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Abstract

In ruminants, the rumen provides the nutrients needed for animal physiological requirements and for facing ambient
environmental effects. Therefore, any rumen manipulation affects animal biological functions. The goal of the present study is
to investigate the effects of different levels of zinc nanoparticles (hano-ZinO) on in vitro ruminal feed degradation, ruminal
fermentation, and total gas production. The fig leaf extract was used as a reducing agent for zinc ions to prepare nano-ZnOs
instead of chemical reducing agents (green chemistry). The X-ray diffraction (XRD) pattern, scanning electron microscope
(SEM), transmission electron microscope (TEM), Fourier transform infrared (FT-IR) spectroscopy, and dynamic light
scattering (DLS) were used to evaluate the nano-ZnOs. The batch culture technique was used to evaluate the impact of
supplemented diets with different levels of nano-ZnO; 30, 60, 90, 120, 150 and 180 mg/Kg dry matter (DM) diet on in vitro
rumen fermentation characteristics. The findings demonstrated that fig leaf extract has the capacity to produce spherical zinc
oxide nanoparticles with an average size of 25 nm. The crystallographic structure of the green synthesized nano-ZnO was
confirmed using XRD analysis. The DLS showed that the manufactured nano-ZnO particles had an average diameter of
roughly 215 nm. The diet supplemented with 30 mg nano zinc/kg DM increased the degradability values (P<0.05) of the dry
matter (DM), organic matter (OM), neutral detergent fibre (NDF), acid detergent fibre (ADF), and rumen fermentation
parameters, including total gas production (TGP), lactic, acetic, propionic, and butyric acids, and ammonia-nitrogen (NH3-N)
concentrations to the maximum compared to the control. The increased level of nano-ZnO supplementation gradually led to a
decline in rumen fermentation and diet degradability. It could be concluded that the supplemented diet with 30 mg nano-
ZnO/kg DM is the optimal level for the utilization to guarantee the highest feed nutrient digestion and enhancement of
fermentation efficiency in the rumen.
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1. Introduction deficiency has been associated with imbalances of the

Livestock owners always aim to improve the health
and productivity of their herds in an economical
manner. Previously, minerals were considered minor
dietary components, and therefore they were not
given enough attention as feed additives. However, it
is now recognized that minerals are required for
animal genomic stability, metabolism, performance,
immunity, and antioxidant protection [1]. Zinc (Zn) is
a micro-mineral that plays an important role in DNA
and RNA synthesis and in metabolic processes of
lipids, carbohydrates, and proteins as it makes up
many enzymes as a cofactor [2]. Additionally, zinc

immune system, males reproductive system and dairy
cows mastitis [3].

Zinc is traditionally added to ruminants' diets in
either organic (chelated Zn-amino acids) or inorganic
form (zinc oxide). These forms are poor in solubility
and bioavailability; therefore, breeders are forced to
add them over the recommended level to avoid zinc
deficiency [4]. Therefore, recently, scientists are
increasingly focusing on nanoparticles in animal
nutrition [5] because of their intriguing properties,
such as higher bioavailability, nanoscale size, specific
and rapid movement, high surface activity, high area
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surface, high catalytic efficacy, and high absorption
percentage [6,7,8]. Animal performance, feed
efficiency, health, and total gas output have all been
proven to improve using nano-ZnO in previous tests
[7,8,9]. On the other hand, nano-ZnO has been found
to be hazardous to animals in other research [10,11].
According to Swain et al. [12], nano-ZnO affects
rumen fermentation dynamics in ruminants and can
change volatile fatty acids, which could affect gas
production. More research is needed to assess the
effect of nano-ZnO on ruminal variables that impact
animal performance. The purpose of this study was to
better understand how different quantities of nano-
ZnO (30, 60, 90, 120, 150, and 180 mg/Kg DM)
affect in vitro ruminal feed degradation, ruminal
parameters, and total gas production.

Experimental

Zinc acetate dihydrate Zn (CH3CO0O)..2H,O and
sodium hydroxide (NaOH) were used as precursors
for zinc oxide nano formation. Fresh fig leaves were
collected from farms in the Menofya government.
The fig leaf extract was used as a reducing agent for
zinc ions to prepare nano-ZnOs instead of chemical
reducing agents (green chemistry). All the chemicals
used in the experiment were purchased from Sigma
Aldrich.

