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K alvme:ii is gro$n at different dcpths. In this investigation. therelore d. al|arc:ii green and bro\\n variants \\erc

lnetitu ,tournal of al about 0.2 m (nonnal gro$n condition). I m. and f m depths and successfully obtained difl'ercnt ratios ofchlorophyll
composilion at ditliirenl depths. Quantitalive anal-y-ses ofchlorophylls to carotenoids ratio vrerc carried out using
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l .  Introducti0n
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Marine orgunisms have becn kno*n as high p()tential natural resourccs. Searrecd as one ttf the most
milrioc orgrnisms pla-""s a role as primarl prorluccr in \\atcf ccolj\stcnt. In induslrial rie\\. seaueed
impoflant commodit\ '  since it has becn uidcly described as a sollrcc ol 'agar. carragcenan. and alginate
this bio product econontic valLres' '. Rcd alga. Kupyrphtcus alvtte:i l ( l)ot)) l)ot) er 1,.(. Silrr originalh
fiorn Phil ippines and. currently. its sprctd tl l  over thc rrorldr. Ihis species arc l irstlv inlroduccd inids
1985 and bccame popular as onc oithe potcllt ial marinc rquaculture producls". In 2010. Indonesia has
second position as the highest plodLrctirity rrf scaueed in tlrc rrorld. In ordcr fo urake allcmative
dcreltrping K. ulvure:i i cconunical ralue b; dil l 'erent producls, its biontass uvailabil ity is crit ical
lndoncsia.

It has bcen reported that K- alwtre:i i classil ied into red. brot\n. and grecn \ariants tioul their
piemcntalioni. although nrost scaueed had becn classifiecl con\cntionll l] husctl on rhll lus c,,lorlt iont.
cololati(nr had becn studicd lbr decades and rcDorlcd reeafdine difL:fcnces in sfosth chafacteristics.
and cirrrJgtcnun liclt l- ' . In lhi. stud). i l  is consiLlcr(,i lr, lsL hro\\n rrnri cr'.]en rcliant due tu it '
prefbrenl ial l)  used as I ield and cult ivat ion tr ials studies"' .  I lcgional l l .  [  .?1y.1/ 'c.zl l  r \cre gro\vrl  i l l  lnosl l ]
in Indtxcsia. Matlura has bccome one ofthe nlost Dotential Droduct areas in E[st. lava. lntroduction ol K
Jara has begun in 1990. At that t imc (1990 to l99l). Madurr has sho$n thcir polential abil ir) by
100 lon to 500 lon at annunr. $hilc some region in S()uth Sula$esi. currcntl l as the nrain K. ah,urczii
lodoncsia. onl;- produccd less than 100 ton at annumL'.

fhe \!orld consumption ol K. ulvurezii are mainl) supplictl bl Phil ippincs and Indonesia' '. and i

thc pignrcnts into valuable products. Sonre rcports'"* dcscribed thal K. olv.trczii is potenlial produn
photosvnthelic pignents suclr as zca\anthin. chlorophr l l a. and p-carotcnc. Those pigments arc not onl]
10 be developcd inlo human-sat'e fbod colorant. but also it has an imponant health l irnctional bcnclit. i .e.
rvhiclr can be used as auti-plostatc cancer rnd anti-age related m cular degcncrali '  rnl" '. Chlor,rpht l l  a can bt

f, jT,;Tt1.,""*t"l 
f i)r photod!nanlic thcrapv against cancerrT. and B-carotenc as the anti()\ idant and

Unlikc most spccics of Chlorophyla and Phaeophyta. as thc nembers ol'Rhodophyta. K. trlrurezii
phlcocqlhrin as a protcin-pignrcnt conrplc\. in additiotr to chlolophylls/carotcnoids-containing complexesre.
conrplc\ s)stcms allo$ this sca*ccd spccics to cnhancc its abil it; in harvcsting grccn to )cllo\\ l ighls. There
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Fig.l, K. abctre:it

e\ponentially incrcasing duc 1() the highly dcrnand oi' kappa carrlgeenan li)r industfial purposes.
K. rrlvrire:ii is being uscd as potcnlial source ofcarragcenan. Ihe piSmcnt-deslructivc methods rvere usualll Chenicals
to produce k)tal blcachcd caffagcenan producl. I t  is intcresting to minimizc thc dcgft ldatiorl  ol 'pigf icnls. and

GR or FIPLC g

se\eral invcslisations on l lr is species abil ity in triggcring pignrcot production through dil l 'ercnt depth
ho\\evcr colnplcte conlposition of chlorophl l l  and carotenoid pigmcnts had not besn fcponed. In lhis
inlin mirtion about pigrDcnl colnposition ol' K. ulvtu'e:ii y ar. glccn ilod bro\\ n \\ hich grorr n in dill'elent dgpd$
rilro strLd,v on the slabilirv.- ofcrude pigments crtracts \\'ith dill"rrcnt chlorophr lls,/carotenoids ratios against heal
irratl iation rrerc prtxided. Consideling its pigment applictl ion prospect. h. ulvare:i i ttas pro\ed thut is not
itrportant in producing kappa-caffagcenan but also polcnlial in providing nalural pigments l in any usclit lpuryoser

2. Nlatcrials and nrctlrods

2.1. .4lgae and culti,ation

ropcs and cult i \  ated fbr '  -10 d. Aftcr cult ir  al ion. thcsc saurplcs \\  clc halvcstcd and col lcctcd into dafk plasl ic bag
kept at Io\\  tcmpcralurc urdcr the dark in an ice and scalcd dark bo\ durine transpoflat ions.

l led alga Kappaphl 'cl . \  dlN .ezi i  ( l )otr") Dol! cx l) .( ' .  Siha \ar. bro\!n and \ar. grcen scre cult iraiedi
Sunlencp seashore (t 50 m firrm coastl ine). Padike vil lagc. Talango Island. M|dlrra. I:ast Jara (S 7' 5' 18.0616'.
I I3 ' i6' 20. I lt0.l ') (Fig. l). Cultivation rras caricd out in ir f loatine lali *hich had difl 'crent dcpth positions
nr. I nr and 2 n. K. ulvarczii grcen and bro*n variants $erc mcusufed 50 g in rveight antl tithlcned in raff

sere filtered uslng

to use' Pre-tnlccll(

fetate which \\ as

2.3. Pigment extttt
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tChenicals

GRoTHPLC gracle chcnicals and sol\cnls \ !crr oblaincd l iorn MEII( K (Dalnlsl i l ( l l .  c;ern)i ln\ ).  lhc sol\cl l ls

