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Abstract. Material for research was obtained from the field experiment conducted at the
Experimental Station of Cultivar Testing in Chrzastowo (53°09” N; 17°35° E) in the years
2006-2008. Amino acid composition in the vegetation matter was determined after acid
hydrolysis with high performance liquid chromatography (HPLC). High content of the
total protein was found in the green matter. Profile analysis proved that protein of the
analyzed species differs from each other in composition. However, it is characterized by
a similar content of three exogenous amino acids (phenylalanine, isoleucine, valine) as
well as two endogenous amino acids (alanine and serine). Chenopodium quinoa is
distinguished from Chenopodium album by higher biological value of protein in the green
matter, measured with the essential amino acid index (EAAI). The analyzed species are
characterized by high yields of exogenous and endogenous amino acids in cultivation for
green matter. Chenopodium quinoa as a crop plant is characterized by higher forage value
than Chenopodium album. Small proportion of Chenopodium album in Chenopodium
quinoa canopy will not significantly affect the change of quality of the produced green
matter.

Key words: amino acid content, essential amino acid index, EAAI limiting amino acid
index, protein quality, pseudocereals

INTRODUCTION

An easy and low-cost protein production of high quality still poses a problem. It
concerns not only seeds, but also green matter which after satisfying some requirements
of nutritive value may be used for dried material production. The number of plant
species that can be used for this purpose is limited. Most often these are plants from the
family Fabaceae. Chenopodium quinoa, the new offered crop plant species in Poland, is
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equaled with regard to nutritive value by this group of plants, and even exceeds it,
which gives greater possibilities of its application [Ahamed et al. 1998, Jacobsen 2003].
The use of plants from the family Chenopodiaceae, which Chenopodium quinoa
belongs to, for green matter is common in Europe. However, in South America it is
traditionally cultivated for seeds. Chenopodiaceae family includes pasture and
industrial species of great economic significance like: fodder beet, sugar beet, red beet,
garden beet and spinach [Grochowski 1996] and Chenopodium album, whose young
leaves were used for salads, similarly to spinach, and for soups. Protein content in the
green matter of Chenopodium quinoa is higher than in seeds. Also the green matter
yield of this species is high. In Germany the yield of app. 70 t-ha™" was obtained [Ritter
1986]. It shows that protein yield in cultivation for green matter is much higher than in
the case of seed cultivation. Because of this and with regard to high protein quality of
Chenopodium quinoa [Gorinstein et al. 2002, Drzewiecki et al. 2003, Balzotti et al.
2008], which is described as an alternative species, production of dried material from
this species is subsidized in European Union countries. Unfortunately, because of the
fact that this species used to be unknown in Poland, it has not been included in the list
of subsidized plants. Deficiency of proteinaceous raw materials of plant origin is high,
not only in Poland [Prusinski and Kotecki 2006]. One of the causes of a sudden increase
of demand for protein are restrictions on application of meals of animal origin in animal
nutrition, which resulted in a deficiency of this component on the market. This gap is
currently filled by soybean. Protein from Chenopodium may be an alternative to the
imported genetically modified soybean.

The reason for research concerning comparisons of Chenopodium quinoa and
Chenopodium album is not only the nutritive value of Chenopodium quinoa, but also
lack of literature concerning Chenopodium album despite its common occurrence.
Under Polish conditions Chenopodium album is a resistant weed in the cultivation of
Chenopodium quinoa. There are no such selective herbicides which would control
Chenopodium album, not harmful at the same time to the crop plant. In cultivation for
seeds, it has to be mechanically removed, as it competes for nutrients as well as for
other environmental factors. In cultivation for green matter this treatment could be
omitted. Assuming that Chenopodium album as a domesticated plant has a similar
nutritive value as Chenopodium quinoa, its coexisting in a small number in a canopy
would not significantly decrease the quality of green matter, and thus it would reduce
costs of its control. On the basis of this research hypothesis was formulated. It assumed
that green matter of Chenopodium quinoa and Chenopodium album, which would be
used in nutrition, should be characterized by a similar amino acid composition of
protein. It is indicated by the fact that it belongs to the same botanical genus, and also
by many morphological and developmental similarities.

