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Carotenoid Contents in Chlorella pyrenoidosa and Concentration by Saponification

Hiroyuki KAMoGAwWA, Masashi HoSOKAWA, Masayuki ABE and Kazuo MIYASHITA

Abstract

Carotenoids are natural pigments found in plants, seaweeds, algae and bacteria. It is well known that carotenoids have
physiological effects such as provitamin A activity and antioxidative effect. Among carotenoids, f-carotene, lutein and
zeaxanthin are popular carotenoids in green leafy vegetables and green microalgae. Furthermore, violaxanthin and neoxanthin
are also contained as minor carotenoids. These carotenoids are currently expected to exhibit health beneficial effects depend on
their unique structure. However, there are only a few reports of quantitative analysis of neoxanthin and violaxanthin in
microalgae. In the present, we therefore investigated that the carotenoid contents in Chlorella pyrenoidosa and Dunaliella
salina, which are green microalgae, comparing their contents in green leafy vegetables. 9'-cis-Neoxanthin in Chlorella
pyrenoidosa was high level of 120.9 pg/g dry wt as same as that in Brassica rapa var. chinensis or Ocimum basilicum, while
violaxanthin content was low. The content of lutein + zeaxanthin was 1,125.2 pg/g dry wt in Chlorella pyrenoidosa, which was
the same level as Allium tuberosum or Allium fistulosum. B-Carotene content in Dunaliella salina was approximately 100-fold
compared to green leafy vegetables. On the other hand, the carotenoids in total lipid from Chlorella pyrenoidosa was markedly
concentrated in recovered lipid after saponification with potassium hydroxide. ~After 24 h saponification, the concentration of
9’-cis-neoxanthin in recovered lipid increased approximately 7.5-folds higher than that of chlorella lipid. Futhermore, total
carotenoids concentration in the recovered lipid reached to 9.5-fold higher than that of chlorella lipid. These results show that

chlorella lipid is a useful resource for 9'-cis-neoxanthin.  Saponification is an effective method to concentrate 9'-cis-neoxanthin

in chlorella lipid.
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a7 A FE#E~BOE R REEOGERS TH
0, TNFETIZT750 FEELL A4 =00 i &
TWa, p-HurriEo—fHorasr /4 FiZowT
X, b MO A AR EERGES S s T
WA (R, 199 ZDLIBRA VT L UEHELDN
o7 /A4 N, GHEBET) Y —MomEwIc X -
TOREER SN D, FFIZ, MEBMYICBWTE, A&
Bl ENTzATT ) A4 KW, kEEZT LT VT Ttk
FIR R 72012 & B HEREE 5 O R R 2 &
MWECHLNT WA (ZEDS, 20060 —F, BT 5
L7zhua7 /A4 FOEGHREET b7-kwi-o, Amlis
& LCHERL, WINBICENTREEIR SN S, — &1
2 NOMGE, lEIE 0 EEO 0T ) A REEESR
R SERLTWL EHEREINTED, TIZEL
THED V) A 7 i (Riboli and Norat, 2003) %2, I HE D
1) Z 7 i (Cooper et al., 1999) &\ - 7-HEHEME DS < Hits

ENTW5,

oL nAhaT A4 ROERTFHKREL Zo5T
HEIC Lo TR D EEZLNL, HEAL TV LA
BFICGEINLIOT /A Fid, BZB-Hrary, v
TAY, ETFHFUTHY, EAERIIML 2E0E
FIXEHFURAF IV IF OB ETNT VD (Fig 1)o
INSDORTIES SN AEHEHE LTR-Ia T O
TOEy Iy AEENBITO NS, 72, Beatty 5 (2004)
W& DE, HOWEBIZIIVT A v X7 X290 F U hE
BAICER SN TBY, TNo0EHE & RO Nk
BEZSMEIE D SSE & ORI A OMHBIBIRE RT 2 & A
ENMb, I, MEFOVTA v T XU F U ER
W L, BATEENBEED ) A 7 AR & Ot (Karppi
etal,2012) b H 1), A 2 CRHE SIS HOBGEIZ
I DHEETLEH IR LRREFEOZ EDHL IS
NTwb, ¥/, €4 7FH% 2570 Tlk, ~/u77—
DN U CTHRIEER 2 7R3 2 & 2%, it ¥k (Soontorn-
chaiboon et al., 2012) &4, Fr7zZt¥nglE L L CEH S5,

