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Avrticle Info ABSTRACT

Article type: Background and Obijectives: One of the most critical goals in the dairy

Research Full Paper cattle industry is calf rearing. The pre-weaning period serves as the
foundation for calf health and proper growth, as optimal growth in
accordance with the animal's genetic potential can reduce the age at first
breeding and the slaughter age of male calves. The use of trace elements
such as copper, manganese, zinc, and cobalt in the diet of pre-weaned
calves plays a significant role in growth, health, and reducing weaning
stress. These elements are available in both organic and inorganic forms.
The objective of this study was to compare the effects of organic and
inorganic supplements on growth performance, blood metabolites, and the
alleviation of weaning stress in calves, using domestically produced
chelated supplements as an alternative to imported supplements.

Article history: Materials and Methods: In this study, 30 Holstein calves (on the first day

Received: 15/04/2025 after birth) with similar average body weight of 39.6 + 0.4 kg were
Revised: 24/05/2025 randomly assigned to three groups of ten calves each (5 males and 5
Accepted: 25/04/2025 females) and subjected to experimental treatments. The experimental

treatments included: a control group receiving inorganic mineral
supplements, a group receiving Iranian organic mineral supplements (in the
form of organic chelate complexes produced by Zista Group — Parsa
Holding), and a group receiving a commercial foreign organic supplement
(Availa Four). In all three groups, colostrum quality (Brix index ~ 25),
water and starter feed were similar. Calves were weaned at 75 days of age,
and the total experimental period lasted 100 days. Parameters such as feed
intake, average daily gain, blood metabolites, immunoglobulin G levels,
immune-related enzyme activities, and mineral digestibility and absorption
were measured. Data were analyzed in a completely randomized design
using SAS software version 9.1 (2005), and means were compared at a
significance level of 0.05.

Results: In this study, dry matter intake was affected by the experimental
treatments only during the pre-weaning period (P<0.05). Accordingly, the

Keywords: highest dry matter intake was observed in the Availa-supplemented group
Holstein calves (1320 g/day), while the lowest intake was recorded in the inorganic
Minerals of form organic supplement group (1250 g/day) (P<0.05). A significant difference in body
Stress weaning weight gain was observed among the experimental groups during the pre-

weaning, post-weaning, and entire periods (with the Availa group showing
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the highest and the inorganic supplement group the lowest values, P<0.05).
However, feed efficiency was not influenced by the experimental
treatments. At weaning, the highest blood glucose concentration was
measured in the inorganic group, and the lowest value was observed in the
Availa (foreign) group (100.2 vs. 88.6 mg/dL). Additionally, the highest
plasma beta-hydroxybutyric acid (BHBA) concentration was related to the
inorganic group, and the lowest was observed in the domestic organic
group (1.546 vs. 0.726). The highest cobalt absorption was recorded in the
Availa group, and the lowest in the inorganic group (75.992 vs. 40.728).
The highest organic matter and dry matter digestibility values were
observed in the Availa group (74.116% and 87.764%, respectively), while
the lowest values (70.600% and 74.700%, respectively) were found in the
inorganic group.

Conclusion: Throughout the study period, the Availa group demonstrated
superior performance in various parameters, including blood glucose
concentrations, beta-hydroxybutyrate levels, nutrient digestibility, mineral
absorption, and body weight gain.

Cite this article: Mahdavi, A., Khalilzadeh, M., Salimi, A., Savari, M., Mahbubrabani, S.,
Radman, H. (2026). Effects of replacing the inorganic form of mineral substances with
their organic sources on growth performance, digestion parameters and blood
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Table 1- Ingredient and nutrient composition of the starter (based on% DM)
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Ingredient of diet _si, = (3l

