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  ABSTRACT 

  Ethanol and acetic acid are common end products 
from silages. The main objective of this study was to 
determine whether high concentrations of ethanol or 
acetic acid in total mixed ration would affect perfor-
mance in dairy cows. Thirty mid-lactation Holstein 
cows were grouped in 10 blocks and fed one of the fol-
lowing diets for 7 wk: (1) control (33% Bermuda hay 
+ 67% concentrates), (2) ethanol [control diet + 5% 
ethanol, dry matter (DM) basis], or (3) acetic acid 
(control diet + 5% acetic acid, DM basis). Ethanol and 
acetic acid were diluted in water (1:2) and sprayed onto 
total mixed rations twice daily before feeding. An equal 
amount of water was mixed with the control ration. 
To adapt animals to these treatments, cows were fed 
only half of the treatment dose during the first week of 
study. Cows fed ethanol yielded more milk (37.9 kg/d) 
than those fed the control (35.8 kg/d) or acetic acid 
(35.3 kg/d) diets, mainly due to the higher DM intake 
(DMI; 23.7, 22.2, and 21.6 kg/d, respectively). The 
significant diet × week interaction for DMI, mainly 
during wk 2 and 3 (when acetic acid reached the full 
dose), was related to the decrease in DMI observed for 
the acetic acid treatment. There was a diet × week 
interaction in excretion of milk energy per DMI during 
wk 2 and 3, due to cows fed acetic acid sustained milk 
yield despite lower DMI. Energy efficiency was similar 
across diets. Blood metabolites (glucose, insulin, non-
esterified fatty acids, ethanol, and γ-glutamyl transfer-
ase activity) and sensory characteristics of milk were 
not affected by these treatments. Animal performance 
suggested similar energy value for the diet containing 
ethanol compared with other diets. Rumen conversion 
of ethanol to acetate and a concomitant increase in 
methane production might be a plausible explanation 
for the deviation of the predicted energy value based on 
the heat of combustion. Therefore, the loss of volatile 

compounds during the drying process in the laboratory 
should be considered when calculating energy content 
of fermented feedstuffs. 
  Key words:    energy ,  feed intake ,  milk quality ,  volatile 
organic compound 

  INTRODUCTION 

  Ethanol and acetic acid are volatile organic com-
pounds commonly found in silages (McDonald et al., 
1991). In silages inoculated with heterolactic bacteria 
(e.g., Lactobacillus buchneri), acetic acid is an impor-
tant fermentation end product with a typical mean 
concentration of approximately 4% DM (Kleinschmit 
and Kung, 2006). Most silages have low concentrations 
of alcohols (McDonald et al., 1991), but in some cases 
ethanol can be the main fermentation product instead 
of lactic acid (Driehuis and van Wikselaar, 2000; Yama-
moto et al., 2004). In sugarcane silages, ethanol is the 
main fermentation product (Kung and Stanley, 1982; 
Pedroso et al., 2005). Concentrations up to 10% DM 
are common, although levels as high as 22% DM have 
been reported in Brazil (Daniel and Nussio, 2011). 

  Conventionally processed silage samples are virtu-
ally free of ethanol and acetic acid due to oven drying 
before laboratory analysis (Porter and Murray, 2001; 
Weissbach, 2009). However, fermentation end products 
are consumed by animals when silages are used as a ra-
tion ingredient. The heat of combustion of ethanol (7.1 
Mcal/kg) is higher than either acetic acid (3.7 Mcal/kg) 
or carbohydrates (4.2 Mcal/kg); therefore, animals fed 
ethanol could be energetically more efficient. However, 
most ethanol ingested is partially oxidized to acetate 
by rumen microorganisms with concomitant increases 
in methane production (Durix et al., 1991; Yoshii et al., 
2005), which might decrease energy efficiency. Indica-
tions also exist that milk quality could be negatively 
affected by the intake of fermentation products in si-
lages (Randby et al. 1999; Randby, 2007). The main 
objective of this study was to evaluate the effects of 
diet supplementation with acetic acid and ethanol on 
performance of mid-lactation dairy cows. 
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MATERIALS AND METHODS

Experimental Procedures

All experimental procedures were approved by the 
Committee on Animal Use and Care at University of 
São Paulo/“Luiz de Queiroz” College of Agriculture 
(Piracicaba, SP, Brazil). Thirty lactating Holstein cows 
(12 primiparous and 18 multiparous) averaging 245 ± 
120 DIM (mean ± SD) were housed in a tiestall barn. 
Prior to the treatment period, cows were fed a standard 
diet (control diet; Table 1) for 14 d to obtain baseline 
values for DMI, milk yield, and composition (covari-
ates). At the beginning of the trial, the BW of cows 
was 638 ± 60 kg and milk yield was 39.3 ± 5.6 kg/d 
(mean ± SD).

