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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 171" and 18" 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 results showed
that application 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
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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 protein in milk is due to amino acids in the blood reaching the mammary tissue, and that the energy
needed for this metabolic pathway is provided by glucose (absorbed from the small intestine or derived from
propionic acid produced in the rumen), the amount of milk protein is determined by the total amount of casein
protein, albumins, and blood immunoglobulins secreted in milk. The evaluation of the amounts and ratios of
glucose, protein, and blood albumin showed that the highest levels of glucose, protein, and albumin in blood
plasma were observed in the treatment fed with a basic diet supplemented 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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Table 1- Components and chemical composition of the basic diet fed to lactating Holstein cows
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20000 mg, selenium: 100 mg, iodine: 100 mg, cobalt: 100 mg, calcium: 180000 mg, antioxidant : 1000 mg.
* Taken from National Research Association (2001).
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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

(S=o )l?}u aliseo 59]4.4 Lgl)b L;Lbb).:?
Diets containing different levels of biochar

ke
clae 0% 0.5% 1% sl & )
Parameters 5 il P-value
SEM
(p)5 S )zaleil sl )5 agls 3y 39
Body weight of the cows at the beginning of 586.50 635.50 632.75 28.07 0.40
experiment (kg)
(5 5hS) b3l slegs! o lagls oy 5
Body weight of the cows at the end of experiment 559.38 604.88 606.88 25.39 0.35
(kg)
(bS5 a8 Ko 055 114.89 121.86 122.09 3.83 0.34
Metabolic weight of the cows (kg)
(p551)02 0s 27.13 30.63 25.88 4.89 0.78
Body weight change (kg)
(p55k8) 20 S Lo JS 525.00 51075 526.17 9.35 0.44
Total dry matter intake (kg)
(6551 59) (e St ool 27.63 26.88 27,69 0.49 0. 44
Daily dry matter intake (kg)
O ip [ Bpae S5 o cond 0.05 0.05 0.05 0.002 0.10
Daily dry matter intake /body weight
oyl iy B pae S5 odle o 0.24 0.22 0.23 0.01 0.07

Daily dry matter intake /metabolic weight

Loy 55 sloysl sy cile a5 cosl 0us L3 )5S (2019
Iy diy (258 Jgmaze g 93,5 Cungy g oS L
~Gyas sboy y3 5 sloygl (ks & iz yp g dald oS
g 0SS pan slio i b duglie )3 Eye pn jloge oS
5 5el il bl Jols (eanS sling 3l o dypunlS s )5
stalesl (slooy 41 g 09938 b 0w ikl gl (Y]
.(Mir Heydari et al., 2018) s 5 ,l,8
S5 slodsl slawminlp ) (S p sdibof] glooye i
2o > <[00 5 ealiwl a5 3l i gl ] osd 03,91 & Jgan y
Comind uml_f [Swen) u_alwlm 03 yuld dllb9[§ 0> D (Jdxe )l>9»
LS Lo s S 5 (5gh b 4 (s mdré SloonSay
Cuw i odlawl 04> 3 (SAxo )l>9.u oy &.’ @aw )l &S
—aotinl @yl bl (P<+/+0) 13,5 LS bhuwgio a5l
5 ialofl (slmo i 5815 o6 lagls g slaJobo sl

Jled Jlej 5l oy +/0 4l b as WS (5155 ladse
ol il Kol 1551 polsalS oy pdlie )3 (6l sine yusis
Syl 635 9 Jo S opegdl el il Sland ueligls
- iz ytiS Bland ST (S 3T 45 b 43 cansl 05 Sl
(Jiyaetal., 2014) col azsls gl
clale L?"‘\_“ )l_>9.u oy ;i: o..\MSd).Am dlﬁsc\nﬂ); 2
Lol gy yiitiy 28l 09,5 4y Caus (395 pyww HDL g 050l 0558
byl ¢jlyiaslpgiaal VT ey S 655 Jg S clale
dsslSLalE o IS 5u5ig g eoymosdl LDL VLDL jligel uil 5
Saeidi Garaghani et al., ) c il gyl sxe ©olas aog,S o
Eagm s Ere i slasm 03958l &5 WS )15 (liiee (2022
SpealSisy clls 5l 0yl lagine opx 4 93)5 Cungy
055 il pgiel (¥l g Slsel il 5 Sl a8 w5l
30 09, 5 & e g5 SIS ke Gl sl J sy
9= Wl Glalal sty (193 oy 39S Gl &S s
Mir Heydari et al., ) couwl oad 03> Cuus 265 039 4
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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

