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Abstract: In this experiment, a ZnO-fibre complex was prepared using the hydrothermal methods of 

"water solubility," "coupling agent," and "high temperature and high pressure". Binding rate, antibacterial 
activity, microstructure, and the infrared spectrum were measured using biomimetic digestion, bacterial 
proliferation tests, and ultra-fine electron microscopes. At first, ZnO-fibre complexes were prepared with 
different ratios of material and water. They was divided into five groups with ratios of 1:0, 1:4, 1:6, 1:8, 
and 1:10, respectively. The ZnO-fibre complexes were prepared with different coupling agents on the 
basis of experiment 1. They were divided into four groups. The ratio for material and water in the control 
group was 1:0, and in the treatment group, was 1:4. Treatment groups 2 and 3 had 10% guar gum or 
10% bamboo fibre polymer composites (BFP) added on the basis of group 1. A ZnO-fibre complex was 
successfully prepared by adding 10% BFP at a ratio of material:water of 1:4, at a high temperature of 
120 °C and a high pressure of 0.3 MPa for 20 min. The ZnO-binding rate reached 99.05%. The zinc 
oxide may bind to the carbonyl group of bamboo powder and adhere to the surface of and gaps in the 
bamboo fibre. The growth inhibition rate of Escherichia coli, Salmonella, and Staphylococcus aureus 
was double that of the common ZnO additive and Zn concentration. It is expected to be used as a slow-
release ZnO additive. 
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Introduction 

Zinc oxide (ZnO) at pharmacological doses has been used to control diarrhoea of suckling 

piglets in the pig industry for decades. At present, zinc oxide or basic zinc chloride up to 1600 ppm 

(calculated by zinc element) is allowed to be added to piglet feed for 1 to 2 weeks after weaning 

according to the safety use standards for feed additives in China. However, massive use of ZnO may 

increase Zinc emissions, resulting in environmental pollution and damage to immune function (Komatsu 

et al., 2020). Studies on piglets infected with porcine epidemic diarrhoea have found that ZnO can inhibit 

bacterial proliferation and improve the anti-inflammatory response and damage caused to intestinal villi 

by viruses, thereby improving growth performance (Zhang et al., 2021). ZnO used in the first 10 days 
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after weaning can substantially improve the average daily feed intake, average daily gain, and feed 

conversion rate of weaned piglets, and reduce the incidence of diarrhoea; the use of three probiotics 

instead of ZnO failed to improve intestinal health and growth performance (Satessa et al., 2020). 

Therefore, some researchers have replaced conventional ZnO with porous ZnO (Peng et al., 2020) and 

nano-ZnO (Pei et al., 2019) in order to reduce the amount of ZnO and environmental pollution. 

In recent years, some new ZnO composites have shown good antibacterial properties and 

slow-release effects, which provides potential for further low-dose ZnO in weaned piglets' diets. Nano 

ZnO was used to prepare a preservative wrap for pork cryopreservation, and it was found that nano 

ZnO coating improved meat quality in the process of preservation by increasing the rupture of microbial 

cell membranes (Suo et al., 2017). Using mushroom carboxymethyl chitosan as a natural polymer 

stabilizer, nano-ZnO composites were prepared using ultrasound, which showed synergistic 

antibacterial properties against gram-positive bacteria (Staphylococcus aureus) (Rao et al., 2020). 

Nano-ZnO composites prepared with chitosan/alginate can effectively protect ZnO in simulated gastric 

juice, and the concentration of Zn2+ is six times higher than that of conventional ZnO. The newly 

synthesized nano-ZnO composite can inhibit the proliferation of E. coli and S. aureus (Barreto et al., 

2017). Nano-sized ZnO prepared by hot melt extrusion of graft copolymer material and ZnO was applied 

to weaned piglets, which showed better zinc digestibility compared with conventional ZnO, helping to 

reduce zinc emission pollution (Oh et al., 2020). These studies showed that the composite ZnO 

materials can be prepared by special technology using nano-ZnO, copolymers, and stabilizers as 

materials. 

