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Scenedesmus armatus Wuaminedidemunadni
fidgluguednanansioyyadassuaslulefivn ciidedl
eRnwmamanieiimnglunad E9AMINBYUILAN
Scenedesmus armatus sulaun & ﬂﬂmwaaammms finw
UssLamvesianiueInaguluusngg Anwiannaduues lag
Laaﬂam’gmmmamiuﬂﬁmaaﬂ,uiuwmmm 800 mL way
ntuasMvEeTalusEUU 5 000 mL IngldU3anms
919115 400 mL WAz N3 4,000 mL AKEIRY mﬂuummi
LﬂULsaaaLwauwmaﬂmmimuaumaaaiui’mmﬂﬁmmmuqma
M3FueuYadase mawmaavmmmmmmmwmmuaaﬂ,u
SEUUDNS 400 ML AILUMLES 3,400 lux mmsl,ammmwa
mﬁﬂmvl,m wn BG11 N-8 i@y BBM wu31 BG11 a’uﬂimam
mmwimm’mlfumuwaammfnmmwumam WAYEIMNS
siai gt lUAnud sluduneusoly navesmnuduuas
55119 2,700 uag 3,400 lux WU 3,400 lux Wnganiunig
Bosensne Wsuieuimuainiefiuansneii 5 uuu Teud
WnuemaRRasanlaun vessdalaunse vieensdalause
WNANDIEF TALAU 3 MAAeg FImTensnay wagimeg
yisanszUen TnethanSoudleufAsmsdsuuuinen nams
\WsyiAulmvesemefinsanamBinansdiduvesead
Bauadiddaiaiiemuenied 560 nm Lag Ywinead
Were wmwmmwmanammmsmammm’m"l,mﬂsywmmﬂ
TigRe 6X10° cellVml Uag 3.3¢ gueaveey/l UBNINTLSFN
Tusguuvengwn 5,000 ML WUITHFINUOINIALULTALAU 3
mamvﬂwm’mmmmaqLsaaamﬂ‘mam AeUTinal 8.7x10°
celVmL uag 5 g/l mmLﬂumusuaqmimmauuaamumaqmiw
aftold 1un maolsflad 1o uasd wauelsiu uas lalaty
\Uu 28,61 11.02 8.24 uay 7.08 mg/100 mL MERU asann
flaarunsarievnsdvnsaisazany DPPH L wazldie
Uszdvailusueyyadasuuiosay 8533 Indid pauile
Wisuduinniudfenududy 1 9/100 mL Aifiddu Sevas
135.33
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ABSTRACT

Scenedesmus armatus is an important green
microalgae for biodiesel and antioxidant producer. This research
has focused on optimal condition for Scenedesmus armatus
cultivation that covered with feed formular, type of saprger, light
intensity. Preliminary test for the optimal condition investigation
has done in 800 mL photoreacter then was used in large scale
as 5,000 mL with medium volume of 400 mL and 4,000 mL,
respectively. The production was then harvested and extracted
for antioxidant compound and tested for its antioxidant ability.
Preliminary tested for optimum medium in 400 mL cultivation
system with light intensity of 3,400 lux. The investigated
mediums were BG11, N-8 and BBM. Among the different
medium, cells grown in BG11 medium showed the highest cell
concentration compared with the others and then was further
used in the next step. Effect of light intensity has been further
investigated at 2,700 and 3,400 lux in 800 mL system. The result
showed that 3,400 lux was enough for algae cultivation. The
aeration system with five different air-sparger types (silicone tube,
annulus sparger, three-way silicone, circular sand, cylindrical sand
sparger) was then investigated and compared with ordinary
shaker. The results of each condition were demonstrated in
terms of cell concentration, viable cell density (OD 560 nm) and
dried cell weight. The cultivation with the spherical sand sparger
revealed the highest amount of algae cells with 6x10° cell/mL
and 3.34 gyiednei’/l. The large scale cultivation of 5000 mL
system was also studied in this research. The three-way silicone
tube with ream showed the highest amount of cell
concentration of 8.7x10° cell/mL and 5 ¢/L. The concentration of
chlorophyll a, b, p-carotene and lycopene were 28.61, 11.02,
8.24 and 7.08 mg/100 mL. The crude extract could decrese the
color of DPPH and got the antioxidant inhibition was 85.33%
which was comparable to Vitamin C at 1 ¢/100 mL was 135.33%.
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UNUI

