 o 0Vs 1 5
ol 03 8 oy 53 03 S s Mg s S
O¥A8 OIS 5 b )

s 035l (odn 53 35y e bl g by 53875 (S 0o
338 oo 0333 apls o, 4 Sllse 5 Shes 5 ST
@b kYo s coenl (Y1Y Schmidt , Gerlach)
pyom ol 5 a8 01500 5 15 lse 51 OT W dexr
an bl Bl (Y OLKea 5 Yang) <s, =
O5a e sll Sl (YL Ka 5 Hansen) s, =
2 3 psa b Ll ((Y0V8 01Ss 5 Al-Kindi)
Ol Hlasl rals 5 (Y8 oS 5 Prasai) oS, =
(Y 0L 5 Hansen «.yvb o, Ks 5 Leng)

Sl o




o]

bIT S0y (olowd cuf 9 12 0 il 9 Bgls i ) Jour

VY VY VY o olus”
YY/o YY/o YY/0 ]
/vy /vy vy 3
(He9) & Jiluss™ (Sl 3>

FA/F £1/50 FY/0 <3
\A A A e
ad ad ad b g dloiS”

\ ) | SO

¥ ¥ v Sl 3 Godas JoSs

Y Y \ i S

| ) | pedlS Sl S
SV /YO - S g

(eKis 00l W 30 s 3) (SR g s §

Y/% D Y/%) (p S hS 5 U530 Sluscst por 6 535
N N N (4o )3) pls 55
/A /A /A (A y3) V.”lf

« /00 + /00 + /00 (Ao y3) i
\Vid \Vid \/® O
2 2 2 (4e3) pls b
YY/YE YA/% YV/OA (depy3) s oy 52 55 J sloeals oL

Sl (;Y’} LYARIVARTVA REV) gl YA gis g AL V4 g_,.;jm(‘,:.l.»«.\i IS sy cj‘;i;acu«.n 4&AT¢".1J':;~¢‘..1.L~ c;&.é«rt..lfdjb- w\g},@m‘}&
.;x(@f‘;ﬁ\n)Ewui,,(dwwu\,n,\nm)Dwt:,_,(&wwbt,aum)Awti,




e Gl 33 Slas  gidra o g0 3l e3lizl 5T

(S osle pdr S e (sl LS (IS 1S
2 ey gd 53 el SUN 5 el s (T el
Sl Olge 4 ool 53 Joul 2S5 Sl g e 5 ST,
(avv Young 5 Van Keulen) . estizal Js s

3O 2l 9) SAS e 5 5l eslizal L baests (LT 4 25
LT w25 sl (V¥ SAS) ws el MIXED w5,
2SS L ekd (8ol Sliv (Kb 4 by e Db
033L 4il3y Ojs APl iy oS O pme dile O
S, Soiul sy 5 s MIXED a5l STy s
w20 (8 ks oliznl (Vo) e & bslas 1L eds 1SS
A RS L pp s sl b UT
e Olsisas (aloST glae o 151 edie 53 Al 5 ol
S8 e Olgear Gle3T 65,5 5 Al f 055 51 5 el
03057 b o Kile e (Y o) L3 8 eslizul (S lssS)
s sl Ao 53 0 L;thsgg,uTch.u,UQ{a;

Yijk=p+ti+ dij+tk+ (vxt)ik+b(x-X) + eijk
(N Juw)

Yij=u+ti+ oij+b(x-X) +eij  (YJw)

adds pl ys &8
Ol el | 312 T (S 5 K0be = 1 cotalie 2 =Yij 5 Yijk
L) OY5 sty 5 e (Se b ol ezl = O
S1=(1x1) 1K coyss pal K 1= TR o(2be3T 5550 Sl
SGS e 31 =D(XX) coysn cpel K 5 Hles el T Jolie

sl e s Sl=elf seifk 5 (o ylsS)

