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ABSTRACT

The aim of this paper was to determine the protein quality of naked oat (4Avena nuda
L.) and buckwheat (Fagopyrum esculentum Moench) by traditional biological methods
[Protein Efficiency Ratio (PER), Net Protein Utilization (NPU), Biological value] and the
protein digestibility-corrected amino acid score (PDCAAS). As an animal model we used
growing rats at the age of 21 days and at average body weight 83 g. The tested feeds
represented the only nitrogen source in the experimental diets, and the tested nitrogen
substances were 10 % of the feed ration in dry matter. We found higher values achieved in
growth, feed conversion and crude protein intake in the group fed buckwheat. Buckwheat
achieved higher biological value. Oat achieved a higher digestibility, which was also
influenced by higher PDCAAS. Buckwheat achieved higher biological protein value.
Isoleucine was the limiting amino acid in both tested feeds. Other parameters of the

evaluation of protein quality (PER, NPU) had minimal differences.
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INTRODUCTION

Access to sufficient food of adequate quality to maintain normal body structure and
function throughout life is essential for maintaining of health. Protein is an essential
component of a healthy nutrition, which allows the growth and maintenance of 25 000
proteins encoded in the human genome, as well as other nitrogen compounds, which together
form the body system dynamic structural and functional elements, and thus provide nitrogen
cycle in the environment (WHQ, 2007). Proteins perform many functions in the body, for
example: building function, regulation of metabolism, transport of nutrients, synthesis of
enzymes and hormones, immune response, and many others (Kerestes e al., 2011).

From the above mentioned it follows that it is necessary to assess the quality of
protein, whether vegetable or animal origin. For many years, bioassays, predominantly using
growing rats, were the preferred approach to assessing the nutritional quality of proteins
(Schaafsma, 2005). Values are expressed in parameters Protein Efficiency Ratio (PER), Net
Protein Utilization (NPU) and biological value (BV). These methods, however, did not take
into account the composition of amino acids in humans. Accordingly, experts from
FAO/WHO derived comparative method known as protein digestibility-corrected amino acid
score (PDCAAS), which is now accepted as a standard procedure for assessing the quality of
protein. These experts concluded that protein quality could be assessed adequately by
expressing the content of the first limiting essential amino acid in a test protein as a
percentage of the content of the same amino acid in a reference pattern of essential amino
acids. This reference pattern was based on the essential amino acid requirements of preschool-
age children (WHO, 2007).

Cereals are the world's most important crops and cereal products are the most
important food. Cereals have low content of protein and composition of essential amino acid
is non-balanced (Asgar et al., 2010). The most important "bread" cereal is wheat (Triticum
aestivum L.), which contains gluten, that causes health problems in some people and can
cause illness - celiac disease (Galova et al., 2010). As the solution is the use of minor cereal
species so-called pseudocereals (Moudry et al., 2005). For example buckwheat has high

content of protein (9.7 — 15%) and starch. Compared to conventional cereals it has almost
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optimal representation of the essential amino acid composition and is similar to the structure
of amino acids in legumes (Michalova and Cejka, 1996).

The objective of our study was to determine and compare the quality of protein in
naked oats (Avena nuda L.) variety Tatran and buckwheat (Fagopyrum esculentum Moench)

variety Spadinska by biological methods (PER, BV, NPU, UP) and method PDCAAS.

MATERIAL AND METHODS

Feed

Experimental feeds naked oat (4vena nuda L.) variety Tatran and buckwheat
(Fagopyrum esculentum Moench) variety Spa¢inska were offered us by PPRC in Piestany.
Tested feeds represented the only source of nitrogen in the experimental diets. Crude protein
(CP) of feeds made up 10% of the ration is dry matter (Table 1). Analysis of nutrients in feed,
feces and urine were performed according to the Commission Regulation EC no. 152 (2009).
The content of amino acids after acid hydrolysis 6M-HCI and methionine and cystine after
oxidation hydrolysis was determined in an automatic amino acid analyzer AAA 400 (fy Ingos

Praha).

Table 1 Composition of feed mixture (% of dry matter)

Test crops amount equivalent content of 10% crude protein
sucrose 10%
mineral-vitamins premix 5.2%
oil 5%
cellulose to about 4% including fiber of feed
starch up to 100%

Animals and methods used

The quality of protein in selected alternative crops we investigated by the biological
methods (protein digestibility, protein efficiency ratio - PER, biological value - BV, net
protein utilization - NPU) in accordance with the standard method by Eggum (1973) and
Heger et al. (1990). In each group, eight Wistar male rats (Velaz, Ltd., Prague) were weaned
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at 21 days of age, the average body weight 83 g. The animals were housed individually in
metabolic stainless steel screen-bottom cages, with standard temperature and humidity, with
12 hour light-dark cycle. Animals were given free access to water and feed and records of
weekly food consumption and body weights were kept. Standard 23/2009 digest of laws for
the care and use of laboratory animals was followed.

