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Introduction: Biochar is a solid product obtained from the thermal conversion of biomass under oxygen-free
conditions, which can be used as an additive in animal feed in addition to agricultural applications.

The purpose of this study was to use a natural mineral biochar in the diet of Holstein dairy cows and investigate its
effect on functional characteristics, blood parameters, milk production and composition.

Materials and Methods: This research was conducted using 24 lactating Holstein cows, whose average weight
at the beginning of the experiment was 618. 25 + 79. 27 kg, average daily milk production was 41. 08 + 3. 06 kg, and
the number of lactation days was 89. 1 + 19. 1 days. On average, they were in their second-lactation. The experiment
was conducted in the form of a completely random design with three treatments, so that there were eight cows in each
group. The length of the experiment was 40 days, the first 21 days were adaptation and the next 19 days was sample
collection.

Experimental treatments included 1) control group (base diet) 2) base diet with 0. 5% mineral biochar 3) base diet with
1% mineral biochar (all based on dry matter).

Food consumption and milk production were measured daily. Sampling was done on the 17th and 18th day to determine
the composition of milk. On the last day of the experiment, two blood samples 1) containing anticoagulant and 2)
without anticoagulant were drawn from the tail vein of the cows to analyze biochemical parameters and count blood
cells.

Results and Discussion: Adding 0. 5% and 1% mineral biochar to the diet had no significant effect on dry matter
consumption, body weight change and metabolic weight change, which showed that biochar did not have an adverse
effect on the palatability of the diet.

The effect of experimental diets on the biochemical parameters of the blood of cows showed that there is no significant
difference between the treatments.

The result showed that the use of 0. 5% mineral biochar in the cow’s ration, decreased the ratio of non-fibrinogen
proteins to fibrinogen and platelets. Also, when 1% of mineral biochar was used in the ration, the average volume of
platelets increased (P<0. 05), but other parameters of blood cell count in cows were not affected by adding biochar.
Therefore, the antibacterial, anti-inflammatory and anti-stress properties of biochar may have caused the reduction of
platelets and the ratio of non-fibrinogen proteins to fibrinogen or increase the average volume of platelets.

The evaluation of the effect of experimental diets on milk production and milk composition of lactating Holstein cows
showed that there is no significant difference between the treatments in the amount of milk production, but the use of
0. 5% mineral biochar increased the milk protein percentage, although other milk composition was not affected by
adding biochar.

Considering that the origin of the metabolic biosynthesis process of the protein in milk is due to the amino acids
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available in the blood reaching the mammary tissue, and on the other hand, the source of energy needed for this
metabolic pathway is provided from glucose (glucose which absorbed from the small intestine or derived from
propionic acid produced in the rumen). Also, since the amount of milk protein obtained from the total amount of casein
protein, albumins and blood immunoglobulins secreted in milk, so as the evaluation of the amounts and ratios of
glucose, protein and blood albumin showed, almost the highest amounts Glucose, protein and albumin in blood plasma
in the treatment fed with basic diet with 0. 5% biochar. As a result, it has caused the process of protein production in
mammary tissue to be more than other treatments. As a result, due to the mentioned reasons, it is possible to justify
the increase of milk protein in the treatment fed with ration containing 0. 5% biochar.

Conclusion: The results of this research showed that the addition of 0. 5% and 1% of biochar from Kohbanan
mine to the lactating Holstein cows diet, did not have a significant effect on the performance, blood biochemical
parameters. However, when 1% of mineral biochar was used in the diet, it caused an increase in the average volume
of platelets, and the use of 0. 5% mineral biochar increased milk protein and decreased platelets and the ratio of non-
fibrinogenic proteins to fibrinogen.. It seems that the use of 0. 5% mineral biochar as a feed additive in the diet of
lactating Holstein cows can improve the milk protein.
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200 Ol 5 9 Mgl o ob (sraodu] ;b 3 Slos g (Faxe lagn Sk Folaw i U
Ot Uil 23 g sl2glS
Tl ol a5 S UG 59 m ¢ ool il (g3 s ¢ T03lj (g LS g mawdyy oibS e

