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RESUMO.- [Equilíbrio ácido-base de vacas leiteiras e 
sua relação com a estabilidade alcoólica e composi-
ção mineral do leite.] Esse trabalho teve como objeti-
vo associar a ocorrência de distúrbios ácido-base com a 
estabilidade alcoólica do leite de animais a campo, bem 
como avaliar diferenças entre a composição mineral de 
leites estáveis e instáveis ao álcool. A amostragem com-
preendeu 96 vacas leiteiras, das quais o leite e o sangue 
correspondente de cada animal foram coletados. A com-
posição mineral entre leites estáveis e instáveis ao álcool 
foi diferente e também pode estar relacionada aos dis-
túrbios ácido-básicos. A quantidade média de fosfato foi 
menor no leite instável ao álcool, enquanto a de potássio 
foi maior. A frequência de amostras de leite com instabi-
lidade alcoólica foi maior nas vacas com distúrbios ácido-

-básicos. A alcalose respiratória foi o desequilíbrio mais 
observado.
TERMOS DE INDEXAÇÃO: Gasometria, alcalose, eletrólitos, leite 
instável não ácido.

INTRODUCTION
Acid-base balance is vital to maintaining an animal’s blood 
pH and its health state (Fetmann 2007). In dairy cows, 
changes in this system may be accompanied by electrolyte 
disturbances that can influence the composition and ionic 
balance of the milk (Marques 2011).

Oscillations in some milk components, such as mineral 
balance, lactose, urea and free calcium may be related to 
alcoholic stability. This causes other variables, besides mi-
crobiological acidity, to influence the alcohol/alizarol test 
and there may be unnecessary rejection of raw milk at the 
time of data collection or receipt by the industry. Unsta-
ble milk in the alcohol test, and without acidity of micro-
biological origin, is referred to as unstable non-acid milk 
(UNAM) (Lucey & Horne 2009, Molina et al. 2001).

UNAM is a current problem in many countries that still 
use the alcohol test to measure the quality of milk, such as 
Brazil, Uruguay, Cuba and Argentina. The instability of milk 
in alcohol also generates technological problems in the ma-
nufacture of creamy liqueurs, such as ‘neck plug’ and redu-
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ced shelf life due to the instability of the emulsion (Radford 
et al. 2004).

The ethanol stability of milk has been widely studied 
over the last 30 years, particularly by Horne and his co-
workers, who have provided in details all the mechanistic 
insights into the topic (Horne & Parker 1981). However, al-
coholic stability rarely is studied with focus on animal heal-
th, and under this perspective, more practical applications 
could be raised.

Herds with adequate nutrition and handling, free of dise-
ases, stress, and discomfort should produce milk with ade-
quate alcoholic stability (Fisher et al. 2012). Thrall (2007) 
states that even in animals without clinical signs, acid-base 
and/or electrolyte disturbances may occur, making it diffi-
cult to establish cause-effect relationships in the alcoholic 
instability of milk, and underestimate the extent to which 
these factors appear to be associated to UNAM.

Acid-base disturbances can not only decrease milk pro-
duction, but also disrupt the milk components that are in-
volved in alcoholic stability (Fisher et al. 2012). These data 
are clear in induced experiments, where the variables are 
better controlled and external influences are minimized.

In research in the field, the detection of cause-effect re-
lationships can be difficult, since biases are not provided 
for in the design. However, gathering the main variables 
that influence the occurrence of UNAM and researching 
them using animals in the field can provide results that are 
closer to reality.

Whereas previous research worked with experimen-
tally induced metabolic imbalances, this study aimed to 
associate the occurrence of acid-base disorders with the 
alcoholic stability of milk from animals in the field, and to 
evaluate differences between the mineral composition of 
milk that was both stable and unstable in alcohol.

MATERIALS AND METHODS
The sample comprised 96 dairy cows, distributed in six farms in 
northern Paraná, and without clinical pathological signs. Samples 
were collected in July 2012, when the milk and blood of each cor-
responding animal was collected.

After the complete milking of each animal, the milk was homo-
genised with the aid of a sterile ladle and about 300 mL was col-
lected directly from the milk bucket, maintaining the individuality 
of the samples. Approximately 200 mL was placed in plastic bags 
and the remainder was equally divided into polyethylene bottles, 
all under refrigeration in cool-bags with recyclable ice.

