
SC
IE

NT
IA

RUM  POLONO
R

U
MACTA

© Copyright by Wydawnictwo Uniwersytetu Przyrodniczego w Poznaniu

 Acta Sci. Pol., Technol. Aliment. 13(4) 2014, 425-432
pISSN 1644-0730 eISSN 1889-9594 www.food.actapol.net/

 EFFECT OF PROBIOTICS AND THYME ESSENTIAL OIL 
ON THE ESSENTIAL AMINO ACID CONTENT 
OF THE BROILER CHICKEN MEAT*

Ebrahim Alfaig1,2, Maria Angelovičova1, Martin Kral1, Ondrej Bučko3

1Department of Food Hygiene and Safety, Slovak University of Agriculture in Nitra, Slovak Republic
2Department of Food Science and Technology, Sudan University of Science and Technology, Khartoum, Sudan
3Department of Animal Husbandry, Slovak University of Agriculture in Nitra, Slovak Republic

ABSTRACT

Background. Differences in the types and percentages of essential amino acids (EAAs) in food could infl u-
ence the value of protein consumed and proteins with a high content of EAAs are the most important compo-
nents of poultry meat. The use of probiotics for meat and carcass quality improvement has been questioned, 
while feed supplementation with thyme essential oil (TEO) could be considered as useful natural supplement 
to be applied in the poultry industry to improve meat quality.
Material and methods. Day-old broilers Ross 308 (n = 400) were randomly divided into four groups based 
on the feed supplement as follows: control, probiotics 0.05%, TEO 0.05% and combination of probiotics and 
TEO, while the fattening period was 42 days. Six birds of both sexes from each group were selected as a sam-
ple, slaughtered and then stored (–18°C) for 6 months till the analysis. The muscular homogeneous sample 
(50 g) from the breast and thigh of each sample bird was analysed by the Fourier Transform Infrared Spec-
troscopy method using the device Nicolet 6700. The essential amino acids content was determined and the 
quality indicators include chemical score, amino acid score, EAA index and biological value were calculated.
Results. The obtained results show that for all the tested EAAs of the breast and thigh muscles, the content 
numerically increased gradually and progressively within the groups as the control scored the minimum 
followed by the probiotics group, then the combination group and fi nally the TEO group which scored the 
highest results.
Conclusion. It can be concluded that the TEO promoted the increase of all the EAAs and consequently the 
quality indicators with signifi cant different compared with the control group and signifi cantly different for 
some EAAs and quality indicators compared with the probiotics group and the combination group. 
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INTRODUCTION
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The nutritional value of meat is usually assessed on 
the basis of parameters such as content and composi-
tion of proteins, levels of amino acids and content of 

fat [Straková et al. 2002]. Protein quality is an impor-
tant aspect of human food intake. Furthermore, differ-
ences in the types and percentages of essential amino 
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acids in food could infl uence the value of protein con-
sumed [Aronal et al. 2012].

The quality of meat in general and hence the poul-
try meat is an extremely complex notion that can be 
assessed from different points of view. From the stand-
point of consumer interests and the slaughter industry, 
broilers should have not only high slaughter yields and 
desirable carcass conformation scores but also good 
aesthetic, sensory and nutritional characteristics. In 
that respect, the chemical composition of muscle tis-
sue of major primal cuts is an important element of 
broiler meat quality [Boskovic et al. 2010]. Sample 
parameters used to determine protein quality include 
chemical score, amino acid score, EAA index and bio-
logical value [Aronal et al. 2012]. Proteins with a high 
content of essential amino acids are the most impor-
tant components of poultry meat [Matušovičová 1986, 
Straková et al. 2002]. Furthermore, muscles from 
different parts of the carcass have different chemi-
cal composition. It has been found that the chemical 
composition of breast muscles is different from that of 
thigh muscles [Straková et al. 2002].

Feed supplementation with thyme essential oil 
could be considered as useful natural supplement to be 
applied in the poultry industry to improve meat quality 
[Luna et al. 2010, Alfaig et al. 2013]. The use of pro-
biotics for meat and carcass quality improvement has 
been questioned and many unclear results have been 
shown [Pelicano et al. 2003, Alfaig et al. 2013].