LA KA R B R A e R RE M B A LA R

(Laboratory of functional material chemistry, Graduate school of Fisheries Science, Hokkaido University)
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Fucoxanthin

Fig. 1.

—h, GFEERICT L OEEESOAT I T
(Fig. ) IZDWTIE, Z ORISR 2 i 13mo T4
BV, FESIATFFOFLERABICTL UBAERT
REVIEE L OWEHEHKD 72X 2 F > (Fig 1) 75~
22 L CABBIEE O ERIHIN R 2R § 2 & & R i
LT\ % (Maeda et al., 2005), F 7=, AEGEOHEFTIZEI D 2
Pe e OMEER IR LT, A X4 2 F v e
FaRT 2 &% invitro B TH 5 2212 L 72 (Okada et al.,
2008)c TNHDZ LS, R FH T v OPuiLERH
WD % invivo TOIEEEHESIIFF S NS,

B2, THFE TIEHEREELSS (s T i LT A
YRET I T UIMZ, Wiz EReEs Pt SN S
A XN F ORI EEZIGE, O OREEC
Mb 25 THEBOMBICMAZ T, a7 /4 FOREY
o HE, UEAE, BUETTE R T A 2 L QEELRET
BHbo WIZAF XV v F Uiz iERFEDIIE TN TY
LY ODOEENVR L, BIIIHHAES i FE
Bl FRUSH L, TAYE TTYVE, HEER
EORFREAED TN BT HIREHPIS A A T T U
EINTVDLIEFMONT WD, Z O TREEMNSE
HoO—MThairrul I, BEEFEIHLINTEY,
HOREMICHIE % AF3 52 EDSHRETH %,

Z ZCARIZETIE, EHTHL7uL TIIMZ, B-
T OMFRIEE L COFMAPIEEENS FF) =5
opuT/) A REREEHEFOIOT ) A FER
L7z, &5, zavskhionssar /4K
ZNRUSMER i G T B 72012, KERILA ) v 2%
Wiz ABEEIZ OV TG L 72,

MEELUHE
A%

27 10 L 7 (Chlorella pyrenoidosa) 3 & U8 ¥ ) = F
(Dunaliella salina) V%, > F 4 7S H G, HAE) £
DR KM ZBEA L 720 K7 L ¥V 7 (Spinacia olera-

Neoxanthin ( Nx )

Chemical structurae of carotenoids.

cea), 7~ YA (Brassica rapa var. chinensis), </ F
(Brassica rapa var. perviridis), I X7 (Brassica rapa var. laci-
niifolia), >/ (Perilla fiutescens var. acuta), A1 — F/NI )V
(Ocimum basilicum),
7 > 732 (Petroselinum neapolitanum), > 2. ¥ 7 (Chry-
santhemum coronarium), 7 ') — ¥ L ¥ A (Lactuca scariola
ver. sativa), = T (Allium tuberosum), 3 ¥ (Allium fistulo-
sum), ZHEETTN A == THEEEYZHEA L7z, kb
L OGHTICH W23 3RS, FOGREEE () OB, HA) &
DRGSR A A LA L7z BRI O 70 O
WCHWEEA 9T ) A FDH B, 9—cis-h A FH T
LEFTXRG U F IR LR L TR,
T A ATHDEHEEE (FR) KB, BHA) L0, B-ra T il
R TINVEY vF Vs R, HA) LA L

