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Table 1- Feed ingredients of experimental diets

Experimental diet i . >
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Apple pomace silage Beet pulp




Ingredients (% of DM) (SLes esla 5l ds ) S 55 o33

7.82 7.82 Alfalfa hay e, Six 6jle
15.41 15.41 Cornsilage <3 5>
1.95 3.24 Wheat straw (.5 «ls
25.67 25.16 Corn grain 3 «ls
12.51 12.26 Barley grain ;> «ls
9.55 9.36 Soybean meal L 5. Jws
3.62 3.55 Roasted soybeans . , b s «ls
2.17 2.13 Canola meal 1515 Jls
2.3 2.26 Fat powder > ;55
5.92 5.81 Meat meal .z ,8 ;55
0.26 0.26 Urea
0 8.99 Beet pulp 13,0 Jlis
8.99 0 Apple pomace silage . dl 3w
0.66 0.65 Calcium carbonate ,..s <l s
0.21 0.21 Dicalcium phosphate wlis s
1.45 1.42 Sodium bicarbonate .. by S
0.53 0.52 Magnesium oxide . ;e 451
0.36 0.35 Salt (sodium chloride) (w4 1) Ko
0.14 0.13 Mineral and vitamin supplement“_—,yu;; 5 e sl JuSa
0.01 0.01 Monensin ... .
0.47 0.46 Bentonite - s
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'Each kg of minerals and vitamins supplement contained 500000 1U of Vit A, 100000 IU of Vit Ds, 100 mg of Vit E and 180000, 90000,
19000, 2000, 3000, 300, 3000, 100, 100 and 1 mg of calcium phosphorous, magnesium, manganese, iron, copper, zinc, cobalt, iodine and
selenium, respectively.
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4% Fat corrected milk (kg) = (0.4 x milk yield (kg/d)) + (15 x fat yield (kg/d))
Energy corrected milk (kg) = (0.327 x milk yield (kg/d)) + (12.95 x fat yield (kg/d)) + (7.2 x protein yield (kg/d))
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Table 2- Chemical composition of experimental diets

Experimental diet L. o

o A5 D LS e s (S osle 3 Ao 3) sl S 5
Apple pomace silage Beet pulp Chemical composition (% of DM)
16.24 16.42 Crude protein o> .55

1.75 1.76 (p S 5kS 53 s Js & NED) 23 o2 Lalls (5551

30.12 30.0 Neutral detergent fiber _zs= ou 5o U

38.49 38.93 Non — fibrous carbohydrate Ul & slacl iy S

6.49 6.20 Crude fat o> ~
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Rumen undegradable «.<s s 42 L6 8 o5,
protein

Calcium (S

Phosphorous i..:
Magnesium . ;..
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Dietary cation — anion balance (mEg/kg of DM)
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Table 3- Chemical composition of beet pulp and apple pomace silage

Experimental diet ;i s o
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Apple pomace silage Beet pulp Chemical composition (% of DM)
5.65 9.89 Crude protein Pl S50

56.45 45.7 Neutral detergent fiber _z= o 5 U
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94.4 92.4 Organic matter Ji L
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Table 4- Effect of replacing beet pulp with apple pomace silage on milk production and composition, and
feed utilization efficiency of Holstein dairy cows in early lactation.

Experimental diet bl

P-Value SEM 5 o 5 5 o il
Apple pomace silage Beet pulp Parameters

0.7342  0.583 2351 23.81 33503 15 ) it esle Gy
Dry matter intake (kg/day)

Milk production (kg/day) G, s ¢ S5kS) o5 W5

0.5691  0.946 47.17 46.41 Raw milk (= .
0.3183  1.069 43.42 41.90 o3 b Sl e e
4% Fat corrected milk

0.3286  1.018 43.86 42.44 Energy corrected (3,1 sl sdd meomeal 1o
milk

Milk fat s, ~

0.4245  0.107 3.48 3.36 % 1w s
0.3130  0.056 1.64 1.56 Kg/d 55, 5 S 4ks
Milk protein .z ..z,

0.5078  0.065 3.11 3.05 % 1w s

04091  0.041 1.46 1.41 Kgid 55, 5 ¢ 5 ks



Feed efficiency 1, = 5l eslizal o334
0.3132 0.039 2.0 1.95 e RUP M

For raw milk production

0.1771  0.045 1.85 1.76 i e bl el el 3 IS

For production of 4% fat corrected milk

0.1768  0.043 1.86 1.78 S Sln s bd el S Ml

For production of energy corrected milk
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Table 5- Effect of replacing beet pulp with apple pomace silage on plasma parameter concentrations of
Holstein dairy cows in early lactation

Experimental diet Lol .