1. Preparation of fig leaves extract

The extract of fig leaf was prepared as follows: the
fig leaves were cleaned with distillated water and
sun-dried at room temperature for 10 days before
being cut into small pieces and crushed to a powder
with an electric grinder (Moulinex). Approximately
50g of leaf powder was extracted using 250 ml of
ethanol to water (90:10, v/v) via cold extraction, and
the mixture was left at room temperature for 5 days
before being filtered using filter paper. The fig leaf
extract mixture was vaporized under reduced pressure
to remove all solvents and dryness using a rotary
evaporator at 50 °C. The fig leaf extract was stored at
4°C in dark sterilized screw-capped flasks [13].

2. Green synthesis of zinc oxide nanoparticles
(nano-Zn0Os)

The green synthesis was carried out for nano-ZnO
production; the zinc acetate solution (0.2 M) was
prepared using distillated water. The prepared
solution was stirred using a magnetic stirrer to
dissolve the zinc acetate powder in the distillated
water. Subsequently, the aqueous solution of fig leaf
extract was added drop by drop to the solution of zinc
acetate and kept on a magnetic stirrer. Then the
mixture of zinc acetate and fig leaf extract was heated
on a hot plate and stirred for 6 h at 70 °C until the
mixture turned into gelatin form. The gelatin was
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taken and placed into a crucible. The crucible was
reserved in the electrical oven for calcination at 450
°C for 3 h. The biosynthesized nano-ZnOs were
obtained in white coloured powder after the
calcination process [14, 15].

3. In vitro rumen fermentation study

The batch fermentation culture technique using 3
incubation vessels for each treatment was used to
evaluate the impact of the control diet
supplementation with the produced nano-ZnOs at 30,
60, 90, 120, 150, and 180 mg/kg DM on in vitro
ruminal feed degradation, ruminal fermentation, and
total gas production. Each vessel contained 400 mg
of the tested control diet and was filled with 40 ml of
a mixture of 1:3 (v/v) rumen fluids: buffer solution as
described by Ismail et al. [16]. Diet composition was
as follows: 35% corn grain, 30% Berseem hay, 14%
wheat bran, 14% cottonseed meal, and 7% soybean
meal. The diet was analyzed according to the AOAC
[17] methods to determine crude protein (CP), crude
fiber (CF), ether extract (EE), and ash content.
Nitrogen free extract (NFE) and OM were obtained
by difference (100 - Ash %). For the determination of
the diet content of Zn, Agilent 5100 Synchronous
Vertical Dual View (SVDV) ICP-OES, with Agilent
Vapor Generation Accessory VGA 77, was used
according to the analytical method of APHA [18].
The chemical composition of the control diet was
shown in (Table 1).

After 24 h of incubation at 39° C, all vessels were
filtered in fiber filter bags with a 25 micron porosity
(ANKOM-USA). The residues in the bags were dried
at 60 °C in an oven for 48 h to analyze the DM, OM,
NDF, and ADF digestibility. The chemical
composition of the experimental diet residual was
determined according to the methods of AOAC [17].
While the NDF and ADF were analyzed according to
the method of Van Soest [19], rumen fluid pH was
measured; the produced gas volume was determined
by Hohenheim Syringes (100 ml) as described by
Navarro-Villa et al. [20]. The ammonia concentration
was analyzed by a spectrophotometer as described in
the kit pamphlet of Biodiagnostic Company-Egypt.
Lactic, acetic, propionic, and butyric acid
concentrations were analyzed by HPLC on the
Agilent 1260 series. The separation was carried out
using an Eclipse C18 column (4.6 mm x 250 mm i.d.,
5 pm) at 30 °C.

4. Statistical analysis:

The following equation was used to analyze data
statistically using IBM SPSS [21] Statistics for
Windows (2011):

Yij = pt+Titeij

Where, Yij is the factor under investigation ij, p is the
general mean, Ti is the influence of the treatment



FACILE GREEN PREPARATION OF ZINC OXIDE NANOPARTICLES AND ITS EFFECTS .. 365

under analysis, eij is the experimental error for ij on
the observation,

The Duncan's multiple range test was achieved to
examine the significance between means with a
probability level less than 0.05 (p<0.05) for
significance expression (Duncan, [22]).