!t l i l tered using pol lpropl lcnc backccl ntclr lblanc l i l ter (0.5 l lnt )  (whatnri lr l .  Maidsl(nlc. LJK) and dcgassctl  prior

fre. pre-inject ioD pignr., ,r f .unrpl".  \ \crc l i l lercd lhroush i l  nJlon cl l lbf i lnc (0.1 l lnl) (Whntl l l i ln).  Amnlol l i t lm

6t\hich\\as used in l l l , l -(  s\ s1el l l  \ i ls i lnal\ l ic i l l  lcagent glrrr lc lchanlclcon ReNllcl l1. ()srki l . . l i lPan)

U Pignenl el t(lio\l

srnple (- l  3 \el \ \eigh1) \ \ i rs sround in a mot1tf al ier adcl i l ion ol a l l i lcc potl ior) ol 'sodittur l--ascolbi l lc i l l ld

*iuricarbonite t . ,  nr ininizc osir lal i tc rcacl ion i lnd rcdtlcc' tcicl i l lcat ion. rcsPccl i \cl l .  dtte to cel l  I)sis l) i !nlcnts

dd nl l{re: i i  grecn anCl bro\n \ari i lnls I iont di l l . f , Icnt deplhs \\cle c\ l l i tclcd t lsi l rg l0 ml. sol\cnt lni \ l t l rc of

lb'r :nelhanol (3 :  7. in rrr l t tnc) and rccor erecl bl cent: i l i rge at 550 rpn) (60 rym 
: I  hcf iz) l i )r  I  5 min l  his slcp

E rip.aled lhrce t i l r les nnti l  the rcsit luc beconlcs colorlcss. thc c\ l lacls \cl t  col lccled and l i l tefcd' then

pit ionul using dicth)l  e1hcr. petrolcLrn benzcnc" i lnd salul i l lcd stxl i t tnr chklr ir lc. Ntln-polar l iacl iolr (uPper

Ld00)\\as then col lcctcd 0l)( l  concc' l l i t lcd 'si l tg i l  totaq c\ i tporator. AII ol ' thcsc slcps \\crc cl.nc in cl iurncd

$ ar room tempcrariu e (- 15 ( ') .  and un(lcr ni lrosen lultralr igh pul i l l  gradc) (SAMn loR. Srtraba)'a. lncltr trcsia)

&rPh.te.

:l HPL( . ol|si\

dustrial \ ic\\. sea$ecd becomes
rrasccnon. and al_uinatc fbllo*ed bJ
)o$ er l).(. Sil\a originally corE
'c firstl! introduced in lndonesia i
In l0ll l . lnilorresr'a has rcached tb

d!'r to a]lr(e altcmali\e optiol i l
.naiLabil itr is clit ical cspecially i l

{cen \ari i lnls l iont their diffectl
1 rrn thallus coloration". This Iaricd
r\!th ch|flctcristics. pltotosyntheslt
r varian{ duc to its vli labil i ty 80d
il \\ere !r()\\n iD rnr)sll l  coastal anl
.la\a. lntr()ductiur ol ' K. alvareziin
hcir potcntial abil it l  by producing
s thc nririll K. alwu t::ii producer b

rpines and lndoncsiall. and it b
lin indrrstrinl purposes. Presently,
rcti\e nethods rlerc usually applid
-lcgradrlion ol pismenls. and uti l iz
trlyare:ii is potential producer of
ie pismcnts afe not only potentialb
lh funclioDal bcncfi l. i .c. zeaxanthi!
rt ionrir". l hlorophr'l l  a can be uxd
as the rnlio\idant and precursor of

Iihodophr ta. K. ulvarezii contairy
oids-conlaining conrplexes'". Thesc
sreen lo \ cl lo\\ l ights. I here i letl

ough di ll"rrcnt dcpth cr,rltivation:0:r,
rot bccn rcpofled. ln this report

ich gro$ n in diftirrcnt dcpths and in
i carolcnoids ratios asainst heat and
v4re:ll !\irs proved lltitt is not only
pign'reDts l in an\ usell l purposes.

irnd vaf. |llccn \efe cultivatcd i0
l u ra .  l i i : r s t . l r \ a  (S  7 "  5 ' 18 .0636" ,8
had di l lefcnl depth posit ions of0.2
n \\eisht nnd t ightencd in ral i  wit l
. l  col lcl tcd inro dalk plast ic bag and

nonltrons.

HpLC anallsis \ ls caricd out \\ i lh l. iquid c hroDralograph) (l-c) l{)Al) \\hich $as equipped b) Pholo(liode

m\ drlrcl0r. sl)l) Ml0A uncl colunrn rxen cll) l0A (Shinraclzu. K]()to. Japan). lhe anallt ical col!rr)r) \as

ti lFFcli vP ol)scl8(5 lrnr. -l i .d. :25{) Dtm) colurl ln pr(ncclcd bt guirrd columrr. lhc injcction \olullc \\ i ls 20

f11PLC unull l i i : i  ttn. perlirrnlcd using i l lerti i l l l  sol\cnl s\s1cn) collsislcd ol nlelhilnr)l (A) acclouc (B) arld I M

m, :n ium aceta te  ( (  )  and gr i l ( l i cn t  c lu l io  \ \ i l h  a  l in )c  p rosr i ln t  in  lhc  lb l [ r$ ing :0  rn in10 l ( ] rn i l ) .  A :  I ] : (  -

t r : l 0 t l 0 :  l 0 n r i n t o 1 5  n t i n .  l { { ) :  1 6 : ' l : a n d 2 5  n l i l l  l o  8 0  l l l i l l .  t { i ) :  l 0 : 0 .  b r  r o l t t t t l c  l h e  l l o r r  r a t c $ a r  I m L

tblalatemperaltuc trf 30 ' '( ' i lnd 
fignlcnts \\cfc Llclcclecl in thc fi lugc ol l9() nnr lo l l()0 nln
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2.5. Stdbilitu assars

Stabilit)' assay against thermal and iffadiation treatmcnts ol'crudc piEnent cxlracts fionr each samplc lvas
oul $ith absorption spectroscopt- at 300 ntn to 800 nm in 100 70 acetonc. Thc staiting sanlple $as adiusled
band (665 nm) to give an absorbance ofapproximately 0.5 ALJ.'Ihcrmo stabil it) '  assay rvas perlbrmcd using
balh at 90 'C lbr l0 min. 20 min. 30 min. 60 min. 90 min. and 120 min. Thcrrnal trcatments rlcre recorded
(JV-Vis Spectlophotometcr UV-1700 (Shirnadzu). Photo-stabil ity assay was carricd oL( wilh a halogen
lnlralu\" .1100 (Volpi) at a l ight intensitv of l. l l7 trrmol pholons m r' s I for about J5 min. A real l inre
rvas measured using Multispec l50l UV-Vis Spcctrophotourcter (Shimadzu) and the data rvcrc recorded
5 min .

