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Avrticle Info ABSTRACT

Article type: Background and Objectives: Due to climate change and the
Research Full Paper decline in forage production in the country, it is necessary to
conduct research to find suitable alternatives to common forages in
dairy cow feeding. Fodder beet has been introduced as a suitable
alternative in livestock nutrition in recent years due to its good
nutritional properties and resistance to environmental conditions.
However, no research has been conducted to investigate the effect of
replacing common forages with fodder beet on feed characteristics,
animal welfare performance, and rumen parameters. This study
aimed to evaluate the effect of replacing corn silage with fodder beet
silage (autumn forage) on rumen fermentation parameters and
chewing behavior in dairy cows.

Article history:
Received: 29/7/2025
Revised: 25/8/2025 Mateials and Methods: Fodder beet was harvested in spring and
Accepted: 21/9/2025 then ensiled. After 60 days, the experiment was conducted in a
carryover design with two treatments: 1) fodder beet silage diet and
2) corn silage diet and 10 replications (dairy cows) in two 30-day
periods. Diets were sampled to determine the particle size of the diet
using a Pennsylvania standard sieve on days 24 to 30 of each
experimental period. The chewing behavior of the cows including
eating, rumination, and resting jaw activity was recorded in each
period, and rumen fluid was sampled on the last day of each period
to determine the fermentation parameters in the rumen. The pH of
the rumen samples was measured immediately after receipt, and
then rumen fluid sampling was performed to measure ammonia
nitrogen, volatile fatty acids, and examine the protozoan population.

Results: Replacing corn silage with fodder beet silage increased the
amount of residual compounds in the 19 (P<0.01) and 4 (P=0.019)
mm sieve, decreased physical effective fiber, decreased eating
activity, rumination, and daily saliva production (P<0.01). Also,

Keywords: resting jaw time was longer in animals fed fodder beet silage
g‘gﬁ;ngg\\,'ve forage (P<0.01). On the other hand, the use of fodder beet silage in the diet
Protozoa reduced pH, acetic acid, and protozoa population (P<0.01). The
Rumination amount of propionic acid and total volatile fatty acids were higher in
Volatile fatty acids the fodder beet silage treatment (P<0.01). Ammonia nitrogen
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production and protozoan species Entodiniinae and Isotrichidae
were higher in corn silage treatment compared to fodder beet silage
(P<0.01).

Conclution: Overall, the results showed that using 25% of fodder
beet silage in the diet of dairy cows did not have a negative effect on
livestock performance, and according to the trend of changes in
rumen parameters, fodder beet silage diet had better performance
than corn silage due to higher propionic acid production and reduced
protozoa population. The use of fodder beet silage at a level of 25%
in the forage portion is recommended for feeding dairy cows.

Cite this article: Khamisabadi, H., Ashkvari, A.R., Aghashahi, A.R. (2026). Effect of replacing
corn silage with fodder beet silage on rumen fermentation parameters, diet particle
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Table 1. Ingredients and chemical compositions of experimental diets

bl slales
Experimental treatments

(s 33) 0 pr 1]

Sl sle S i dals Diet components (%)
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Table 3. The effects of replacing corn silage with fodder beet silage on diet particle size distribution
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Table 4. The effects of replacing corn silage with fodder beet silage on chewing behavior in dairy cow
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Sobsne o »QM Experimental treatments 3yl
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Fodder beet silage Control
<0. . ) b 80° (}};/r;%)xé-a:bd_/w
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* The averages shown in different Latin letters in each colum, have a significant difference at the 5 % level.

Ol 5 4w s pH ial s (Y++Y Dehority
S islis 4 ax 5 L gl le jliar 5l ealind
S, () Jsd) ol a8 st ey pd 3 sl
s 5 (6 J3d) oS Gl A5 5 0
alllan S 3 il ol L bl s
o 53 Sladgle i w3 AL
aeSCaPH j2alS el o UL ialS s
cble (VoY OLLSen s Fleming) 55 o
53 S e YV/0 BV anasls Sbsel 05525
Ay sl sl e Bl 51 5 ke (R e
530S ke 010 25 4SS s g s S
Ol ol 331 .(VARY (1L, 5 Sinclair ¢ ) s
L bl O3 3w o o Sbisel 0355
am 4aS T35 Caner 3 35 se DS
GlaSL 038 3 G b 5l aeS T35 13

