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Introduction: Recent advances in nanotechnology suggest that nanoscale particles were used in
medicine, dietary additives, and engineering arenas. However, their possible toxicity to people,
animals, and environmental health is still unclear. The researchs showed that the ruminal
fermentation of sheep with different levels of copper oxide nanoscale particles produced acetic acid
and volatile fatty acid at the appropriate amount of copper oxide nanoscale particles stimulates
rumen fermentation. Due to the relatively recent development of nanotechnology and limited and
low researches on the special effects of copper oxide nanoscale particles on protein types, this
fundamental research was to investigate the effects of adding copper oxide nanoscale particles in
various types of plant and animal protein on nutrient parameters and the amount of produced gas by
in vitro method.

Material and method: The amount of 100 g of copper oxide nanoscale particles was provided by
Iranian agents of US Research Nanomaterial, Inc. Port Co Ltd USA. The dimensions of basic Nano-
copper oxide were 40 nm, stock: US3070, in the shape of black flour and Pureness: 99%, APS: 40
nm, Color: black, Crystal Phase: single crystal, Morphology: nearly spherical, SSA: 20 m?g and
True density: 6.4 g/ cm®. The amount of 300 g samples were from producers of edible compounds
in Ardabil province (Meshkin, Germi, and Ardabil) during 2014-2016, which include three types of
plant proteins (soybean meal, canola meal, and cottonseed meal) and three types of animal protein
(poultry offal meal, fish meal, and blood meal). The content of DM (Method 44-15A) and basic
nutrients (the recommended procedures of AOAC measured ash-Method 08-01, CP-Method 46-06,
EE with the Soxhlet method, and mineral elements were used (2005). Neutral detergent fiber (NDF)
and ADF were evaluated by Van Soest et al. scheme (1991). The produced gas from incubated
syringes at 2, 6, 12, 24, 48 and 72 h was measured by Menke and Steinggass (1988) assay. For this
purpose three amounts of 0, 30, and 60 ppm of copper oxide nanoparticles was impregnated in three
types of plant proteins (soybean meal, canola meal and cottonseed meal) and three types of animal
protein (poultry offal meal, fish meal and blood meal) and were applied in a completely randomized
plan by three replications and two-run (a total of 6 repetitions).

Results and discussion: The obtained results indicated that after 72 h, the highest of produced gas
achieved for soybean meal from plant protein (58.4 mL/200 mg dry matter (DM)) and in animal
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protein sources was obtained for fish meal (36.7 mL/200 mg DM). The higher digestible organic
matter (DOM) and short-chain fatty acids (SCFA) were related to soybean meal, and the smaller of
them was related to a blood meal. Also, the higher metabolizable energy (ME) of soybean meal for
the quantities of zero were 30 and 60 ppm of copper oxide nanoscale particle, 6.48, 5.65, and 6.52
MJ/Kg DM, and the lower values of this case was found for blood meal 3.07, 3.91, and 4.01 MJ/Kg
DM, respectively. The maximum and minimum amounts of microbial protein (MP) were achieved
for soybean meal and blood meal 52.92 and 22.17 g/kg DOM, respectively. In some protein sources
adding of copper oxide nanoscale particles are likely to directly affect the bacterial membrane,
causing bacterial membrane tearing that tended to kill off bacteria. Therefore, in this study, copper
oxide (containing 80% pure copper) doses of 30 ppm or mg/kg dry matter (maximum requirements)
and 60 ppm or mg/kg dry matter (minimum level of possible toxicity to rumen microorganisms)
were used for the individual experimental samples supplementation. It can be suggested that these
levels can provide more data for future research due to the response process from the copper
requirement to toxicity levels.

According to the findings of this investigation, since copper nanoscale particles have high levels of
antimicrobial activity and have microbial properties, their addition to plant and animal proteins
increases the bactericidal effect of some of these proteins diminishes biogas production. The
addition of copper nanoscale particles due to the chemical composition of some of these proteins
improved biogas production. Therefore in this study, there is a significant difference between plant
and animal proteins. As observed, after adding nano copper particles, the highest amount of gas
produced from soybean meal of plant origin and fish meal of animal origin was obtained.

