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Abstract In recent years, the demand for phytochemicals has increased due to rising global
health awareness. Among phytochemicals, carotenoids such as astaxanthin and f -carotene can
detoxify singlet oxygen, one of the reactive oxygen species (ROS), and are effective in prevent-
ing human diseases such as cancer, cardiovascular problems, atherosclerosis. Because animals,
including humans, are unable to produce carotenoids, they must ingest them from vegetables
and fruits to protect their bodies from singlet oxygen oxidation. Some microalgae grow faster
than other plants and can accumulate carotenoids in much higher concentrations in vivo. To date,
approximately 200 different carotenoids have been identified in microalgae. Therefore, as an
important source of natural carotenoids, these microalgae have been mass produced and used in
supplements and cosmetics. However, the number of species actually used for commercial appli-
cations is still limited mainly to Hematococcus and Dunaliella.

Conventionally, comparison and evaluation of microalgae accumulating carotenoids have
been conducted by measuring the concentration of each of the various carotenoids in biomass
by high-performance liquid chromatography (HPLC). However, it was not possible to evaluate
the antioxidant capacity of carotenoids in the target microalgae to determine antioxidant intake
for comparison with other microalgae biomass. This is because it is not practical to quantify the
type, content, and antioxidant capacity of all the various carotenoids in microalgae to obtain a
total antioxidant capacity. In addition, it is not possible to analyze all carotenoids by HPLC be-
cause only a small number of carotenoids are commercially available as standards and some are
unknown. Phenols, which is considered the two major antioxidants together with cartenoids, can
be measured for total antioxidant capacity by the DPPH and ORAC methods. However, these
methods cannot be applied to carotenoids, which have a different antioxidant mechanism. Al-

though knowledge of the antioxidant capacity of carotenoids in microalgae is desired, techniques
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to measure it remain limited.
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Based on the above background, the singlet oxygen absorption capacity (SOAC) method was

finally developed in 2010. In this method, a singlet oxygen generator (endoperoxide solution)

and 2,5-Diphenyl-3 ,4-benzofuran (DPBF) solution are added to carotenoids samples and the

decay rate of DPBF is used to evaluate the antioxidant capacity of the sample. Therefore, if the

SOAC method can be applied to microalgae, the antioxidant capacity of all carotenoids in mi-

croalgae biomass can be quantified as SOAC values. The SOAC method also allows many sam-

ples to be analyzed at once using microplates. This can be useful for screening useful strains that

accumulate high amounts of carotenoids. However, the SOAC method has not yet been applied

to microalgae. Optimization of analytical processes, including the extraction of carotenoids from

algae, is required as an immediate research priority.
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ZD 10 4 TRGIE R V7o A R LR S %
FRDTBINN 0Tz, SRMMEEIX, 7L ob
RBEROM, CATIb, 2825 F—A, TAAZ)— L4,
ZLT M TR AR F R, BRI TGRS
577 LR s D AN DI T\ 5 (Ferreira et
al. 2021) o ZAUIA 27— A IO T I FF Ay DIEAH,
ZLTH I aaF 7 AVA (COVID-19) &G RIZPE
ATATAIANDZEA RN LD, R R kD
EFECLLLDOEHELZSND (Lafarga 2019) o S5
MRS E EN B AAEE. BB AR b, €3,
IRTN, EWRHEOMD., FUERILY E DR LS <R
SN TWBIELRELHHTH L, Ml EIEITLE
A EDHEFE T 205, WLl EONE 2T HEGERE
TS, M AMRILIBIG 22175, €070
MERIL, COEERIELRIT L7008 ELC,
AT 2=, AATI/AR, yaa7 ), N7/ A
REIZLDHET I 4 DY EE &R - EHET 518
JJ% > (Halliwell & Gutteridge 2015) 0 ZILHHTEE
LW BB 528 THIBRALE A SR RIE 1.
PUEBAE R R GLIENTE, F T RERNWE

CTTAMI IV (R E) C EE ., T

MEEo TS (BFEEIZ2 2015) 0

P E X7/ —VREHTTF IARZD 2 DI2
KBS, ENEINER T HIG R FETE S Rl be 2
DHYHHTT AN RYERAL I, R IG5
HWO—>OThLr—HEHRFE ('0,) I LEVHIERIL
Hex 7Rl (Foote 1968). 2%A. /L4, HREHE B2
ERECH A OB E) AT ORIZHF G T 5., Lol
e EOEIYIIAOT /AR A TER V0,
SEDOIES 2B, RN, &R K
FEREL, REMELL COFEI S
al. 2007) . BAHERE A SHIX, ThFTIZBEZ 200 F
HOHOT AR EN TS (Egeland 2016) o