2.6. D.tla recordi g artd elal)'sis

Chromatograms $ere recorded using [,C solution lersion
chromatograms wefc plotted using Plotx32 version 1.35 (crcated
Origin rcrsion 7.0 (Origin l-ab Corp.).

3. Rcsults and discussion

1.2.1 Sl' l  (Shimadzu). Absorptior sp€ctra
by Akif 'umi lkehata. NFli l. Tsukuba. Japan)

l

€

I he advantagc ol' isograms is to be able to easil) conlpare the scparation and conccntlation ol somc
palallel u' ithout l imiting sqlection to a givcn detcclion wavclcngth. As can be scen in l"ig. 2. the blue color
chromatogram baseline (lou intensity). uhilc )ello$ to red color scales indicil le chsorpti{rn intcnsiq. lhe
ol'puril icd standard piglncnts. suclr as zeaxanthin. chlorophyll ./. and p-carotenc. are shown in lrig. 2A.
separation of chlorophll l a is indicatcd bl the increasing intcnsitl ofthe color contours al .100 run tu 500 nir
Soret band and 550 nm to 650 nm for Qx and Qy bands. Thc carotenoid groups can also be idcntif ied by the
contour at.l00 nm to 500 nrn. Ihe l irst pcak-line (3.27 min) \ ith absorbance pcak range at 300 nnr tol50
indicatcd solvcnt pcak position. Thc second. thc third and the fburth pcak l ines rvcrc thc positions of
(19.65 Inin). chloroph)ll a (37.85 min). and 9-carotenc (60.2.1 min). respecti\el). ' lhesc pigments can be
clcarly by the isograms (F ig. 2. I]. C. D. E) by obscrving the color contours

li00

I60

r . "

t0

{00 600 100 600 8

F i S . : . ' lP l  C r . r r ! r i rm, of  Ihc r rdnd,rJ t r ! rn(nr . .  / ( . , \ in lhrn.  chl . ' rnnh\ l l  . r .  .n, l  [ -carorcne in order. f  e l , r i .D {Ar.  n i !nr(nr  <\r rud.
d. dl?,r,:ii brorvn (B rnd C) rnd grcen (D.,uld E) vnriants. wh;ch we.e cuhivared in I m nnd I m deprhs. .espcctivel). lhe Rd
contour map iDdicates lhc ape\  ofan abso.pt ion peak ( in nr^tJ) .  \ lh i le tbe blue 'ndicates bnsel iDe.

Fis.3.  HPI,CChrolnatosr
calculated liom se

ln ordcr to identili

bsen chosen- lhcre a

major Pignenls \!erc

carotene ('l'1.?l |ntrr)

major Pignct' lts'. I

carotenes/xanthoPhl-'
to be similar based c

in agreement rith.tfl
' f  ablc I l ists thc

Disme s. but thcrc

tu'bl" t. Unidentil i
addition- derivatl\ c
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Fig. 3 shorrs tn

depth oI rvater ctr

culture depth Poslt
by solar irradianct
according to the P
varianl $erc oblai

when i1 tas gro*

chloroPhyll and ci
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l'rom each samplc \vas
ng sample was adiusted al
t) \r,as pcrfbfmed Llsing

eatments \!efe I ecolded

rd out $ith a halogen

lzu). Absolption sPectm
r. Nf-Rl. Tsukuba. J apa[)

.15 min. A real trme
he data \\ ere lecorded

entration ot somc
Fig. l. the blue colof
orption intcnsity. fhe
. arc sho\\'n in Fig 2A-
ours at.l00 ntn to 500

hese pigments can be

aLso be idcntif icd bY the
k range at 100 nm to
xe the positions of

r60

E'o
- -.10

' 1 0

L Uddentif ied xanthoph)lls. chloroph-"-l ls. and their dcrivatircs \\ere Drosth recolded up to 25 min. In
&dvali les of somc major pigmcnts were also ftrund fron all sanrples. i.c.. chlorophl l idc o (5.29 min). ci.\-

(16.99 min). and phcophytin a (55.73 mir).

.100 600 lsho\s that (. alyare:l i conlained similar connosition of Diemcnls o'cn uhen i1 is cullured in dilferent
'daler l]olunn. Ilowevcr. it is c\pcctcd that concenlrations of pignents $crc laricd dcpcDdiDg on the

of el iion (A). pigmenl inadiance that penetrdtcs into the \\ater level". Here the relative conccntratjon ol pigmelts is presenled
n dcpths. rerpccrivel). The lo$e peak arcas (Tablc l). Thc highcst tolal culcenlralion ol chlorophl' l ls and carotcnoids in the green

Ilelenlion limc (nrin)

llILC Chromarognms ofpig'neDl e\lracls fto|n ̂ . d^.l,.:l; bro\!n (leJi) rnd grecn (righl) variaDls in ditTefent depths. IJeal arer\ \!crc
frhlaled fom selecled \lavelenelh at,l30 nnl.

lo idenli l-"- the carotenoid and chlolophyll groups in dctails. a single \\a\elenglh detection at ,130 nln has

lls" and unidentif ied trace pigments. The composition ol'pigmenl fron] bolh variants has shown
based on tlre numbc| and the retention lilne ofthe peaks. l his carotcnoid composilionin K. crlvctrezii ls
i i i lh those olothcr rcd algacl: lr.

l l isls the idenlif ied pigments from the 26 detcctcd pcaks. ln general. both variants had sinri lar maior
but lhere \crc small dil lcrcnccs in thc preseDce ol'nriDor pigrnents and dcrivativcs as can be seen in

position in both variants. lt is kro\\ n that the dil|erenl pigment corrposition ofrcd algac is inlluenced

obtained from thc algac cultivated at 0.2 m dep1h. Relative conccntration of 1o1al pigulcnts decreased
gro\\n deeper at I nr depth. but it incrcascd rvhcn algae \\ere gro\lll at 2 m depth. l'he ratio bct$ccr
and carolenoid pigr]leDls appears to decrease along rr ith dccr casing thcir cull ival ion posil ions.