The polyethylene bottles contained bronopol for determi-
ning the chemical composition of the infrared methodology (In-
ternational Dairy Federation, 2000) and azidiol for total bacteria 
count by flow cytometry (International Dairy Federation 2004). 
The bottles were sent to the laboratory of the Association of Pro-
ducers and Breeders of Holstein Cattle (APCBRH), Curitiba, PR, 
where the percentages of fat, protein, lactose, total solids (TS), 
non-solid fats (NSF), somatic cell count (SCC) and total bacterial 
count (TBC) were measured.

The plastic bottles were then sent to the Animal Products 
Inspection Laboratory at the State University of Londrina (LIPOA-
-UEL), where the 72% v/v alcohol test (Brazil 2011) and titrata-
ble acidity by the Dornic method (Brazil 2003) were performed.

According to the 72% alcohol test and the Dornic acidity test, 
the samples were classified as: normal milk (with acidity between 

14°D and 18°D and stable in alcohol) and UNAM (with acidity be-
tween 14°D and 18°D but unstable in alcohol).

Approximately 20 mL of each milk sample was frozen at -18°C 
in glass tubes capped until analysis for the determination of mi-
nerals in the Clinical Pathology Laboratory of the State University 
of Londrina. The maximum period between collection and analy-
sis was 120 days. Thawing occurred in a water bath at 36°C for 
20 minutes, with subsequent homogenisation in a vortex-type 
tube shaker for 10 seconds. In the measurement of calcium and 
phosphate the samples were diluted in the ratio 10-1 in deionised 
water.

Research relating to Na+, K+ e Cl- in the milk samples used the 
method of indirect ion-selective electrodes in the clinical chemis-
try system Dimension® RXL Siemens Diagnostics, Marburg, Ger-
many with Flex® Eletroclytes - S600 electrolytes cartridge. The 
colorimetric methodology with Dimension® spectrophotometric 
reading was used for the quantification of magnesium, total cal-
cium and phosphate, with the respective cartridges: Flex® MG - 
DF57 (Gitelman et al. 1966), Flex® Ca - DF23A (Sarker & Chauhan 
1967) and Flex® PHOS - DF61 (Gomori 1941).

Blood samples from each animal were taken by puncturing 
2mL of the median sacral vein using a 25x8mm disposable need-
le, firmly attached to a 3mL plastic syringe, with about 0.08 mL of 
sodium heparin. During puncture, the animal was restrained and 
the syringe plunger was pulled with care to avoid air bubbles. The 
needle was then sealed with rubber. During transport, the syrin-
ges were submerged in an ice-water bath, between zero and 4°C 
for up to 4 hours until analysis, as recommended by Lisbôa et al. 
(2001).

The blood samples were analysed using a Roche Omni C blood 
gas analyser from the Pathology Laboratory of the State Univer-
sity of Londrina, and then the pH and partial pressures of carbon 
dioxide (pCO2) and oxygen (pO2) were measured. Through cal-
culation, the methodology also provided the concentration of bi-
carbonate in plasma (HCO-3), and base excess in the blood (BE).

The experimental design was completely randomised and the 
analysed variables in the milk were the percentages of fat, pro-
tein, lactose, total solids (TS) and non-fat solids (NFS), urea, so-
matic cell count (SCC), total bacterial count (TBC), total calcium 
(TC), magnesium (Mg), inorganic phosphate (PO4-3), sodium 
(Na+), potassium (K+) and chloride (Cl-). In the blood, the analy-
sed variables were pH, pCO2, HCO-3 and BE.

These data were subjected to analysis of variance conside-
ring the effect of the behaviour of the milk (normal and UNAM), 
and factors with P<0.05 were further analysed by Tukey’s test at 
0.05 level of significance. The variables not normally distributed 
by Lilliefors test (SCC and TBC) were normalised by logarithmic 
transformation.

From the interpretation of blood gas values, the animals were 
classified into groups according to the acid-base disturbances: 
acidosis or alkalosis, of respiratory or metabolic origin, or without 
disturbances (normal). The proportion of UNAM and normal milk 
within these groups was analysed by chi-square to 0.05. The Ya-
tes correction was applied when the number of observations was 
less than five. The reference values for the blood variables were 
as stated by Blood (1991). All analyses were carried out using the 
Statistica 7.0 program.

RESULTS AND DISCUSSION
The farms had an average of 16 lactating animals, with an 
average yield of 12.68 litres each. Four properties owned 
a semi-closed vacuum milking system and two properties 
had a manual milking system, but all the properties had the 
presence of a calf and milked twice a day.
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According to the 72% alcohol test and the Dornic acidi-
ty test, 67 milk samples were classified as normal and 29 
samples were classified as UNAM. Between these two types 
of milk, there was no difference (P>0.05) in the percenta-
ges of fat, protein, lactose, total solids, urea, SCC and TBC 
(Table 1).

between the micelles, making them prone to aggregation 
(instability) when in the presence of lower concentrations 
of alcohol (Horne & Parker 1981).

