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The higher bioavailability, lower toxicity, and lower potential environmental risks of zinc oxide nanoparticles
(ZnO NPs) compared to traditional sources of zinc (Zn) encouraged researchers to use it in animal diets. The
current study aimed to investigate the effects of dietary low ZnO NPs levels supplementation on the meat yield of
Shami goats using ultrasound examination. A total of thirty healthy female Shami goats with an average body
weight of 38.43 + 1.94 kg at 2-3 years old were randomly distributed into three equal groups (10 goats/group).

The first group was fed a basal diet (control), while the second and third groups were fed a basal diet supple-
mented with 11.25 mg/kg (T1) and 22.50 mg/kg (T2) dry matter (DM) of ZnO NPs, respectively, for 12 weeks.
Longissimus dorsi muscle ultrasound evaluation at both the thoracic and lumbar regions revealed denser trans-
verse process-related acoustic shadowing (TS), rib-related acoustic shadowing (RS), and muscular shadowing
(MS) in goats supplemented with ZnO NPs, T1 and T2, compared to goats fed a control diet. Furthermore, ul-
trasound measurements of the thoracic and lumbar longissimus dorsi regions of goats supplemented with ZnO NPs
at both levels revealed greater fat thickness, depth, perimeter, and area compared to animals fed a control diet (p
< 0.05). This improved trend was dose-dependent, with T2 values being higher than T1 values (p < 0.05). In
conclusion, the ultrasound assessment results showed that supplementing Shami goats with ZnO NPs at these two

low levels enhanced meat yield.

1. Introduction

The higher ability of goats to adapt to the diverse production systems
enables them to become well-adapted widespread species (Guerrero
et al., 2018). A dual-purpose breed (i.e., Damascus or Shami) of goat has
been given priority by the Food and Agriculture Organization (Al-Saef,
2013) and successfully distributed to more than fifteen Middle East
Countries (Mavrogenis et al., 2006).

Zinc (Zn) plays a pivotal role as a trace mineral in the main biological
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functions (Mohd Yusof et al., 2019; Suttle, 2010). It is well established
that, Zn promotes growth (Liu et al., 2011; Swain et al., 2016), improves
performance (Fadayifar et al., 2012), acts as a powerful antioxidant
(Jiang et al., 2018) by preventing lipid peroxidation (Sloup et al., 2017),
and improves the immune function (Song et al., 2021). Zn can also alter
the intramuscular fat content of breast meat (Liu et al., 2011) possibly by
modulating the gene expression of fat metabolism-related enzymes in
broilers (Liu et al., 2015).

Ruminants only absorb a portion of the minerals they digest,
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including Zn, so their dietary requirements vary considerably from their
net requirements. This is due to the fact that ruminant diets high in
grains allow for the escape of partially digested or undegraded phytate
(Suttle, 2010). Indeed, the undigested phytate will ultimately interfere
with mineral absorption (Leytem et al., 2007), reflecting the lower
availability of minerals. Thus, supplementation is necessary to meet
animal’s requirements (Bravo et al., 2003; Kincaid et al., 2005). Zn is
usually supplemented to the diet of animals in the form of inorganic or
organic sources (Swain et al., 2016). The bioavailability of inorganic
forms are substantially lower than that of organic forms while the use of
organic chelates of Zn is limited due to the higher cost (Zhao et al.,
2014). However, high levels of Zn supplementation for animals would
increase the risk of toxicity or pose an environmental concern (Feng
et al., 2009), because fecal nutrient contents are a direct reflection of
dietary nutrient contents (Oryschak, 2005). Notably, Zn in the form of
nanoparticle (NP) has a larger surface area of the NP granules which
results in higher bioavailability and therefore an efficient absorption
(Mohd Yusof et al., 2019; Swain et al., 2016)

The ability to accurately determine body or carcass composition is
substantially important for measuring, grading, choosing, and ulti-
mately purchasing meat-producing animals. Real-time ultrasound ex-
amination is the most recent advanced non-invasive technique for
collecting data on meat carcass composition of farm animals under field
conditions (Scholz et al., 2015). These advantageous properties, as well
as previous research, suggested that ultrasound could be used as a
simple routine evaluation method in farms to predict meat yield (Grill
et al., 2015).

