
Inve

from

un

 

Receive

Doi: 10

 

Abstra

Kappa-
constitu
K-carra
α-(1,3) 
di-galac

estigatio

m Kapp

nder Di

ed: February

0.5296/jab.v

ct 

-carrageenan
uent of th
ageenan com

and β-(1,
ctose repea

on of G

aphycu

fferent 

U

Kenneth 

U

U

U

y 22, 2016  

v4i2.9079  

n (K-carra
he cell wa
mprises a li
4) linkage

ating unit. T

Growth 

us alvar

Light C

Spe

V

Universiti M

E-mail: vu

Francis Ro

Universiti M

E-mail: ke

Clemente M

Universiti M

Wilson

Universiti M

 Accepted:

   URL: h

geenan) is
all of Kap
inear backb
s which a
The spectra

1

Rate an

rezii (R

Condit

ectrosco

 

Vun Yee Thi

Malaysia Sab

unyee86@ho

 

odrigues (Co

Malaysia Sab

ennethr@um

 

Michael Vui

Malaysia Sab

 

n Thau Lym

Malaysia Sab

: April 5, 20

http://dx.doi

s an impo
ppaphycus 

bone of D-g
are substitu
al qualities 

J

nd Phy

Rhodop

ions Us

opy 

en  

bah, Malays

otmail.com

orrespondin

bah, Malays

ms.edu.my

i Ling Wong

bah, Malays

m Yong 

bah, Malays

16   Publis

i.org/10.529

ortant phyc
alvarezii. 

galactose re
uted by on

of light as

Journal of A

ycocollo

phyta, S

sing Vi

sia  

ng author) 

sia 

 

g 

sia 

sia 

shed: April 6

96/jab.v4i2.

cocolloid w
The chem

esidues link
ne ester-sul
s well as th

Applied Biote
ISSN 2

2016, Vol. 

www.macroth

oid Con

Solieria

ibration

6, 2016  

9079 

which is a
mical struc
ked with alt
lphonic gro
he ambient

echnology 
2327-0640 

4, No. 2 

hink.org/jab 

ntent 

aceae) 

nal 

a major 
cture of 
ternating 
oup per 
t carbon 



dioxide
and this
carbon 
alvarezi
assessed
spectros
carried 
experim
after 14
samples
alvarezi
seaweed
emphas
All the 
carrage
results o
supplem
alvarezi

Keywo
1. Intro
Contem
product
operatio
alternat
impact 
Investig
affectin
influenc
Godine
seaweed
energy 
and rep
Change
modific
used to 
polyme

FTIR (
polyme
Several
seaweed
informa
surface 

 

e concentrat
s investigat
dioxide sup
ii. Specime
d for ch
scopy.The K
out using b

ment was ca
4 days. The 
s was determ
ii as compa
d was foun
sis was give
samples pr
enan biosy
obtained fro

mentation w
ii. 

rds: Kappa

oduction  

mporary in v
tion of plan
on. Recent 
tive to fluor
on final pr

gations invo
ng metabolis
ces the re
z-Ortega et 
d and is a k
and the fixa

production, 
es in light co
cation in so

analyze the
er. 

(Fourier Tr
er science, 
l studies hav
ds (Figuero
ation on the 
analysis is 

tion, both p
tion set fort
pplementatio
ens were c
hemical c
K. alvarezii 
blue (492-4

arried out by
effect of di
mined. Red
ared to thos
nd to be id
en to the 80
roduced sim
ynthesis are
om FTIR sp

with CO2 hav

aphycus alva

vitro plant 
nts which e
developme

rescent and 
oduct quali
olving the 
sm and grow
elative pig
al., 2007). C

key compone
ation of atm
agar yield 

onditions ha
me plants (
e influence 

ansform In
petrochemi

ve used FTI
a et al., 199
nature of th
the mid-inf

play an imp
th to establ
on on the ch
ultivated u

composition
control wa

455 nm), gr
y supplemen
fferent wav

d light had t
se treated w
entical to t
00-1300 cm

milar FTIR s
 not affect

pectroscopy 
ve no influe

arezii, Grow

propagation
eventually c
ents in Ligh
incandesce

ity and yiel
effect of l

wth (Figuer
gment com
Carbohydra
ent of the pr

mospheric c
and prope

ave been rep
(Sasidahran
of light spe

nfrared) spe
ical engine
IR spectros
9; Sheng et 
he bands pre
frared range

2

portant role
lish the effe
hemical stru

under a ran
n using
as irradiated
reen (577-4
ntation with

velengths of
the most sig
with blue li
that of com

m-1 region, w
spectral pro
ted by diffe
y demonstrat
ence to the c

wth, Carrag

n technique
contributes 
ht Emitting 
ent lighting 
d has yet to
light spectr
roa, 1993; F
mposition a
ate metaboli
rimary life 
arbon. Ligh

erties, starch
ported to be
n et al., 201
ectra on the 

ectroscopy 
eering, phar
scopy to inv

al., 2004; C
esent on the
e (4,000-200

J

 in the pho
fect of diffe
ucture of K

nge of mon
Fourier T

d with full li
492 nm) and
h carbon di
f light on th
gnificant im
ight. The FT

mmercial K-
which prese
ofiles, sugge
erent wave
ted that diff
chemical st

eenan, FTIR

es rely on a
to the ope
Diode (LE

systems (Si
o be determ
ra on red a
igueroa et a
and structu
ism is the m
cycle which

ht regulates 
h content, 
associated 
0). In this s
chemical c

is widely 
rmaceutical
vestigate vib
Chen et al., 2
e algae surfa
0 cm-1). 