D EEEREY & L CHEGE R FE DSR2, RIKDA
07 /ANREEL THEHIN TV 5,

WHEE O T ANOFEH - &l Moy

B ehiudE#ifhkrao~br 571~ (HPLC) ThHr
M C&S (Markovitz et al. 1993, Fernandes et al. 2020) o
Lol Mol i F LR o A~ AL D JLEg, BT
PR E B OITIRODIC, A RO EE D
INAF I ALBT-DOHRALREZ FFHL 72V 3 A1,
MEEROZFEHITT /ARDOETTOWTHSE, &&=,
iz LreZ 2= L. PLBRLREORAIZ 3 Z L3I
B TlERv, Fo, EEYES RSN TWEh0 T

\» (Del Campo et
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JARIZT = THYRAOWED D L7280, T
JAR% HPLC THM$AZLIEZTER W, 22T 2010
£, —HIHBRFEHZERE (Singlet Oxygen Absorption
Capacity, SOAC) il %€ 235 56 S4172 (Ouchi et al.
2010) 0 AT/ ARHHGEIC — BEIHPRK I EH TH L
IR F IR (BP) i, 2,5- Y 7x=)0 34- N
> 7> (DPBF) {&ili& A DPBF DY GEEZ
ET DLVl G T ETHL, BIHEOHTT
AR OHFIEALREHE E 1L SN TBY (Mukai et al.
2012, Iwasaki et al. 2015, Bodo et al. 2020, Zacarias et
al. 2020) . SUHEFEA~ OB AL EN S,

DL EIO ARG TIERRAITT AR DA FEIZ BT B
HIEFHOAH HMEE. RhreDE R LIZ AT 72 PR 1L RE
FHiE O B M2 B A HIY L G TEMR
FLhaT /AFOBERILEERE. 2L TR EE D
FEEMHOREZLRLI-OEL, AlEEOTIEELEE
DFHMIZBF % SOAC AT EDF T REMEIZOWT
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2. BHBRRELNRR{LYE

2-1. ;E4#%EE (Reactive Oxygen Species, ROS)

LN E TR AL, BRAPIC 21% & ENAEE
FERMIAH, FIIIFTLP)T OEFAZERIZE) A
VEF— (ATP) #HEHEL TS, ZOMIETHEREIL, 4
OOEF2ZIFPKIZETEN, B2 2 HTHE
ey ZELTIREICR D (02 + 4H "+ 4e ~— 2H:20) o
LAl EBIZETORENPELICETF RTINS
DI TlE%d, B FHPICE TS — D2 IS DR
L. BIHPRERLTCHZDOZUTWS7B T DAL L)

A0

0, (>
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RLDBEN 1~ 3% FREFHETS (01 ~02% T
HHHEMDHS) (Halliwell & Gutteridge 2015, Prior
2015) (Fig. 1) o ZOINALEERNIA G2 IR T
PEE A (Reactive Oxygen Species, ROS) EFEFRSAL,
SRVERAL A RED . REMRDBOIIE, A—/3—FF
N (7=F>) Vv (-0)). BEILKE (HO0,).
ebo¥ 7270 (-OH), —EIHKRE ('0) 1B,
gD ROS EMHING (FF 2013) 0 A—78—AF TR
(7=F>) Vv (-0,) ReFuFs 7770 (-OH)
AR E T 2RO, WEILETFEECENT
ALY %o HERILKFE (H0,) 13 BR, A4k
WO Fe’ IZEVAR B F2RFoeNux 7371 (-OH)
I fRSNBILE TRIBCE FAE Y, WEAERLTS
(A 2013), —EIHEFE ('0,) FIEFHIZEFH%E
T 505, BT OACAZLLBDIEES B0,
LETH)EVERILEAZ /AT (Halliwell & Gutter-
idge 2015) o TOMBIZH, JLFD ROS ELTIE, —M
bz (NO-). FRE~VAFT5UH) (LOO:) 7
EWEEND (Prior 2015)

ROS DFALINTAARN TREA R EEZ L5, &
M chor~vrarr—Iid, AREEEELC. M
Fa /2 ROS & BEAE LR AL 7-MH I 0 & b L
#7715 % (Halliwell & Gutteridge 2015) . F7-.
ROS FHIEN DT 7 MEE s FELTHERET 528D
HESN T2 (D'Autréaux & Toledano 2007) . 2O
IHNZROS IFHEARNOFH OO —EEIH- T 5,
L LR R TR ER AL A7 812 K0 HE AR A T ROS A°
WENA R SNDE, MERRWIET TR HEOE
LA BRALL CLEV, MRS /X7 B2
TRE OB, BIZTOHEE. BASCEIIREL, L

*0; * H,0, —? *OH ™ LOO* — Reactive Aldehydes

* *NO F——— NO, > N,0; — NO;

Fig. 1. Generation of reactive oxygen and nitrogen species. Modified from Fig. 1 of Prior (2015).
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fB 70 & DT EE R O FIER B IR E T 5L
HBITWw5 (Bandyopadhyay et al 1999) o