Key words: Copper oxide nanoscale particles; Gas production; In vitro; Nutritional parameters;
Protein types

Introduction

Copper is a trace element, important for the
function of many cellular enzymes,
photosynthetic processes, the exchange of
hydrocarbons and proteins, as well as a part of
several oxidizing enzymes, such as ascorbic
acid, oxidase, and polyphenol oxidase
enzymes (Machado et al. 2013). Recent
advances in nanotechnology suggest that
nanoscale particles of metal oxide can be used
in various fields, from catalysts, optical and
electronic materials to sensors, environmental
cleanup, and biomedicine. Nanoscale particles
are used in medicine, dietary additives, and
engineering arenas. However, their possible
toxicity to people, animals, and environmental
health is still unclear (Seyedalipour et al.
2015). Arsenic, cadmium, copper, mercury,
silver, and zinc are elements with potent
antimicrobial properties. Meanwhile, the
copper element is more critical in its
environmental and antifungal, anti-bacterial,
and even antiviral properties (Li et al. 2010).
Copper is a rare mineral, and it is necessary as

a cofactor for many enzymes that are effective
in the body's biological processes (Johnson et
al. 2014). According to published reports,
copper in organic or nanoscale particles is
more bioavailability than copper sulfate
(Wang et al. 2012; Gonzales-Eguia et al.
2009). It is common to apply the biogas
production procedure to provide an effective
method for evaluating some ruminant
feedstuffs. The gas test's laboratory technique
is typically applied to evaluate the livestock
feed (Ayasan et al. 2017; Menke and Stengas
1988). A simplified approach has been
designed using Menke et al. (1979), which is
functional and without delay and enables
testing a large number of samples in one run.
Makkar et al. (1995) described the new
biogas production procedure's potential to
consider the nutritional evaluation of feedstuff
types. Recently, the biogas production system
for feedstuff evaluation has been considered
and approved by Singh et al. (2010) and
Ayasan et al. (2017). As a result, the
laboratory biogas production method is a
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beneficial procedure for estimating feed
intake, DM, and OM digestibility, feed
metabolism energy, and investigation rumen
fermentation (Rezaei et al. 2011; Cetinkaya
and Erdem 2015). Research by Mao et al.
(2014) showed that the ruminal fermentation
of sheep with different levels of copper oxide
nanoscale particles produced acetic acid and
volatile fatty acid at 100 to 400 pg/L levels
more than other levels. As a result, the
appropriate amount of copper oxide nanoscale
particles stimulates rumen fermentation. A
different study, (Maorong et al. 2008)
described that the addition of copper
supplements in rations improved the growth
of rumen microorganisms and increased
ruminal organic matter fermentability, and
increased the extent of volatile fatty acids in
the medium. In another study by Hongmei et
al. (2014) was shown copper oxide
nanoparticles at levels 0, 10, 20, and 30
mg/kg did not have a major influence on the
forage digestibility. It was also shown that the
dry matter, organic matter, acid detergent
fiber (ADF), and neutral detergent fiber
(NDF) digestibility of alfalfa and other local
fodder was not affected by different levels of
copper oxide nanoscale particles. In general,
adding less than 30 mg/ kg of copper oxide
nanoscale particles did not affect the digestion
of ruminal materials by ruminal microbes
(Arthington 2005). Due to the relatively
recent development of nanotechnology and
limited and low researches on the special
effects of copper oxide nanoscale particles on
protein types, this fundamental research was
to investigate the effects of adding copper
oxide nanoscale particles in various types of
plant and animal protein on nutrient
parameters and the amount of produced gas
by in vitro method.

Materials and methods

The amount of 100 g of copper oxide
nanoscale particles was provided by Iranian
agents of US Research Nanomaterial, Inc.
Port Co Ltd USA. The dimensions of basic
Nano-copper oxide were 40 nm, stock:
US3070, in the shape of black flour and
Pureness: 99%, APS: 40 nm, Color: black,
Crystal Phase: single crystal, Morphology:
nearly spherical, SSA: 20 m?/g and True
density: 6.4 g/ cm?®.