Scenedesmus sp. \uams1edileead
Weniinuinnlutszmelng wuluuvasiifaazen
a fnssdinaosassfudaszuazuuudainig
daundnnuiadeg siuiy 2-32 wadilianwugla
sultvdenssnszuen amineviaiiaulselovd
unineilosniduamsiefifiaurmaeimsgsds
annsaldiudnduemsiasuvesnuduaniuems
Fafldvinde trelunstidatnde Tneussloid
drAguazyiliiinavaulafeaiuisananans i
AauUssleniunuyudla loun raslsilad walsiueun
gy ueam gty Glauauity waualsiu o
weufiy wozdueuiiu ansd ddnuaniiduans
auyadasyld Unifenareviudamereuaingis
wianesnuanamse Wislilansisisyansam
ﬁy’ﬂuﬁmﬂ‘%mmmzammw [1-3] wasiSuundalutui
Tlumsudnlulediua Wusu

Tnevhluuds Yedendnasenisasyivle
yasametuiivernaneade suldun arsenms
91n1A was aaungdl Aradndunsa-ang way
A1suaulaenles Aaeg1aau n1sAnwIves
Arumugam kazagy (2013) [4] FivhnswSeudieu
UsgAnsamveunadlulasiay 6 vdia fsziuainy
dudusnag iilennaeunisiasyvedauiaamse
Scenedesmus sp. ANNHANITNAADINUINLULATN
Wuunaslulasiouiinlitauianigylddign
509RIUARYLTY Wailuauddeues Xin uavaAny
(2010) [5] wuinmsiduenludesduunaslulnsiay
agvlrlamnunuiiiuveswaaansedidealu
USinaugadign uenanndadenisinuansemsudn
gamnAfldlunisiwizidesamitsaneiug
Scenedesmus sp. LX1 faudnAgsan1saseiuls
Fanuinansaaiylalurasgumail 10-30 s
walBea gaungiifivanzaslunsnandmnauarlusiu
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Ao 20 perwalyd @ulunsvnasues Ho uazay
(2014) [6] ¥msaneadevesnasiidmanomsudn
qﬁuﬂuaqawmﬁa Scenedesmus obliquus FSP-3 gl
viaenlnngeaisawudsg laun TS5, T8, viaen Helix
fAflanudauasdaus 30-600 pMphoton/m?s was
wuImsliviaentyl LED @v1avilviamsendngiiule
Ananisldvaonll LED 8u lusuddeves Yin-Hu
LavAnL (2016) [7] MARDIALSENYS Y Scenedesmus
sp. LX1 Taaanudunaslugag 1,000 — 5,000 lux i
USUTUAINUAUILUUIBILTAa bU 9 10%6x10°
cells/mL wasnuinfimnudianes 4,000 lux Sadns
maasgaulag g Tunidie celVmLd 1nnniang
Bosfimudunas 2,500 lux 019 2.67 11 kaznsAnw
289 Abd El Baky Wagzauy (2012) [8] lavinnnsuau
ansuaulneentedidifuainieluy3uaengeg e
npaeulszansamvesululenwainanldan
@98 Scenedesmus obliquustaewuINENI B NNT
avanllosiudovay 38 Wielimivaulneenled Sosay
12 wavavauluiuSovay 28 wazlasunae Fe®* Usinu
10 mg/l adluping

ATt edunuIniinaedledefifina
AONITLASULAULAVDIANTIBLAZNITHNARANTAY
DUADEATY FefunuifeiiiteAnyinsmaniogi
wnglunsIae @ MsBIUNALEN Scenedesmus
armatus $uldun Anv1l3esgnse1m1s Anw
Usznnvaeiiniueniaguuuusie Anwiaudy
was lnsidenanngiiananlunismeassluszuy
u1n 800 mL way 5,000 mL lagldusuinse1uns
400 mL thaga1115 4,000 mL

