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STUDY OF VITAMINS CONTENT OF MICROALGAE

Abstract. The efficiency of using microalgae biomass for practical purposes is determined by their
physiological and biochemical features. The growth and development of algae are closely interrelated with external
factors, under the influence of which the structural, functional and biochemical characteristics of the cell change.
Selection of new highly active microalgae-producers of essential compounds in the natural conditions would expand
the area of their practical application. The present work shows a comparative study of the amount of vitamins —
provitamin A, vitamin C, vitamin E in the ten types and strains of green and Fuglena microalgae, isolated from the
local flora that grown in semi-industrial terms and under the open atmospheric conditions: Chlorella pyrenoidosa
ChickYA-1-1; Scenedesmus obliquus YA-2-6; Ankistrodesmus angustus YA-3-1; Ankistrodesmus braunii;
Chlamydomonas reinhardii YA-5-16; Chlamydomonas reinhardii 449; Euglena gracillis YA-4-17; Euglena YA-4-19;
Dunaliella salina;, Dunaliella minuta UA-5-10. It is shown that the vitamins content depends on the type of algae
strain and the seasons, the duration of cultivation and the type of mixing. The developed biomass with a high content
of vitamins allow to increase the biotechnological potential of microalgae that will provide an opportunity for the
problems solving related to the provision of various sectors of the national economics by algae-rich raw materials:
animal husbandry, poultry farming, fish farming, as well as food and pharmaceutical industries.

Keywords: biosynthesis, cultivation technology, microalgae, strain, vitamins.

INTRODUCTION

Currently, in the field of algal biotechnology, the studies are based on the isolation of new species and
strains of microalgae [4, 16]. Mostly, the studies of their physiological, biochemical and environmental
features that enhance productivity and the synthesis of biologically active substances are applied [6]. The
demand for food having beneficial effects on human health is also increasing in Kazakhstan [10].

As known, vitamins play an important function in normal metabolism and vital activity of organisms.
They are essential for human nutrition, animals and other organisms, but unlike proteins, fats and
carbohydrates, the quantitative needs of the body for vitamins are negligible. Vitamins often ensure the
functioning of biological catalysts. For the catalytic activity of many enzymes, certain non-protein
cofactors are required, the function of which can be performed by vitamins [5].

Microbiological synthesis is most suitable for the production of vitamins for livestock and crop
production, and it became as basis of their industrial production for these purposes [2].

Algal biomass is rich in various vitamins, including those typical for plants. However, their content
varies in different algae. For example, the content of provitamin A or Carotene is the most promising for
Dunaliella (1100 mg %), the content of which exceeds all known vegetable foods. The amount of
Carotene in Chlorella reaches 140-200 mg % that is 3 times more than in grass meal [15].

Algae are rich in vitamin C or Ascorbic acid, the content of which is as much as in lemon and 100
times more than milk. Algae contain in significant amounts of Tocopherol, Riboflavin, Nicotinic acid and
other biologically active compounds. Algae contain Thiamine and Pyridoxine as much as corn, barley and
oats 5.6 & 5.3 (ug/g), respectively. Vitamin B12 and D are found in significant amounts of green algae
biomass. For instance, 100 g of dry Dunaliella biomass consists in 7.5 pug/g of vitamin B12, and 100 mg
of vitamin D in Chlorella 100 mg of green algae are currently found [16].

Along with chemotrophic microorganisms, phototrophic microorganisms, in particular microalgae can
also be a source of a complex of various groups of vitamins [11].
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One of the essential compounds is vitamin C (Ascorbic acid) that is involved in a number of redox
reactions and provides vital processes in the human body. Presently, in assessing the mechanism of action
of Ascorbic acid, great importance is attached for its possible participation in the prevention of oxidation
of active sulfonate hydroxyl groups, including proteins with biocatalytic activity. This function is
performed by the reduced form of Ascorbic acid [13].