B Allugs™ 5 os 9 (B a0 571595
STy p ol Gl (T glae e S5 Jols ok
el odd 0305 O ¥ Jade 53 LAl S 5 Shes 5 5 e
0 BluiS 5 pze b talo3T win V b s bl S 035 Sl
FVAYY i jas ol s o )n Ve 5 0 IV0 o sk (o5l
B ()13 e N oS 5 p S ASER/N A 5 FY/FYA

les 8 53 bALE 0w 05y oSNl SLST 0L s

@%ﬂ%/w

oolakwl 890 (Fxo sl gw (2 bowt Sl 5 - Jue

SIBN

Jlda olS 5
14/¢ (4s3) JTosle
WY (4ey) JT 8
Vins (Ao )y3) JS 059 5
Y/XY (4 )5) sl gineT
WAl (Ao 13) &S5 4 5o sl
\/$ (doy3) ESn g !
V¥/9A ppm) 5,7
4¥4. PPM) sl &S5 ,LT
YFOO PPM) el ¢SLals S8
\Y$ PPM) p dzas
YOSV PPM) e
A ppm) - -
4 (L)) S aud
+/0Y (Ao y3) Do B oy
IV MY/KY) i J6 i

Sle (o35 ) 3> 3 Sy 4 AL S 25055
Sain pa OLL 3 e 5 A planil GELeT posd 5 oy
Cola VY Sl s e ooy ST 5 OBl Jd et
s Syge 4 S e i LS K S
Comd STy hds o35l ol Sl 5 A3 (5, o5l
38 e a2 0Ll 53 035 Il 4 B e ST 5
odey STy 5 ey Ssle aw o EalboT FA Sy
S ss bl a5l S W7 5 8 S b Sl mo
O sl 53 5 s plon] 6,805 sl ws esle gol>
WS e sl Dise Jelh Gt Sl bl
S s oS SIUT oo i eslizal b oS (5 5 g oS
Auto analyzer Technicon RA 1000, Bayer, )

Al s 03031 o)l &S0 slaeS 5 (USA
dle & gide 5 STy 5 LT R G PP Glajs, o

s =Y 5 Rl Ok B dd el (o)l pa g



(W48 OLKan 5 (St ) Sols 5 5 Slo s 53 (6 2k O3
“ay 059 Ao 4 gl S Dl sm O35 L L
dals glaog 5L awlie s (Y408 O, 5 Van) ¢ YL
sl b G o C’l" 0 Ol Cle Ll sld adalis
5l Lo gl Fhy s 4 Llg e alie Slidss
Sl (b (g Sy (ol Ol il bl
i) f5 4 S AL g e Culds s b 5 (S S L
s McFarlane) col wls Jbrse W5 iy 5 adsl o35
3 o3litel 3550 lrsm £ 55 @ a5 b gscnl 51OV O)SGes
S S a0 Ol il Gdae g5 5l S LT Gl
SIS ey LS 5 s Sule Cpiomen 5 0T (ke

Y o]

33 p S AS N 5 NO/FFr ONYVAL L s aleT
OL Ojy o 3 Slrss sl SRl oS sls olas
GiIA 4 P=r/08) gl ime Jlas (s oo a8
Sy Gols sae D Lhu.:il:.o e S ey wzals
W3y 05 il Sle oy pena (P=o19) Cotlws
Sl b Cow o nlesT epss Jb s LAl S
Wliss 055 GRIA dma (P=nP) S3K 15 alesT
Bl ot Sy ot o 93 Sl g o 151G LS
BB ol O sl Ol Rl 4 P=2/09) (g)ls s
Tt e g o3 1Y 3l eslizal oS ol oks 518
OLKes 5 Leng) 5 sl s wl3ay 055 Sl w0 o

Ui o s 85 S Sl g 3l eslizal L (YYD

Wi ¥ Ddedy (885 o 3 (bl SdlugS 3 Ko p sl g Gl (ab3T Slao we WE Y Joua

- - AR OYRYAY VYT VrA MY
OV By Y S YZS 2V SRR RV PR Ry
/8 Y NE VEWE FRNA FY/PVA
/8 Y Ng TYAR 4F. /4 AV+/+
Y JAD Y MY ¥/a9 Y/70A
Y Y AY AT £y FrnP