% of DM
45.00 Corn grain <3
15.00 Barley grain ,~
29.00 Soybean meal L ;.. dlxs
2.50 Beet pulp ass s
2.40 Wheat bran oS ...
1.20 Calcium carbonate ..Js <t s
1.10 Sodium bicarbonate . ,.&
0.50 Di-calcium phosphate —li.s ...1s <3
0.80 Salt
0.50 Magnesium oxide . s .S
200 e 5 s oS
Mineral and Vitamin supplement
Nutrients Composition (iw ) ks 3lse oS 5
89.00 Dry matter i ol
20.30 Crude protein b .55,
2.80 (McallkgME o ke 116 (555
13.10 NDF 2t iy s 55 Jsloeel U
6.40 ADF (ol ods 53 55 Jshousls LI
0.50 P i
0.80 Ca ..ls
3.98 Ether extract . ~
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A sl T STyt s (€ CIUS 5 e 1805 550) 1L 5 (CILS 5 oo Sl e (555 5 3500 ST
! Mineral and Vitamin supplement Composition: 1,300,000 1U/kg of vitamin A, 360,000 1U/kg of vitamin D, and
12,000 1U/kg of vitamin E, 0.15 g/kg of 1, 0.8 g/kg of Fe, 0.08 g/kg of Se, and 20 g/kg monensin10%. Manganese and

zinc (each at 40 mg/kg), copper (10 mg/kg), and cobalt (0.10 mg/kg) were included in the starter feed from either
inorganic sources (manganese and zinc oxides, copper and cobalt sulfates) or organic sources (proteinated

manganese, zinc, copper, and cobalt).
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Table 2- Effects of replacing inorganic mineral sources with organic sources on daily weight gain of calves, dry
matter intake and feed efficiency

sl aals
p_value OSka slime sllax Treatments Control
SEM Sl I e
Availa Four Organic  Inorganic
. é é & ‘ -
0.04 22.47 56040° 540700 520320 AR 7 S
(9/d) (Pre-weaning)
Z = 5| HE .. y:)‘.
0.03 32.23 910.66°  890.76%  875.80" S 3l B S
(Post-weaning) Daily weight gain
0.05 24.94 647.27°  627.72°  608.94° o s _
(Entire Period)
. z Z - | -
0.05 28.07 1320° 1280%° 1500 Ot 7 S
(9/d) (Pre-weaning)
Z = | § s osle 6
0.09 57.9 1970 1930 1920 S5 3l e
(Post-weaning) Dry matter intake
0.08 37.78 1480 1440 1420 2 s _
(Entire Period)
° iy z o33
0.12 0.04 0.43 043 0.42 o ds 7R
(Entire Period) FCR

(P<e/v0) e 035 I3 pme s kasOLES OSS e S S oy > sy o

*Different letters in each row indicate a statistically significant difference (P<0.05).
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Table 3. Effects of replacing inorganic forms of minerals with organic sources on blood metabolites at weaning and

the ending
bl dals
s sl Treatments Control
P-value oSl ] ]
SEM sl S P a3
Availa Four Organic Inorganic Parameters
§ S
0.05 7.47 88.60° 95.40° 100.20° = S )8
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0,9 sl (s 02 25 k)
0.01 466 84.80° 95.60° 106.20°
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S s e
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(Weaning) (gt 53 @f)
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SS S| sl e b
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G e S 055658
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(mmol/1)
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*Different letters in each row indicate a statistically significant difference (P<0.05).
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Table 4 . Effects of replacing inorganic forms of minerals with organic sources on blood minerals at weaning and the

ending
sl dals
S sla Treatments Control _ ]
P- . G 2 05 9,50) el
value ok : w Parameters (ug/dl)
SEM ! ! IR
Availa Four organic Inorganic
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*Different letters in each row indicate a statistically significant difference (P<0.05).
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Table 5. Effects of replacing inorganic forms of minerals with organic sources on nutrient digestibility during
weaning and the ending (percent)

ol Aals
Shre sl Treatments Control ) )
(1) W 5
P-value Sl P "
SEM Sl Jl J';:—AF arameters
Availa Four Organic Inorganic
0.13 2.794 73.73 73.25 70.50 Weaningye .S . .
) (Protein) .5
0.1 2.349 71.97 72.23 69.16 (The ending). ;55 slesl
0.04 1.893 74.11% 72.12° 70.60° Weaning)g .S . Slesle
Organic )
0.05 1.683 72.85% 70.20° 68.71° (The ending). ;5> slesil (matter
OM)
0.05 1.35 87.76° 86.93% 86.78° Weaningye .S . St asle
. (Dry matter)
0.13 1.315 86.99 85.54 85.42 (The ending). ;5> sl DM

