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Table 1- Dietary ingredients and chemical composition of fistulated sheep

Ingredient %DM (%)chemical composition ~ Amount (%DM)
Alfalfa hay 49.31 Dry matter 88.76
Wheat straw 14.26 Crude protein 12
Corn grain 13.12 Neutral detergent fiber 45.2
Barley grain 4.4 Acid detergent fiber 28
Cotton seed meal 1.83 Ethereal Extract 2.56
Wheat bran 15.7 Calcium 0.74
Calcium carbonate 0.38 Phosphorus 0.42
Minerals and_ vitamins 05 Zinc (mg/kg) 29
premix
Salt 0.5

A premix composition per kg DM diet: vitamin A; 400 U, vitamin D; 200 IU, Mn; 1mg, Co; 40 mg, Fe; 40mg, Cu; 20 mg
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Table 2- Dietary ingredients and chemical composition of dairy cows with high production

. %DM chemical composition
Ingredient (%DM)
Alfalfa hay 14.39 DM 52
Corn silage 28.12 Crude fiber 155
Wheat straw 0.95 Organic matter 91.2
Corn grain 18.04 Neutral detergent fiber 315
Barley grain 11.17 Acid detergent fiber 19
Wheat bran 3.13 NEL(Mcal/kg) 1.61
Extruded Linseed 2.52 Zinc (mg/kg) 34
Soybean,seeds,whole heate 2.47
Soybean,meal 8.84
Molasses,beet suger 1.27
Beet suger pulp 3.6
Fish Meal 2.69
Di-Calcium phosphate 0.21
Calcium carbonate 0.42
Minerals and vitamins 0.63
Salt 0.42
Sodium bicarbonate 0.84

A premix composition per kg DM diet. vitamin A; 86000 IU, vitamin D; 20000 IU, vitamin E; 770IU, Ca; 100g, P; 50g,
Na, 619, Mn; 720mg, I; 13mg, Se; 5mg, Mg; 17mg, Co; 6 mg, Fe; 235mg, Cu; 330 mg
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Table 3- The gas produced by treatments at different incubation hours (milliliters per gram

dry matter

Incubation time Treatment | Gas production

() 1 2 3 4 SEM parameters
A C

2 37.03 36.8 37.3 36.7 0.19 1 214.15°¢ 0.0615?
4 48.25 49.1 475 48.5 0.49 2 242.56° 0.052°
6 66.5 69.19 70.16 71.09 1.36 3 255.09* 0.048¢
8 90.33 93.42 93.14 91.17 1.201 4 253.35"  0.046¢
12 125.8° 126.56° 130.16* 127.35" 0.543 SEM 0.467 0.002
16 166.25" 168.09° 172.47% 169.04> 1.303
24 172.62° 198.09° 200.49* 201.08® 0.324
36 211.75° 213.45° 233.04* 230.04> 0.883
48 217.65° 220.05° 235.04* 236.1* 0.375
72 230.11° 234.52° 242.39* 243.33* 0.304
96 231.7¢ 235.35° 243.74% 244.45* 0.477

Means with different superscript letters in rows are significantly different (p<0.05)

Treatmentl1: control, treatment 2: control+ 40ppm ZnO, treatment 3: control+ 40ppm ZnGly, treatment 4:
control+ 40ppm ZnN

a : soluble fraction, , c: rate constant gas production

Table4- The Estimated of gas production parameters for experimental treatments

Expremental treatment DOM ME SCFA
1 49.64° 7.136° 6.77°
2 54.62 7.842 7.9022
3 54.662 7.92 8.018
4 54772 7.922 8.05%
SEM 0.698 0.27 0.22

Means with different superscript letters in columns are significantly different (p<0.05).

Treatmentl: control, treatment 2: control+ 40ppm ZnO, treatment 3: control+ 40ppm ZnGly, treatment 4: control+
40ppm ZnN

ME: Metabolizable Energy (MJ/Kg DM); SCFA: short chain fatty acid (Mm/200 mg DM), DOM: digestibility
organic matter (%)

SEM: standard error means.