There are 26 peaks that can be clcarl.v-. dctcclcd l 'rom thc sample ol'K. ulvarezii (Fig.3. Tablc l). The
\\crc idcntif ied as anthcraxanthin (17.56 nin). zeaxanlhin ( 19.65 min). chlorophyll .7 (37.85 min). o-

l{1.72 rnirr). and /i-carotcnc (60.2:1 min). The mino| peaks rvere expected to bc alteratiur producls ol the
pignlenh. i.e.. chlorophylide a (5.29 min). pheophr-tin a (55.73 min). crs derivali les o1'

ll:
800

4



In l i ia t ,bko(tu l  /  Pt l \11l i t  Cl tut t i \ t r r  l l l )015) / t ) l  )01

fnble L lderrification ofpigment in ,(d/p.rpl rrirr d^.dr"--ii brown and green varianl!

l ' eak  a fea  a i , l l0  nm**

Identified pigment Bro$n varianl Green vadant
0 . 2 m  l m  2 m  0 . 2 n  l n l  2 m

2 7.09 \anlhophyl lgroup -  7.8 , -  10.7 .1.5 6.1 127.( ,116).(66j)
I  7.19 chlorophyl lgroup 11.8 -  6.2 113.1627).66i
" l  7.81 Xanlhoph] l l  gfou p -  I l . l  ,  -13.0 6.1 10.5 (1 l l ) . .1.1: . (151)
5 7.95 Xanthophl l lgroup I7.5 -  8.2 (121).111.( ]y)
6 9.94 Xanthophtu gfoup - 1.1 9.,1 - 13..1 ]ll (..110).111.(15)
7 10..18 chloroph)ll group 7.6 112.(608).661
I t  16.98 a-cqpto\anthin 0.5 .1.1 l l .5 37.1 5. .1 26.6 .118.1.11.170
9 17. .15 anther. rxanthiD 38.2 15.2 21.8 51.0 15.8 7.0 ,118.1.11.J70
l0 19.50 zen\anthin 211.9 121.1 36'1.8 5-17.0 l6i..l 111.7 (.12 | )..111.17.1
I  I  l l . ls  . ;s-  ranthoph) l l  8.9 (113).(111).( .166
l l  22. .18 r is  xanthoph) l l  9.0 -  1.1 5.8 (123).(415).( . i t
l l  23.61 c l l -  \anthoph) l l  16.5 121.1 19.9 l8. i  10.5 22.1 (4 |  5 ) . (110).( .16i
1.1 l l . {0 ct . '  ranlhoph) l l  5.7 -  19.9 16. l  . l .s  2.6 (415).(1.1 l ) . (166
15 i1.58 chlorophyl ld- l ike t6.2 6.8 15.9 35.9 1.6 l l . ' l  l i l . (610).661
I 6  3 5 . 1 7  c h l o r o p h ) l l ! r  l i k e  7 5 . 5  3 8 . 1  1 5 1 . 7  2 1 1 . 8  1 l . l  l 8 s . l  ' 1 3 2 . ( 6 1 0 ) . 6 6 . 1
17 16.35 chlorophyl l . . l ike 9.1]  1.3 l l .8 11.9 12.2 50.0 ,1 i0.  (616).661
18 37.72 chloroph) l l . /  i  815.8 956.0 I  152.7 I736.0 951.7 I  170.1 130.618.661
19 19.17 chloroph) l ld '  13.6 61.5 8i . l  I  12.9 65.1 I  I5. l  110.(617).661
20 , l l . l8  chlorophyl{a '  r .6 l . . l  3.2 112.(617).66j
2 l  ,1,1.58 a-carotene .1.1.4 1,1.9 21.4 5 '1.0 12.0 17.0 ( .118).1 '1 i .171
22 11.15 pheophl t in d l ikc -  6.6 ,  110.(610),661
2l ,19.19 pheopbytin d-like 4.o 109.(609).661
24 55.71 pheoph)t in. r  11.6 ,1. i  10.6 :1.3 .1.5 6 l .1 1013.(610).66i
25 58. i5 carolenoid gfoup 261.q 2$.7 ,16l . l  i8 . i  16.5 132.5 ( .115).115.170
16 60.21 /]-carotene :102.1 150.1 339.9 51.1.9 ll9Z,_ filj!

,-  10.7 .1.5 6.1 127.(,116).(66j)
6.2 113.1627).66i
- tr .o 6. t0..r \r . t ,) .1_-.\r j . .

rJ.l (121).1U.(]y)
9.:l - 13..1 ]ll (..110).111.(15)

- |  l t .(608r.66r
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36'1.8 5-17.0 l6i..l 111.7 (.12 | )..111.17.1

- (113).(111).(1661
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r9.9 16.l  . l .s 2.6 (415).(1+l).(160
15.9 35.9 1.6 l l . ' l  l i r .(610).661
15 r .7  2 l | . 8  1 l . t  l 8S . l  ' 132 . (610 ) .66 .1
l l .8 11.9 12.2 50.0 ,1i0. (616).66i

I  t 52 .7  I 736 .0  95 t . 7  I  170 .1  130 .618 .661
8i. l  I  12.9 65.1 I I5. l  1t0.(6t7).661
3.2 1t2.(6r7).66j
21.4 5'1.0 12.0 17.0 (.1r8).1'1i.171
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Total chls peak area
% Tolal chls peak area

fotal cars peak area
70 Toial cars peak area

2 l0l I  088 2161.9 3 )31.1 r 095.rJ 2 621.1
68.2 62.2 65.6 70.5 73.6 69.5
979.9 658.4 1288.6 l l , l8., l  192.8 I149.2
31.7 f1.1 i ] . t  29.1 26.i  10..1

tig. 4. UV V;s spectra ol cmdc pigme

Samples were irradialcd at lJ l7

In the examination of pigmcr

ChloroDhvl ls lcarotenoids rar io 2.1 I .6 1.9 2.1 2.1 2.)

**acquired f .om or ig inalShimadzu HPLC sotware:  LC Solut ion ver.  1.2.1SPI
**rReprcscnl 1-lllll bands fbrca.oteno;ds and Sorer. Qr. and Q)- bands lbrchiofoph]1ls

K. alvarezii varitrnts sho$,ed different behaviouf. ln bro*n variant gfo\\'n at 0.2 m depth. relative

chlorophylls decrcased. but the total carotenoid concentrations increased (chls 62.2 o and cars 37.7 9i,). At
depth. the total chlorophyll incrcased and the total carotenoid decrcascd (chls 65.6 % and can 14.3 %). A

, the degradation ()1'

Qy bands *as observed in tl
of pigment extract \

in both cases l iorr the srmp
total chlorophl-lls and

ol total chloroph]lls rvas higher than tl'le carotenoids (chls 68.2 Ao and cars 31.7 %). At 1.0 m dcpth. the

fluctuation rvas also obsened for thc latio bet$'een cbloroDhvlls and carotcnoids. lable I sho$s that
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chlorophyll and carotenoid can reached to highest concentration. rvhen the green variant was gro*n at 0.2 m
or when the brotln variant \r'as grown at 2 m depth. The ratio between total chlorophyll and carotenoid
vary as a function of diflcrent depth of gforlh conditions. Acccssory pigment such as phycoerytluin is
protluccd in red algaeror7. although this experiments focused onlv on chlorophylls and carotenoids
Phycoerythrin is important for absorption of light in the spectrum region *here chlorophylls and carotenoidi
unable to absorb efficiently. lt is reported that K. alvarezii brown varianl has higher phycoerythrin
than srccn valiant".