The relationship between the mineral balance of the ci-
ted components and alcoholic stability has been reported 
by Donnelly and Horne (1986) using the formula (Ca + Mg) 
x (P + Ci)-1 (r= –0.33; P<0.01). Thus, the interactions be-
tween these salts explain 33% of alcoholic stability/insta-
bility due to pH. Despite the low correlation coefficient it is 
possible to note that Ca+2 and Mg+2 promote destabilisation, 
while phosphate and citrate have the opposite effect.

Several studies have reported that ionic calcium appe-
ars in larger quantities in unstable milk. Tsioulpas et al. 
(2007b) investigated the effect of minerals on the alcoholic 
stability of milk during a complete lactation and found a 
strong negative relationship between levels of Ca+2 and sta-
bility (r = -0.84; 0.05). Viero (2008) studied the influence 
of diets containing selenium on the characteristics of the 
milk that was produced and also noted that the unstable 
milk had higher concentrations of Ca+2, regardless of the 
diet. The presence of larger amounts of ionic calcium in 
produced milk is associated with the onset and end of lac-
tation, metabolic changes and/or anionic diets (Marques et 
al. 2011; Tsioulpas et al. 2007a)

Although the total calcium has no effect on the alcoho-
lic stability of milk (Tsioulpas et al. 2007a), lower (P<0.05) 
amounts of total calcium were found in the samples that 
were unstable in alcohol.

The levels of sodium and chloride did not differ (P>0.05) 
between the normal milk and the UNAM, despite being part 
of the group of minerals that influence the alcoholic stabili-
ty of milk through a balance of ionic forces. The average le-
vels of magnesium did not differ. Being part of the micellar 
structure, magnesium appears to have a greater influence 
on thermal stability than alcoholic stability (Chavez et al. 
2004).

In relation to metabolic disturbances, it was observed 
that the animals that had some type of acid-base distur-
bance had a higher occurrence of UNAM (P<0.05) (Table 
2). About 43% of the cows that produced normal milk had 
some kind of disturbance, while this proportion in cows 
that produced UNAM was greater than 65%. The distur-
bance most commonly observed in animals that produced 

Table 1. Means values (x) and standard deviation (σ) of 
percentage of fat, protein, lactose, total solids (TS), urea, 

total bacterial count (TBC), somatic cell count (SCC), sodium 
(Na+), potassium (K+) chloride (Cl-), magnesium (Mg), total 

calcium (TC) and phosphate (PO4-3) of 96 milks samples 
stable and unstable (UNAM) in alcohol 72%

		  Stable (n=67)	 UNAM (n=29)	 Total (n=96)

		  x/ σ	 x/ σ	 x/ σ
	 Fat (%)	 3.41 / 0.94	 3.97 / 0.99	 3.58 / 0.99
	 Protein (%)	 3.34 / 0.35	 3.60 / 0.43	 3.42 / 0.39
	 Lactose (%)	 4.62 / 0.26	 4.45 / 0.17	 4.56 / 0.25
	 TS (%)	 12.29 / 1.25	 12.95/ 1.18	 12.49 / 1.26
	 Urea(%)	 11.54 / 2.89	 10.41 / 3.93	 11.20 / 3.26
	 TBC (logbac/ml)	 1.26 / 0.73	 1.47 / 0.52	 1.32 / 0.68
	 SCC (logcel/ml)	 2.13 / 0.73	 1.84 / 0.57	 2.04 / 0.70
	 Na+(mmol/L)	 23.55 / 5.26	 24.03 / 4.95	 23.70 / 5.15
	 K+ (mmol/L)	 38.50a / 4.26	 43.42b / 6.15	 39.99 / 5.38
	 Cl- (mmol/L)	 26.94 / 4.44	 33.62 / 5.35	 28.96 / 5.62
	 Mg (mg/dL)	 11.46 / 2.67	 12.28 / 2.86	 11.71 / 2.74
	 CT (mg/dL)	 104.54a / 5.40	 90.87b / 0.81	 100.41 / 4.57
	 PO4-3 (mg/dL)	 73.67a / 3.00	 58.48b / 0.60	 69.08 / 2.62

Means followed by different letters differ by Tukey test (P<0.05).

