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ABSTRACT
The dairy sheep industry is recent in Brazil and the production is concentrated in mountainous 
regions, such as Serra Gaúcha. Ovine milk has a higher solids content compared to bovine 
milk, thus with higher yield in cheese production. Sheep milk production undergoes seasonal 
variations and it could be stored until a sufficient quantity is available for processing. 
The objective of this study was to evaluate microbiological and physicochemical parameters 
in ovine milk from six different producers under refrigerated storage. Milk was analyzed 
during seven days, including standard plate count, psychrotrophic bacteria, total and fecal 
coliforms, Staphylococcus sp. and S. aureus, titratable acidity, pH, water activity, and 
protein content. The results showed high microbial counts and standard plate counts above 
those established by legislation for most samples. Psychrotrophic, total and fecal coliforms 
counts were increased during this period. Titratable acidity increased over the days, while 
protein content decreased. Samples of milk producer B presented the lowest microbial 
counts among all tested. Cold storage becomes a short-term alternative when there is a 
decrease in sheep milk production for dairy processing. Storage period of refrigerated milk 
must not exceed two days due to deterioration.
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RESUMO
A industrialização de lácteos ovinos é recente no Brasil e a produção é concentrada em regiões 
de serra, como a Gaúcha. O leite ovino possui alto conteúdo de sólidos comparado ao bovino, 
com maior rendimento na produção de queijo. A produção deste leite sofre variações sazonais 
e poderia ser estocado até obter uma quantidade suficiente para processamento. O objetivo 
deste trabalho foi avaliar parâmetros microbiológicos e físico-químicos no leite proveniente 
de seis produtores sob armazenamento refrigerado. O leite foi analisado durante sete dias, 
incluindo contagem padrão em placas (CPP), psicrotróficos, coliformes totais e termotolerantes, 
Staphylococcus sp. e Staphylococcus aureus, acidez titulável, pH, atividade de água e proteína. 
Os resultados demonstraram altas contagens microbianas e CPP acima dos limites estabelecidos 
pela legislação para a maioria das amostras. Contagens de psicrotróficos, coliformes totais e 
fecais foram elevadas durante este período. A acidez titulável aumentou ao longo dos dias e o 
conteúdo de proteína diminuiu. As amostras do produtor B apresentaram menores contagens 
microbianas dentre todas testadas. A estocagem a frio torna-se uma alternativa, a curto prazo, 
quando há diminuição na produção de leite ovino para beneficiamento a derivados. No entanto, 
o período de armazenamento refrigerado não deve ultrapassar dois dias, devido à deterioração.

PALAVRAS-CHAVE: Leite; Ovelha; Análise Microbiológica; Análise Físico-química; Vida de 
Prateleira 
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INTRODUCTION

Milk production represents an important part of the global econ-
omy; however, the American continent generates only about 0.4% 
of world ovine milk production. The continent contributes 7.2% 
of the number of sheep, thus a very small portion is destined for 
milk production1. In Brazil, milk production generates numerous 
jobs in several areas, with social and economic importance2,3. 

Milk is considered a complete food, highly nutritive, contributing 
to vital functions as an important source of carbohydrates, pro-
teins and lipids4. Milk composition varies according to the animal 
species. When compared to cow’s milk, sheep’s milk shows great 
variations in its components. The largest differences relate to 
the protein levels, in particular casein, and lipids. Cow’s milk 
shows values of 2.6% and 4.2%, while ovine milk has values cor-
responding to 3.6% and 7.9%, respectively5.

In natura, ovine milk is currently used mainly for cheese produc-
tion and, to a lesser extent, to produce other dairy products6,7. 
Among its characteristics, the high protein value8, high total sol-
ids and fat contents stand out, making it ideal for the production 
of cheeses with high commercial values6,7.

Milk, regardless of the producing animal species, may contain a high 
microbial load due to animal contamination by several pathogens, 
with mastitis as its main source. Inflammation increases the per-
centages of somatic cells in milk, interfering with their quality4. 
Among the main bacteria related to mastitis are Staphylococcus 
aureus, Streptococcus, coliform groups9 and Pseudomonas10. This 
source of contamination can be controlled through proper herd 
management, as well as hygiene when milking, which reduces the 
microbial load in the animals’ teats3,4. Other sources of milk con-
tamination are inadequate practices during storage and transport8. 

