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Table 1. Diet ingredients and composition of the basal diets of experiment

Energy

Low High
Diet ingredients, % of DM
Alfalfa hay 18.23 18.32
Corn silage 37.89 38.17
Wheat straw 18.02 18.12
Corn grain ground 1.25 7.26
Barley grain ground 1.00 6.76
Wheat bran 1.01 2.53
Rice hulls 12.03 1.31
Soybean meal 2.30 1.77
Canola meal 6.31 3.80
Vitamin and mineral premix* 0.56 0.56
Salt 0.28 0.28
CaCOs 0.28 0.28
Zeolite 0.79 0.79
Toxin binder 0.06 0.06
Diet composition
NEm, Mcal/kg DM 1.20 1.32
NEg, Mcal/kg DM 0.60 0.75
TDN, % of DM 54.3 60.5
Crude protein, % of DM 11.11 11.13
Rumen degradable protein, % of CP 63.96 66.39
Acid detergent fiber, % of DM 34.49 29.03
Neutral detergent fiber, % of DM 52.92 46.87
PeNDF, % of DM 30.84 29.21
Non- fiber carbohydrate, % of DM 22.96 30.47
Ether extract, % of DM 2.38 2.63
Ash, % of DM 10.64 8.91
Calcium, % of DM 0.73 0.66
Phosphor, % of DM 0.29 0.31

! Provided (kg of DM): 600,000 IU of vitamin A, 200,000 IU of vitamin D3, 200 mg vitamin E, 250 mg
antioxidant, 195 g of Ca, 80 g of P, 21 g of Mg, 3 g of Fe, 60 g of Na, 300 mg of Cu, 2200 mg of Mn, 300 mg

of Zn, 100 mg of Co, 120 mg of I, 30 mg of Se.
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Table 2. Effect of different dietary energy level intakes and feed bunk spaces on rumen fermentation characteristics

in Holstein dairy heifers

Feed bunk space? P-value”
Small Large

Energy? Low High Low High SEM  Energy S[;ac EnergyxSpace
Rumen fermentation characteristics

Ruminal pH 7.23 7.43 7.25 7.36 0.088 0.10 0.78 0.62
Ammonia, mg/dl 11.42 11.88 11.16 11.24 0.592 0.65 0.45 0.75
Total VFA, mmol/l 124.27%  93.46° 109.70% 98.22%  9.173 0.03 0.60 0.29
Acetate 86.022  61.63° 75.27®  62.01® 6.026 <0.01 0.40 0.36
Propionate 2343 16.77° 20.73%  17.01° 1905 <0.01 0.52 0.44
Iso-Butyrate 1.23 1.00 0.95 1.17 0.119 0.97 0.65 0.06
Butyrate 10.10°  11.29%® 10.34° 14.362 1.147 0.03 0.16 0.22
Isovalerate 1.70% 2.03° 1.34¢ 2.90* 0.237 <0.01 0.29 0.01
Valerate 1.782 0.74° 1.07° 0.76° 0.119 <0.01 <0.01 <0.01
Acetate:Propionate ratio 3.74 3.75 3.66 3.67 0.108 0.903 0.48 0.97
BCVFA® 2.93 3.03° 2.29° 4.07° 0.333 <0.01 0.55 0.02

ISmall/Low: Small feed bunk space (24 cm) with low level of energy (NEm: 1.20 Mcal/kg DM, NEg: 0.60 Mcal/kg DM), Small/High:
Small feed bunk space (24 cm) with high level of energy, Large/Low: feed bunk space (48 cm) with low level of energy (NEm: 1.32

Mcal/kg DM, NEg: 0.75 Mcal/kg DM), and Large/High: feed bunk space (48 cm) with high level of energy.