2-2. £ARTOREMEEHAT /AR

PR E L L, RICEB T LR O L)%
15 FORLIEG T ESE S, B, $23kET5
ZEDTELYE THAH (Hallwell & Gutteridge 2015) o
ROS OFALGEIZ L. AEEAIZIEIAYT—E, 7
FFF NI F LT =, A== F FURT I ALY —
BREDHIERLEESR, 7AIVEVEE (K30 C), 7=
J—=v, T I ARERE OB E H 57 B
BREDEIET S (Krishnamurthy & Wadhwani 2012) o
T/ —=VRTAINVEVERIEROS O TheFOF 5
TV (-OH). BEEILKFE (H0,) . ~VAFIFA
;A (ONOO-) 1R LR LRER %6483 % (Tommos
& Babcock 1998)c T DHLERALHEIL. 0T /AN
FOBE _ERE GRS HIETEL e O F U5
A%, ROS HE T2 ZTELFTHRIEEINDLAY, ROS
F—EHEELL2 R, SNOIIER L EEEL., Pk
LW EE L CUEREREL 20\ BRILWE L EL 72h i3
55 —¥, FNIFFIRIVFF LT —BREDHERL
BFICIVBEFE2ELNLIETHEE(LEINS (Tommos
& Babcock 1998)

—Ji. Har/ARE—EEER ('0) 12L&
PUEELRER RS (Fig.2)o 1968 £, JLARAMVISGIHEAT
12&h, aF /A ARoFR) Ty (G TEES) A—E
HEER PO DAV —% 2T, —EHBEEY

302
uv
light

IUZ

B-carotene

LERFERINEDO = HIFIREE GEFOMRE) ~ET
&), AT AN S S —EIHMR R TH 2 AT 57
12& 72 (Foote 1968) 0 AT /AN TH 57z T4
WF—ZR) Ly (EEZHEES) OIRBICIEELL
THHLIEZE T 5720, #@0ELELO—HIHRE
M2 CT&D, F72, HOT AREG DAL 520D
e\, ZO7OHOT IANTE AN, ek
FEFIRE, REHELL TCOFEEHNEL (Del Campo et
al. 2007) . WFZERFEBIHFEIATHON TS (Hirayama
et al. 1994, Stahl & Sies 2003, Singh et al. 2020) o
AT AR RTOIEBAEY Ota M.
WA, BE LAY SEWESAEARTAIEHOI
TWwh, —HT. eMELEIWIIIOT /AR EEE K
TES, BWOAEKNITHFAE ST HH0T /ARIET T
BEYroERSNboIcHk T2 (B 2007) 7
07 /AR, O L->TUMLFEE T HIEDT
& BERBEELEESNLIIOT IARD 85% LL 7S
LA M THELDOD, TEEDOE S RKIKH
ROHAT IANEFEDFED FEo TN D, TRETIZ
<) —T— IVFEDOEEHEY) .. Haematococcus J& B X
O Dunaliela J&%5 OB ORI L L KIKH KD
HOT I ARDREHEEFENSNCTE . AT /4RO
Pid. 2019 0 15 KRV AS 2026 F121% 20 K
FIVZET HEFHEENTEBY) (Meticulous Market Re-
search2021) . 5 #%b=— AU CRE A, Lt
a R RO FSF R HEAOWE ARSI T,

B-carotene endoperoxide

Vibration
Heat

Fig. 2. Singlet Oxygen Scavenging Mechanism of B-carotene. "O,: triplet oxygen, "O,: singlet oxygen.

Modified from Fig. 1 of Sandmann (2019).
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3. MHRERICLBHOT /M REE

3-1. AT /A FEEORRNEEFNBE :
i BLU

FAR IS BT Al e Ic ka7 /AR =
WFEMB 1B OOETLEHESIN TS (Fraser &
Bramley 2004) . $§I2. MEVECTROILG AT 5H0
FIARD 1 DIZ7a%H o F 0 ThHY, EICHERHE
HEIZ XV AER Y 1000 7t A2 E SN D (Dembitsky &
Maoka 2007) o EEHEICOWTIE, MATY T4
YRIVTV )X UF U OEENRBLIASILS (Stauber
& Jeffrey 1988) . ftfii2d Chlorella J& DNV T4~ (Del
Campo et al. 2004) . HHEEFHED )T = (Dembitsky
& Maoka 2007) 7%EHE 4 OMAIEEE O T /A RO
AREDEIESNTNLDS, BUE, BN KEE
FEIZIINL TV BDIE, Haematococcus lacustris DT A
& &40 F 2 BX Dunaliela salina D - 797> D 2
fEiC25 (Rammuni et al. 2019) o