Provision and proximate analysis of samples
The amount of 300 g samples were from
producers of edible compounds in Ardabil
province (Meshkin, Germi, and Ardabil)
during 2014-2016, which include three types
of plant proteins (soybean meal, canola meal,
and cottonseed meal) and three types of
animal protein (poultry offal meal, fish meal,
and blood meal). The chemical composition
of plant and animal protein types is shown in
Table 1. The content of DM (Method 44-15A)
and basic nutrients (the recommended
procedures of AOAC measured ash-Method
08-01, CP-Method 46-06, EE with the
Soxhlet method, and mineral elements were
used (2005). Neutral detergent fiber (NDF)
and ADF were evaluated by Van Soest et al.
scheme (1991).

Biogas production

The research protocol was approved by the
Animal Care and Use Committee of the
Iranian Council of Animal Care released in
1995 (1995). Recommended daily dietary
copper intake for cattle oscillates from 8 to 20
mg/kg of dry matter (Rezaei et al. 2011). An
increased copper intake (greater than 40 mg
Cu/kg of DM intake) is the threshold of
copper toxicity level (Bidewell et al. 2012).
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Table 1- Chemical composition of some plant and animal protein types

Protein types DM CP EE Ash NDF ADF
% (DM%) (DM%) (DM%) (DM%) (DM%)

Plant
Soybean meal 92.4 50.0 1.6 6.1 45.7 33.3
Canola meal 91.4 37.0 1.2 8.0 51.5 46.1
Cottonseed meal 93.0 24.0 1.4 4.7 70.6 58.4

Animal
Poultry offal meal 94.4 55.0 31.3 7.3 48.9 34.8
Fish meal 93.6 50.0 18.1 20.0 61.2 40.6
Blood meal 70.6 59.0 1.6 5.0 55.3 33.4

DM = dry matter (percent), CP = crude protein (DM%), EE= crude fat (DM%), Ash = ash (DM%), NDF =
Neutral detergent fiber (%), ADF= Acid detergent fiber (%).

Therefore, the samples of three types of plant
proteins (soybean meal, canola meal, and
cottonseed meal) and three types of animal
protein (poultry offal meal, fish meal, and
blood meal) were supplemented by 0, 30, and
60 ppm of copper oxide nanoscale. The feed
samples were incubated at 39°C, and Menke
and Steinggass (1988) assay was used to
records the amount of gas produced at 2, 6,
12, 24, 48, and 72 h. About 200 mg DM of
feed sample (milled through 2.0 mm mesh)
were weighed and dumped within measured
glass syringes (100 mL). Three replicates
were used as blank samples. The biogas
production parameters were assessed by
The quantity of short-chain fatty acids
(SCFA) (Blummel et al. 1997) OM
digestibility (DOM) (Menke et al. 1979) ME
protein (Czerkawski 1986) were expected by
the mathematical equations 2, 3, 4 and 5 as:
ME (MJ/kg DM) =1.06+0.157GP +0.0084CP
+0.022EE-0.0081CA

()
DOM (DM %) =9+0.99GP+0.0595CP +0.018
CA

©)

SCFA (mmol per 200 mg DM) =0.0222GP-
0.00425
(4)
MP (g/ kg OMD) = [19.3 DOM (kg)] x6.25
(5)
Where: ME = Metabolizable energy (MJ/kg
DM), GP gas is 24-hour net gas production
(mL/g DM), CP is crude protein (DM %), and
EE is crude fat (DM %), CA= ash in g per
100 g DM. As well as, DOM = OM

appropriates the mean of gas volumes to the
non-linear mathematical relationship 1 of the
model by generalized Mitscherlich model
(Palangi et al. 2020):

G=A (1-er(-c(t-L)-d(Vt-VL) ) )

1)

Where G is the same as the total of biogas
produced per hour, A is the whole of biogas
produced from soluble and non-soluble
fractions (mL), c is the produced biogas rate
(mL per hour), d is the parameter pertaining
to the variable fractional rate of degradation
(mL per hour®), L is the lag time, t is time of
produced biogas is cumulative.

(Makkar et al. 1995; Menke and Stengass
1988) and microbial

digestibility (g/100 g DM), SCFA = Short-
chain fatty acid (mmol), the microbial protein
(MP).
The records
statistical model
The obtained results of the produced biogas
experiment to repeated measures were
analyzed by the SAS statistical software
(2003). Comparing the least significant
difference of means (LS Means) was done.
The rest data in a completely randomized
design with three repeats and three treatments
were computed and the comparison of means
was carried out by the Duncan test when
P<0.05. The statistical model design in
equation 6 was as:
Yi=ptAitej

(6)

analysis procedures and
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Where: Yij is the observation, p is the
population mean, Ai is the effects of
experimental treatments and eij is the residual
error.