2 VN (Cryprotaenia japonica), 1 %)

REE
7aLIBLONF) 51, B RERICHLT
0= VW) D7 BARVA: XY =)V (2:1,vW) 2R
B L, 24 RERIAFE LTI 21T o 700 RIS E A IR L,
MIED D U CHy ol |2 C—MRatRs L, i & i L 72
fEofits, > TVERICH L SHEE (viw) O TRV L/
AZ =V @1,y ITIRE L, 24 FERIEHE L 22275 fli
4T 720 FHHIE Whatman 2 58 E FIWVT A L 72,
COFMIMERIER 2 B DR L, HhHR Z e — MICC
BRI, WA oa RV A s XA — )b K
10:5:3,vwN) £ B EHEEL 720 D%, K CIRDIR
BT — MR CGECETE L CRasE L 72, IRERS
OFEBL-TEBoZ7oakVAREREILL, ToNVKL —
Y= CTCHEER AR L, HoNRiEw, IR L
L CEERE L2, HPLC piriifits 2 £ Truufkv
LAY 7 =)V (2:1, vv) IR LT —40°C 12 TRAE L 720
FAtHO 7 v L2, ZREESHZYD 10 f5E (viw)
DAY )= VIZRIEL, 24 FHEEL 22350 L7z,
i #1E 7 7 F —-2F 2 F > C Whatman 2 7588812 T
FEJEE L 720 SO EZ 2[R ) K L, TR L — % —

84 —



IS . zalb 2&Insha7 /) 4 FoEsE &7 ALUGIZ X 5 ik

WCCHEERE R L. BNl e L <&
BRME LR, T8 — VIZER LT —40°C TR L
720

JOLSHEHOAT /1 KO ALEHE

T ALEAT) O a LI nbE XY ) =V ERWT
i L 72IR B 2 IR 47 /10 mL DT ¥ ) — VKT &
L7260 IRWT, ZNEDIY J — VIEHIZ 50% (wiv) KR
fbA 1) 7 24 (KOH) KRB % Z N2 1mL, 3mL, SmL, 8
mLiFML T, 2B ALRIGE T>72 —7, 71
LVIRE DY J — VIETIZ 50% KOH KiEH % 5 mL i
LT 1~48 e 7 S ALRIS 21TV, RN 2 2 b % 45
WrL7zo & MERUGHE, 50mL O Y TF )V T—F IV EHNZ,
T2 3% (wiv) HiAbF ) 7 4 (NaCl) KB E IR 5 2 &
THE100mL & 7225 L) I L sk L7 Y
VI —TVEREILL, $HiEEEI 3% NaCl KB 40
mL T 1A, #ZPAK40mL T3EEYE L7z Kk
pH B FIVCKIZ D pH 25 7~8 TH A Z & %R L
7otk VST —T7VEERIL . T ALRISHBRO
TRRSETCELSNKBIZOWTD, YIFLI T
50mL ZhNZ2 T CRAE LR DN ETIRE RS
EE L7z BIL 2V 2 F VT —T )V Ex Hbtd, T
INRL =4 —CTHEZE L L7 155N s r
{LIROMIRE & U CESENE L 72, HPLC o#TIcitd 2
T, T¥ ) — VKL LT —40°C TR L7z

HPLC 9#

AN D 5 WIZEE» SR L2 RERICE TS
Aua7 /A4 REE%, Garcia-Plazaola & Becerril (1999) @
WiE 2 2HIC L CHPLC IZ & D g L7ze AT &ML,
UTomh & L7z,

717 2 Develosil C18-UG-5 (4.6 X 250 mm i.d., 5.7 um particle
size, FPAHLS: (KR))

HEH A Acetonitrile/Methanol/Water, (84 : 9 : 7, v/v/v)
B Methanol/Ethyl acetate, (68 : 32, v/v)

