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Extended Abstract

Background: The importance of calf rearing is well known in the economic success of dairy
herds. Apart from the milk feeding program, the physical form of the starter feed and forage intake
are important factors in the growth of dairy calves. To date, no study has examined the interaction
between the physical form of the starter feed and the forage feeding time on digestibility, rumen
parameters, and blood parameters of dairy Holstein calves. This experiment aimed to investigate
the effects of forage feeding time and the physical texture of the starter feed on digestibility, rumen
parameters, and blood parameters of dairy Holstein calves.

Methods: This experiment was conducted in a completely randomized design with a 2 x 2
factorial method for 85 days. For this purpose, 40 male calves with an average birth weight of
39.42 £ 0.74 kg were divided between four experimental treatments (each treatment included 10
calves). The experimental diets included 1) ground starter with alfalfa from the first day of the
experiment, 2) ground starter with alfalfa from the 21 day of the experiment, 3) pelleted starter
with alfalfa from the first day of the experiment, and 4) pelleted starter with alfalfa from the 21*
day of the experiment. Statistical analyses were performed using the MIXED method by SAS
software with time as a repeated measure.

Results: The interaction effect of forage feeding time x physical form of the starter feed for
protein digestibility tended to be significant, so that calves fed the ground diet with alfalfa from
the 21% day of age and calves fed the pelleted diet with alfalfa from the 1% day of age had the
highest protein digestibility. In addition, the digestibility of protein, fat, and neutral detergent fiber
increased in calves fed the pelleted diet compared to the ground diet. Feeding forage from one
day of age increased the digestibility of neutral detergent fibers compared to 21 days of age.
Feeding forage from one day of age increased rumen pH. The interaction effect of forage feeding
time x physical form of the starter feed was significant, so that feeding pelleted feed with forage
from 1 day of age accounted for the highest rumen pH. Feeding forage from one day of age
decreased rumen ammonia nitrogen compared to day 21. The interaction effect of the physical
form of the starter feed x forage feeding time was observed throughout the entire period (P =
0.048), such that feeding pelleted feed with forage from 1 day of age produced the lowest amount
of rumen ammonia nitrogen. Conversely, feeding ground feed with the forage from 21 days of
age produced the highest amount of rumen ammonia nitrogen. Ruminal acetate concentration
tended to increase at the end of the experiment (P = 0.069) and throughout the entire period (P =
0.068) in calves fed pelleted feed compared to ground feed. In all periods, the effect of forage
feeding time was significant on acetate concentration, such that feeding forage from 1 day of age
increased acetate concentration compared to groups that had started consuming forage from 21
days of age. The effect of feed texture was significant on propionate concentration, such that the
propionate concentration was higher in the rumen fluid of calves fed pelleted feed than that of the
groups fed ground feed. The effect of feed texture on rumen butyrate concentration was significant
in all periods, such that feeding pelleted feed increased butyrate concentration compared to calves
that consumed ground feed.
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An interaction effect of feed texture x forage feeding time was observed, such that the butyrate
concentration was higher in the rumen of calves that received pelleted feed with the forage from
1 day of age than in the other treatments. The effect of feed texture on total rumen volatile fatty
acid concentration was significant throughout the entire period (P = 0.048), such that calves fed
pelleted feed had higher rumen liquid fatty acid concentration than the groups fed ground feed.
However, the effect of forage feeding time tended to be significant in the three periods of weaning
(P = 0.058), final (P = 0.064), and the entire period (P = 0.068), and calves fed forage from 21
days of age had higher fatty acid concentration than those fed 1 day of age. The effect of feed
texture was significant on serum glucose concentration, such that ground feed increased glucose
concentration compared to pelleted feed. In addition, the effect of forage feeding time was
significant on serum glucose concentration, such that the glucose concentration was lower in the
groups that consumed forage from the first day than in the groups fed forage from day 21. An
interaction effect of feed texture x forage feeding time was observed for serum glucose
concentration at weaning (P = 0.012), such that the group that was fed with flour feed along with
forage from day 21 had the highest glucose concentration. In all periods, the effect of forage
feeding time was significant on serum beta-hydroxybutyrate concentration, such that the beta-
hydroxybutyrate concentration was significantly lower in the groups fed forage from the first day
than in the groups fed forage from the 21 day.