Results

Chemical composition

The test feeds chemical compositions are
presented in Table 1. The maximum CP
content was found for a blood meal. The
greatest values of crude fat or ether extract
(EE) 31.3% for poultry offal meal and the
highest ash of 20% was obtained for fish
meal. The maximum and lowest of NDF and
ADF were achieved for cottonseed meal and
soybean meal,respectively.

Biogas production

The results of accumulative produced biogas
are presented in Table 2. The obtained results
showed that the addition of 30 ppm of copper
oxide nanoscale particles increased the
amount of gas produced by soybean meal and
canola meal at 48 and 72 h (P<0.05). Adding
30 and 60 ppm of copper oxide nanoscale
particles significantly reduces the amount of
gas produced by poultry offal meal at 12, 24,
48, and 72 h (P<0.05).

Nutritional Parameters

The effects of adding various levels of copper
oxide nanoscale particles on the nutritional
parameters of test feeds are shown in Table 3.
Fish meal and soybean meal could not be
affected by copper oxide nanoscale particles.
Simultaneously, other protein types in some
fermentation parameters had an important
influence on the addition of copper oxide
nanoscale particles. The addition of various
copper oxide nanoscale particles levels
increased the OMD in cottonseed meal and
blood meal except for poultry offal meal,
which decreased (P<0.05). The obtained
results revealed that the adding of 30 and 60
ppm of copper oxide nanoscale particles lead
to a major diminution in the SCFA content in
poultry offal meal and canola meal. Still, this
value cottonseed meal and blood meal
improved considerably compared to the
control group (P<0.05).

The metabolizable energy and MP of
cottonseed meal and blood meal due to the
addition of copper oxide nanoscale particles
increased considerably compared to the
control group, but these values of the poultry
offal meal and canola meal decreased when
copper oxide nanoscale particles were added
(P<0.05).

Biogas production parameters

The fermentation or gas production
parameters results of samples fitted by the
generalized Mitscherlich model (Palangi et al.
2020) are presented in Table 4. The obtained
results have shown that the addition of 60
ppm of copper oxide nanoscale particles
increased the potential of produced biogas (A)
in protein types of canola meal, soybean meal
and cottonseed meal if the maximum potential
of produced biogas in protein types were for
poultry offal meal (214.6 mL) that was
supplemented by 30 ppm of copper oxide
nanoscale particles (P<0.05). Adding 60 ppm
copper oxide nanoscale particles increased the
gas production rate constants (c) in poultry
offal meal, but in addition to 30 and 60 ppm
in copper oxide nanoscale particles, the
constant produced biogas rate diminished in
cottonseed meal (P<0.05). The highest
constant produced biogas rate (c) among the
protein types was observed for canola meal.
Discussion

It can be assumed that the high amount of
potential gas production (A) was recorded for
soybean meal (290.11 vs 209.86, 96.59,
131.17, 27.50 and 25.23) in some protein
sources due to degradable nitrogen was not
preventive microbial activity permitting the
fast-digesting sugar parts of soybean meal to
be degraded according to their potential (Paya
et al. 2007) as

well as lower ADF and NDF levels of
soybean meal than the other plant protein
types.

This finding was after the finds of Mansuri et
al. (2003) and Paya et al. (2007), which
reported high gas production for alfalfa
compared with grass, wheat straw, and some
tropical feeds the physicochemical properties
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including degradability or solubility of CP content.

Table 2- Effect of copper oxide nanoscale particles on the amount of gas produced (mL per 200 mg DM) at

