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Article Info ABSTRACT
Article type: Background and aim: One of the negative effects of climate change is the
Research Full Paper reduction in rainfall, which leads to a decrease in forage production.
Therefore, the cultivation and use of water-efficient forages, such as fodder
beets, is recommended. One of the advantages of making Total Mixed
Ration Silage includes preventing agricultural product waste, ensuring
uniformity of feed throughout the growth period, and maintaining
consistent rumen conditions. The aim of the study was to determine the
chemical composition, rumen parameters, fermentability, digestibility, and
Voluntary feed Intake of fodder beets Total Mixed Ration Silage in the
nutrition of native cows.

Materials and Methods: Approximately three tons of fodder beets root
(Timbale variety) were harvested from the research farm of the Sugar Beet
Arti - . Seed Institute. After cleaning, the beets were shredded using a slicer and then
rticle history: : - .
Received: transferred to the Animal Sciences Research Institute of Iran. Then, the
Revised: shredded sugar beet forage was thoroughly mixed with alfalfa hay, wheat
Accepted: straw, crushed barley, wheat bran, and other mineral ingredients (including
urea, mineral-vitamin supplement, calcium carbonate, salt and Sulphur
flower) and compacted into 220-liter plastic barrels with tight-fitting lids.
After 45 days, the silos were opened. The experiment was conducted with
three isoenergetic (2.2 Mcal/kg) and isoprotein (11% dry matter) treatments,
which included the following: Total mixed ration silage based on fodder
beet, Total mixed ration silage based on corn silage, An equal ratio of the
two aforementioned total mixed ration silages. The experiment was
conducted using three fistulated Taleshi bulls (with an approximate weight of
350 kg and an age of about two years) in a completely randomized design
(fed twice daily in digestion cages). Subsequently, the chemical composition,
ammonia nitrogen, and pH of rumen fluid and feces were measured at 0, 2, 4,
6, and 8 hours after feeding the cows. The rumen gas production (at 2, 4, 6,
8, 12, 24, 48, 72, and 96 hours of rumen fermentation) and its parameters
were determined. Digestibility was measured using the fecal collection
method and an internal marker. Energy intake indices (including
metabolizable and net energy) were calculated, and finally, voluntary intake
of the experimental diets was measured for 14 consecutive days following a
10-day adaptation period.

Keywords: Results: The crude protein, organic matter, crude fat, neutral detergent
Fermentability fiber (NDF), acid detergent fiber (ADF), and non-fiber carbohydrates
Total Mixed Ration Silage ~ (NFC) of the total mixed ration silage based on fodder beet were 10.6%,
Fodder Beet 89.4%, 1.1%, 31.9%, 24.4%, and 45.8% of the dry matter, respectively.
Native Cattle The ammonia nitrogen (mg/dL) and pH of rumen fluid and feces in cows at

0 and 2 hours after consuming the total mixed ration silage based on fodder




beet were 17.2, 7.2, 7.5, and 18.3, 6.8, 7.5, respectively. The values for
rumen gas production (mL during 24 hours of rumen fermentation), gas
from the slow-fermentation fraction (mL), gas production rate (mL/hour),
methane gas (mL during 24 hours of rumen fermentation), volatile fatty
acids (VFAs) (mmol), protein (g/kg body weight), metabolizable energy
(MJ/kg), and organic matter digestibility of the total mixed ration silage
based on fodder beet were 52.6, 71.2, 0.6, 16.0, 1.2, 141.5, 10.0, and 73.3,
respectively. The relative forage value of the three experimental treatments
was 140.9, 129.6, and 124.2 units, respectively. Additionally, the average
voluntary feed intake of the three experimental treatments in Taleshi cows
was 16.3, 15.3, and 14.6 kg per day, respectively. Most of the measured
traits in the total mixed ration silage based on fodder beet treatment were
significantly different from the other experimental treatments.