(P<e/v0) ol 05 s pms sl Ol QLS b S S o, sy 4 o

*Different letters in each row indicate a statistically significant difference (P<0.05).
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Table 6 . Effects of replacing inorganic forms of minerals with organic sources on mineral absorption at the ending

e Lals () Wased 3
5SSk lme (sl Treatments Control Parameters
P-value - -
SEM Py S I
Availa Four Organic Inorganic
a b c s
0.01 1.88 75.99 73.21 40.73
Co
0.01 2.539 73.68° 75.86° 41.15° o
Cu
0.01 2071 72.79° 71.75% 39.64° o
Mn
0.01 2.46 76.31° 77.62° 40.84° ‘;)
n

(P<e/v0) ol 035 13 ome 0 kias 0l QLS 6 S S oy = (s, a yo
*Different letters in each row indicate a statistically significant difference (P<0.05).

QL»{‘) )\d”“fj})b‘ BE L;:.L_su J\j_a u_ilb)bb
Clayden) a_izw o 55 |y bl S el Cuns s
Y YY OLKes s Ramah oY\ Y O
Shedii e sladle S a5 wsls Ol ladlas
eMM@M)\}JQTJ&ZbAS&u}g
e slse ol 31 VL clle W Obey s (Lis s
sdsSeslys glaslE (e LGl AS s
LS 5 VU e ol s s 4 ST oS 5
C:_LA‘}}:_J‘CJ_MJJC}:WLAJ‘ 6J.’>'YL:C,JGJ&L§\JB
Sl 48 alS Olagly 3l A 5 As g anS s
fomd ulg L3 il eesdl il s U5 e

v

5SS e s Al SLeS Sde sl s

Ol s oimsa el S ot 5 Ay gl 5 5K
Il sy ol 3 ks Canl (6 8 0
S b S L oSS oS50 b Vs
33 e il S50l 0 by Lol i
IS s slad s S8 al o s
SIS ol i s 10S) A pls 5 teas 3L
Slad 8 a5 gl oS sl By sl 51 S
2 8 5 Sl (55,8 (855 e e 5 50
Wy pldd o b5 (Dlhdoa g S 5 (o e e
Slad e pa Ladl gl JSE5 55 5 oS i

JoSe sl i 0y sl gla, 586 5 i



V€+€ & D)Lows SY 0,9 culf..\.»s)‘yw » Mgf

oy 5 ol Sltle 4 dme slge J18 5 T
Syt by S5 s Gl gt L 0T Julas
St ot o ed b 3lse JT IS e S
Glasl el 53 asily e I3 3 s Lol il

LSl e Sllee gladss

S 5 4o
5 At oS biglin 53301 JoSe (IS sboa,

sMarques) oL el s Sl OIS i
Y YY 0L a s Mion Y\ ol
o b eslil oS sl Ol (6,0 anlllas s
St e U 85 55 e ]
el adls gl s as sloa il
A S sl s (Yo Y OLSs 5 Van Emon)
Ll e gdre sl JT LS 5 (ol (sla JoSa
SalS ws 3 ¥ Ul Sl g slad s slaws

c;)_g ﬂJLio)J LS)-:‘@" J,-{LQP LL;O‘J,L‘ JT }.«N/
‘dwé\yubséué‘yw ‘Gj’;dj)
‘\—"‘))J 3% J"‘i‘)—g‘ Jy{-’L—:‘ 9 Sist esls dr@d
J—"“<-‘ o= olse 3 ol ‘JL";J-&‘Lf Bl oles

Jj.,.: 6)‘:&’“&)@»)‘)&1

ol e L (Y)Y LOpez-Alonso) s
S o5 25 0 LIS Sl o i oS 5l Ol
«w,_,ou.l?- UJ_JLL.:; J‘JJSL;‘ eJL&w\‘)M)(J».{A)\

QTMAJ\SMcMuJ£}J§)J d))_})lilw

JBE s s Ol 53 Soples s S e el

&b

Adab, M., Mahjoubi, E., Yazdi, M. H., & Collier, R. J. (2020). Effect of supplemental dietary Zinc
and its time of inclusion on pre-weaning phase of Holstein heifer calves: Growth performance
and health status. Livestock Science, 231, 103891. https://doi.org/10.1016/j.livsci.2019.103891.