789 aunsal wazIsnN1INAaeY
1. d@siadl
NaN03 KzHP04 MgSO47H20 CaCl22HzO

Citric acid Ferric ammonium citrate EDTA disodium
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magnesium salt Na,COs; Agar Disodium hydrogen
phosphate (NaHPO,.2H,O) Monopotassium phosphate
(KH,POg) Potassium nitrate (KNOs) Ferric Ethylene
diaminetetraacetic Acid (FeEDTA) Magnesium
sulfate (MgSO4.18H,0) Calcium chloride (CaCly)
Trace element NaNOs; CaCl,.2H,0 MgSO,.7H,O
KoHPO4  KHPO4 (Tcl,
Thailand) ¥hndu

NaCl Trace element

2. ﬂﬂidﬁﬂL%ﬂU%ﬁ%é%aﬂﬁﬂﬁiﬂﬂ Scenedesmus
armatus

ﬁwdmaﬁusam%a S. armatus MAvan
WA INsTIYR USIaauEs s Tans Yy

Ffanszunsaionsen tuwinmsdndentildide
‘U%Ej‘l/]é 831N NSNS BIEM e ULUE IS
uis BG11 1imaiia cross streak neldgdnsiie
(Super Clean, 120BS, Thailand) ﬂmﬁqquﬁﬁaﬂ
warlianuduuas 1,700-1,800 lux alneipdosin
ANULTULAINTD Lux meter (Takemura, DM-28,
Japan) wnzidsadunan 12 §Uav anduiden
mummﬁﬁﬁL%@La%@%uLLaziﬁLﬁmmiﬂmﬁauﬁw
msdadentalafienfioneadlunasneimsdes
Fassonmiloudradu Ingldvadia simple streak
(Kadon 1 colony/1 stant) ttefulSifutdely
NINAADY

&J aQ Q‘
\¥® Scenedesmus armatus UGN

TgranuaIne

NISLAYILUUNILAN

ANMULTULEINALNTEY |

Y

219115 150 ML BG11 AIULTLLLES

3,400 lux g1 7 120 rpm

819115 400 ML BG11 AINULULLLEAS
2,700 3,400 lux Taneenaund

QARSI

81119 400 mL BG11 N-8 BBM AL

Wilnzaw (3,400 lux) Manggnaund

91913 4,000 ML 81157
LNzl (BG11) 3,400 lux
1. a1eg19unf

AEENNA 2. WUUNNAUAIE]

Y

3. @NUNINNE]
4. WIS ENTINAL
5. MINSI8NTINTLUDN

Figure 1 Flow diagram

3. NISLAYILUUAIAY
ASNZLALSEINIE S, armatus MB1uNg
Aov A Y YR v g Iz
ansnfAndentaniensuninlaedeslunaian
U1 250 mL taelgea1visiasaaaUsunns 150

* duangkamol.ru@kmitl.ac.th, modeliebe@gmail.com

=

mL 1¥iaTeveg1diea11u5158U 120 rpm 7
grunniivies (25 esmiaiea) nolduasadine
ALY 3,400 lux wazvhnsnsanatluan
Uszned 30 Ju dalanslu Figure 1
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4. nsiagEneTiveINA
MsnziAssamsesiessuulfennasedy
21077 TusguuTwIn 800 Lag 5,000 mL Av 91913
400 Wag 4,000 mL ANUAIAU UBUBINIANIUFINY
DMPLUUA TiszAvsTu 1A A = asensuni B
= LWUUNAMRNES (119U 4 § UAagIyenu 1 am
88198713 11 cm) C = WUUEUMNaATeg (@ee e
Ftae 2.5 cm @B UMLIUIAE IR IUAY 13 WIS
g 2 3 PuRTaTINiy Unanoansenavis 3 grugae
msaulil) Lag D = WUUINsIenNsana (VUInLEUSe
U9 10 cm) wag E = WUURInsensenseuen (Uuin