We hypothesized that supplementation of ZnO NPs to diets of Shami
goats at relatively lower doses could be bioavailable, highly effective,
non-toxic, and less expensive, and could improve the meat yield.
Therefore, the present study aimed to investigate the effect of dietary
low ZnO NPs levels supplementation, 11.25 and 22.50 mg/kg DM, on
the meat yield of Shami goats in both the thoracic and lumbar regions of
the longissimus dorsi (eye) muscle using a non-invasive ultrasound
scanning approach.

2. Materials and methods
2.1. Preparation and characterization of ZnO NPs

The powder of ZnO NPs was synthesized in our laboratory using a
solid-state method following the procedure previously described by
El-Bahr et al. (2020). The particle size of the resulting ZnO NPs was
examined using a high-resolution transmission electron microscope
(JEM-1200, JEOL, Japan) and the morphological features of the syn-
thesized ZnO NPs were explored using field emission scanning electron
microscopy (Quanta FEG 250, FEI, USA) as described by El-Bahr et al.
(2020).

2.2. Animals, management, and diets

All procedures and experimental protocols as well as management
conditions followed in this feeding trial were carried out following the
Guidelines for the Care and Use of Agricultural Animals in Research and
Teaching, Federation of Animal Science Societies (FASS, 2010). Besides
that, the Institutional Animals Care and Use Research Ethics Committee
of the University of Benha, Faculty of Veterinary Medicine, also
approved the current feeding trial (BUFVTM, 02102018, 02 October
2018).

Thirty healthy female Shami goats, aged 2-3 years old, with an
average body weight of 38.43 + 1.94 kg were used for this feeding trial
at the farm station facility of the Faculty of Agriculture, Benha Univer-
sity of Egypt. All goats were kept in roof-pens separated by wooden
partitions in a confined system under the same environmental, mana-
gerial, and hygienic conditions. They were maintained in ambient
temperature and natural daytime and light throughout the whole period
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of the experiment during the spring season. Goats were randomly
distributed into three equal groups (10 goats/group). The goats were fed
the following diets: control (basal diet without ZnO NPs), T1 and T2,
which were basal diets supplemented with 11.25 and 22.50 mg ZnO
NPs/kg DM diet, respectively. Experimental diets were formulated as a
total mixed ration (TMR) to meet the optimum nutrient requirements of
goats as recommended by NRC (2007). The ingredient and chemical
composition of the concentrate mixture (CM) and TMR of the experi-
mental diets and nutrient specifications of the basal diet are shown in
Table 1. The required amounts of ZnO NPs were dissolved in three equal
volumes of distilled water (w/v) using Branson 2200 ultrasonic cleaner
water bath (B2200R-4 Laboratory Sonic Digital, Branson Ultrasonics,
Sigma Aldrich, St. Louis, MO 63178, USA). Fully dissolved ZnO NPs in
distilled water were sprayed while mixing with TMR to precisely obtain
the three desired concentrations of the experimental diets. The TMR has
been prepared and mixed on a fresh daily basis. Goats were kept under
the experimental protocol from 1st to 12th-week post-kidding and
offered both feed and water ad libitum.

Proximate analysis of the basal diet for dry matter (DM), ash, crude
protein (CP), and crude fat (EE) was conducted according to the stan-
dard methods of AOAC (2000). Neutral detergent fiber (NDF), acid
detergent fiber (ADF), and acid detergent lignin (ADL) were determined
following the procedure described by Van Soest et al. (1991). Zn content

Table 1

Ingredients and chemical composition of the concentrate mixture (CM) and total
mixed ration (TMR) of the experimental diets (g/kg dry matter, DM, unless
otherwise indicated).