3 BCVFA: Branched chain volatile fatty acids

*The same letters in each column indicate no significant difference among the means at 0.05 level.
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Table 3. Effect of different dietary energy level intakes and feed bunk spaces on performance and nutrient

digestibility in Holstein dairy heifers

Feed bunk space* P-value”
Small Large
Dietary energy?® Low High Low High SEM Energy Space EnergyxSpace
Dry matter Intake (kg/d) 8.82%  8.74° 9.372 8.13° 0201 <0.01 0.88 <0.01
NDF Intake (kg/d) 4.30%  4.13° 4.562 3.84° 0.09% <0.01 0.92 <0.01
Average daily gain (g/d) 781% 746° 8492 8472 35.1 0.60 0.02 0.64
Dry matter Digestibility (%) 63.15* 59.56° 62.722¢ 59.23" 0981 <0.01 0.70 0.96
NDF Digestibility (%) 57.518 55.07? 57.10*° 53.88¢ 1.377 0.04 0.56 0.78

Small/Low: Small feed bunk space (24 cm) with low level of energy (NEm: 1.20 Mcal/kg DM, NEg: 0.60 Mcal/kg DM),
Small/High: Small feed bunk space (24 cm) with high level of energy, Large/Low: feed bunk space (48 cm) with low level of energy
(NEm: 1.32 Mcal/kg DM, NEg: 0.75 Mcal/kg DM), and Large/High: feed bunk space (48 cm) with high level of energy.

*The same letters in each column indicate no significant difference among the means at 0.05 level.
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Table 4. Interaction effects of dietary energy level intake and feed bunk space on intake on plasma in

Holstein dairy heifers

Feed bunk space*

Small Large P-value”
Dietary energy? Low High low High SEM  Energy Space EnergyxSpace
Glucose, mg/dl 70.60°  73.10° 68.20° 81.50* 2736 <0.01 0.28 0.05
Total protein, g/dl 6.10b¢  6.45% 5.99¢ 6.68* 0.155 <0.01 0.70 0.28
Albumin, g/dI 3.22b 3.36% 3.16° 3.48 0.079 <0.01 071 0.26
Globulin g/dI 2.88%  3.00%® 2.83° 3200  0.124 0.03 0.81 0.52
Urea mg/d 19.90 17.00 2120 2090 1.672 0.35 0.13 0.44
Creatinine mg/dl 0.70 0.76 0.73 0.75 0.052 0.48 0.89 0.76
Triglyceride, mg/dl 16.60 17.30 1790 1810 1.035 0.67 0.32 0.81
Cholesterol, mg/d 85.50 81.00 78.60 85.20 3.973 0.79 0.74 0.17

tSmall/Low: Small feed bunk space (24 cm) with low level of energy (NEm: 1.20 Mcal/kg DM, NEg: 0.60 Mcal/kg DM),
Small/High: Small feed bunk space (24 cm) with high level of energy, Large/Low: feed bunk space (48 cm) with low level
of energy (NEm: 1.32 Mcal/kg DM, NEg: 0.75 Mcal/kg DM), and Large/High: feed bunk space (48 cm) with high level of

energy.

*The same letters in each column indicate no significant difference among the means at 0.05 level.
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Table 3. Effect of different dietary energy level intakes and feed bunk spaces on fecal physicochemical properties
in Holstein dairy heifers

Feed bunk space! P-value”

Small Large
Dietary energy? Low High Low High SEM  Energy Space EnergyxSpace
Feces chemical composition, %
DM 15.90%  15.38%° 16.69 14.40° 0.421 <0.01 0.82 0.04
OM 81.49 81.99 82.61 8196 0352 0.83 0.13 0.11
CP 10.25°  11.202 0.82° 11.02%® 0.306 <0.01 0.32 0.68
NDF 56.15%  52.49° 55.98% 5356 0.943 <0.01 0.64 0.51
Nutrient excretion, kg/d
DM 3.242 3.532 3.492 3.30* 0.102 0.62 0.95 0.03
oM 2.642 2.90? 2.88? 2.71* 0.088 0.65 0.79 0.02
CP 033>  0.39° 0.34> 0.36® 0017 0.03 047 0.28
NDF 1.82 1.85 1.95 1.77 0.068 025 0.71 0.12

Fecal Score (1-
5)

ISmall/Low: Small feed bunk space (24 cm) with low level of energy (NEm: 1.20 Mcal/kg DM, NEg: 0.60 Mcal’kg DM),
Small/High: Small feed bunk space (24 cm) with high level of energy, Large/Low: feed bunk space (48 cm) with low level of energy
(NEm: 1.32 Mcal/kg DM, NEg: 0.75 Mcal/kg DM), and Large/High: feed bunk space (48 cm) with high level of energy.