WURUAUENA1 2.5 cm 8173 2.5 cm) wainslu Figure
2 neldpdestiugnorme Andslil 47w (Atman, HP-
8000) LazLAIpsUNEAD A A&l 58w (Yamano,
AP-40, China) Tusguua111s 400 mL aglrusua
91017 80 mL/min kagszuuve1avuInliusuie
oAy 1,500 ml/min M3taeddussuuvensuunn
Fosflnsdnedeainszuunisiasauuivegnly
WeaUuRng (awm 250 mL) lWgseuuawalvglag
Aoslanuiniuveswadlussuulnsiegluga 10°-10°
cell/mL fauanaunursnsaaadiu Figure 1

Figure 2 Different type of sparger: A = silicone tube, B = annulus sparger, C = three-way silicone

sparger, D = circular sand sparger, E = cylindrical sand sparger

5. M5IAEeRIEANNT LA

nMswnsEeseEmsedestuulienniedae
Juerme TaeldmnueniAuuvansensuni 1u
9138n T BG11 lusguuevs 400 mL aelauas
alnsegeroiesfimnuidunas 2,700 uag 3,400
lux ¥nsasianaduauseana 30 Tu

6. n'ﬁmgmmmiﬁquau
MsneiassanseseszuulfeniAaae
Jugnonma Tngldsimiuennieuuuansensund e
WisuifisudsyAnBamuosonmana 3 ges 1éun
BG11 N-8 medium waz BBM USuUuins Usuan
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amudunsa-ane udnhlvsndelngldiedeamsiots
giferelotn (Autoclave, TOMY, ES-315, Japan)
Tnemnaouluszuuenvng 400 mL figamgiisies (25
psrwaLdua) nelduasainefimnudunas 3,400
lux AIEFINUBINALUUEEE19UNR YINN1IATIING
Wunanyszanu 30 Tu

7. MFIANIFIIYVDUIAAANINY
7.1 33nswtvsiniwaduis
Wudieg1uwadainsiedsuing 5
mL ldasluvaemausiiing thludumissiininmds
3,500 rpm (4,100 @) §284A3 098 UL T 89 (HERMLE,
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7326K, Germany) fuaan 15 Wi ¥insaasaauas
Wluouwishug ouausau (WTB binder, ED53, Germany)
figaumadl 70 ssmiwaldea iunan 24 9l viins
Fadminynaadendosts 4 sumis (AND, GF-800,
Japan) enuraduiminuiseusinms (/L) 37N
wafildunludunUsEansamlunnasadulad
LARIAIBAITNTINITIAS EYLAUIAA LW (Specific
growth rate) TlanmznsiEewne neldgns (9]

Inx, — Inx,
t, =ty

.umax -

A & H o ¢ v & A
W9 x Ao WInUnN@adwiy M LIAINNSEEN 1 ke
2 (g/L) LagA19MI1N15LALYBILEaa (Biomass
productivity, P) #3gns [9] uagyinnsnaaes 3 9
P (mg dried weight/l. day)
Wntnwaduing, — Uvineaduiag

Tx - Tl

i & 1 = a v
LUe Ty, AD L'Ja']?i@ﬁ/l']ﬂ WA T ABDLIALIUAU

7.2 38a15dvduruwaalaeldalan
Haemacytometer
nsduasvilaleelvalantuigas
wingulglaniiines (Haemacytometer) H1unang
qanssatwuulguas (Olympus, CH30, Japan) il
@mé”gaéwmmilﬁmL%@ﬁﬁa'mi"ml,t,azﬁﬂﬂﬁm
HIUNGDIRaNIIAL AwNUN1319 25 Jadlng anely
I15190unadn 16 909 lun1sTuwadandiuiu
WwadyuvuLNe19duy 5 e usnailddosnm
5 N5ty 2 9 ﬁwmmmmqmuazmﬁhmgs