Ol o (w9338 oS> (6))sliS oAU ¢ ol pole 09,5 (68> gl -
Ol e dgedia (g8 oK (6))sliS 0aSiilae (ol psle 09,5 ol 35 Sliwl =¥
Ol e i (w38 oSy (55)9liS oSl (ol pole 09)S ol s labiul -
@S 83U @y 9 sl Dl (lojl 985 (I pole Cliio dusse > (Silssid g @l Sl iy (gl letib ¥
oy
valizadeh@um.ac.ir
Doi: 10.22067/ijasr.2023.84121.1169

oSs
(S5 Sl p 5l Sy o Sles p e oy & Sne Jrgn g5 S 9938 8T p B | ol adllas
5y93 Ml js (pSle b cpliils 03,05 o8 Lol, V¥ slis s plool cpliils 03pd sbaglS yud oS 5 9 Mg
a8 59, AN £ VAN s clney 9 p,SokS TV A E Y5 &iligy b Adgi o )59 kS SVA/YD £ VA/YY jisLojl
i odlil J,S5 i g jlew dw Ly 8ol Mol 25l o QB o izl JL8 Ll ped w5l 55 s0ke sl
Volyends il oy (1 Gdne Jlage 2oy +/0 olyends 4l oy (Y (4l 0p2) dals 09,8 (V Jold otilojl (slaylas
@ 39y V8 Jgb )3 5 spdy cole ol o, YV 45 00 o) Be ol 0)93 Jsbo gy Gne Jlrse sy
s OlS 35 (el ybaiods S (6503l allyy) ©jgods Logls yod A Glie 5 Shygd Bpan e (5152355
5 sl otlojl (lagls JolS” 8 diged 93 talojl 5oy (BT )3 b plol (6,5 Wiges (Salel VA 5V (sl


mailto:valizadeh@um.ac.ir

Sogbd A5 485 b lashe (hiled g (alesdsn (ladoinld (sl (000 dpg Sl il A5 (gedle 56
ascunlyd (63 Slos Slaw xST p cpliida 03,0i gl 6y 3  Simo Hlo g 5l skl ol Lis pols yirgh euls
s 0SSN, Lamogio porss b (g 0 Cle (I3 oo iy bl (5 0 gm0 55T b W5 g S5
S odlitl sy o jlaidy goacme 3 Ad dald 0g)5 & s b SN e g )5k b & (g bt Sl
Gl b en clale (Jg o)l (23l 3 Sles p (> (e S (2308 Llgl SlaglS 0p2 > (Sine Jlrgn
Al

Ol 6y (SloglS (2330 3 )Shos (1 e S i Shre slrgm 16 Sl

dodlo

Cuol 48,5 1,8 oslatwl 5y50 LS )lgmis Al gi (iul38l g dnaSi §d peasd bl o Do jolaieds SoSUGS 52938l dlge
o L3l Loy 3l g 05 Jolge daSiigng daSiga 5l (0SSl 5 oo W sloosiylojly 4 g o alox 5l &5
03,5 bl (clodgy YMiS! 5 oL Sl Lbie Cunglie dloul aile (can clylad Lo pls 55 S50 5T 5l ealitwl 38
(Cheng et al., 2014) 5,5 o <90 b SGgm 5 (¢l cawlio o350l 380

aus )3 Wl oo Canddy ienST ok bl cos S edgicun; ()l s 5l a8 cul dels Jgame K g
oS g T alox 1 (STyss sla 3933l 5l (B sl comlie (3Kl lgieds 9 1bb o ()8 oS 5 £95 o g
39y s el oy 5 olie JoSo ot 4 Sl o (Sidme Jlagu ¢pl p0gMe (Chu et al., 2013a) sl oads 5 ymo
9 J|)5$ b o s dgh0 cwﬁ)lﬁ oK oMo dged0 ‘«_§|)9$ 5l La;uwfy Gl 4 O‘?su" O] c:;l):';l aes 3l &S
A% 0938l Wl 3l A5 VY lasse (Cheng et al., 2014 ; Man et al., 2021) 405 0Ll 1 s lows Joloe J 8
aain ¥ a0l Lt ol gl 00,8 b)) Slrse 029581 5l e 5 e Sed sloglS 3,Slas 5 codls 1 Jlrsey
5 o yi0S Mo eppid ) Silogus (glbJolus 3axs EmlS by Coodls 5 Sgat Sz JoSo ol Gy I o
(Gerlach and Schmidt, 2012) si ¢ b (w9 p 9 2y clale (58l 50

