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Article Info ABSTRACT

Article type: Background and Objectives: One of the negative effects of climate

Research Full Paper change is the 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.

Article history: Materials and Methods: Approximately three tons of fodder beets
Received: 18/02/2025 root (Timbale variety) were harvested from the research farm of the
Revised: 19/05/2025 Sugar Beet Seed Institute. After cleaning, the beets were shredded

Accepted: 23/05/2025 using a slicer and then transferred to the Animal Sciences Research

Institute of Iran. Then, the shredded sugar beet forage was thoroughly
mixed with alfalfa hay, wheat 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 iso-protein (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

'lfeyworg_sl_: parameters were determined. Digestibility was measured using the
ngﬂgpgeétlty fecal collection method and an internal marker. Energy intake indices
Native Cattle (including metabolizable and net energy) were calculated, and finally,

Total Mixed Ration Silage ~ voluntary intake of the experimental diets was measured for 14
consecutive days following a 10-day adaptation period.
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Results: The crude protein, organic matter, crude fat, neutral
detergent fiber (NDF), acid detergent fiber (ADF), and non-fiber
carbohydrates (NFC) of the total mixed ration silage based on
fodder beet were 10.6%, 89.4%, 1.1%, 31.9%, 24.4%, and 45.8% of
the dry matter, respectively. 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, 1415, 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)
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(2021) o STl bl baolagus! &

Mineral vitamin mix composition: 500,000 1U/kg of vitamin A; 100,000 IU/kg of vitamin D3; 1.0 g/kg of vitamin E;

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 ?tatistical Treatments s S 5
Sl el ol Chemical

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

NS 051 90.0 90.0 89.4 OM

NS 0.50 10.1 10.0 10.6 Ash

NS 0.17 14 1.2 11 EE

HS 2.09 36.3° 35.1° 31.9° NDF

S 1.47 2.2 26.1% 24.4° ADF

S 0.88 9.22 9.12 7.5° HC

S 1.78 42.6° 43.5% 45.8% NFC

(TMR-CO) laile =z al oS Sy 55 (TMR-SB) (gl sle o b oS STy ) (Cow’s diets ) b8 o
Lk o b oSle o lsnn 6L W o s sline Gy (TMR-MI) Gl e )3 5 sain JolS St Dlow 53 Sslos i =T
SIG s Sl G 3kl sl SEM (P>2/01) (g)ls ame pite (NS (P<e/40) Jls ns S .(P<e/0V) s me by HS (P<2/00)
SUWINDF (6 6 slaad (NFC ols 2l AASh ol o BE ol 055, : CP . JT ol . OM L2t 0l DM 65 pme o

(Sl 0k 58 53 Jsloeel BUHADF | i oy 5 55 J ol
Different letters in each column, indicated significantly different means (P<0.05). HS: High Significant (P<0.01). S:
Low Significant (P<0.05). NS: Non-Significant (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 jasls b les Times
Lol
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 6.98° 6.91° 8

(TMR-CO) lesle o3 al oS Sy 55 (TMR-SB) (gl sle ot b oS STy ) (Cow’s diets ) LS o
il b Sile (ol g 6liS O o 3 Ssline s = (TMR-MI) glajle @3 5 st LS Sl Plw 55 Gslas cond =T
SIG e (:Sks o skl slast [SEM (P>4/01) (sfs ns pde NS .(P<e/20) s ons S P/ Jls sina slemy HS .(P</00)

(SN e o

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

pH )L,\Lo LA odud 6)\3&# qu: (_;‘4.9)4\9 C)).J
0355 Sy 1 e s glacele s 4aSs

¥ Jsds s Of anslis = 5 o ks g Se sl lagls

Sled 53 Gl sl 5y kel SUL Sl
Sl LOT L 5 035 e 53 (oSbe b b los

5 glegde Sl sl g Js sl ol pae



V€+€ & O)Lows SY 0,9 ‘ulf.mf,!,:w » Msf

Sl 4 Ll e PH 53 ul5sl 55l 51 aS
sMaekawa )il 4eSs b 3 Sln 5L
4 Ss gl pH e, sla o Y Y 0L K
s cal fals Sl 5l de cel Y s
C3late 5wl 4 52 51 S0 sl e (855
e 4 s (SLigel 03555 chle tals O
Sbisel 0555 3 sl 5 S eslind
o Ll o o S s M5 s S ke
G e 5l day ol ¥ s S mle pH 28l
s Chapaval) ail e, sl s Sl

Y)Y OLKa 5 Ribeiro v+ A O

Sl A 5T i ol s 25 5 e da>a
St a8 Dnp S 5l
£) £ ocele o Js o)l ssms ol pme sl
5 bl Hlag o (Sl O e 3l celo
L edalin (gyls pme ol gl gle &3 LS
shiar Ol bl 95 pl e Sl 4S50 o
sl PH Lo ol 5o 2l s sliésle
ol L G e A sl ) eaSs
wtbd‘wg.ﬁlj&pr 05 el
TS VISR PR I PV JSERSI P

s L_g_ifg? B é‘)” .,\.:J)_? )\fu;uw(sbu\ ML»

il 0l sk JolS S5 b eddadis sla gl g sae pH ity
Table 4: Fecal pH of cattle fed with experimental total mixed ration silage

Index Statistical Treatments
sobel paxls bl sl sles 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° 753" 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) sl ke =z wl oS STy 55 (TMR-SB) (sl sle o b oS STy D) (Cow’s diets ) b .