VY/+VA (05 S sl 5T g5 53 0 05
VIY/VA- (0 558 23TV wia OLL 55 0 0
FA/ATY (058D 0553 JS 53 055 Sl
AOY/$ (0.2 335 035 el 3
F/oY (05 AS) &l b e ST,
£V 8 (035 SISy 55 &S5 o o35L

.)l’;}:{»\.&)}'/Vb‘5}l>ojﬁw‘{aﬁ=f})lg-}:{~v):'/de}l:-ajﬁwl{eﬂ=\' L)lg-}ﬁw)épd}b-aﬁwl{oﬁ=\ ‘_si.ib)'T‘glAng-*
La Kb 5 yllenl sl :SEM
(P</00) disly o ls gme O] (5lls o a 55 Sslize Cog o b (sla o, SSbe




e Gl p 3 Slas  gidaa o g0 3l o3lizl [5G

o )3 5 aaS 53 (SUseT Ojs bl S 5 S
(Y OLSes 5 Joseph) ST 0555 B> el
ESTL 5T L pls Con g 1S 5 4SC )3 035 5 o 23
BENS) L’*p—w:*'\f)‘ S 3o 03a 5 0d ST ezl poven
Tanaka 5 Yoshizaw) «.Ss s S Cama il 31 4z

Sl ol 05l C.......u (YeY

Shko 3g0 (S BB pady Cubild

ar Sl sl e sl haleST oo b4 g e s
(NDF) s o 58 53 Jgloeal U ol s ¢ JT osle
03553 Wl odiiosls Ol P Jade s cplisds cladlu 8 s
2 B s P</e)) (lsimn Al o o 4l s
L.q...\..ll.b).sd':.:s-a&ﬁ,:d}buug}g\}rls-ax}ﬂcé-\'ub
SRl L a8 sl OLES 55 Sl ek L) e b3 S dald o,
O o T osle ian S (B pan 0 SLST s Sl s el
£33 4> (gavie Doy sty (E5 ey 5 55 skl OUI pl

8L il sl (P=v/eeny)
CbB Sl g C\}JIJ_.?;U sy O b Calizee sla 2le3T s
b Glpe ol oks 3518 Solize ol o (sie 3lse n
S8 NY S eslizal HARELT Lls s (bl ol b
RIB e S ol 5l e S a4 g e Sl
s Leng) ws g edalive oSKis sl an S s (5l e
Car B e 8 K 5 0 slie 03531 L s (YY) s
ar Sl lay o 4 O 035 p S S a Il 4 Ol
Aals 05,8 4 Lo (l3ome sbay JT esle el S
Sl ok il blas 53 (Y o8 O1LKa s Van) il 5l
S s Gl 0 4 g o Sl s 3 K D531 S
o & Lol o 555 5 T oole St asle o2a G
Lyl 45 Lo (Yo Preston  Silivong) el dsls
osbe Ao y3 4) oS 5 g g g5 52 0253 L @Li.‘:ﬁbﬂ
5 S oo an CB p golsgme o 4 (o) S
OLKan s HANSEN) wis sdalie it ol 5 53 J shoeals LI

®%ﬁ%/w

LYoy

Gosle a5 ialeiT laos 8 syl gme UM
oole Ll ki sdalie isleiT Cabiee glaaia s oS
2 ol 25 Le3T glaeg S 5o bl & wils; oS, o s s
2o 4 lrsm 03953 56 ede (P=/4V) 4 0LSS 6553 S
S ol 4 by Yol e S STy o e
2 oelal SU S il e o el 3y e
@38 (e STy wlie jsba (AL o STyl
3RS @A @ g Sl s /Y sl ey L S
03553 L 5 (YYh o, Kea 5 Leng) <o K515 5t cow
A o 53 4055 6K Oljn &ty Gy (88 J gmn )l
3 Gk 20) S (5)ls 5 Se p STy B me p (5ul5 e