AS L aS) Gane slag g (ST g bl )3 oS (sble (aBl iligw 5l Jols) Sl 95 90 50 s
Sly Jlesn e | gl gl 3 0ad edlatul jlage )3 S92 (Cusl 0ad Wi 5 gBse S 5> Cannb 3 (e
oixe cnl 35 g (Sl Ggeee PO+ ot b ()05 g (b S5 a3 (b) leyS Gl (liagS ddaie
45,5 518 il e e 425 3590 calio S g Gl g jtuod > 4y g il o s 53 Jlz g polae 2900 51 (S
.(Saeidi Garaghani et al., 2022) ¢l

2 ogMe a8 Cuwl 03ld LS JlAS 050 §pe wdsT > SThes JeSe flgicds Same jlagm 93938l (59, o pldil Guiod
Spasy (Faxe dlge jl ()l (39 1> o 4 Jlogn Cizmen 298 00 Shgd s lekly gm0 o e dgur
od iyli5 Jbowe > (Ahmadi et al., 2021) 35 ooliiw] o2 0> )3 Sdxe JoSo gt 4 Ll o Bruao oS 4
Bl ()l ime b (3, Slae (lajiolyly g STyd e p B sladrgn oy 3 Sdae e et ol
(Kashef et al., 2021) ol

o CeblE dey s il 48,515 5l bl )3 Sire slgm oy V) solinul Wled,S 555 e




o1 43355 callussS )3 eyl 1 0ode .l 0 5 09 5> bl yusd 5 iy ol odle (St o3le (g pmlls
Uik > (Saeidi Garaghani et al., 2022) s 5);5 93 HDL g 0y9l (9IS clale ilél Saxe jlogn b
s 035l Doty cum cpliila osle sladlwsS gkl (5 Jaxe Jlagw dod /e g /YD plaw jl edlael (6,500
Hedayati et al., ) cusly o pn (Slyss 555 0 aie 148 Jbo 13 b 0y (sdk0 5o muid Cubld (iuljel 5 STyo5
(2020

dipes > (o5 S tmedy bl s 325 (laysdS ) slage (Saxe e Gizmen 5 M Jlag W sl odaxte pibie
€9 0 aublS Glinlesl b 5a850 pl phe Cgld g aas bl .ol ouds pbdil jouiS (o plbd wdss ) JI jlagw 51 eolal
oflac p Hé oy 4 Sdae Jlagn 59953 b yp Ban b a5 g wblge 005 03t B g Jlrgn aite
w5 plosil plidls 0308 (lagls b S 5 g Mg (S5 sladstinl b5l (S

L g, 9 dlge

b cpleals 03, 5l ol) V¥ olass 5l oalitil L detio o928 olSitils (50 (slagls Slisios 3550 0 gy )
slajgy dlass g o, 5okS TV CA £ Y/Sailjg) i o5 )5 e LS SVAYD £ VAUNY Lol 0,93 slil o9 (Sl
33las Mol 25l Ky B > yialel ot plo] aaidls JL3 Y/ ¥ 2 V/BY oS5 ol 5 jgy AN £ VAN a3, d
2 5 pigle 09 T (2l 59) YV & 392 jo, Fr ilol 090 Jobo i plosl (g5 el) LSS A 5 e ¥ L
3 ool b g 2)lasbisl Jolia ol 2 bagls by (2lie o) w285 plonil wleMbl el g (5)la 2 3,555 dn jgy 1
392 Gy plie SIS 5San 9 558 sk ;L oy 4l A8 lais (NRC, 2001) pusgiop 133l o3
&lr Y solesl Ul e sl b 03,5V gz 5 (bl (gyd slagls 4 0l 405 02 (pliord S5 5 132
bl g iad oendlS LS (92 (g p S 0o (e gzmed ST (gdke Slge oS 5 e
28,5 plsl (VAR)) ) en 5 Cauguyy o9y b md Glagisn xSojlail 5 (VYY) AOAC (i,
Volyends il oy (1 Gdne Jlase diopd +/D olyends 4l oy (Y (4l 0p2) dld 09,8 (V Jold otilojl (slaylos
Oyt Yo e Sl Gtale] 53 alatl 3)00 Sne Jlrge idg (St 3o iy elusly) (Sdme s Loy
b oy 4 Sy Syao 4 diljsy JSase Hlae (Hedayati et al., 2020) (¥ Jois) 03,5 s ojlo,S il lansS
Cgo 4 oo 4l 5l 8 o) 1 Same Jlrse (ool Bras | ekl sl o5 ©jg0 s BLST iilel
5 435 WaglS 4y AU g b 045 Lol