Bamboo powder is mainly composed of cellulose, hemicellulose, lignin, and protein, of which 

the cellulose accounts for the largest proportion. However, bamboo powder contains more than 75% 

insoluble dietary fibre (IDF), so it is necessary to use modification methods to increase the soluble 

components of dietary fibre to bring the physiological function of bamboo fibre into full play. Studies 

have found that the content of soluble dietary fibre (SDF) increases with the smaller particle size of 

bamboo powder dietary fibre prepared by ultra-fine grinding (Donadelli et al., 2019). It has been shown 

that ultrasonic treatment improves the extraction efficiencies of hemicellulose and phenolic lignin 

compounds 2.6-fold from bamboo bast fibre powder, and the results of input energy and radical 

formation correlated with the calculated values of the anti-nodal point (Wang et al., 2018). A GO 

(graphene oxide)/ZnO/Cu2O antibacterial coating was successfully sprayed on the ultrafine glass fibres 

using room temperature hydrothermal synthesis and air spraying techniques (Li et al., 2022). Hybrid 

nanomaterials based on zinc oxide were synthesized with different silane coupling agents, and the sizes 

of the ZnO nanoparticles are changed as function of the silane precursor used in synthesis (Purcar et 

al., 2017).  

Our previous study found that micronized bamboo powder (MBP) at less than 100 μm 

processed by an impact mill could contribute to reducing harmful bacteria and improving growth 

performance of weaned piglets (Dai et al., 2021) and broilers (Dai et al., 2022). It has been shown that 

SDF is mostly fermented before reaching the colon, whereas IDF is mostly fermented in the colon of 

pigs (Jaworski & Stein, 2017). Therefore, it is assumed that if ZnO is coupled with bamboo fibre, it can 

be prevented from being digested in the stomach of piglets and can enter the hindgut to play a role. In 

the current experiment, a type of ZnO-fibre complex was prepared using a hydrothermal coupling 

reaction with ultrafine ZnO as a copolymer and MBP as a carrier. Its antibacterial properties were 

studied in order to develop a new type of sustained-release, alternative ZnO material to reduce the use 

of conventional zinc oxide feed additives. 
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Material and methods 

Ultramicaro ZnO: 95% feed-grade ZnO was crushed using an impact mill (ZJ-C100, Sichuan 

Zhongjin Powder Equipment Co., Ltd). The particle size distribution of ZnO was determined using a 

laser particle size distribution analyser (BT-9300ST, Dandong Bettersize Instrument Co., Ltd, China). A 

particle size D90 value of 12.50 μm corresponds to 90% of the cumulative particle size distribution. 

Micronized bamboo powder (MBP): bamboo poles of Phyllostachys pubescens (Sichuan 

Province, China) was collected after growing for 5–6 years and processed into MBP as per a previously 

reported method (Dai et al., 2022). The particle size value of D90 for MBP was 55.47 μm.  

Bamboo fibre-polymer composites (BFP) were provided by the Sichuan Provincial Key 

Laboratory of Bamboo Diseases, Insects, and Resources Development. The total dietary fibre content 

was 78.2%, soluble dietary fibre content was 19.2%, insoluble dietary fibre content was 59.0%, and 

water absorption expansion volume was 215–438 mL/g. 

Guar gum, yeast extract (LP0021 YEAST EXTRACT), tryptone (LP0042 TRYPTONE), agar 

powder, and sodium chloride (analytically pure) were all procured from Chengdu Cologne Chemicals 

Co., Ltd. Escherichia coli, S. aureus and Salmonella strains were obtained from the strain preservation 

room of the Industrial Technology Innovation Research Institute of Beijing, Vica Biotechnology Co., Ltd, 

China. 

Preparation of ZnO-fibre complex with different material-water ratios: The experiment was 

divided into five groups, with three replicates per group. The ratio of mixed base material and distilled 

water in Groups A, B, C, D, and E was 1:0,1:4,1:6,1:8,and 1:10, respectively. The preparation steps 

were: (1) MBP and ultramicro ZnO were mixed evenly according to the mass ratio of 9:1 to make the 

basic material; (2) distilled water was added to 10 g of mixed basic material according to the 

experimental setup of the material-water quality ratio, then mixed and stirred evenly; (3) the mixed 

reactants were subjected to a high temperature of 120 °C and high pressure of 0.3 MPa for 20 min; and 

(4) the material was dried at 105 °C to a constant weight, and crushed through an 80-mesh sieve. The 

samples were stored in an air dryer for testing.  