Infrared (IR) spectroscopy is a vibrational spec-
troscopy technique deals with the infrared part of the 
electromagnetic spectrum and exploits the principle 
that molecules have specifi c discrete energy levels 
corresponding to frequencies at which they rotate or 
vibrate [Sun 2009, Carbonaro and Nucara 2010, Badr 
2012]. Fourier transform infrared (FT IR) spectros-
copy is promising analytical techniques to be used. 
It is fast, not destructive and not involving laborious 
sample preparation [Kurniawati et al. 2014]. Fourier 
transform infrared spectroscopy is an excellent analy-
sis tool, as it has already been shown to be a means 
of rapid determination of important quality parame-
ters [Sherazi et al. 2009]. It is a powerful instrumental 
tool for both qualitative and quantitative analysis of 
food components owing to the substantial functional 
group information contained within the IR spectrum 
[Amamcharla et al. 2010, Badr 2012].

The aim of this research was to determine the ef-
fect of the thyme essential oil and the probiotics as 
feed additives on the meat quality and in this paper the 
results are highlighting the essential amino acids of the 
broiler chicken breast and thigh meat.

MATERIAL AND METHODS

The experiment was carried out at the Poultry 
Farm Ltd., Zámostie, Slovakia, the chicks were reared 
in pens equipped with a hay deep litter, while the 
slaughtering and the analysis was done in the labora-
tories of the Slovak University of Agriculture in Nitra, 
Slovakia.

Animals and diets. Day-old broilers Ross 308 (n = 
400) were randomly divided into four groups. The fi rst 
group was control which fed the basal diet, the sec-
ond group was fed the basal diet with 0.05% probiot-
ics (Bacillus subtilis PB6, CloSTAT) with the activity 
minimum 2·107 CFU·g-1, the third was thyme group 
which fed the basal diet with 0.05% thyme essential oil 
(Thymus vulgaris L.), and the fourth was a combina-
tion group which fed the basal diet with 0.05% thyme 
essential oil and 0.05% probiotics. Three nutritional 
phases (starter, grower, and fi nisher) were implement-
ed as in Table 1. The fattening period was 42 days 
divided into three stages from 1-18 days as a starter, 
19-31 days grower and 32-42 days as a fi nisher. Six 
birds of both sexes from each group were randomly se-
lected as samples, slaughtered then the carcasses were 
mechanically defeathered, manually eviscerated, and 
cut up after reaching an internal carcass temperature 
of 4°C. The breasts and thighs of the sample chickens 
then stored (–18°C) for 6 months. Before the analy-
sis the frozen meat samples were thawed by cooling 
in the fridge (4°C) for overnight then the breast and 
thigh muscles (without skin) samples were prepared, 
minced and homogenized. 

Amino acid analysis. The amino acid composition 
of the chicken meat samples was measured accord-
ing to Bučko et al. [2012] by FT IR spectroscopy. The 
muscular without skin homogeneous sample (50 g) 
was analysed by the FT IR method using the device 
Nicolet 6700. The infrared spectrum of the muscu-
lar homogeneous analysis itself was carried out by 
the molecular spectroscopy method. The principle of 
this method is the absorption of the infrared spectrum 
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during the sample transition where there is a change 
of the rotary vibrating energetic conditions of the 
molecule depending on the changes of the dipole mo-
mentum molecule. The analytical output is the infra-
red spectrum which is a graphic representation of the 
functional dependence of the energy, mostly given in 
transmittance percentage (T) or absorbance units (A) 
on the wavelength of the incident emission. 

The transmittance is defi ned as a ratio of the inten-
sity of the emission which has passed the sample (I) 
and the intensity of the emission emitted by the source 
(Io). The absorbance is defi ned as a decimal logarithm 
I/T. The dependence of the energy on the wavelength 
is logarithmic, so a repetency – defi ned as a recipro-
cal of the wavelength – is used therefore the presented 
dependence of the energy on the repetency is a linear 
function.

Chemical score, amino acid score, EAA index 
and biological value. The chemical score (CS) was 
calculated for each amino acid according to the fol-
lowing formula: CS = Ax/As, where in Ax is the con-
tent of an amino acid in the investigated protein (%) 
and As is the content of an amino acid in the standard 
protein. Whole egg protien was used as standard as 
reported by Block and Mitchell [1946] (Table 3). The 
Essential Amino Acid Index (EAAI) is a geometrical 
average of CS values [Písaříková et al. 2005, Straková 
et al. 2009]. The biological value of the experimental 
food materials was calculated from EAAI using Oser’s 
[1959] method as:

Biological value (BV) = 1.09 (EAAI) – 11.7

The amino acid score was determined by compar-
ing the essential amino acid contents of the samples 
to the amino acid contents suggested for humans [Sa-
war and McDonough 1990, Straková et al. 2009]. The 
amino acid content recommended for children aged 
2-5 years is used to calculate amino acid score of 
the samples [FAO/WHO/UNU 1985, Straková et al. 
2009] (Table 3).