RN

3l sdalCwsas o FWC R RNOE S PV YT S g
S Slle s Dl b &b Plow 3K
53 Gt Gl anS 5s s slaasinl
s 3l esla ) (ol sl 555 S 0 sl
PH ials ol i sl o s ladsle
& ool Szl el el Szl ¢ S ol 03555
A S 53 T35 Comar s Aol Sgms
S sladel IS Ol S J= 55 o(P<e/0Y)
aaSd s P/ Aad Sisns 5 (P</00)
53 gl gle Huiaa Sl eslanad Olag s (g b glaslS
2 AL, Pl b alie
s Sheslawl Ol 5o 4SS pH i
palde Ll oy b P 5l 28 (glabsle
Sl sl wnls s Lol G s kel Cewd s
Vv GOV il 5 aneS slais Sen e



Oy Ko 5 63LT ol cyms | e Sledgle yida M b @3 o S iuls i1

sKleen) sy s 0ly > S, ool L
slanl ‘_}5 Ql):.a LJ.<.1> adlas s (Yoo O
i Sl s 53 s oS Ll o
sy St 58 53 IS Selsl S L ladsle
L ol 3148 3 ol 0L 352 511, 2
0L 5 Pacheco) s oslaw ol o]
LYYY O, s Hammond Y+ Y+

318550 Cmmer 5 Sl A5 2alS
b Sleslinwl Ol 53 Olgu g o e 2158
—ialesl glaaisle SlS 5 5JUT =L sl
2 e gl 3 K0 mls 5 (Y Jsix)
53 Sl chle C il e 4SS
Oisoded U5 2o Gl by G Olpea 4
bwlyon Sl M5 2l 5 o35 3500 b
3 S 53 155555 Copmar a8 e
soleal g Gals (Y)Y O, 5 Patra)
S a8 anss 3 Slsws p Mg Jil58l
A Slides s lable aor L sddadis
SV Y e QLS 5 Pacheco) s ol i 515 S
et ey Ol e L ol 208 S5 Yo
sl esli ol et )3 4SS pH lals
Gl SL cdlas ials O s 3 5 sladsle
AVY Stewart) s S o Lal BLI ediSa

Sl 035,55 Slis o S5 a5 4eS
WUshida ; Jouany) d_as o il58) ) aed s
(Y Y O, 5 Belanche <1444
03 S 3 1 e sladed ST A8
Dde Jdsay Wl o slad sle jaae 5l eslinad Ol
AV e (O s J e Slda g S YL
el Sl 208 Dln 5 U b Skas S
e L aglie 53 olS ol sl o a5 o
o3l DLz Sl gl Al e L6 23
03 e Glalidn 5 S Ol S5l &8 ol
Lalyon slabsle jhamr VU olie Sl eslanal Ol
il el il s B G e 2alS
aomyd g aeSd ol o el e
el el cdw ok ol 51 Lpd pH LS
sl 531 (YWY 0l LSes 5 Dalley) s3luy et
el L ol G ol 3 oy gkl A8
4nSa PH e oo 5 )l p5eis Ol e 5l Lol
Rl a8 ol Ol s S Slalllas Ly ol
G 3l S Dl o et e
SalS 5 4aSE S JialS i Jes tals
S 358 g 58 3 Sadkenl S5 Sl Slp M
Jeds s pls St el st a sl sl s

.b_“:\J_Ju)JJQJJpH J@Scéﬁchrﬂc)j

Srrd S 53 4aSld 3 e gladzmial by sl ghe stz e b 5 e Kl S1-0 dpir

Table 5. The effects of replacing corn silage with fodder beet silage on rumen fermentation parameters in

dairy cow
Sl ol bl glasles
ol snn el _,,.<JL.,, Experimental treatments 3)lse
P-value ‘éEM Sl gle e Dl Jals Items
Fodder beet silage Control
<0.01 0.045 6.05" 6.20% T pH
Ruminal pH
i sl S ) (Slisal 055 2
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Ammonia-N (mg/dL)
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Volatile fatty acids ratio (%)
<001 0.64 58.90" 62.70° el i
Acetic acid