Ahangarani, M. A., Dehghani, M. R., & Naserian, A. A. (2021). The effect of adding sources of fat
to milk on performance, growth, health, blood and ruminal parameters of Holstein female dairy
calves in the first month after birth. Animal Production, 23(2), 179-189. (In Persian).

Amin, N., & Seifert, J. (2021). Dynamic progression of the calf’s microbiome and its influence on
host health. Computational and Structural Biotechnology Journal, 19, 989-1001.
https://doi.org/10.1016/j.csbj.2021.01.035.

Arthington, J. D., & Ranches, J. (2021). Trace mineral nutrition of grazing beef cattle. Animals,
11(10), 2767. https://doi.org/10.3390/ani11102767.

Bonaventura, P., Benedetti, G, Albaréde, F., & Miossec, P. (2015). Zinc and its role in immunity
and inflammation. Autoimmunity Reviews, 14(4), 277-285. https://doi.org/10.1016
/j.autrev.2014.11.008.

Carter, H. S., Renaud, D. L., Steele, M. A., Fischer-Tlustos, A. J., & Costa, J. H. (2021). A narrative
review on the unexplored potential of colostrum as a preventative treatment and therapy for
diarrhea in neonatal dairy calves. Animals, 11(8), 2221. https://doi.org/10.3390/ani11082221.

Chang, M., Wei, J., Hao, L., Ma, F,, Li, H., Zhao, S., & Sun, P. (2020). Effects of different types of
zinc supplement on the growth, incidence of diarrhea, immune function, and rectal microbiota
of newborn dairy calves. Journal of Dairy Science, 103(7), 6100-6113.
https://doi.org/10.3168/jds.2019-17610.

Clayden, J., Greeves, N., & Warren, S. (2012). Organic chemistry. Oxford University Press, USA.

Davies, S. J., Esposito, G, Villot, C., Chevaux, E., & Raffrenato, E. (2022). An Evaluation of
Nutritional and Therapeutic Factors Affecting Pre-Weaned Calf Health and Welfare, and Direct-
Fed Microbials as a Potential Alternative for Promoting Performance—A Review. Dairy, 3(3),
648-667. https://doi.org/10.3390/dairy3030045.

Deelen, S., Leslie, K., Steele, M., Eckert, E., Brown, H., & DeVries, T. (2016). Validation of a calf-
side B-hydroxybutyrate test and its utility for estimation of starter intake in dairy calves around
weaning. Journal of Dairy Science, 99(9), 7624-7633. https://doi.org/10.3168/jds.2016-11097.

AR


https://doi.org/10.1016/j.livsci.2019.103891
https://doi.org/10.1016/j.livsci.2019.103891
https://doi.org/10.1016

OS50 5 S3stee 5 [ ol e dlgo JTpel JSLS nSale 1,

Degroote, J., Vergauwen, H., Wang, W., Van Ginneken, C., De Smet, S., & Michiels, J. (2020).
Changes of the glutathione redox system during the weaning transition in piglets, in relation to
small intestinal morphology and barrier function. Journal of animal science and biotechnology,
11, 1-17. https://doi.org/10.1186/s40104-020-00440-7.

Enriquez, D., Hotzel, M. J., & Ungerfeld, R. (2011). Minimising the stress of weaning of beef
calves: a review. Acta Veterinaria Scandinavica, 53, 1-8. https://doi.org/10.1186/1751-0147-53-
28.

Gayathri, S., & Panda, N. (2018). Chelated minerals and its effect on animal production: A review.
Agricultural Reviews, 39(4), 314-320. https://doi.org/ 10.18805/ag.R-1823.

Glover, A., Puschner, B., Rossow, H., Lehenbauer, T., Champagne, J., Blanchard, P., & Aly, S.
(2013). A double-blind block randomized clinical trial on the effect of zinc as a treatment for
diarrhea in neonatal Holstein calves under natural challenge conditions. Preventive veterinary
medicine, 112(3-4), 338-347. https://doi.org/10.1016/j.prevetmed.2013.09.001.

Handique, B., Singh, P., & Verma, A. (2022). Effect of Dietary Supplementation of Seaweed
Formulations on Nutrient Utilization, Growth Performance, Serum Antioxidant Activity and
Immunity in Crossbred Calves. Indian Journal of Animal Research. https://doi.org/
10.18805.1JAR.B-4947.

