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ABSTRACT: Pharmacological dosage of zinc oxide in 
piglet weaning diets is a common practice to improve 
growth performance and gut health. However, high 
zinc excretion in animal wastes poses environmental 
challenges. Alternatives to current practice are studied. 
In this study, the inhibitory action of 2 zinc oxide sources 
on the ex vivo growth of small intestinal bacteria from 

weaned piglets was studied. Lag time was higher (P 
< 0.05) in media supplemented with a new zinc oxide 
preparation in stomach samples, but not in jejunum 
samples. Bacterial growth reduction (P < 0.05) was 
more drastic and more rapid in media supplemented 
with the new zinc oxide preparation.
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INTRODUCTION
The use of pharmacological dosages of zinc oxide 

is a common practice in piglet weaning diets with well-
documented benefi cial effects on growth performance 
and gut health (Poulsen, 1995; Carlson et al., 2008). 
Studies with piglets show reduced lactic acid bacteria 
and increased coliforms (Hojberg et al., 2005) and 
reduced anaerobic and lactic acid bacteria, but no effect 
on Escherichia coli (Broom et al., 2006) or changes 
in lactic acid bacteria composition, and an increase in 
enterobacterial diversity (Vahjen et al., 2010, 2011) 
with high doses of ZnO. However, high zinc excretion 
in animal wastes poses environmental challenges 
(Jondreville et al., 2003). Therefore, a reduced zinc 
concentration in farm manure is preferred. This study 
was conducted to compare the effect of a new form of 
zinc oxide with analytical grade zinc oxide.

MATERIAL AND METHODS

Samples and Growth Conditions
Stomach and jejunal chyme from 42-d-old piglets (n 

= 6) fed a standard European diet were transferred into 
an anaerobic atmosphere (95% N2, 5% H2) and diluted 
(1:10 vol/vol) in reinforced clostridial medium (RCM). 
After sedimentation for 5 min, 20 μL suspensions were 

taken with sterile cut pipette tips and inoculated into 
microtiter plate wells.

Generation of Zn-containing Media and Incubation 
Conditions

Zinc-saturated media (analytical grade ZnO p.a., 
Sigma, Deisenhofen, Germany; HiZox, Animine, 
Sillingy, France) were produced by adding 10 g of zinc 
source to 100 mL of RCM, pH 6.5, stirring for 1 h at 
room temperature, autoclaving (121°C, 15 min, 1 bar), 
and centrifuging (10,000 × g, 10 min, 4°C). A new zinc 
oxide preparation (HiZox) is a standardized product 
obtained with a patented manufacturing process that 
results in specifi c product features (unique particle size 
and shape, elevated surface area). Supernatants were 
analyzed by atomic absorption spectrometry (Analytik, 
Jena, Germany) for total zinc concentrations. Media 
were adjusted to an identical Zn concentration (80 μg/
mL) and diluted with RCM (fi nal concentrations: 80, 
40, 20, and 10 μg ZnO/mL medium). Under anaerobic 
working conditions, intestinal sample dilutions (20 μL) 
were inoculated into 180 μL of medium in microtiter 
plates with increasing zinc concentrations. A microplate 
reader with anaerobic incubation capacity (Tecan-
Infi nitePro, Groedig, Austria) was used to record 
turbidity every 5 min over a period of 22 h.
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Data Evaluation and Statistics
Turbidity data were transformed into growth curves 

and analyzed with a nonlinear regression analysis 
(3-sigmoidal curve fi t) for lag time (h). Additionally, 
3-dimensional plots of incubation time vs. ZnO 
concentration vs. OD of Zn-supplemented media 
subtracted from control incubations was used to visualize 
the initial growth depression of the different zinc sources. 
Growth data from different zinc sources was compared 
at each zinc concentration using the t-test. The level of 
signifi cance was set to P ≤ 0.05.

RESULTS AND DISCUSSION
The new zinc oxide preparation showed higher 

solubility than analytical grade ZnO. At pH 6.5 a 1.4-
fold increase of solubility was observed (640 μg/mL and 
878 μg/mL for ZnO and the new zinc oxide preparation, 
respectively).

Lag Time for Growth of Intestinal Bacteria from 
Stomach and Jejunum Samples

The onset of bacterial growth in stomach samples was 
slower in media supplemented with the new zinc oxide 
preparation than in media supplemented with analytical 
grade ZnO (Figure 1A). Jejunal samples did not show 
any differences between zinc sources (Figure 1B). The 
increased solubility of the new zinc oxide preparation 
may be responsible for the observed increased lag time 
in the stomach because the low pH in the stomach 
increases solubility of zinc oxide. Due to an increased 
“bioaccessibility,” actual free zinc concentrations may 
have varied between the 2 zinc sources, although total zinc 
concentrations were identical. The increased lag times 
for the new zinc oxide preparation in the stomach, but 
no changes between zinc sources in the small intestinal 
samples may be the outcome of growth reduction for 
lactic acid bacteria in the stomach, while more diverse 
bacterial groups in the jejunum could show a higher 
adaptation to zinc and consequently faster growth.

Three-dimensional presentations of the data were 
chosen in order to display the initial bacterial growth 
depression, because the physiological state of a bacterial 

Figure 1. Calculated lag times of bacterial growth from intestinal 
samples after 22-h growth at different Zn concentrations (OD 650 nm); (A) 
stomach; (B) jejunum. *Signifi cantly different (P ≤ 0.05)

Figure 2. Three-dimensional presentation of the initial growth 
depression of bacteria in stomach samples as differential OD (subtraction 
of OD from ZnO supplemented media from control incubations; mean of 6 
incubations). (A) ZnO p.a.; (B) HiZox, Animine, Sillingy, France.
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cell determines its further success to compete against 
other bacteria. The new zinc oxide preparation led to 
a more drastic and earlier decline of OD in stomach 

samples (Figure 2) and jejunum samples (Figure 3). 
These results again confi rm that higher bioaccessible 
Zn2+ concentrations must have been present in media 
supplemented with the new zinc oxide preparation.

In conclusion, the new zinc preparation exhibited 
higher growth depressing effects than analytical grade 
ZnO because of its different physico-chemical properties. 
Consequently, its concentration in feed could be reduced 
and therefore decrease zinc excretion.
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Figure 3. Three-dimensional presentation of the initial growth 
depression of bacteria in jejunum samples as differential OD (subtraction 
of OD from ZnO supplemented media from control incubations; mean of 6 
incubations). (A) ZnO p.a.; (B) HiZox, Animine, Sillingy, France.
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