Protein digestibility-corrected amino acid score (PDCAAS) was calculated using the

following formula:

mg of first limiting amino acid in 1 g test protein

digestibility of

PDCAAS = mg of the same amino acid in 1 g reference X 100
protein (%) x

protein

This reference model is based on protein amino acid requirements for preschool

children (WHO, 2007).

RESULTS AND DISCUSSION

The content of crude protein in cereals is generally low, which is confirmed by our
results in the naked oat (Avena nuda L.) variety Tatran 125.4 g/kg and buckwheat
(Fagopyrum esculentum Moench) variety Spadinska 146.6 g/kg. Rychlik (2004) reported
values by 1.5% higher in oat compared with our results. Similarly Biro et al. (2010) found
higher values for oats. Sant’Ana et al. (2011) found in oat as many as 18.13% crude protein
content. When compared with other authors dealing in this particular field Moudry et al.
(2005) and Petrikovic et al. (2000) mentioned values of crude protein fluctuating by 2% up
and down. Kovacikova (2010) found the lowest content of CP in buckwheat by 5% lower
compared to us.

In testing these crops on animal model, we found higher increase of body weight by
9% 1n group with buckwheat feeding. This group had higher CP intake and feed conversion
too (Table 2). Indigestible part of CP in feeds was reflected in the amount of nitrogen excreted
in urine and feces. The group of rats fed oat excreted more nitrogen in urine, second group in
feces, which was reflected in the final protein digestibility of crude protein, which was higher
in oat. Petrikovi¢ ef al. (2000) found this parameter in oats and buckwheat higher (82% and
78%) than we did. Higher digestibility of buckwheat (74%) found Moudry et al. (2005). The

difference in the excretion of nitrogen in urine and feces was also reflected by a higher
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biological value of proteins in buckwheat by 6%. Differences in other endpoints (PER, NPU)

were negligible.

Table 2 Observed parameters of quality protein

Feed oat buckwheat
Parameters XESy X £y
Increase body weight g 107.64+21.88  118.78+18.13
Feed conversion g 3.64+0.40 4.06 +0.42
Intake CP g 40.04 £4.95 44.02 £3.90
Secreted N in urine per day ~ mg 80.13 +16.21 71.63 £18.05
Secreted N in feces per day mg 67.83 £15.73 99.61 +10.77
Protein digestibility % 74.36 £3.54 68.97 £4.42
BV % 80.30 + 8.32 86.33 £7.88
PER % 2.67+0.29 2.69 £0.25
NPU % 59.80 £ 7.79 59.77 £ 8.87
m&imw ratio, NPU - net

protein utilization

In table 3 we showed the amino acid composition of the tested feeds. Limiting amino acid was
isoleucin in both of them. Moudry ez al. (2005) found leucine as limiting acid in buckwheat.
We explain the discrepancy by changing the values used in the reference protein in preschool
children, stating WHO (2007). Higher PDCAAS was calculated at 71.11% in oat, buckwheat
compared to 55.41%. PDCAAS value was affected by higher crude protein digestibility in oat
by 6%.
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Table 3 Composition of amino acids in dry matter of tested feeds (g’kg DM) and

value PDCAAS
Amino acid (g’kg DM) oat buckwheat
“asparticacid 802 741
threonine 4.30 3.15
serine 5.33 4.25
glutamic acid 21.45 13.46
proline 5.75 2.17
glycine 5.13 4.64
alanine 4.71 3.29
valine 4.50 3.40
isoleucine 2.97 2.49
leucine 7.02 5.07
tyrosine 3.16 1.91
phenylalanine 4.84 3.60
histidine 2.30 2.09
lysine 5.91 6.32
arginine 6.58 8.40
cystine 2.25 1.78
methionine 1.46 1.28
PDCAAS (%) 71.11 55.41

Legend: DM — dry mater

CONCLUSION

Based on tests of naked oat and buckwheat by biological methods, we can conclude
that the differences in the content of crude protein between the various types of cereals and in
species are great, depending on the location of cereal cultivation, fertilization and weather.
We found higher values achieved in growth, feed conversion and CP intake in the group fed
buckwheat. Oat achieved a higher digestibility, which was also influenced by higher
PDCAAS. Buckwheat achieved higher biological protein value.
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