3 Sine sl il zolaw > (slao e
Parameter Diets containing different levels of biochar
slas (ke -
0% 0.5% 1% I e )
SEM P-value
(5 (2 2 25 (o) 5915 67.17 7113 73.00 1.63 0.07
Glucose (mg/dl)
(5 2 32 25 (loa) g2l 302.62 34350 327.25 19.18 0.34
Colestrol (mg/dl)
el 655 () (3 2 )5 o)
Triglidrid (mg/dl) 14.63 15.57 15.88 1.03 0.67
(52 3 51 £S5 o)) 58.25 64.38 58.50 3.38 0.37
Urea (mg/dl) )
(5 3 2lg)slsel (il 3 ULl
Aspartatae tre_msaminase_ (UIL) 80.75 87.43 95.75 6.54 0.27
(55 53 aolg)sliel il 5 oVl
Alanine transaminase (UIL) 37.25 38.63 37.88 2.63 0.93
(3 5 3515) L jBland ST — (a3l
Alkaline phosphatase (UIL) 187.50 171.43 213.75 24.83 0.49
(2 503 2 5 (o) Yo Atpudld b (545 250 186.75 213.71 194.75 11.35 0.26
High-density lipoprotein (mg/dl)
(33 2 Joo o) oy syl pu 02 slaiul
Non-esterified fatty acids (mmol/L) 0.41 0.39 0.31 0.05 0.35
(2 2 dse (o) S ST 1 e o
Total anti-oxidant capacity (mmol/L) 0.45 0.51 0.44 0.04 0.36
(32 32 Jso (o)l Sy (ouSgphum by
B-Hydroxybutyric acid (mmol/L) 0.35 0.47 0.39 0.04 0.07
() (g2 2 25 (o)l 10.04 10.74 10.59 0.29 0.22
Calcium (mg/dI)
(] (3 p P35 Shoo) piud
Phosphor (ma/dl) 8.49 8.78 8.16 0.36 0.48
(5 (2 2 25 (el siio 2.77 3.08 3.13 0.14 0.16
Magnesium (mg/dl)
(2 o 2 .5 s
Albumin (g/dl) 4.65 4.82 4.64 0.15 0.66
(5 3 32 p)5) S Cnbign
Total protein (g/dl_) 8.44 8.56 8.51 0.26 0.94
() (o3 2 25 amllisacglle 171 2.11 2.04 0.28 0.59

Malondialdehyde (g/dl)

Ored S8l Gl (09See (B9 Fiw g b b B

Sy (Saleem et al., 2018) sy lis il 8l cqiins

Sygs 5 Giliseo e gims 5 b W3ls 5938 dlga 5o stloj]
Orrinr JLd (S g A (yp 03 gl el CaiS )
N SLaS 5 (S St Sl i 9 oo RIS byl
0300l YU 0309 o lojen il L 1y o] s c Bt o3
J5 L L S 90T YLy (55 o 5 9,500 380 oplas

.(Di Natale et al., 2009) szusls Lo yo S Kilog,l

Sl scigie & gl )3 g o LES Jlad (2l Lagac
bgiye s Sy bawgio pore Galiél w00 &) ol 3508 L
o b 18U o o g ol g ol e S (3aLe) o5l 4
Solas 3529 0limd LS Wi e ey ol (02 o8 0L
il i 0 ladl sasmd i Wlg o LS bawgio po
.(Hasannia et al., 2020)
YL slod 3 018 W5 Jlo g (S ghan 4eoSid i S 5
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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

[ESE S Sxe lan il zolaw gl slao
Parameters Diets containing different levels of biochar
sl 5:Slks "
0% 0.5% 1% >t o o)
P-value
SEM
(5 o 2 f’_’s)i’*”‘"ﬂﬂ £ 8.66 8.63 8.50 0.20 0.84
Total protein (g/dl)
(5 o 2 25 heiig e 342.86 437.50 400.00 39.28 0.26
Fibrinogen (mg/dl)
g 4 Gl ot SO Comd 23.10° 1676 2097 152 0.03
((TP-Fib)/Fib)
(1o 3)es 5 flon 26.77 24.99 26.25 111 0.52
Hematocrit (%)
(d9,S0) 8 308 slo ol
6.57 5.93 6.21 0.28 0.29
ul)/Red blood cells (x108
(o )rzmin 2 o2 J5dlS shag 14.91 14.95 14.54 0.30 0.57
Red cell distribution width (%)
(5 o3 2 £5)fS o 9.97 10.23 9.74 0.21 0.28
Hemoglobin (g/dl)
GitglSgot bugio px 40.94 42.10 4233 0.92 0.55
Mean corpuscular volume (fL)
Ol et baugia (g _ 15.27 15.71 15.70 0.34 0.60
Mean corpuscular hemoglobin (pg)
(3 o3 22 p5)omslS gon Clale (S0l
Mean corpuscular hemoglobin 37.24 37.36 37.11 0.18 0.60
concentration (g/dl)
();’J”S"A)@ slads s 8.35 8.26 8.90 0.66 0.76
Total white blood cells ((*1000)/ul)
(2 3)ocsnglyls s 53.52 48.86 51.49 2.92 0.54
Granulocytes (%)
(52)3) 855 5] o 1.83 2.33 1.00 0.58 0.34
(%) Eosinophil
(12,2)ll cslo s i) ol 61.57 53.75 57.75 2.65 0.14
(%) adult Neutrophil
(0 3) ) ol 36.50 41.38 39.38 2.65 0.44
(%) Lymphocyte
il & lnJidg igh o 1.73 1.40 151 0.18 0.44
Neut/lym
(12 3)cpmgise ol 2.83 4.00 3.17 0.78 0.54
Monocyte (%)
(2 olylecsdh 379.602 303.14° 311.00 ® 20.25 0.05
Platelets (103/uL)
(=g Sealloc S, bawgie e 3.32b 3.802 3.962 0.14 0.01
Mean platelet volume (fL)
(12 3) 0l 52 0.12 0.12 0.12 0.01 0.68

