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Introduction: The long-term sustainability and profitability of dairy farms largely depend on the success of
calf and heifer rearing programs. Nutrition is one of the most important pillars of animal husbandry and a
key economic tool for optimizing production systems. Forage consumption by calves promotes rumen
muscular development, stimulates rumination, and increases saliva secretion. Non-forage fiber sources,
which are rich in cell wall components, can be considered alternatives to forages depending on their cost and
availability. Utilizing non-forage fiber sources can help meet the nutritional needs of livestock while also
reducing feed costs and maintaining rumen health. The aim of this study was to investigate the effects of
non-forage fiber sources, including wheat bran and sugar beet pulp, in a starter diet on the performance,
rumen fermentation, and blood parameters of Holstein heifer calves. This study may contribute to a better
understanding of the role of non-forage fiber sources in improving calf health and performance and provide
practical insights for optimizing nutritional strategies in dairy production systems.

Materials and Methods: The experiment was conducted using 24 Holstein heifer calves with an initial body
weight of 37 £ 2 kg in a completely randomized design for a period of 90 days. The experimental diets
included: (1) a barley-based starter, (2) a starter containing 15% wheat bran (DM basis) replacing barley, and
(3) a starter containing 13.5% sugar beet pulp (DM basis) as a partial replacement for barley.The diets were
identical in terms of energy content and crude protein content. Daily feed intake was measured and changes
in calf weight were examined. Calves were weighed regularly every 15 days until the end of the
experimental period. Blood samples were taken three hours after feed consumption from the jugular vein at
ages 30, 60, and 90 days. Rumen fluid samples were collected three hours post-feeding using an esophageal
tube at the end of the study (90 days), and urine and fecal pH were measured at the end of the study. Fecal
consistency was evaluated daily throughout the experiment using a scoring scale from 1 to 5. Weaning age
was recorded as an indicator of treatment performance and was defined as the age at which starter intake
reached 900 g per day. Rumination was visually assessed, and the onset of rumination was defined as the age
at which each calf was observed ruminating for three consecutive days; this age was recorded at the end of
the third day.
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Results and Discussion: The results indicated that calves fed wheat bran had higher average daily feed
intake and daily weight gain compared with those fed sugar beet pulp. Incorporating non-forage fiber sources
with highly digestible fiber in the diet leads to improvements in intake, health, and productivity. Previous
studies on sugar beet pulp have reported both positive and negative effects on dry matter intake and
performance in cattle and sheep. The rumen pH was influenced by the experimental treatments, with calves
fed wheat bran exhibiting a higher rumen pH compared to the other treatments. Fiber consumption
stimulated rumination and increased saliva secretion, which helped maintain a higher rumen pH.The
treatments did not significantly affect the ruminal ammonia nitrogen concentration in the rumen fluid. The
concentrations of triglycerides and VLDL were significantly lower (P < 0.05) in calves fed the wheat bran
diet compared with the other treatments. were lower in calves fed the wheat bran diet compared with the
other treatments.An increased level of fiber in the diet reduces fat digestion, as these fibers form complexes
with bile salts, disrupting the VLDL reabsorption cycle, which consequently lowers VLDL levels in the
blood. The lower triglyceride concentration in calves fed wheat bran during the post-weaning period
compared to those fed sugar beet pulp may be attributed to higher starter intake during this period. The
differences in final weight among the experimental treatments were significant (P < 0.05), with calves fed
the barley-based starter showing the highest final weight. The differences in final weight among the
experimental treatments were significant. Although there was no significant difference in total feed intake
and feed efficiency among the treatments, the experimental diet containing sugar beet pulp resulted in a
significant reduction in final weight compared to the starter diet containing barley.

Conclusion: The results of this study indicate that the inclusion of wheat bran as a non forage fiber source in
the starter diet has beneficial effects on the health parameters of Holstein heifer calves compared with sugar
beet pulp. These effects include higher feed intake, greater average daily gain compared with calves fed the
sugar beet pulp diet, and improvements in ruminal pH as well as blood metabolites such as triglycerides and
very low density lipoproteins (VLDL).
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;;’r ) 545 545 545
# 14 - -
Barley
pAS g - 15 _
Wheat Bran
X8y alla ) . 135
Sugar beet pulp '
;Z“’ bean 28.5 275 29
Yl
¥ S dlge JoKo 1 1 1
Mineral supplement?
Vitamin supplement®
LS s 05 05 05
Calcium carbonate
ﬁ 05 05 05
a
ME (Mcal/kg)
() ps oS 18.8 18.9 18.8
Crude protein (%)
(7) i 0.6 0.6 0.7
Calcium (%)
(7) s 0.6 0.7 0.5
Phosphorus (%)
(1) s oizg 3 Jylouels SL 124 154 15.7

Neutral detergent fiber (%)
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D3
! Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp replacing
barley.
2 Values per kilogram of diet: 5290 parts per millions of copper, 67500 parts per millions of magnesium, 11760 parts per millions of
manganese, 20000 parts per millions of zinc, 100 parts per millions of cobalt, 220000 parts per millions of iodine.