different times of some plant and animal protein types

Protein Types Levels of nano-copper Incubation time
oxide 2h 6h 12 h 24 h 48 h 72 h
0 ppm 4.67 17.67 32.00 45.10 55.44 58.23
30 ppm 1.67 15.00 32.00 46.78 57.11 59.78
Soybean meal 60 ppm 4.67 15.337  30.67 38.66 50.66  56.67
SEM 1.22 1.08 2.61 221 2.02 1.89
P-value 0.23 0.25 0.92 0.09 0.15 0.54
0 ppm 0.67 8.33? 16.00  28.66% 39.33 41.00
canola 30 ppm 1.00 9.63% 18.67 31.99° 43.67 47.34
meal 60 ppm 0.00 4.99° 15.33 23.99° 37.00 38.34
SEM 0.51 0.87 1.97 1.67 2.09 2.52
P-value 0.42 0.021 0.49 0.04 0.15 0.10
0 ppm 1.00 4.50 7.00 11.33% 15.42 17.75
Cottonseed 30 ppm 0.67 4.33 8.00 13.00? 16.25 17.75
meal 60 ppm 111 3.44 6.00 9.50° 16.22 18.73
SEM 0.20 0.45 0.75 0.54 0.81 0.58
P-value 0.34 0.28 0.24 0.01 0.72 0.43
0 ppm 1.33 9.67 15.67 19.99 23.99 28.34
30 ppm 0.67 10.17 16.00 19.33 22.33 28.67
Poultry offal 60 ppm 0.33 8.67 14.00 17.33 20.33 24.17
meal SEM 0.58 0.50 0.61 1.39 1.50 1.78
P-value 0.51 0.18 0.12 0.42 0.29 0.22
0 ppm 0.00 0.67°¢ 2.33° 3.83° 5.50° 5.67°
30 ppm 0.33 1.67° 4.70% 4.58° 6.20° 7.67%
Fish meal 60 ppm 0.67 3.832 7.002 7.332 10.50? 10.672
SEM 0.43 0.27 0.69 0.69 1.00 1.09
P-value 0.58 0.01 0.01 0.03 0.03 0.05
0 ppm 0 1.00° 3.502 4.50 5.08 5.75
30 ppm 0 2.50? 4.50° 4.33 5.75 6.08
Blood meal 60 ppm 0 1.00° 2.33° 3.50 5.75 6.08
SEM 0 0.17 0.30 0.30 0.51 0.64
P-value 0 0.01 0.01 0.12 0.59 0.91

abe Different letters in each column represents is a significant difference (P<0.05)

Table 3- Effect of copper oxide nanoscale particles on parameters of nutritional some animal and plant

protein types

Protein Levels of nano- DOM SCFA ME MP
Types copper oxide (DM%) (mmol/200mgbDM) (MJ/kg DM) (9/kgDOM)

0 ppm 56.74 0.99 8.55 68.45

30 ppm 58.39 1.04 8.81 70.44

Soybean meal 60 ppm 54.87 0.85 7.54 60.75
SEM 3.41 0.05 0.35 2.64
P-value 0.77 0.08 0.08 0.09

0 ppm 39.72® 0.63%» 5.83%® 47.92%®

30 ppm 43.022 0.712 6.367 51.89?

Canola meal 60 ppm 35.10° 0.53" 5.01° 42.34°
SEM 1.65 0.04 0.26 1.99
P-value 0.04 0.04 0.04 0.04

0 ppm 21.73® 0.25% 3.03%® 26.22%®

Cottonseed 30 ppm 23.382 0.28? 3.29° 28.212

meal 60 ppm 19.92° 0.21° 2.75° 24.03°
SEM 0.53 0.01 0.08 0.64
P-value 0.01 0.01 0.01 0.01

Poultry offal 0 ppm 32.20 0.44 5.29 38.84



Effects of adding copper nanoparticles in various sources of plant and animal protein on nutrition ... 137

meal 30 ppm 31.54
60 ppm 29.56
SEM 1.37
P-value 0.42
0 ppm 16.13°
30 ppm 16.87%
Fish meal 60 ppm 19.262
SEM 0.71
P-value 0.04
0 ppm 17.06
30 ppm 16.89
Blood meal 60 ppm 16.07
SEM 0.30
P-value 0.12

0.43 5.19 38.05
0.38 4.87 35.66
0.03 0.22 1.66
0.42 0.42 0.42
0.08° 2.32 19.45°
0.09° 2.44 20.34%®
0.16% 2.74 23.242
0.02 0.13 0.86
0.03 0.14 0.04
0.09 2.26 20.57
0.09 2.23 20.34
0.07 2.01 19.38
0.01 0.04 0.36
0.12 0.12 0.11

DOM = Digestible organic matter (DM%), SCFA = Short chain fatty acids (mmol/200mgDM), ME= Metabolizable
energy (MJ/kg DM), MP = Microbial protein (g/kg DOM), SEM = Standard error of mean.
ab Different letters in each column represents is a significant difference (P<0.05).