Normative Instruction No. 62, of December 29, 2011, establishes 
the Technical Regulation of Identity and Quality of refrigerated raw 
milk, with reference values for the milk to be processed and mar-
keted. According to this legislation, raw milk must be cooled to a 
temperature equal to or lower than 4°C, in the maximum time of 
three hours after the end of the milking11. The purpose of refriger-
ation is to avoid microbial growth and undesirable milk changes12.

The quality of the raw material is an extremely important and 
limiting factor for the presence of pathogenic and deteriorating 
microorganisms in the process of dairy industrialization8. There-
fore, the dairy industry must seek ways to obtain milk and dairy 
with the lowest contamination possible, to ensure product con-
servation and consumer safety. Thus, this study aimed to evaluate 
the microbiological and physicochemical quality of sheep’s milk 
obtained from different producers in the Serra Gaúcha region.

METHOD

Raw milk production from the Lacaune sheep was destined for 
a dairy industry, which has a Federal Inspection Seal (S.I.F.), 
located in the Serra Gaúcha region. The samples were obtained 
from six different dairy farms that supply their product to this 

dairy, in August 2015; the producers were identified with letters 
from A to F. The milk was obtained by mechanized milking and 
collected from the refrigerated tank of each property. 

The sheep’s milk was collected in 80 mL sterile bottles, and we 
obtained at least two bottles of milk per producer for each day 
of analysis. The bottles were immediately packed in isothermal 
boxes, with hard reusable ice to maintain the refrigeration tem-
perature, and sent to the biology laboratory at the Federal Uni-
versity of Pampa (Unipampa), Itaqui-Rio Grande do Sul. The sam-
ples were received and kept under refrigeration with controlled 
temperatures (5ºC ± 2.5ºC) and monitored during the evaluation 
period. The analyses started 24 hours after milking, for seven 
consecutive storage days, and were done at least in duplicate.

The physicochemical parameters analyzed in the samples of 
refrigerated raw milk were those recommended by the Ministry 
of Agriculture Livestock and Food Supply Normative Instruction 
(IN) No 62, of December 29, 201111, including total protein, acid-
ity, cryoscopic index and fat. Besides these, pH, water activity 
and 72% ethanol stability were determined. The physicochemi-
cal analyses followed the methodology described by IN No. 68, 
of December 12, 200613. Water activity was measured according 
to the manufacturer’s manual, AquaLab 4TE14. Other evaluations 
followed official methodologies for pH15 and cryoscopic index16.

The methodologies followed the IN No. 62/2003 of August 26, 
2003, for the SPC and total and fecal coliform groups; the coli-
form group was determined by the multiple tube technique and 
the most probable number analyzed against the Hoskins’ table17. 
Besides these analyses, we also performed counts of psychro-
trophic microorganisms of Staphylococcus sp. and S. aureus18. 
The serial dilutions ranged from 10-1 to 10-10. 

The results were organized in Microsoft Excel 2010 to obtain means 
and standard deviations of the mean, and the microbiological count 
values were converted into logarithms. Data were evaluated by 
the ASSISTAT program 7.7 beta19, by which analysis of variance was 
applied, followed by the Tukey Test at the 5% level of significance.  

RESULTS AND DISCUSSION

Figure 1 shows the SPC and psychrotrophic counts in raw ovine 
milk kept under refrigeration.

Figure 1A shows that although refrigeration slows down the micro-
biological growth process, this process does not cause microbial 
destruction and, with time, increases the microbiological load of 
the products12,21. The peaks in the graph, observed on the sixth 
day for producers D, E and F, correspond to the uncountable result 
in the highest dilution (10-10). This may have occurred due to addi-
tional contamination at the time of collection at the properties; 
or these bottles may have been kept open longer than necessary. 
The contamination may have occurred at the time, as all the milk 
was collected at the same moment, and the count for the same 
producers was lower on the seventh day of refrigeration. 
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Considering the SPC in the storage period (Figure 1A), the milk 
collected from milk producer B showed counts close to the 
maximum limit recommended by IN No. 62/201111 and without 
great variations. Only the average value for day 1 (5.60 log col-
ony-forming units [CFU]/mL) of this milk producer exceeded the 
maximum limit established for the south region (5.48 logCFU/
mL)11. The mean counts in other studies were 4.30 and 4.70 log-
CFU/mL for raw ovine milk22,23 and 5.36 logCFU/mL for sheep’s 
milk in a refrigerated silo24. The latter study evaluated the milk 
during storage at 4°C for one to four days and the pattern of 
mesophilic growth over the days was similar to our study. At the 
end of four days, the mean quantification was 6.33 logCFU/mL24, 
while the mean value of these Serra Gaúcha producers on the 
fourth day was 6.18 logCFU/mL.