H. lacustris (3. RKEDFGEIETI—ay/X, T
7. T7UA, AT A)HHREW R R OIS AL TH
0. LIFLIE—BEMICE L 2K 20 RE O o b
(Proctor 1957) o /K2, MBI, wHaEE, KR
EHRGE DEF I BE LR RMFIINT, AN AGE
ELCIERMAICERE LB - hOT & T Ay 5 0 F
AU TIRB/MEICERL ., REoRIRME (&
AN BT S (Li 2007), ZOEMEITMBOS
FEJRE RO T%E\)ERETTET S (Rammuni et
al. 2019) o TD/DBERIRT Ay X 0T D EE
BEEIREL TR SN TV%  (Del Campo et al. 2004) .
PSR ETIE LR D AN A IS B AR L C 2 B
BRI Lo TT AT R U F L DEFERTTI TD2
B B A2 A s O M B A 1 5612 40 2L B S & Tl
IR )= AT V8, ANCAIREIZLDMIZ A
TAY XA T R EESELLIR AT =V h 5% (Ha-
genetal.2001) o 7AYXH T A KOFEIIETL
APV AL G (FRICEFRE) ORZOMEEN
—HREI7EHS, THUZEIm R S R iR BE AL A7 &7k A

HbEbZEbHD (Wang et al. 2003, Gao et al 2015) o
1994 4R |2 LEEORF A 7 TAY = — 7 7 D AstaReal
Group 23O T H. lacustris % 72 FI D7 25 F
Yo FUREERRIISE T, ZOMICH, AAT VD
Algaennovation Ltd X7 A))7/10 Cyanotech Ltd 5575
FICPASARIEE 285 > 2% T H. lacustris TDT AY
FHOFOREELTBY), BUERKDEERETH S
Cyanotech Ltd CI4FE [ CHZJEE & 13 ~ 15 t DN A
I~ AERAFELTA (Del Campo et al. 2007) o LAL
M35, H. lacustris \ZZNFETREFFEIZHL T»
BB EE RN TG FE AR, W pH O
WK THITE S 5728, #2780 D. salina O X)) H
Ui7% pH RIS COREFEEDSTET, N7 7Moo
HHE VMO T F IR — a3 I L TR TH
% (Lorenz & Cysewski 2000, Del Campo et al. 2007,
Solovchenko & Chekanov 2014) o FD72 B 8 I K22
ool OGN E BT LB, KEE
L, TAYFT U F A FEICBWC H. lacustris
DEVEIHE AR, N7 T REDTVYIN—TE
ATENHTHA Ak Ao a2 25kds T b,
D. salina \3 G RO EWEL FOfEEH T
Hbo MTOBEN, HEHL L, WK TR
% (Del Campo et al. 2007), =\ 55 B, 6
R, BLOBRRZEDOAN AEM TR EINDE
MBI E - a7 o2 B EICETE TS (Lamers et
al. 2008) o 2O D. salina DFGHEAFEIX 1986 4F12A—
ANZV)T @ Western Biotechnology Ltd & Betatene Ltd
IZEoTHOT 250 NI —VOHFEE RO KE DI —
TURVRICTEmEINIz, RIROIEINZIENFL . FE
MR CO, famA T b\ i/ NR Ol T o727
B, B -HaTrOmEMEEEEIIK o700, F—A
NIUT OB EL 7 ALK A XD Rl 2R S
PRS2 (Del Campo et al. 2007) o ZD %, MET
b D. salina DFEFEAESBRFSINIA, EEELN
FEEB2D. EISPVIRIEE i 2 7L — AT 24D
B2 il AVE A &7z (Del Campo et al. 2007) . ¥
121d 2 R osE e, 3, KR TD.
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salina DI B 5 3 5 T AL
7RIS BIERBICTRERE AR, ot
FEE2 T, MUILHEL SRR ZIZEo TN D
f-huarreBERBEETW (Ben-Amotz 1995), L
L. BEHUZIEAL N 2% 15%~ 25%127:5 &
AWML T2z, IRV IO LT TH 72
BB PhoTnze 2Dk, MKEHWTIY
1o O 5 BE THEE CEAMRSFE R SN/=ZE T, B -
HOT A EE R OR T 200 mg m? day ' 12
#L7- (Ben-Amotz 2004) o D. salina DHFEIX, F—
AT ARTZNVHHIEEY, BIEIEAVR, +504,
FAVIZBEFL TV % (Ferreira et al. 2021) o