The lower produced biogas level happened in
blood meal. Also, it had a lower produced
biogas rate (c) and potential produced biogas
(A). These were great in cell walls, and NPN,
which have been widely stated to reduce the
produced biogas rate and its amount
(Guevara-Mesa et al. 2011; Paya et al. 2007).
Gas production rate was similar (P>0.01) for
the types of animal protein except for blood
meal, and their average was 54-63% lower
than the average of the rest animal by-
products.

In some protein sources adding of copper
oxide nanoscale particles are likely to directly
affect the bacterial membrane, causing
bacterial membrane tearing that tended to Kill
off bacteria. As can be seen in the microbial
protein parameter of Table 4, by increasing
the level and dose of nanomaterials to a toxic
level of more than 30 ppm, the production of
MP was reduced such as (68.45 vs 60.75 for
soybean meal; 47.92 vs 42.34 for canola
meal; 26.22 vs 24.03 for cottonseed meal) in
plant protein. Thus, in different culture media
containing copper oxide nanoscale particles,
different  bacteria's  growth  decreases
(Hongmei et al. 2014). In research by
Blummel et al. (1997), it was shown that
there is an adverse relationship between the
produced gas and the estimated SCFA with
the product of microbial mass. The
researchers approved no fixed partitioning
between SCFA and microbial mass
production (Makkar et al. 1995; Menke et al.

1979). Anti-nutritional factors such as tannin
can be a problem in measuring the synthesis
of raw microbial protein. In research by Cho
et al. (2005) measured the minimum pathogen
concentration for comparing the antimicrobial
effects of silver nanoscale particles and
platinum nanoscale particles on Escherichia
coli and Staphylococcus bacteria. Their
research showed that the silver nanoscale
particles completely prevented the growth of
gram-positive and harmful bacteria, but the
platinum nanoscale particles did not affect the
tested bacteria. It has an anti-bacterial effect
on nanoscale particles, such as copper and
silver, which above mentioned studies had
been shown to have anti-bacterial properties
of copper. In the present study, anti-bacterial
properties of copper have also been observed.
Mao et al. (2014) showed that in vitro
ruminal fermentation with copper nano-oxide
at levels of 100 to 400 pg/L, on the ruminal
total volatile fatty acids of sheep, acetic acid
was higher than the other volatile fatty acids.
They concluded that the proper amount of
copper oxide nanoscale particles stimulates
rumen fermentation.

In another study, Maorong et al. (2008)
described that the addition of copper
supplements in the diet improved the growth
of rumen microorganisms and increased the
rumen organic fermentation and increased the
concentration of VFAs in the medium. The
findings of the investigation by Wang et al.
(2020) showed that copper sulfate could be
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replaced with coated copper sulfate and the
adding of coated copper sulfate enhanced
milk performance and nutrient digestibility in
dairy cows. In another investigation, Hongmei
et al. (2014) reported that copper oxide nano-
scale particles at 0, 10, 20, and 30 mg/kg
levels had no significant effect on the forage
digestibility. They also showed that the DM,
OM, ADF and NDF digestibility of alfalfa
was not influenced by different - copper oxide
nano-scale particles and a local fodder. In
total, it was concluded that adding less than
30 mg/ kg of nano-scale did not affect the
digestion of ruminal materials by ruminal
microbes. So that, Vazquez-Armijo et al.
(2011) suggested depending on the dose or
amount of supplementation, 21.7 ppm nano-
scale particles of copper oxide have improved
on the gas production and rumen
fermentation, as there were positive changes
in the present experiment up to 30 ppm, but at
the level more than that, its harmful and toxic
effects appeared. Overall, the proportion of
ruminal VFA was affected by copper
supplementation (Zhang et al. 2007), so in
other studies with Cu (100 and 200 mg/day),
no effect on VFA amounts (Hill and Shannon
2019; Solaiman et al. 2007). These

consequences, and those in our search,
propose that the incorporation of copper oxide
nanoscale particles to the feeds can certainly
affect the rumen microbes' fermenting to an
extent (Ward and Spears 1993; Zhang et al.
2007). The supplement of Cu has increased
the efficiency of fermentation, according to
Solaiman et al. (2007) finds by diminishing
the ruminal protozoa.

