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Table 1. Ingredients and nutrient composition of feed stuff and basal diets

Nutrients Barley =~ Wheat Soybean Basal diet' Basal diet?
Alfalfa . e D

T straw meal (in vitro) (in vivo)
Dry matter (%DM) 93.42 93.36 95.92 93.56 93.38 93.82
Organic matter (Y%DM) 90.25 91.50 92.38 93.5 91.22 91.11
Crude protein (%DM) 15.06 10.35 5.62 43.2 12.61 11.57
Ether extract (%DM) 3.01 1.40 1.23 1.8 1.85 2.06
Neutral detergent fiber (%DM) 43.35 31.28 67.35 12.08 33.96 42.60
Ash (%DM) 9.75 8.50 7.62 8.05 8.82 8.89
Non fiber carbohydrate (%DM) 28.83 48.47 18.18 36.42 42.81 34.88
Calcium (%DM) 1.69 0.09 0.04 0.37 0.53 0.77
Phosphorus (%DM) 0.23 0.32 0.05 0.6 0.30 0.24
Zinc (mg/kg DM) 23.01 27.79 6.48 61 27.50 22.11
Cupper (mg/kg DM) 11.47 8 3.84 19 9.27 8.78
Iron (mg/kg DM) 377 95.34 156.6 194.1 174.35 226.87
Metabolizable energy * (Mcal/kg) 2.1 3 1.5 3 2.76 2.36

1- The basal diet in in vitro trial containing 430 g/kg DM of alfalfa, 400 g/kg DM of barley grain and 170 g/kg

DM of wheat straw

2- The basal diet in in vivo trial containing 270 g/kg DM of alfalfa hay, 700 g/’kg DM of barley grain and 30

g/kg DM of Soybean meal

3- Metabolizable energy was calculated based on NRC (2007)
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Fig. 1. Cumulative gas production curves in experimental treatments at different times
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Table 2. Estimated parameters of in vitro gas production 144 h (per 1 g organic matter) in experimental

treatments
Estimated parameter * Treatment ! SEM? P-value
Control  ZnO (20) ZnO (40) nZnO (20) nZnO (40)
GP,44 (ml/g OM) 339.9 357.3 381 368.7 383.8 14.146  0.293
A (ml/g OM) 317.6°  3532%® 3759*  360.7% 375.6* 13721  0.113
b (/h) 0.036™  0.034° 0.036™  0.045® 0.047% 0.003  0.081
L 0.002°  0.003° 0.007® 0.007%® 0.011° 0.001  0.008
C(h %) 0.211 0213  0.199 0.216 0.213 0.021  0.976
Tiz (/h) 5.57 5.78 6.17 5.08 5.09 0473  0.424
1 (/h) 0.125 0.123  0.120 0.143 0.140 0.010 0397
Dy (%) 74 77.63  79.43 75.07 75.62 0.029  0.668
E (k =0.03) 0.59 0.62 0.63 0.59 0.59 0.021  0.424

Means with different superscript letters in the same row are significantly different (P<0.05).

*: Parameters were estimated using the generalized Mitscherlich model : GP 144 = volume of gas after 144 h of
incubation, A= asymptotic GP,

b= fractional rate of gas production (/h), L= lag time, c= fractional rate of gas production (h %2), T;,= the time
when half of A is produced, u= fermentation rate, D144= dry matter disappearance after 144 h of incubation in
vitro, E= estimated extent of dry matter degradation in rumen for k=0.03.

1- Control : basal diet (Zn = 22.12 mg/kg DM); ZnO (20) : basal diet + zinc oxide (added 20 mg Zn/kg DM);
ZnO (40) : basal diet + zinc oxide (added 40 mg Zn/kg DM); nZnO (20) : basal diet +nano zinc oxide (added 20
mg Zn/kg DM); nZnO (40) : basal diet + nano zinc oxide (added 40 mg Zn/kg DM).

2- Standard error of means.

@@u}T sloles o pan ool 4 (‘_,’J'l ools rn)f V elila) aeln Y TS 35 oy Q}A)"‘ 30 e gladsinl 8 =Y Jga
Table 3. Fermentation parameters of in vitro gas production 24 h (per 1 g organic matter) and digestibility in
experimental treatments

Parameters Treatment ' SEM? P-value
Control  ZnO (20) ZnO (40) nZnO (20) nZnO (40)
GPy4 (ml/g OM) 286.6 307.6 301.9 304.6 298.5 8.328 0.558
TVFAs (mmol) 238.1 257.4 239.2 255.6 244 4 8.563 0.401
NH; (mmol) 45.65 46.50 46.57 45.77 44,13 1.110 0.514
pH 6.72 6.74 6.72 6.72 6.73 0.015 0.921
MB (mg) 350 348.2 347 346.7 334.7 23.531  0.993
PF 2.70 2.53 2.45 2.57 2.60 0.083 0.460
AIVDMD (%) 61.13 59.55 62.92 60.55 62.13 1.592 0.580
IVTOMD (%) 77.30 78.55 76.38 77.95 77.04 1.607 0.886

Means with different superscript letters in the same row are significantly different (P<0.05).