*The same letters in each column indicate no significant difference among the means at 0.05 level.

4.052 3.86% 3.98 360" 0.099 <0.01 0.11 0.32

@55 phes gola slasles b dwlio o Guly 559 S (5 43S dauid
© ol o ool e 5 ug i gl dne sk YU Shhsa 655 pha dole oS uls i yala aallias
pad bl (piaas 5 (Pae SEA sule Gu g SYL w8 AT glad Job Jole L uwlis o
09 Jotaels LI 5 St suls 635 55 (530 0l g0 SYL gl 5o Lld Con slaasl ol clile Hu (g SenS
6353 Fombs pob ol lasled Ho (JiA sui ok 5 0 5 0l s olicd Glle 4S5, ) shay ol sl

el s 5o ch s slaslas sl L8 con slasal S

ouldicyl v, 90 &Llo

Abramson SM, Bruckental |, Lipshitz L, Moalem U, Zamwel S and Arieli A, 2005. Starch digestion site:
influence of ruminal and abomasal starch infusion on starch digestion and utilization in dairy cows. Animal
Science 80: 201-207

AOAC, 1990. Official methods of analysis of the AOAC, 15th ed. Association of official analytical chemists.

Arlington VA, Abramson SM, Bruckental I, Lipshitz L, Moalem U, Zamwel S, and Arieli A, 2005. Starch
digestion site: influence of ruminal and abomasal starch infusion on starch digestion and utilization in dairy
cows. Journal of Animal Science 80:201-207.

Banakar PS, Anand Kumar N and Shashank CG, 2018. Physically effective fibre in ruminant nutrition: A.
Journal of Pharmacognosy and Phytochemistry 7:303-308.

Berthiaume R, Benchaar C, Chaves AV, Tremblay GF, Castonguay Y, Bertrand A, Bélanger G, Michaud R,
Lafreniére C, McAllister TA and Brito AF, 2010. Effects of nonstructural carbohydrate concentration in
alfalfa on fermentation and microbial protein synthesis in continuous culture. Journal of Dairy Science
93:693-700.



YW pkils (6pd shansli 3 gsiie (bondsSzd Cluogad 5 s 5 SlareSs glaaminld  yo3T slad Job 5oy g5 0515 sl o

Broderick GA and Kang JH, 1980. Automated simultaneous determination of ammonia and total amino acids
in ruminal fluid and in vitro media. Journal of Dairy Science 63:64-75.

Broderick GA, Luchini ND, Reynal SM, Varga GA and Ishler VA, 2008. Effect on production of replacing
dietary starch with sucrose in lactating dairy cows. Journal of Dairy Science 91:4801-4810.

Broderick GA, Udén PE, Murphy ML and Lapins Al, 2004. Sources of variation in rates of in vitro ruminal
protein degradation. Journal of Dairy Science 87:1345-1359.

Coblentz WK, Akins MS, Esser NM, Ogden RK and Gelsinger SL, 2018. Effects of straw processing and pen
overstocking on the growth performance and sorting characteristics of diets offered to replacement Holstein
dairy heifers. Journal of Dairy Science 101:1074-1087.

Coblentz WK, Esser NM, Hoffman PC and Akins MS, 2015 Growth performance and sorting characteristics
of corn silage-alfalfa haylage diets with or without forage dilution offered to replacement Holstein dairy
heifers. Journal of Dairy Science 98:8018-8034.

Daniel JL and Resende Janior JC, 2012. Absorption and metabolism of volatile fatty acids by rumen and
omasum. Ciéncia e Agrotecnologia 36:93-99.

Greter AM, DeVries TJ and Von Keyserlingk MA, 2008. Nutrient intake and feeding behavior of growing
dairy heifers: Effects of dietary dilution. Journal of Dairy Science 91:2786-2795.