Results and discussion

1. Characterization of the biosynthesized ZnO-
nanoparticles

1.1. XRD patterns

The XRD pattern of biosynthesized nano-ZnOs in
powder form is shown in Figure 1A. A Philips
diffractometer was used to study the nano-ZnO (PW
1820 goniometer, PW 1930 generator). The nano-
ZnOs sample was examined at two different theta
ranges of angles, from 30° to 80°. The XRD peaks
for nano-ZnOs were visible at 20 = 31.78° for (100),
34.50° for (002), 36.35° for (101), 47.68° for (102),
56.65° for (110), 63.12° for (103), and 67.98° for
(200). Also, the XRD pattern displayed the alignment
and crystalline nature of nano-ZnO. Moreover, the
XRD pattern has also been linked to the JCPDS data
sheet/ICDD no. 36-1451. This evidently proves that
nano-ZnOs have been effectively manufactured by
biosynthesis technique, confirming the fabrication of
crystalline nano-ZnOs as well as wurtzite hexagonal
construction.
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Fig. 1: A) XRD of the biosynthesized nano-ZnOs, B) FTIR
spectrum of biosynthesized nano-ZnOs

1.2. Fourier transforms infrared (FT-IR)

The typical FT-IR spectrum of biosynthesized nano-
ZnOs generated by the hydrothermal technique is
shown in Figure 1B. The following were the main
peaks and their matching assignments in all of the
prepared nano-ZnOs: 2955 cm-1 plus 2924 cm-1
(CH3 stretching vibration), 1653 cm-1 (C=0
stretching vibration equivalent to the amide 1 group),
1560 cm-1 (C=C stretch in the aromatic ring), 1410
cm-1 (C-N stretch of amide-1), 1025 cm-1 (C-O
stretching in amino acid), and a band at 532 cm-1 (O-
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H stretching vibration) (C-O stretching in amino
acid). The absorption at 500 cm-1 to 600 cm-1 in the
FT-IR spectrum also differentiates the presence of
biosynthesized nano-ZnOs.

1. 3. Dynamic Light Scattering (DLS)

The particle size of the nano-ZnOs produced by the
eco-friendly technique using zinc acetate in the
presence of fig leaf extract (Fig. 2A) was investigated
via a DLS instrument, the NICOMP 380 ZLS, from
the United States. DLS is a popular method for
determining the particle size in a colloidal solution.
This tool was used to illustrate the average particle
size as well as the size distribution of biosynthesized
nano-ZnOs. In addition, the results are shown in
Figure 2A. The size distribution of biosynthesized
nano-ZnOs is revealed by the particle size
distribution, which ranges from 100 to 700 nm. The
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obtained results show that the produced nano-ZnOs

have an average particle size of roughly 215 nm.

Fig. 2: A) The DLS of the biosynthesized nano-ZnOs, B) UV-
Visible spectroscopy of the biosynthesized nano-
Zn0Os

1.4. UV-Visible spectroscopy

The UV-Visible absorption spectra of the
biosynthesized nano-ZnOs by the green approach
utilizing fig extract were recognized in the
wavelength range of 340 to 350 nm, which is the
characteristic wavelength range of nano-ZnOs. The
surface Plasmon resonance (SPR) band at 378 nm
was validated by biosynthesized nano-ZnOs, as
shown in Fig. 2B. In comparison to bulk ZnO, the
generated nano-ZnOs have strong blue shift
absorption, which may be as a result of a large
decline in particle size as well as the effect of their
high excitation binding energy at ambient
temperature.

1.5. The morphological investigations

The surface morphology of the synthesized nano-
ZnOs is shown in Figure 3A. The image of SEM
revealed that the nano-ZnOs molecules grow slowly,
besides producing small spherical structures similar
to bullets, and that the majority of the manufactured
nano-ZnOs are spherical as well. Furthermore, as
shown in Fig. 3B, The TEM micrographs
demonstrate that the biosynthesized nano-ZnOs were
cubic structures, which is also supported by XRD and
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TEM pictures. For biosynthesized nano-ZnOs, TEM
micrographs revealed that the generated ZnO-NPs
had an average mean size of 25 nm.

Fig. 3: A) SEM image of the biosynthesized nano-ZnOs, B)
TEM image of the biosynthesized nano-ZnOs.