* GP24= volume of gas after 24 h of incubation, TVFA= total volatile fatty acids, MB= microbial biomass, PF=
partitioning factor, AIVDMD= apparent in vitro dry matter digestibility, [VTOMD-= in vitro true organic matter
digestibility.

1- Control : basal diet (Zn = 22.12 mg/kg DM); ZnO (20) : basal diet + zinc oxide (added 20 mg Zn/kg DM);
Zn0O (40) : basal diet + zinc oxide (added 40 mg Zn/kg DM); nZnO (20) : basal diet + nano zinc oxide (added 20

mg Zn/kg DM); nZnO (40) : basal diet + nano zinc oxide (added 40 mg Zn/kg DM).

2- Standard error of means.
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Table 4. Effect of dietary supplementation of Zn on the in vivo rumen parameters of kids (3.5 h after morning

feeding)
Item Treatment ' SEM? P-value
Control  ZnO (20) ZnO (40) nZnO (20) nZnO (40)
pH 6.77 6.77 6.71 6.72 6.76 0.089 0971
Total volatile fatty acids (mmol) 82 71.97 86.22 73.71 76.13 7294  0.613
NH; (mmol) 2.40 3.10 2.69 2.44 1.99 0946  0.925

1- Control : basal diet (Zn = 22.12 mg/kg DM); ZnO (20) : basal diet + zinc oxide (added 20 mg Zn/kg DM);
ZnO (40) : basal diet + zinc oxide (added 40 mg Zn/kg DM); nZnO (20) : basal diet + nano zinc oxide (added 20
mg Zn/kg DM); nZnO (40) : basal diet + nano zinc oxide (added 40 mg Zn/kg DM).

2- Standard error of means.
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Table 5. Ruminal protozoa population (x10*/ml) in kids

Item Treatment ' SEM? P-value
Control  ZnO (20) ZnO (40) nZnO (20) nZnO (40)

Total protozoa 73.75 75.60 75.74 75.68 78.14 12.938  0.999
Isotricha spp. 1.014 2569 2489 1.759 3.917 0.982  0.331
Dasytricha spp. 1.875 2.028  5.589 3.806 2.527 1368  0.297
Entodinium spp. 60.930  61.875 55614  55.519 68.917  12.874 0.942
Diplodinium spp. 1.056°  4.584* 3341 2370 1.708® 0331  0.042

Epidinium spp 8.875 4.541 8.709 13.222 1.069 5.513 0.622

Means with different superscript letters in the same row are significantly different (P<0.05).

1- Control : basal diet (Zn = 22.12 mg/kg DM); ZnO (20) : basal diet + zinc oxide (added 20 mg Zn/kg DM);
ZnO (40) : basal diet + zinc oxide (added 40 mg Zn/kg DM); nZnO (20) : basal diet + nano zinc oxide (added 20
mg Zn/kg DM); nZnO (40) : basal diet + nano zinc oxide (added 40 mg Zn/kg DM).

2- Standard error of means.
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Abstract

In this study the effects of zinc oxide (ZnO) and zinc oxide nano particles (nZnO) were investigated on some
parameters of rumen with either in vitro or in vivo experiments based on a completely randomized design. The
experimental treatments (5 treatments) were included levels of zero (control), 20 and 40 ppm zinc as ZnO and 20
and 40 ppm zinc as nZnO that were added to the basal diets. In in vitro experiments, rumen fermentation
kinetics parameters during 144 h continuous incubation (GP,44) and the volume of gas produced during the 24 h
incubation (GP,4) and the relevant fermentation parameters were analyzed separately. In in vivo experiments, 20
male Markhoz goat kids aged 7-8 months were fed for 14 days with experimental treatments and the pH,
ammonia and total volatile fatty acids concentration and protozea populations in rumen fluid were determined.
Results showed, GP44 and GP,4 and the relevant parameters (except for asymptotic gas production (A) and lag
time (L)) and rumen parameters in in vivo experiment were not affected by zinc sources. No significant
difference was observed between treatments for total number of protozoa. Highest number was seen for
Entodinium spp. and lowest for Isotricha spp. . Overall, the levels of 20 and 40 ppm zinc as ZnO and nZnO had
no effect on rumen parameters by either in vitro or in vivo methods:
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