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Introduction: Zinc is vital for proper microbial activity and is expected to affect rumen
microorganisms and enzymes. Animal zinc requirements are usually provided by inorganic salts, but
their bioavailability is low. By producing organic and nano zinc sources, it may be possible to reduce
the interaction of zinc with other elements and increase its biological activity and effectiveness on
rumen microbes. Despite various animal studies, the comparative effect of different zinc sources on
ruminal microbes and hydrolytic enzymes has not been well investigated. In this research, it was
assumed that organic and nano zinc sources may be used more effectively by rumen mlcrobes
compared to inorganic zinc. As a result, they may improve enzymatic activity and fermentation. This
study was conducted to compare the effect of different zinc sources on in vitro microbial populations,
hydrolytic enzymes, antioxidant capacity and fermentation products in sheep.
Material and Methods: The treatments were a diet without zinc supplement (control) and diets
containing ZnSO,, ZnO, nano-ZnO or Zn-methionine. The zinc concentration in diets without or with
zinc supplements was 27.1 and 57.1 mg/kg DM, respectively. The 24 and 72-h gas tests were done
with three replicates and two runs, where microbial populations, enzymatic activity, gas production,
organic matter digestibility (OMD) metabolizable energy (ME), methane, truly-degraded substrate
(TDS), microbial biomass production (MBP), partitioning factor (PF), antioxidant capacity, pH,
Ammonia-N and volatile fatty acids (VFA) were determined. Data were analyzed using GLM
procedure of SAS in a completely randomized design.
Results and Discussion: Total proteolytic bacteria and protease activity in 24 and 72-h incubations
decreased (P<0.05) by adding all zinc supplements to the diet. This reduction may be related to the
selective negative effect of zinc salts on certain groups of proteolytic bacteria. The use of ZnSQ,,
ZnO and Zn-methionine led to an increase in alpha-amylase activity in both incubation times
(P<0.05). The dietary zinc supplementation appears to selectively improve conditions for amylolytic
activity (contrary to proteolysis). This finding was consistent with the increase in TDS and the
decrease in acetate: propionate. The increased alpha-amylase activity was also consistent with the
relative decrease in ruminal pH because reducing pH in the normal range improves conditions for
activity of amylolytic bacteria. By including zinc supplements in diet, a tendency to reduce the 24-h
protozoa number was observed. The use of ZnSO, ZnO and Zn-methionine increased gas
production, OMD, ME and TDS, compared to control (P<0.05), due to the improvement of alpha-
amylase activity and microbe-feed attachment. Compared to control, all zinc supplements decreased
24-h methane (P<0.05), probably owing to the relative reduction of protozoa, the increase in
propionate percentage and a shift of hydrogen towards propionate instead of methane. Treatments
had no effect on cellulolytic bacteria, carboxymethyl-cellulase, microcrystalline-cellulase, filter
paper-degrading activity, antioxidant capacity, MBP and PF. Ammonia-N concentration decreased
with dietary inclusion of organic and inorganic zinc sources, compared to control (P<0.05), due to the
decrease in ruminal proteolytic activity (lower proteolytic bacteria and protease). Dietary inclusion of
inorganic and organic zinc supplements increased total VVFA concentration in 24 and 72-h
incubations (P<0.05), because of the higher TDS and amylolytic activity, but decreased acetate:
propionate (P<0.05). On the other hand, adding nano-ZnO had no considerable positive or negative
effects on in vitro fermentation variables.
Conclusion: Addition of ZnSO,, ZnO and Zn-methionine in the diet (30 mg Zn/kg DM) is
recommended with the aim of improving ruminal alpha-amylase activity and diet digestibility and
reducing proteolytic activity, ammonia and methane, but feeding nano-ZnO is not recommended.
More experiments should be conducted to clarify the effect of different zinc sources on microbial
populations and enzymatic activity in different dietary conditions.
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