Conclusion: Based on the results of various experiments on total mixed
ration silage based on fodder beet, it appears that the consumption of this
feed in the nutrition of native cows leads to better performance. The total
mixed ration silage based on fodder beet is highly palatable and improves
the performance of cows without any issues.
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Table 1: Ingredients and chemical composition of the cow’s diets (Chemical composition & Energy

intake)
(Diet%) o 3 (K 03b) do s
aly 2 JolS S e aly p JolS S S el
Sl ke i ¢l asle o3 Ingredients
TMR-SB TMR-CO
76 0 o)'U 6\43}1.‘«).)“3;_-
Fodder Beet fresh
0 72 o)U leu}lﬁ U)b
Fodder Corn fresh
35 36 e
Alfalfa
-L.sf OLS
115 5.3 f
Wheat straw
i
5 107 =
Barley grain
L8
3.4 7.1 f7 o
Wheat bran
el o S ‘}@.(.a
0.06 01 Mineral + Vitamin premix*
Slaws
0.06 0.14 et oS 52
Calcium Carbonate
0.02 0.04 e
Sulphur
L} l
0.21 0.64 >
Urea
ol
0.19 0.24 Pl S
CaCo3
Kas
0.06 0.14
Salt
o (..m:lﬁl:.a JB 55 5 (St sl Ao y3) (i 3l 5
composition (%DM) and ME of diet Chemical
38.0 38.5 (DM) i osle
11 11 CP) ol
0.8 0.8 (Ca) (s
0.4 0.4 P) jins
28 28 (NDF) 2o s 5 53 Jslomal U
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S5 5o Madli dmly 0nvinn e il s oS S5 (TMR-MI) lassle @b 5 s JolS ST Do 55 S5l S =T
(Ca) odS SIS 3 o S VA e JaSe S S Bl elts 0SS s 0 S 0/) e D3l s 0 S kS 53 Ml dls Ve ¢ Al
53 ¢85 e (MN) 5K o S 55 0 8 /Y ¢ (N@) s 2SS 55 0 510 ¢ (M) se S 5kS o 5 T fP) i £ S5ks 5o 5 4
eSS e S () & S5k s 08 0 £(S8) psile oSS 3 08 0 £ (CO) LIS £ SHLS s 0 S 0 £ (2N) sy 0SS

(2021) o O ol aolas] s

Mineral vitamin mix composition: 500,000 IU/kg of vitamin A; 100,000 1U/kg of vitamin D3; 1.0 g/kg of vitamin E;
Mineral mineral mix composition: Mg; 180 g/kg of Ca; 90 g/kg of P; 20 g/kg of Mn; 60 g/kg of Na; 0.2 g/kg of Mn;
0.3 g/kg of Zn; 0.1 g/kg of Co; 0.1 g/kg of Se; 0.1 g/kg of I; 0.3 g/kg of Antioxidants (NRC, 2021).
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Table 2: Chemical composition (%DM) of silage total mix rate of treatments

Index _Statistical Treatments e
Sl et el Chemical

SIG SEM TMR-CO TMR-MI TMR-SB composition
HS 0.35 9.7 10.1° 10.6 CP

NS 0.51 90.0 90.0 89.4 OM

NS 0.50 10.1 10.0 10.6 Ash

NS 0.17 1.4 1.2 1.1 EE

HS 2.09 36.3° 35.12 31.9° NDF

S 1.47 27.2° 26.1% 24.4° ADF

S 0.88 9.2° 9.1° 7.5 HC

S 1.78 42.6° 43.5% 45.8° NFC

(TMR-CO) gleizshe @3 wly » JolS Sty Y (TMR-SB) ladsle jaim ab » Jo8 STy = dla) (Cow’s diets ) by o,
Wil o b Sl 5l re AL Wt a3 Sslise Dy (TMR-MI) (lad ghe 53 5 s JolS STt 5o 53 (55kes S =Y
SIG s Sle sl glas SEM .(P>4/41) (515 e e NS .(P<e/00) Jls aa S .(P<e/0)) s pme s HS (P<2/20)
SUINDF (508 2 glaas NFC ol zosle :ASh ot oo D BE bt 55, 0 CP . JTesle OM st sle DM g ls e el