A B
VAV S

0 min 100% 0%
8 min 100% 0%
18 min 0% 100%
28 min 0% 100%
71T NRE 25°C

it 1.2 mL/min

%8B, BEHMHEYhoXTEY o F VT L v EE
IR AR Ch 2720, VA v EET XY F

AR EARER VT A Y OWER Y HOTER L,

fmRE&EE
WHEES SUHRPICEZTNEZHOT /1 FOEE

FERIHEINLAOT /A PO L S8, B3
OFFFNINZ RGP HEIZ X > TRL 5, FERICEZF
NhrERAIUT /A4 RELTIE a7 rolInvr
L, ¥T7TFV Ty, A ITXH T, A FFH Y
FrRENBTONL, ZOFT, B HaT RV TA Y,
BT X F UERIZOWVWTIEL L OIERR 5575,
CFSFXH o FrRerd 0 F U OERGHICETS
WE1EZ v,

ZFIT, MOREMCHEECTH L7 0L IR NS Y T H
WZEFENLZ a7 /4 FEgmrE=L, HE L CEIS
NDLEFHE OB EIT 5720 ZFOREH, Table 1 (IR T
L9, B a7 VIEERERICHENS CEE T
505 FFVZIIEZEN5D 100 B EOEHEERTE S
NCwize 20—, 2+ F VU F o8t 73505
YREDXFF I TANVEEHEFNEIN TN E
DWRENTze ) T IIERFIET 505, ZoHu
T/ A FEERLMElEE R L DI T 5 2 L 255
5T A (Gider et al,, 1998)s N1 T DHE, 1) v &
ERRZOBHETERBTOROEE EREGTICBWY
T, B-ha T yEEFRECHEINT A ENHmESINT
WA (U, 1992), —F, 78 LT HIZIZESE L FER,
VT A v+ BT R F Uit Shie)s, ERELIL
LT hrole —H, 9cis-ttFHrFroets
¥HrFoY, pAuTFoRVTA Y, BTFF T
B LCERIIA VOO, EHFRIZETNLTW
L2 EDHENT VD, RIFFEIZE W THE A OLEEF 34
D 9—cis-AF FH o F U EmE LR, U=
AV FIZELEEN TV, —F, EXIFFoF o
WZOWTIEFRT LYY, IUN, YaryFriiselsg
INTHBY, BEOBHEICL>THaT /4 FOMED
B LZEnrolze 70 LTHIZY 9—cis- 4 T
YT U109 pgegdywt EENTBY, FUrr U,
AA = MNTN, Xe) ERABEOGETH -T2 —H,
YA IxrF oz ul gz fEr Lol sy
WL IIRE R 2 EDIRENT, Do L),
FEHFFEHE IO TRV TL Y, TR T U
Mz, 9-cis-tAFH L FrREFTIHNVFUDNEEN
TW25 b0, WEOTBEENAHEIRETHL L LD
WCEEOOT /A4 RREEN T2, 4D hu
T4 FeiiE FIFATLZED0RES TlE R —A,
7l 73, ERARSCEEE L CHEYSE R L T
HZ Iz, 9-cis-tF I FrEmtornet s
XY FUDERPV LN LN, FOSEENTES T
Hhbeo TDID, IFFHV U F BT AL O
LIWEMNGHRIEE EZ b,
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Table 1.  Carotenoid content in vegetables and green algae extraction.
Common name Scientific name Total Lipid 9'-cis- Nx"! Vx* Lu+27x" B-Car™
(mg/gdry wt)  (ng/gdrywt)  (pg/gdrywt)  (hg/gdrywt)  (ng/gdry wi)
Green leafy vegetables
Spinach Spinacia oleracea 81.8 211.7 585.2 2,101.2 834.5
Qing-geng cai Brassica rapa var. chinensis 101.6 137.1 96.0 1,728.7 737.7
Komatsuna Brassica rapa var. perviridis 106.0 303.1 1582 2,048.6 968.2
Mizuna Brassica rapa var. laciniifolia 1104 189.1 126.3 1,917.9 890.3
Perilla Perilla frutescens var. acuta 119.0 381.7 268.6 2,191.7 1,001.5
Sweet basil Ocimum basilicum 89.2 1454 71.2 1,461.3 582.3
Mistuba Cryptotaenia japonica 129.6 276.4 5223 2,543.3 944.6
Italian parsley Petroselinum neapolitanum 100.7 2475 235.5 1,681.3 736.7
Parsley Petroselium crispum 70.9 157.7 162.7 1,425.2 4853
Garland chrysanthemum  Chrysanthemum coronarium 98.1 204.2 459.5 1,748.7 709.4
Lettuce Lactuca scariola ver. sativa 103.9 226.0 337.0 2,281.7 886.1
Garlic chives Allium tuberosum 61.0 64.8 70.3 1,167.2 543.7
Welsh onion Allium fistulosum 684 854 49.8 1,2252 614.9
Micro algae
Chlorella Chlorella pyrenoidosa 116.7 120.9 T 1,125.2 Tr
Dunaliella Dunaliella salina 223.6 N.D." N.D. 236.4 104,058.5