Greter AM, Kitts BL and DeVries TJ, 2011. Limit feeding dairy heifers: Effect of feed bunk space and
provision of a low-nutritive feedstuff. Journal of Dairy Science 94:3124-3129.

Hall MB, Larson CC and Wilcox CJ, 2010. Carbohydrate source and protein degradability alter lactation,
ruminal, and blood measures. Journal of Dairy Science 93:311-322.

Harmon DL, Yamka RM and Elam NA, 2004. Factors affecting intestinal starch digestion in ruminants: A
review. Canadian Journal of Animal Science 84:309-318.

Hoffman PC, Brehm NM, Price SG and Prill-Adams A, 1996. Effect of accelerated postpubertal growth and
early calving on lactation performance of primiparous Holstein heifers. Journal of Dairy Science 79:2024—
2031.

Hoffman PC, Simson CR and Wattiaux M, 2007. Limit feeding of gravid Holstein heifers: Effect on growth,
manure nutrient excretion, and subsequent early lactation performance. Journal of Dairy Science 90:946—
954.

Huntington GB, 1997. Starch utilization by ruminants: from basics to the bunk. Journal of Animal Science
75:852-867.

Huntington GB, Harmon DL and Richards CJ, 2006. Sites, rates, and limits of starch digestion and glucose
metabolism in growing cattle. Journal of Animal Science 84(suppl_13):E14-E24.

Hutjens M, 1999. Evaluating Manure on the Farm Extension Dairy Specialist, University of Illinois, Urbana.

Keys JE, Pearson RE and Thompson PD, 1978. Effect of feedbunk stocking density on weight gains and
feeding behavior of yearling Holstein heifers. Journal of Dairy Science 61:448-454.

Keyserlingk MAG, 2007. Dietary forage concentration affects the feed sorting behavior of lactating dairy
cows. Journal of Dairy Science 90, 5572-5579.

Kovécs L, Rézsa L, Palffy M, Hejel P, Baumgartner W and Szenci O, 2020. Subacute ruminal acidosis in dairy
cows-physiological background, risk factors and diagnostic methods. Veterinarska stanica 51:5-17.

Lascano GJ, Koch LE and Heinrichs AJ, 2016. Precision-feeding dairy heifers a high rumen-degradable protein
diet with different proportions of dietary fiber and forage-to-concentrate ratios. Journal of Dairy Science
99:7175-7190.

Longenbach JI, Heinrichs AJ, Graves RE, 1999. Feed bunk length requirements for Holstein dairy heifers.
Journal of Dairy Science 82:99-109.

Mohammadi A, Fatehi F, Zali A and Ganjkhanlou M, 2018.The study of interaction effects of feed bunk space

and forage particle size on feeding behaviors in female Holstein calves. Iranian Journal of Animal Science
49:285-295.



VoY Jlos /Y 0 los ¥V ala /ol pole cla yimgly 4 i w9 Ol sy YA

Mohammadi A, Fatehi F, Zali A, Ganjkhanlou M and Sarzaem A, 2020. The study of effects of feed bunk
space and forage particle size on digestibility and fecal properties in Holstein female calves. Animal
Production. 22:259-269.

Mohammadi, A., Fatehi, F. Zali, A. and Ganjkhanlou. M. (2019). The investigation of interaction effects of
feed bunk space and forage particle size on performance and feed consumption intensity within hours after
feed delivery in Holstein female calves. Journal of Animal Science Researches, 28(4), 83-98. (in Persian).

National Research Council, 2001. NRC. Nutrient requirements of dairy cattle. Washington, DC. National
Academy of Sciences, 381.

Ottenstein DM and Bartley DA, 1971. Improved gas chromatography separation of free acids C2-C5 in dilute
solution. Analytical Chemistry. 43:952-955.

Pino, B. Kumar, A.C.S. & Lakhani, N. (2018). Physically effective fibre in ruminant nutrition: A review.
Journal of Pharmacognosy and Phytochemistry, 7(4), 303—-308.

Russell RW, Moss L, Schmidt SP and Young JW, 1986. Effects of body size on kinetics of glucose metabolism
and on nitrogen balance in growing cattle. The Journal of Nutrition. 116:2229-2243.