Preparation of ZnO-fibre complex with different coupling agents: On the basis of the above 

preparation process, the optimum ratio of material to water was found to be 1:4. The experiment was 

divided into four groups with three replicates each. The base material was made by mixing MBP and 

ultramicro ZnO according to the mass ratio of 9:1, and the trial was conducted with different coupling 

agents and different ratios of base material and distilled water. The treatment schemes of each 

experimental group are shown in Table 1. The preparation step was the same as the above step in the 

preparation of the ZnO-fibre complexes with different material-water ratios. 

. 

Table 1 Preparation of ZnO-fibre complexes with different coupling agents 

Treatment CON Group 1 Group 2 Group 3 

Coupling agent   /   / guar gum added to the 

base material at a mass 

ratio of 9:1 

bamboo fibre polymer material added to 

the base material according to a mass 

ratio of 9:1 

The ratio of 

material to water 

1：0 1：4 1：4 1：4 

 

The determination of binding rate: The ZnO-fibre complex (1 g) prepared in the above test was 
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added to 16 mL buffer (pH 2) in a 50 mL flask, and then put into a triangular flask shaker (37 °C, 180 

rpm) for 4 h according to the in vitro transfer model (Auch et al., 2019). After filtration, filtrate and filtrate 

residue were collected. The filter residue was dried at 105 °C to a constant weight, and the content of 

zinc in the filter residue and filtrate was determined using flame atomic absorption spectrometry. 

 

ZnO binding rate (%) = total zinc of filter residue/(total zinc of filter residue + total zinc of filtrate) × 100 

 

The determination of bacterial proliferation: E. coli, Salmonella, and S. aureus were 

activated, and a single colony was inoculated into LB medium and shaken overnight at 37 °C and 180 

rpm. The activated strains were inoculated in LB medium at 1×105 CFU/mL, and then incubated at 

37 °C and 180 rpm shaker until the OD610nm value was close to 1.00. Then, 100 mL of the bacterial 

solution was added to the ZnO-fibre complex prepared in the above experiment, and the activated 

strains were incubated at 37 °C and 180 rpm. The OD610nm value was measured by 

spectrophotometer every two hours for three consecutive times. The experiment was divided into six 

groups with three replicates in each group (Table 2). The zinc concentration in CON1 and CON2 was 

twice and five times higher than that in TRE1, TRE2 and TRE3, respectively. 

 

Proliferation rate (%) = (OD610nm test - OD610nm start)/ OD610nm start × 100 

 

Table 2 Experimental design of bacterial proliferation test for ZnO-fibre complex 

Group Treatment 

TRE1 0.1% ZnO-fibre complexes prepared in Group 1 

TRE2 0.1% ZnO-fibre complexes prepared in Group 2 

TRE3 0.1% ZnO-fibre complexes prepared in Group 3 

CON1 0.1% ultrafine ZnO 

CON2 0.02% ultrafine ZnO 

CON blank control 

 

Electron microscopy: A small amount of dried sample was prepared using ion sputtering 

(GVC-2000, Beijing Zhongke Instrument Co., Ltd, China) to improve the resolution of the picture. MBP 

(CON) and three ZnO-fibre complexes (TRE1, TRE2 and TRE3) prepared in experiment 1.3.2 were 

observed using 17KV accelerated voltage electron microscopy (KYKY-FM6900LV, Beijing Zhongke 

Instrument Co., Ltd, China) at 13.3KX magnification. 

