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Extended Abstract

Background: Previous studies have shown that in dairy cow nutrition, besides having a balanced
diet in terms of nutrient content, the physical form of diets, including particle size, is also an
effective factor in proper rumen function and, consequently, animal production performance. On
the other hand, climate change, global warming, and subsequent heat stress in various forms affect
the performance and production efficiency of dairy cows. Although it has been shown that dry
matter intake decreases under heat stress conditions compared to normal temperature conditions,
it is not clear how feed particle size during heat stress can affect feeding behavior, performance,
and blood and ruminal parameters in cows. In fact, no study has simultaneously examined the
interaction between environmental temperature and forage particle size on nutrient consumption
and digestibility in lactating cows. Therefore, the present study aimed to simultaneously
investigate the interaction between season (spring and summer) and forage particle size (coarse
and fine) on nutrient intake and digestibility in high-producing Holstein cows.

Methods: A total of 100 high-producing Holstein cows were used in two seasons, spring and
summer, with 50 cows per season divided into two treatments: one containing alfalfa forage with
coarse particle size (geometric mean 7.7 mm) and one containing alfalfa forage with fine particle
size (geometric mean 4.2 mm). To calculate dry matter intake, the feed offered and the amount
remaining the next day before offering fresh feed were weighed throughout the sampling period.
To examine the feed intake pattern, the amount of feed remaining in the trough was weighed 2,
4, 8, and 24 hours after the morning feeding and then returned to the trough. Apparent nutrient
digestibility was measured using acid-insoluble ash as a marker in feed and fecal samples.
Results: The results showed that dry matter intake was significantly higher in spring than in
summer (p < 0.01). Additionally, there was a significant difference between seasons in terms of
feed intake rate parameters, with the amount of feed consumed (in kg) during the first 2 hours
after morning feeding being significantly higher in summer than in spring (P = 0.02), while feed
intake during 2-4 hours and 4-8 hours after morning feeding was higher in spring. Overall, dairy
cows during spring (normal temperature conditions) had a more uniform feed intake rate
throughout the day than summer (heat stress conditions) in the present study. It should be noted
that the results showed no significant differences in daily feed intake between treatments
containing forage with different particle sizes (fine versus coarse). It is worth mentioning that
forage particle size did not significantly affect nutrient digestibility while the digestibility of dry
matter, organic matter, and crude protein were significantly higher in summer than in spring
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Conclusion: The results of the present study showed that the season variable had more tangible
effects on dry matter intake, feed intake patterns, and nutrient excretion in high-producing dairy
cows compared to forage particle size. Furthermore, no effect of feed particle size demonstrates
the flexibility of the ruminant digestive system when confronted with different forage particle
sizes. These results highlight the importance of nutritional management under different climatic
conditions and indicate that animals possess complex adaptive mechanisms to maintain
nutritional efficiency under challenging conditions.
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Table 1. Particle size distribution, geometric mean of particles, and physical effective fiber for a total mixed ration and
alfalfa used in the current study

PeNDF (% NDF Geometric Pant 118 mm 8_mm1 19 mm
of DM) (% of DM) Mean, mm Sieve Sieve Sieve

19.8 51.6 4.2 29 32 25 13 (Fine Choped alfalfa hay) o.d>p ;) caossy
28.9 51.6 7.7 19 25 17 39 (Coarse Chopped alflalfa hay) oads )3 cul)> oy
16.4 30.9 6.9 10 38 4 12 (Coarse TMR of Spring) )l cus > S,
10.8 309 4.3 24 4 26 9 (Fine TMR of Spring) )l 5, <15
16.3 30.9 6.1 17 30 41 12 (Coarse TMR of Summer) bl cusys Slyes
10.8 30.9 4.2 22 44 30 5 (Fine TMR of Summer) kb 5, ST)ss

CBE 3 0y (eke A s V4 o)) Wlshis U1 VG JUsE 95 o6yl ggeme 5l ool b 558 yige LIV 00 I S1igs 51 gimys oo 52 Bl 3 ologdly 3o —

2005 duole STygd g dodigy (15 edigd ;o Jolorel LI
1. Residual values on the sieves as a percentage of the total sieved feed. 2. Physical effective fiber was calculated using the sum of the numbers of the top two sieves of the
Pennsylvania sieve (numbers 19 and 8 mm) multiplied by the concentration of NDF of the alfalfa and feed.