Sannes RA, Messman MA and Vagnoni DB, 2002. Form of rumen-degradable carbohydrate and nitrogen on
microbial protein synthesis and protein efficiency of dairy cows. Journal of Dairy Science 85:900-908.

SAS Institute, 2011. SAS/IML 9.3 user's guide. Sas Institute.

Satter, L.D. and Slyter, L.L. (1974). Effect of ammonia concentration on rumen microbial protein production
in vitro. British Journal of Nutrition, 32,199-210.

Van Soest PV, Robertson JB, and Lewis BA, 1991. Methods for dietary fiber, neutral detergent fiber, and
nonstarch polysaccharides in relation to animal nutrition. Journal of dairy science 74:3583-3597.

Zanton Gl and Heinrichs AJ, 2009. Limit-Feeding with Altered Forage-to-Concentrate Levels in Dairy Heifer
Dietsl. The Professional Animal Scientist 25:393-403.

Zebeli Q, Tafaj M, Junck B, Olschliger V, Ametaj BN and Drochner W, 2008. Evaluation of the response of
ruminal fermentation and activities of nonstarch polysaccharide-degrading enzymes to particle length of
corn silage in dairy cows. Journal of Dairy Science 91, 2388-2398.

Zhang J, Shi H, Wang Y, Li S, Cao Z, Ji S, He Y and Zhang H. 2017. Effect of dietary forage to concentrate
ratios on dynamic profile changes and interactions of ruminal microbiota and metabolites in Holstein
heifers. Frontiers in Microbiology. 8:2206-2224.



YA plils (6pd slaangli 3 gsiie bondsSzd Cluogad 5 s 5 lareSs glaaminld  yo3T slad Job 5 o0 g5 0515 b o

Interaction between dietary energy density and feed bunk space on ruminal and
blood parameters and fecal properties in Holstein heifers

H Rashidi !, F Fatehi 2*, M Ganjkhanloo 2 and F Parnian-khajehdizaj *

1 MSc, Department of Animal Science, Faculty of Agricultural Science and Engineering, College of
Agricultural and Natural Resources, University of Tehran, Karaj, Iran

2 Assistant Professor, Department of Animal Science, Faculty of Agricultural Science and Engineering,
College of Agricultural and Natural Resources, University of Tehran, Karaj, Iran

% Associate Professor, Department of Animal Science, Faculty of Agricultural Science and Engineering,
College of Agricultural and Natural Resources, University of Tehran, Karaj, Iran

4 Assistant professor, Animal Science Research Department, East Azarbaijan Agricultural and Natural
Resources Research and Education Center, AREEO, Tabriz, Iran.

* Corresponding Author: Farhang Fatehi; Email: fatehif@ut.ac.ir

Sslo o)y . .
-0 @olc ) Journal of Animal Science/vol.33 No.3/ 2023/pp 17-30
[Animal sdience """ Research | https://animalscience.tabrizu.ac.ir
N/

© 2009 Copyright by Faculty of Agriculture, University of Tabriz, Tabriz, Iran
This is an open access article under the CC BY NC license (https://creativecommons.org/licenses/by-nc/2.0/)
DOI: 10.22034/AS.2023.48216.1630