Cows were grouped into 10 blocks based on parity 
and milk yield and randomly assigned to 1 of 3 dietary 
treatments over 7 wk: (1) control [33% Tifton-85 hay 
(Feno Água Comprida, Guaíra, Brazil) + 67% concen-
trates], (2) ethanol [control diet + 5% ethanol, DM 
basis (PA; Synth, Diadema, SP, Brazil)], or (3) acetic 
acid [control diet + 5% acetic acid, DM basis (PA; 
Synth)].

Hay bales were chopped three times weekly in a sta-
tionary machine (Agroforn, Pardinho, SP, Brazil) and 

stored in a feed box with concentrates. Ration ingredi-
ents (Table 1) were mixed for 15 min in a self-propelled 
mixer (Data Ranger; American Calan Inc., Northwood, 
NH) twice daily (0800 and 1800 h). Ethanol and acetic 
acid were diluted in filtered tap water (1:2) and applied 
onto TMR with a battery-powered sprayer throughout 
the mixing. An equal amount of water was mixed with 
the control ration. To adapt the animals to treatments 
and avoid off feed, cows were fed half of the treatment 
dose during the first experimental week. The amount 
of feed offered was adjusted daily to allow more than 
10% orts.

Fractional disappearance rates of dietary ethanol and 
acetic acid were determined during wk 2 and 6 of the 
experiment. Approximately 2.5 kg of TMR was placed 
in plastic buckets allocated near the feed bunks and 
samples were collected at 0, 0.5, 1, 2, 4, 8, and 12 h 
after morning and evening feedings. Fractional disap-
pearance rates were determined by fitting exponential 
curves to ethanol and acetic acid concentrations over 
time: Ct = C0 × e−k × t, where Ct = concentration at 
time t, C0 = initial concentration at time 0 (intercept), 
k = disappearance rate constant, and t = time.

Individual feed intake was determined daily by cal-
culating the difference between the amounts of feed 
offered and refused. Due to the volatility of the supple-
mented compounds, 2 variables associated with feed 
intake were calculated: (1) DMIoven was estimated by 
the DM content of feeds and orts in a forced-air oven 
(predrying at 55°C for 72 h, followed by drying at 105°C 
for 12 h); (2) DMI was the sum of DMIoven and the 
estimated ethanol or acetic acid intake, which was cor-
rected for loss during application and TMR exposure 
at the feed bunk adjusted to eating behavior. For that, 
feed intake rate (min/kg) was used to convert the eat-
ing time to feed intake for each hour of the day (kg/h). 
A constant intake rate was assumed for each animal. 
From fractional disappearance rates, concentrations of 
ethanol and acetic acid in TMR were predicted for each 
hour of a 24-h period, and the intake of each compound 
was calculated.

Eating behavior was recorded by visual observation 
of animals in wk 1, 2, and 6. In wk 1 and 2, eating 
activity was recorded during a 4-h period following 
the morning feeding to check if ethanol and acetic acid 
could impair feed intake via olfaction. In wk 6, eat-
ing and ruminating activities were recorded at 10-min 
intervals throughout a 24-h period. Chewing (eating + 
ruminating) per kilogram of DM and NDF were calcu-
lated with the DM and NDF intakes during chewing 
measurement (wk 6).