The aim of the research was determination of differences in the content of particular
amino acids between Chenopodium quinoa and Chenopodium album, especially the
proportion of exogenous amino acids. From the point of view of practical application, it
seems to be important to know the amino acid yield of both species cultivated in
Poland.
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MATERIAL AND METHODS

Field experiment with cultivation for green matter was carried out at the Experimental
Station of Cultivar Testing in Chrzastowo (53°09° N; 17°35° E) in the years 2006-2008.
The experiment was set up as a single-factor experiment in a randomized subblock
design, in four replications, on soil of the very good rye complex, according to
methodology presented in the first part of the paper [Gesinski and Nowak 2011].
Standard and dates of sowing were the same as in the cultivation for seeds. Two species
were cultivated for green matter: Chenopodium quinoa cv. Sandowal and Chenopodium
album. Characteristics of agricultural-functional properties of Chenopodium quinoa cv.
Sandowal are presented in the paper of Gesinski and Nowak [2011].

Harvesting of green matter was conducted at the milk stage. For both Chenopodium
species it took place every year in the middle of August. Green matter yields were as
follows: Chenopodium quinoa at the level of app. 43.5 t-ha, and Chenopodium album
38.2 t-ha™'. Forage samples were dried at a temperature of 50°C.

In dry matter samples from forage of both Chenopodium species, the total nitrogen
content was determined with Kjeldahl method and next, using the conversion factor
6.25, the total protein content was calculated. Amino acid content in protein was
determined with HPLC method after acid hydrolysis. On the basis of amino acid
composition, the total of exogenous and endogenous amino acids was calculated. On the
basis of chicken egg composition, for green matter protein of the analyzed
Chenopodium species the essential amino acid index (EAAI) was calculated as well as
the limiting amino acid index (CS). Detailed method of amino acid determination and of
calculating indexes which were mentioned above is presented in the first part of the
paper [Ggesinski and Nowak 2011].

Statistical evaluation of obtained results was done on the basis of comparison of the
amino acid content, based on protein profiles of both species with multivariable method,
profile analysis. For profile analysis, Cohen’s similarity coefficient r. was used, whose
formula is presented in the first part of the paper [Gesinski and Nowak 2011]. Next,
formation of variations of particular amino acids in protein, in green matter and of the
yield in both Chenopodium species, was compared with the use of t-student test. Results
of this analysis are presented in tables.

RESULTS

It was found that the analyzed Chenopodium species were characterized by large
proportion of the total protein in the dry matter of forage: Chenopodium quinoa — 216
g-kg! and Chenopodium album — 203 g-kg’.

Comparative analysis of protein profiles of the green matter from Chenopodium
quinoa and Chenopodium album, based on the amino acid proportion (Fig. 1), proved
lack of similarity on the basis of the calculated Cohen’s similarity coefficient r,
(coefficient value 0.334). Analysis of variations of particular amino acids in the green
matter protein of Chenopodium quinoa and Chenopodium album proved lack of
significant differences between these species with regard to the content of three
exogenous amino acids: phenylalanine, isoleucine and valine. Proportion of other
exogenous amino acids was significantly higher in the protein of Chenopodium quinoa
than in the protein of Chenopodium album (Table 1). In consequence, the total of
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exogenous and endogenous amino acids as well as the total of all amino acids was also
significantly higher in the protein of Chenopodium quinoa than Chenopodium album.
Both species did not differ significantly in the proportion of alanine and serine. Higher
content of glycine, glutamic acid and tyrosine was found in the protein of Chenopodium
quinoa, while of aspartic acid in the protein of Chenopodium album. Lack of significant
differences between the analyzed species with regard to the content of isoleucine, valine
and serine was proved. Proportion of other amino acids was also higher in
Chenopodium quinoa than in Chenopodium album. The exception was aspartic acid
whose content in the green matter protein of Chenopodium quinoa was lower than in
Chenopodium album.

Tyrosine — Tyrozyna
Serine — Seryna |......
Glutamine — Glutamina
Asparagine — Aspargina |.....
Glycine — Glicyna
Alanine — Alanina |......
Valine — Walina
Threonine — Treonina |........
Methionine — Metionina

Lysine — Lizyna |.........

Leucine — Leucyna

Isoleucine — Izoleucyna ..o
Histidine — Histydyna :
Phenylalanine — Fenyloalanina |.........