3-2. SHREELVHFIND
HRBAREkREHAT/MFOIESE
WAEEHO O T /AR EME 1 H247:) 0385 %
FEL A F Y AR DOATT ARG BIZEoTHRES, &
NETIZ, EAROREERMM H. lacustris LU D. sa-
lina JDHE NG RECHOT AR EH B, 2
MUZEDE AT AN E A 7R 3 O S S ik
MERFER SN T D, ZNHOF FIRRE G HE R
HaT /AN E R EEEDIZ Table 1 12F D72, FER
R E AR T BT LR, e, B
FORAEIEE e O 42 DBREE/ T A= D EL .
HOT AN % i) BT R B a7 AN G
IO 57280, 2O Table 1 Tl 500 mL O =fj
TIAITHGEERESN, WiEREEIOT AN ER
N E SN O AT BB 72, T AL
YT U T AR EREL T, PESER AR
@ H. pluvialis FACHB-872 (Cheng et al. 2016) &£ V)
HEBE M O ¥E kT Chlorococcum sp. MA-1 (Ma &
Chen 2001). Chlorella zofingiensis CCAP 211/14 (Del
Campo et al. 2004) . Monoraphidium sp. GK-12 (Fujii
et al. 2006) D 3 EDFHION TV D, IL—ITDEA
DOFEEHSHBESNZ Chlorococcum sp. MA-1 (33
ML, a7 ANEREEIZRNDOD, 1
SHA X 3 v, — T BT BT A

il 5E T L WS By 6

MEHOPZIE, FESEF MO D. salina CCAP19/18
(Wolf et al. 2021) XV - HOF &4 & O @\ iRkE
Asterarcys quadricellulare PUMCC 5.1.1 (Singh et al.
2019).
al. 2011) .
2016) DSFEREINT VD, D THA VRO BRI
O HLEES T2 A. quadricellulare PUMCC 5.1.1 &7
ML, 915 FEERLT
Who MIRT AL DBV b HEES 7z C
acidophila A-2 \(JTEZEF LR, ) 4 &S -
HAT VoA EE TR o TORROHEFE B L7 3 A
FEOLOINEAS, pH 2.5 THROKDMEIEHREZ R o
PR A CTH 5 D. salina CCAP19/18 1Z, pH 8.0 T
KEFFESN TS5, pH 8.0 (IO I/
FUT OHEICE>TLEE pH THA/2D, KERE
BRICIFE DT> 73— al AELTLE) . ZHUIHfL
C. C. acidophila A-2 73¥4%i5 % pH 2.5 Tld, fhio
W R RPN 7)) 7 OB IZ IR SN B 720, C.
acidophila A-2 \I REF ROV F3I5—T a2 EL
HENEVIAFEEA T 5. ZOIHN, IhEFTHSNRT
WA SR FELD AT T A R A BE MO B I
Tl AT A S HEESNL T 5,

AR OIN BIE AT T I ARORESEA A HI &
L7t O K E AL H. lacustrisDT A X4
YF U BIUD. salina® -7 7B EETHAED T
07 /AR HHEEL U VT AV T A FH
Fr ) aly BTFFF I AINSIHEVTREL T
72T\ % (Meticulous Market Research 2021) o %
72 CNETIZBEZ200f B D17 /A R ) gl 58
OB ENTEY (Egeland 2016) T 4ETOH 7272
HAT I ARDIFE RSN T D B ZI1X20134F12,
HA O 13 L0 B S 724k Coelastrella sp. Ki-4
MHIREW T A% X4 F 9358 &7z (Kawasaki
et al. 2013) cKawasaki et al.(2013) IZZ DK BT A
X2 FUE100C TR BSLIEL | f2 b §52,2-
V722 )V-1-¥2) Ve RFV)V (DPPH) 43 BT i CHUER
fLREZ M E L 720 Z ORE R PUERALREIZ BV FE AL T

Chlamydomonas acidophila A-2 (Cuaresma et

753 ) Tetraselmis sp. DS3 (Tsai et al.

BB - T A
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Table 1. Carotenoids in microalgae grown in 500 mL of flasks in batch culture.

Strain Isolated site

Specific growth  Typical pigment

References

rate (d ™) (mg g-dry weight™!)
Astaxanthin-accumulating microalgae
Chlorococcum sp. MA-1 Surface of rock, — ¢ Astaxanthin g ¢ Chen 2001
Malaysia (7.1)
N Soil, Astaxanthin Del campo et al.
Chlorella zofingiensis CCAP 211/14 United Kingdom 0.96 (1.5) 2004
Monoraphidium sp. GK-12 Ffef;‘pgger’ 0.90 ASta(’;?gl;hm Fujii et al. 2006
Haematococcus pluvialis FACHB-872"! FreShC“}/f}f; lake, 0.61 As‘[(az)ga%;hm Cheng et al. 2016
f-carotene-accumulating microalgae
. . Acidic lake, -carot C t al.
Chlamydomonas acidophila A-2 CIS[I)(;ir? ¢ 0.59 B ((:elui(.)9(§ne uarezs(grllzi cta
Tetraselmis sp. DS3 Coastal area, 0.62 p-carotene Teai et al. 2016
Taiwan (5.1
Asterarcys quadricellulare PUMCC 5.1.1 FreIsI}11 drilaver, 0.25 p —((:§1r7(?3¢;ne Singh et al. 2019
Dunaliella salina CCAP19/18"! Salt lake, 1.82 B-carotene  yyiif et al. 2021
Scotland (3.0
Other carotenoid-accumulating microalgae
Coelastrella striolata SR-3 Surface of rock, ) 5 Canthaxanthin = sy o 51 2007
Japan (47.5)
Coccomyxa acidophila A-34 ACIg;cairrllver, 0.34 L&teir)l Casal et al. 2011
. . Water-soluble Kawasaki et al.
Coelastrella sp. Ki-4 Soil, Japan 0.25 astaxanthin (1.6) *2 2013
. Offshore area, Zeaxanthin .
Chlorella saccharophila M-5 New Zealand 0.31 (11.3) Singh et al. 2013
Fresh water lake, Fucoxanthin Petrushkina et al.
Mallomonas sp. SBV13 Vietnam 0.44 (26.6) 2017
Eustigmatos vischeria S12 Soil, Bulgaria 0.32 Vauche(rzlai()agthln Sto}gtlz\{aé(g? ;tner