Recently, more attention of researchers acquires vitamin E (Tocopherol) due to its influence on the
function of the sex glands in reproduction. It is also known that it takes part in the regulation of a number
of vital processes in living organisms. Therefore, it is often used as a vitamin supplement to feed [8].

Tocopherol can input to the body only by food. Its absence in the organism leads to the disruption of
the activity of not only the reproductive system, but also of many other organs and tissues. By preventing
the oxidation of saturated fatty acids, the most important component of cell membranes and organelles,
Tocopherol thereby maintains a structural integrity of the cells and consequently of the whole living
organism [7].

Therefore, in the production of food based on microalgae, the main requirement is a high content of
vitamins in them.

Purpose of the study: the purpose of this work was a comparative study of the content of three
important vitamins from biomass of 10 species and strains of microalgae isolated from the local nature and
producers of the above mentioned compounds with the determination of the change in the amount of these
vitamins depending on the season of the year and the duration of cultivation.

OBJECTS AND METHODS

In the flora of Kazakhstan, there are more than 70 species of plants, many species have plant
medicinal plants and may be required for the pharmaceutical industry [9].

The objects of the study were 10 types and strains of microalgae: Chlorella pyrenoidosa ChickYA-1-1,
Scenedesmus  obliquus YA-2-6, Ankistrodesmus angustus YA-3-1, Ankistrodesmus  braunii;
Chlamydomonas reinhardii YA-5-16; Ch.reinhardii 449; Euglena gracillis YA-4-17; Euglena proximaYA-
4-19; Dunaliella salina, Dunaliella minuta UA-5-10.

For the cultivation, phytoplanktons of the Shardara reservoir (Turkestan region, Kazakhstan) were
used as a source material in the laboratory studies [12]. Under the open atmospheric conditions, algae
were cultivated in a horizontal installation of a tray type with a volume of 1000 liters. For the growing
microalgae, the following standard mineral nutrient media were used - 04, (for the cultivation of
Chlorella) Tamiya, (Scenedesmus) Yaguzhensky, (Ankistrodesmus) Gromov, (Chlamydomonas) Artari
(Dunaliella), UzA (Euglena) that are optimal for the cultivation of these algae and determined in
laboratory studies. The growth and morphological state of the cells was checked under observation and
counting in the Goryaev chamber by using the MBI-3 microscope. The productivity of algae was
determined on a dry mass by the gravimetric method [11].

Carotene content in fresh pasta of microalgae was determined by the method of Murri. Tocopherol
was determined by the iron-dipyridyl method in the modifications of Devyatina and Solunina [3].
Ascorbic acid was determined by titration of the extract with 2,6-dichlorophenolindophenol [8].

RESULTS AND DISCUSSION

Studies shown that the content of vitamins, depending on the type and strain of microalgae, varies
widely: Carotene - 90.6+1100 mg%, Ascorbic acid - 62.2+182.7 mg%, Tocopherol - 25.2 +123.4 mg% of
dry weight. The high contents of Carotene, Ascorbic acid, Tocopherol are related with Dunaliella species,
where its amount reached 1100 mg%. In the intensive culture and in conditions without stirring the
suspension under the open atmospheric conditions, in the accumulations of carotene D.salina exceeds
D.minuta (Table 1).

As seen Table 1, the highest amounts of Ascorbic acid and Tocopherol were for E.proxima and
D.salina that respectively: 108.7 & 123.4 (mg%). The minimum amount of these vitamins was observed
in Chlorella and Scenedesmus: 68.5 &77.3 (mg%) for Ascorbic acid and 25.2&48.0 (mg%) for
Tocopherol. Comparison of microalgae of the Tocopherol content with various known objects showed
following: soybean oil - 114.0 mg%, cotton oil — 99 mg%, sunflower oil - 67.0 mg%, olive oil - 13.0
mg%, hazelnut - 25.5 mg%, walnut-23.0 mg%, corn - 31.9 mg%, green dried lucerne I*' crop - 12.5 mg%,
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reeds flour - 12.5 mg%, barley - 2.0 mg%. Consequently, microalgae are rich in vitamin E than the above
mentioned objects.