Cows were injected with recombinant bovine somato-
tropin (rbST; 500 mg) every 12 d and milked twice 
daily in a milking parlor (0600 and 1700 h). Milk 

Table 1. Ingredients and chemical composition of experimental diets 
(% of DM) 

Item

Treatment1

Control Ethanol Acetic acid

Ingredient
 Bermuda hay 33.00 31.85 31.50
 Dry ground corn 29.20 28.26 27.96
 Citrus pulp 19.10 18.59 18.38
 Soybean meal 16.40 15.78 15.70
 Mineral-vitamin mix2 2.30 2.32 2.20
 Ethanol3 — 3.20 —
 Acetic acid3 — — 4.26
Nutrient
 DM (% as fed) 76.84 79.30 80.12
 OM 92.51 92.66 92.82
 CP 17.78 17.17 17.05
 RDP4 11.40 10.90 11.10
 NDF 37.05 35.84 35.49
 Ether extract 2.56 2.48 2.46
 NFC5 35.12 37.16 37.82
1Control = control diet; ethanol = control diet + 5% ethanol; acetic 
acid = control diet + 5% acetic acid (DM basis).
2Mineral-vitamin mix contained (DM basis) 10.0% Ca, 4.2% P, 4.5% 
Mg, 2.0% K, 1.8% S, 12.3% Na, 2,800 mg of Zn/kg, 1,400 mg of Mn/
kg, 1,050 mg of Fe/kg, 500 mg of Cu/kg, 28 mg of I/kg, 20 mg of Cr/
kg, 18 mg of Se/kg, 14 mg of Co/kg, 200,000 IU of vitamin A/kg, 
40,000 IU of vitamin D3/kg, 1,200 IU of vitamin E/kg, and 80 mg of 
biotin/kg.
3Puriss grade.
4Rumen-degradable protein estimated by NRC (2001).
5Including ethanol and acetic acid.
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production was recorded daily and composite samples 
were collected in flasks containing bronopol on d 6 and 
7 of each experimental week. Milk was analyzed for 
fat, protein, lactose, casein, FFA, and urea nitrogen by 
Fourier transform infrared spectroscopy (Lefier et al., 
1996), and SCC by flow cytometry (Clínica do Leite, 
Piracicaba, SP, Brazil). Milk energy content (Mcal/kg) 
was calculated as milk NEL = 0.0929 × fat percent-
age + 0.0547 × protein percentage + 0.0395 × lactose 
percentage (NRC, 2001). Daily excretion of milk energy 
(Mcal/d) was calculated as milk NEL × milk yield.

Unpreserved and unpasteurized milk was collected in 
wk 6 of the trial and judged immediately after milking 
for appearance, aroma, taste, and overall quality by 
a sensory panel of 56 nontrained persons blinded to 
treatments. Scores were given on a 9-point scale (from 
1 = poor quality to 9 = high quality) for each attribute 
(Dutcosky, 2011).

In wk 6, diet digestibility was measured in 15 cows 
(5 per treatment) by total collection of feces for 3 d. 
Apparent digestibility of nutrients was calculated as in-
take of nutrient (kg/d) minus fecal excretion of nutrient 
(kg/d) divided by intake. Total digestible nutrients were 
estimated through nutrient digestibilities (NRC, 2001). 
Ethanol and acetic acid were considered as containing 
100% TDN. Cows were weighed and scored for body 
condition after milking in the afternoon (BCS from 1 
to 5; Wildman et al., 1982) at the beginning and end 
of the trial. Energy partitioning (maintenance, reserves, 
and lactation) was calculated with equations from NRC 
(2001) using data from individual cows.

Blood samples were obtained from coccygeal vessels 
1 h before and 6 h after morning feeding on wk 1, 2 
and 6. Samples were collected in 7-mL vacuum tubes 
containing sodium heparin. Plasma was separated by 
centrifugation (2,000 × g for 20 min) and submitted 
to a commercial laboratory (Plimorlabor, Piracicaba, 
Brazil) for glucose (glucose oxidase; Trinder, 1969), 
insulin (chemiluminescence immunoassay; Vlasenko 
et al., 1989), NEFA (spectrophotometry; Johnson and 
Peters, 1993), ethanol (gas chromatography; Tietz, 
1976), and γ-glutamyl transferase activity (enzymatic 
method; Szasz, 1969) analysis.