ool ey 53 53 Jgloal BUHADF | 2 oy 55 s J ol
Different letters in each column, indicated significantly different means (P<0.05). HS: High Signifcante (P<0.01). S:
Low Signifcante (P<0.05). NS: Non-Signifcante (P>0.05). SEM: Standard Error of Means, SIG: Significantly. DM:

Dry Matter. OM: Organic Matter. CP: Crude Protein. EE: Ether Extract. Ash: Crude Ash. NFC: Non-Fiber
Carbohydrate. NDF: Neutral Detergent Insoluble Fiber. ADF: Acid Detergent Insoluble Fiber.
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Table 3: Rumen pH of cattle fed with experimental total mixed ration silage

Index Statistical Treatments )
bl s tales Times
Laoke
SIG SEM TMR-CO TMR-MI TMR-SB
HS 0.21 7.39° 7.26° 7.22° 0
HS 0.23 6.93 6.89° 6.84° 2
s 0.23 6.90° 6.86° 6.76" 4
HS 0.22 6.96° 6.90° 6.86° 6
HS 0.27 7.07° 6.08" 6.91° 8

(TMR-CO) gleizshe @3 wly » JolS Sty Y (TMR-SB) ladsle jaim ab » Jo8 STy = dla) (Cow’s diets ) by o,

Wil o b Sl sl re L Wt a3 Sslise Dy (TMR-MI) (sl gle 53 5 s JolS STt 5o 53 (55kes g =Y
SIG b Sle o sylbilial glax SEM (P>4/4)) o)l S ple NS .(P<+/+0) i e S .(P<e/0Y) s TR P HS .(P<:/v0)

(S3 pxe Ch.,.

Different letters in each column, indicated significantly different means (P<0.05). HS: High Signifcante (P<0.01). S:
Low Signifcante (P<0.05). NS: Non-Signifcante (P>0.05). SEM: Standard Error of Means, SIG: Significantly.
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Table 4: Fecal pH of cattle fed with experimental total mixed ration silage

Index Statistical Treatments
bl ol o3l gl Times
SIG SEM TMR-CO TMR-MI TMR-SB Lol
HS 0.30 7.95% 7.80° 7.50° 0
HS 0.18 7.65°% 7.55 7.50° 2
HS 0.17 7.55% 7.53° 7.40° 4
S 0.19 7.55% 7.47° 7.33° 6
S 0.18 7.50% 7.45°% 7.30° 8

(TMR-CO) lsske i wly » JolS STy Y (TMR-SB) (slassle saan wl » 1el5 STy D) (Cow’s diets ) b8 o
Al o b Sl f b e Sl O gt a2 sline Gy - (TMR-MI) (sl sle 33 5 s elS STyt s 35 (s5bas s Y
SIG b Kle o s )lllkal glex SEM (P>4/0)) (5505 e ple NS (P<e/00) s xS .(P</0V) 45 xe sl HS (P<i/v0)

Sl an o

Different letters in each column, indicated significantly different means (P<0.05). HS: High Signifcante (P<0.01). S:
Low Signifcante (P<0.05). NS: Non-Signifcante (P>0.05). SEM: Standard Error of Means, SIG: Significantly.
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Table 5: Rumen ammonia nitrogen (ml/dl) concentration of cattle fed with experimental total mixed

ration silage
Index Statistical Treatments
Sl asls bl bl Times
SIG SEM TMR-CO TMR-MI TMR-SB Lol
s 0.45 16.21° 16.94° 17.21° 0
HS 0.73 16.52° 17.47° 18.25° 2
HS 0.71 16.86° 17.78° 18.54° 4
HS 0.66 16.60° 17.34° 18.16° 6
HS 0.67 16.43° 17.19° 18.02° 8