Infrared spectrum observation: The infrared spectra of the ZnO loaded with MBP were 

determined using the KBr tableting method. The infrared characteristic absorption spectra of MBP, 

ultramicro ZnO, the mixture of the MBP and ultramicro ZnO (mass ratio 9:1), and the complex of ZnO-

fibre were determined using the KBr method with a scanning wave number of 100–4000 cm-1 (PK-

6000 FT-IR infrared spectrometer, Mattson Company, USA). The variation in the stretching vibration 

peak of ZnO-fibre complex was analysed by comparing the stretching vibration peak of MBP and 

ultramicro ZnO.  

Data processing and statistical analysis: SPSS 22.0 was applied for statistical analysis. The 

differences in ZnO binding rate and bacterial proliferation rate among groups were compared using 

one-way analysis of variance (ANOVA), followed by the least significant difference test (LSD). 

Statistically significant differences were determined between groups (treatment group and control group) 



Dai et al., 2023. S. Afr. J. Anim. Sci. vol. 53 64 
 

by independent sample t-test. P <0.05 indicated that the difference was significant, and P <0.10 

indicated a tendency of difference. 

 

Results and Discussion 

The ZnO binding rates of the ZnO-fibre complexes prepared with different material-water ratios 

were determined. The ZnO binding rates of ZnO-fibre complexes in group B, C, D, and E were higher 

than those in Group A (P <0.05), while there was no difference among groups B, C, D, and E (P >0.05) 

(Figure 1). The results indicated that the ultramicro ZnO and MBP were more easily combined under 

hydration, but further increasing the proportion of water had no obvious effect on the combination. 

Considering the binding rate and the cost of subsequent drying, the ZnO-fibre complex can be prepared 

with the ratio of material to water of 1:4. 

The ZnO binding rate was determined using the ZnO-fibre complexes prepared with different 

coupling agents (Figure 2). The ZnO binding rate of ZnO-fibre complexes in experimental group 3 was 

the highest (up to 99.05%) and was higher than that in control group, experimental group 1, and group 

2 (P <0.05), while that in experimental group 1 was higher than that in control group 1 (P <0.05), and 

that in experimental group 2 was lower than that in control group 1 (P <0.05). The above results confirm 

that ultramicro ZnO and MBP are more easily combined under hydration. Bamboo fibre-polymer 

composite as coupling agent can further improve the combination rate of ultramicro ZnO and MBP, while 

guar gum will reduce their combination efficiency. 

  

 

Figure 1 Effect of different ratios of material to water on the binding rate of ZnO-fibre complex 

Note: Columns with different small letter superscripts indicate a significant difference (P <0.05) 
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Figure 2 Effect of different coupling agents on the binding rate of ZnO-fibre complex 

Note: Columns with different small letter superscripts indicate a significant difference (P <0.05) 

 

Synthesis of coordination compounds by processing plays a vital role in coordination chemistry 

research. At present, the main preparation methods of zinc oxide nanoparticles include the chemical 

precipitation method (Raja et al., 2014), sol–gel hydrothermal method (Chalangar et al., 2021), 

solvothermal method (Bai et al., 2015), and thermal decomposition method (Zhu et al., 2022). Due to 

the differences and particularity of chemical structures in different complexes, some new synthesis 

methods should be explored and studied according to the properties of substrates. ZnO possesses 

good convergent and bacteriostatic properties and has been widely used in the synthesis of new ZnO 

composite materials in biological antibacterial fields. Hot-melt extruded ZnO was produced with soluplus 

(grafted copolymer) and ZnO and extruded using a twin-screw hot-melt extruder (Oh et al., 2020). A 

commercial silane coupling agent was used to improve the dispersion of zinc oxide nanoparticles in thin 

polyacrylonitrile fibres, and maintained excellent antibacterial activity (Aamer et al., 2021). 

Electroplating and electrochemical anodization method were successfully used for the synthesis of zinc 

oxide nanostructures on carbon fibre surfaces (Aykaç & Akkaş, 2022). 