Samples of feeds, TMR, and orts were collected 
weekly, composited by cow and oven dried (72 h at 
60°C), as were feces collected during the digestion trial. 
Water extracts (Kung et al., 1984) were also prepared 
from TMR samples. Acetic acid content was analyzed 
by gas chromatography (Palmquist and Conrad, 1971) 
and ethanol content was determined using a procedure 
for markedly turbid samples (Sigma procedure no. 332-
UV; Kung et al., 2000). Dried samples were ground 
through a 1-mm screen (Wiley mill). Subsamples were 
analyzed for DM in an air-forced oven at 105°C (AOAC, 

1980), CP by the Dumas method (Wiles et al., 1998), 
ether extract (AOAC, 1990), ash (AOAC, 1980), NDF 
(assayed with sodium sulfite and amylase; ash free), 
ADF (nonsequential), sulfuric acid lignin (Van Soest 
et al., 1991), neutral detergent insoluble CP (NDICP), 
and acid detergent insoluble CP (Goering and Van 
Soest, 1970). For ethanol and acetic acid diets, nutrient 
concentrations were corrected by including ethanol and 
acetic acid as part of the total DM. Thus, NFC were 
calculated as 100 − [CP + (NDF − NDICP) + EE + 
ash], where EE = ether extract.

Statistical Analysis

Statistical analysis was performed by the repeated 
measures approach of the PROC MIXED of SAS (Lit-
tell et al., 1998; SAS Institute, 2001). The covariance 
structure used was the one with the smaller value for 
the Akaike information criterion. Covariance structures 
considered were autoregressive(1), compound symme-
try, unstructured, and variance components. The fol-
lowing model was used: yijk = μ + COV + αi + βj + 
αβij + γk + βγjk + εijk, where yijk = dependent variable, 
μ = overall mean, COV = covariate (measurement of 
the same variable made during the pretreatment pe-
riod), αi = random effect of block (i = 1 to 10), βj = 
fixed effect of treatment (j = control, ethanol, or acetic 
acid), αβij = error term to test whole-plot effects, γk = 
fixed effect of week (k = 1 to 7), βγjk = interaction of 
treatment and week, and εijk = residual error. Single 
measurements were analyzed with block and treatment 
effects in the model. Means were compared using the 
Tukey-Kramer test at 5 and 10% significance levels. Be-
cause the original data from the milk sensory panel did 
not fit a normal distribution, a Box-Cox transformation 
was performed by the PROC TRANSREG of SAS.

RESULTS AND DISCUSSION

The use of hay as the only forage source allowed for 
the addition of ethanol and acetic acid without any 
contamination of fermentation end products, which are 
normally found in fermented feedstuffs. However, some 
of the added compounds were lost by volatilization dur-
ing diet mixing and feeding. Therefore, actual doses at 
the feed bunk were 3.20% ethanol and 4.26% acetic 
acid (Table 1). Higher losses of ethanol compared with 
acetic acid occurred due to the higher vapor pressure of 
ethanol (Atkins, 1994).

In addition, more ethanol and acetic acid were lost 
due to exposure at the feed bunk (Figure 1), either 
by volatilization (Mitloehner et al., 2009) or aerobic 
microbial oxidation (Spoelstra et al., 1988), although 
this partitioning was not assessed in the present trial. 
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Fractional disappearance rates of ethanol and acetic 
acid were associated with feeding time. The TMR de-
livered in the morning had a higher rate of ethanol 
loss and tended to have a greater loss of acetic acid 
than in the evening, possibly due to higher temperature 
(29.9°C during the day and 22.4°C during the night) at 
the tiestall barn. Considering fractional disappearance 
rates and eating behavior, it was estimated that 92% of 

the ethanol and 90% of the acetic acid available at the 
feed bunk were actually consumed by cows.

The method adopted to calculate feed intake affected 
results and their interpretations. If DM of a TMR 
containing volatile compounds (e.g., ethanol and acetic 
acid) is measured in the oven, most of these compounds 
will evaporate and actual DMI will be underestimated. 
In the current study, DMIoven was not affected by etha-
nol addition but was depressed by acetic acid. Others 
found that ethanol did not impair voluntary feed intake 
(Ham et al., 1994; Randby et al., 1999). When the 
mass of ethanol was considered, DMI was higher for 
the ethanol-containing diet (Figure 2).

Regardless of the calculation method, acetic acid 
depressed DMI for 2 wk following the full dose applica-
tion (wk 2 and 3), but its deleterious effect disappeared 
after wk 4. Krizsan et al. (2006) fed acetic acid to steers 
and also observed lower DMIoven; nevertheless, they re-
ported similar DMI across all experimental treatments 
when the mass of supplement was taken into account, 
which is in agreement with the findings of Hutchinson 
and Wilkins (1971).