2. In vitro rumen fermentation study

2.1. Effects of nano-ZnOs supplementation levels
on the diet ruminal degradability parameters

The effects of nano-ZnOs supplementation levels on
diet degradability by rumen microorganisms were
shown in (Table 2). The diet supplemented with
nano-ZnOs at 30 mg/kg showed the highest
degradability values (P<0.05) for DM, OM, NDF,
and ADF compared to the control diet. Increasing
levels of nano-ZnOs supplementation up to 60 mg/kg
caused slight improvement in all diet degradability
parameters compared to the control diet. The positive
impact of nano-ZnOs on diet degradability
parameters (DM, OM, NDF, and ADF) at the lowest
level of supplementation (30 mg nano-ZnOs/Kg DM)
may be attributed to increased ruminal microbial
biomass production (RMBP). Riazi et al. [23] stated
that RMBP increased to its maximum due to dietary

of ruminal microbes to the feed particles (as Zn is a
bivalent cation) and consequently improves their
ability to grow and colonize, which leads to more
biomass production [24].

Furthermore, Zn makes up many enzymes as a
cofactor [2]. Therefore, the improvement of diet
digestibility parameters due to improved digestive
enzyme activity after nano-ZnOs addition is
reasonable. Consonantly with this idea, Adegbeye et
al. [25] reported that Zn nanoparticles addition
improves protease, amylase, and lipase digestive
enzyme activity, resulting in higher diet digestibility.
Similarly, diet digestibility was positively affected by
nano-ZnOs supplementation in the previous in vitro
studies [26,23]. The beneficial effect of nano-ZnOs
supplementation on diet nutrient digestion may
indicate that the ruminal microbes' Zn, energy, and
protein requirements have been met efficiently.

In the present study, no significant differences were
detected in all degradability parameters (DM, OM,
NDF, and ADF) due to the addition of nano-ZnOs at
a level of 90 mg/kg when compared to the control.
All of the diet degradability parameters decreased
significantly as the level of nano-ZnOs
supplementation increased above 90 mg/kg. The
gradual decline in the diet's nutrient degradability
with increasing levels of nano-ZnOs supplementation
may be due to the antibacterial activity of zinc oxide
nanoparticles, which may cause suppression of
ruminal bacterial growth. In agreement with this
thought, Arabi et al. [27] reported that nano-ZnOs
have bactericidal effects on both Gram-positive and
Gram-negative bacteria, and this antibacterial effect

ZnOs supplementation improves the adhesion ability concentration.
Table (1): Chemical composition of the experimental diet (on dry matter basis)

Dry matter Organic Cr_ude C_rude Ether Ash Nitrogen Zn

(DM %) matter (OM | protein (CP fiber extract (%) Free Extract (mg/kg)

%) %) (CF %) (EE %) (NFE %)
89.5 95 155 15.67 4.9 5 58.93 25.5

Table (2): Effect of nano-ZnOs supplementation level on ruminal diet degradability parameters
level of nano-ZnOs DMD% OMD% NDFD% ADFD%
Control 50.84bc 56.16bc 40.29bc 30.66bc
30 mg nano-ZnOs /Kg DM 53.56a 58.88a 42.37a 32.74a
60 mg nano-ZnOs /Kg DM 51.40b 56.72b 40.52b 30.89b
90 mg nano-ZnOs /Kg DM 50.54c 55.86¢ 39.91bc 30.28bc
120 mg nano-ZnOs /Kg DM 49.15d 54.47d 38.97c 29.34c
150 mg nano-ZnOs /Kg DM 47.68e 53.00e 36.79d 27.16d
180 mg nano-ZnOs /Kg DM 45.32f 50.64f 35.32e 25.6%
MSE+ 0.53 0.52 0.49 0.50

a, b, ¢, d and e means at the same column with different superscript are significantly (P<0.05) different. DMD: Dry Matter
Degradability, OMD: Organic Matter Degradability, NDFD: Neutral Detergent Fiber Degradability and ADFD: Acid

Detergent Fiber Degradability. tMSE: Mean standard error

2. 2. Effect of nano-ZnOs supplementation on
ruminal fermentation parameters

The effect of nano-ZnOs supplementation level on
ruminal fermentation parameters was illustrated in
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Table 3. Diet supplementation with nano-ZnOs at 30
mg/kg DM gave the highest (P<0.05) values for TGP,
lactic, acetic, propionic, butyric acid, and NH3-N
concentrations. nano-ZnOs supplementation at 60
mg/kg increased the volume of TGP, lactic acid, and
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NH3-N concentrations numerically compared to the
control. The significantly higher ruminal total gas
and organic acid (lactic, acetic, propionic, and
butyric)  production after the tested diet
supplementation with 30 mg/kg DM of nano-ZnOs
may be related to the improvement of nutrient
digestibility, especially the NDF and ADF, with
higher microbial protein synthesis [28].