Table 5-The effect of zinc (zn) on pH, ammonia nitrogen and voliate fatty acids ruminal

Parameter/Treatment 1 2 3 4 SEM
13.78a 12.49b 10.04d  10.9c 0.242
NH3

pH 6.41 6.55 6.21 6.3 0.22
Acetate (mol/100mol) 55.76 56.07 55.13 55.4 0.46

d b
propionate(mol/100mol) 14540 1587 10.98° 1867 0377
Butyrate(mol/100mol) 5.53 5.38 5.04 5.37 0.309
Acetate/Propionate 382" 353 272 285 0.078
Voliate fatty acids (Mmol/Lit) 78.14>  7824°  80.08* 79.44° 0.491

Means with different superscript letters in rows are significantly different (p<0.05).

Treatmentl: control, treatment 2: control+ 40ppm ZnO, treatment 3: control+ 40ppm ZnGly, treatment 4: control+
40ppm ZnN

SEM: standard error means.
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Table 6- The dry matter degradibility diatery cows with high production in different
experimental treatments

Incubation time (h)/ treatment 1 2 3 4 SEM

29.16 28.18 29.03 28.14 0.39
2 30.13 29.12 29.56 29.02 0.43
4 32.45 31.25 31.93 31.51 0.45
8 37.14° 37.15%® 38.13? 36.15° 0.34
12 41.8° 42.15° 43.87° 41.35° 0.33
16 52.72 53.13 54.19 52.93 1.36
24 55.16" 56.2% 57.132 56.01% 0.48
36 58.25 59.1 59.25 57.08 1.04
48 63.13 62.16 64.12 62.25 1.24
72 65.35 56.13 66.14 65.22 0.62
96 65.4 66.24 66.18 65.12 0.43

Means with different superscript letters in rows are significantly different (p<0.05).
Treatmentl: control, treatment 2: control+ 40ppm ZnO, treatment 3: control+ 40ppm ZnGly, treatment 4: control+

40ppm ZnN

Table 7- The crude protein degradibility diatery cows with high production in different
experimental treatments

Incubation time (h)/ treatment 1 2 3 4 SEM
0 27.14 27.02 28.01 27.63 0.33
2 27.35 28.13 28.73 27.36 0.629
4 30.12 31.15 31.26 30.29 0.42
8 35.1 36.13 35.34 35.03 0.38
12 40.11 40.34 39.64 39.40 0.32
16 50.33 51.11 48.39 47.72 1.33
24 53.14 54.12 51.35 50.6 1.22
36 55.492 56.64° 53.03° 52.51° 0.45
48 58.64° 58.12 54.01° 53.02° 0.42
72 59.142 59.182 54.5P 53.11° 0.49
96 59.252 59.332 54.7° 53.65° 0.39

Means with different superscript letters in rowss are significantly different (p<0.05).
Treatmentl: control, treatment 2: control+ 40ppm ZnO, treatment 3: control+ 40ppm ZnGly, treatment 4: control+

40ppm ZnN

SEM: standard error means.

production in different experimental treatments

Table 8- The characteristics of dry matter degradabilitys of diatery cows with high

treatment Characteristics dry matter degradability
a b ED
1 27.22 37.83° 0.05° 41.2°
2 25.69 41.272 0.055? 41.63
3 26.31 40.462 0.0532 42.47°
4 26.1 40.622 0.049° 41.73®
SEM 0.88 0.584 0.0014 0.273
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Means with different superscript letters in columns are significantly different (p<0.05).

a : soluble fraction, b: slowly degradble fraction, c: fraction rate constant , ED: Effective degradibility
SEM: standard error means.

SEM: standard error means.

Table 9- The characteristics of crude protein degradabilitys of diatery cows with
high production in different experimental treatments

treatment Characteristics of crude protein degradability
a b C ED
1 23.62 36.28° 0.065¢ 39.8
2 30.06 36.042 0.0724° 41.2¢
3 26.02 27.27¢ 0.0782 39.46°
4 24.3 29.073° 0.0703° 37.9¢
SEM 0.35 0.0022 0.176

Means with different superscript letters in columns are significantly different (p<0.05).
a : soluble fraction, b: slowly degradble fraction, c: fraction rate constant , ED: Effective
degradibility

SEM: standard error means.