Control  °T1 ‘T2
Ingredients composition of concentrate mixture
(CM) (g/kg dry matter, DM)
Cotton seed meal (41 % ‘CP) 350.00 350.00 350.00
Wheat bran 330.00 330.00 330.00
Corn, yellow (8 % CP) 222.00 222.00 222.00
Rice bran 40.00 40.00 40.00
Molasses 30.00 30.00 30.00
Calcium carbonate 20.00 20.00 20.00
Sodium chloride 5.00 5.00 5.00
'Vitamin and mineral mixture 3.00 3.00 3.00
Ingredients composition of total mixed ration
(TMR) (g/kg dry matter, DM)
Concentrate mixture (CM) 401.60 401.60 401.60
Egyptian clover 287.40 287.40 287.40
Corn silage 98.40 98.40 98.40
Wheat straw 212.60 212.59 212.58
Zinc oxide nanoparticles (ZnO NPs) 0.00 0.01125  0.02250
“Nutrient specifications of TMR (g/kg dry
matter, DM)
Dry matter (DM), g/kg 1000.00
Metabolizable energy, Mcal/kg DM 1.90
Crude protein (CP), g/kg DM 146.50
Crude fat, g/kg DM 10.80
Ash, g/kg DM 114.20
Neutral detergent fibre (NDF), g/kg DM 524.60
Acid detergent fibre (ADF), g/kg DM 315.50
Acid detergent lignin (ADL), g/kg DM 87.20
Non-fibrous carbohydrate (NFC), g/kg DM 203.90
Zinc (Zn), mg/kg DM 76.44

# Control = basal diet (0 mg ZnO NPs/kg DM TMR).

> T1 = Control +11.25 mg ZnO NPs/kg DM TMR.

¢ T2 = Control+22.50 mg ZnO NPs/kg DM TMR.

4 CP; crude protein.

! Each 3 kg of vitamin and mineral mixture contains vit. A 1200000 IU, vit. D3
200000 IU, vit. E 10000 mg, vit. K3 2000 mg, vit. B; 2000 mg, vit. B, 2000 mg,
vit. B¢ 2000 mg, manganese oxide 600000 mg, ferrous sulfate 30000 mg, copper
oxide 10000 mg, potassium iodide 1000 mg, sodium selenite 100 mg, cobalt
carbonate 100 mg, carrier (CaCO3) up to 3 kg (AGRI-VET Corp. 10th of Ramadan
City A2, Egypt).

" All nutrient specifications of TMR (g/kg DM) were analyzed for the basal diet
(control) while Metabolizable energy (Mcal/ kg DM TMR) was calculated from
NRC (2001).
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in the oven-dried feed samples was determined by an atomic absorption
spectrometer (SavantAA X AAS, GBC Scientific Equipment, 2-4 Lake-
wood Boulevard 1135, Braeside Victoria 3195, Australia).

The individual feed intake and refusal of goats was recorded daily.
Body weight of goats was recorded at the beginning of the experiment
(1st week post-kidding), weekly, and then at the end of the experimental
period (12th week post-kidding). Feed conversion ratio was calculated
dividing the feed intake by the weight gain.

2.3. Ultrasound examination and measurements of meat yield

Ultrasound examination for all experimental goats was performed by
portable ultrasound (ECO-3 EXPERT, CHISON, China) usinga7 LV 7.5
MHz B-mode probe. Ultrasound scanning of L. dorsi muscle depth and
area as well as the back fat at two measuring points (the 1 st measuring
point; P1; between the 12th- and 13th-rib intercostal spaces and the 2nd
measuring point; P2; between the 3rd- and 4th-intervertebral spaces of
the lumbar vertebrae) at the thoracic and lumbar regions, respectively
according to Agamy et al. (2015) and Sahin et al. (2008) with some
modifications. Briefly, the goats were manually immobilized, hair was
shaved at P1 and P2, and then the acoustic gel was applied to give a good
contact between the probe and the skin of the animals. At P1, the
transducer was placed on the animal’s left side about 4 cm lateral to the
vertebral column. The pressure on the transducer head was kept to a
minimum to avoid compression of the measured fat and muscle. Ultra-
sonic images of muscle shadowing (MS) and rib-related acoustic shad-
owing (RS) at P1 were taken in duplicate to ensure operator
repeatability and the thickest point was considered. After a scanned
image was captured, the following ultrasound measurements were
recorded; the fat thickness covering L. dorsi muscle (UFT; mm), the eye
muscle depth (ULMD; mm), the eye muscle area (ULMA; cm2), and the
eye muscle perimeter (ULMP; cm) using an electronic caliper of the
scanner. At P2, the transducer was placed to capture scanned ultrasound
images of muscle shadowing (MS) and transverse process-related
acoustic shadowing (TS) in the same manner as previously described
at P1 while measuring the same ultrasound measurements.