Harvey, K. M., Cooke, R. F., Colombo, E. A, Rett, B., de Sousa, O. A., Harvey, L. M., Russell, J.
R., Pohler, K. G, & Brandéo, A. P. (2021). Supplementing organic-complexed or inorganic Co,
Cu, Mn, and Zn to beef cows during gestation: physiological and productive response of cows
and their offspring until weaning. Journal of Animal science, 99(5), skab095.
https://doi.org/10.1093/jas/skab095.

Hu, C., Song, J., Li, Y., Luan, Z., & Zhu, K. (2013). Diosmectite—zinc oxide composite improves
intestinal barrier function, modulates expression of pro-inflammatory cytokines and tight
junction protein in early weaned pigs. British Journal of Nutrition, 110(4), 681-688.
https://doi.org/10.1017/S0007114512005508.

Indarjulianto, S., & Paryuni, A. D. (2024). Zinc Deficiency in Ruminants and its Management: a
Brief Review. Journal of Tropical Animal & Veterinary Sciences. Jurnal llmu Peternakan dan
Veteriner Tropis, 14(3). https://doi.org/10.46549/jipvet.v14i3.408.

Ji, H., Tan, D., Chen, Y., Cheng, Z., Zhao, J., & Lin, M. (2023). Effects of different manganese
sources on nutrient digestibility, fecal bacterial community, and mineral excretion of weaning
dairy calves. Frontiers in Microbiology, 14, 1163468.
https://doi.org/10.3389/fmich.2023.1163468.

Kasiani, A., Rezayazdi, K., & Zhandi, M. (2021). Effects of replacing inorganic forms of
manganese, zinc, copper and selenium with their organic source on growth performance of
suckling  Holstein  calves. Journal of Ruminant Research, 9(1), 55-68.
https://doi.org/10.22069/ejrr.2020.18424.1764. (In Persian).

Khan, M., Weary, D., & Von Keyserlingk, M. (2011). Invited review: Effects of milk ration on solid
feed intake, weaning, and performance in dairy heifers. Journal of Dairy Science, 94(3), 1071-
1081. https://doi.org/10.3168/jds.2010-3733.

Lopez-Alonso, M. (2012). Trace minerals and livestock: not too much not too little. International
Scholarly Research Notices, 2012(1), 704825. https://doi.org/10.5402/2012/704825.

Lorenz, 1. (2021). Calf health from birth to weaning-an update. Irish Veterinary Journal, 74, 1-8.
https://doi.org/10.1186/s13620-021-00185-3.

Marques, R., Cooke, R., Rodrigues, M., Cappellozza, B., Mills, R., Larson, C., Moriel, P., &
Bohnert, D. (2016). Effects of organic or inorganic cobalt, copper, manganese, and zinc
supplementation to late-gestating beef cows on productive and physiological responses of the
offspring. Journal of Animal Science, 94(3), 1215-1226. https://doi.org/10.2527/jas.2015-0036.

Mattioli, G. A., Rosa, D. E., Turic, E., Testa, J. A., Lizarraga, R. M., & Fazzio, L. E. (2019). Effect
of injectable copper and zinc supplementation on weight, hematological parameters, and
immune response in pre-weaning beef calves. Biological Trace Element Research, 189, 456-
462. https://doi.org/10.1007/s12011-018-1493-9.

"y


https://doi.org/10.22069/ejrr.2020.18424.1764

V€+€ & D)Lows SY 0,9 Ulf.\»f,!,:w » Mgf

Miller-Ihli, N. J. (1996). Trace element determinations in foods and biological samples using
inductively coupled plasma atomic emission spectrometry and flame atomic absorption
spectrometry. Journal of Agricultural and Food Chemistry, 44(9), 2675-2679.
https://doi.org/10.1021/jf950616l.

Mion, B., Ogilvie, L., Van Winters, B., Spricigo, J. F., Anan, S., Duplessis, M., McBride, B. W,
LeBlanc, S. J., Steele, M. A., & Ribeiro, E. d. S. (2023). Effects of replacing inorganic salts of
trace minerals with organic trace minerals in the pre-and postpartum diets on mineral status,
antioxidant biomarkers, and health of dairy cows. Journal of Animal Science, 101, skad041.
https://doi.org/10.1093/jas/skad041.