VY



AR XY-IN) b)w AE3 5,90 ‘ulfms)@:ws BL) QR

s oLzl bl slaslas
Solssme o J.iu Experimental treatments >y
P-value ‘éEM sladgle Huar Plw sl Items
Fodder heet silage Control
<0.01 0.53 28.90° 24.80° J*’”'.&?f’“’?
Propionic acid
0.376 0.09 0.318 0.310 e &3"{”'_”?1
Iso-butyric acid
0.880 0.789 11.60 11.90 e ﬁgﬂ’:;’;*
Butyric acid
0.293 0.045 0.115 0.127 el Sl
Iso-valeric acid
0.169 0.019 0.167 0.163 Al S
Valeric acid
<0.01 0.067 2,040 2.53° ) S [ Sl
Acetic acid/ propionic acid
(o r.ﬂ,a.b osle rjf ,a:/|0g10) U)'}J}}!
Protozoa (log;o/g digesta)
<0.01 0.008 5.22" 5.26° S 1535
Total protozoa
<0.01 0.007 5.19° 5.22° e
Entodiniinae
0.15 0.029 3.70 3.74 s
Diplodiniinae
<0.01 0.033 353" 3.62° b=

Isotrichidae

A e Ao s 0 c]zw)J Solssms SN (5l clilods eals OLES Siglize 5V Gy b Ogie a5 &S Lla (Sl
* The averages shown in different Latin letters in each colum, have a significant difference at the 5 % level.

S Pl Ll vge W5 g d glaylS
Shyss 25w (S 1) g Olls 4 glad sle
Aoz e o i Sllllas el s sal o
3 P b Kl il sl ) s

2 g gy

Syl 5wl
DS s p ke Slide dede 53 GaiS
L}JL OL’L«;@.@\)J C;‘_} W}A L;?U.:};J OKS.W.:\)J)
W}Juﬁ:ﬁ'omld)jﬁ\éjﬁbj
ax gl gy S annse o@bj]d’;ﬁggyj‘mﬁ
)MJL&SM‘J&)L{Q.A@;}J_}.M\J_‘L@

.ﬁ)\} b Ls.}\)).)é

A

8 75 4o
wjf.:b a S1as sl Olis asdllas oyl @l:.}

shse e Loy gladsle oo 5l ds s YO
G Sl 53 O g 5 s i (sl sle
JEVES I IOV [ SV I MNPt
Ctas essdos 53 wWeSEPH 5 Ciil e
= edle S L_b-uw@)\};ﬁﬁ e gl
il e (lasgle Suiaa 5l eslial (ol
Sl g g 4 Slial Gl Jals (Dlg s, clls
ol s 84Sl Slalss 5 Caner 8IS
So Olsean Ole A g5 ralS w0 Llg e ol s
S8 53 A5 o33l 35 5 S laes s VT SIS
Jol b Gilae cf samme 53 550 e (6 8

oj_:q-d\éjl;ui%)"w)bx’o J‘i.)i;b-d\}:@



Oy Ko 5 63LT ol cyms | e Sledgle yida M b @3 o S iuls i1

&

Aleixo, J.A., Daza, J., Keim, J.P., Castillo, I., & Pulido, R.G. (2022). Effects of sugar beet silage,
high-moisture corn, and corn silage feed supplementation on the performance of dairy cows
with restricted daily  access to pasture. Animals, 12(19): 2672.
https://doi.org/10.3390/ani12192672.

AOAC. (2012). Official method of analysis, 19" Edition. Association of Official Analytical
Chemists, Washington, DC, USA.

Bailey, C.B., & Balch, C.C. (1961). Saliva secretion and its relation to feeding in cattle: 2.* The
composition and rate of secretion of mixed saliva in the cow during rest. British Journal of
Nutrition, 15(3): 383-402. https://doi.org/ 10.1079/BJN19610048.

Beauchemin, K.A. (2018). Invited review: Current perspectives on eating and rumination activity
in dairy COws. Journal of Dairy Science, 101(6): 4762-4784.
https://doi.org/10.3168/jds.2017-13706.

Belanche, A., de la Fuente, G., Moorby, J.M., & Newbold, C.J. (2012). Bacterial protein
degradation by different rumen protozoal groups. Journal of Animal Science, 90 (12):4495-
4504. https://doi. Org/10.2527/jas.2012-5118.

Bueno, A.V.l., Lazzari, G., Jobim, C.C., & Daniel, J.L.P. (2020). Ensiling Total Mixed Ration
for Ruminants: A Review. Journal of Agronomy, 10: 1-18.

Dalley, D.E., Malcolm, B.J., Chakwizira, E., & de Ruiter, J.M. (2017). Range of quality
characteristics of New Zealand forages and implications for reducing the nitrogen leaching
risk from grazing dairy cows. New Zealand Journal of Agricultural Research, 60(3): 319-
332. https://doi.org/10.1080/00288233.2017.1345762.