The mean SPC for the different milk producers on day 1 was 
6.06 logCFU/mL (n = 12), higher than the cited studies and also 
the European Union limit for ovine and goat milk in refrigerated 
tanks, which is 5.70 logCFU/mL24,25. This is a worrying result, 
since the SPC includes bacteria that may be pathogenic26, as well 

as indicating that animal hygiene practices were deficient, espe-
cially at the moment of milking, and through insufficient refrig-
eration27. A high SPC is a limiting factor for the product validity, 
compromising the dairy quality of this milk21. 

Psychrotrophic counts (Figure 1B) show that milk producer C 
showed statistically higher values on most days of analysis. On 
the other hand, the decline shown on the last day for milk pro-
ducer B represents the non-detection of colonies at the lowest 
dilution (10-1) evaluated. This behavior may be due to lower 
substrate availability for microbial growth, considering the 
advanced storage time; however, the lack of homogenization in 
the collection of the aliquot for analysis should not be disre-
garded. Although there is no legal limit to the psychrotrophic 
count in milk, which is a typical bacterial group in foods kept at 
low temperatures, high counts were observed24,26. In the psychro-
trophic group, there are potentially proteolytic bacteria, such as 
Pseudomonas, which can live in the transport tanks, producers’ 
refrigerators or even in the dairy24,28,29. Data obtained evaluat-
ing raw cow’s milk refrigerated in Rio Grande do Sul, indicated 
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Figure 1. Mean values of (A) Standard Plate Count (SPC) and (B) psychrotrophic bacteria in refrigerated raw ovine milk. The colored lines indicate the 
means obtained by the milk producer and the bars are the standard deviation of the mean; the dashed line indicates the maximum value allowed by the 
legislation for standard plate count11.
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psychrotrophic counts from 5.00 to 7.62 logCFU/mL (n = 70)28. 
These values were similar to those obtained on the first day of 
this study, which ranged from 5.31 to 7.11 logCFU/mL, regard-
less of the producer. Psychrotrophic counts in samples collected 
from a dairy silo from dairy sheep in León, Spain, showed mean 
values of 6.40 logCFU/mL (n = 130) and 7.77 logCFU/mL at the 
end of four days24. In this study, the mean psychrotrophic value 
among the milk producers was 6.02 logCFU/mL (n = 12) on the 
first day, 6.09 logCFU/mL (n = 12) on the fourth day and 5.86 log-
CFU/mL (n = 84) in total samples, indicating values compatible 
with those obtained for ovine herds. 

Raw milk kept at refrigerated temperatures may present with 
several bacteria of the genera Enterococcus, Lactococcus, Strep-
tococcus, Leuconostoc, Lactobacillus, Microbacterium, Oersko-
via, Propionibacterium, Micrococcus, Proteus, Pseudomonas, 
Bacillus and Listeria, as well as those belonging to the coliform 
group5,26,28. However, high psychrotrophic counts, not only in 
ovine milk, but also in bovine, indicate the need to develop con-
trol mechanisms to prevent a producer from contaminating the 
storage silo and creating processing problems24.

Table 1 shows the rates of total and fecal coliforms and of Staphylo-
coccus sp. in refrigerated ovine milk. On the first day, only milk pro-
ducers B and F showed reduced total coliform values in relation to 
the others, with values equal to or close to the maximum quantified 
by the technique. Although the legislation does not have a param-
eter of coliforms for raw milk, the total coliform group is a good 
indicator of hygienic conditions in obtaining the milk and the ther-
motolerant coliforms of the sanitary conditions of in natura milk21.

However, data of thermotolerant coliforms (Table 1) were lower 
in all milk producers when compared to total coliforms. How-
ever, milk producer C stood out with a high contamination num-
ber. This group of coliforms represents an imminent danger when 
the milk is not pasteurized correctly because of the risk of dis-
ease to the final consumer21,26. The mean value of all samples 
was 2.51 logCFU/mL (n = 36) for total coliforms and 0.85 logCFU/
mL (n = 36) for thermotolerants. The values in other studies with 
milk from Lacaune sheep in Rio Grande do Sul was found to be 
2.04 to 2.34 logCFU/mL for total coliforms and 2.04 logCFU/mL 
for thermotolerants22,23. The values in another study with ovine 
milk obtained in a refrigerated storage silo were 3.45 logCFU/
mL for total coliforms and 2.38 logCFU/mL for Escherichia coli24. 