STATISTICAL ANALYSIS

Data were analysed using R i386 2.15.2 for Win-
dows statistical program for the ANOVA test, while 
Tukey’s HSD (honestly signifi cant difference) multi-
ple comparison test conducted to fi nd means that are 
signifi cantly different from each other.

RESULTS AND DISCUSSION

Essential amino acid composition of the chick-
en breast. The essential amino acid composition 
of the chicken breast meat of the four experimen-
tal groups was shown in Table 2. For the all tested 

Table 1. Ingredient of the basal diet, %

Component Starter Grower Finisher

Wheat 35.00 36.00 30.00

Maize 35.00 40.00 45.00

Soybean meal 21.00 17.00 17.00

Fish meal 71% 4.00 3.00 2.50

Dry blood meal 1.25 1.25 1.25

Lime stone 1.05 1.00 1.13

Monocalcium phosphate 
P 22.7%

0.90 0.60 0.90

Salts 0.10 0.15 0.20

Sodium biocarbonate 0.15 0.15 0.22

Lysine HCL 0.10 0.08 0.30

Methionine 0.15 0.22 0.30

Bergafat 0.58 – –

Clinacox 0.5%* 0.02 – –

SACOX 12%** – 0.05 –

EUROMIX BR 0.5%*** 0.50 0.50 0.50

*Clinacox 0.5% active ingredient: each kg contains 5 grams of 
diclazuril. As an aid in the prevention of coccidiosis caused 
by Eimeria acervulina, E. brunetti, E. maxima, E. mitis, 
E. necatrix and E. tenella in broiler chickens.

**SACOX is 12% micro granulated salinomycin sodium be-
sides strong control of coccidiosis. The approved dose range 
is 50 to 70 mg/kg complete feed in the EU.

***EUROMIX BR 0.5% the active substances per kilogram of pre-
mix: vitamin A 2 500 000 IU, vitamin E 20 000 mg, vitamin D3 
800 000 IU, niacin 12 000 mg, d-pantothenic acid 3000 mg, ri-
bofl avin 1800 mg, pyridoxine 1200 mg, thiamine 600 mg, me-
nadione 800 mg, ascorbic acid 20 000 mg, folic acid 400 mg, 
biotin 40 mg, kobalamin 8.0 mg, choline 100 000 mg, betaine 
50 000 mg, Mn 20 000 mg, Zn 16 000 mg, Fe 14 000 mg, Cu 
2400 mg, Co 80 mg, I 200 mg, Se 50 mg.
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essential amino acids the control group scored the 
numerically lowest results while the thyme essential 
oil group scored the highest. For Arginine, Phenyl-
alanine, Isoleucine, Leucine, Lysine and Methionine 
there was signifi cantly different (p < 0.05) only be-
tween TEO group and the control, while for Cystiene 
there was signifi cantly different (p < 0.05) between 
TEO group and control group and also between TEO 
group and probiotics group. For Histidine, Threonin 
and Valin the TEO group was signifi cantly different 
(p < 0.05) from all the other groups. In general the 
essential amino acid composition of the probiotics 
group and the combination group (probiotics and 
thyme) were almost similar and more close to the 
control group than the TEO group which scored the 
highest value for all the tested amino acids. The re-
sults of the control group were to such extent close 
to that reported by Hamm [1981] and Aronal et al. 
[2012] and for some amino acids similar to that re-
ported by Staraková et al. [2002]. Compared with 
the results reported by Wattanachant et al. [2004] 
who studied the amino acids of the mixed sex broiler 

chickens, all the tested groups scored higher results 
for all amino acids. For Isoleucine the result reported 
by Hamm [1981] and Aronal et al. [2012] and that 
of Staraková et al. [2002] were higher even than that 
obtained by the thyme group. In general for the tested 
essential amino acids the breast meat appears to have 
a little bit numerically higher content compared with 
the same group of the thigh.