Table 1 - Efficiency and vitamin content in microalgae that grown under the conditions
of open mass cultivation (of absolute dried mass)

Culture Productivity Carotene, Ascorbic acid, Tocopherol,
g/m’ per day mg% mg% mg%
Chlarella pyrenoidosa YA-1-1 22,0 220,3 68,5 25,2
Scenedesmus obliquus YA-2-6 17,2 90,6 77,3 48,0
Ankistrodesmus angustus YA-3-1 15,0 160,4 80,2 58,5
Ankistrodesmus braunii 14,9 140,7 74,6 55,0
Chlamydomonus reihardii 449 23,6 125,0 66,4 52,0
Chlamydomonus reinhardii YA-5-16 18,5 152,0 62,2 46,5
Euglena graulis YA-4-17 18,0 137,0 182,7 67,8
Euglena Proxima YA-4-19 16,0 120,3 108,7 60,0
Dunaliella minuta 20,0 1100,0 100,5 103,8
Dunaliella salina 21,0 815,7 120,0 123,4

In addition, Dunaliella species outnumber the three vitamins from other tested forms of algae.
Therefore, the changes in the amount of these vitamins in Dunaliella were investigated further depending
on the seasons, the cultivation and the type of mixing.

In order to introduce them into industrial cultivation in the Turkestan region of Kazakhstan, the
development of the open-air cultivation of the halophilic alga Dunaliella minuta has begun, in a wooden
tray installation of 50 1 and 500 1 with 1-5(m?) illuminated surface without mixing and with suspension
mixing (circulating, bubbling) on Arthari culture medium containing different concentrations of NaCl.

Studies shown that the amount of vitamins in D.minuta depends both on the season of the year and on
the temperature and light intensity (Table 2).

Carotene content in D.minuta biomass grown in open-air conditions from February till September
varied in the range of 171-672.9 (mg%). The most favorable for the development of this seaweed were the
April-May and August-September months. The accumulation of Carotene in these months in biomass
reached 405-599.0 (mg %), and in D.minuta cells grown in June-July, it increased by 15% or 654-672 (mg
%). Perhaps this is due to the fact that, with an increased intensity of light, a grow in the biosynthesis of
Carotene is due to its participation in the protection of chlorophyll against oxidation at high light
intensities. Therefore, to obtain a D.minuta biomass with a high content of Carotene, the culture should be
grown in summer in open-type plants at high light intensity. Similar data were obtained for D.salina [6].

In the biomass of D.minuta grown in April, May and August, the increasing in the amount of
Ascorbic acid and Tocopherol occurs at the same time. Synthesis of Ascorbic acid correlated with changes
in temperature and light intensity. In May, it was two times more in Dunaliella biomass than in cells that
grew in March (48 mg % versus 92.4 mg %). Moreover, at high temperature (T=34"C) and light intensity,
suppression of the synthesis of Ascorbic acid was observed.

Thus, the maximum accumulation of valuable substances over the seasons of the year (vitamins et al)
in the holofilous algae D.minuta when it is cultivated in the open plants conditions of the Turkestan region
has scientific and practical importance.

Table 2 - Influence of the seasons on the vitamins content in Dunaliella minuta biomass (of absolute dried mass)