(Y48 (O SKes
bl & oSy had o35l L oo S slasminl 3 o
i Gdle S 5 58 5 Sl s ol lae i SE Cow
Sre Shss has o5l Ll sl Gleyr L oos
Sl el poesdle amils dals 0g S L awslie ,5 (P=+/0Y)
o Cogen |y &S b a3l e 5o Sl ChE
S calord I8 (b ol b s sl s (P=/ey)
5 S o 03 e s lrsm deys /PY H eslizad
Sl gm deoys &Gl eslial b s (YYD oI, 5 Leng)
OISR 5 ok ) (S5 SRe 2 0 3 4y (2 gz
b3 55 imman (sl 0313 5 g 1) STy 5 i 033L (V4%
S oo 4 O Sl gy doys /0 5/ Ol L (6,05
5 Tobioka) il ssg STy s o33l (15 (sl s
Ly ombsT ol ys &Sy fs o33l 55 .(088F (Garillo
Shst JTOLS 5Ll sn g8 Jo 04 gLl a Ol e
W5 5 5,5 GBS Ly 5 Jlail (515l o &S ol Lo
S35 GANNONYMOUS, Y+ 1Y) 355 o o5 S s 2huw
ST LS 5 538 25 5 Y 03 Lyl ol bl S
qw}mb Sl 5 531y walis 5 Sy, Ll ST
) (sdke 3l g0 oder 033 S0 pl 5 dims W) S S 03,
see Lo lsT sl 53 (YYD K 5 LeNng) was 50

ol 55 Dl s VL Ul Wle ol ge 4 &S5 s ea3l



Y o]

pllds AT o > (SR Mao mad Culib g > am (Sl S > S1-E Jeu>

N A VAR </AFF AS/ED
oo ¥ oo \/FTY s4/5."
RN A RN Y/FAN 08/f.°

U AP/ ST osle
Ac/aY? VooV o 5
v/ Y? fo/ve’ S ok 53 J sl O3

._)l:;_,:a.v\.-.éjb'/Vbd_’l:-b;wb.cﬁ=“})‘€-)ﬁu\¢):'/rbéjb-cﬂwlinﬁ=v Ql’_{-)ﬁw‘)b}oé_ﬂ:—cﬁw‘iaﬁq—=\ gﬁg‘b)Tk;lkaﬁ:-*

o\,s,u‘.,.._;\?,b;,.‘}{u:,,;uw,;mrm;‘}%
SV ohy gl Slran S5y D3 s e i | A le
s McFarlane) s . R TP YU

LYY o,

S Saml B

2ol sl (T slae e Sb )y 5l ol b
(sloys) O5as Jols plails ladle S S slaanial b
S b sl 50 5 s fdS ks el (5 IS 55 5
o 4yl g 0598 .l ol esly LIS O Jgd o rf
JS oSan slysl Oia clle o8t LAl S
Sl Ll 2l (oS JE b sl e 5 S s 5
o 0 Ll e GBI L LS O U S
ol clke 5 sl Jials (P=/0Y) R
Aoy /¥ (Gal 0 SluS Lo o oS il s sladle S 5s
05 o MUAD 11 53 FA/OV) ol o b aglin 5> Sl s

(P<v/00) 34 yaS ([ gws 5o

Lo ke 5l bkul sles :SEM

(P<700) aily o jls gme Sl (515 o a 55 Siglize g o b (sla Kl

3 el s o T ool pdn b GBI s lST s
b olrss sl Gbro,er b (S5 ety sd s Jyleel SUI
s a3 Loy Sin 3 S s Ol sl 4 Ol 5 o
Shlamer ol Glaplisy anny 5 Ld) o S 0l
Jetd S 3 s S 5K g byl g g9, (ol
3 S5 035k sar S 550 BT o g SIS Dol
215 Sy e s s SRl g 55 5 05 S b
S5 (var dLeng vvvb oK 5 Leng) syls
Sy s S5 (55lem o ap Sl )3 8 ol ol
Jotd 1 s el 4 0T O a1 S Lo 5
Uil G b 3l el (Y 4y (ROSeNberg s Ron) .S .
ORIl 258 Gress Olg s b5 DB SIS 6 mlan
Ao 5 e SobB 0I5l s b b U el S sl e
O s Mumme) syls o s 1, uﬂst?,i,ﬁf o
Sl Sl 31 poses 5 (Y10 OS5 LUO ¢yoF