In line with the current result, Riazi et al. [23]
attributed the slightly higher ruminal gas and volatile
fatty acids (ex: acetic, propionic, and butyric)
production after diet supplementation with nano-
ZnOs up to 60 mg/kg DM to the higher truly
degraded substrate for this diet compared with the
control. In the current study, the gradual decline of
the TGP, NH3-N, lactic, acetic, propionic, and
butyric acid concentrations with the gradual increase
of the level of nano-ZnOs supplementation above
30mg/kg DM may be due to the inhibitory effect of
zinc oxide nanoparticles on both Gram-positive and

Gram-negative bacteria as reported by Arabi et al.
[27].

No significant differences were detected in values
of total gas production, pH, acetic, propionic, butyric
acid, and NH3-N concentrations due to nano-ZnOs
supplementation at 90 mg/kg when compared with
the control. However, supplementation of nano-ZnOs
above 90 mg/kg has a serious negative impact on
most of all rumen basic parameters. No significant
change was detected in the pH values due to nano-
ZnOs supplementation up to 120 mg/Kg compared
with the control, but above this level the pH values
increased significantly. Concerning the impact of
nano-ZnOs supplementation on ruminal fermentation
parameters, there is a slight decrease in the ruminal
pH with nano-ZnOs supplementation at a level of 30
mg/Kg DM, with no significant difference when
compared with the pH of the control. The in vitro
ruminal pH (6.42 to 6.51) of the treatments was
within the typical range (5.5 to 6.8) in a normal
ruminal fermentation circumstance [1].

Table (3): Effect of Nano-ZnOs supplementation level on ruminal basic parameters

level of nano-ZnOs TGP pH Lactic acid Acetic acid Propionic acid Butyric acid | NH3-N
(ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/dl)
Control 134.33° | 6.20™ 0.78° 0.87™ 0.29° 0.23° 13.15%
30 mg nano-ZnOs /Kg DM | 139.67* | 6.13° 1.08° 1.078 0.43* 0.30° 13.542
60 mg nano-ZnOs /Kg DM | 134.67° | 6.17* 0.81° 0.88° 0.29° 0.23° 13.532
90 mg nano-ZnOs /Kg DM | 133.67° | 6.20™ 0.63° 0.75° 0.28° 0.20% 13.032
120 mg nano-ZnOs /Kg DM | 130.67° | 6.22™ 0.55d° 0.68¢ 0.27¢ 0.19¢ 12.992
150 mg nano-ZnOs /Kg DM | 123.33 | 6.25° 0.53d° 0.52¢ 0.24° 0.13¢ 10.63°
180 mg nano-ZnOs /Kg DM | 121.00¢ | 6.322 0.444 0.46° 0.19¢ 0.12¢ 9.02¢
MSE+ 1.34 0.02 0.05 0.04 0.02 0.01 0.34

a, b, ¢, d and e: means at the same column with different superscript are significantly (P<0.05)
different. TGP: Total gas production (ml/24hr), +tMSE: Mean standard error

More production of the organic acids (lactic, acetic,
propionic, and butyric) due to the improvement of
feed nutrient digestibility as a result of nano-ZnOs
supplementation may be the reason for this reduction
in the ruminal pH.

In the current study, there was a slight impact of
nano-ZnQOs supplementation on ruminal pH. This
finding is supported by the findings of Riazi et al.
[23], who stated that ruminal pH is unaffected by
dietary nano-ZnO supplementation. The ruminal
NH3-N concentration was slightly affected by the
dietary nano-ZnO supplementation. This may be due
to the low degradability of corn protein (zein) of the
tested diet [28], or due to better utilization of
ammonia by ruminal microbes for more microbial
biomass production [23]. Similarly, it has been
reported that diet supplementation with nano-ZnOs
up to 60 mg/kg DM did not affect the ruminal
ammonia nitrogen concentration in vitro [26, 23].

Conclusion

In the current study, the zinc oxide nanoparticle was
successfully prepared using fig leaf extract and
confirmed using XRD, TEM, and DLS. The
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maximum  feed nutrient  digestibility and
enhancement of fermentation efficiency in the rumen
were guaranteed by dietary supplementation with
nano-ZnO at a level of 30 mg/kg DM. In light of the
foregoing results, it can be concluded that the use of
nanotechnology in the production of nano-minerals
for feed supplements may offer a viable substitute for
the traditional mineral sources in animal diets.
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