Months Temperature, °C Illumination, Carotene, mg% Ascorbic acid, Tocopherol, mg%
kilolux mg%
February 8-14 40-60 171£8,1 35,6+0,95 30,5+1,00
March 10-16 60-80 202,9+10,2 48,0+1,12 60,4+1,27
April 14-24 70-90 405,1:16,4 75,3+1,42 80,8+1,40
May 16-26 80-100 444,6+15,0 92,4+2.0 103,8+1,90
June 24-34 100-140 672,9+20,3 63,8+1,10 50,4+1,31
July 22-30 100-130 654,0+22,4 80,2+1,67 62,3+1,05
August 19-28 90-120 599,0+16,1 71,5£1,00 41,5+1,10
September 15-24 70-100 450,5+17,3 85,2+1,72 95,0+1,42
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The study of the dynamics of the accumulation of vitamins in Dunaliella with open-air mass
cultivation showed (Table 3) that at the cultivating under conditions without moving in the first 10 days of
cultivation, the amount of vitamins gradually increases, and starting from 12 days the content of Ascorbic
acid increases by 25% or102 mg% compare with 9 days or 75 mg%. During the same periods (on the 12th
day) of cultivation, the dry matter (1.7 g/l) and Tocopherol (60.2 mg %) accumulate to the maximum. This
is apparently due to the fact that at the beginning of the life cycle of algae, the directionality of their
synthetic processes changes from structural to the middle and end of the life cycle towards the synthesis of
reserve substances. The greatest amount of Carotene was noted on the 15th day and can reach 410 mg%.

Table 3 - Effect of cultivation duration on dry matter and vitamins in
Dunaliella minuta at the open air conditions (of absolute dried mass)

Duration of cultivation Dry matter, Carotene, mg% Ascorbic acid, mg% Tocopherol,
g/l mg%

without mixing
The beginning of the experiment - - - -
37 day 0,45+0,01 213,548,1 43,7+0,55 26,4+0,15
6" day 0,800,02 247,06,2 63,7+0,72 37,30,25
9" day 1,08+0,05 273,5+5,0 75,0+0,94 50,0+0,85
12" day 1,70+0,12 325,049,0 102,0+0,85 60,2+0,93
15" day 1,520,10 410,049,5 72,5+0,78 55,0+0,72
18" day 1,00+0,09 370,5+9,3 48,2+0,42 43,1+0,48
with mixing (bubbling)
The beginning of the experiment 0,88+0,02 250,7+5,3 72,3+0,85 -
2% day 1,20+0,05 258,1+8,4 100,4+0,92 35,7+0,32
4™ day 1,42+0,09 375,5492 118,8+0,97 42,4+0,32
6" day 1,73+0,12 580,0+10,0 135,4+0,80 60,5+0,65
3™ day 2,65+0,15 935,0+12,1 142,0+0,94 75,0£0,96
10" day 3,00+0,18 1100,0+22,6 129,2+0,72 78,5+0,90
12" day 2,75+0,12 1015,4+19,2 - 65,6+0,77

Therefore, under conditions without mixing of the suspension in the middle of 12-15 days of
cultivation, Dunaliella cells are in the most active state. At the bubbling method of cultivation of
Dunaliella, the periods of culture transition to the active state reduced, and the maximum content of
vitamins is observed in the cells on the 10" day of cultivation (3.0 g/l of dry matter, 1100 mg% Carotene
and 78.5 mg% Tocopherol). The maximum accumulation of Ascorbic acid was noted for two days earlier.
After 10 days of growth, the amount of dry matter of Carotene and Tocopherol in Dunaliella decreases
and amounts to 2.75 g/, 1015 mg% and 65.6 mg%, respectively.

Thus, during the cultivation of Dunaliella by bubbling mixing in biomass, the vitamins content is
optimized after 8-10 days of cultivation. Similar data for the optimal cultivation were obtained by other
authors regarding the biosynthesis of Eicosapentaenoic acid from other algae [1].