Arginine — Arginina o=
very low low average high very high
bardzo maly maty $redni duzy bardzo duzy

Amino acid proportion in protein — Udzial aminokwaséw w biatku

Protein profile — Profil biatka: —0- Chenapodium album — komosa biata
-0- Chenopodium quinoa — komosa ryzowa

Fig. 1.  Profiles of amino acid proportion in the green matter protein of Chenopodium quinoa
and Chenopodium album
Rys. 1. Profile udziatu aminokwasow w biatku zielonej masy komosy ryzowej i komosy biatej

Significant differences of the amino acid yields between the species were found
(Table 1). The exogenous amino acid yield of Chenopodium album was lower than that
of Chenopodium quinoa by 195 kg-ha™, and endogenous by 199 kg-ha. Finally, the
amino acid yield of Chenopodium quinoa was higher by 394 kg-ha" than that of
Chenopodium album.

On the basis of the essential amino acid index, higher protein value of Chenopodium
quinoa than Chenopodium album was found (Table 2). The value of the limiting amino
acid index (CS) allows to state that methionine and isoleucine are amino acids which
reduce the nutritive value of protein from the green matter of both Chenopodium quinoa
and Chenopodium album.

Acta Sci. Pol.



61

QU)0ISIAIU AITUZOT — SIIURIIJIP JUBIYIUSIS-UOU — [U — SU

LT9Y 96¢1 0691 1404 sel TLST 91'C 999 8'CL yokuepeq T — parpms 3

JoAuud30pud mosemoure g

0L’st 129 0¢8 44 819 9L 0Tl 6'1¢ €¢ee SPIOE OUILE SNOUSSOPUR T
wel S'le 9°SLI LET v$'6 SE91 $9°0 oLy LS'L eUAZOIA], — ouIs0IK ],
90°6 6°SL 0°L8 u—su 'L 0rs8 u—su 06°¢ SL'E euAIog — ouLIdg
. . . . . . . . . Amourwren|3 semy|
LSS 191 §cie Sso €891 6L°61 90 678 9’6 ploe oruejn|o
. . . . . . . . . Amourderedse semy|
vi'8 [t Seol 080 6511 £9'6 8¢°0 s iy AEomoEm%/m
8C¢l Lv01 Lyl 0¢'1 601 el 90 8¢S Se9 eukd1[0) — QUKD
veL €9L 016 L0 96'L SL'8 i —su 6'¢ SOy BUIUB]Y — SUlUE]Y
JoAuu030z30 mosemounue g
LL'LY SL9 0L8 89t oL 018 €T Lve S'LE SPIOE OUIUE SNOUSSOX T
ST 1'e9 S'IL u—su 8¢9 S99 u—su vTe 80°¢ BUI[BA\ — SUIBA
€'t S8L 101 8¥°0 8I'8 1440 €0 €0y LEY BUIUOSL], — QUIUOSIY T,
00°¢ €L 09t 670 181 we ¥1°0 68°0 1% BUIUONIIN — SUIUOION
SETI 696 I'vel (A ot 8V'Cl €50 861 8L'S eukzr] — ouisky
8TL 6'8¢1 €991 L0 vrel 6v'Sl €0 299 LT'L BUAONST — OUIONO]
98 vIS 809 u—su 9¢'¢ 99°¢ I ¥9°C [N eukonajoz] — ouIoNd[os|
S8'6 L1y 0%9 L60 1494 96°S 970 144 9L'C eUApAISTH — QUIPISIH
IS 8'88 Lol 950 9C6 86'6 u—su 9s'Y v BUIUB[EO[AUS — OUIUB[E]AUSY ]
4% 801 L'8€1 08°0 6C11 [xq! 8¢°0 9¢°¢ 86'C BUIUISIY — OUIUISIY

) BJRIQ BSOWO ©MOZAI BSOWO ) BJRIQ BSOWO BMOZAI BSOWO N RJRIQ BSOWO BMOZAI BSOWO

MM.MMHZ ! .WESE ! pvouinb ! MMMMHZ ' .MEQE ! vouinb ! MM.WMHZ ' .Mxﬁa ! vouinb !
as1 wnipodoudyy — wnipodoudy?) ast wnipodoudy?) wnipodoudy?) ast wnipodoudyy  wnipodoudy))
3 SeMYOUIUTY -PIoB OuIuIy
U q1seur Gnoﬁ_%w 3 950)IBMEYZ N 8915
uofd — PIIA : : PO ffeIq M 9solremez — urejoid ur JuLIuo))

JIojjew UI3 Ul Juduo))

Comparative... Part II. Amino acid...