390 gl e Juad (b 3 o5l S5 4 Y W g, g 3lgo
i VARV s e nShe il iulejl 5o eolazul WAY olo (39,8 VY 5) Hla Juad (o pols iolo]

Y Gl A e Sike g 9y ROEND (83305 slajey i I VYAY sloys YA ) s 5 (WAY gyl Yo I
inlojl )3 oolil 3590 (slnglS 15 bl Jad 3 9 V/¥ £ pole 09,5 b g (Bjgal asyze 5 (VWAY oledldye YV
e (sl s i VEEVY o 0 plhe el sy Vo 3l estalef] el 93 4,8 ol e ol el
(opmed Ldg VIO E /N ilj olaw Sl 9 Ve VENVY b slod (s baslyid) Hloo Juad 93 )0 Adoiyy plidla o8
59y Vo) dgt gy ¥o Jead o 0> oiilofl 090y Jgb i L) il g (P sk il a3l (il
ol b (il (sloo (5 yS W03 joy Vo g (Il 13,8 odlazl (VO ugbo = 5yl e ls WSl b Syl
Shes el 5 B35 Jolie NRC 2001 138l 5 s 9> B 3 g5 ol 00 Juad a3 &5 &S (gy0bay
» byl olbews SlS 5 g inlej] oy oaiad LS5 VIV wodin (ko) b yd l)3 031051 b gy ddgle (gol>
lztl 2o 5 bagls yole adlin > oilond &) ¥ g L) 30y 3 el b dosy dbsle (sl ylag 5 (sioils
asye Shs JS jlaop s 3 ailjg) g wad)S @l S L5 Glagh 350 (ake TV cwrin (Sila
piY 2355 Syslaer y53l Jl Slyss oxile Bl lgiea oad (Y Jga2)


http://dx.doi.org/10.61882/rap.2024.1244
http://rap.sanru.ac.ir/article-1-1244-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-09-03 ]

[ DOI: 10.61882/rap.2024.1244 ]

\td

Sy s ol S 5 (208 K j8 ((gon] dabld

clebo 3oty 93 (b ailjy) Shss ol Jiagh 5
o3l (803l (glys 00,5 &)l laglS @y VFie e g o Vie s
b alig) (s Cagboy g bod (pSlee e gby=(5)l >
Sy slayy b > s olSis ) odlic
2355 dules V dbolas i edlasl b g A (g S0l

) doleo

THI = (08X T) +
{(RH +100) + |(T — 14.4)} + 46.4

9 3,8 Blw 4> Cawsp lon (glod =T o) dbleo o
A 13 s g2 e gy =RH

Shed (Brae Sid godlo Hlake dnulre jolatod;
wdye B g am 9y 5 ol oo Bl ke 5 g ordacye
)P S pSges 0)93 Sy (sled Job )3 0jl STyes
F b Shed Gpas 5 (wyp polaiods pizmen 35
Sy Mo euo odey o23S]55 3l us el YE g A F
A5 0315 1 )BT 515 4y e g 0555 45T )0 oile 3L,

250 slagplej (b &S SThgs Spas slaodly ules
Lu 3BT Mixed a5l oolitul b 53g) osd (6505l
MelS 7o B 43 VXY 55816 &gty lnodls ] 3T
3Lzl by 5 (A/) @) SAS ()bl 5éls 55 Loy bolss
28,5 plogl ¥ dols ]

¥ doleo

Yig = p+ S+ P+ (SXP)ji + €jum

k9 J.a.‘? ‘_y.n]j L 109.3)40 odalin = Yiu ¥ adlxo 5
=P 51 S (S 5eSlee = 1l 05l] el
ol 5 b lite 51 = (S*P)jk eable il il ol
Cldwlio ua ilejl (clas = ejum g adsle il
cho > 5 55 5ol 3 ol L laylast oy (sSike
85 plol Mo 3 B ()l me