Dalley, D., Waugh, D., Griffin, A., Higham, C., de Ruiter, J., & Malcolm, B. (2020).
Productivity and environmental implications of fodder beet and maize silage as supplements
to pasture for late lactation dairy cows. New Zealand Journal of Agricultural Research,
63(1): 145-164. https://doi.org/10.1080/00288233.2019.1675717.

De Mol, R.M., Goselink, R.M.A., Van Riel, JW., Knijn, H.M., & Van Knegsel, A.T.M. (2016).
The relation between eating time and feed intake of dairy cows. In Precision dairy farming
2016 (pp. 387-392). Wageningen Academic. https://doi.org/10.3920/9789086868292 065.

Dehority, B.A. (2003). "Rumen microbiology,” Nottingham University Press Nottingham, UK.

Endres, M.l. & Espejo, L.A. (2010). Feeding management and characteristics of rations for high-
producing dairy cows in free-stall herds. Journal of Dairy Science, 93 (2):822-829.
https://doi.org/ 10.3168/jds.2008-2007.

Fazaeli, H., Sadeghishoa, M., Aghashahi, A., & Aliverdinasab, R. (2023). The nutritional value
of complete silage feed based on fodder beet root and corn forage in Shal sheep. Journal of
Ruminant Research, 134, 97-116. (In Persian).

Fleming, A.E., Beck, M.R., Bryant, R.H., Dalley, D., Edwards, G., & Gregorini, P. (2020). In
vitro fermentation of fodder beet root increases cumulative gas production of methane and
carbon dioxide. Livestock Science, 241: 104225.
https://doi.org/10.1016/j.livsci.2020.104225.

Galyean, M.L. (2010). Laboratory procedures in animal nutrition research. Lubbock, TX:
Department of Animal and Food Sciences, Texas Tech University; p. 189.

Hammond, K.J., Sandoval, E., McKenzie, C.M., Lees, S., Pacheco, D., & McCoard, S.A. (2022).
The effect of a fodder beet versus rye-grass grazing regime during mid-to-late gestation
twin-bearing ewes on dam and progeny performance and lamb survival. New Zealand
Journal of Agricultural Research, 65(2-3): 145-162.
https://doi.org/10.1080/00288233.2021.1879175.

Humer, E., Petri, R.M., Aschenbach, J.R., Bradford, B.J., Penner, G.B., Tafaj, M., Studekum,
K.H., & Zebeli, Q. (2018). Invited review: Practical feeding management recommendations

M4


https://doi.org/10.3390/ani12192672
https://doi.org/10.3168/jds.2017-13706
https://doi.org/10.1080/00288233.2017.1345762
https://doi.org/10.1080/00288233.2019.1675717
https://doi.org/10.3920/9789086868292_065
https://doi.org/10.1016/j.livsci.2020.104225
https://doi.org/10.1080/00288233.2021.1879175

AR XY-IN) b)w AE3 892 ‘ulf»..s)l,:ws 2 U‘*bsf

to mitigate the risk of subacute ruminal acidosis in dairy cattle. Journal of Dairy Science,
101 (2):872-888. https: // doi .org/ 10 .3168/ jds .2017 -13191.

Jouany, J.P., & Ushida, K. (1999). The role of protozoa in feed digestion-Review. Asian-
Australasian Journal of Animal Sciences, 12 D: 113-128.
https://doi.org/10.5713/ajas.1999.113.

Karimi, A.H., Solhjoo, A., Abarghuei, M.J., Amiri Ghanatsaman, Z., & Bazrafshan, M. (2021).
The effect of using different levels fodder beet silage on performance and carcass
characteristics of Gray Shirazi fattening lambs. Research on Animal Production, 12 (33): 74-
81. https://doi.org/ 10.52547/rap.12.33.74. (In Persian).

Khamisabadi, H., Sadeghishoa, M., Eftekhari, M., Papi, N., Khorami, SH., Nikbakhti, M.,
Ashkvari, A., & Vali, A.A. (2025). Analysis impact of feeding fodder beet silage comparing
to triticale silage on productivity and economic evaluation in lactating cow. Final Report of
Research Project. Animal Science Research Institute of Iran. Registered number:128-13-13-
004-0003-03002-030075, Publishing. (In Persian)

Khodaverdi, R., Fathi Nasri, M.H., Fazaeli, H., & Farhangfar, S.H. (2024). Evaluation of silage
characteristics and nutritive value of total mixed ration silage based on fodder beet and its
feeding effect on performance of Afshar male lambs. Journal of Animal Production, 26(2):
151-165. https://doi.org/10.22059/jap.2024.367029.623765. (In Persian).