Conclusion: Alfalfa intake at 10% resulted in increased rumen fiber digestibility at 1 day of age
compared to 21 days of age, which is due to increased rumen health and higher rumen cellulase
activity. In addition, feeding pelleted resulted in increased rumen fatty acid production compared
to ground diets. The interaction between starter feed texture and forage feeding time showed that
the use of forage at 1 day of age resulted in increased rumen function in calves consuming pelleted
diets.
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Table 2. 'tf)heheffect %f fora 5: inclusion time (1 vs. 21 days old) with the physical form of the starter feed (ground vs. pellets) on nutrient digestibility (%) of Holstein dairy calves from
irth to 85 days o

Y obsime Jloas! pdan ey opjlel Shgs @l opslel Sygs
P-value Jhre sl Pelleted starter Ground starter
FFT x SF xT FFT x T T x SF T FFT x SF FFT SF SEM Sin T Sin) Sin M Sio) e
Day 21 Day 1 Day 21 Day 1 Item
Protein (&g
0.056 0.215 0.410 2.241 58.20 59.12 63.80 60.45 21 days (Sj9, Y\
0.190 0.444 0.510 1.090 59.85 60.18 57.55 58.64 70 days (S3e, V+
0.210 0.222 0.064 1.580 60.15 64.44 59.38 60.42 85 days 539, A0
050 IS ke
0.066 0.054 0.220 0.101 0.058 0.078 0314 2411 59.25 6130 59.70 59.00 Total peﬁ
average
Ether extract (gl o )las
0.081 0.355 0.052 5.144 58.20 54.80 55.20 58.48 21 days (Sj9, V)
0.231 0.120 0.095 2.030 66.15 68.54 60.82 62.55 70 days (Sie, V+
0.070 0.320 0.555 1.841 62.20 60.14 54.20 53.18 85 days S35, AD
09 2 Silo
0.110 0.666 0.540 0.059 0.055 0.115 0.033 2210 62.50 6135 56.40 57.20 fitaﬁe‘f{ij ’
average
NDF 28 odgi 53 Jolxols BLJI
0.112 0.011 0.081 2.001 32.41 35.31 30.41 33.20 21 days (S35, V)
0.344 0.010 0.041 1.173 36.20 38.12 31.39 32.19 70 days Sjs, V-
0.770 0.001 0.069 1.182 39.15 36.80 35.40 37.22 85 days (Sjs, AD
0,90 JS ke
0.511 0.111 0.220 0.088 0.122 0.010 0.048 0.083 35.30 36.44 32.15 34.10 Total period
average
ADF (gl oxiygi 5> Joloals BLJI
0.054 0.033 0.043 1.102 29.51 30.45 28.11 29.15 21 days (Sjs, V)
0.091 0.081 0.173 0.801 30.18 32.45 28.27 30.14 70 days (S39, ¥+
0.551 0.401 0.112 1.008 28.32 30.10 28.31 27.10 85 days (Sjs, AD
0,90 JS ke
0.510 0.106 0.303 0.055 0.125 0.411 0.058 0.888 29.10 30.54 27.53 28.70 Total period
average

FFT x SF abgle bpno loj g loj Jolize 51iFFT x T opjlel Sl (So5b by g oyloj Jlite 1T x SF ddgle bpnn loj g oplel Slygs (b dl Jlize S1FFT x SF o 51T ddgle dymn loj 3l :FFT el STygs  Sojub il (3l :SF

el Shgd (S5 b g ddole Bpan (loj g ploj hlite J1 XT
ISF: Effect of the physical form of the starter feed; FT: Effect of forage inclusion time; T: Time effect; FFT x SF: Effect of the physical form of the starter feed x Effect of forage inclusion time; T x SF: Effect of the physical form of the
starter feed x Effect of time; FFT x T: Effect of the physical form of the starter feed x Effect of time; FFT x SF x T: Effect of the physical form of the starter feed x Effect of forage inclusion time x Effect of time.