CONCLUSION

Thus, the study results showed that the microalgae consist in irregular amount of vitamins and
depending on the type and strains. The high content of provitamins A (Carotene) is characteristic for
species of the genus Dunaliella 935.2+1100.0 (mg%), of absolute dry weight. The greatest amount of
vitamin C (Ascorbic acid) and vitamin E (Tocopherol) was in the species Euglena 182.7 & 67.8 (mg%)
and Dunaliella 120.0 & 123.4 (mg%), respectively. In terms of productivity, it is also not inferior to
Chlamydomonas. The minimum amount of these vitamins was observed in the Chlarella species or 68.5 &
25.2 (mg%) and Chlamydomonas or 62.2 and 46.5 (mg%), respectively. As can be seen, by the number of
studied vitamins, Dunaliella and Euglena species are more promising producers of these compounds and
can serve as sources of vitamin A, vitamin C and vitamin E. Following contents are discovered:
provitamin A - 90.6+1100 (mg%); vitamin C - 62.2+120 (mg%); vitamin E - 25.2+123 (mg%) of dry
mass. The productivity and content of the three vitamins in Dunaliella depends on the season of the year,
the duration of cultivation and the type of mixing. The highest productivity and the maximum amount of
vitamins were observed during cultivation in May-June, at 8-10 days of cultivation by the bubbling
cultivation method. The developed biomass with a high content of vitamins allow to increase the
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biotechnological potential of microalgae that will provide an opportunity for the problems solving related
to the provision of various sectors of the national economics by algae-rich raw materials: animal
husbandry, poultry farming, fish farming, as well as food and pharmaceutical industries. In this regard, the
need for the expanding of number and range of cultivated algae by searching for and isolating their local
forms, especially promising species, as well as identifying sensitiveness and resistance to wide ecological
ranges have a significant value.
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'"TamkenTt aybLT HIAPYAIIbUIBIFBIH HPPHUTALIUSIIAY JKOHE MEXaHUKAJIAH IbIPY HHXKEHEPIIePl MHCTUTYTHI,
Kopu-Hus3os kemreci 39, 100000, TamkeHT k., ©30ekcTaH;
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MUKPOBAJIABIPJIAPABIH JOPYMEH/IK KYPAMbBIHBI 3EPTTEY

AnHotanusi. MuKpoOaIIsIpiapIslH OMoMaccachlH TOKIpHOENiK MakcaTTa MaijainaHy THIMAUIITT ONapIblH
(U3HONOTHSNIBIK JKOHE OMOXMMMSIBIK epPEeKLIENiKTepIMeH aHBIKTanaabl. banaelpiaapapiH ecyl MEH AaMybl CBHIPTKEI
(bakTopIapMeH TBHIFbI3 OAailNIaHBICTBI, ONAPIBIH OCEPIHEH KACYIIaHBIH KYPBUIBIMIBIK, (YHKIHOHAIIBIK JKOHE
OMOXMMUSUTBIK CHIIaTTaMajapbl e3repedi. TaOuru >Karmaiaapia >kaHa J>KOFapbl OEICEeHII MHKpOOasIsIpiap-
aJIMacTBIPBUIMAUTBIH KOCBUIBICTAP/IbIH POJAYLEHTTEPIH IpIKTEY OJapIblH TIXIPHOEIiK KoJIaHy cajachlH KeHEeHTyre
MYMKiHAIK O6epeni. Ocbl )KyMbICTa KeprinikTi ¢aopangan GemninreH sxkachul xoHe Euglena MukpoOanisipiapabH OH
Typi MeH wrtammaapbiaga C nopymeniHiH, E aopyMeHiHIH A TpOJOpyMEHIHIH CaHBIH CalbICTBIPMANbl 3€pPTTEY
KOpPCEeTUIreH, OJlap J>KapThUlail ©HEpPKACINTIK peXUMIEpAe oHe amblk arMmoctepana ecipinred: Chlorella
pyrenoidosa ChickYA-1-1; Scenedesmus obliquus YA-2-6; Ankistrodesmus braunii; Chlamydomonas reinhardii YA-
5-16; Chlamydomonas reinhardii 449; Euglena gracillis YA-4-17; Euglena YA-4-19; Dunaliella salina; Dunaliella
minuta UA-5-10. JlopyMeHOepAiH KypaMmbl Oaimplpiap INTAMMBIHBIH TYPiHE JXOHE JKBUI YaKBITBIHA, ©cipy
Y3aKTHIFBIHA KOHE apallaCThIpy TYpiHe OaiIaHBICTHI €KSHIITI KOPCETLINi. O31pIeHTeH TOPYMEHIIK KYPaMbl KOFaphl
Ouomacca MHKPOOANIBIPIApIbIH ~OHOTEXHOJOTHSUIBIK OJIEYeTiH apTThIpyFa MYMKIHAIK Oepemi, Oy man
IIapyaIIbUIBIFEL, KYC IIapyallbUIbIFs], OalblK IIapyallbUIbIFbl, COHAAN-aK TaMak jkKoHe (hapMaleBTHKa OHEepKICiOiH
XaJIBIK [IapyalTbUIBIFBIHBIH OPTYPIIi CalalapblH IIUKI3aTIEH KaMTaMachl3 eTyre OaiIaHBICThl MiHACTTEPIl MIEIIyTe
MYMKiH/IK Oepe/i.
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HCCJEJTOBAHUE BATAMUHHOI'O COCTABA MUKPOBO/JIOPOCJIEN