2.4. Statistical analysis

Data were analyzed by one-way analysis of variance (ANOVA) using
the general linear model (GLM), Univariate of IBM SPSS statistics 20.
The individual goat was used as an experimental unit. Tukey’s post hoc
test (Tukey, 1953) was used for multiple comparisons among the three
dietary groups with a confidence level at p < 0.05.

3. Results and discussion

The basal diet offered to the goats in the current study contains an
adequate Zn (76.44 mg/kg DM TMR) as shown in Table 1 which had
maintained their performance (data not shown). Our finding was
consistent with the previously analyzed basal diet (73.306 ppm Zn)
which was adequate for the growth and performance of goats (Aditia
et al., 2014).

Dietary supplementation of ZnO NPs at the studied levels revealed no
effect on all growth performance parameters of Shami goats, including
average daily feed intake, average daily weight gain, and feed conver-
sion compared to control (p > 0.05) (Table 2). The insignificant effect of
ZnO NPs supplementation on performance of Shami goats was consistent
with previous reports in ruminants, which found that dietary Zn con-
centrations had no effect on growth performance, including daily gain
and feed efficiency, of beef steers (Malcolm-Callis et al., 2000).

The effect of ZnO NPs supplementation on the meat yield of L. dorsi
muscle at both thoracic (P1) and lumbar (P2) regions is illustrated in
Table 3 and Fig. 1. Dietary supplementation of ZnO NPs at 11.25 and
22.50 mg/kg DM TMR, respectively, had significantly increased fat
thickness (UFT; mm), muscle depth (ULMD; mm), eye muscle area
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Table 2
The effect of ZnO NPs supplementation on growth performance of Shami goats.
'Diets “SEM  °P
value
Control  T1 T2
Body weight (kg):
1st week post-kidding 38.50 38.40 38.40 3.37 1.00
12th week post-kidding 49.80 50.90 51.80 2.79 0.89
Average daily gain (g/d) 134.60 148.80 159.50 1237 0.38
Average daily feed intake (kg/  1.96 2.00 2.05 0.05 0.43

d)
Average feed conversion ratio  15.56 14.78 14.14 1.80 0.86
(kg/kg)

! Diets: Control = basal diet (0 mg ZnO NPs/kg DM TMR), T1 = Control diet
+11.25 mg ZnO NPs/kg DM TMR, T2 = Control diet +-22.50 mg ZnO NPs/kg DM
TMR.

2 SEM, standard error of the mean.

3 All data are expressed as the mean + SEM. Means without common super-
scripts (*) in a raw are significantly differnt (p < 0.05).

Table 3
The effect of ZnO NPs supplementation on the meat quality of L. dorsi muscle at
the thoracic and lumbar regions of Shami goats.

'Diets °SEM  °pvalue

Control  T1 T2

Ultrasound measurements of L. dorsi muscle between the 12th- and 13th-rib
intercostal spaces

Fat thickness (UFT; mm)* 0.78¢ 1.16" 1.92% 0.06 <0.001

Muscle depth (ULMD; mm)~ 0.48°¢ 1.07° 1.81* 0.05 <0.001

Eye muscle area (ULMA; cm?)? 3.29¢ 4.60° 6.07% 0.14 <0.001

Eye muscle perimeter (ULMP; 5.00¢ 9.80° 22.20° 1.35 <0.001
cm)?

Ultrasound measurements of L. dorsi muscle between the 3rd- and 4th-intervertebral
spaces of the lumbar vertebrae

Fat thickness (UFT; mm) 0.97¢ 157> 256 0.09 <0.001
Muscle depth (ULMD; mm) 0.65°¢ 0.79° 1.05% 0.04 <0.001
Eye muscle area (ULMA; cm?)  1.23¢ 151>  1.87° 0.05 <0.001
Eye muscle perimeter (ULMP;  5.00¢ 9.00° 23.40° 1.24 <0.001

cm)

! Diets: Control = basal diet (0 mg ZnO NPs/kg DM TMR), T1 = Control diet
+11.25 mg ZnO NPs/kg DM TMR, T2 = Control diet +22.50 mg ZnO NPs/kg DM
TMR.

2 SEM, standard error of the mean; UFT, the fat thickness covering L. dorsi
muscle; ULMD, the eye muscle depth; ULMA, the eye muscle area; ULMP, the eye
muscle perimeter.

3 All data are expressed as the mean+ SEM; Means without common super-
scripts (*°°) in a raw are significantly differnt (p <0.05).