*I Strains for industrial use; *? Carotenoids found only in microalgae

WHEWEEEEDL S, VB RENTZ, T
IRIEVET AL X4 2 F Ik A 5 2737 B ERHEL A
HLTEY., ZOREMAY B EICOWTUIEZHIHS
NTWR\, ZD72D, EDF 287 H E B
IZHFGLTOBOPIEHLPIRS> TN RS, L
i 2RO ARE T AY X4 0 F AR DT A5 X4
I IDLE IR XD R AT, D A B
BT OREEIZEDSTTEL, ZDOHERDT A
573?%‘/%yi%tb%ﬂ%ﬁ&tft*&ﬁ%ﬂ%ﬁ%ﬁ%t
LCHHLR T WITRRIEDE 2515, 2019 12

TWNHNT DOF IO TS S 72 ELIE R p
Eustigmatos vischeria S12 IpH/NT ) 7 £ F 78
FERENTz (Stoyneva-Girtner et al. 2019) o /N7 7

FHUF UHERNTEHOEAMILO T Rh— 2 AF5E
TER. B AL EIHIE A RO 2 LSS5 C
WAHE AT /AN TH L, TATNTT)TF 50
(K EUT OIREE S TOIMRALREZ 7R 3 &V )l %
oo UEoIHHITT /AFDORAETEEL TH
HEEITIEHEED TS (Del Campo et al. 2007) o
4. IR O TR (L REFT(E

4.1. AR 0B REETEE

IV T/ ARN% B RS A0S o F Rl
%EWMBVW‘?w—<HPLC)tck“fv\“47r7zo>
Ha7 /AR EEE I ET AL (Markovits et al. 1993,



VLI - BEAR B sk o0 7 /AN 2 OBRRALRER 3 T O FE B 1] 8

Fernandes et al. 2020) .#»A\W\322-7 2 = )L-1-¥'7)
VERZV)V (DPPH) % (Brand-Williams et al. 1995) .
W 5272 I VIILEE (Oxygen Radical Absorbance Ca-
pacity, ORAC) {# (Ou et al. 2001, Huang et al. 2002) 72
L2 Aa T AR CE R T - TPV EINZ
ZOWERE P OPRALEEZ I E 522X TT
I TE7z (Marxen et al. 2007, Banskota et al. 2019) o
HPLC/ M1 ClEig OB MR T /A R OREREY)
B ASUBETZDS 2200/ DL Lora T /A
FAFEAEL (Egeland 2016) 20 HAZHEW) & 75T I
ENTWEATT /ARIZT—EBTH 5 (Bijttebier et al.
2014, Londono-Giraldo et al. 2021) o ] 2(E, 7 A% ¥4
YFURNT AL B-HOT L EOHOT IARITEINLEN
Haematooccus)& . Dunalielag& Ol EEIE, <) — I —
VRIS T /AN B S SR EM T4 7 a0t A
DWELEN TN D728, F DR IEL IS TS,
L NI T RS F U EOFEATT AN R
EBHIERE A 5 58 R &N 20) CRa A A2 g 7o
Y ADWHENETIEESTHEE T EEFHIEDME LI T
W EHIZATT I ARIZIZBEARNFIEL . T AT F
HFUFUTIET AT XY F ) TATF)I, f-H0F T
139-2 A-B-Ha7 v OIEHERIED A FTEDHHN, 2 DA
DHOAT I AR DRI DOWTIETH I S ASIRSIT
Voo K AT /AR OHIRILREZ IS S 7201213,
BRI T LR OHPLC O T IZ T 2L B3 B 705,
DL EOBHIZINIEE AL DHTT /AR THE#E A )
VENTBLT\ZOHIRALARIZOWVTHIIL N IEN T
W\ 2O ZEABHPLC /AT Tl il R o427
07/ AN PR LREAR FE M9 5 2 L IR T 2,