While srnall amount oflight can penetrate into the depth ofseawatcr, some photosynthetic organisms are ca
of controlling their light capture by producing diff'erent photosynthetic pigmentsrer0. This rnechanisrn is
impoftant in orde[ to maintain their photosynthetic activities \orking efl-ectively. ln dccpcr positions under
$ater. light intensily and quality have been fllteted. Blue to greel lights (400 nrn to zl50 nm) penetrate hLfiher
the seawatcr. rvhilc the rest of visible l ights have been scattcrcd or absorbed''. Ihis might explain that the
chlorophyll contcnt was increased significantly when K .rlvarezii \\as gro$n at 2 m depth. Io this case. the
band (350 nm to '+50 nm) of the chlorophylls plays the role ol 'uti l izing thc blue l ight. In addition the
ca[otet']oids content was also incrcascd to play the role in light harvesting at blLLe-grccn rcgion and photoprotectiol
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h t eranination ofpigncnt stabi l i t ies- hcre lhc crudc pi lLrDcnts c\ lracls scrc crposed undcr i l radial ion and
t ig. l shorrs lhe changcs ol'the 0bsorption spcclr'un) of crudc figDrcnts c\{racts duling irradiation.
ingl i- .  thc t legradation r) l  pigmcnts sho*cd di l lcrcnt pi l l lern. ln brorrn rarjanl.  l i tsl  degladation ol the Sorcl
bands $as obscned in lhc pigmenls c\ lr i lct l ionr the son)ples al 0I and I m dopth. ln thc grccn \ariant. f i rst

ofpiqmcnl c\tract rras obserred l ion) thr- san)ples gro\\n r l  0.1 Dr dcplh. l i lo\\  degradalion could bc
bolh cases I iom the sanlplcs gro\\n at I  nr dcpth. Ihc dcgradation putlcrn Dra\ chaDse in rclat ion to the rat io
l01al chlor)ph\l ls and qiuolenoids. As shorrn in lublc l .  thc sci l \eed protluccd morc carolcnoids than
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Fig. 5 shorrs the chunses ol thc spcclrum ol pignrcnls c\tracls duriDg the c\p()surc ol high tetrpcrl t lurc (90' i
t  nl ikc thc'ph(no-stabi l i l \  assi l \-  in t  henro-slabi l i t l  assal. lhc dcgradation ol 'Sorel and (],  bands *as slorr in
c\trarcls f i(nrl  sca\\ced gforrn 2 m dcpth in both gfecr) rnd bro$n vi l t- i i lnl  as contpitrcd to thr)sc !rfo\\r]  ol0.1 m
MlrrcoreL. bro$n rariant rr i th lorr chls cars r ir t i ()  \ \as ln()re rcsisl i lnt 1() hel l  t featnrcnl {han lrccn rariant rr i th
chls/cars ral io. Whcn lhe rcsults ol lhcf lrn)- and pholo-slabi l i tr-  ( | ig. - l  and I; ig. 5) and lhe r i t t io ol totr l  f i

I lcre. the invcsl igal ion tcsults rcportcd thc variat i( l rr  ol lotal chlo|ophr. l ls i lnd ci lrotcooid c(r l te ts in d.
rar. l r to$n and rar- gtccn thi l l  \ \cre glo\\n al di l lercnt drpth under lhr sci l \ \alcrs. Thc resrr l ts shr^r thlt  the

( I tblc l)  arc comparetl .  thctc is con!- lol ion bel\\ccn thc cdl lcnt ol-corolen{) id lrrd the rcduction ol chlorr. l l
dcp.r i ldi l t ion r l ler c\posure ol l igi l t  i ls $cl l  ts high tcnrperalr lre.

J. Conclusion

l.l. Schubcrt H.  ndeAso| lv1.
l$o rcd alsrr '$ i th d i l . rcr l

l i .  (  oher)  . t t t .  Kr is tat  , \J( .  \ l
100091:61 6t i

16.  Snodder l \  l )M. L\  i l lcr r .c  lo
.r)xtndl 1l ( /iDiLltt \ ritn"

l t .  \ )miu tS.  - \nnincn I , l
l'ho )ttuntj\|t\ dnLl l'htrt)hi

18.  ( ; rcN\.1.  / / . ( r , , "?/r  nr  r l t l r / , i /
19.  l - iu t -N.  ChcJr \L.  lh lns \

a n d  r c d  r l s a . : , r n  o \ ! ^ i e $ . ,
:0.  l lodols ln l . \ ( ; .  l ib !bo\  t

Neosi fhoniN inJashl ion on
.lqoir I I n. I t't,t i fJ fl t\ t'h )!

:1.  I lunado A. (  r i lchl . \  A.  I re
di f fercr , l  s locl ing d.n\ i l ie \ .  (

2: .  I ,a lerDo lA.  ( i fos t ( ; .  seklc:
21.  \ . larqr l l l^ ] t  . l f .  i )nel l  I ) .  (  r i (

/ ' /^1r , /  l00J:  l ( ) : :85 : ( )1.
11.  Schubrd N. ( iurc ia Mcndo,, l
:S.  I )$e\  (  .  I r r t r l t iar f t  rcct in l l

l 9 9 2 j l 5 : 1 8 9  t 9 a ) .
16.  Aguir .e- \on-\ \obc\er  L.  t ig

(Rhodoph\ra)  t io ln thc phj t i f

:7.  lhao S.  l le  1, .  t : r l lc t .  o l  l i lh l
18.  NagLr i t  MRA. I iser i r  WL. J,

cuhrtud al  d i t l i rcnr  ( tc j r lh\  /
29.  scheur i ' )g S.  ( ioncr i l \ .s  RI

()t t\i,/A1ion../t,tj tI d,thl
l0 Sineshcheko\ ( ) / \ . . lUIg Kl t .