CxDx1000

celVmL = AxdxF

o C=duauamsientiula A = Wunves grids
WU 0.04 mL?d = ANMUANYBINUNNNY WU 0.1
mL F = 90U1893 0915 19915U D = AINISI0N
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7.3 A5n1599ANUILUU ng o AaLLES
(Optical Density; OD)
Yfegamsefidesn1sunay
wuuwildluAng wanhluine oD sewrsesin
mi@mﬂﬁuum (Thermo SCIENTIFIC, GENESYS 10S
UV-VIS, USA) finnueady 560 nm dufindr 0D
F¥aler

7.4 nsAuamMIIBuA
imgnauainsiedildainnisdu
RICKR Vusneldmnubusazayayinia (Freeze
dryer, Heto, Lyolab 3000, Denmark) Lﬁaﬁﬁﬁm‘fﬂ
oonlussiuwadudAvamsowtling Sunduds
gaumdl -80 srniwaLdoa (SANYO, Japan) Liteifu
Wldusely

8. MIANAF1THATNTMUTINUENSATURYYADHTY

USunaansdnueyyadasy sulaun tuan
WAl wazdlatu mlsannnisldnisganiuuas
YOIATANA NTANAEINITaYiIle 2 35 Ae A5n1S
wen uaznsldyn soxhlet dranmseusiadiliann
WIDNOUNTN AfAMYLENIUDANIEITATIVEINIY
AaEI59u 120 rpm vduiian 24 4alus dae
snsduamseraenuealdu 1:134 (¢/ml) uay
aae3snisananieym soxhlet laely ethanol
Us1ms 150 mL antuthansazanedldidneies
seweneldagyinialymndevsuinsaisazane
levuea 20 mlL antutansazaneiiatalaunin
nsganduuasseirdssanlnsluilafinosinm
g12AdUA1Y ARANsLaEAuINUSIAuAaY
peRUsnaUsitEnnns [10] wazyhn1smaaes 3 81

Usinauraslsiladio (Mme/100 mL) = 0.999As:s
- 0.0989A¢45

UsinapaelsWaad (me/100 mL) = -0.328A:s
+ 1.77Ags
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USLAUALALSL (Me/100 ML) = 0.216A;
— 1.22A¢45- 0.034As05 + 0.452A453

Usunaudlatu (mg/100 mL) = (-0.0458As3)+
0.204A645 + 0.372As505 — 0.0806A4s3

9. mimwaauqwéawsﬁﬂua%aﬁasz

nMsvadeuqnsaNsiueyyadaTzarldis
DPPH assay daweulsidiarududu 0.35 mm Tu
wnuea Sevay 95 lufiiln thansazany DPPH way
fuansazarefiatalalusasdiy 1.1 AulsTuiide
30 Wil i’mms@mﬂﬁuﬁﬁmmmm?{u 517 nm A8
Lﬂ%l 84 microplate reader (MF A062780, Labsystems,
model) mﬂﬁ?uﬁﬁmmqw‘é%aﬂa’liﬁﬁua%a@aiz
(Antioxidant inhibition) fl@uNS

Usgansnnlumsdueyyadase (%)
(1 — Ae) 100
= X
A

(o]

\a A, ABAINITRAAYBIANTAYaIY DPPH 71lid
Mag19 A. ABAINTAANAULEURATAYA1Y DPPH
gNIed@MeMeag1aTana

NANISNAABILAZNI5IIT
1. NAVBIGATAITDINT
Mndoyatminuiauazmstuead wui
911594 3 vila @unsauiinusuiaangelals
WANFNAY @IUNITIANISIATYUOIANTIBAETTNT
fnAmsgandunainNe1IndY 560 nm WU
N153AAINSRANGULES (OD) Tuadsit 1-8 (Fra¥uil
1-15) Y9IN1sNLLAsIad eI 3 qmﬁfulaiﬁ
ALAnENsTUeEadRLaY uinsinan oD Tuads
12 (3uit 23) Huduldwadimnzidosly BBM flen
OD #1n1191915 BG11 ke N-8 agadiulddn diu
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A1 OD Finziasdlueimns BG11 uay N-8 tudlaid
AULANANSA USRS TNAAST 1-11 (@aeTud 1-
21) Tnowwadfitnnziasslueims BG11 fnswinng
Winganiiawns N-8 Tumstanandsd 12 (udl 23)
Wuduly annmsiansannanisneasdlagiansan
21nF1uUT 3 @1 e M 3 gns Lifay
WAnANYeINanIsnaesesaiuldde umilesan
wadamsne S. armatus Masajluewns BGL1 il
é’ﬂwmzéfﬁwmjﬂdwﬁL??&Jﬂummi N-8 wae BBM
Fohaald BG11 TunsAnwludumeusely