3 Values per kilogram of diet: 3000 parts per million of Monensin, 40 parts per million of organic selenium, 5400 parts per million of
organic copper, 8400 parts per million of organic manganese, 1560 parts per million of organic zinc, 200 parts per million of biotin,
400 parts per million of antioxidants, 1500 international units of vitamin A, 10000 international units of vitamin E, 250000
international units of vitamin D3.
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Table 2- The effect of non-forage fiber sources in the starter diet of Holstein calves on performance

' oialol sl las slas .
Cio 0)80 Experimental treatments! 3kl e g
? I
Parameter Period Y sless Y ol ¥ osles oSole P d);
Treatment 1 Treatment 2 Treatment 3 SEM value
YRE
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GarpSobs) gt chpma S35 2.79% 2.89° 2.425 0.13 0.04
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Feed intake (kg/d)
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c 1 L5
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039 o= S s ) dm
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(s o S5t 3l 2 0.412 0.391 0.365 0.14 0.39
Feed conversion ratio After weaning
(kg feed/kg weight oy JS
gain) The whole 1.28 1.29 1.33 0.07 0.88
period
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I Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp
replacing barley.
2 Different letters in the rows indicate significance at the 5% level

(Mohsen et al., 2021; Belibasakis & < wla 3,5
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g 45 (Sligal (595 clale oSt PH 4 by je ol
il glales U sidaiss gallusS gside 5 ,l,5pH
Ol cdale 1 ctlofl lalas Sl sl o1d L)Y S
2555 )l me bl i 5l gsdae 5 ol PH g asls (Slogel
SYL (laweSs PH (s pasS Logew saScdl s laallosS
Ol oyn oSl s sadlusS 5 (BT wals il , £/20)
P elaesS s PH ol 8l (P<</+0) 45g o> 4Tl (g9l
2l loail U cldgle i b mbio oaiScilyd sladllusS

o5l ooty g 423l 5L s pudlio 2 02 SVl b

(Wuetal, ss oy 0psd jials 5 oy o Silil cels
1385 Cal 00 i)l5 1505 lilllas 45 golite (slaazily 2024)
(o &2 il g i ol el L ol b g
ol (Zebeli et al., 2012) ceul 03l a5l ) Apse) padplio
OB gzt 53 0fgr (555l Pl b il (Sglie wilas
Sl by 0, Shes 5 5 Mgy g 2L pudilio S
225 L gan (WU et al., 2024) 2 il o pto sl asl
Cho s TG Glu cdlé 45 13,5 555 ol cpils imgl
I8 85U coos B uie Al b sdday i dslojl (claog,S 5



1Fed oyl ¥ o lois IA alo ol ! (o0ld pole lesiurgh aspis YVY

503 ialS |y (slarasid ol co ol S Jleisl (glaesis
2 ool b a8 oo Lais (65)l0k bl )3 1) S bas
i Sliol W) Cans 4 |y 4aSld a0 (oSl ¢ LB 055
9 Odug> g Aad o ialS aesd o |y olsY clale wad o
oS (GlanaSid ol Gl domil )3 g AS g0 S5 ) lemeds
h Sedglob lais S iS5 cnl pogMe a3 oo (ialS 1, 2l
dad oo ioli 8l 1y ud 5l eolat wl 5 A md o il 8l 4y
lddgle e i lie 34380 a5 )3 (Zhang et al., 2025)
olEl Sliss any paS ogrs dlox jl dlaugio o35 CullB

S S8 A0S oo (6510l 4 Wil o LS

ot glddole e b xin Sl oolitul Ll guen ) Siing
(Ferreira, 5,5 aS_s PH et 5 Lol j8) cow Ll oo
Pires, Susin, Mendes, Gentil, Araujo, Amaral et

al., 2011; Ferreira, Pires, Susin, Mendes, Queiroz,
Araujo, Gentil et al., 2011; Silva Vicente et al,

s S8 cerge b @l Spae il g3l 2023)
$PL Cumols Gl 3l 3,5 o0 Gl b5 Gl g g
Loy cble (a3 8l 5ok 5l aaSd a2, 5 039
rlpbi S o oS Cgllae aely P PH cos @ oluS o
Aile (glabole s yud mlin (ASbxS 48 €8S i (e
o35 9ty o bdllwgS 5ylwsl o) )3 pASS g

09> soasls y uliils odle ladllgS ksl o) > (sladsle b b e 31T Jgoar
Table 3- The effect of non-forage fiber sources in the starter diet of Holstein calves on blood parameters

' iolel sl los sl '

o i) Experimental treatments! 3kl sine gl
Parameter Day Y Jlog Y s ¥ s Sike ; & )lls