Oalile 03,05 claglS 4y ond 4l (tlesl g (aliosd oS5 5 (S dge -V Jg

Table 2- Components and chemical composition of the basic diet fed
to lactating Holstein cows
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Table 2- Chemical compositions of the used mineral biochar
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Table 3 - The effect of adding different levels of mineral Biochar to the diet on the performance parameters of
lactating Holstein cows
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Parameters Diets containing different levels of biochar




0% 0. 5% 1% SEM treat
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Table 4 - The effect of adding different levels of mineral Biochar to the diet on blood biochemical parameters of
lactating Holstein cows

il 3 ne jlogn Gilizes golaw (b (sla o P-value
Parameter Diets containing different levels of biochar

0% 0/5% 1% SEM treat
S5l5 67. 17 71.13 73.00 1.63 0.07
Glucose (mg/dl)
Joyals 302. 62 343.50 327.25 19. 18 0.34
Colestrol (mg/dl)
LS oy 14. 63 15.57 15. 88 1.03 0.67
Triglidrid (mg/dl)
oy 58. 25 64. 38 58. 50 3.38 0.37
Urea (mg/dl)
el il byl 80. 75 87.43 95.75 6.54 0.27
Aspartatae transaminase (UIL)
el il YT 37.25 38. 63 37.88 2.63 0.93
Alanine transaminase (UIL)
bl bld ST — i o5 187.50 171. 43 213.75 24.83 0. 49
Alkaline phosphatase (UIL)
YU atsls b (5 pr0d 186. 75 213.71 194.75 11.35 0.26
High-density lipoprotein (mg/dl)
o i il et oy (slade] 0.41 0.39 0.31 0.05 0.35
Non-esterified fatty acids (mmol/L)
JS St ol e s 0.45 0.51 0.44 0.04 0.36
Total anti-oxidant capacity (mmol/L)
Sl Ko pigr w9 d L 0.35 0.47 0.39 0.04 0. 07
B-Hydroxybutyric acid (mmol/L)
S 10.04 10. 74 10. 59 0.29 0.22
Calcium (mg/dI)
e 8.49 8.78 8.16 0.36 0.48
Phosphor (mg/dl)
oo 2.77 3.08 3.13 0.14 0.16
Magnesium (mg/dl)
Owesd] 4.65 4.82 4.64 0.15 0. 66
Albumin (g/dl)
JS oo 8.44 8. 56 8.51 0. 26 0.94
Total protein (g/dl)
sailliespglle 1.71 2.11 2.04 0.28 0. 59

Malondialdehyde (g/dl)
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Table 5 - The effect of adding different levels of mineral Biochar to the diet on complete blood count (CBC) of
lactating Holstein cows

sdoeial b ne slogn Cilises ol (sl (sla o P-value
Parameters Diets containing different levels of biochar

0% 0/5% 1% SEM treat
OSan JS 8. 66 8. 63 8.50 0.20 0.84
Total protein (g/dl)
oyt 342. 86 437.50 400. 00 39.28 0.26
Fibrinogen (mg/dI)
39 A ik md b b WTap Cund 23.10° 16. 76 ° 20.97%® 1.52 0.03
((TP-Fib)/Fib)
o Sgilen 26. 77 24. 99 26.25 1.11 0.52
Hematocrit (%)
o9 oy s els 6.57 5.93 6.21 0.28 0.29
Red blood cells ( x108/ul)
5t 5 38 el sliny 14.91 14.95 14.54 0.30 0.57
Red cell distribution width (%)
OslSgen 9.97 10. 23 9.74 0.21 0.28
Hemoglobin (g/dl)
OolSgen Laugio wo 40. 94 42.10 42. 33 0.92 0.55
Mean corpuscular volume (fL)
OnslSsen Luwgio o 15. 27 15.71 15.70 0.34 0. 60
Mean corpuscular hemoglobin (pg)
OmslSsen clale 1 Sile 37.24 37.36 37.11 0.18 0. 60