The data are worrisome because they demonstrate that the hygiene 
of milking places, equipment or during the milking process was 
inadequate, which impairs the quality of the milk, reducing its 
shelf life and compromising the dairy production21,27. Thus, mea-
sures such as milking in a clean place, using potable water to wash 
the animals’ teats and equipment, and submerging the animal’s 
teats in disinfectant solution before and after milking can minimize 
contamination22,27, providing a product with improved quality and 
converting it to a higher payment value per liter for the producer27.

The presence of Staphylococcus sp. (Table 1) was indicated by 
high scores, with mean values being 3.01 logCFU/mL on the first 
day and 3.98 logCFU/mL on the seventh day of refrigeration, 

higher than those observed in another study with Staphylococcus 
aureus in ovine milk from refrigerated silos, with values between 
2.62 and 2.92 logCFU/mL26. No count was observed on day 1 for 
the milk producer F, unlike the others, which may indicate bet-
ter sanitary management in this herd, since Staphylococcus is 
commonly involved in mastitis and may contaminate the milk 
produced9. The investigation of the presence of S. aureus in 
Lacaune raw sheep’s milk in other studies showed counts of 3.52 
and 4.28 logCFU/mL22,23. A study of the Staphylococcus preva-
lence as a cause of mastitis in dairy herds on farms in Egypt 
found the presence of S. aureus in 50% (n = 40) of the isolates, 
20% of Staphylococcus cohnii and 10% of Staphylococcus lug-
dunensis as the most prevalent in cases of mastitis in sheep9. 
Another similar study was carried out with goats, in Brazil, and 
the prevalence of S. aureus was 26.7% (n = 86), Staphylococcus 
intermedius was 16.3%, with coagulase-negative staphylococci 
as the most prevalent (51.2%)30.

The high counts of Staphylococcus sp. indicate that either the 
hygiene conditions at the moment of milking were deficient or 
that the animal’s health was impaired, since they could have 
had mastitis5,29,31. Such species can cause substantial economic 
losses, resulting in decreased milk production, affecting indus-
trial production, and possible health risk to consumers9. The 
high number of Staphylococcus sp. may be associated with the 
presence of S. aureus in milk, which was verified in only two 
of our samples. The counts were 2.51 ± 0.33 logCFU/mL for 
milk producer E, on day 1, and 3.46 ± 0.01 logCFU/mL for milk 
producer C, on day 7. This microorganism can produce staph-
ylococcal toxin and cause food poisoning26,31, therefore, fol-
lowing-up these producers’ herds and establishing rigid control 
of milk refrigeration is necessary to avoid proliferation of the 
microorganism and toxin production.

Table 1. Evaluation of total coliforms, thermotolerant and Staphylococcus 
sp. on the first and last days of sheep milk storage under refrigeration.

Producer 
(day of 
refrigeration)

Total 
coliforms 

(logCFU/mL)

Thermotolerant 
coliforms 

(logCFU/mL)

Staphylococcus 
sp. 

(logCFU/mL)