Introduction: Interaction effect between dietary energy density and feed bunk space on ruminal and
blood parameters were investigated using 40 Holstein heifers as a factorial experiment in a completely
randomized design. Heifers with average agel12 to 16 months and weight 363.4+32.8 were received
two different diet in energy level (low and high) into two different feed bunk in size (24 and 48 cm).
Treatments included: 1) Small feed bunk space (24 cm) with low level of energy, 2) Small feed bunk
space (24 cm) with high level of energy, 3) Large feed bunk space (48 cm) with low level of energy
and 4) Large feed bunk space (48 cm) with high level of energy. Results revealed that dietary energy
was an important factor affecting on total ruminal VFA concentration compared with feed bunk space.
Ruminal concentrations of acetate and propionate; and also, total VFA concentration were
significantly increased in heifers fed low energy levels in comparison with those fed diets contain
high energy level. The main reason was attributed to higher dry matter intake and higher nutrient
digestibility, especially DM and NDF, in heifers received low dietary energy than high dietary energy.
Material and Methods: Fourteen dairy heifers with an average age of 12-16 months and an average
weight of 363 *+ 32.8 kg were stratified into 4 groups of 10 ina 2 x 2 factorial, completely randomized
design with four treatments and four stalls. The experiment period was 100 days. Two levels of energy
were adjusted in formulating diets. A diet was formulated according to NRC (2001) requirements as
high energy diet (1.32 Mcal/kg DM). For low energy diet, it was diluted by rice hull and wheat bran
to meet 90% of NRC (2001) requirements for energy (1.20 Mcal/kg DM). The diets were isoenergetic
and isonitrogenous. Treatments included: 1- Small space with low level of energy, 24 cm feed bunk
space with diet including 1.20 MCal/kg energy; 2- Small space with high level of energy, 24 cm feed
bunk space with diet including 1.32 MCal/kg energy; 3- Large space with low level of energy, 48 cm
feed bunk space with diet including 1.20 MCal/kg energy; and 4- Large space with high level of
energy, 48 cm feed bunk space with diet including 1.32 MCal/kg energy. Animals were weighed at
the bigining and end of experiment. Sampling from feed and orts was carried out at 30, 45, 60 and 70
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days. The dry matter intake was daily recorded. Feces samples were taken on days 30, 60 and 90 and
dried at 70 ° C for 72 h. Total tract digestibility coefficients were calculated based on the relative
concentrations of nutrients and AlA as an internal marker in the feed and feces. Rumen sampling was
performed 4 h after morning feeding at the end day of experiment using an oral stomach tube and
vaccume pumpe. The ruminal pH was recorded immediately and then rumen liquor was filtered
through four layers of muslin cloth and then 2 ml aliquots of filtered liquor was added into tubes
containg 40 pl H2SO4 50% and stored at -20C. Ammonia concentration was determined by
Broderick and Kang (1980) and volatile fatty acids was measured using gas chromatography
according to Ottensin and Batler (1971). On day 86 blood samples were taken from heifer’s coccygeal
vain. Plasma metabolits was measured by Pars Azmoon Kits using an autoanalyser. Chemical analysis
of sample done according to AOAC (1990). Data were analyzed as a complete factorial design with
2 levels of feed bunk space and 2 levels of dietary energy levels design using the GLM procedures of
SAS (version 9.4, SAS Institute Inc., Cary, NC).

Results and discussion: The results revealed that the dietary energy level factor had a more decisive
role in the final concentration of volatile fatty acids in ruminal fluid compared to the feed bunk length
factor. However, the concentration of acetate, propionate and consequently, total volatile fatty acids
for treatments with low energy levels were significantly higher compared to treatments with high
energy levels and the reason can be higher dry matter consumption and higher digestibility of
nutrients, especially DM and NDF in treatments containing lower compared to higher energy levels.
Plasma glucose, total protein, aloumin and globulin were significantly higher for high energy level
treatments compared to low energy level treatments (Table 4). Past studies have shown that
propionate is transported from the rumen to the liver after uptake, converted to glucose during
gluconeogenesis, and then enters the bloodstream (Daniel and Resende Janior 2012). In the present
study, the results showed the higher the animals' intake of unstructured carbohydrate diets (including
starch from cereal grains), the higher their blood glucose concentration. The increase in glucose is
due to the increased production of propionate in the rumen as a result of the fermentation of cereal
starch (Daniel and Resende Janior 2012). Therefore, in the present study, the high concentration of
glucose in diets containing high energy density compared with diets containing low energy density
can be related to the higher concentration of non-fiber carbohydrates.

Conclusion: According to the findings of the present study, lower energy levels and larger manger
space can lead to improved ruminal parameters and physicochemical properties of feces in growing
heifers. Finally, the finding of the current study could be used as a guide to better management of
dairy heifers.

Keywords: Blood parameters, Diet energy density, Feces properties, Feed bunk space, Holstein
heifers and Ruminal fermentation parameters