According to the physical and chemical characteristics of the carrier material, the synthesis 

process can be further optimized to improve the loading rate. A new composite antibacterial material 

ZnO/Cu2+-Chitosan/Montmorillonite (ZCCM) was prepared with montmorillonite as carrier, 

Zn(Ac)2•2H2O, Cu(NO3)2•3H2O, and chitosan as raw materials, and displayed excellent antibacterial 

activity which was higher than ZnO-Montmorillonite, Cu2+-Montmorillonite, or ZnO/Cu2+-Montmorillonite 

(Ma et al., 2021). Furthermore, soluble corn starch could be used to stabilize ZnO-nanoparticles (NPs) 

onto the surface of cotton fabrics as entrapped species and improved the adhesion properties of the 

cotton fibres towards ZnO-NPs (El-Nahhal et al., 2020). According to the above literature, reaction 

parameters, carrier characteristics, and coupling agents have important effects on the binding rate of 

zinc oxide and the carrier. 

According to the characteristics of bamboo fibre rich in carbonyl structures and zinc oxide 

containing divalent ionic bonds, a ZnO-fibre complex was prepared using "water dissolution," "high 

temperature and high pressure," and "coupling agent" methods. By optimizing the ratio of material to 
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water and coupling agent, a ZnO complex with a high binding rate of 99% was obtained. Compared 

with the synthetic method mentioned above, this method has the advantages of simple operation, high 

loading rate, and no other chemical residues, achieving the aim of developing a highly-efficient ZnO-

fibre complex as a substitute for ZnO additive in feed. 

At 4 h, the OD610nm value of E. coli. in the TRE1 and CON1 groups was lower than in the CON 

group (P <0.05), and the OD610nm value of E. coli. in the TRE2, TRE3, and CON2 groups was lower than 

that in the CON group, but did not reach a significant level (P >0.05) (Figure 3). At 6 h, the OD610nm 

value of E. coli. in the TRE1, TRE3, and CON1 groups was lower than that in the CON group (P <0.05), 

and the OD610nm value of E. coli. in the TRE2, TRE3, and CON2 groups was lower than that in the CON 

group (P >0.05).  

At 2 h, 4 h, and 6 h, the OD610nm values of S. aureus in the CON1 group were lower than those 

in the CON group (P <0.05), and the OD610nm values of S. aureus in TRE1, TRE2, TRE3, and CON2 

groups were all lower than those in the CON group, but did not reach a significant level (P >0.05) (Figure 

4). Among the experimental groups, the value of TRE3 group was the lowest.  

At 2 h and 4 h, OD610nm values of Salmonella in the TRE3 and CON1 groups were lower than 

those in the CON group (P <0.05), and OD610nm values of Salmonella in the TRE1, TRE2, and CON2 

groups were lower than those in CON group, but did not reach a significant level (P >0.05) (Figure 5). 

At 6 h, the OD610nm values of Salmonella in the TRE1, TRE2, TRE3, CON1, and CON2 groups were 

lower than those in the CON group (P <0.05), but there was no significant difference among the TRE1, 

TRE2, TRE3, CON1, and CON2 groups (P >0.05). At 2 h, 4 h and 6 h, the OD610nm value of Salmonella 

in TRE3 group was the lowest, and at 4 h, the OD610nm value of Salmonella in TRE3 group was lower 

than that in the TRE1 group (P <0.05). Comprehensive analysis of the above results indicates that the 

ZnO-fibre complex prepared by TRE3 had a strong inhibitory effect on E. coli., S. aureus, and 

Salmonella. 

 

Figure 3 Effect of ZnO-fibre complex on the proliferation of E. coli 

Note: Columns with different small letter superscripts indicate a significant difference (P <0.05) 
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Figure 4 Effect of ZnO-fibre complex on the proliferation of S. aureus 

Note: Columns with different small letter superscripts indicate a significant difference (P <0.05) 

 

 

Figure 5 Effect of ZnO-fibre complex on the proliferation of Salmonella 

Note: Columns with different small letter superscripts indicate a significant difference (P <0.05) 

 

New antibacterial composites involving ZnO have become a research hotspot due to its 

excellent antibacterial, thermal, and chemical stability. The newly synthesized nano-ZnO is a kind of 

inorganic, antibacterial agent with good antibacterial properties, which shows remarkable inhibitory 

effects on many bacteria. Studies have found that nano-ZnO can achieve this antibacterial effect by 

interacting with bacteria through surface contact or zinc ion dissolution (Mirzaei & Darroudi, 2017). 