AHHoOTamus. DQ(EKTHBHOCT HCIONB30BaHHUS OHOMACChl MHKPOBOAOPOCICH B MPAKTUYECKHX LIENSAX
ompenensiercss UX (U3UONIOTHYSCKUMH M OHOXUMHUYECKUMH OCOOCHHOCTSMHU. POCT M pa3BUTHE BOIOPOCICH TECHO
CBSI3aHBI C BHEIIHUMH (DaKTOpPaMH, IO BIMSHHEM KOTOPBIX MEHSIOTCS CTPYKTYpPHBIC, (YHKIHOHAIBHBIE U OHOXH-
MHYECKHE XapaKTEePUCTHKU KIeTKH. OTOOp HOBBIX BBICOKOAKTHBHBIX MHKPOBOAOPOCICH-NIPOIYLIEHTOB HE3aMEHH-
MBIX COCIMHEHHH B €CTECTBEHHBIX YCIOBHAX ITO3BOJIUT PACUIMPUTH OONACTh MX HPAKTHYECKOTO NpUMeHeHus. B
HacTosmel paboTe IOKa3aHO CPAaBHUTENBHOE HCCIICOBAaHNE KOJMYECTBA BUTAMHUHOB - IIPOBUTAMUHA A, BUTAMHHA
C, ButamuHa E B JecsaTu Tumax M mTaMMmax 3eNeHBIX U Euglena MUKpoBOmOpoOCHeH, BBIIEIEHHBIX W3 MECTHOH
(ytophl, BBIpAIIEHHBIX B MOJYINPOMBIIUIEHHBIX pPEXHMax W B YCIOBHSAX OTKpbITOH armocdepsi: Chlorella
pyrenoidosa ChickYA-1-1; Scenedesmus obliquus YA-2-6; Ankistrodesmus braunii; Chlamydomonas reinhardii YA-
5-16; Chlamydomonas reinhardii 449; Euglena gracillis YA-4-17; Euglena YA-4-19; Dunaliella salina; Dunaliella
minuta UA-5-10. Tloka3aHo, 4TO coAep:kaHHEe BUTAMHHOB 3aBUCHUT OT THIIAa IITaMMa BOAOPOCIIEH M BPEMEHU Toja,
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MIPOJIOJDKUTENBHOCTH BBIPAIMBAHUS W TUIA CMEIIMBaHUS. Pa3paboraHHas Omomacca C BBICOKHM COJCpP)KaHHEM
BUTAMHHOB TTO3BOJIUT MOBBICUTh OMOTEXHOJIOTUYECKHH MOTEHIIAT MHKPOBOAOPOCIEH, YTO JacT BO3MOXKHOCTD JUIS
pelIeHus 3a/1a4, CBSI3aHHBIX C 00ECIEUCHNEM Pa3JIMUHBIX OTPACIEH HApPOAHOTO XO3sCTBa OOraThiM BOIOPOCISIMU
CBIPbEM: XHMBOTHOBOJCTBO, NTHUIIEBOACTBO, PHIOOBOACTBO, a TaKXKe NHUINEBas W (papMareBTUUECKas IPOMBIII-
JICHHOCTH.
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