(ULMA; cm2), and eye muscle perimeter (ULMP; cm) of L. dorsi muscle
located at the thoracic (P1) and lumbar (P2) regions (Table 3) (P <
0.05). Ultrasonographic examination of L. dorsi muscle at both thoracic
and lumbar regions of Shami goats revealed a substantially higher
density of muscle shadowing (MS) and rib related acoustic shadowing
(RS) in T1 and T2, respectively, in comparison with the control diet
(Fig. 1, A-C and D-F).

The meat yield and ultrasound evaluation findings of the longissimus
dorsi muscle, including depth, area, and perimeter, were also found to be
positively related to the dietary level of ZnO NPs supplemented, indi-
cating a dose-dependent increase. The current study findings are
consistent with previous findings in crossbred beef steers where Zn
supplementation improved meat quality, yield grade, marbling, and
back fat (Spears and Kegley, 2002). Also, a quadratic increase in sub-
cutaneous fat thickness and yield grade was observed when zinc was
supplemented to the diets of steers (Malcolm-Callis et al., 2000). In the
present study, the improved meat yield of eye muscle might be attrib-
uted not only to the protective antioxidant mechanisms of Zn on lipid
peroxidation but also to the lipid-modulating effect of the Zn. The results
in the current study were supported by previous reports in which Zn acts
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Fig. 1. Ultrasound scanning of L. dorsi muscle between the 12th- and 13th-rib intercostal spaces (A-C) of Shami goats fed Control, T1, and T2 diets, respectively.
Ultrasound scanning of L. dorsi muscle at 3rd- and 4th-intervertebral spaces of the lumbar vertebrae (D-F) in Shami goats fed Control, T1, and T2 diets, respectively.
Control = basal diet (0 mg ZnO NPs/kg DM TMR); T1 = Control +11.25 mg ZnO NPs/kg DM TMR; T2 = Control +22.50 mg ZnO NPs/kg DM TMR. MS, Muscle
Shadowing; RS, Rib-related acoustic Shadowing; and TS, transverse process-related acoustic shadowing.

as a powerful antioxidant to protect cell membranes (Jiang et al., 2018)
and prevents lipid peroxidation (Sloup et al., 2017). The
lipid-modulating effect of Zn was previously studied in broilers in which
Zn supplementation increased the intramuscular fat content of the
breast muscle (Liu et al., 2011) and was confirmed by the higher
expression level of the fat-metabolism related genes in broilers fed the
diet supplemented with Zn (Liu et al., 2015). The current ultrasound
scanning results, as well as previous studies (Grill et al., 2015), affirm
the practicability of ultrasound method for assessing meat yield in live
farm animals.

4. Conclusions

Dietary ZnO NPs supplementation, 11.25 and 22.50 mg/kg DM,
improved meat yield in Shami goats compared to control animals. The
ultrasound assessment of the thoracic and lumbar L. dorsi regions of ZnO
NP-supplemented Shami goats revealed a dose-dependent increase in
muscular density, fat thickness, muscle depth, perimeter, and area.
Future biochemical, genetic, and meat quality studies would aid in
explaining the mechanism underlying the positive effect of low dietary
ZnO NPs doses on meat yield.

Funding
This work was funded and supported by Scientific Research Fund

(SRF), Benha University, Egypt through the Research Support Program,
Project No. (M5/3/5).

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

The authors extend their appreciation to the Scientific Research Fund
(SRF), Benha University, Egypt for funding this work through the
Research Support Program, Project No. (M5/3/5). The authors
acknowledge the Ruminants Farm Station Facility of the Faculty of
Agriculture, Benha University, Egypt for permitting us to use Shami
goats to conduct this experiment.

References

Aditia, M., Sunarso, S., Sevilla, C.C., Angeles, A.A., 2014. Growth performance and
mineral status on goats (Caprahircuslinn.) supplemented with zinc proteinate and
selenium yeast. Int. J. Sci. Eng. 7 https://doi.org/10.12777 /ijse.7.2.124-129.

Agamy, R., Abdel-Moneim, A.Y., Abd-Alla, M.S., Abdel-Mageed, LI., Ashmawi, G.M.,
2015. Use of ultrasound measurements to predict carcass characteristics of Egyptian
ram-lambs. Asian J. Anim. Vet. Adv. 10, 203-214. https://doi.org/10.3923/
ajava.2015.203.214.