VEFIY ojlouis [pmd 3l Jlo (ools Slides sla yings

2 stalegl slsleg (o S50 Cglis e &l S5 4,
Sg1 0ABCSES Axgy absle )b o)l &y bgyye b b
adgle uy alyd ojlul b ddgle (g9l Hla j0 oS (g ysboas
S5 Sl (535 e b jud 4 2938 I LS s
@l ojlul b adele (gols jlos 13 g Ad 0 3,5 yio Ol
OS5 459 L b 4 (9381 5| S g adsle wcud >
Sh (2958 098 wimen b 35 5)95 M
sz Al g ol gl )3 0yl Aoy 4S gy (sldigS Ay
9 Wb SIS 48 4y Sloj adBy (y9 g ey A3
(18 i i) STy =32 o B 50, Gle Sloj 4l
el Joboay 48310 j3 (19,0 4 Shgs (35,

sdna dlgo (6l (gl 2155 bl (6 pSojlal (ol
5609 o eslo Bl g Shgs j) Slojl UL 5 ¥ 0
J9y 4w 9 pas g o Jold o) 3 45ye 93) o b gobie
sbod > w5 Gyglaen (pladiges (8)Spbsl Jlgie
5 oileg] bl 5 8 5 S5l s ¥ i
Wged Sy g oS 5 wal g ladiged (LS Sl
ool LS5 A5 23l (g pdlsS s sl o )
b o8 31 sl 3 Jolonal S alefl ol 3 008
(Van Keulen, & Young, 1997) 5L g oS (49 Ubs)
23l (s yolaiods STyod g gode adiged . 10)S (s
oololy Pl (2 g Pl B (Il sodle i SuiS (so3ke
S odued 5 Jebel LI 5 Y(Va4+) ADAC s,
Van Soest, et al., ) "cugw o9 o9y wlely 2(NDF)
ol B oy (650l (gl Bad 40 (1991
Fibertec o5y jl pb LI (4l 5 Soxtec 1043 Juo
VoAV o&iws Gl A gy sl g VeV o
A5 eolawl KjeltecAuto

silojl 4l oy olend S 5 9 Slygd sl Y o>

Table 2. Feed ingredients and chemical composition of the experimental diet
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1. One kilogram of dry matter contains 600,000 IU of vitamin A, 200,000 IU of vitamin D3, 200 mg of vitamin E, 250 mg of antioxidants, 195 g of calcium, 80 g of phosphorus,
21 g of magnesium, 3 g of iron, 60 g of sodium, 300 mg of copper, 2200 mg of manganese, 300 mg of zinc, 100 mg of cobalt, 120 mg of iodine, and 30 mg of selenium. 2.

Megacalories per kilogram of dry matter. 3. Percentage of dry matter

1 Official Methods of Analysis

2 Neutral Detergent Fiber (NDF) 3 Van Soest
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Table 3. Interaction effects of the season and dietary forage particle size on dry matter intake and feed intake kinetics

within hours after morning feeding

Seasqn
P-value" SEM Jb .
S Summer Spring
s 5 Sk (Particle size) cl,3 o1l
S*PS PS ol m
5 L. o Sl S 3,5kl Fine Coarse Fine Coarse
9 J..@ J.‘la...a ,-' c)L\J] )4\ [ 4 . s . -
L 1 et 5l 53] Cw)d 2 G yd
alyd ojlul ol
Dry matter intake, kg/day)' b yae St soslo jluis
0.12 0.09 0.02 0.624 6.71% 7.83° 6.08% 5.12b (0-2h)cs
0.02 0.68 <0.01 0.373 1.28" 0.46° 1.18% 2.932 (2-4 h) ;,J.L.; y- \‘
0.98 0.77 0.06 0.551 2.19 2.35 3.36 3.51 (4-8 h) celws ¥-A
0.89 0.60 0.93 0.577 12.73 12.50 12.86 12.47 (8-24 h) M:.LA A-Y¥
0.66 0.82 <0.01 0.354 22.92° 23.15% 24.10? 24.032 (0-24 h) cels --Y¥
(Feed intake pattern, %) S, (o &5
0.05 0.89 <0.01 1.924 29.21% 33.632 25.16b° 21.25¢ (0-2h) ce
0.01 0.74 <0.01 1.408 5.64% 2.08° 7.50° 12.002 (2-4 h) u:.L.) y-¥
0.94 0.81 0.04 1.883 9.45 10.03 13.90 14.23 (4-8 h) celws ¥-A
0.94 0.73 0.56 3.329 55.71 54.25 53.44 52.51 (8-24 h) el A-YY