Eating, ruminating, and chewing time (min/d) and 
chewing per kilogram of DM or NDF intake were 
unchanged across treatments, during the 1-d observa-
tion. Eating time during the 4-h period following the 
morning feeding was lower for the acetic acid treat-
ment; however, differences across treatments were not 
observed for the whole day (Table 2). The tendency 
for a higher disappearance rate of acetic acid after the 
morning feeding may have led to feed refusal due to ol-
faction (Forbes, 2007). Hutchinson and Wilkins (1971) 
observed similar changes in the eating pattern of sheep 
fed ryegrass silage supplemented with acetic acid (2, 5, 
and 8.8% DM). Moreover, eating time decreased dur-

Figure 1. Fractional disappearance rates of ethanol and acetic acid 
from TMR at the feed bunk, according to feeding time (morning or 
evening). P = 0.14 for compound effect, P = 0.02 for feeding time ef-
fect, and P = 0.22 for compound × feeding time interaction. Means 
with different letters (a and b) differ (P < 0.10). Bars denote SEM.

Figure 2. Voluntary feed intake during the trial. Solid line = DMI 
considering the consumption of ethanol and acetic acid (P = 0.07 for 
diet effect, P < 0.01 for week effect, and P = 0.02 for diet × week 
interaction). Dotted line = DMIoven (estimated by the DM content of 
feeds and orts in a forced-air oven) without considering the consump-
tion of ethanol and acetic acid (P = 0.02 for diet effect, P < 0.01 for 
week effect, and P = 0.02 for diet × week interaction). COV = covari-
ate. Bars denote SEM.

Figure 3. Milk yield of cows fed ethanol or acetic acid. P = 0.04 
for diet effect, P < 0.01 for week effect, and P = 0.13 for diet × week 
interaction. COV = covariate. Bars denote SEM.
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ing a 4-h period following the diet offering, but the 
opposite occurred between 16 to 20 h after feeding 
(Hutchinson and Wilkins, 1971). Because acetate is 
produced in large amounts in the rumen, it seems un-
likely that DMI was metabolically controlled by dietary 
acetate. Assuming a ruminal acetate yield of 3 mol/kg 
of DMI (Bergman, 1990; Resende Júnior et al., 2006), 
supplemental acetic acid could represent less than 18% 
of total acetate absorbed daily by our cows.

Milk yield was greater for cows fed ethanol. Although 
DMI was depressed for cows fed acetic acid during the 
first several weeks, average milk production throughout 
the study was not different from the control (Figure 3). 
The content of all milk components was unaffected by 
the treatments (Table 3), but a diet × week interaction 
(P = 0.03) existed for milk fat due to the higher milk 
fat content in acetic acid treatment during wk 2 and 3. 

On the other hand, ethanol did not increase milk fat 
content as expected based on published data (Orskov 
et al., 1967; Pradhan and Hemken, 1970; Randby et 
al., 1999). Cows fed an ethanol diet yielded more lac-
tose and tended (P = 0.06) to yield more milk protein. 
Ethanol supply may have changed the overall energy 
status of cows and spared glucose and glucogenic amino 
acids (Danfaer, 1994; Hanigan et al., 1998; Randby et 
al., 1999).

At the sensory panel, all diets led to well-accepted 
milk batches (scores >6.6). The appearance, aroma, 
and taste of milk were not affected by treatments 
(Table 4). However, the overall milk quality was higher 
for cows fed ethanol and acetic acid compared with 
cows fed the control diet. Unlike the results of Randby 
et al. (1999), who reported that ethanol reduced the 
organoleptic quality of milk, our results showed that 

Table 2. Ingestive behavior of cows fed control, ethanol, and acetic acid diets 

Item

Treatment1

SEM P-valueControl Ethanol Acetic acid

wk 1
 Eating during 4 h after morning feeding (min) 108a 108a 83b 7.23 0.03
wk 2
 Eating during 4 h after morning feeding (min) 104a 88ab 68b 8.67 0.03
wk 6
 Eating during 4 h after morning feeding (min) 90a 90a 48b 10.17 0.01
 Eating (min/d) 245 233 231 17.0 0.77
 Ruminating (min/d) 418 435 451 19.0 0.38
 Chewing (min/d) 663 668 682 25.0 0.81
 Chewing/DMI (min/kg) 31.2 29.8 32.2 1.32 0.43
 Chewing/NDF intake (min/kg) 91.1 92.4 85.8 3.05 0.64
a,bMeans within a row with different superscripts differ (P < 0.10).
1Control = control diet; ethanol = control diet + 5% ethanol; acetic acid = control diet + 5% acetic acid (DM basis).