Khosravi, M., Rouzbehan, Y., Rezaei, M., & Rezaei, J. (2018). Total replacement of corn silage
with sorghum silage improves milk fatty acid profile and antioxidant capacity of Holstein
dairy cows. Journal of Dairy Science, 101(12):10953-10961.

Kleen, J.L., Hooijer, G.A., Rehage, J., & Noordhuizen, J.P.T.M. (2003). Subacute ruminal
acidosis (SARA): a review. Journal of Veterinary Medicine Series A, 50(8): 406-414.
https://doi.org/10.1046/j.1439-0442.2003.00569.x.

Lammers, B.P., Buckmaster, D.R., & Heinrichs, A.J. (1996). A simple method for the analysis of
particle sizes of forage and total mixed rations. Journal of Dairy Science, 79(5): 922-928.
https://doi.org/10.3168/jds.S0022-0302(96)76442-1.

Maekawa, M., Beauchemin, K.A., & Christensen, D.A. (2002). Effect of concentrate level and
feeding management on chewing activities, saliva production, and ruminal pH of lactating
dairy cows. Journal of Dairy Science, 85(5): 1165-1175. https://doi.org/10.3168/jds.S0022-
0302(02)74179-9.

McDonald, P., Edwards, R.A., Greenhalgh, J.F.D. & Morgan, C.A. (2002). Animal nutrion.
Pearson education limited, Essex, UK. 6th edition.

Mertens, D.R. (1997). Creating a system for meeting the fiber requirements of dairy cows.
Journal of Dairy Science, 80 (7): 1463-1481. https://doi.org/10.3168/jds.S0022-
0302(97)76075-2.

National Research Council (NRC) (2001). Nutrient Requirements for Dairy Cattle, 7th ed.
National Academic Press, Washington, DC, US.

Nylay, E., Prestlgkken, E., Eknas, M., Eikanger, K.S., Heldal Hagen, L., & Kidane, A. (2023).
Inclusion of red macroalgae (Asparagopsis taxiformis) in dairy cow diets modulates feed
intake, chewing activity and estimated saliva secretion. Animals, 13(3): 489.
https://doi.org/10.3390/ani13030489.

Olomonchi, E.A.O., Garipoglu, A.V., Ocak, N., Kamalak, A. (2022). Nutritional values and in
vitro fermentation parameters of some fodder species found intwo rangeland areas in the
Republic of Benin. Turkish Journal of Veterinary and Animal Sciences, 46(1): 88-94.
https://doi.org/ 10.3906/vet-2101-69

Pacheco, D., Muetzel, S., Lewis, S., Dalley, D., Bryant, M., & Waghorn, G.C. (2020). Rumen
digesta and products of fermentation in cows fed varying proportions of fodder beet (Beta
vulgaris) with fresh pasture or silage or straw. Animal Production Science, 60(4): 524-534.
https://doi.org/10.1071/AN18002.

VY


https://doi.org/10.5713/ajas.1999.113
https://doi.org/10.1046/j.1439-0442.2003.00569.x
https://doi.org/10.3168/jds.S0022-0302(02)74179-9
https://doi.org/10.3168/jds.S0022-0302(02)74179-9
https://doi.org/10.3390/ani13030489
https://doi.org/10.1071/AN18002

Oy Ko 5 63LT ol cyms | e Sledgle yida M b @3 o S iuls i1

Patra, A., Park, T., Kim, M., & Yu, Z. (2017). Rumen methanogens and mitigation of methane
emission by anti-methanogenic compounds and substances. Journal of Animal Science and
Biotechnology, 8 (13): 1-18. https://doi. org/ 10.1186/s40104-017-0145-9.

Roshanzamir, H., Rouzbehan, Y., Aghashahi, A., & Rezaei, J. (2024). Effects of feeding
different dietary rates of mixed fodder beet tops-wheat straw silage on the performance of
Holstein  lactating cows. Journal of Animal Science, 102, skael79.
https://doi.org/10.1093/jas/skael79

Saberi, A.R., & Okati, M. (2020). Study of physiological and morphological responses of corn
new hybrids under alternate drip irrigation condition in Golestan Province.Final report of
research project seed and plant improvement institute.62 pages. (In Persian).