(TMR-CO) gl he =3 wly 5 oS Sy Y (TMR-SB) (glaihe jaanr al r JolS STy Do) (Cow’s diets ) by o

AL o s Sl (s e L g a3 Sl Sg - (TMR-MI) lasple 3 5 s JolS S| g Pl 53 S3bos o Y
SIG b (Kle oo syl glax :SEM (P>0/0)) (g ls e pe NS .(P<:/40) Jls sne S .(P<e/0)) s me sls HS (P<:/00)

(Sl e da..»

Different letters in each column, indicated significantly different means (P<0.05). HS: High Signifcante (P<0.01). S:
Low Signifcante (P<0.05). NS: Non-Signifcante (P>0.05). SEM: Standard Error of Means, SIG: Significantly.
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Table 6: Rumen gas production (ml) of cattle fed with experimental total mixed ration treatments

Index Statistical Treatments
bl jasls bl sl Times
SIG SEM TMR-CO TMR-MI TMR-SB Lol
S 0.35 2.3 2.8 35 2
HS 1.14 5.8 6.7 8.2 4
HS 1.75 10.2 12.0 14.0 6
HS 2.69 16.7 19.9 22.7 8
HS 3.55 30.0 335 38.1 12
HS 2.97 46.0 48.1 52.6 24
HS 2.94 58.7 59.4 64.7 48
HS 3.48 62.4 64.8 70.1 72
HS 3.18 64.0 67.7 71.2 96

(TMR-CO) gl he =3 wly 5 oS S1ys e (TMR-SB) (glai e jaar a0l JolS STy Do) (Cow’s diets ) by o,
Wil o e Sl e s e AL O g a3 Sslie Gy (TMR-MI) (glaiple )3 5 pdir LS ST 5D 53 (Ssbos o =T
SIG b Kle oo syl glax :SEM (P>4/0)) (g )ls e ple NS .(P<:/40) Jls ne S .(P<e/0)) Jls me sl HS (P<:/00)

Sols e o

Different letters in each column, indicated significantly different means (P<0.05). HS: High Signifcante (P<0.01). S:
Low Signifcante (P<0.05). NS: Non-Signifcante (P>0.05). SEM: Standard Error of Means, SIG: Signifcantly.

0.75

3ol MD ke @K W) o slia |6 55 5 (MMOD) o6 58 0 iy sladesl (MDD 58 4 55 St 3 0o V J s

bl Glasles gl dyle o

Table 7: Gas production parameters (ml), short-chain fatty acids (mmol), metabolizable protein (g/kg
w°.7%), methane (ml), and relative forage value of experimental treatments

Index Statistical Treatments
Sl paxls bl glasles Parameters
SIG SEM TMR-CO TMR-MI TMR-SB b el
HS 3.18 64.0° 67.7° 71.2° (B) ez 2> 2o S8
S 0.63 0.51° 0.53% 0.63 (C) 5 Wy o
HS 3.40 65.0° 69.0° 72.8 (A+B) 815 sl
HS 0.07 1.02° 1.06° 1.16% e
(SCFA)L 5
HS 7.45 124.2° 129.6° 140.9° (RFV) slagdss 5
. b . JE oS5
HS 5.78 128.6 132.6 1415 (MP)
HS 1.39 13.0° 13.6% 16.0°% (CHy) olesls

(TMR-CO) gleishe @3 wly » JolS St oY (TMR-SB) ladsle jaim al  Jo8 STy = dlo) (Cow’s diets ) sy o,
Wil o b Sl 5l re L Wt a3 Sslise Dy (TMR-MI) (sl gle 53 5 s JolS STt 5o 53 (55kes g =Y
SIG s Sle sl glas SEM .(P>+/41) (515 s e NS .(P<e/00) Jls aa S .(P<e/0)) s pme s HS (P<2/00)