a : soluble fraction, b: slowly degradble fraction, c: fraction rate constant , ED: Effective
degradibility
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Introduction: Zinc is an essential trace mineral for all forms of life because it plays an important role in
DNA and RNA synthesis by increasing replication and cell proliferation. Zn deficiency in grazing and
forage feed is widespread in Iran and other countries, so Zn supplements are generally required for
ruminants. Several kinds of Zn sources have been used in diet ruminants. Supplemental Zn is
usually added to animal diets in the form of inorganic Zn (Zno and ZnSO4), However,. Many
studies reported that organic Zn is absorbed more readily by ruminants than inorganic Zn. Recently,
a novel elemental Zn source used in animal diets. The development of nano technology holds
unique properties for nano Zn, because nanometer particulates exhibit novel characteristics, such as
great specific surface area, high surface activity, high catalytic efficiency and strong absorbing
ability. The objectives of this study were

to evaluate the effects different forms of zn on feed digestibility, rumen fermentation of diatery
dairy cows with high production using gas production and nylon bags techniques.

Material and methods: The Zno naoparticles were prepared by chemical co-precipitation method.
The basal diet for sheep and dairy cows were provided according to NRC (2007) and NRC (2001)
respectivelely, to meet requirements, except of Zn. The four various tretments in the current
experiment were as: (1) the basal without Zn supplementation. (2) the basal diet plus 40 mg Zn/kg
DM as zinc oxide (Zno), (3) the basal diet plus 40 mg Zn/kg DM as zinc glycine (ZnGly, ZnGly, B-
TRA MIX R 2C, 18.5% Zn) and (4) the basal diet plus 40 mg Zn/kg DM as Zn nano (zn>99%, 15-
20 nm). Four ruminal fistuled male sheep were used in a replicated 4x4 Latin square, experiment
with four 28-day periods (21 day adaptation and 7 day sampling collection each period). Nylon bags
methods 5g of samples were incubated in the rumen of fistulated sheep for 0, 2, 4, 8, 12, 16, 24, 36,
48, 72 and 96 h for determination degradability of dry matter (DM) and crude protein (CP). The gas
production was recorded after 2, 4, 6, 8, 12, 16, 24, 36, 48,72 and 96 h of incubation. Ruminal fluid
were used for pH, ammomia-N, voliate fatty acids (VFA).

Results and discussion: In present study, the highest amount of gas production was obtained in
organic, nano and in organic zin supplemented treatments respectively. Zinc supplementation
significantly increased the OMD, SCFA and ME concentrations (P<0.05). The results of this study
showed that Zinc supplementation significantly (P<0.05) decreased the N-NHs concentration in
different experimental groups. There was no effect on molar proportion of acetate and butyrate
(P<0.05), whereas that of propionate was linearly (P<0.05) increased with increasing nano-zn and
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glycine-zn supplementation. As a result, ratio of acetate to propionate was decreased. Total ruminal
VFA concentration was increased (P<0.05) as Zinc Supplementation. Increasing the concentration
of total volatile fatty acids in the rumen can be due to improved microbial fermentation in the
rumen. In situ trial, adding zn in forms nano and organic increased the DM disappearance (P<0.05).
Also zn supplementation significantly increased "b" fraction of DM of diatery cows with high
production in different experimental groups. The present results suggested zn functions to maintain
the production of proteolytic digestive enzymes and activity of protein decomposing bacteria could
be improved by zn. In 24 to 96 hours incubations crude protein degradability zn-glycine and nano-
zn was significantly (P<0.05) lower than zn oxide and control treatments. Also zinc
Supplementation in forms nano and organic decreased (P<0.05) b fraction and "ED" of crude
protein of diatery cows with high production compared to control and zinc oxide treatments. The
reason for this can be because of the low solubility of proteins dietary due to bonding with the zinc
element in the rumen or the change in the activity of the proteolytic microbes.

Conclusion: The results suggested that the addition of zinc in the forms of organic and nano
increased the fermentation and degradability of the dietary high production dairy cows compared
with inorganic form. Also, there was no difference in digestibility and fermentation between
organic and nano forms; hence, in order to select the nano particulate or organic form of zinc
element in the diet of animals, it was necessary to pay attention to their price and price in the
market.

Key words: Fermentation profile- Rumen degradability- Sheep- Zinc