2. HATDIAMULTULES

Pndeyaumiinuiauarnsiumaduasiia 2
AU ULas nuTansadfinusnaavsie el
UANANIAU @IUNITIANIIAS QYUBIEIMI Mo NS
"'JJWif]mi@Jmn%uuaaﬁmmm’mﬁu 560 nm WU3H
9RIINITATYAUIIUNIZNTOANUTUNADAT NS
Lﬁ]’%iylﬁﬂimmmiwLﬁai%ﬂawuL%mLLaa 3,000 lux 39
TndiAesiuidaeves Yin-Hu wasans [7, 11] wuindi
AULTLLES 4,000 lux JASRTINTDTYRULAT WY
Tuniae cel/mLd 4nnd1nsiaesiinnnuduas
2,500 lux 59 2.67 1911 man1sNAaeiilafsuanaly
Table 1
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Table 1 Specific growth Rate (W) and Biomass productivity of the 800 mL cultivation system with

different sparger types and light intensity

Conditions  Specific Growth Rate, 1* (Saried weight/l.day) Biomass Productivity, P* (mgaried weight/l.day)
A 0.059910.008 0.162910.022
B 0.069510.011 0.148610.020
C 0.065310.009 0.148410.021
D 0.0731£0.012 0.23441£0.042
E 0.073120.011 0.184%0.018
G 0.031310.007 0.120810.017
L 0.0317%0.007 0.156610.018

Remark: *averageiSD, A = silicone tube, B = annulus sparger, C = three-way silicone sparger, D = circular sand

sparger, E = cylindrical sand sparger with 3,400 lux, G = shake with 120 rpm and L = silicone with 2,700 lux

3. madpsamsluszuuvng 800 fiadans
Figure 3 1Jun1suanansianasen1siu
Srunuead wuisuuwadiiuldlutiwsn Ao
afed 12 (Tufl 1-6) Wnaliuansnsfuanidn dou
nstuwadluadedl 3.6 (Fuil 7-16) Juamiueinia
WUUINS N TINANLAZIAIVIT BN TINTZUDN INANTS
WingdlndiAestu wimsifueadluadsd 7 (Gufl 19)
Juduluimiuemeauuuimaenssnaniinisiasey
genivimue mALuUAueguledn Tnesamudn
WUIAINUDINIALUURINTIENTINAULNITLAT 8y
gegauileifisufiuisiuenmauuudug sadululy
WUIMLABITUAUNITIAUTUIUAI8AT OD WaznNI3
Sodptiminuis FarluennawuuTnsIensina
wazTInTensInTEUenliNanisiasyadlnalAgaiy
ez ldAnimmuwuuiug Fduduldanndne
nmsasAulnInglanadns Table 1 d@aussuuns
desuuuirgn amitenigivlelddoniian
eananinsinezidssuugiuldinnsla
ornraslUlunanasildlunisinzidsdasnse
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ameasuiulalalagldiiisaonniaainaeusn
FFuruddadulunanasvinusasswedaugas
grelfamsneanunsaldenneldas sy usnisie
vrliRansIuvesiludnwaz05Wing (vortex) ¥
Thausielasuenniadeeninnisnueiniaasiuly
Paziasdlaonsaddnounnldisnduizenddu
NN90ONLUUTTUUNNSIABUYadLUUABIN1581N A
[12] §stfuainwanisnaaesiediuazifiuifany
omefinfigalumsneidesamsne S armatus lu
SEUVBUIA 800 ML AB WINUBINIALUURINTENTS
naw Faaniivanueiniauuudsiliinisiaiey
asgatuinzidumsgimaedulisnsudng
Sruun hldnesennaiiosnuniivundnuasil
U3unaunn Seazlivinennianseanseteidiuyin
neaes waramselasusnireg19TaE Iy
Y090 N ASnvazdufineseniadvuialnguas
nszarernmaldlivhds sgnslsinuivseiidode
AoiinnsUudoulddramsiznisandeneudiaz
inlUlvilaenn
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Figure 3 Cell number of S. armartus in differnt conditions: A = silicone tube, B = annulus sparger,