This is disagreeing with the review paper by
Hilal et al. (2016), who pronounced a
reduction in total nutrients digestibility of
forage in cow fed by additive content an intra-
ruminal Cu bolus due to its poisonous effects
on rumen microbes.

It is critical that in vitro studies have
recommended that the adding of increasing
levels of Cu to 40 mg of Cu /kg DM did not
have an adverse impact on ruminal bacteria
growth (Hernandez-Sanchez et al. 2019).
Therefore, if the addition of copper nano
oxide has an increasing effect on the
experimental groups' parameters compared
with the control group, it indicates that the
requirement for this element has been met in
the culture medium for the growth and
microbial fermentation. Conversely, if the
effect is reduced, it causes poisoning.

Table 4- Effect of copper oxide nanoscale particles on gas production parameters some animal and plant
protein types by generalized Mitscherlich model (Palangi et al. 2020)

Protein Types Levels of nano- A c d L
copper oxide (mL/g DM) (mL per h) (mL per h®%) (h)
0 ppm 290.11 0.08 0.074 0.34%
30 ppm 297.76 0.09 0.0389 0.642
Soybean meal 60 ppm 273.26 0.06 0.058 0P
SEM 10.55 0.01 0.01 0.13
P-value 0.32 0.21 0.18 0.022
0 ppm 209.86 0.06 0.076 0.58%
30 ppm 239.10 0.06 0.106 0.52°
Canola meal 60 ppm 199.04 0.06 0.089 0.772
SEM 14.84 0.01 0.01 0.06
P-value 0.22 0.97 0.21 0.06
0 ppm 96.59° 0.04° 0.159? 02
30 ppm 89.59° 0.072 0.019° 0.432
Cottonseed meal 60 ppm 147.312 0.01¢ 0.031° oP
SEM 7.01 0.01 0.01 0.34
P-value 0.01 0.02 0.01 0.07
0 ppm 131.17 0.09 0.065 0.17
30 ppm 122.04 0.12 0.011 0.54
Poultry offal 60 ppm 101.77 0.15 0.057 0.64
meal SEM 8.57 0.02 0.01 0.25
P-value 0.12 0.23 0.10 0.44
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0 ppm 27.50 0.11 0.068 0.71

30 ppm 36.19 0.07 0.053 0.25

Fish meal 60 ppm 50.69 0.13 0.063 0.35
SEM 6.04 0.04 0.01 0.35

P-value 0.08 0.65 0.63 0.63

0 ppm 25.23 0.18 0.038 0.87

30 ppm 29.01 0.18 0.029 0.13

60 ppm 35.11 0.04 0.080 0.07

Blood meal SEM 341 0.07 0.01 0.30
P-value 0.19 0.28 0.07 0.19

abe Different letters in each column represents is a significant difference (P<0.05).

A = Potential gas production (mL), ¢ = Constant rate gas production (mL per hour), d = the parameter pertaining to

the variable fractional rate of degradation (mL per hour®%), L = Lag time (hour).

If consumed in excess, it will have a harmful
and toxic effect on microbes. If there is a
significant increase with the control, it
indicates the provision of needs and the lack
of undesirable and adverse effects on
microbes and the culture medium and
fermentation. This is contrary to findings by
Ghaffari Chanzanagh et al. (2018), who
reported that using levels of 0, 30 and 60 ppm
of ZnO nanoscale particles was not effect on
produced biogas of some animal and plant
protein types; however, it had a major effect
on some hours of incubation of produced
biogas and parameters of nutrition. As can be
seen from the kinds of plant and animal
protein, fish meal and poultry offal meal were
not affected by different levels of copper
oxide nanoscale particles in the lag phase. In
contrast, other protein types significantly
affected the different levels of copper oxide
nanoscale particles in the lag phase.
Recommended daily dietary copper intake for
cattle oscillates from 8 to 20 mg/kg of dry
matter and depends on several factors (Rezaei
et al. 2011). Copper toxicity and poisoning
have been defined by Bidewell et al. (2012)
as an increased copper intake (greater than 40
mg Cu/kg of dry matter intake). Therefore, in
this study, copper oxide (containing 80% pure
copper) doses of 30 ppm or mg/kg dry matter
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