P-Value SEM
o S D L3 e dl Cio
Apple pomace silage Beet pulp Parameters
0.3293 0.154 791 7.65 Total protein (g/dl) (s b3 0,9 S oS50
0.8965 0.054 413 441 Albumin (g/dl) (zJ s 53 ¢,9) Guesd]
0.0014 0.573 22.18% 19.39° Urea nitrogen (Mg/dL) (z s 5> ¢S k) slessl 0355
0.8663 1.252 35.25 34.95 Triglycerides (Mg/dL) (s 55,8 ko) & ol 5
0.0040 0.018 0.43° 0.35° Nonesterified (x> Jye ko) ake ol b o sladed
fatty acids (mmol/liter)
0.1987 0.024 0.57 0.61 Beta- (& ek Slgs Sodob
hydroxybutyrate (mmol/L)
0.0001 0.163 8.78" 9.81° Calcium (Mg/dL) (s 53 ¢ S k) oS
0.1242 0.117 5.29 5.04 Phosphorus (Mg/dL) (s s ¢S k) jind
0.0066 0.084 313 3478 Magnesium (Mg/dL) (zdws 55 o8 o) o sone
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Values in each row differ if they do not share a common letter (p < 0.05).
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Table 6 - Effect of replacing beet pulp with apple pomace silage on whole tract digestibility of nutrients of L
Holstein dairy cows in early lactation
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Effect of apple pomace silage on milk production and composition, plasma metabolites and
nutrient digestibility of Holstein dairy cows in early lactation

Abstract

Background and Objective: Carbohydrates are the main source of energy in diets fed to dairy cows and usually
constitute 60 to 70 percent of the diet. In addition to being the main source of energy for the animal, carbohydrates



provide the necessary substrate for the growth of rumen microbes and the production of microbial protein. Beet pulp
is a by-product of sugar extraction industry from sugar beet and contains high level of digestible neutral detergent
fiber and pectin. It add to diet of lactating cows as an energy source. Apple pomace is another agricultural by-
product of apple juice production that produce in high amount in many regions of Iran. It contains about 48 to 62%
of non-forage neutral detergent fiber. The aim of this study was to investigate the effect of replacing beet pulp (BP)
with apple pomace silage (APS) on dry matter intake (DMI), milk yield (MY) and composition, total tract nutrient
digestibility and plasma metabolites of lactating dairy cows in early lactation.

Materials and Methods: Four hundred primiparous Holstein cows (4015 DIM and 41+9.8 kg/day MY) were used
in a completely randomized design. Cows were divided into 2 approximately equal groups based on MY and DIM
and randomly assigned to experimental diets. The experimental period was 28 days, including 21 days for adaptation
and 7 days for data recording and sample collection. The experimental diets included 1) diet containing BP and 2)
diet containing APS. Dry matter intake, milk production and composition, feed efficiency, plasma metabolites and
whole tract digestibility of nutrients were measured. Data were analyzed as completely randomized design by SAS
software.

Results: The results showed that replacing BP with APS did not affect DMI, raw MY, 4% fat corrected milk and
energy corrected milk, milk fat and protein content and production, and DM utilization efficiency for milk
production. Plasma concentrations of total protein, albumin, triglycerides, beta-hydroxybutyrate (BHB) and
phosphorus were not affected by experimental diets. Replacing BP with APS in the diet increased plasma
concentrations of urea nitrogen (UN) and non-esterified fatty acids (NEFA) and decreased plasma concentrations of
calcium and magnesium (P<0.01). Total tract digestibility of organic matter (OM), crude protein (CP), crude fat
(CF) and neutral detergent fiber (NDF) were not affected by experimental diets (P = 0.01).

Conclusion: However, adding APS to the diet reduced total tract digestibility of ash (P<0.05). Overall, according to
these results, the complete replacement of BP with APS up to 8.99% of diet DM did not have any negative effect on
the performance of Holstein dairy cows in early lactation.

Keywords: Apple pomace silage, Early lactation, Holstein cow, Milk yield and composition.

REFERENCES

Abdollahzadeh, F., Pirmohammadi, R., Farhoomand, P., Fatehi, F., & Pazhoh, F. (2010). The effect of
ensiled mixed tomato and apple pomace on Holstein dairy cow. Italian Journal of Animal Science, 9:
edl.

Allen, M. S., Bradford, B. J., & Oba, M. (2009). Board-invited review: The hepatic oxidation theory of
the control of feed intake and its application to ruminantsl. Journal of Animal Science, 87: 3317-
3334.