"1 9"—¢is -Nx : 9"-cis -Neoxanthin, ? Vx : Violaxanthin, ® Lu+ Zx : Lutein + Zeaxanthin, * B-Car: B-Carotene, ” Tr: Trace,

" N.D. : Not Detected

rALRSEMA L =H07 /1 KOs

KRFEMIZEENL 0T ) 4 F2FHT 54
WAL HCCRIBE Al 5720, 7007 4 L%
7y euElgE sy kany) VRS W haT A
FUSOBRE RS ANRIES o Z D728, ZN0 %478
LCHus /A NG % 3B E 0805
Bo ZDI28, AT I A FERIZEKT I
FMELTCoOFAIEbE LV LDAaT ) 4 FO5EE
PELRR b F2THUT ) A PR L M
TA5729012, 7l bt L72IRE % KOH T
HI LI, AT NVIRER T Vb L ClRET 5 A
WZOWTHE L7z 2L 7 VMERsicE 07
J A4 FOfEE, <) —T— )V FrbLTA v RET7F
HrF et ST 4720 TEMICL WL RT
WAHETHY, Tnxk 70 L IFIREICNH L. &I,
sa L IREROATOT ) A FEERET 572600 KOH O
WINEIZ DWW THET L72 (Table 2)o 7 T L THRERI 47 ¢
120.5g~4g ®KOH ZiHEM L T AL % 47 - 72458,
KOH DN 2.5 ¢ YL TR 12 R CRIS 2T 72
e, BAFL7ZIREEN 0S5 g BEO—ER LR D, 4
W27 ALRIEASHEA T EEZ bbb 7oL
FREPICEEND 9—cis-A A FF T2, EFTF4
YFY, VTA Y+ ET XY U F UEEIE 177181
mg/g JEHE, 2.5~2.7 mg/g IRE, 135.8~136.6 mg/g FE T
Hole ZHLIREARICEEIN Tz aT /4 Fig
BT s, ruikBEoraT 4 FEIEL 884% T

bHotze —F, 7L IREHROITT ) 4 FERRIZ
LT, 7 ALBRIERA L IRETOEERIZIfFBET
RELLIEHESNTBY, a7/ A4 FOFHZEET S
Yitr, BRI IENHE L W R b FICREYTIZBW
TEFEDDVR N O—cis- 4 X 0 F V2T 556
7u L IREPOERICH LT, 7 ALEORERIZIL T
U LRI NTEBY, FHEZEMELRD 25, HIZ,
70 L IRED T LIS ORI ZEALIZ DWW T
(Table 3)e 7 T L IREH 47 g 2R L, KOH % 2.5 g 43l
L7z Zh, | REMUETEE LEEES—EL R D,
R TO T MALRUBDSEATZ b D EEZ S d,
BHERETHD 9—cis-AFFHh o F o, €50 F 2,
VWTA Y+ BT FGrFrEITENEN, 17.5~192 mg/g
MEE, 23~2.5mg/gfFH, 1333~152.1 mg/glFETH > 720
T ALRIBIC L A O T ) A RERORERE, 48 K
D ALBISRIZBWTS 90% LLETHY, T )1
L CHIBILE CTH D 2 LW o7ze 1D 1L
FUOSEIEAE L2IRE o ha T ) 4 FE&nt 166.1 me/g
JREE 2D, 7ulL IR L T o5 Cifish
726