Mean corpuscular hemoglobin
concentration (g/dl)

S gl o8 8.35 8.26 8.90 0. 66 0.76
Total white blood cells ((*1000)/ul)

W amggil S Cand 53. 52 48. 86 51. 49 2.92 0.54
Granulocytes (%)

g5l s 1.83 2.33 1.00 0.58 0.34
Eosinophil (%)

B slodidg i Cuns 61.57 53.75 57.75 2.65 0.14

Neutrophil adult (%)



i) 36. 50 41. 38 39. 38 2.65 0.44

Lymphocyte (%)

cougidd 4 o by 5g Coms 1.73 1. 40 1.51 0.18 0.44
Neut/Lym

Cogige o 2.83 4.00 3.17 0.78 0.54
Monocyte (%)

[NEX SR 379.60 2 303.14° 311.00%® 20. 25 0.05
Platelets (10%/uL)

BeSM buwgio poe 3.32°P 3.80%® 3.96°2 0.14 0.01
Mean platelet volume (fL)

OosizelSsy 0.12 0.12 0.12 0.01 0. 68

Procalcitonin (%)

- (P<0. 05) sisl o I (sime GBS (g3 S oyt By > b sy o (sl Kiko

Ot oPisine gl o 3 (L5 £ Jgan 5 (liitle 03,0 (slagls 0 LS g g i 2 stales] sl S
slo g A8 b (pg ale Gl G (Sase Jlogn d0)d +/0 I edlatul Lol 3 dgrg e M5 Gline 53 ajlews
9 €9 S 3 oozl imgsy ol geat 138,55 )8 inlefl slinsloss b o8 e oy (slasl 5 LS 5
Oliee 00md L &S cyud Siloguw sl oo dlaxi 5 oud agls S Coodho 39y s Sy sglS 3 (o)l
DBl QR b 22 g Oen polie S Jl )l el g B jgba cusl Gl 5 pde (glacs ST
SIS 3 Sdas )3 g 4Bl il Copdy b Silog cla ol b iBgie 0 ) oo (39581 &5 el bl 5
(Gerlach and Schmidt, 2012) 1 saalie yialS )l gw 4055 0)93 b duslio j> Cblges

G oY g ) /0 e ydlaeay (31,5 Bl dayd Fee) Vb glod ;3 ond A Jbgn ( Soiuan AnS plus S
oo i Cebl (s ©jgod e jlie e (Ll L ad ALl 59, WV Gt 4 Y adgle b ol 0pr S
sl JS g Sligaagyy il alio (izpan .l (I3l (19)See g 555 9 b s (g ol 0ole (Sis
g b Ol 53938l dlge I iulejl G j5 (Saleem et al., 2018) sy lis )bl e gime 4eSs 3 )d Ly
Oty 9 o (IS Cd)b o iy JUb (S 9 D () 03 S a9 b CueS ) SThgd 53 il segian
ol 5 i 515 o 1, PH 5 IS 555 (T (slosgal (g dlas o SLS 5 0 S Cto 3
oS Slogyl il b S ST SVl (5 oo 5 35500 8lis oo 5151 Y g s (legad 3L
S5y b sxe Pl bpopws 4 lagn g9 S 3958 505 Lialejl ,> (Di Natale et al., 2009) sy by
(Rao and Chopra, 2001) cusly ys AJg ke (puiored g puds