(P < D) it Iy gime AU ghls Wloss 31> i iglite (1Y By b cindy ja 13 a8 SlapSle Y gy 50 £,5 kS sy )
1. kg/day; 2. Means shown in each row with different Latin letters have significant differences (p < 0.05).
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Table 4. Interaction effects of season and dietary forage particle size on nutrient intake and apparent nutrient

digestibility
Season
.
P-value SEM Summer Spring
p Obals S
oSSk
S*PS s (Particle Size) <3 ol
e ps sl
; gl ) S 3kl Fine Coarse Fine Coarse
9 Juad ojluil 3 i . s . s
ojll ol > » 4 » 4
@l
0.66 0.82 <0.01 0.354 22020 23.15® 24108 24.03°  (Dry Matter Intake, kg/day)' oxb08,m Suis zoole
Digested Dry Matter, )" oadeis Sis godle Hlii
0.77 0.40 0.01 0533 1650  16.20° 15.38% 1470 9 y (k)g /d;;"""“ wole o
Apparent ) Szs godlo (5l gy 5l Aoy
a a b b >
0.98 0.31 <0.01 2.205 72.55 70.30 63.90° 6157 (Dry Matter Digustibify, %
0.63 0.88 0.18 0.324 20.99 21.19 2158 214y OroanicMatterintake, )’ euscs,me Jf ole
’ ’ ' ' ’ ' ’ ’ (kg/day
Digested Organic ) ' sui gan JI gosle i
0.66 0.39 <0.01 0.485 15.68 15.47 1431 13,68 9 ganic ) aad min J sosls ode
(Matter, kg/day
Apparent ) JI gosle 5,0l (¢l i)lsS 1oy
a a b b %
0.89 0.32 <0.01 2.190 74.87 72.95 66.36°  63.82 (Organic Matter Digestiility. %
i Ve s e
041 <00l <001  0.050 319 3.37 350%  3.50 Crude Protein Intake, ) ‘esdcsyae s x5
(kg/day
Digested Crude ) " oadpuin pls g jlbe
0.76 0.54 0.70 0.079 227 235 227 2.29 Protein kg
: . Apparent ) pls ousisn (s ,slh s b lsS oy
0.85 0.54 0.01 2.293 71.37 69.53: 64.81°  63.84° (Crude Protoi Digestibiiy, %
<0.01 0.37 <0.01 0.126 8.040 7.56¢ 9.08° 9.33 (NDF Intake, kg/day) ® o150 eo NDF
0.37 0.06 <0.01 0.226 5.02: 4.38° 5.42 5.19 (Digested NDF, kg/day) * s.oi.20 NDF
Apparent NDF ) NDF (¢l ¢ s i,
0.91 0.10 0.36 2.694 62.63 57.90 5081  55.73 PP JNDF (5ol 62 55 222

(Digestibility, %

(P < e 0) it Iy ime BT gl Wlodds 031> Lt glite (p3Y gy b yd) j 0 48T ol SSle Y gy 50 £,59kS s o )
1. kg/day; 2. Means shown in each row with different Latin letters have significant differences (p < 0.05).
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Table 5. Interaction effects of season and dietary forage particle size on fecal nutrient excretion

Season
. b
P-value Summer Spring
SEM Olials e
S*PS oSk
S PS s d‘-‘» (Particle Size) 1,3 o111
bl Al 5 3,35kl Fine Coarse Fine Coarse
b sl » . s . s
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3 5
ly
Fecal Dry Matter ) godse Suis (s0dlo uoyd
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(Excretion, kg/day
Fecal Crude Protein ) ggdse p5 5
0.25 027 <001 0.182 1452 14.93 14080 1407 ) Eie pb (g 22
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Fecal Crude Protein ) Toddzd> pls Sy lAde
084 029 <001 0.082 0.92 1,02 1,23 1.300 ) 013683 ¢ oy 5
(Excretion, kg/day
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0.49 0.20 <0.01 0.240 3.020 3.17° 3.66 4.142 (kgfday

(P < 1 0) Al ze BB (gl Wlos 03> i Cglite (Y g by o 3 a8 Ll SKile Y o) 50 5 ekS o )
1. kg/day; 2. Means shown in each row with different Latin letters have significant differences (p < 0.05).
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