Sl ae o

Different letters in each column, indicated significantly different means (P<0.05). HS: High Signifcante (P<0.01). S:
Low Signifcante (P<0.05). NS: Non-Signifcante (P>0.05). SEM: Standard Error of Means, SIG: Significantly.
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Table 8: Energy Indices (MJ/kg) and Digestibility (%) of Total Mixed Ration Silage in Experimental

Treatments
Digestibility Index Energy Treatment
s oLl G5 glaarls S
osle 3 \_QT osls B . ) )
. Hoske Sz osle o sl L5 lales
OMD DMD NE ME
DOMD

54.5% 73.3° 35.7° 6.0° 10.0° TMR-SB
51.8% 68.7° 35.0° 5.5° 9.3° TMR-MI
50.8% 66.6° 35.4% 5.3° 9.0° TMR-CO

1.63 2.99 0.29 0.30 0.42 SEM

HS HS S HS HS SIG

¥ (TMR-CO) lassle s by JolS STy DY (TMR-SB) (glassle suiar wb » LoS Shys Db (Cow’s diets ) taslS o
= HS il boSile o olsme Ol s a3 Sslie By (TMR-MI) (lisle @03 5 sair JolS Syt Pl 53 sl S
= SIG e, Kl 5 bkl glat = SEM (P>4/00) Jls sme sl 86 = NS (P</00) ls sxe oslis =S (P<e/0)) s me Jls sl

Slosle s St asle an < 8= DOMD T esle pan < ohi = OMD (it el s < i8 = DMD a0l (e 35l

Different letters in each column, indicated significantly different means (P< 0.05). HS: High Signifcante (P< 0.01). S:
Low Signifcante (P< 0.05). NS: Non-Signifcante (P> 0.05). SEM: Standard Error of Means, SIG: Signifcantly.
DMD: Dry Matter Digestibility. OMD: Organic Matter Digestibility, DOMD: Digestible Organic Matter in the Dry

Matter.
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Table 9: Daily intake (Kg/Day) of total mixed ration silage in experimental treatment cattle

Index Statistical Treatments
sl patls bl slasles Day
Ly,
SIG SEM TMR-CO TMR-MI TMR-SB
S 2.08 14.4° 15.1° 18.1% 1
S 2.21 14.1° 14.3° 17.3° 2
NS 1.51 14.7 14.8 15.2 3
NS 1.44 13.9 14.7 14.8 4
NS 1.31 14.7 15.0 15.8 5
NS 1.29 14.4 15.3 16.0 6
HS 1.35 14.0° 16.1% 16.3 7
S 1.73 14.4° 16.4% 16.6° 8
NS 1.63 14.3 15.3 16.3 9
HS 1.24 14.4° 14.6° 16.7° 10
S 1.21 14.3° 14.7° 16.7° 11
NS 0.89 15.6 15.6 15.8 12
NS 0.96 16.4 16.5 16.7 13
S 0.75 15.3° 16.1% 16.7° 14
HS 1.49 14.6° 15.3 16.3% 5 oSSl

(TMR-CO) ke s wly » JolS Sy DY (TMR-SB) (gladle juiam ab » Jols STy D) (Cow’s diets ) by o,

5L o b Sl o (s e SLE O a3 Sosline Gy (TMR-MI) gl e )3 5 a5 S Pl 53 (sl connd =¥
SIG b Sle oo sylbilial glax :SEM (P>4/4)) ol S ple NS .(P<:/+0) Jis s S .(P<e/0Y) s OIS HS .(P<+/v0)

'6)\3 v""‘ c]a.n

Different letters in each column, indicated significantly different means (P<0.05). HS: High Signifcante (P<0.01). S:

Low Signifcante (P<0.05). NS: Non-Signifcante (P>0.05). SEM: Standard Error of Means, SIG: Significantly.
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