Treatment 1 Treatment 2 Treatment 3 SEM -value
) o 30 77.33 78.77 72.83 3.247 0.45
(e 2 5 ) 35515 60 61.33 57.37 5116 3.816 0.19
Glucose (mg/dL) 90 69.47 67.98 62.08 2.743 0.17
] B ] 30 7431 70.93 68.58 3.715 0.54
(=g )3 5 e) Jg2eld 60 65.02 58.08 59.77 3.590 0.40
Cholesterol (mg/dL) 90 69.68 64.87 64.02 2.895 0.33
) , . 30 41.40 35.19 34.26 2.808 017
(o 2 5 ) el 55 60 29.332 24.25b 30.63° 1.826 0.04
Triglycerides (mg/dL) 90 35.36 29.70 32.49 1.695 0.08
B . . 30 10.56 1242 1055 0.895 0.25
(=i 2 5 e) 09> slosgl s 60 9.19 10.26 9.39 0.514 0.32
Blood urea nitrogen (mg/dL) 90 9.90 11.35 9.95 0.621 0.20
13 5 ) ol et S b g e 30 8.28 6.80 6.86 0.535 0.11
] 60 5.86 4.85 5.69 0.334 0.09

(),..,_st a b ab
VLDL (mg/dL) 90 7.07 5.82 6.28 0.319 0.03
] o 30 2.86 2.72 2.83 0.115 0.66
(2 12 £5) s 60 2.84 2.96 2.66 0.199 0.57
Albumin (g/dL) 90 2.85 2.84 2.74 0.106 0.73
] o 30 583 5.81 5.65 0.215 0.80
(2o 2 .5) IS s, 60 5.52 5.64 5.56 0.229 0.93
Total protein (g/dL) 90 5.68 573 5.60 0.151 0.84
e o T 30 46.96 51.99 47.16 4.277 0.65
R e B 60 67.14 68.70 73.08 4.666 0.67
Aspartate aminotransferase (1U) 90 56.88 59.86 60.38 3.072 0.68
e 30 10.69 9.66 10.08 0.811 0.66
(ALTU‘JU" ”’_) ”t““’)‘]f‘*-" o Y 60 19.04 17.23 19.56 1.205 0.39
nin minotran r

anine aminotransferase (1) 90 14.80 1354 14.95 0.692 031
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1 Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp
replacing barley.
2 Different letters in the rows indicate significance at the 5% level
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Table 4- The effect of non-forage fiber sources on rumen pH, rumen ammonia nitrogen and urine and feces pH

' eialojl slajlags
o Experimental treatments! 5k 5yl (slas &b ne o
Parameter Vs Y e Yol SEM P-value
Treatment 1 Treatment 2 Treatment 3
4 pH 6.43b 6.95¢ 6.84% 0.12 0.01
Rumen pH
(= 2 Jyecde) 4o ““ el Ojg 16.73 15.07 15.29 0.98 0.45
Rumen ammonia nitrogen (mmol/L)
|
’IP, PH 8.13 8.21 8.23 0.03 0.20
Urine pH
g4 PH 6.92 7.09 7.10 0.15 0.64
Fecal pH
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1 Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp replacing

barley.

2 Different letters in the rows indicate significance at the 5% level
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Table 5- The effect of non-forage fiber sources in the starter diet of Holstein calves on feces scores

' stalojl slajlogs
0y Experimental treatments! orSole 3,15kl (gl P gxe paw
Period \ ke Y ke ¥l SEM P-value
Treatment 1 Treatment 2 Treatment 3
YR
S ) S 3.12 3.15 3.88 0.50 0.49
Before weaning
25 e 3] 2 3.12 3.19 3.19 0.06 0.71
After weaning
25 S5 3.12 3.16 3.65 0.34 0.49

The whole period
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! Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp replacing
barley.
2 Stool scoring was considered as follows: 1: very loose, 2: loose, 3: moderate, 4: hard, 5: very hard.
3 Different letters in the rows indicate significance at the 5% level
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(Rymer & Armstrong, 1989; Rouzbehan et al., 1994;
.Bodas et al., 2007; Kargar et al., 2025)
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Table 6- The effect of non-forage fiber sources in the starter diet of Holstein calves on average birth body weight, time to start
rumination, weaning, and final

' stilojl sl jlogs

0393 Experimental treatments! oSl oyl slbas (gl ine prdaus
Period Y less Y sl Yol SEM P-value

Treatment 1 Treatment 2 Treatment 3
(F?s’l"g) JJ?’ 0l 38.64 35.18 36.87 1.18 0.15
Birth weight (kg)
(p,55k5) Jlyed £, 0loj 09 42.04 42.46 40.87 0.82 0.34
Weight at the start of rumination (kg)
(p,55kS) 555 J 05 65.03 65.90 65.30 1.35 0.90
Weaning weight (kg)
(p5545) Ut 039 105.592 102.252 94.37° 2.97 0.03

Final weight (kg)
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! Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp replacing
barley.
2 Different letters in the rows indicate significance at the 5% level
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