Al-Saef, A.M., 2013. Genetic and phenotypic parameters of body weights in Saudi Aradi
goat and their crosses with Syrian Damascus goat. Small Rumin. Res. 112, 35-38.
https://doi.org/10.1016/j.smallrumres.2012.12.021.

AOAC, 2000. Official method of analysis. Association of Official Analytical Chemists,
17th ed. AOAC International, Washington, D.C., USA.

Bravo, D., Sauvant, D., Bogaert, C., Meschy, F., 2003. III. Quantitative aspects of
phosphorus excretion in ruminants. Reprod. Nutr. Dev. 43, 285-300. https://doi.
org/10.1051/rnd:2003021.

El-Bahr, S.M., Shousha, S., Albokhadaim, I., Shehab, A., Khattab, W., Ahmed-Farid, O.,
El-Garhy, O., Abdelgawad, A., El-Naggar, M., Moustafa, M., Badr, O., Shathele, M.,


https://doi.org/10.12777/ijse.7.2.124-129
https://doi.org/10.3923/ajava.2015.203.214
https://doi.org/10.3923/ajava.2015.203.214
https://doi.org/10.1016/j.smallrumres.2012.12.021
http://refhub.elsevier.com/S0921-4488(21)00165-6/sbref0020
http://refhub.elsevier.com/S0921-4488(21)00165-6/sbref0020
https://doi.org/10.1051/rnd:2003021
https://doi.org/10.1051/rnd:2003021

W. Khattab et al.

2020. Impact of dietary zinc oxide nanoparticles on selected serum biomarkers, lipid
peroxidation and tissue gene expression of antioxidant enzymes and cytokines in
Japanese quail. BMC Vet. Res. 16, 349. https://doi.org/10.1186/512917-020-02482-
5.

Fadayifar, A., Aliarabi, H., Tabatabaei, M.M., Zamani, P., Bahari, A., Malecki, M.,
Dezfoulian, A.H., 2012. Improvement in lamb performance on barley based diet
supplemented with zinc. Livest. Sci. 144, 285-289. https://doi.org/10.1016/j.
livsci.2011.12.002.

FASS, 2010. Guide for the care and use of agricultural animals in research and teaching.
Champaign Fed. Anim. Sci. Soc. https://www.fass.org/images/science-policy/

Ag Guide_3rd_ed.pdf.

Feng, M., Wang, Z., Zhou, A., Ai, D., 2009. The effects of different sizes of nanometer zinc
oxide on the proliferation and cell integrity of mice duodenum-epithelial cells in
primary culture. Pak. J. Nutr. 8, 1164-1166. https://doi.org/10.3923/
pjn.2009.1164.1166.

Grill, L., Ringdorfer, F., Baumung, R., Fuerst-Waltl, B., 2015. Evaluation of ultrasound
scanning to predict carcass composition of Austrian meat sheep. Small Rumin. Res.
123, 260-268. https://doi.org/10.1016/j.smallrumres.2014.12.005.

Guerrero, A., Campo, M., del, M., Olleta, J.L., Sanudo, C., 2018. Carcass and meat quality
in goat. In: Kukovics, Sandor (Ed.), Goat Science. InTech, London, pp. 267-286.
https://doi.org/10.5772/intechopen.72095.

Jiang, J., Pi, J., Cai, J., 2018. The advancing of zinc oxide nanoparticles for biomedical
applications. Bioinorg. Chem. Appl. 2018, 1-18. https://doi.org/10.1155/2018/
1062562.

Kincaid, R.L., Garikipati, D.K., Nennich, T.D., Harrison, J.H., 2005. Effect of grain source
and exogenous phytase on phosphorus digestibility in dairy cows. J. Dairy Sci. 88,
2893-2902. https://doi.org/10.3168/jds.S0022-0302(05)72970-2.

Leytem, A.B., Taylor, J.B., Raboy, V., Plumstead, P.W., 2007. Dietary low-phytate
mutant-M 955 barley grain alters phytate degradation and mineral digestion in
sheep fed high-grain diets. Anim. Feed Sci. Technol. 138, 13-28. https://doi.org/
10.1016/j.anifeedsci.2006.11.005.