S 5 atans U] o J5xlcie zslans (52l 5 bl se (o)l (ol (b Sig sl o3l ol Slllae
o] i b g g o 039) 4 4raSS Sl gyl JaDl g jlege 2,8 5 S 10 00 (65 sl STyt (09 9 atli)
Jegwe (Leng et al., 2012) sl o 340 £ o )3 Slygd (sdre GluS' 5 CBpnoe 0djb S5 034, 0 SluS 5 oy
g 5 N olge oS15 gl gl e (Sl ol o Shy ouib b Shg Gl ele g
Das) 355 go (oles &Y gas a1 (S S 5 o5 €y Gl s 9 35 0 o0l 0S5 (SlaroslS 3 S
(etal., 2012

5 Gl 50 e BB el (glasead SIS 50l ) 39290 (B (Slaplie g A2l 8 Lile &S pl 4y o
$515) 3515 51 (Sgtie s ol ot S 3390 (8559 ol i 5503 g 315 A8k (oo iy Sl & o3y (195
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Sy OlaiS ojls 45 Al (g0 00l S5 Jolge Sl Slie Jlage do)d N olyed 4 4l 0p> b odd 405 jlod ) il

Al oo 5 90,5 i ) JWS] g (gl 035 5 (gl AeSs Gl 5 pudd (prasS sladn] Bl 5 el 5 538
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Table 6 - The effect of adding different levels of mineral Biochar to the diet on milk production and composition
in lactating Holstein cows

Indoinl o S slogn Galisee gglaw (sl (sl oy P-value
Parameters Diets containing different levels of biochar

0% 0/5% 1% SEM treat
JURNA, 40. 98 41. 39 41.01 1.32 0.97
Milk production (kg)
S 3.61 3.80 3.35 0.17 0.22
Fat (%)
Ry 2.98° 3.15? 3.10%® 0.05 0.05
Protein (%)
O R 4 ()3 Camd 1.13 1.20 1.09 0.05 0.32
Fat/Protein
595y 4.75 4.70 4.66 0.05 0.54
Lactose (%)
dals dlge 11.55 11. 86 11. 60 0.20 0.53
Solids (%)
> s els dlge 8.73 8.70 8.65 0.08 0.76
Solids non fat (%)
e 5> Seilogus sledghs dlass 40. 81 108. 25 219. 68 57.34 0.11
Somatic cell count (k cell/ml)
e g 0ygl i3y 15. 98 16. 51 15. 61 0.40 0.31
Milk urea nitrogen (mg/100g)
9953 y> (sl Cans 22.91 22.74 22.84 0. 66 0.98
Denovo fatty acids! Relative (%)
bglseo oy (sl Coms 40. 28 41.13 40. 31 0.98 0.79
Mixed fatty acids? Relative (%)
aitlo i oy sl Cus 37.61 36. 13 36. 85 1.07 0.63
Preformed fatty acids® Relative (%)
RSP W 7.47 7.75 7.11 0.28 0.31
Free fatty acids (meqg/100g fat)
Ay sl pé Oy clasgul 643. 81 645. 45 584. 76 34.59 0.38

Non esterified fatty acids ( peg/l)



el Gy ol Cos 60. 91 60. 44 60. 56 0.58 0.84
Saturated fatty acids (%)

el e o sl Cuns 24.25 24.53 24. 17 0.46 0.85
Unsaturated fatty acids (%)

¥ S5 bl Gy sladgl 22.14 22.47 22.17 0.40 0.82
Mono unsaturated fatty acids (%)

¥ v bl pé O cladel 1.99 2.00 2.00 0.11 0.99
Poly unsaturated fatty acids (%)

Soally ol 31.96 32.25 3177 0.51 0.80
Palmitic acid (%)

Sl gl 11. 26 10. 12 11.3 0.73 0.46
Stearic acid (%)

SJgl 20.32 20.91 20.78 0.32 0.41
Oleic acid (%)

lydsr oS 93 L 0.16 0.15 0.14 0.00 0. 06
Beta-Hydroxybutyrate (mmol/I)

oyl 0.27 0.27 0.29 0.01 0.10

Acetone (mmol/l)

. (P<0. 05) a3l o )5 sime OS] gyl Sy Gy > b s po0 (gl (s 0ke 20
! Denovo fatty acids : <C16
2 Mixed fatty acids : = C16
3 Preformed fatty acids : >C16

5§ 5 ot
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