AOAC. (2000). Official Methods of Analysis. 17th ed. Association of Official Analytical Chemists.
Washington, DC. USA.

Azizi, O., Karimi, S.H., Sadeghi, G.H., & Lashkari, S. (2014). Milk yield and composition, dry matter
intake and blood parameters of Holstein cows fed ensiled apple pomace co-ensiled with broiler litter.
The Spanish Journal of Agricultural Research, 12: 462-466.

Bach, A., Calsamiglia, S., & Stern, M.D. (2005). Nitrogen metabolism in the rumen. Journal of Dairy
Science, 88: (E. Suppl.): E9-E21.

Beigh, Y.A., Ganai, A. & Ahmad, H. (2015). Utilisation of apple pomace as livetock feed: A review.
Indian Journal of Small Ruminants, 21: 165-179.

Bednarski, M., & Kupczynski, R. (2024). Factors affecting milk prod.uctivity, milk quality and dairy cow
health. Animals, 14: 3707.



Bertics, S.J., Grummer, R.R., Cadorniga-Valino, C., & Stoddard, E.E. (1992). Effect of prepartum dry
matter intake on liver triglyceride concentration and early lactation. Journal of Dairy Science, 75:
1914-1922.

Bertoni, G., Trevisi, E., Han, X., & Bionaz, M. (2008). Effects of inflammatory conditions on liver
activity in puerperium period and consequences for performance in dairy cows. Journal of Dairy
Science, 91: 3300-3310.

Bruss, M.L. (2008). Lipids and Ketones. Pages 81-115 in Clinical Biochemistry of Domestic Animals.
6th ed. J. Kaneko, J. Harvey, and M. Bruss, ed. Academic Press.

Cassidy, E.S., West, P.C., Gerber, J.S., & Foley, J.A. (2013). Redefining agricultural yields: From tones
to people nourished per hectare. Journal of the Environmental Research, 8: 034015.

Ceciliani, F., Ceron, J.J., Eckersall, P.D., & Sauerwein, H. (2012). Acute phase proteins in ruminants.
Journal of Proteomics, 75: 4207-4231.

Cianciosi, D., Forbes-Hernandez, T.Y., Regolo, L., Alvarez-Suarez, J.M., Navarro-Hortal, M.D., Xiao, J.,
Quiles, J.L., Battino, M., & Giampieri F. (2022). The reciprocal interaction between polyphenols and
other dietary compounds: Impact on bioavailability, antioxidant capacity and other physico-chemical
and nutritional parameters. Journal of Agricultural and Food Chemistry, 375: 131904.

Corea-Guillen, E.E., Benaouda, M.A., Ramirez-Perez, H., Lizarazo, A.C., Castro-Montoya, J.M., Vieyra-
Alberto, R.J., & Angeles-Hernandez, C. (2025). Effect of dietary citrus pulp on performance and dry
matter digestibility in dairy cows: A meta-analysis and meta-regression. Animal Feed Science and
Technology, 320: 116198.

Cozzi, G., Ravarotto, L., Gottardo, F., Stefani, A.L., Contiero, B., Moro, L., Brscic, M., & Dalvit, P.
(2011). Short communication: reference values for blood parameters in Holstein dairy cows: effects
of parity, stage of lactation, and season of production. Journal of Dairy Science, 94: 3895-901.

Eckersall, P.D. (2008). Proteins, proteomics, and the dysproteinemias. In Clinical Biochemistry of
Domestic Animals. 6th ed. J. Kaneko, J. Harvey, and M. Bruss, ed. Academic Press. Pages 117-155.

Flachowsky, G., Meyer, U., & Sudekum, K.H. (2018). Invited review: Resource inputs and land, water
and carbon footprints from the production of edible protein of animal origin. Arch. Animal breeding,
61: 17-36.

Fredin, S.M., Ferraretto, L.F., Akins, M.S., Bertics, S.J., & Shaver, R.D. (2015). Effects of corn-based
diet starch content and corn particle size on lactation performance, digestibility, and bacterial protein
flow in dairy cows. Journal of Dairy Science, 98: 541-553.

Gadulrab, K., Sidoruk, P., Koztowska, M., Szumacher-Strabel, M., Lechniak, D., Kotodziejski, P.,
Pytlewski, J., Strzatkowska, N., Horbanczuk, J.O., J6 zwik, A., Yulianri, Y.R., Agung, |., Patra A.K.,
& Cieslak A. (2023). Effect of feeding dried apple pomace on ruminal fermentation, methane
emission, and biohydrogenation of unsaturated fatty acids in dairy cows. Agriculture, 13: 2032.