Compared with ordinary ZnO, the specific surface area of nano-ZnO increases and its antibacterial 

performance is enhanced (Luo et al., 2013). 

At present, pharmacological doses of ZnO can increase animal feed intake (Walk et al., 2015), 

increase anti-inflammatory cytokines and reduce pro-inflammatory cytokines (Peng et al., 2020), and 

promote restoration of intestinal barrier function and development (Zhu et al., 2017), and is widely used 

for diarrhoea control (Sun et al., 2019) and growth promotion in weaned piglets (Wang et al., 2018). 
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resistance to antibiotics (Bednorz et al., 2013). In the current study, the modified ZnO could reduce the 

amount of ZnO and environmental emission reduction in actual production on the premise of 

maintaining the growth performance of piglets. In order to improve the efficiency of ZnO, impact grinding 

was used to obtain ultramicro ZnO. The D90 value was 12.50 μm, close to the quasi-nanometer level. 

The addition of nano-ZnO to a copolymer of 3-hydroxybutyrate and 3-hydroxyvalerate had a 

significant inhibitory effect on E. coli. (Li et al., 2012; Song et al., 2020), which may be related to the 

release of reactive oxygen species (ROS) in nano-ZnO (Banoee et al., 2010). Studies have found that 

UV irradiation of nano-ZnO promote the generation of ROS, thereby improving the antibacterial ability 

of nano-ZnO against E. coli (Li et al., 2012; Sirelkhatim et al., 2015). However, more evidence has 

shown that the accumulation of Zn ions released by nano-ZnO is positively correlated with the inhibitory 

effect on E. coli.(Zhang et al., 2018; Song et al., 2020). Studies have also found that nano-ZnO has 

better antibacterial effect on E. coli than S. aureus (Díez-Pascual & Díez-Vicente, 2014). The results of 

the current study showed that the 6-h growth rates of E. coli., S. aureus, and Salmonella were 94.44%, 

83.16%, and 88.64%, respectively, after the addition of a ZnO-fibre complex prepared using the third 

process, which may be related to the different characteristics of the bamboo fibre carrier. 

The bacteriostatic activity of the complex is mainly determined by the carrier, and the efficiency 

of bacteriostatic activity can also be increased by improving the adsorbability and cytocompatibility of 

the carrier. This experiment showed that the 6-h growth rates of E. coli, S. aureus, and Salmonella after 

the addition of ZnO-fibre complex prepared using the third process were lower than that of the control 

group. The effect is comparable to that of the double-dose ZnO treatment, which may be related to the 

improved adsorbability and compatibility of the MBP polymer material. In this study, the ZnO-fibre 

complex prepared using "water-soluble," "coupling agents," "high temperature and high pressure" 

methods can achieve strong antibacterial effects, which is expected to be provide an alternative additive 

of zinc oxide to achieve zinc emission reduction and contribute to ‘green’ and healthy pig breeding. 

Compared with the control MBP, tiny, white particles increased on the surface of the bamboo 

fibre loaded with ZnO prepared using TRE1, TRE2, and TRE3, indicating that the ultramicro-ZnO can 

adhere to the surface of MBP through the action of "water solubility" and "high temperature and 

pressure" (Figure 6). Compared with TRE1, the surface cracks of bamboo fibres were reduced in TRE2 

and TRE3 when supplemented with the coupling agent, which may be caused by the filling effect of 

coupling agent. There were fewer tiny, white particles on the surface of TRE2 than on TRE3, which also 

confirmed that the ZnO binding rate of TRE2 was lower than that of TRE3. Using scanning electron 

microscope ultrastructure, it is observed that bamboo fibre polymer material is more suitable as a 

coupling agent than guar gum for the binding reaction between ultramicro ZnO and MBP. 
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Figure 6 Scanning electron microscopy images of the ZnO-fibre complex 

  