Prole.\lin,rs tl rhc trltiondl .
J l -  Wozr i i r l  B-  I )cra J.  I t ( r /  dr \

coltccnlral ions ol chlolophl l ls scrc ploduccd si lh *hcn thc sca$cc(ls \ \cl-c gro\rn i l t  deepcr posit ior und{
sea\\ ir tcl 's. Ihis is probabll  due 1() a rcsponse to\\  rd lhe arai lable bluc-cfeerr l ighl lhal ci tn penclr i t le inlrr
sea\! i l ler.  nlonq rr i th thc iocreasc in chlorophyl l  conccntrot i(D. the cafotct loid contcl]1 \ \ i ts also incrclsed.
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Abstract 

The red alga Kappaphycus alvarezii (Doty) Doty ex P.C. Silva has been introduced and mono cultivated in Indonesia as a 
seaweed commodity. This species is specifically grown in shallow and clear seawater, although there are several reports 
concerning the cultivation in deep seawater. It is interesting to know compositional changes of chlorophylls and carotenoids 
when K. alvarezii is grown at different depths. In this investigation, therefore K. alvarezii green and brown variants were 
cultivated at about 0.2 m (normal grown condition), 1 m, and 2 m depths and successfully obtained different ratios of chlorophyll 
and carotenoid composition at different depths. Quantitative analyses of chlorophylls to carotenoids ratio were carried out using 
data of chromatogram peak area. This investigation subsequently evaluated the photo and thermo-stability of the pigment extracts 
to examine the effects of pigment composition on the degradation rate of the pigments. This investigation was aimed to provide 
information regarding compositional change of the pigments by acclimation in terms of cultivation depths and pigment stability 
in vitro at condition of natural pigment composition in this alga. 
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1. Introduction 

Marine organisms have been known as high potential natural resources. Seaweed as one of the most important 
marine organisms plays a role as primary producer in water ecosystem. In industrial view, seaweed becomes an 
important commodity since it has been widely described as a source of agar, carrageenan, and alginate followed by 
this bio product economic values1–4.  Red alga, Kappaphycus alvarezii (Doty) Doty ex P.C. Silva   originally comes 
from Philippines and, currently, its spread all over the world5. This species are firstly introduced in Indonesia in 
1985 and became popular as one of the potential marine aquaculture products6. In 2010, Indonesia has reached the 
second position as the highest productivity of seaweed in the world. In order to make alternative option in 
developing K. alvarezii economical value by different products, its biomass availability is critical especially in 
Indonesia. 

It has been reported that K. alvarezii classified into red, brown, and green variants from their different 
pigmentation7, although most seaweed had been classified conventionally based on thallus coloration8. This varied 
coloration had been studied for decades and reported regarding differences in growth characteristics, photosynthesis, 
and carrageenan yield7,9. In this study, it is considered to use brown and green variant due to its availability and 
preferentially used as field and cultivation trials studies10. Regionally, K. alvarezii were grown in mostly coastal area 
in Indonesia. Madura has become one of the most potential product areas in East Java. Introduction of K. alvarezii in 
Java has begun in 1990. At that time (1990 to 1991), Madura has shown their potential ability by producing        
100 ton to 500 ton at annum, while some region in South Sulawesi, currently as the main K. alvarezii producer in 
Indonesia, only produced less than 100 ton at annum11. 

The world consumption of K. alvarezii are mainly supplied by Philippines and Indonesia12, and it is 
exponentially increasing due to the highly demand of kappa–carrageenan for industrial purposes. Presently,        
K. alvarezii is being used as potential source of carrageenan. The pigment-destructive methods were usually applied 
to produce total bleached carrageenan product. It is interesting to minimize the degradation of pigments, and utilize 
the pigments into valuable products. Some reports13,14 described that K. alvarezii is potential producer of 
photosynthetic pigments such as zeaxanthin, chlorophyll a, and β-carotene. Those pigments are not only potentially 
to be developed into human-safe food colorant, but also it has an important health functional benefit, i.e. zeaxanthin 
which can be used as anti-prostate cancer and anti-age related macular degeneration15,16, Chlorophyll a can be used 
as the main material for photodynamic therapy against cancer17, and β-carotene as the antioxidant and precursor of 
vitamin A18. 

Unlike most species of Chlorophyta and Phaeophyta, as the members of Rhodophyta, K. alvarezii contains 
phycoerythrin as a protein-pigment complex, in addition to chlorophylls/carotenoids-containing complexes19. These 
complex systems allow this seaweed species to enhance its ability in harvesting green to yellow lights. There were 
several investigations on this species ability in triggering pigment production through different depth cultivation20,21, 
however complete composition of chlorophyll and carotenoid pigments had not been reported. In this report,   
information about pigment composition of K. alvarezii var. green and brown which grown in different depths and in 
vitro study on the stability of crude pigments extracts with different chlorophylls/carotenoids ratios against heat and 
irradiation were provided. Considering its pigment application prospect, K. alvarezii was proved that is not only 
important in producing kappa-carrageenan but also potential in providing natural pigments for any useful purposes.  

 
2. Materials and methods 

2.1. Algae and cultivation                                                                                                       

 Red alga Kappaphycus alvarezii (Doty) Doty ex P.C. Silva var. brown and var. green were cultivated in 
Sumenep seashore (± 50 m from coastline), Padike village, Talango Island, Madura, East Java (S 7° 5' 18.0636", E 
113° 56' 20.1804") (Fig. 1). Cultivation was carried out in a floating raft which had different depth positions of 0.2 
m, 1 m and 2 m. K. alvarezii green and brown variants were measured 50 g in weight and tightened in raft with 
ropes and cultivated for 40 d. After cultivation, these samples were harvested and collected into dark plastic bag and 
kept at low temperature under the dark in an ice and sealed dark box during transportations. 
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Fig. 1. K. alvarezii cultivation site (solid circle) was located in Padike village, Talango Island, Madura, East Java, Indonesia. 

2.2. Chemicals 

GR or HPLC grade chemicals and solvents were obtained from MERCK (Darmstadt, Germany). The solvents 
were filtered using polypropylene backed membrane filter (0.5 μm) (Whatman, Maidstone, UK) and degassed prior 
to use. Pre-injection pigment samples were filtered through a nylon membrane (0.2 μm) (Whatman). Ammonium 
acetate which was used in HPLC system was analytical reagent grade (Chameleon Reagent, Osaka, Japan). 

2.3. Pigment extraction 

Sample (4 g wet weight) was ground in a mortar after addition of a trace portion of sodium L-ascorbate and 
calcium carbonate to minimize oxidative reaction and reduce acidification, respectively, due to cell lysis.  Pigments 
of K. alvarezii green and brown variants from different depths were extracted using 20 mL solvent mixture of 
acetone:methanol (3 : 7, in volume) and recovered by centrifuge at 550 rpm (60 rpm = 1 hertz)  for 15 min. This step 
was repeated three times until the residue becomes colorless. The extracts were collected and filtered, then 
partitioned using diethyl ether, petroleum benzene, and saturated sodium chloride. Non-polar fraction (upper 
fraction) was then collected and concentrated using a rotary evaporator. All of these steps were done in dimmed 
light at room temperature (± 25 °C), and under nitrogen (ultra-high purity grade) (SAMATOR, Surabaya, Indonesia) 
atmosphere. 