Ghoreishi, S.F., Pirmohammadi, R., & Teimouri Yansari, A. (2007). Effect of ensiled apple pomace on
milk vyield, milk composition, and DM intake of Holstein dairy cows. Journal of Animal and
Veterinary Advances, 6: 1074-1078.

Harvatine, K.J. (2017). Lipid and Fat Nutrition. In: Beede et al., Large Dairy Heard Management, 3rd
Edition, American Dairy Science Association, and USA.

Harvatine, K.J., Boisclair, Y.R., & Bauman, D.E. (2009). Recent advances in the regulation of milk fat
synthesis. Animal, 3: 40-54.



Jalal, H., Giammarco, M., Lanzoni, L., Akram, M.Z., Mammi, L.M.E., Vignola, G., Chincarini, M.,
Formigoni, A., & Fusaro, I. (2023). Potential of fruits and vegetable by-products as an alternative
feed source for sustainable ruminant nutrition and production: A Review. Agriculture, 13: 286.

Li, Y., Ding, H., Wang, X., Feng, S., Li, X., Wang, Z., Liu, G., & Li, X. (2016). An association between
the level of oxidative stress and the concentrations of NEFA and BHBA in the plasma of ketotic dairy
cows. Journal of Animal Physiology and Animal Nutrition, 100: 844-851.

Ma, Y., Feng, Y., Song, L., Li, M., Dai, H., Bao, H., Zhang, G., Zhao, L., Zhang, J., Yi, C., & Liang, Y.
(2021). Green tea polyphenols supplementation alters immunometabolism and oxidative stress in
dairy cows with hyperketonemia. Animal and Nutrition, 7: 206-215.

McDonald, P., Edwards, R.A., Greenhalgh, T.F.D., Morgan, C.A., Sinclair, L.A., & Wilkinson, R.G.
(2022). Animal and Nutrition. 8th ed. London, UK.

Moallem, U. (2018). Invited review: Roles of dietary n-3 fatty acids in performance, milk fat
composition, and reproductive and immune systems in dairy cattle. Journal of Dairy Science, 101:
8641-8661.

National Research Council (NRC). (2021). Nutrient Requirements of Dairy Cattle. 8" Revised Edition,
National Academy Science., Washington, DC.

National Research Council (NRC). (2001). Nutrient Requirements of Dairy Cattle. 7" Revised Edition,
National Academy Science., Washington, DC.

Neiderfer, K.P., Mechor, G.D., Gandra, J., Barlett, K.S., Lee, C.J., & Kronfeld, D.S. (2020). Effects of
calcium carbonate, magnesium oxide and encapsulated sodium bicarbonate on measures of post-
ruminal fermentation. Journal of Animal Physiology and Animal Nutrition, 104: 802-811.

Pang, D., Yan, T., Trevisi, E., & Krizsan, S.J. (2018). Effect of grainor by-product-based concentrate fed
with early- or late-harvested first-cut grass silage on dairy cow performance. Journal of Dairy
Science, 101: 7133-7145.

Pirmohammadi, R., Rouzbehan, Y., Rezayazdi, K., & Zahedifar, M. (2006). Chemical composition,
digestibility and in situ degradability of dried and ensiled apple pomace and maize silage. Small
Ruminant Research, 66: 150-155.

Rico, J.E., & Barrientos-Blanco, M.A. (2024). Invited review: Ketone biology: the shifting paradigm of
ketones and ketosis in the dairy cow. Journal of Dairy Science, https://doi.org/10.3168/jds.2023-
23904.

Van Keulen, J., & Young, B. (1977). Evaluation of acid-insoluble ash as a natural marker in ruminant
digestibility studies. Journal of Animal Science, 44: 282-287.

Van Soest, P.J., Robertson, J.B., & Lewis, B.A. (1991). Methods for dietary fiber, neutral detergent fiber,
and non-starch polysaccharides in relation to animal nutrition. Journal of Dairy Science, 74: 3583-
3597.

Weld, K.A., & Armentano, L.E. (2017). The effects of adding fat to diets of lactating dairy cows on total-
tract neutral detergent fiber digestibility: A meta-analysis. Journal of Dairy Science, 100: 1766-1779.

Yu, Y., Fu, R., Jin, C., GAO, H., Han, L., Fu, B., Qi, M., Li, Q., Suo, Z., & Leng, J. (2024). Regulation of
milk fat synthesis: Key genes and microbial functions. Microorganisms, 12: 2302.

Zhou, M., Xu, L., Zhao, F., & Liu, H. (2021). Regulation of milk protein synthesis by free and peptide-
bound amino acids in dairy cows. Biology, 10: 1044-1058.