In other research, the components of UNAM that have 
often been significantly different when compared to regu-
lar milk have been lactose and fat. In unstable milk, lacto-
se usually appears in smaller amounts, while the average 
levels of fat are higher (Marques et al. 2007; Zanela et al. 
2009). The latter authors attributed these differences to 
dietary deficiency and/or high SCC count. In the present 
study, the results were consistent with Fruscalso (2007), 
who found no differences in chemical composition betwe-
en milk that was stable and unstable in alcohol.

In this study the average concentration of potassium 
(K+) was greater (P<0.05) in the UNAM. Chavez et al. 
(2004) also found higher amounts of potassium in milk 
that was unstable in alcohol.

The effect of potassium is not restricted to higher ins-
tability in alcohol; Tsioulpas et al. (2007b) found that in-
creased amounts of potassium decreased the time requi-
red to coagulate the milk under the effect of chymosin. The 
potassium changed the load between the casein micelles 
and thus caused a decrease in their repulsive forces. This 
cation, as well as modifying the ionic forces, also has the 
effect of lowering the pH of milk, which increases the mi-
cellar instability (Davies & White 1958).

In the present study, the average amount of phosphate 
(PO4-3) was lower (P<0.05) in the milk that was unstable in 
alcohol. Like citrates, phosphates are chelating agents and 
have an affinity for metal ions such as Ca+2 and Mg+2. The in-
teraction between these cations and anions means that low 
amounts of phosphates are accompanied by high amounts 
of Ca+2 (Lucey & Horne 2009). The free calcium binds to the 
negative charge of casein, which decreases the repulsion 

Table 2. Absolute and relative frequencies of acid-base 
disturbances observed in 96 cows that produced stable and 

unstable milks (UNAM) in alcohol 72%

	Kind of disturbance	 Stability of milk in alcohol 72%	 χ2 , P
		  Stablen (%)	 UNAMn (%)	 Totaln (%)

	 Respiratory acidosis	 4 (5.97)	 3 (10.34)	 7	 0.12 ; 0.73
	 Metabolic acidosis	 1 (1.49)	 2 (6.90)	 3	 0.58 ; 0.45
	 Respiratory alkalosis	 7 (10.45)	 1 (3.45)	 8	 0.54 ; 0.56
	 Metabolic alkalosis	 5 (7.46)	 5 (17.24)	 10	 1.16 ; 0.28
	 Resp acid. + met. alk.	 11 (16.42)	 8 (27.59)	 19	 1.59 ; 0.21
	 Resp alk. + met. acid.	 1 (1.49)	 n.o	 1	 0.19 ; 0.66
	 Total disturbances	 29 (43.28)	 19 (65.52)	 48 (50)	 4.00 ; 0.04
	 No disturbances	 38 (56.72)	 10 (34.48)	 48 (50)
	 Total	 67 (100)	 29 (100)	 96 (100)

N = number of de observations; n.o = not observed; χ2,P = Chi-square va-
lue and significance level.
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UNAM, with 27.6% of the cases, was compensated meta-
bolic alkalosis (metabolic alkalosis + respiratory acidosis 
with pH within the reference range).

Metabolic alkalosis is accompanied by the accumulation 
of bicarbonates in the extracellular fluid, resulting in the 
excessive loss of acids. This situation can occur when po-
tassium excretion is increased. Apart from alkalosis, other 
conditions may increase the excretion of potassium, such 
as vomiting, diarrhea, gastrointestinal obstruction, perito-
nitis, ascites, Cushing’s disease and kidney failure. To repla-
ce lost potassium, hydrogen ions, which acidify the blood, 
pass into the cells, resulting in an increase in blood pH (Co-
les, 1984). In the present study, cows that produced UNAM 
excreted larger amounts of potassium in the milk, which 
corresponds with the situation previously described.

In order to compensate the effects of alkalosis, the or-
ganism decreases the exchange of sodium/hydrogen, redu-
cing the formation of ammonia and retention of bicarbona-
te. Thus, the excretion of HCO-3 is increased (Blood 1991). 
In milk, the increased excretion of bicarbonate results in 
two factors that are related to increased alcoholic instabi-
lity: the first is the increase in pH, which causes decreased 
solubility of the salts, increasing the chances of precipita-
tion in the alcohol test.

The second factor is that larger amounts of HCO-3 pro-
vide more links for the cations (Ca, K, Na), increasing the 
proportion of carbonate salts, which also leads to higher 
chances of precipitation in the alcohol test (Fox 1992).

The increased excretion of bicarbonate in milk and hi-
gher pH values usually occur in the later stages of lactation 
(Donelly & Horne 1986). The instability from the basic pH 
can be corrected by the acidification of the milk or by incre-
asing the levels of carbohydrates and anions in the animals’ 
diet.