C = three-way silicone sparger, D = circular sand sparger,E = cylindrical sand sparger with 3,400 lux,

G =120 rpm
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Figure 4 Dried cell weight of S. armartus in differnt conditions: BA = silicone tube, BB = annulus

sparger, BC = three-way silicone sparger, BD = circular sand sparger, BE = cylindrical sand sparger
with 3,400 lux in 5,000 mL, G = shake with 120 rpm with 3,400 lux in 800 mL system

Table 2 Specific growth Rate (L) and Biomass productivity in 800 and 5,000 mL systems

Conditions  Specific Growth Rate, JL* (gdried weigh/l.day) ~ Biomass Productivity, P* (mMgdried weigh/.day)

BA 0.065310.010
BB 0.0720%0.013
BC 0.111530.028
BD 0.102210.015
BE 0.123510.018
G 0.031310.007

0.236110.040
0.166710.017
0.688910.089
0.219410.035
0.14447%0.031
0.120810.023

Remark:*averagetSD, BA = silicone tube, BB = annulus sparger, BC = three-way silicone sparger, BD = circular

sand sparger, BE = cylindrical sand sparger with 3,400 lux in 5,000 mL, G = shake with 120 rpm with 3,400 lux in

800 mL system
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TndiAssfuansiueyyadaszannsguildlaeimly
(vitarnin ©) Felenmduldldiamse S. armartus
awnsaiduuvamdnansduoyyadaseildan
5590777 [3, 13] neniselusrndslddanseled
yeaeuqVEveIIuUeYYABaT Tarald udlé

fnsfinuUinauelsiuessfiazauegluszozing
vesadsagadaie wuhldunaulsfiuosd
1nARUTINA 2.09%DW v easnsatiulfeald 20
me/L.d [14]

Table 3 Amount of chlorophyll a, b, B-carotene, lycopene of cultivated S. armartus extracted by

2 methods

Content (mg/100 mL)

Antioxidant compounds

Shaking Soxhlet
Chlorophyll a 1.46+0.08 28.61£1.9
Chlorophyll b 0.58+0.08 11.02+1.3
[-Carotene 0.80+0.07 8.24+0.8
lycopene 0.02+0.01 7.08+1.2

Table 4 Antioxidant inhibition of crude extract from S. armartus extracted by shaking and soxlet

and standard Vitamin C

Antioxidant compounds

Antioxidant inhibition (%)

Crude extract from S. armartus extracted by shaking

Crude extract from S. armartus extracted by soxhlet

Vitamin C (1 ¢/100 mL))

85.33+2.5
25.72+1.9
135.33+1.0

dyuna

nsAnuigasemisiimunzanlunis
wgldesamIne S armatus WoIsuifiougns
oMl s desamineta 3 gns (BG11 N8 uae
BBM) nuinlduansnsiuus BG11 Twadfifivun
slmgﬂ'jflqmmmiﬁuﬂ auduwasiildlunig
Waivlalddndunisuisudisufinnuduua
2,700 uaz 3,400 lux NUIIMITNZEBIHT 2 A
Wawasiulifanuuanssiy wdiid1snsinis
wiyiulnsumzanndemnzidsdduszuu 3,400
lux wiavesimiuemagUuuusne Wulladenid
fnasiodnsnNsasyAvlavesanIelasaiunig
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