(P < o]+0) diwd bjlogs oy Yo gime BT (Sily 3y o 40 gl By P
*®Means with different superscripts within a row differ significantly (P < 0.05).
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Table 3. The effect of forage inclusion time (1 vs. 21 days old) with the physical form of the starter feed (ground vs. pellets) on rumen parameters of Holstein dairy calves from birth to

85 days old
" fosine Jlain gaus ady el Sy 6l el STy
P-value o (sllas Pelleted starter Ground starter
FFT x SF xT FET x T T x SF T FFT x SF FFT SF SEM Sin T i) Sin T o) e
Day 21 Day 1 Day 21 Day 1 Item
pH
0.059 0.084 0.402 0.054 525 6.00 621 5.70 21 days Sjg, V)
0.061 0.510 0.101 0.064 5.60 6.05 512 5.40 70 days S, V-
0.001 0.022 0.113 0.077 5.70° 6.10° 5.200 6.20% 85 days Sjg, Ad
0.533 0.033 0.110 <0.01 0.023 0.041 0.444 0.101 5.50° 6.05° 5510 5.75% Total peﬁ‘;ie:fe 8 oSk
NH;3-N(mg/100mL) _SUigel 59,5 §
0.104 0.870 0321 1.102 24.64 22.15 24.20 23.11 21 days (Sjg, V)
0.140 0.045 0216 0.011 24.17 20.27 23.10 20.30 70 days Sjs, V-
0.305 0.092 0540 1.055 27.22 2324 27.19 24.67 85 days (S, AD
0.881 0.002 0.066 <0.01 0.048 <0.01 0.411 0.514 24.87° 21.50° 25.10° 22.75% Total Peri‘;‘ie:;; F ot
Ruminal cellulase activity (ng/min/mL) (gldwSus ;¥ gl colled
0.511 0.200 0.061 3.121 32.80 38.75 40.56 37.23 21 days Sjg, V)
0.500 0.031 0.058 1.004 52.18 60.00 39.06 44.40 70 days S, V-
0.006 0.034 0.029 4.110 59.16" 62.28" 3521 3521 85 days Sjg, A
0.099 0.002 0.035 0.001 0.044 0.001 0.011 0.071 47.70% 53.10° 38.500 4530 Total Peﬁ‘;‘ie:fg’e 8 oSk

FFT x SF adgle (ynn o g yloj Jliie 31 FFT X T opjlel Slygs So5b il g oyloj Jlize I :T x SF abgle bpnn oo g opilel STyos (Sojud il blize 51:FFT x SF sloj 1 T ddgle Cyume yloj il (FFT pjle] STyes (S5 bl I :SF

()l Shgs (S5 <l g dbgle Bpan (loj 5 oloj Jlite 1 xT
ISF: Effect of the physical form of the starter feed; FT: Effect of forage inclusion time; T: Time effect; FFT x SF: Effect of the phﬁsical form of the starter feed x Effect of forage inclusion time; T x SF: Effect of the physical form of the
starter feed x Effect of time; FFT x T: Effect of the physical form of the starter feed x Effect of time; FFT x SF x T: Effect of the physical form of the starter feed x Effect of forage inclusion time x Effect of time.

(P < ]+0) dads b lass > dime BB by iy yo )5 gliie LBy ys 2P
“bMeans with different superscripts within a row differ significantly (P < 0.05).
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Table 4. The effect of forage inclusion time (1 vs. 21 days old) with the physical form of the starter feed (ground vs. pellets) on volatile fatty acid (VFA) concentration in the rumen fluid
of Holstein dairy calves from birth to 85 days old

