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Ethanol is a common constituent of fermented feeds for ruminant livestock. Apple pomace
contains high amounts of moisture, fermentable carbohydrate and organic acids which are
responsible for prominent production of ethanol in apple pomace silage (APS). Excess
alcohol intake lead to an increased alcohol load into liver and followed by a period of
elevated peripheral concentrations of alcohol, causing changes in ruminal fermentation
pattern and metabolite concentrations in blood, and may influence the postprandial
metabolism. Thus, this study was undertaken to investigate the effect of feeding APS
which 1is rich in ethanol on blood parameters, liver glycogen and some regulatory enzymes
for hepatic gluconeogenesis. Nutritive values of APS containing different amounts of
ethanol were also evaluated in Suffolk sheep.

1. Effect of feeding APS ethanol on response of blood parameters in Suffolk ewes

Two experiments were conducted. In experiment 1, four ewes were fed alfalfa hay cube
and either rice straw APS (RS-APS, 33.4 g of ethanol/kg DM) or concentrate (control) in a
2x2 crossover design over two 35-day periods. Alfalfa hay cube and either the RS-APS or
concentrate were provided at a ratio of 30:70 of TDN requirement for maintenance and
daily 100g gain. On the last day of each 35 days period, blood samples were collected
during 8 hours before and after morning feed, and plasma levels of ethanol, lactate, 8-
hydroxybutyrate (BHBA), insulin, metabolites and glutamate oxaloacetate transaminase
(GOT) and glutamate pyruvate transaminase (GPT) were assayed. The area upper or
under the curve (AUC) of blood parameters for 2 and 8 hours were calculated and assessed
correlations among the AUCs. Plasma concentrations of ethanol, lactate and BHBA were

elevated after feeding of RS-APS and peaked at 2, 1 and 4 hours, respectively. Plasma




insulin level tended to increase after RS-APS feeding but the magnitude of postprandial
glucose decline was not different between the treatments. After feeding of RS-APS, plasma
F-Cho, HDL-Cho and phospholipid were increased and plasma urea nitrogen (UN) was
decreased. The AUCs of plasma ethanol and lactate were positively correlated with that of
BHBA. Insulin AUC was positively correlated with AUCs of ethanol and BHBA.

In experiment 2, effects of feeding low and high levels of ethanol (44.1g vs. 66.9 g of
ethanol/kg DM) contained in two APS (L- and H-APS) on blood parameters were compared.
Animals, design, feeding level, duration, sampling procedure and parameters tested were
same as in experiment 1. The changes in blood parameters showed similar trends after
feeding of two APSs, which correspond to the changes after APS feeding in experiment 1,
however no significant treatment effect was detected. The AUC of lactate was positively
correlated with those of BHBA and triglyceride. The BHBA AUC was also positively
correlated with that of triglyceride. The glucose AUC was negatively correlated with AUCs
of lactate and BHBA.

Simultaneous increases in plasma ethanol, lactate and BHBA, and the correlations
between these AUCs would indicate that higher priority of ethanol metabolism are given
over glucose metabolism in the liver after APS ethanol consumption.

2. Nutritive values of APSs containing different amounts of ethanol

Ethanol production during ensiling leads to larger DM loses compared to common lactic
acid fermentation. Therefore ethanol content may affect nutritive values of APS
containing different amounts of ethanol. In this experiment, 3 ewes were used in a 3X3
Latin square design over three period assigned with three dietary treatments: hay diet, L-
APS (48.7 g of ethanol/kg DM) diet and H-APS (87.2 g of ethanol/kg DM) diet. Alfalfa hay
cube and either the L-APS or H-APS provided half of 110% TDN requirement for
maintenance in L- or H-APS diet and control group fulfil 110% TDN requirement from
alfalfa hay cube. During the last 7 days of each 21 day period, feaces, urine and feed
refusal were collected, and blood samples were collected after 3 hours of morning feed on
the last day of each period. Apparent digestibility of all nutrients were higher in APS diets
and CP digestibility was lower in L-APS diet. There was no significant difference in
nutrient digestibility of all items and TDN content between the L.-APS and H-APS.
Nitrogen intake, faecal nitrogen excretion and total nitrogen excretion were higher in
ewes fed hay diet and there was no significant different between the both APS diets.
Higher ethanol intake produced higher plasma ethanol concentration in the H-APS than
L-APS treatment. Postprandial changes in plasma parameters after feeding of two APSs
followed similar trends in the experiment 1 and 2, and the magnitude of response was not
different between L- and H-APS treatments.

3. Effect of ethanol contained in apple pomace silage on hepatic metabolism of Suffolk
sheep

Four each of ewes and wethers were fed alfalfa hay cube and either APS (109.4 g of
ethanol/kg DM) or concentrate (control) in a 2x2 factorial design over 28 day periods.

Alfalfa hay cube and either APS or concentrate were provided at a ratio of 30:70 of TDN



requirement for 110% of maintenance. Blood samples were collected weekly immediately
before morning feed, and at exactly after 3 hours of morning feed immediately before
slaughtering on the last day of 28 day period. All plasma samples were assayed for ethanol,
lactate, BHBA, insulin, plasma metabolites, GOT and GPT. The animal was slaughtered
after 3 hours of morning feed, and liver sample was collected for measurements for
glycogen content and mRNA expression for the genes related gluconeogenesis; pyruvate
carboxylase (PC), phosphoenolpyruvate carboxykinase (PEPCK), fructose 1,6-
bisphosphatase (FBP1), glucose-6-phosohatase (G6Pase), glycogen synthase (GS). In APS
group, pre-feeding plasma levels of ethanol, glucose, T-Cho, F-Cho, HDL-Cho, and
phospholipid were increased and that of BHBA was declined. Postprandial plasma ethanol,
BHBA, T-Cho, F-Cho, HDL-Cho, phospholipid and triglyceride concentrations were
increased in APS group and postprandial glucose concentration was not affected by
treatment however hypoglycemic tendency occurred in ewes. APS group had significant
heavier liver. The mRNA expression of PEPCK tended to greater and G6Pase was
significantly greater in the liver from H-APS sheep, presumably because of compensatory
over expression of these gluconeogenic enzymes under a condition of suppressed
gluconeogenesis generated by ethanol consumption from APS.

Conclusion

In this study, it is confirmed that apple pomace can be well preserved by ethanol
fermentation and nutritionally balanced APS can be used as a replacer of concentrate feed
for ruminants. Suffolk sheep are capable to utilize [150 g/d ethanol inta
without any clinical sign of adverse effect. Examination of responses in blood parameters
after feeding of APS ethanol revealed increased plasma ethanol, BHBA and lipid
components. Heavier liver and higher mRNA expression for PEPCK and G6Pase were
observed after APS ethanol ingestion. These results indicate that APS ethanol
consumption induce postprandial transient hyperketonemia through suppression of
hepatic gluconeogenesis while the liver has to be giving priority to metabolize ethanol over
other hepatic metabolism. Therefore, farmers need to be cautious when they feed alcoholic

fermented feeds to ruminant livestock.
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