Miqueo, E., Mattioli, G. A., Moore, D. P., Bilbao, M. G, Moran, K. D., & Relling, A. E. (2024).
Impact of Parenteral Maternal Supplementation with Trace Minerals and Vitamins on Neonatal
Calf Antioxidant System and Growth in a Dairy Herd. Animals, 14(13), 1868.
https://doi.org/10.3390/ani14131868.

Mohameden, W., Abdel-Rahman, H., & Hegab, I. (2023). Mineral supplementation in diseased
buffalo calves and impact on health, behavior, and clinical blood profiles. Advances in Animal
and Veterinary Sciences, 11(8), 1288-1296.
https://doi.org/10.17582/journal.aavs/2023/11.8.1288.1296.

Mousavi-Haghshenas, M., Hashemzadeh, F., Ghorbani, G., Ghasemi, E., Rafiee, H., & Ghaffari, M.
(2022). Trace minerals source in calf starters interacts with birth weights to affect growth
performance. Scientific Reports, 12(1), 18763. https://doi.org/10.1038/s41598-022-23459-4. (In
Persian).

Mudgal, V., Saxena, N., Kumar, K., Dahiya, S. S., Punia, B. S., & Sharma, M. L. (2019). Sources
and levels of trace elements influence some blood parameters in murrah buffalo (Bubalus
bubalis) calves. Biological Trace Element Research, 188, 393-403.
https://doi.org/10.1007/s12011-018-1439-2.

National Research Council. 2001. Nutrient Requirements of Dairy Cattle: Seventh Revised Edition,
Washington, DC: The National Academies Press. pp: 132-146.

Neamt, R., Ilie, D., Enculescu, M., Saplacan, S., & Cziszter, T. (2019). The Weaning Stress Effect
on Calf Behaviour and Performances. Research Journal of Biotechnology Vol, 14, 3.

Neville, B., Baumgaertner, F., PICKINPAUGH, W., MENEZES, A., MCCARTHY, K., UNDI, M.,
& DAHLEN, C. (2024). Influence of pre-weaning trace mineral exposure on subsequent
performance and trace mineral status of beef calves during finishing. Bovine Practitioner
Journal, 58(1), 1-7.

Ogilvie, L., Van Winters, B., Mion, B., King, K., Spricigo, J., Karrow, N., Steele, M., & Ribeiro, E.
(2023). Effects of replacing inorganic salts of trace minerals with organic trace minerals in the
diet of prepartum cows on quality of colostrum and immunity of newborn calves. Journal of
Dairy Science, 106(5), 3493-3508. https://doi.org/10.3168/jds.2022-21913.

Orihuela, A., & Galina, C. S. (2019). Effects of separation of cows and calves on reproductive
performance and animal welfare in tropical beef cattle. Animals, 9(5), 223.
https://doi.org/10.3390/ani9050223.

Porter, W. C. (2021). Impact of Organic or Inorganic Trace Minerals and Days Backgrounded on
Dairy Calves Raised Using an Automated Calf Feeder. North Carolina State University.

Price, D., Arellano, K., Irsik, M., Rae, D., Yelich, J., Mjoun, K., & Hersom, M. (2017). Effects of
trace mineral supplement source during gestation and lactation in Angus and Brangus cows and
subsequent calf immunoglobulin concentrations, growth, and development. The Professional
Animal Scientist, 33(2), 194-204. https://doi.org/10.15232/pas.2016-01549.

Putriyana, A. M. E., Tanuwiria, U. H., & Tasripin, D. S. (2022, April). The Effect of Ca-PUFA,
Protein Protected by Tannin and Organic Minerals (Zn, Cu, Cr, and Se) on Thyroxine Levels in
Dairy Calves. In 6th International Seminar of Animal Nutrition and Feed Science (ISANFS
2021) (pp. 259-261). Atlantis Press. https://doi.org/10.2991/absr.k.220401.052.

Quigley, J. D., Hill, T. M., Suarez-Mena, F. X., Dennis, T. S., Aldrich, J. M., & Schlotterbeck, R. L.
(2017, February). Modeling the effects of liquid intake and weaning on digestibility of nutrients

"y



OS50 5 S3stee 5 [ ol e dlgo JTpel JSLS nSale 1,

in pre-and post-weaned dairy calves. In 28th Annual Florida Ruminant Nutrition Symposium
(Mol. 770, p. 169).