Sl 0 18 55 e o (s 3k 3 ge s kB Lol g

)3 5o b ol p S o s 3 o5l 5 5 oS




cpbils BAlgT Sgs Sdxwl P » skraw Sokb> S w> Wb -0 Joux

e RV N V/RAS \AAY V/¥Y WV/YF ideews 33 8 ko) 05 Slo sl 055 25
AT Y JRYA CORYAYYZ AYY NEA NPV (s 30 5) IS 050
W\ JAF AR F/FYS Ya/Nve ¥4 A il 53 0.5 ko) st e 55
A &Y FaVA VeV A AMAS? Gl 93 p,5 ) Js elS”
Ay A AR MY AL /Y 0/4% (doms 33 0.8 ko) o5 I8 b (sla s 5

.)l?ﬁd-é)é'/Vaéjbaﬁwgoj:?=r})‘g-xw)>'/vb‘_gjbo_)ﬁw\{aﬁ="6)\?}:{4&)3,5&‘55\’0}5%1{3}3?=\ &LAJT&LA»R*

RN EE AT

SN 5 XD s S eslinal & sl O e ) s
@80 5l bl S o SliS s G s Loy
oo 5 AL o Shp A p skl ST plile
Sk Il bl 8 oS b 635k 35 o 22
b 53 OT 5l eslizal 5 8 0 o (sdie 3150 o
FB Shs Gaspl &K Olsion bl op 53 58

.g:.-w‘ 4:"’}:

&RUe

2 eME o 43 Sl e 03l 36 L(VFAP) U (gt e
LY ol 5 02t Ot 8 5 Slhas 5 4080 s
5 oS (‘jl; NEH PR (-‘,1.9 wdy 53 (655> asb
OE 8 b pls

AY42) L0 e S g e i O 5 5 (S yde e
2 g 23 g I ol Sl Sl esliel 3G
5 48 ot 5l F s 05,8 s p 0 Shes
5 oMk s 4l Sl sleen 0
AOVNPY Lo o Y osle (S5

&

(35w 9 Hiadg3y)

L Sl 3 ylblenl glbs :SEM

(P<e/00) aidly o ls sme SN (5lyls o a 53 Soglize (35 > b (sla S0k

49 0L 5 ot e ialT ol mk O,
205 JS s 5 lessl 0Js s ke &S s S 5518
Gy (8 Jpamn Sl Sol Gosr iS5 ae Slae s
D3y by Rl ol 5 o fhe aalh 0 8 4
LS:M'“A S 0T 1 bsls S 47&): Sl cble
I3 ey O 5 4 3 Sl cble s
b anSs ST 055,25 Ol g (Y4VF 01,8 5 Shakeri)
03 iy (e Sl s 1053 6 Gsl 0 Sl eolina
doys /P Gl 5 (WA OIS 5 Gyt ) Lao
OLer 5 LENG) 55 s opr & i s Dl
Grdle & 055 Jg 2alS 2l cpimen 5L 2l 3I(Y VYD
dal 05§ L amlin 53 Ll su (ol lae o olS 5 une
b s 5 938 Sy, Dl g 03531 ) Joole il | blse
23 05 JgedS 1B o 6 35 03 00 la e 0 4
O S5 (9 (ol ) Lds dals 05§ L awlis
Sl el AST L S S 0255 43 S S ol Sl iy
il 4S5 plisl ol 53 dypdS W5 a0
35 Jg S il s men 4 ((YIY 0L, 5 Igbal)
4 fp e s 338 S sl b o b slaies

ol 0 0313 s O g5 S IS ol




Al-Kindi, A., Dickhoefer, U., Schlecht, E.,
Sundrum, A., and Schiborra, A. (2016).
Effects of quebracho tannin extract
(Schinopsis balansae Engl.) and activated
charcoal on nitrogen balance, rumen
microbial protein synthesis and fecal
composition of growing Boer goats. Journal
of Animal Nutrition. 70: 307-321.