Table 3. Dry matter intake, milk yield, and milk composition of cows fed control, ethanol, and acetic acid diets 

Item

Treatment1

SEM

P-value

Control Ethanol Acetic acid Treatment (Trt) Week Trt × wk

DMI (g/d) 22.1ab 23.1a 21.3b 0.54 0.07 <0.01 0.02
Milk yield (kg/d) 35.8d 37.9c 35.3d 0.75 0.04 <0.01 0.13
Fat (%) 3.55 3.43 3.69 0.11 0.20 <0.01 0.03
Fat (kg) 1.25 1.29 1.31 0.05 0.74 <0.01 0.10
Protein (%) 3.32 3.33 3.29 0.03 0.56 <0.01 0.29
Protein (kg) 1.19cd 1.26c 1.15d 0.03 0.03 <0.01 0.24
Casein (%) 2.62 2.59 2.60 0.05 0.93 <0.01 0.22
Casein (kg) 0.91 0.94 0.90 0.04 0.66 <0.01 0.45
Casein/protein (%) 77.0 76.6 76.8 0.20 0.43 <0.01 0.36
Lactose (%) 4.67 4.65 4.67 0.03 0.84 <0.01 0.83
Lactose (kg) 1.65d 1.76c 1.64d 0.04 0.03 <0.01 0.79
FFA (μmol/dL) 3.23 4.26 6.37 1.08 0.12 <0.01 0.35
Urea N (mg/dL) 13.2 12.5 12.5 0.39 0.30 <0.01 0.20
SCC (×1,000/mL) 105 120 107 — — — —
Log10 SCC 1.82 1.92 1.85 0.06 0.48 0.02 0.21
a,bMeans within a row with different superscripts differ (P < 0.10).
c,dMeans within a row with different superscripts differ (P < 0.05).
1Control = control diet; ethanol = control diet + 5% ethanol; acetic acid = control diet + 5% acetic acid (DM basis).
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consumption of ethanol by cows improved milk sensory 
quality. Differences in experimental length may affect 
the capacity of rumen microbes and tissues to metabo-
lize ethanol (Orskov et al., 1967; Jean-Blain et al., 1992; 
Raun and Kristensen, 2011) and may explain different 
findings among experiments. The higher proportion of 
concentrates may have contributed to the good milk 
sensory quality found in the present study (Pradhan 

and Hemken, 1970; Adler and Randby, 2007). More-
over, off-flavors in milk may be due more to differences 
in a group of common compounds rather than from the 
absence or presence of a single compound (Mounchili 
et al., 2005).

Apparent digestibility of nutrients (Table 5), BW, 
and BCS changes (Table 6) were not altered across 
treatments. Energy efficiency of the ethanol-containing 

Table 4. Sensory milk quality of cows fed control, ethanol, and acetic acid diets 

Item

Treatment1

SEM P-valueControl Ethanol Acetic acid

Appearance 7.35 7.45 7.50 — —
Appearance transformed2 27.9 28.6 28.8 1.28 0.88
Aroma 6.65 7.78 6.86 — —
Aroma transformed2 21.9 24.8 25.5 1.38 0.15
Taste 7.13 7.36 7.43 — —
Taste transformed2 26.2 27.9 28.4 1.23 0.40
Overall quality3 7.28 7.48 7.56 — —
Overall quality transformed2 25.8b 28.9a 30.1a 1.13 0.02
a,bMeans within a row with different superscripts differ (P < 0.05).
1Control = control diet; ethanol = control diet + 5% ethanol; acetic acid = control diet + 5% acetic acid (DM 
basis).
2Box-Cox transformation.
3Overall quality was judged by panelists. It combines all organoleptic attributes of milk samples.

Table 5. Apparent digestibility of nutrients in control, ethanol, and acetic acid diets (n = 15) 

Item

Treatment1

SEM P-valueControl Ethanol Acetic acid

DM (%) 71.38 69.23 70.21 1.86 0.74
OM (%) 74.94 76.27 76.22 1.20 0.60
CP (%) 71.09 72.20 70.30 1.85 0.66
NDF (%) 65.76 65.95 66.13 2.37 0.99
Diet TDN (%) 72.09 72.94 73.49 1.18 0.70
1Control = control diet; ethanol = control diet + 5% ethanol; acetic acid = control diet + 5% acetic acid (DM 
basis).