A (1) Higher than 3.04a Lower than 0.48b 4.45 ± 0.45a

A (7) Higher than 3.04a Lower than 0.48b 4.35 ± 0.07a

B (1) 2.20 ± 0.84ab 1.30 ± 0.33ab 1.81 ± 1.80a 

B (7) 0.96 ± 0.40ab 0.48 ± 0.00b 4.26 ± 0.18a

C (1) Higher than 3.04a 2.75 ± 0.29a 2.66 ± 2.65a

C (7) Higher than 3.04a 2.71 ± 0.33a 3.90 ± 0.01a

D (1) Higher than 3.04a Lower than 0.48b 4.46 ± 0.23a

D (7) 2.61 ± 0.43ab Lower than 0.48b 4.17 ± 0.26a

E (1) Higher than 3.04a 0.72 ± 0.24b 3.66 ± 0.18a

E (7) Higher than 3.04a 0.52 ± 0.04b 2.01 ± 2.00a

F (1) 0.96 ± 0.40 b 0.52 ± 0.04b n.d.*a

F (7) 0.56 ± 0.00b Lower than 0.48b 5.19 ± 0.19a

Mean values ± standard deviation of the mean (n = 2); Different letters in 
the same column indicate a statistically significant difference (p <0.05) 
Define a and b; * n.d. not detected at the lowest dilution 10-1
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Figure 2 shows the analysis results of titratable acidity and protein 
content in refrigerated raw ovine milk. On day 1 (Figure 2A) only 
milk producers A, B and E showed milk with titratable acidity val-
ues within the limits established by Brazilian legislation, which are 
from 0.14 to 0.18 grams of lactic acid per 100 mL. Over the course 
of days, there was an increase in the amount of lactic acid in 
the samples for all milk producers. Milk from producer A kept the 
acidity lower throughout the period and there was a statistically 
significant increase between days 1 and 7. Generally, milk produc-
ers C, D and F had the worst acidity values from the beginning to 
the end of the analyses, thus not meeting the values defined by 
the legislation at any time. According to studies carried out with 
ovine milk in Serra Gaúcha32 and with breeds from Europe33, acid-
ity ranged from 0.22 to 0.25 g lactic acid per 100 mL milk, while in 
the metropolitan region of Porto Alegre23 the mean value was 0.15 
g lactic acid per 100 mL milk. These previous studies developed in 
Brazil also used the Lacaune breed. The average value obtained 
with all samples was 0.19 g lactic acid per 100 mL milk (n = 84), 
close to that reported in other studies.

The results confirm the tendency of the refrigerated milk to acid-
ify (Figure 2A), which can be caused by microbiological contam-
ination that causes the acidity of the raw material to increase 
due to the lactic acid production by microorganisms. Compared 
with a study on the curdled milk yield obtained from fresh, cold 
and frozen milk of Lacaune sheep, the serum obtained from the 
milk cooled to 5°C for seven days showed higher acidity levels 
compared with the others, probably due to possible microbiolog-
ical contamination during the refrigeration process34. 

Figure 2B shows that in the first two days, all the evaluated 
milk showed average values above the minimum of 2.9% pro-
tein11. From this period onward, the values were statistically 
lower compared to days 1 and 2. In addition, there was a sharp 
fall on day 3 for milk producers B and C, although an increased 
count was not observed for psychrotrophic and mesophilic bac-
teria at these same points, and this decreased protein content 
may be attributed to a lack of homogenization in the collec-
tion of sample or aliquot for analysis. On days 6 and 7, low 
values that compromise the quality and industrial yield were 
observed. The mean protein content for all producers on the 
first refrigeration day was 5.99% (n = 12), remaining this way on 
the second day and decreasing from the third day. If we con-
sider this mean value, it is higher than that reported in stud-
ies on fresh Lacaune ovine milk produced in Brazil, with lev-
els reported from 5.70%22, 5.52%23, 5.27%34, 4.93%35 to 4.46%31, 
but below that observed in European ovine milk, with 6.56% in 
Italy36 and 6.20% in different European breeds32. However, the 
mean value after seven days was 3.71% (n = 84), much lower 
than that obtained in another study with sheep’s milk from the 
same region, kept under refrigeration for seven days, with an 
average of 5.26% (n = 12)34. 

Protein deterioration and consumption were accentuated in 
the last two days of analysis, indicating the excessive consump-
tion of this substrate. This may have occurred due to bacteri-
ological contamination, caused by proteolytic microorganisms. 
Proteolysis can be attributed to psychrotrophic bacteria and 

Pseudomonas is best known for this effect29. As noted earlier, 
high psychrotrophic counts occurred throughout the entire 
refrigerated storage period (Figure 1B).

Other microorganisms are known to use lactose as a substrate 
and produce lactic acid, thus acidifying the medium and pre-
cipitating nutrients, such as casein3,12. In the evaluation of the 
stability of ovine milk to ethanol, 72% showed that on days 6 and 
7 there were lumps in the milk from all producers, from medium 
to large amounts, indicating that, in addition to protein content, 
the stability was also compromised. As well as those already 
mentioned, other proteolytic bacteria that may be involved in 
this process are Lactobacilli and Enterococci28,37. Although psy-
chrotrophic bacteria have a correlation with proteolytic activity, 
this was not observed in previous studies with bovine milk28, and 
the milk mycobiota itself may be a degrading factor of proteins37.