Chemical score, amino acid score, EAA index 
and biological value of breast samples. The cal-
culated nutritional indicators of breast samples are 
summarized in Table 3. With reference to EAA in-
dex, BV, the chemical score and amino acid score of 
all the tested amino acids (except Histidine, Threonin 
and Valin), there was signifi cantly different (p < 0.05) 
only between TEO group and the control. In respect 
of the chemical score and amino acid score of Histi-
dine, Threonin and Valin there was a signifi cant differ-
ence (p < 0.05) between TEO group and all the other 
groups.

Amino acid composition of the chicken thigh. 
The essential amino acids results of the chicken thigh 

Table 2. Amino acid composition of chicken breast muscles, g/100 g dry muscle

Amino acids
The experimental groups

Staraková et al. 
[2002]*

Wattanachant 
et al. [2004]**

Aronal et al. 
[2012] 

Hamm [1981]***control probiotics thyme probiotics+ 
thyme

Arginine 6.21 ±0.60b 6.64 ±0.27ab 7.08 ±0.36a 6.62 ±0.43ab 6.548 4.39 6.54

Cysteine 1.38 ±0.10b 1.44 ±0.04b 1.56 ±0.08a 1.46 ±0.08ab – 0.31 0.70

Phenylalanine 4.11 ±0.38b 4.36 ±0.16ab 4.61 ±0.23a 4.34 ±0.29ab 1.902 3.01 4.03

Histidine 4.43 ±0.38b 4.55 ±0.23b 5.14 ±.24a 4.55 ±0.22b 4.656 2.90 4.28

Isoleucine 3.64 ±0.36b 3.89 ±017ab 4.25 ±0.20a 3.89 ±0.26ab 4.298 2.41 4.34

Leucine 7.90 ±0.73b 8.38 ±0.31ab 8.94 ±0.42a 8.38 ±0.53ab 6.785 4.29 8.25

Lysine 8.33 ±0.80b 8.89 ±.37ab 9.50 ±0.48a 8.87 ±0.59ab 8.030 3.41 8.31

Methionine 2.93 ±0.24b 3.08 ±0.14ab 3.34 ±0.16a 3.08 ±0.17ab 2.014 1.88 3.25

Threonin 4.23 ±0.36b 4.44 ±0.16b 4.99 ±0.16a 4.50 ±0.25b 3.530 3.02 4.77

Valin 4.05 ±0.32b 4.20 ±0.16b 4.63 ±0.14a 4.21 ±0.21b 4.722 2.16 4.69

For the experimental groups, data are presented as mean ±standard deviation.
Means within a row lacking a common superscript differ (p < 0.05) in the experimental groups.

*Identifi ed as Ross 308 broiler chickens (male, 42 days; g/100 g dry matter).
**Identifi ed as Broiler (commercial breed, CP707) chicken (g/100 g dry matter).

***Identifi ed as chicken meat (g/100 g dry matter).
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meat of the four experimental groups are presented in 
Table 4. For the all tested essential amino acids the 
control group scored the numerically lowest result 
while the thyme essential oil group scored the high-
est. Regarding the Methionine there was signifi cantly 
different (p < 0.05) only between TEO group and the 
control, while for Arginine, Isoleucine and Lysine 
there was signifi cantly different (p < 0.05) between 
TEO group and control and also between TEO group 

and probiotics group. For Cystiene, Histidine, Pheny-
lalanine, Leucine, Threonin and Valin the TEO group 
was signifi cantly different (p < 0.05) from all the other 
groups.

As shown in Table 4 the thigh essential amino acid 
composition of the probiotics group and the combina-
tion group (probiotics and thyme) were almost simi-
lar and more close to the control group than the TEO 
group. For the control, probiotics and combination 