Procalcitonin (%)

(P<0. 05) sl oyl sine S ghls S jitiapé By > b cisdy o (slagySile 2
& Means within same row with different superscripts differ (P<0.05).
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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

Lméz....‘:‘)s (Pxe )l>9..4 alisks C5]a.a dbb L;Lmn)._.?
Parameters Diets containing different levels of biochar
sl (:Ske e
0% 0/5% 1% >t =X )]
P-value
SEM
(F).S#))*& "\Jy 40.98 41.39 41.01 1.32 0.97
Milk production (kg)
(o)estz 3.61 3.80 3.35 0.17 0.22
Fat (%)
(122)0s932 2.98° 3.15° 3.10% 0.05 0.05
Protein (%)
O & 7 Cond 113 1.20 1.09 0.05 0.32
Fat/protein
(2,3);55Y 475 470 4,66 0.05 0.54
Lactose (%)
(122)25t> 3lpe 1155 11.86 11.60 0.20 0.53
Solids (%)
(o) g dolx s
i 8.73 8.70 8.65 0.08 0.76
Solids non fat (%)
(= "Am))w P Slage sladsho s 40.81 108.25 219.68 57.34 0.11
Somatic cell count (k cell/ml)
(510 25 ko) ol oyl 0320 15.98 1651 15.61 0.40 0.31
Milk urea nitrogen (mg/100g)
(32)3)3952 22 slosl i 22,91 22.74 22.84 0.66 0.98

Denovo fatty acids? relative (%)

(102)bslke 02 sladen] Cans 40.28 4113 4031 0.98 0.79
Mixed fatty acids? relative (%)

(o )eslo (i o sladesl Cuns

Preformed fatty acids® relative (%) 3761 36.13 3685 107 063
iz 5 Ve 2 My 51 bl o sl 7.47 7.75 7.11 0.28 0.31
Free fatty acids (meq/100g fat)

(2 2 OYly ST bty ol 5 0 sloed 643.81 645.45 584.76 34.59 0.38
Non esterified fatty acids ( peg/l)

(102)eledl oz losenl Eond 60.91 60.44 60.56 0.58 0.84
fatty acids (%) Saturated

(o)eled! b o Sl o 24.25 24.53 24.17 0.46 0.85
Unsaturated fatty acids (%)

(o) s 3 bl & 02 slased 22.14 22.47 2217 0.40 0.82
unsaturated fatty acids (%) Mono

(bo)isizn L2 elbdl & 02 slasd 1.99 2.00 2.00 0.11 0.99
unsaturated fatty acids (%) Poly

(F;T;z;‘c“;jtj&) 31.96 3225 3177 0.51 0.80
(ST:;;EE?CLI“&“E 0;:;‘ 11.26 10.12 113 0.73 0.46
(122) S5 30 20.32 20.91 20.78 0.32 0.41

Oleic acid (%)

(2 3 Jge )iy (o ghen b 0.16 0.15 0.14 0.00 0.06
Beta-hydroxybutyrate (mmol/l)

(3 2 oo (o) o 0.27 0.27 0.29 0.01 0.10
Acetone (mmol/l)

oy sl = C16 aglae a sl ¢ <C16:990d y> (sladl' . (P<O. 05) sl o I e NS (gl S iyt By b cindy o (slo 1 Sileo
>C16 :adlo iy
3 Means within same row with different superscripts differ (P<0.05).
1 Denovo fatty acids : <C16
2 Mixed fatty acids : = C16
3 Preformed fatty acids : >C16
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