Metabolic alkalosis can be treated by the administration 
of saline infusions; correcting the volume of extracellular 
fluid; the concentrations of sodium and chloride; and nor-
malising the excretion of potassium (Blood 1991).

Acid-base disturbances of a different nature may also be 
related to instability. Marques et al. (2011) induced cows 
to produce UNAM through dietary supplementation with 
ammonium chloride. This diet promoted metabolic acido-
sis in the animals and was detected by urinary pH. In this 
case, the body increases the resorption of bone calcium, by 
increasing the proportion of Ca+2 in milk secretions, one of 
the factors responsible for alcoholic instability.

The analysis of variance of blood components used in 
the diagnosis of acid-base disturbances showed difference 
(P<0.05) only in the average values of bicarbonate and base 
excess, which were higher among the cows that produced 
UNAM (Table 3), reinforcing the finding of a higher propor-
tion of cases of metabolic alkalosis in these animals.

Because the acid-base status may be compensated by 
the renal and/ or respiratory functions, the blood pH sho-
wed no major variations. This could be seen in the values of 
standard deviation, resulting in no difference in the analy-
sis of variance.

Assuming that metabolic alkalosis is the primary dis-
turbance, the lack of difference between the pCO2 averages 

may suggest that the cows that produced UNAM failed to 
compensate for metabolic alkalosis with the same respira-
tory response efficiency of the cows that produced normal 
milk. When there is increased HCO-3, respiratory compen-
sation is expected due to increasing pCO2 for pH balance, 
which did not occur.

There was also no difference between the averages of 
Na+ and K+ in the blood of the animals that produced UNAM. 
There have been reports that samples of milk with lower 
alcoholic stability are associated with lesser quantities of 
Na+ and higher quantities of K+, both in the blood and the 
milk of the animals. When cows ingested NaCl, the propor-
tions of blood and milk of Na+ increased, also increasing the 
stability of the milk. When the animals received a blocker of 
Na ions (prednisolone), the stability of the milk was redu-
ced (Fukushima et al. 1983).

Similar studies with cows in the field and with higher 
sampling can produce interpretations with greater reliabi-
lity. Both acidosis and metabolic alkalosis seem to interfere 
with the stability of milk, besides other factors. This indica-
tes that simple solutions such as avoiding heat stress, pro-
viding a diet with the correct anionic/energetic balance, 
and controlling mastitis in animals can minimize problems 
related to the instability of milk in the alcohol test.

CONCLUSIONS
The frequency of cases of UNAM was higher in the cows 

with acid-base disturbances. However, these disturbances 
do not always result in the production of alcoholically un-
stable milk. Respiratory alkalosis, compensated or not, was 
the disorder that was most observed in animals that pro-
duced UNAM, but metabolic acidosis may also be related to 
the phenomenon.

Factors that alter the acid-base balance of animals, such 
as gastrointestinal disorders, kidney disorders, unbalanced 
diets and the failure of physiological compensatory mecha-
nisms, may also influence the alcoholic stability of milk.

The mineral composition of milks samples that are sta-
ble and unstable in alcohol may be different and may be 
related to acid-base disturbances, always considering that 
the phenomenon of UNAM is multifactorial.

Factors such as the avoidance of excessive potassium 
in milk, the supplementation of feed with sodium, thermal 
comfort, and the acidification the pH of milk deserve fur-

Table 3. Means values (x) and standard deviation (σ) of pH, 
partial pressures of carbon dioxide (pCO2), concentration 

of bicarbonate in plasma (HCO-3), base excess (BE), sodium 
(Na+) and potassium (K+) in blood samples of 96 cows that 
produced stable and unstable milks (UNAM) in alcohol 72%

		  Stable (n=67)	 UNAM (n=29)	 Total (n=96)

		  x/ σ	 x/ σ	 x/ σ
	 pH	 7.43 / 0.06	 7.46 / 0.07	 7.44 / 0.07
	 pCO2 (mmHg)	 42.68 / 8.34	 44.01 / 8.09	 43.08 / 8.24
	 HCO-3 (mmol/L)	 27.50a / 3.20	 30.02b / 3.68	 28.26 / 3.53
	 BE(mmol/L)	 2.94a / 2.89	 5.53b / 3.63	 3.72 / 3.34
	 Na+(mmol/L)	 143.19 / 5.20	 142.68 / 2.66	 143.03 / 4.58
	 K+(mmol/L)	 4.18 / 0.47	 4.26 / 0.42	 4.21 / 0.46

Means followed by different letters differ by Tukey test (P<0.05).
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ther studies about their application in the correction of al-
coholic instability in milk.
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