DPPH #:%° ORAC #1220\ Th, AaF/AFD
FRALBEZ FF M § % L Cla R&%FEEN S 5. DPPH
BN EINTZLELZAEERT DIV TH D
(Brand-Williams et al. 1995) 7 x./ —)VEEOHIERAL
WEDPAKR EFIZE 254524 T DPPH 2%%
TLENDe ZOEED 517 nm OWEIGEE DOIFIED A
OFBALTEEZ M E T 5. — T ORAC EIF K E
B 7 AL ZE AT Lo TRl 37 SN2 HT R L RE ST Al 12

THY), FVINEFEESEL22-TIER 2-T3/
vruNy) ZHEEYE (AAPH) & AAPH IZXD 524
L72T VIR0 RSN L e R EET VA LA v
ZEURHZIRINL . OG5 E O s B D LA SR
BHROPIERLAEZ M E T4 (Ou et al. 2001, Huang et
al. 2002) o VAMAELEZHZEIZED, BUKMEEEEZTOh
WIILRE (H-ORAC) &, BUMPERESR T VIR
(L-ORAC) D%l AZENTES, MTHE, 7=
J=VEZIILDETHIERILME DT VIR
DFHMIZEL THY, A<EMmOFHilICEHIN TS
(Prior 2015) o LA L7255, W FFEH07 /48D
—EIEMEOW I ERIEFE T 222 TERV —
HIHMFIIIEFICEFRIZIERT 225, ZOETF D
ACNZINBDSFEA ., AN LR EWERILIE 2R
$o AT /AN DOBE ) L TR — HIHIEK (I
PR LREL /Rl (Fig. 2). — /i CeROXFIIIL4
@ ROS IZITEW PR LRER RS2\ 728 (Zorov et al.
2014). DPPH {#b ORAC b0 7 /A FOHiR AL hE
DFHMIZEL T (Watanabe et al. 2009) . DL LoD
ZEHNHINFETO HPLC A2 L5 EE Il %2 > DPPH
. ORAC EIZ LB LRl =L, AT /(F%H
F& 3 AR EOFFGICILE L TBO T, MANERE A
HFET BT /AR O —EIAFE R IH 2 Re & e i1
W7E TELTTEDHFEDKOSN T 5,

4.2. Singlet Oxygen Absorption Capacity (SOAC)
HEE

R OEEREZE (ROS) IZH L TOHEERER
e 3 HEE, ORI IEFE ROS 2584 S+
H5EEFIENMZS (Marxen et al. 2007, Banskota et al.
2019)0 AVT/ANO—EHIARRFHERROWEIZIE
—EHMERLEET LI NROF TN (EP) ¥
AR CTHDs Ll TOEBIZIZT—T IV EEE
UK BRI DL ERALILIL S L B THY, T2 200
A UM EBBFEDOfE RN E) 728 (de Mello
& Wootton 2002), EP iAFEIIZHIERATTES, &
07 /AR O— AR 3 H 2 Re 2 1 2B 5 2 W58 o1
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IF1275T72 (Mukai et al. 2012) o L2*L. 2010 4E
(22O EP s AT SN/ S e Zon IS, U7/
ARDO—EIHBFH 768 (Singlet Oxygen Absorption
Capacity, SOAC) HI7EFE D FFESINTze TDFET
. a7 AR IS — EIHER R A FTH S EP
B, —EIHREICLDHESS25- Y7220 34
~NV'77 (DPBF) %Mz %, DPBF (3413 nm
ZROEEERFEOAY, —EIHRRICIIMILSnLE, £
DWW SCEDEFET B EEFFD, £D72%5, DPBF O
WEERE DS, a7 /AN O—BEIHFRRE %
FOBHEE, § bbb —EIHER RN TR 6E
KDBLZENTESL, %8B, DPBF O EHExa - M2
70—V CREEEALL 7=l % . $UER{LAERZ 7R3 SOAC
ik 3% (Ouchi et al. 2010) . = SOAC #5212
NETHELEOEMERAITT /AROHiEAL BT
RSN CTES: (Mukai et al. 2012, Twasaki et al.
2015) . MMHERIHICHB VT, SOAC MlE % 7z
AT /AN DOTRALRRETHIATE TN LA, KIS E B
ARV, ARSI C 0 SOAC I 5E % # ] Tah
. INFTOFM T TR EITER o7z, KA
BEAE MDA T AR EROBR LRl E T 5
ZENTE, A7 /ANERIREE L TORGHEEIHDOH 72
A ARl CE A R D B %

4.3. SOAC AIEZDREM

SOAC HIEFNLLUH . 6 DDA TEDL5
JEEEEHE TR 2 BERTC 1 308 0 SOAC fiEL 2>
ETELRD 12D 24 72V 7L —be 72 SOAC Ml
TENHETZI (Takahashi et al. 2016). —FEIZ3 D
DE I E ST BRI 25720 ITAETIE 96 7 L7 L —
I F V272 SOAC fifl @ I 7E A3 EA A 541 (Wang et al.
2018) Fulk# i T 15 OB & MR E TE 58912
Teotze TIUZKY, BIZIZ, BREFRNLHBEL /-2
DOMBERERE R, 596, BERRZHREDAN A
SRR LI, a7 AR LY 2V 7L —NC
T—5UZ SOAC EZHIE T HZEDHTE, BV HLIRAL
REA A AR D AN — = 7 CTE L] fE