Table 3. Calculated nutritional indicators of breast samples

Amino acids
The experimental groups

Standard
control probiotics thyme probiotics+thyme

Chemical score of the amino acids, % Standard 1

Arginine 97.06 ±9.33b 103.67 ±4.22ab 110.55 ±5.58a 103.36 ±6.79ab 6.4

Cysteine 57.36 ±4.01b 60.14 ±1.55ab 64.79 ±3.24a 60.69 ±3.28ab 2.4

Phenylalanine 65.16 ±6.05b 69.26 ±2.53ab 73.23 ±3.58a 68.94 ±4.58ab 6.3

Histidine 210.87 ±17.9b 216.8 ±11.1b 244.5 ±11.6a 216.4 ±10.7b 2.1

Isoleucine 45.48 ±4.54b 48.56 ±2.12ab 53.08 ±2.45a 48.67 ±3.19ab 8

Leucine 85.83 ±7.97b 91.11 ±3.41ab 97.17 ±4.60a 91.07 ±5.76ab 9.2

Lysine 115.7 ±11.16b 123.5 ±5.16ab 131.9 ±6.73a 123.2 ±8.21ab 7.2

Methionine 71.54 ±5.78b 75.04 ±3.47ab 81.38 ±3.81a 75.08 ±4.22ab 4.1

Threonin 86.36 ±5.25b 90.65 ±3.27b 101.9 ±3.28a 91.84 ±5.08b 4.9

Valin 55.50 ±4.33b 57.51 ±2.14b 63.38 ±1.98a 57.65 ±2.91b 7.3

Amino acids score, % Standard 2

Cysteine+ Methionine 172.4 ±13.2b 180.8 ±7.0ab 195.7 ±7.6a 181.4 ±10.0ab 2.5

Histidine 233.1 ±19.9b 239.6 ±12.3b 270.3 ±12.8a 239.2 ±11.8b 1.9

Isoleucine 129.9 ±13.0b 138.8 ±6.0ab 151.7 ±7.0a 139.0 ±9.1ab 2.8

Leucine 119.6 ±11.1b 127.0 ±4.8ab 135.5 ±6.4a 126.9 ±8.0ab 6.6

Lysine 143.6 ±13.9b 153.3 ±6.4ab 163.8 ±8.4a 152.9 ±10.2ab 5.8

Threonin 124.5 ±10.4b 130.6 ±4.7b 146.9 ±4.7a 132.4 ±7.3b 3.4

Valin 115.8 ±9.0b 120.0 ±4.5b 132.2 ±4.1a 120.2 ±6.1b 3.5

EAA index, % 80.79 ±7.03b 85.13 ±3.27ab 92.48 ±3.62a 85.26 ±5.01ab –

Biological value 76.36 ±7.66b 81.09 ±3.57ab 89.11 ±3.95a 81.23 ±5.46ab –

Means within a row lacking a common superscript differ (p < 0.05) in the experimental groups.
Standard 1: composition of whole egg protein (g of amino acid/16 g nitrogen) as reported by Block and Mitchell [1946].
Standard 2: the amino acid content recommended for children aged 2-5 years as reported by FAO/WHO/UNU [1985].
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groups Arginine, Phenylalanine, Isoleucine, Leucine, 
Lysine, Methionine and Threonin values were less 
than that reported by Hamm [1981] and Aronal et al. 
[2012], while for Cystiene, Histidine and Valin values 
obtained by the four groups were greater than that re-
ported by Hamm [1981] and Aronal et al. [2012]. The 
results reported by Staraková et al. [2002] and Wat-
tanachant et al. [2004] for all the tested amino acids 
were lower than those obtained by the control and ex-
perimental groups. Despite of the fact that the control 
scored the numerical minimum results compared with 
the other groups for the breast and thigh samples, the 
statistical analysis showed that there was no signifi -
cant different between the control and the probiotics 
group and the combination group and the exception 
only was in the TEO group.

Chemical score, amino acid score, EAA index 
and biological value of thigh samples. The calcu-
lated nutritional indicators of thigh samples are men-
tioned in Table 5. Regarding the chemical score of 
Methionine there was a signifi cant difference (p < 
0.05) only between TEO group and the control and 

for Arginine, Isoleucine and Lysine there was a sig-
nifi cant difference (p < 0.05) between TEO group and 
control and also between TEO group and probiotics 
group, while for the rest of the tested amino acids the 
chemical score samples showed signifi cant difference 
(p < 0.05) between TEO group and the other groups. 
In connection with EAA index, BV and amino acid 
score of all the tested amino acids (except Isoleucine 
and Lysine), there was a signifi cant difference (p < 
0.05) between TEO group and the other groups. For 
the amino acids score of Isoleucine and Lysine there 
was a signifi cant difference (p < 0.05) between TEO 
group and control and also between TEO group and 
probiotics group.