il b Sile frm (ol g 6lis D5 o 53 Ssline s = (TMR-MI) glidjle @3 5 st LS Sl Pl 53 Golas o =T
SIG b Kb 3yl slas [SEM .(P>+/01) (ols e pte NS (P<e/00) s pne S (P<e/0Y) s pns sl (HS (P<2/00)

.Lg)h Wil Ch‘ﬂ

Different letters in each column, indicated significantly different means (P<0.05). HS: High Significant (P<0.01). S:
Low Significant (P<0.05). NS: Non-Significant (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
Gl asls bl bl Times
SIG SEM TMR-CO TMR-MI TMR-SB Lol
S 0.45 16.21° 16.94° 17.212 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° 18.022 8

(TMR-CO) slesle ooz al oS Sy 55 (TMR-SB) (glas sle ot b oS STy ) (Cow’s diets ) LS o

il b Sile o (ool g 6lis D5 o 3 Ssline s = (TMR-MI) glidjle @3 5 st LS Sl Pl 55 Golas cond =T
SIG s Sl G 3 bl sl SEM (P>2/01) (gls ame pte (NS .(P<e/40) Jls ns S .(P<e/0V) s me by (HS (P<2/00)

Sls e C)ﬂ.w

Different letters in each column, indicated significantly different means (P<0.05). HS: High Significant (P<0.01). S:
Low Significant (P<0.05). NS: Non-Significant (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
Sl als bl slasles Times
SIG SEM TMR-CO TMR-MI TMR-SB Lok
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 33.5 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 9%

(TMR-CO) lai ke =3 al oS S1ys 55 (TMR-SB) (sl sle o b oS STy D) (Cow’s diets ) b8 o
Al o b Sle e (51 Lime LS O a3 Sslize g = (TMR-MI) lissle @b 5 jdin o8 Sy 5Dl 93 Sl Cos =T
SIG s (Sl e 2l sllat SEM (P>+/01) (sls e pde NS .(P<1/00) Jis ins :S .(P</01) s ins Jly HS (P<1/00)

S e el

Different letters in each column, indicated significantly different means (P<0.05). HS: High Significant (P<0.01). S:
Low Significant (P<0.05). NS: Non-Significant (P>0.05). SEM: Standard Error of Means, SIG: Significantly.
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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
bl yamls a3l glaslad Parameters
SIG SEM TMR-CO TMR-MI TMR-SB b 4zl b
HS 3.18 64.0° 67.7° 71.22 (B) joss > i 58
S 0.63 0.51° 0.53% 0.63 (C) 8 Ws e
HS 3.40 65.0° 69.0° 72.8 (A+B) ;5 5 sl
HS 0.07 1.02° 1.06° 1.16% S S
(SCFA)«L s
HS 7.45 124.2° 129.6° 140.9° (RFV)gladss (25
HB S
HS 5.78 128.6° 132.6° 14152
(MP) o ke
HS 1.39 13.0° 13.6® 16.0° (CHy) 038

(TMR-CO) gl she 33wl Jols STy 35w Y (TMR-SB) (glad e jir a0l S 1,5 55) (Cow’s diets ) Lyl o
AL o b o Sle (sl Lime Wl O s a3 slize s = (TMR-MI) sl sle b 5 a8 Sy Dl 53 ol Cos =T
SIG s (:Sile 3kl glas SEM (P>2/01) (gols ms pite (NS (P<e/40) Jls pxs S .(P<e/0V) s me ey (HS (P<v/00)

Sl e c}a..»
Different letters in each column, indicated significantly different means (P<0.05). HS: High Significant (P<0.01). S:
Low Significant (P<0.05). NS: Non-Significant (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
an LB S3A sl s
osle 43 dﬂ o3l B . .
- Aok St osle o= PO pRCA oo
j 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) slasle 53wl JolS STy 55 Y (TMR-SB) (glas le i 4l JulS STy 5 (CoW’s diets ) b g8 o

HS b e b oSile o golsme Sl st 3 osline O3> (TMR-MI) glassle o3 5 a8 Sl Pl 55 (gsles o

SIG L, Kike sl slat = SEM (P>1/00) Jls sme oglis 136 = NS (P<e/00) ls sxe slis = S o(P<e/0)) s pme s oslis
Slesle 3 Kist o3l s = h8= DOMD (JToske s o 8= OMD it osle s w6 = DMD s, Silis o Dl

Different letters in each column, indicated significantly different means (P< 0.05). HS: High Significant (P< 0.01). S:
Low Significant (P< 0.05). NS: Non-Significant (P> 0.05). SEM: Standard Error of Means, SIG: Significantly. 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
Gl parls il sl b E?y
090
SIG SEM TMR-CO TMR-MI TMR-SB
S 2.08 14.4° 15.1° 18.1% 1
S 221 14.1° 14.3° 17.3° 2
NS 151 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° 16.72 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% 16.72 14
HS 1.49 14.6° 15.3° 16.3° JS oSl

(TMR-CO) laile =z al oS Sy 55 (TMR-SB) (gl sle o b oS STy ) (Cow’s diets ) b8 o

AL o b o Sle sl Lime Wl O a3 slize s = (TMR-MI) sl sle b 5 pdinr o8 Sy 5Dl 53 Sl Cos =T
SIG s Sle G 3okl sl SEM (P>2/01) (gols ome pite (NS (P<e/0) Jls pxs S .(P<e/0V) s me s (HS (P<v/00)

.Lg)bf‘ucla“

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