D385 SOAC D5 HT H3ERE I FEBE THEC DI L
HPLC |2&5707 /ARO53H7Tld 15 OFEOHIEIC
BLZ 1R 5, F72. SOAC 5T EIE KR CTH
MM LERL, v A7a7L—N)—F =&z hiuL
PURALRER %2 C& Do ZD72®. SOAC 7Tk
B E ORI CORN A4 RO 27
== H SIS,

Eo12, BRI, B0 T /ANOHH - R
DIz, H—DHha7 /A8% % &I ZEFE T A0l 5
DEFENFNEH O FEFiLRo>TADY, A SOAC D
AN NAF < AB 720 DA T T I AR DT
PR E TELINTRIUE, BEOIaTF /AFDOEH
72 CRPUBR AT M2 2L ML LTl i O R g% 5F
i C&A720. ZHOHITT I ARDIRAEL T DI
HEOPIRRLAI L L CR o BZ AT RN H 5,

SOAC il 72 A MGl BRI B A 3 2B o el
T, BRI ERAZET oD, INETH
MR PSOHTT I ARIHIZIE, AT IVRIVAT I
F (DMF) R7+tbr, AFHr, 25 /—)b, r0uk
WAEEDSHWHILTEZ: (Suzuki & Ishimaru 1990, Fu-
ruya et al. 1998, Bocchini et al. 2015) o 727>"CH DMF
RT by AFFATHHERNRDEL AF =Ry
OV AL L CEE T Tha T /AR DAL LI W
VPR E RO/ (Bocchini et al. 2015) . 4FI2fH
MEEE» OO T /A FHIEIC IO TEz, F§
[ZDMF 1E, 7tbr, ANFH U LDLMAELE A+~
AMHOATT AT FE A E > (Suzuki & Ishi-
maru 1990) . ZAUZXFL. SOAC Ml Tld, HH .
AF =), ZunRlV A, BEK (D,0) 2MERE 50
501 1 THERL STz SOAC 1% v%  (Ouchi et al.
2010) o =@ SOAC AHEDHTT /AR EE N
F ORI AW SN CEZZHRIE R E O\ DMF,
TRbrReaF b, lEEE 2 FICOWTHEL 7
EZhH, SOAC VAT L LB CTHl &) =R A
R ZEAHERESNT: (LI R5EE) o TEErREL
7-BEAERFZEIZBVCh, SOAC ORS¢
DBV EFHEL TS (Iwasaki et al. 2015) 6
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PR B STV BRI O a7/ A Rl %)
WERYETLHEIE, SR & LB, B Rk
B E— R, FURETOERICIDMRILE, <A
O LB (100C) . BEE T avy GEfLF )7 Ll
) oW BALBE A3 % (De Ancos et al. 2000,
Prabakaran & Ravindran 2011, Goiris et al. 2012) o 72
A TR ELEIE, AT LR T R
FEZE ST ORIl UM A B S A2 LS TE
B728, AR R E RIS BR IR L DT
07 ARDIEALD D70, EHIZ, =X b )
LEDALF W DR\ T THIAH S (De Ancos
et al. 2000) o =il /& AL BRI ZHE SR D SOAC ¥ THHE
OB EOYEEITH SN TEZ, HI—2 D
HRhROUEE LT, U7 /1F% SOAC T
GRS BT LN OB CHIL, 20
fhHE L SOAC W DR &% SOAC HIE 2T %
TN HLH, EBIZ, AT I ARO—FE/ATARTF
Vo F MNP EIE S A E W HE Fusarium fujikuroi
?® SOAC fH#% I 5E 7= Parra-Rivero et al. (2020) T,
T THUT /AREHIL, O E SOAC &
% 1:8 TIRALZIRATE SOAC FETHML TV,
St ML 72 ORI R IR & St 23t R
5.2 508 % T BT $ 5 28 T SOAC Hix v
7R OO T /AR ORI E E KD gL
TEDLLEEZ BN A,

WIS, POEETHIUT /AN - L
HIZEWIHEREIL, FEPEIo VLI RARATT
JARDEFEREL THEE THL, LA LFEBIZHEIEF]
HAEE L THWONTWAHEIZRESNTEBY, M
MEFEARORRAE AL IENL, TERFESN
SOAC Ml FE X, HuT /AR HFRAYIZHF G350
MR —EHME  ON LTI LIENTE,
a7 /A RO LRERE A %) Th DL
EZOND, FARFHMEDE AL, A HHAEHD

BB O BEED D 5,

T
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