Rajaei-Sharifabadi, H., Shamkhani, E., Hafizi, M., Mohammadi, S., Shokri, Z., Ahmadibonakdar,
Y., & Seradj, A. R. (2024). Source-dependent effects of early-life zinc supplementation in milk
on growth performance and starter intake of pre-weaned dairy calves. Frontiers in Animal
Science, 5, 1462245. https://doi.org/10.3389/fanim.2024.1462245.

Ramah, A., Kato, T., Shinya, U., Baakhtari, M., Imatake, S., Jadi, A. R., & Yasuda, M. (2023).
Effects of Maternal Supplementation with Organic Trace Minerals including Zinc, Manganese,
Copper, and Cobalt during the Late and Post-Partum Periods on the Health and Immune Status
of Japanese Black Calves. Animals, 13(23), 3679. https://doi.org/10.3390/ani13233679.

Rossi, C. A. S, Grossi, S., Compiani, R., Baldi, G, Agovino, M., & Rossi, L. (2020). Effects of
different mineral supplementation programs on beef cattle serum Se, Zn, Cu, Mn concentration,
health, growth performance and meat quality. Large Animal Review, 26(2), 57-64.

Soares, M. S., Batista, L. H. C., Oliveira, I. M., Issa, H. A. S., Cidrini, I. A., Ferreira, I. M., Costa e
Silva, L. F., Koontz, A., Holder, V., & Siqueira, G. R. (2023). Effects of a Blend of Live Yeast
and Organic Minerals as an Alternative to Monensin on Intake, Digestibility, Performance and
Beef Quality of Nellore Bulls Finished on Pasture with High Concentrate Supplementation.
Agriculture, 13(3), 522. https://doi.org/10.3390/agriculture13030522.

Soltani, E., Naserian, A. A., Khan, M., Ghaffari, M., & Malekkhahi, M. (2020). Effects of
conditioner retention time during pelleting of starter feed on nutrient digestibility, ruminal
fermentation, blood metabolites, and performance of Holstein female dairy calves. Journal of
Dairy Science, 103(10), 8910-8921. https://doi.org/10.3168/jds.2020-18345.

Swiqtkiewicz, S., Arczewska-Wtosek, A., & Jozefiak, D. (2014). The efficacy of organic minerals
in poultry nutrition: review and implications of recent studies. World's Poultry Science Journal,
70(3), 475-486. https://doi.org/10.1017/S0043933914000531.

Van Emon, M., Sanford, C., & McCoski, S. (2020). Impacts of bovine trace mineral
supplementation on maternal and offspring production and health. Animals, 10(12), 2404.
https://doi.org/10.3390/ani10122404.

Van Keulen, J., & Young, B. (1977). Evaluation of acid-insoluble ash as a natural marker in
ruminant  digestibility studies. Journal of Animal Science, 44(2), 282-287.
https://doi.org/10.2527/jas1977.442282Xx.

Wang, S., Wang, F., Kong, F., Cao, Z., Wang, W., Yang, H., Wang, Y., Bi, Y., & Li, S. (2022). Effect
of supplementing different levels of L-glutamine on Holstein calves during weaning.
Antioxidants, 11(3), 542. https://doi.org/10.3390/antiox11030542.

Wo, Y., Jin, Y., Gao, D., Ma, F., Ma, Z., Liu, Z., Chu, K., & Sun, P. (2022). Supplementation with
zinc proteinate increases the growth performance by reducing the incidence of diarrhea and
improving the immune function of dairy calves during the first month of life. Frontiers in
Veterinary Science, 9, 911330. https://doi.org/10.3389/fvets.2022.911330.

Zhang, R., Wei, M., Zhou, J., Yang, Z., Xiao, M., Du, L., & Bao, H. (2024). Effects of organic trace
minerals chelated with oligosaccharides on growth performance, blood parameters, slaughter
performance and meat quality in sheep. Frontiers in \eterinary Science, 11, 1366314.
https://doi.org/10.3389/fvets.2024.1366314.

"y



V€+€ & D)Lows SY 0,9 culf..\»s)‘yw » Msf

e