[ope1q Asowoy 1 femopues Auerupo [omozA1 Asowoy d1sewl [ouo[a1z m mosemjourwe uojd 1 9sojreme | e[oqe],
wngv wnipodouay?) pue [emopues "Ad pouinb wnipodouay?) Jo I13)jeW USIS Ay} Ul SPIO. OUIWE JO P[AIA PUB JUAUO)) "] dqe],

Agricultura 10(3) 2011



62 K. Gesinski, K. Nowak

Table 2. Values of the essentials amino acid index (EAAI) and limiting amino acid index (CS) of
the green matter protein in Chenopodium quinoa and Chenopodium album.

Tabela 2. Wartosci wskaznika aminokwasow egzogennych (EAAI) i wskaznika aminokwasow
ograniczajacych (CS) biatka zielonej masy komosy ryzowej i komosy bialej

Index — Wskaznik Chenopodium.quinoa Chenopodium.album
Komosa ryzowa Komosa biata
EAAI (LSDgs — NIRg5 2,41) 67.0 61.1
CS I - methionine — metionina 31 25
CS I - isoleucine — izoleucyna 38 38

DISCUSSION

In European Union countries, similarly to Poland, there occurs high deficiency of
proteinaceous raw materials of plant origin [Prusinski and Kotecki 2006]. Annually, the
demand for high-protein components in Poland is in 80% covered by import of almost
2 million tons of soybean meal, which is obtained mainly from the genetically modified
soybean cultivars [Swiecicki et al. 2007]. Thus, it seems reasonable to introduce
Chenopodium quinoa into cultivation in Poland as a valuable high-protein product.
Possibilities of using Chenopodium quinoa in nutrition technology are great. This plant
may be treated as a cereal and vegetable [Haber 1996]. Multidirectional application of
this species results from its properties, but also from retaining its primary traits. Green
matter of Chenopodium quinoa is a valuable high-protein product [Jacobsen 2003],
which is another argument in favor of cultivation of this species in Poland. Total protein
concentration in vegetation matter is app. 216 g-kg' and is higher than in seeds, in
which it may range from 126 g-kg" to even in some cases 190 g-kg” [Ahamed et al.
1998, Authammer 2000, Balzotti et al. 2008]. High value of this product caused that
production of dried matter from Chenopodium quinoa is subsidized in European Union
countries. One of the most important criteria of the biological value of the yields
[Klupczyniski 1986, Domska and Rogalski 1993, Domska 1996], especially of plants
cultivated for feed purposes and as raw materials for agricultural-food industry, is the
content and quality of protein, determined on the basis of its amino acid composition.
Similarly to seeds, green matter of both Chenopodium quinoa and Chenopodium album
contains protein of well-balanced composition [Balzotti et al. 2008]. The greatest
proportion is of lysine, though it is lower in the green matter than in seeds. High
concentration of lysine is the result of a combined effect of its synthesis and
accumulation in a soluble and protein form [Varisi et al. 2008]. Leaves of Chenopodium
quinoa have been identified as the predominant site of nitrate reduction in this species.
Profile analysis of amino acids in leaves and roots also proved the significant role of the
soluble glutamine as a nitrogen transporting compound [Varisi et al. 2008]. When
comparing amino acid content in the green matter protein of Chenopodium quinoa and
Chenopodium album with its content in seeds [Gorinstein et al. 2002, Drzewiecki et al.
2003, Balzotti et al. 2008], some differences should be noted. The content of
phenylalanine, isoleucine, leucine, threonine and valine in the green matter protein is
even higher than in the protein of seeds. These results are in accordance with those
obtained by Ahamed et al. [1998] as well as by Authammer [2000]. The total of
exogenous amino acids in the green matter is lower but it results from the lower
arginine content (app. 44%). The content of this amino acid in seeds is very high and,
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except lysine and leucine, over twice exceeds other exogenous amino acids in respect of
the amount. From endogenous amino acids in the green matter protein of both species
there is also more alanine, glycine, aspartic acid and tyrosine than in seeds. In
consequence, the total of endogenous amino acids is higher than in seeds, and the total
of all studied amino acids for Chenopodium quinoa is the same both in the green matter
and in seeds, and for Chenopodium album it is lower. Comparing values of the limiting
amino acid index in green matter protein of the analyzed species with seeds, it can be
stated that proportions between amino acids are more equaled in the green matter.
Isoleucine and valine, which in seeds are the limiting amino acids, in the green matter
protein have a higher value of the limiting amino acid index (CS). Nevertheless,
isoleucine is the second limiting amino acid, while methionine is the first one.
Comparing biological value of protein of the studied Chenopodium species with green
matter of e.g. winter barley at the milk stage it should be stated that it is comparable but
its concentration in the yield of barley is over twice as low (107 g-kg™) [Barczak and
Nowak 2006]. The above analysis results support the idea of introducing Chenopodium
quinoa into cultivation not only because of the high biological value of the green matter
protein, but also because of its high concentration. Own research results show that
presence of a small proportion of Chenopodium album in the canopy of Chenopodium
quinoa will not significantly affect the change of quality of the produced green matter.
It is important as it allows cost reduction connected with weed control of the plantation.