Liu, Z.H., Lu, L., Li, S.F., Zhang, L.Y., Xi, L., Zhang, K.Y., Luo, X.G., 2011. Effects of
supplemental zinc source and level on growth performance, carcass traits, and meat
quality of broilers. Poult. Sci. 90, 1782-1790. https://doi.org/10.3382/ps.2010-
01215.

Liu, Z.H., Lu, L., Wang, R.L., Lei, H.L., Li, S.F., Zhang, L.Y., Luo, X.G., 2015. Effects of
supplemental zinc source and level on antioxidant ability and fat metabolism-related
enzymes of broilersl. Poult. Sci. 94, 2686-2694. https://doi.org/10.3382/ps/
pev251.

Malcolm-Callis, K.J., Duff, G.C., Gunter, S.A., Kegley, E.B., Vermeire, D.A., 2000. Effects
of supplemental zinc concentration and source on performance, carcass
characteristics, and serum values in finishing beef steers. J. Anim. Sci. 78, 2801.
https://doi.org/10.2527/2000.78112801x.

Small Ruminant Research 203 (2021) 106488

Mavrogenis, A.P., Antoniades, N.Y., Hooper, R.W., 2006. The Damascus (Shami) goat of
Cyprus. Anim. Genet. Resour. Inf. 38, 57-65. https://doi.org/10.1017/
$1014233900002054.

Mohd Yusof, H., Mohamad, R., Zaidan, U.H., Abdul Rahman, N.A., 2019. Microbial
synthesis of zinc oxide nanoparticles and their potential application as an
antimicrobial agent and a feed supplement in animal industry: a review. J. Anim. Sci.
Biotechnol. 10, 57. https://doi.org/10.1186/s40104-019-0368-z.

NRC, 2001. Nutrient Requirements of Dairy Cattle. National Academies Press,
Washington, D.C., USA. https://doi.org/10.17226/9825.

NRC, 2007. Nutrient Requirements of Small Ruminants: Sheep, Goats, Cervids, and New
World Camelids. National Academies Press, Washington, D.C., DC, USA. https://doi.
org/10.17226/11654.

Oryschak, M., 2005. What Goes in Is What Comes Out: How Feeding Program Influences
and Can Influence Manure Nutrient Content. https://www]1.agric.gov.ab.ca/$depa
rtment/deptdocs.nsf/ba3468a2a8681f69872569d60073fdel/5abc403dd7c71d
328725701200725d40/$FILE/Matt_Oryschak.pdf.

Sahin, E.H., Yardimci, M., Cetingul, LS., Bayram, L., Sengor, E., 2008. The use of
ultrasound to predict the carcass composition of live Akkaraman lambs. Meat Sci. 79,
716-721. https://doi.org/10.1016/j.meatsci.2007.11.003.

Scholz, A.M., Biinger, L., Kongsro, J., Baulain, U., Mitchell, A.D., 2015. Non-invasive
methods for the determination of body and carcass composition in livestock: dual-
energy X-ray absorptiometry, computed tomography, magnetic resonance imaging
and ultrasound: invited review. Animal 9, 1250-1264. https://doi.org/10.1017/
$1751731115000336.

Sloup, V., Jankovska, 1., Nechybova, S., Pefinkova, P., Langrova, 1., 2017. Zinc in the
animal organism: a review. Sci. Agric. Bohem. 48, 13-21. https://doi.org/10.1515/
sab-2017-0003.

Song, C., Gan, S., He, J., Shen, X., 2021. Effects of nano-zinc on immune function in
Qianbei-Pockmarked goats. Biol. Trace Elem. Res. 199, 578-584. https://doi.org/
10.1007/512011-020-02182-z.

Spears, J.W., Kegley, E.B., 2002. Effect of zinc source (zinc oxide vs zinc proteinate) and
level on performance, carcass characteristics, and immune response of growing and
finishing steers. J. Anim. Sci. 80, 2747. https://doi.org/10.2527/2002.80102747x.

Suttle, N.F., 2010. Mineral Nutrition of Livestock, 4th edition. CABI, Cambridge. https://
doi.org/10.1079/9781845934729.0000.

Swain, P.S., Rao, S.B.N., Rajendran, D., Dominic, G., Selvaraju, S., 2016. Nano zinc, an
alternative to conventional zinc as animal feed supplement: a review. Anim. Nutr. 2,
134-141. https://doi.org/10.1016/j.aninu.2016.06.003.