CONCLUSION

Compared to the control group we can conclude 
that the probiotics numerically increased the amino 
acid content and the calculated nutritional indica-
tors but without signifi cantly and the same case for 
the combination group, while the thyme essential oil 

Table 4. Amino acid composition of chicken thigh muscles, g/100 g dry muscle

Amino acids
The experimental groups

Staraková et al. 
[2002]*

Wattanachant 
et al. [2004]**

Aronal et al. 
[2012] 

Hamm [1981]***control probiotics thyme probiotics+ 
thyme

Arginine 5.49 ±0.39b 5.55 ±0.30b 6.35 ±0.54a 5.64 ±0.54ab 3.933 4.75 6.89

Cysteine 1.21 ±0.06b 1.21 ±0.04b 1.43 ±0.09a 1.26 ±0.08b – 0.3 0.76

Phenylalanine 3.62 ±0.24b 3.65 ±0.19b 4.16 ±0.33a 3.70 ±0.34b 2.071 2.94 4.00

Histidine 3.92 ±0.23b 4.02 ±0.23b 4.57 ±0.31a 4.01 ±0.30b 2.458 2.49 3.42

Isoleucine 3.26 ±0.24b 3.32 ±0.20b 3.80 ±0.32a 3.36 ±0.33ab 2.978 2.29 4.15

Leucine 7 ±0.48b 7.06 ±0.37b 8.08 ±0.64a 7.19 ±0.66b 5.285 4.19 7.85

Lysine 7.33 ±0.52b 7.42 ±0.40b 8.51 ±0.73a 7.53 ±0.72ab 5.804 3.16 8.15

Methionine 2.58 ±0.17b 2.65 ±0.13ab 2.96 ±0.24a 2.67 ±0.22ab 1.482 1.83 3.25

Threonin 3.76 ±0.25b 3.81 ±0.18b 4.55 ±0.33a 3.92 ±0.32b 2.456 2.96 5.02

Valin 3.60 ±0.19b 3.66 ±0.16b 4.20 ±0.27a 3.68 ±0.23b 3.274 2.08 3.38

For the experimental groups, data are presented as mean ±standard deviation.
Means within a row lacking a common superscript differ (p < 0.05) in the experimental groups.

*Identifi ed as Ross 308 broiler chickens (male, 42 days; g/100 g dry matter).
**Identifi ed as Broiler (commercial breed, CP707) chicken (g/100 g dry matter).

***Identifi ed as chicken meat (g/100 g dry matter).
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promoted the increase of all the essential amino acids 
and consequently the calculated nutritional indicators 
with signifi cantly different compared with the control 
group and signifi cantly for some amino acids com-
pared with the probiotics group and the combination 
group. These encouraging results can pave the way 
for increasing the essential amino acids in the meat 
produced not only from chickens but also from other 
animals by supplementation of the thyme essential oil 
in their diet. However, more research is needed to con-
fi rm these results.
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Threonin 76.67 ±5.07b 77.72 ±3.67b 92.89 ±6.79a 79.93 ±6.47b

Valin 49.25 ±2.60b 50.09 ±2.20b 57.47 ±3.76a 50.37 ±3.16b

Amino acids score, %

Cysteine+Methionine 151.6 ±9.4b 154.2 ±6.6b 175.5 ±13.2a 157.2 ±12.1b

Histidine 206.4 ±12.2b 211.8 ±12.1b 240.4 ±16.1a 211.2 ±15.6b

Isoleucine 116.4 ±8.6b 118.4 ±7.0b 135.6 ±11.5a 119.8 ±11.9ab

Leucine 106.1 ±7.3b 107.0 ±5.6b 122.5 ±9.7a 108.9 ±10.0b

Lysine 126.4 ±9.0b 128.0 ±6.9b 146.7 ±12.6a 129.9 ±12.4ab

Threonin 110.5 ±7.3b 112.0 ±5.3b 133.9 ±9.8a 115.2 ±9.3b

Valin 102.7 ±5.4b 104.5 ±4.6b 119.9 ±7.8a 105.0 ±6.6b

EAA index, % 71.45 ±4.62b 72.46 ±3.57b 83.29 ±6.36a 73.58 ±6.15b

Biological value 66.18 ±5.04b 67.28 ±3.90b 79.08 ±6.93a 68.51 ±6.71b

Means within a row lacking a common superscript differ (p < 0.05).
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