Saberi, A., & Hosseini, M.O.S.T.A.F.A. (2024). Investigation and comparison of yield,
morphological characteristics and productivity between two fodder beet (Beta vulgaris L.) in
Golestan province. Applied Field Crops Research, 36(1): 1-20.
https://doi.org/10.22092/aj.2024.359387.1613.

SAS. (2002). Statistical Analysis Systems/SAS, STAT User's guide Statistics. Version 9.1. Cary,
Institute: USA.

Shadi, H., Rouzbehan, Y., Rezaei, J., & Fazaeli, H. (2020). Yield, chemical composition,
fermentation characteristics, in vitro ruminal variables, and degradability of ensiled amaranth
(Amaranthus hypochondriacus) cultivars compared with corn (Zea mays) silage.
Translational Animal Science, 4(4), txaal80. https://doi.org/10.1093/tas/txaal80.

Shakeri, P., Fazaeli, H., Aghashahi, A.R., & Shakeri, A.A. (2022). Effects of using ensiled total
mixed ration based on fodder beet on performance, digestibility and blood parameters in
fattening  zell lambs. Journal of Ruminant Research, 9(4): 97-108.
https://doi.org/10.22069/ejrr.2022. 19726.1823. (In Persian).

Sinclair, L.A., Garnsworth, P.C., Newbold, J.R., & Buttery, P.J. (1993). Effect of synchronizing
the rate of dietary energy and nitrogen release on rumen fermentation and microbial protein
synthesis in sheep. Journal of Agricultural Science, 120 (2): 251-263. https://doi.
0rg/10.1017/s002185960007430x.

Stewart, C.S. (1977). Factors affecting the cellulolytic activity of rumen contents. Applied and
Environmental Microbiology, 33(3): 497-502.

Tayyab, U., Wilkinson, R.G., Reynolds, C.K., & Sinclair, L.A. (2018). Particle size distribution
of forages and mixed rations, and their relationship with ration variability and performance
of UK dairy herds. Livestock Science, 217:108-115.
https://doi.org/10.1016/j.livsci.2018.09.018.

Van Soest, P.J., Robertson, J.D. & Lewis, B.A. (1991). Methods for dietary fiber. Neutral
detergent fiber and non-starch polysaccharide in relation to animal nutrition. Journal of
Dairy Science, 74 (10): 3583-3597. https://doi.org/10.3168/jds.S0022-0302(91)78551-2.

Waghorn, G.C., Collier, K., Bryant, M., & Dalley, D.E. (2018b). Feeding fodder beet (Beta
vulgaris L.) with either barley straw or pasture silage to non-lactating dairy cows. New
Zealand Veterinary Journal, 66(4): 178-185.
https://doi.org/10.1080/00480169.2018.1465484.

Waghorn, G.C., Law, N., Bryant, M., Pacheco, D., & Dalley, D. (2018a). Digestion and nitrogen
excretion by Holstein—Friesian cows in late lactation offered ryegrass-based pasture
supplemented with fodder beet. Animal Production Science, 59(7): 1261-1270.
https://doi.org/10.1071/AN18018.

White, R.R., Hall, M.B., Firkins, J.L., & Kononoff, P.J. (2017). Physically adjusted neutral
detergent fiber system for lactating dairy cow rations. I: Deriving equations that identify
factors that influence effectiveness of fiber. Journal of Dairy Science, 100(12): 9551-9568.
https://doi.org/10.3168/jds.2017-12765.

DA


https://doi.org/10.22092/aj.2024.359387.1613
https://doi.org/10.1093/tas/txaa180
https://doi.org/10.1080/00480169.2018.1465484
https://doi.org/10.1071/AN18018
https://doi.org/10.3168/jds.2017-12765

AR XY-IN) b)w AE3 892 ‘ulf»..s)!,m 2 U‘*bsf

Zebeli, Q., Aschenbach, J.R., Tafaj, M., Boguhn, J., Ametaj, B.N., & Drochner, W. (2012).
Invited review: Role of physically effective fiber and estimation of dietary fiber adequacy in
high-producing dairy cattle. Journal of Dairy Science, 95 (3): 1041-1056. https:// doi .org/
10 .3168/ jds .2011 -4421.

Zebeli, Q., Tafaj, M., Steingass, H., Metzler, B., & Drochner, W. (2006). Effects of physically
effective fiber on digestive processes and milk fat content in early lactating dairy cows fed
total mixed rations. Journal of Dairy Science, 89 (2): 651-668. https:// doi .org/ 10 .3168/ jds
.50022 -0302(06)72129 -4.

\YYy