2.4. HPLC analysis  

HPLC analysis was carried out with Liquid Chromatography (LC) 20AD which was equipped by photodiode 
array detector, SPD–M20A and column oven CTO–20A (Shimadzu, Kyoto, Japan). The analytical column was 
Shim–pack VP–ODS C18 (5 μm, 4 i.d. × 250 mm) column protected by guard column. The injection volume was 20 
μL. HPLC analysis was performed using a tertiary solvent system consisted of methanol (A), acetone (B), and 1 M 
ammonium acetate (C) and gradient elution with a time program in the following: 0 min to 10 min, A : B : C =        
80 : 10 : 10; 10 min to 25 min, 80 : 16 : 4; and 25 min to 80 min, 80 : 20 : 0, by volume. The flow rate was 1 mL · 
min–1 at a temperature of 30 °C and pigments were detected in the range of 190 nm to 800 nm. 
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2.5. Stability assays 
 

Stability assay against thermal and irradiation treatments of crude pigment extracts from each sample was carried 
out with absorption spectroscopy at 300 nm to 800 nm in 100 % acetone. The starting sample was adjusted at Qy 
band (665 nm) to give an absorbance of approximately 0.5 AU. Thermo stability assay was performed using water 
bath at 90 °C for 10 min, 20 min, 30 min, 60 min, 90 min, and 120 min. Thermal treatments were recorded using 
UV-Vis Spectrophotometer UV-1700 (Shimadzu). Photo-stability assay was carried out with a halogen lamp 
Intralux® 4100 (Volpi) at a light intensity of 1417 μmol photons m–2 · s–1 for about 45 min. A real time spectrum 
was measured using Multispec 1501 UV-Vis Spectrophotometer (Shimadzu) and the data were recorded every       
5 min. 

2.6. Data recording and analysis 

Chromatograms were recorded using LC solution version 1.24 SP1 (Shimadzu). Absorption spectra and 
chromatograms were plotted using Plotx32 version 1.35 (created by Akifumi Ikehata, NFRI, Tsukuba, Japan) and 
Origin version 7.0 (Origin Lab Corp.).  

3. Results and discussion 

The advantage of isograms is to be able to easily compare the separation and concentration of some pigments in 
parallel without limiting selection to a given detection wavelength. As can be seen in Fig. 2, the blue color indicates 
chromatogram baseline (low intensity), while yellow to red color scales indicate absorption intensity. The isogram 
of purified standard pigments, such as zeaxanthin, chlorophyll a, and β-carotene, are shown in Fig. 2A. The 
separation of chlorophyll a is indicated by the increasing intensity of the color contours at 400 nm to 500 nm for 
Soret band and 550 nm to 650 nm for Qx and Qy bands. The carotenoid groups can also be identified by the color 
contour at 400 nm to 500 nm. The first peak-line (3.27 min) with absorbance peak range at 300 nm to 350 nm 
indicated solvent peak position.  The second, the third and the fourth peak lines were the positions of zeaxanthin 
(19.65 min), chlorophyll a (37.85 min), and β-carotene (60.24 min), respectively. These pigments can be detected 
clearly by the isograms (Fig. 2. B, C, D, E) by observing the color contours.      
 

 
 

 

 

 

 

 

 

 

 

Fig. 2.  HPLC isograms of the standard pigments, zeaxanthin, chlorophyll a, and β-carotene in order of elution (A), pigment extracts from         
K. alvarezii brown (B and C) and green (D and E) variants, which were cultivated in 1 m and 2 m depths, respectively. The red color on 
contour map indicates the apex of an absorption peak (in mAU), while the blue indicates baseline. 
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Fig. 3.   HPLC Chromatograms of pigment extracts from K. alvarezii brown (left) and green (right) variants in different depths.  Peak areas were       
              calculated from selected wavelength at 430 nm.  
 

In order to identify the carotenoid and chlorophyll groups in details, a single wavelength detection at 430 nm has 
been chosen. There are 26 peaks that can be clearly detected from the sample of K. alvarezii (Fig. 3, Table 1). The 
major pigments were identified as antheraxanthin (17.56 min), zeaxanthin (19.65 min), chlorophyll a (37.85 min), α-
carotene (44.72 min), and β-carotene (60.24 min). The minor peaks were expected to be alteration products of the 
major pigments, i.e., chlorophylide a (5.29 min), pheophytin a (55.73 min), cis derivatives of 
carotenes/xanthophylls, and unidentified trace pigments. The composition of pigment from both variants has shown 
to be similar based on the number and the retention time of the peaks. This carotenoid composition in K. alvarezii is 
in agreement with those of other red algae22–24.  

Table 1 lists the identified pigments from the 26 detected peaks. In general, both variants had similar major 
pigments, but there were small differences in the presence of minor pigments and derivatives as can be seen in   
Table 1. Unidentified xanthophylls, chlorophylls, and their derivatives were mostly recorded up to 25 min. In 
addition, derivatives of some major pigments were also found from all samples, i.e., chlorophylide a (5.29 min), cis-
antheraxanthin (16.99 min), and pheophytin a (55.73 min). 

Fig. 3 shows that K. alvarezii contained similar composition of pigments even when it is cultured in different 
depth of water column. However, it is expected that concentrations of pigments were varied depending on the 
culture depth position in both variants. It is known that the different pigment composition of red algae is influenced 
by solar irradiance that penetrates into the water level25. Here the relative concentration of pigments is presented 
according to the peak areas (Table 1). The highest total concentration of chlorophylls and carotenoids in the green 
variant were obtained from the algae cultivated at 0.2 m depth. Relative concentration of total pigments decreased 
when it was grown deeper at 1 m depth, but it increased when algae were grown at 2 m depth. The ratio between 
chlorophyll and carotenoid pigments appears to decrease along with decreasing their cultivation positions.  
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Table 1. Identification of pigment in Kappaphycus alvarezii brown and green variants 

*according to numbering of chromatogram peaks  
**acquired from original Shimadzu HPLC software: LC Solution ver. 1.24 SP1 
***Represent I-II-III bands for carotenoids and Soret, Qx, and Qy bands for chlorophylls 

 
K. alvarezii variants showed different behaviour. In brown variant grown at 0.2 m depth, relative concentration 

of total chlorophylls was higher than the carotenoids (chls 68.2 % and cars 31.7 %). At 1.0 m depth, the total 
chlorophylls decreased, but the total carotenoid concentrations increased (chls 62.2 % and cars 37.7 %). At 2.0 m 
depth, the total chlorophyll increased and the total carotenoid decreased (chls 65.6 % and cars 34.3 %). A similar 
fluctuation was also observed for the ratio between chlorophylls and carotenoids. Table 1 shows that total 
chlorophyll and carotenoid can reached to highest concentration, when the green variant was grown at 0.2 m depth 
or when the brown variant was grown at 2 m depth. The ratio between total chlorophyll and carotenoid seems to 
vary as a function of different depth of growth conditions. Accessory pigment such as phycoerythrin is also 
produced in red algae26,27, although this experiments focused only on chlorophylls and carotenoids distribution. 
Phycoerythrin is important for absorption of light in the spectrum region where chlorophylls and carotenoids are 
unable to absorb efficiently. It is reported that K. alvarezii brown variant has higher phycoerythrin concentration 
than green variant28.  