Annonymous. (2012). Biochars, methods of
using biochars, methods of making biochars,
and reactors. http://patetscope.
wipo.int/search/en/detail.jsf? docld=
W02011019871 and recNum= 293 and
docAn= US2010045266 and queryString
(Accessed: 03.15).

Callaway, T.R., Anderson, R.C., Edrington,
T.S., Genovese, K.J., Bischoff, K.M., Poole,
T.L., et al. (2004). What are we doing about
Escherichia coli O157:H7 in cattle? Journal
of Animal Science. 82: E93-E99.

Chu, G.M., Jung, C.K., Kim, H.Y., Ha, J.H.,
Kim, J.H., Jung, M.S., Lee, S.J., Song, Y.,
Ibrahim, R.I.H., Cho, J.H., Lee, S.S., and
Song, Y.M. (2013). Effects of bamboo
charcoal and bamboo vinegar as antibiotic
alternative on growth performance, immune
responses and fecal microflora population in
fattening pigs. Journal of Animal. Science.
84: 113-120.

Day, D., Evans, R.J., Lee, J., and Reicosky, D.
(2005). Economical CO,, SO, and NO;
capture  from  combined  Renewable
hydrogen production and large scale carbon
sequestration. Journal of Energy. 30: 2558-
2579.

Gerlach, A., and Schmidt, H.P. (2012). The use
of biochar in cattle farming. Journal of
Ithaka. 281- 285.

Hansen, H.H., Storm, I.M.L.D. and Sell, A.M.
(2013). Effect of biochar on in vitro rumen
methane production. Journal of Animal
Science. 62 (4): 305- 3009.

ARV )\_é.v “s_s"b(’}‘l&“f.f:" AYY o)ija

Igbal, S., Zebeli, Q., Mazzolari, A., Dunn,
S.M., and Ametaj, B.N. (2012). Barley
grain-based diet treated with lactic acid and
heat modulated plasma metabolites and
acute phase response in dairy cows. Journal
of Animal Science. 90: 3143- 3152.

Joseph, S.D., Graber, E.R., Chia, C., Munroe,
P., Donne, S., Thomas, T., Nielsen, S., et al.
(2013). Shifting paradigms: Development of
high-efficiency biochar fertilizers based on
nano-structures and soluble components.
Journal of Carbon Management. 4. 323-

343.

Leng, R.A. (2014). Interactions between
microbial consortia in biofilms: a paradigm
shift in rumen microbial ecology and enteric
methane mitigation. Journal of Animal
Production Science. 54: 519- 543.

Leng, R.A., Inthapanya, S., and Preston, T.R.
(2012a). Biochar lowers net methane
production from rumen fluid in vitro.
Journal of Livestock Research for Rural
Development. 24: 1-6.

Leng, R.A., Inthapanya, S., and Preston, T.R.
(2013). AIll biochars are not equal in
lowering methane production an in vitro
rumen incubations. Journal of Livestock
Research for Rural Development. 25: 100-
106.

Leng, R.A., Preston, T.R., and Inthapanya, S.
(2012b). Biochar reduces enteric methane
and improves growth and feed conversion in
local “Yellow” cattle fed cassava root chips
and fresh cassava foliage. Journal of
Livestock Research for Rural Development.
24:199- 211.

Luo, C., L0, F., Shao, L., and He, P. (2015).
Application of eco-compatible biochar in
anaerobic digestion to relieve acid stress and
promote the selective colonization of
functional microbes. Journal of Water
Research. 68: 710- 718.