AWFZEIC LY, ROmlEEO 7oL L P LT
WAFFH o F o NvT Ay +E¥TFYV 50, Ao
TYOMREE L THRATH D 2 LT h o7z FFIZ,
R ICAE S e fGIHO A 35 0 F v & GEET
DA, suLIEEE T VA VI L o TEBR O
LA 3252 I2& ) 7R EICECRETESZ L
ERM L7 G FNbE2HWwizat X0 F ok
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Table 2. Carotenoid concentration in chlorella lipid by saponification.

Added potassium hydroxide (g)

0 0.5 1.5 25 4
Total lipid (g) 47%0.2 22%0.0 0.7£0.2 05%0.0 0.5*0.1
9"~cis- Nx (mg/g lipid)™ 25%+0.1 47%0.0 12.1+3.7 18.1+04 17.7+1.0
Vx (mg/g lipid)™ 0.8+0.0 09+0.0 1.5%05 2.7%0.1 25%02
Lu+Zx (mg/g lipid)™ 142+1.2 31.7+04 94.9+28.5 136.6 2.6 135.8+6.6
Total carotenoid (mg/g lipid) 174+14 37204 108.4%+32.6 157.5+3.1 156.0*=7.7
Recovery yield (%)™ 100 100.8 85.2 93.9 88.4
Rate of concentration™ 1 2.1 6.2 9.0 9.0

Saponification was conducted for 12 h.
means * standard deviation (n = 3).

" 9 ¢is-Nx : 9'-cis-Neoxanthin

2 Vx : Violaxanthin

" Lu+Zx: Lutein + Zeaxanthin

™ Yield (%) = (total carotenoid in recovered lipid after saponification / total carotenoid in chlorella lipid used for saponification) X 100
5 Rate of concentration = carotenoid content in recovered lipid after saponification / carotenoid content in chlorella lipid used for saponification

Table 3. Time course of chlorella lipid saponification.

Reaction time (h)

0 1 3 12 24 48
Total Lipid (g) 47%+02 05*0.0 0.6*0.2 0.5*0.0 04+0.0 04%0.0
9'~cis-Nx (mg/g lipid)"! 25%0.1 18.1+0.3 17.5%+1.9 19.0+0.8 19.1£0.6 19.2%0.1
Vx (mg/g lipid)™ 0.8+0.0 2.5%0.1 23%0.1 25%03 25%0.1 2400
Lu + Zx (mg/g lipid)™ 142%12 144.6%=3.6 133.3%14.2 1449%7.7 1483+6.2 152.1£0.9
Total carotenoid (mg/g lipid) 174%+14 166.1 4.0 153.2%16.5 166.4+84 169.9+6.8 173.6+1.0
Recovery yield (%) 100.0 95.5 93.8 93.0 922 93.9
Rate of concentration™ 1.0 9.5 8.8 9.6 9.8 10.0

means * standard deviation (n = 3).
"1 9"¢is-Nx : 9'-cis-Neoxanthin
2 Vx : Violaxanthin

" Lu+Zx : Lutein + Zeaxanthin

™ Yield (%) = (total carotenoid in recovered lipid after saponification / total carotenoid in chlorella lipid used for saponification) X 100
"> Rate of concentration = carotenoid content in recovered lipid after saponification / carotenoid content in chlorella lipid used for saponification
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