Table 6. Body weight, BCS change, and energy partitioning of cows fed control, ethanol, and acetic acid diets 

Item

Treatment1

SEM P-valueControl Ethanol Acetic acid

BW (kg) 641 621 652 19.1 0.46
BW change (kg/d) 0.11 0.08 −0.00 0.13 0.82
BCS change (/7 wk) 0.13 0.08 0.03 0.07 0.63
NEM

2 (Mcal/d) 10.2 9.97 10.3 0.21 0.44
NEL required for BW change2 (Mcal/d) 0.91 0.57 0.16 0.54 0.63
NEL lactation2 (Mcal/d) 24.7 25.5 25.2 0.94 0.75
Total NEL (Mcal/d) 35.8 36.1 35.8 1.02 0.96
NEL lactation/DMI (Mcal/kg) 1.12b 1.12b 1.19a 0.02 <0.01
Total NEL/DMI (Mcal/kg) 1.62 1.59 1.67 0.04 0.24
a,bMeans within a row with different superscripts differ (P < 0.05).
1Control = control diet; ethanol = control diet + 5% ethanol; acetic acid = control diet + 5% acetic acid (DM 
basis).
2Estimated by equations from NRC (2001).
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diet was similar to other diets (average 1.63 Mcal/
kg). Ham et al. (1994) and Randby et al. (1999) also 
found similar values for energy efficiency in diets with 
or without ethanol. Although it was not measured 
in this study, the oxidation of ethanol to acetate by 
rumen microorganisms is a plausible explanation for 
the deviation of the predicted energy value based on 
the heat of combustion (Durix et al., 1991; Jean-Blain 
et al., 1992; Yoshii et al., 2005; Raun and Kristensen, 
2011). Conversely, cows fed acetic acid had higher milk 
NEL/DMI than those fed control and ethanol diets, due 
to the sustained milk yield despite lower DMI (P = 
0.06 for diet × week interaction). However, after cows 
fed acetic acid recovered DMI (from wk 4 forward), 
milk energy excretion per kilogram of DMI was similar 
across treatments (1.1 Mcal/kg). By replacing DMI 
with DMIoven at calculation, energy efficiency of diets 
containing ethanol or acetic acid were overestimated 
(1.64 vs. 1.59 Mcal/kg for ethanol and 1.74 vs. 1.67 
Mcal/kg for acetic acid), which indicates the significant 
contribution of these chemical compounds to animal 
performance. When losses of volatile compounds during 
the drying process of fermented feedstuffs (e.g., silages) 
in the laboratory occurs, including their estimated loss 
in the NFC fraction (NRC, 2001) is a suitable alterna-
tive to computing their energy value without biases.

Most blood metabolites were unaffected by treat-
ments (Table 7). The concentration of NEFA was lower 
in the control diet during the first week of comparison, 
but this effect disappeared in later sampling. Cows fed 
acetic acid had lower plasma glucose concentrations 
either before or 6 h after feeding, which was associated 
with lower DMI. Unexpectedly, the ethanol-containing 
diet did not affect blood metabolites. Even the activity 
of the enzyme γ-glutamyl transferase in blood, which 
is typically associated with ethanol consumption, re-
mained within the normal range in cattle (Tennant and 
Center, 2008). The plasmatic concentration of ethanol 
was below the detection limit (0.01 g/L) in all cows. 
Raun and Kristensen (2011) also did not detect ethanol 
in arterial blood sampled immediately before or 6 h 
after feeding. The conversion of ethanol to acetate in 
the rumen (Durix et al., 1991; Jean-Blain et al., 1992; 
Yoshii et al., 2005) may be a plausible explanation for 
the absence of blood metabolite alterations.

CONCLUSIONS

Ethanol and acetic acid contributed significantly to 
animal performance, although the ethanol-containing 
diet had energy efficiency similar to the other diets. 
When losses of volatile compounds during the drying 
process of fermented feedstuffs in the laboratory oc-
curs, including their estimated loss in the NFC fraction T
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(NRC, 2001) is a suitable alternative to computing their 
energy value without biases. The intake of ethanol and 
acetic acid did not negatively affect the composition 
and sensory quality of milk.
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