Infrared spectroscopy was used to study the molecular vibration and polar bonds between 

different atoms (Figure 7). The infrared spectra of ZnO-fibre complex prepared in experimental group 3 

were similar to those of MBP (CON1) and the mixture of MBP and ultramicro ZnO (CON3), but differed 

greatly from those of ultramicro ZnO (CON2). The stretching vibration peak of the hydroxyl group in 

bamboo powder is at 3342.09cm-1, which moves to 3327.29cm-1 after combining with ZnO and 

3324.95cm-1 after mixing with ZnO. This phenomenon may be caused by an induction effect or dipole 

field effect, which can led to a change in electron cloud density of the hydroxyl group. The stretching 

vibration peak of carbonyl group appeared at 1735.52cm-1 in bamboo powder, the peak disappeared 

after the binding reaction with ZnO, and finally moved to 1730.02 cm-1 after mixing with ZnO. This 

indicates that the ultramicro ZnO has been loaded on bamboo fibres, and the carbonyl group of bamboo 

powder may be involved in the binding reaction with ZnO. 
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Figure 7 Fourier transform infrared spectroscopy spectra for the ZnO-fibre complex.  

micronized bamboo powder, MBP (CON1); ultramicro ZnO (CON2); mixture of MBP and ultramicro 

ZnO (CON3)  

 

Studies have found that the surface of the ZnO quantum dots has hydroxyl and amino 

functional groups using infrared spectrum analysis in order to explore the functional groups on the 

surface of ZnO quantum dots in the nano-ZnO complex (Naseri et al., 2017). When the content of the 

hydroxyl group is high, the hydrolysis process will be affected by 3-aminopropyl trimethoxysilane (PTES) 

into silicon dioxide. The content of functional groups on the surface of ZnO quantum dots is small, and 

the hydroxyl and amino functional groups are hydrophilic groups, which helps to enhance the stability 

of ZnO quantum dots in the aqueous dispersion system (Patra et al., 2009; Lores-Padín et al., 2020). 

The polar bonds and molecular vibrations was studied between different atoms of the ZnO-fibre 

complex using infrared spectroscopy. The results showed that the carbonyl group of bamboo fibre may 

participate in the binding reaction with ZnO, which is helpful in improving the stability of the complex. 

In order to improve the loading rate of the complex, some scholars have reported that alkali 

treatment can effectively remove some hemicellulose, lignin, wax, and other substances on the fibre 

surface or even inside the fibre (Roy et al., 2012), expose the matrix fibre, increase the fibre surface 

area as well as surface roughness (Zhou et al., 2016), and enhance mechanical properties of the 

monofilament (Goda et al., 2006), thermal stability (Mohd Edeerozey et al., 2018), and fracture 

toughness (Zhang et al., 2018). In the current experiment, ultramicroscopic electron microscopy was 

used to determine that the loading rate of ZnO increased in the treatment group with high temperature 

and high pressure, which may be related to the decrease in fibre crystallinity and increase in fibre 

surface void. On this basis, the loading rate can be further increased using a coupling agent treatment. 



 

71 Dai et al., 2023. S. Afr. J. Anim. Sci. vol. 53 

 

 
 

The results indicate that guar gum tended to reduce the load of ZnO, and bamboo fibre polymer material 

tended to enhance the load. This indicates that the choice of coupling agent plays a very vital role in 

the preparation of ZnO-fibre complexes. The experimental synthesis method can effectively increase 

the load of zinc oxide, and has the advantages of safety, high efficiency, and no pollution.  

 

Conclusions 

It was concluded that the best synthesis method of a ZnO-fibre complex was treatment with 

high temperature and high pressure at a ratio 9:1 for MBP to ultramicro ZnO and 10% bamboo fibre 

polymer composites, and that the best ratio was 9:1 for material to water. The binding rate of the ZnO-

fibre complex reached 99.05%. The carbonyl group of the bamboo fibre is involved in the binding 

reaction with zinc oxide, and was mainly attached to the surface and pores of the bamboo fibre. In vitro 

bacterial proliferation showed that the ZnO-fibre complex had better inhibitory performance against E. 

coli., Salmonella, and S. aureus, and the effect was nearly twice that of the ZnO control group at the 

same zinc concentration. 
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