High biological value of the green matter protein of Chenopodium quinoa and
Chenopodium album indicates the alternative possibility of choice of production of this
component compared with the seed production. It is confirmed not only by higher
protein content in the green matter than in seeds, but first of all higher amino acid
yields. In cultivation for green matter, Chenopodium quinoa gives over six times higher
exogenous amino acid yields compared with the one cultivated for seeds. Similar
relations concern endogenous amino acids and the yield of all amino acids. The amino
acid yields of Chenopodium album in cultivation for green matter are even over eight
times higher compared with the one cultivated for seeds. Regardless of this, the yield of
all amino acids of Chenopodium quinoa in cultivation for green matter is over 30%
higher than of Chenopodium album. Chenopodium quinoa is a species of higher
biological value of the green matter protein than Chenopodium album and more yield-
-forming.

CONCLUSIONS

1. Chenopodium quinoa and Chenopodium album were characterized by high
protein content in the green matter: 216 g-kg' and 203 g-kg' respectively, per dry
matter.

2. On the basis of profile analysis it was stated that the green matter protein of the
analyzed species differed in the amino acid composition. However, it was characterized
by a similar content of three exogenous amino acids (phenylalanine, isoleucine, valine)
as well as two endogenous amino acids (alanine and serine).

3. Chenopodium quinoa is distinguished by a higher biological value of the green
matter protein measured with the essential amino acid index (EAAI).
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4. Both species were characterized by high yield of exogenous and endogenous
amino acids in cultivation for green matter. However, Chenopodium quinoa exceeded
Chenopodium album with regard to this.

5. Presence of a small proportion of Chenopodium album in the canopy of
Chenopodium quinoa will not significantly affect the change of quality of the produced
green matter.
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ANALIZA POROWNAWCZA WARTOSCI BIOLOGICZNEJ BIALKA
KOMOSY RYZOWEJ (Chenopodium quinoa WILLD.)

I KOMOSY BIALEJ (Chenopodium album L.)

CZ. 11. SKEAD AMINOKWASOWY BIALKA ZIELONEJ MASY

Streszczenie. Material do badan uzyskano z do§wiadczenia polowego przeprowadzonego
w Stacji Badawczej Oceny Odmian w Chrzastowie (53°09” N; 17°35° E) w latach 2006-
-2008. Zawarto$¢ aminokwasow w masie wegetatywnej oznaczano po hydrolizie
kwasowej metoda chromatografii wysokoci$nieniowej HPLC. Stwierdzono wysoka
zawarto$¢ biatka ogdlnego w zielonej masie. Analiza profilowa wykazata, ze biatko
analizowanych gatunkow rézni si¢ migdzy sobg skladem. Charakteryzuje si¢ jednak
podobna zawartoscig trzech aminokwaséw egzogennych (fenyloalaniny, izoleucyny,
waliny) oraz dwoch endogennych (alaniny i seryny). Komosa ryzowa rozni si¢ od komosy
biatej wyzsza wartoscig biologiczna biatka zielonej masy, mierzong wskaznikiem
aminokwasow egzogennych (EAAI). Analizowane gatunki charakteryzuja si¢ wysokimi
plonami aminokwasow egzogennych i endogennych w uprawie na zielong mas¢. Komosa
ryzowa jako roslina uprawna charakteryzuje si¢ wigksza wartoscia zielonki niz komosa
biata. Nieduzy udziatu komosy biatej w tanie komosy ryzowej nie wptynie znaczaco na
zmiang jako$ci produkowanej zielonej masy.

Stowa kluczowe: EAAI, jako$¢ Dbiatka, pseudozboza, wskaznik aminokwasu
ograniczajacego, wskaznik aminokwasow egzogennych, zawarto$¢ aminokwasow
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