Table 2 shows data on pH and water activity in sheep’s milk, 
from the first to the last day of storage. The pH values ranged 
from 7.04 to 7.35, with a mean value of 7.13 (n = 84). The pH 
values cited in previous studies were 6.2722 and 6.5332 for the 
Lacaune breed, 6.70 for Corriedale7 and ranged from 6.51 to 
6.85 for European breeds33. The increase in pH, above 6.7 and 
even 7.0, may be associated with changes caused by mastitis, 
with negative economic impact and changes in the physico-
chemical composition of milk38. Changes in the acidity and pH 
values of ovine milk may affect the coagulation process and the 
mass water retention capacity, influencing the desorption pro-
cess, the size of the clot granules, the texture and the micro-
bial growth in the cheese33. 

Milk water activity remained high throughout the period, with 
an average value of 0.9822 (n = 84), and small variations among 
the milk producers were observed, but none were statistically 
significant. A high concentration of milk moisture decreases its 
yield by lowering solids content and increasing water activity, 
favoring contamination and degradation reactions32.

Cryoscopic index and fat content were obtained from dairy con-
trol data, with the exception of milk producer E. The follow-
ing values were observed for each other producer: -0.578°H 
(A); -0.565°H (B); -0.563°H (C); -0.564°H (D); and -0.569°H 
(F). These results are above the limits stipulated by the legis-
lation, which determines values from -0.530°H1 to -0.550°H11. 
High values of the order of -0.55°C and -0.59°C were observed 
in Lacaune sheep milk samples in Cascavel in the  state of 
Paraná39. The expected freezing point for sheep milk is around 
-0.535°H, values below this may be evidence of fraud by adding 
water to milk5. 

Fat contents per milk producer were 7.30% (A); 6.26% (B); 6.81% 
(C); 9.42% (D); and 6.58% (F), resulting in a mean value of 7.27 
± 0.87% among all producers. The values obtained in samples of 
Lacaune sheep’s milk in other studies were lower, 6.47%23, 6.70%21 
and 6.84%38. Fat content is directly related to cheese yield and 
texture, and milk with higher fat concentrations is indicated for 
the production of soft cheese39. This high fat value observed in 
the milk samples represents a gain in the production chain, since 
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the producer receives greater remuneration for the milk and the 
industry is able to produce more dairy, including taking advan-
tage of the surplus after the milk has been skimmed. 

FINAL REMARKS

Most of the samples showed SPC above the maximum allowed 
by current legislation, as well as high counts for psychrotrophic, 
total coliforms and Staphylococcus sp., which highlights prob-
lems related to herd health, sanitary milking conditions and 
refrigerated storage. There was no producer with better results 
for all parameters evaluated, with large variations between them 
occurring during the refrigeration days. However, milk producer 
B had a larger number of samples below the limit established 
for SPC, smaller counts for psychrotrophic and total coliforms, 
and lower acidity at the end of the period. In addition, acid-
ity increased and protein decreased during refrigeration days, 
demonstrating that this storage cannot be prolonged. If there is 
a need for storage in seasonal periods, the industry should use 
refrigerated ovine milk within two days of milking. Thus, eco-
nomic losses and industrial yield would be avoided and higher 
quality and safety to dairy provided   . 

Figure 2. Mean values of (A) titratable acidity and (B) protein in raw ovine milk kept under refrigeration. The colored lines indicate the averages obtained 
by the producer and the bars are the standard error of the mean; the dotted line indicates the minimum value and the dashed line indicates the maximum 
value, defined in legislation11.
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Table 2. Evaluation of pH and water activity of milk from different 
producers kept under refrigeration.

Producer (day of 
refrigeration) pH Water activity

A (1) 7.15 ± 0.02de 0.9916 ± 0.0023a

A (7) 7.15 ± 0.02de 0.9900 ± 0.0034a

B (1) 7.22 ± 0.01bcd 0.9900 ± 0.0002a

B (7) 7.30 ± 0.01ab 0.9900 ± 0.0004a

C (1) 7.13 ± 0.01def 0.9902 ± 0.0006a

C (7) 7.26 ± 0.01abc 0.9873 ± 0.0010a

D (1) 7.10 ± 0.02ef 0.9904 ± 0.0014a

D (7) 7.35 ± 0.04a 0.9866 ± 0.0018a

E (1) 7.26 ± 0.01abc 0.9897 ± 0.0011a

E (7) 7.28 ± 0.01abc 0.9930 ± 0.0061a

F (1) 7.04 ± 0.01f 0.9887 ± 0.0018a

F (7) 7.19 ± 0.01cde 0.9857 ± 0.0004a

Mean values ± standard deviation of the mean (n = 2); Different letters 
in the same column indicate statistically significant difference (p <0.05) 
Define a,b,c,d,e,f
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