ﬂﬁfﬁi/w Vi



e Gl 33 Slas  gidra o g0 3l e3lizl 5T

McFarlane, Z.D., Myer, P.R., Cope, E.R,,
Evans, N.D., Bone, T.C., Biss, B.E., and
Mulliniks, J.T. (2017). Effect of biochar
type and size on in vitro rumen fermentation
of orchard grass hay. J. Agric. Sci. 8:316-
325.

McGuffey, R.K., Richardson, L.F. and
Wikinson, J.I.D. (2001). lonophores for
dairy cattle: current status and future
outlook. Journal of Dairy Science. 84:
E194- E203.

McHenry, M.P. (2010). Carbon-based stock
feed additives: A research methodology that
explores  ecologically  delivered C
biosequestration, alongside live weights,
feed use efficiency, soil nutrient retention,
and perennial fodder plantations. Journal of
the Science Food and Agriculture. 90: 183-
187.

Mumme, J., Srocke, F., Heeg, K., and Werner,
M. (2014). Use of biochars in anaerobic
digestion.  Journal  of  Bioresource
Technology. 164: 189-197.

Patra, A.K., and Saxena, J. (2009). Dietary
phytochemicals as rumen modifiers: a
review of the effects on microbial
populations. Journal of Microbiology. 96:
363- 375.

Prasai, T.P., Walsh, K.B., Bhattarai, S.P.,
Midmore, D.J., Van, T.T.H., Moore, R.J.,
and Stanley, D. (2016). Biochar, Bentonite
and Zeolite Supplemented Feeding of Layer
Chickens Alters Intestinal Microbiota and
Reduces Campylobacter Load. Journal of
PLOS ONE. 11: 1- 13.

Ron, E.Z., and Rosenberg, E. (2001). Natural
roles of biosurfactants. Journal of
Environmental Microbiology. 3: 229-236.

SAS, (2003). SAS User’s Guide Statistics.
Version 9.1 Edition. SAS Inst., Cary, NC.

@%(ﬁ%

Shakeri, P., A. Riasi and M. Alikhani. (2014).
Effects of long period feeding pistachio by-
product silage on chewing activity, nutrient
digestibility and ruminal fermentation
parameters of Holstein male calves. Animal.
8 (11): 1826-1831.

Shakeri, P., Durmic, Z., Vadhanabhuti, J. and
Vercoe, P. E. (2017). Products derived from
olive leaves and fruits can alter in vitro
ruminal ~ fermentation and  methane
production. Journal of the Science Food and
Agriculture. 97: 1367- 1372.

Silivong, P. and Preston, T.R. (2015). Growth
performance of goats was improved when a
basal diet of foliage of Bauhinia acuminata
was supplemented with water spinach and
biochar. Journal of Livestock Research for
Rural Development. 27:3.
http://www.lrrd.org/lrrd27/3/sili27058.html.
(Accessed: 07. 16).

Tobioka, H., and Garillo, E.P. (1994). Growth
performance of Japanese Brown cattle fed
concentrate-based  diets fortified with
activated charcoal West Japan. Journal of
Animal Science. 37: 48- 53.

Van Keulen, J. and Young, B.A. (1977).
Evaluation of acid-insoluble ash as a natural
marker in ruminant digestibility studies.
Journal of Animal Science. 44: 282-287.

Van, D.T.T. Nguyen, T.M. and Ledin, I.
(2006). Effect of method of processing
foliage of Acacia mangium and inclusion of
bamboo charcoal in the diet on performance
of growing goats. Journal of Animal feed
Science and Technology. 130: 242- 256.

Yang, X.B.,, Ying, G.G., Peng, P.A., Wang, L.,
Zhao, J.L., Zhang, L.J., et al. (2010).
Influence of biochars on plant uptake and
dissipation of two pesticides in an
agricultural soil. Journal of Agricultural and
Food Chemistry. 58:7915-7921.



o]

Yoshizaw, S. and Tanaka, S. (2011). Department of Interdisciplinary Scienc
Microorganisms proliferation by addition of Enginneerng Meisei University, Tokyo,
biochar in food waste composting factory. Japan, Oct 15-17.