Yo sime Jlois] g oy opslel S ) el Sy
P-value Jhzo sl Pelleted starter Ground starter
FFT x SF xT FFT x T T x SF T FFT x SF FFT SF SEM ESITAN S ) ST S e
Day 21 Day 1 Day 21 Day 1 Item
Acetate (mmol/L) <l
0.091 0.054 0.059 0.888 48.40 53.20 4925 50.54 21 days Sjg ¥
0510 0.030 0.102 1321 45.04 55.25 44.20 51.06 70 days Sj9, V+
0.812 0.010 0.069 1.518 4204 58.92 43.60 50.36 85 days S5y Ad
0.054 <0.01 0.055 0.002 0.444 0.007 0.068 0.811 49.41 54.52 49.20 51.00 Total period o095 JS' S0k
average
Propionate (mmol/L) <Ugw gy
0.321 0.115 0.065 0.165 38.55 35.14 39.37 31.18 21 days _Sjg, ¥
0.401 0.066 0.322 2.720 35.25 36.15 3341 32.29 70 days Sjs, V+
0.151 0.094 0.034 1.130 36.18 38.18 32.22 30.18 85 days 559, Ab
0314 0.231 0.840 0.111 0.110 0315 0.049 0.088 36.20 36.50 34.15 3120 Total period oy S Sl
average
Butyrate (mmol/L) il 15 g
0.841 0.112 0.099 0.031 6.44 6.88 6.15 6.20 21 days 539, ¥
0.001 0.068 0.031 0.018 7.63% 8.55° 6.63° 6.05° 70 days Sj9, V+
0.058 0.057 0.001 0.091 8.39 7.12 7.15 7.23 85 days 5js, A
0.910 0.058 0.032 0.066 0.320 0.554 0.012 0.110 7.55 7.30 6.68 6.40 Total period oy9> S Sile
average
Total VFA (mmol/L) oy (sladww! JS
0.095 0.121 0.248 30.210 100.15 97.60 99.10 96.45 21 days _Sjg, Y
0.333 0.058 0.515 30.107 100.45 102.64 101.75 99.08 70 days _Sjs, V-
0.370 0.064 0.211 22.117 100.35 103.54 97.25 97.005 85 days 5js, A
0515 0.098 0.077 0.222 0.115 0.068 0.048 24.115 100.40 100.55 99.10 97.85 Total period o3 J§' e

average

FFT x SF dgle Gpume )loj g ojloj Jilie I FFT x T opjlel SThgs (o5 il g oloj Jolie 1T x SF ddgle Cpunn oylo g il SThos Sz cdb blize Bl :FFT X SF yloj 1T abgle Gyume loj 51 FFT opjlel Shhos Sz b I SF
el Sgs (Sa5ed 2l g dole Brmo o g o lite 31 XT

ISF: Effect of the physical form of the starter feed; FT: Effect of forage inclusion time; T: Time effect; FFT x SF: Effect of the physical form of the starter feed x Effect of forage inclusion time; T x SF: Effect of the physical form of the

starter feed x Effect of time; FFT x T: Effect of the physical form of the starter feed x Effect of time; FFT x SF x T: Effect of the physical form of the starter feed x Effect of forage inclusion time x Effect of time.

(P < e140) Mz bjlas oyl dze BB Kby cad) yo 10 Cglite By ys P

2*Means with different superscripts within a row differ significantly (P < 0.05).

\e\

98 (R 462 el oy € oD (AT o (K K o 7o kv

BT (S T Qe e A0 e € <o (g


http://dx.doi.org/DOI: 10.61882/rap.2026.1544
http://rap.sanru.ac.ir/article-1-1544-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-09-11 ]

[ DOI: DOI: 10.61882/rap.2026.1544 |

AR

by o 9 il g0 Al (Padly Al o) (20

VFO 1Y oyl [ppisn Jlo ool Clidss sla jimgs

(oellagS s slbacsinlp (el blio 55 (63)]) 2T S5 (Sossb b ((Fioy ¥ bl 2 ) bl e o 510 Jpio

Sin AL gl cpluila

Table 5. The effect of forage inclusion time (1 vs. 21 days old) with the physical form of the starter feed (ground vs.
pellets) on serum metabolites of Holstein dairy calves from birth to 85 days old
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