Tukey, J., 1953. Multiple comparisons. J. Am. Stat. Assoc. 48, 624-625.

Van Soest, P.J., Robertson, J.B., Lewis, B.A., 1991. Methods for dietary fiber, neutral
detergent fiber, and nonstarch polysaccharides in relation to animal nutrition.

J. Dairy Sci. 74, 3583-3597. https://doi.org/10.3168/jds.50022-0302(91)78551-2.

Zhao, C.Y., Tan, S.X., Xiao, X.Y., Qiu, X.S., Pan, J.Q., Tang, Z.X., 2014. Effects of dietary
zinc oxide nanoparticles on growth performance and antioxidative status in broilers.
Biol. Trace Elem. Res. 160, 361-367. https://doi.org/10.1007/512011-014-0052-2.


https://doi.org/10.1186/s12917-020-02482-5
https://doi.org/10.1186/s12917-020-02482-5
https://doi.org/10.1016/j.livsci.2011.12.002
https://doi.org/10.1016/j.livsci.2011.12.002
https://www.fass.org/images/science-policy/Ag_Guide_3rd_ed.pdf
https://www.fass.org/images/science-policy/Ag_Guide_3rd_ed.pdf
https://doi.org/10.3923/pjn.2009.1164.1166
https://doi.org/10.3923/pjn.2009.1164.1166
https://doi.org/10.1016/j.smallrumres.2014.12.005
https://doi.org/10.5772/intechopen.72095
https://doi.org/10.1155/2018/1062562
https://doi.org/10.1155/2018/1062562
https://doi.org/10.3168/jds.S0022-0302(05)72970-2
https://doi.org/10.1016/j.anifeedsci.2006.11.005
https://doi.org/10.1016/j.anifeedsci.2006.11.005
https://doi.org/10.3382/ps.2010-01215
https://doi.org/10.3382/ps.2010-01215
https://doi.org/10.3382/ps/pev251
https://doi.org/10.3382/ps/pev251
https://doi.org/10.2527/2000.78112801x
https://doi.org/10.1017/S1014233900002054
https://doi.org/10.1017/S1014233900002054
https://doi.org/10.1186/s40104-019-0368-z
https://doi.org/10.17226/9825
https://doi.org/10.17226/11654
https://doi.org/10.17226/11654
https://www1.agric.gov.ab.ca/&dollar;department/deptdocs.nsf/ba3468a2a8681f69872569d60073fde1/5abc403dd7c71d328725701200725d40/&dollar;FILE/Matt_Oryschak.pdf
https://www1.agric.gov.ab.ca/&dollar;department/deptdocs.nsf/ba3468a2a8681f69872569d60073fde1/5abc403dd7c71d328725701200725d40/&dollar;FILE/Matt_Oryschak.pdf
https://www1.agric.gov.ab.ca/&dollar;department/deptdocs.nsf/ba3468a2a8681f69872569d60073fde1/5abc403dd7c71d328725701200725d40/&dollar;FILE/Matt_Oryschak.pdf
https://doi.org/10.1016/j.meatsci.2007.11.003
https://doi.org/10.1017/S1751731115000336
https://doi.org/10.1017/S1751731115000336
https://doi.org/10.1515/sab-2017-0003
https://doi.org/10.1515/sab-2017-0003
https://doi.org/10.1007/s12011-020-02182-z
https://doi.org/10.1007/s12011-020-02182-z
https://doi.org/10.2527/2002.80102747x
https://doi.org/10.1079/9781845934729.0000
https://doi.org/10.1079/9781845934729.0000
https://doi.org/10.1016/j.aninu.2016.06.003
http://refhub.elsevier.com/S0921-4488(21)00165-6/sbref0150
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.1007/s12011-014-0052-2

	Ultrasound changes in meat yield of shami goats (Capra aegagrus hircus) fed diet supplemented with zinc oxide nanoparticles
	1 Introduction
	2 Materials and methods
	2.1 Preparation and characterization of ZnO NPs
	2.2 Animals, management, and diets
	2.3 Ultrasound examination and measurements of meat yield
	2.4 Statistical analysis

	3 Results and discussion
	4 Conclusions
	Funding
	Declaration of Competing Interest
	Acknowledgments
	References