While small amount of light can penetrate into the depth of seawater, some photosynthetic organisms are capable 
of controlling their light capture by producing different photosynthetic pigments29,30.  This mechanism is very 
important in order to maintain their photosynthetic activities working effectively. In deeper positions under the 
water, light intensity and quality have been filtered. Blue to green lights (400 nm to 450 nm) penetrate further into 
the seawater, while the rest of visible lights have been scattered or absorbed31. This might explain that the total 
chlorophyll content was increased significantly when K. alvarezii was grown at 2 m depth. In this case, the Soret 
band (350 nm to 450 nm) of the chlorophylls plays the role of utilizing the blue light. In addition the total 
carotenoids content was also increased to play the role in light harvesting at blue-green region and photoprotection. 

 
 

Peak 
no* 

t
R**

 Identified pigment 
Peak area at 430 nm** 

λ
mak***

 Brown variant Green variant 
0.2 m 1 m 2 m 0.2 m 1 m 2 m 

1 5.29 chlorophyllide a 41.5 12.3 3.5 57.4 12.8 5.5 432, 610,665 
2 7.09 xanthophyll group - 7.8 - 10.7 4.5 6.7 427,(446),(665) 
3 7.19 chlorophyll group 14.8 - 6.2 - - - 433,(627),667 
4 7.81 Xanthophyll group - 12.1 - 43.0 6.7 10.5 (423),442,(451) 
5 7.95 Xanthophyll group 17.5 - 8.2 - - - (424),443,(457) 
6 9.94 Xanthophyll group - 4.3 9.4 - 13.4 2.8 (420),442,(452) 
7 10.48 chlorophyll  group 7.6 - - - - - 412,(608),664 
8 16.98 α-cryptoxanthin 0.5 4.1 14.5 37.1 5.4 26.6 418,443,470 
9 17.45 antheraxanthin 38.2 15.2 21.8 53.0 15.8 7.0 418,443,470 

10 19.50 zeaxanthin 274.9 123.1 364.8 547.0 163.4 433.7 (421),447,474 
11 21.15 cis- xanthophyll 8.9 - - - - - (413),(441),(466) 
12 22.48 cis- xanthophyll 9.0 - 1.7 5.8 - - (423),(445),(457) 
13 23.64 cis- xanthophyll 16.5 123.1 19.9 28.3 10.5 22.4 (415),(440),(467) 
14 24.40 cis- xanthophyll 5.7 - 19.9 16.3 4.9 2.6 (415),(443),(466) 
15 34.58 chlorophyll a-like 16.2 6.8 15.9 35.9 7.6 33.4 432,(610),664 
16 35.17 chlorophyll a-like 75.5 38.4 153.7 211.8 41.3 189.1 432,(610), 664 
17 36.35 chlorophyll a-like 9.8 7.3 32.8 47.9 12.2 50.0 430, (616), 665 
18 37.72 chlorophyll a 1 845.8 956.0 2 152.7 2 736.0 951.7 2 170.1 430,618,664 
19 39.37 chlorophyll a' 73.6 61.5 83.3 112.9 65.7 115.1 430,(617),663 
20 41.18 chlorophyll a' 3.6 1.4 3.2 - - - 432,(617),665 
21 44.58 α-carotene 44.4 14.9 27.4 54.0 12.0 47.0 (418),443,471 
22 47.45 pheophytin a-like - - - 6.6 - - 410,(610),662 
23 49.39 pheophytin a-like - - - 4.6 - - 409,(609),664 
24 55.73 pheophytin a 14.6 4.3 10.6 24.3 4.5 61.1 408,(610),665 
25 58.35 carotenoid group 261.9 203.7 461.1 38.3 16.5 132.5 (415),445,470 
26 60.24 β-carotene 302.4 150.1 339.9 514.9 139.7 457.4 (428),450,476 

Total chls peak area 2 103 1 088 2 461.9 3 237.4 1 095.8 2 624.3  
%  Total chls peak area 68.2 62.2 65.6 70.5 73.6 69.5  

Total cars peak area 979.9 658.4 1288.6 1348.4 392.8 1149.2  
% Total cars peak area 31.7 37.7 34.3 29.4 26.3 30.4  

Chlorophylls/carotenoids ratio 2.1 1.6 1.9 2.4 2.7 2.2  
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Fig. 4. UV–Vis spectra of crude pigments extracted from K. alvarezii green (top) and brown (bottom) variants during irradiation treatment.   
Samples were irradiated at 1417 μmol photons m-2·s-1 for 45 min 

In the examination of pigment stabilities, here the crude pigments extracts were exposed under irradiation and 
heat. Fig. 4 shows the changes of the absorption spectrum of crude pigments extracts during irradiation. 
Interestingly, the degradation of pigments showed different pattern. In brown variant, fast degradation of the Soret 
and Qy bands was observed in the pigments extract from the samples at 0.2 and 1 m depth. In the green variant, fast 
degradation of pigment extract was observed from the samples grown at 0.2 m depth. Slow degradation could be 
seen in both cases from the samples grown at 2 m depth.  The degradation pattern may change in relation to the ratio 
between total chlorophylls and carotenoids. As shown in Table 1, the seaweed produced more carotenoids than 
chlorophylls.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 5.  UV–Vis spectra of crude pigments extracted from K. alvarezii brown (bottom) and green (top) variants during thermal treatment. Samples     
were heated in 90 °C for 120 min.  
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Fig. 5 shows the changes of the spectrum of pigments extracts during the exposure of high temperature (90 °C). 

Unlike the photo-stability assay, in thermo-stability assay, the degradation of Soret and Qy bands was slow in the 
extracts from seaweed grown 2 m depth in both green and brown variant as compared to those grown at 0.2 m depth. 
Moreover, brown variant with low chls/cars ratio was more resistant to heat treatment than green variant with high 
chls/cars ratio. When the results of thermo- and photo-stability (Fig. 4 and Fig. 5) and the ratio of total pigments    
(Table 1) are compared, there is correlation between the content of carotenoid and the reduction of chlorophyll 
degradation after exposure of light as well as high temperature.  

4. Conclusion 

Here, the investigation results reported the variation of total chlorophylls and carotenoid contents in K. alvarezii 
var. brown and var. green that were grown at different depth under the seawaters. The results show that the high 
concentrations of chlorophylls were produced with when the seaweeds were grown at deeper position under the 
seawaters. This is probably due to a response toward the available blue-green light that can penetrate into the 
seawater. Along with the increase in chlorophyll concentration, the carotenoid content was also increased. The 
increase in carotenoid content was important to maintain the stability of chlorophylls under excess of light and 
exposure of high temperature. 
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