Journal of A

otosynthetic
rent wavele
-carrageena

nochromatic
Transform 
ight spectru
d red (780-
oxide. Samp
e growth ra

mpact on the
TIR fingerp
-carrageenan
nts several 
esting that g
lengths of 
ferent wave
ructure of K

R 

artificial lig
erating cost
ED) technol
ingh et al., 2

mined in the
algae have 
al., 1994), in
ure (Talari

most active m
h involve th
the timing 
and others 
with the reg
study, FTIR
omposition

applied in 
l industry a
brational fre
2006). FTIR
ace. The ran

Applied Biote
ISSN 2

2016, Vol. 

www.macroth

c pathway i
engths of li
an obtained 
c light spec

Infrared 
um, treatmen
-622 nm)lig

mples were c
ates of exper
e growth ra
print of the

an (Sigma). 
vibrational

genes relate
light or C

elengths of l
K-carrageen

ghting for th
ts of a com
logy offer 
2015), how
e case of re

demonstra
n addition li
ico et al.
metabolic pr
he transform

of seaweed
(Ho et al.

gulation of c
R spectrosco
n of the carr

organic sy
and food a
equency ch
R provides e
nge used in s

echnology 
2327-0640 

4, No. 2 

hink.org/jab 

in plants 
ight and 
from K. 

ctra and 
(FTIR) 

nts were 
ght. One 
collected 
rimental 
ate of K. 
e ground 

Special 
l modes. 
ed to the 
O2. The 
light and 
nan in K. 

he mass 
mmercial 
a viable 

wever the 
ed algae. 
ated that 
ight also 
, 1993; 
rocess in 

mation of 
d growth 
, 2009). 
cell wall 
opy was 
rageenan 

ynthesis, 
analysis. 
anges in 

excellent 
seaweed 



2. Mate
Seedlin
Biotech
cultured
propagu
Fernbac
31.4 pp
the cul
(wavele
(wavele
by whit
mL/day
per day
overly 
experim

The sea
recorde
× 100%
fresh w
was use
conside
softwar

The cul
clean se
Kinema
grinded
obtaine
transfor

3. Resu
3.1 Gro

The me
analyze
treatme
was fou
wavelen
differen
direct-r
algal cu
growth 
rates (6
(5.2±1.
GL and

erials and m
ngs of Ka
hnology Res
d in under l
ules (2 g) w
ch culture v

pt) enriched 
ltures grow
ength = 492
ength = 780
te LED, pro
y and contro
y was proved
acidifying 

ments were c

aweeds we
ed for daily g

% according 
weight of the
ed to evalua
er significan
re SPSS ver

ltured seaw
eaweeds we
atica Polytro
d with stand
d. Assessm
rm infrared 

ults and Dis
owth Rate St

ean of each 
e the data a
ent, standard
und to be d
ngths prom
nt light qual
egeneration

ultured unde
rate belong

6.6±0.9% d
1% day-1). 

d BL (p>0.05

methods  
appaphycus 
search Instit
aboratory c

were used for
vessel with 8
with 50% P

wn under 7
2-455 nm), g
0-622 nm), r
oviding an 
olled by sup
d to achieve
cultures, su
carried out 

ere harveste
growth rate
to Yong et a

e samples af
ate significan
nt at p<0.05.
rsion 16 (SP

weeds were h
ere dried at
on PT1200E
dard aggreg
ment of the

(FTIR). 

scussion  
tudy 

replicate w
and from t
d deviations
dependent o

moting a fast
lities and ca
n of K. alva
er WL with
ging to the b
day-1) close
There is no
5).  

alvarezii
tute (BRI), U
conditions (Y
r each exper
800 mL arti
Provasoli's e
5 μmol ph
green light 
respectively
irradiance o

pplying cham
e the highes
upplemental
at 25±1.0 °C

ed after 14
e (DGR) det
al. (2013) w
fter t days o
nt differenc
. All statisti

PSS, Chicag

harvested fr
t the 60 °C
E homogen

gate size Ø7
e carrageen

was determin
the calculat
s and 95% c
on the wav
ter growth r
arbon dioxid
arezii with d
h CO2 had th
blue treatm
er to that o
o significan

3

(var. tam
Universiti M
Yong et al.
rimental con
ificial seaw
enriched sea
hotons m−2

(GL) (wave
y. For CO2 
of 75 μmol
mbers with 
st growth ra
l CO2 was 
C with 18 h

4 days. The
termination 
where W0 is
of culture. A
ces in daily g
cal analyses

go, IL). 

from each tr
C for 48 h. 
nizer (Fisher
7 mm follo
nan chemic

ned. The av
ted means, 
confidence 
velengths o
rate. After 
de, RL was 
daily growt
he second h

ment (3.5±1.2
of the WL

nt difference

J

mbalang ‘g
Malaysia Sab
, 2014). Thr
ndition. The

water (Fluva
awater (PES

s−1 white 
elength = 57
enrichment
 photons m
air/CO2 mix

ate of K. alv
only suppl

h light and 6

e weight o
using the fo

s the initial f
A one way a
growth rate
s were perfo

reatment an
Size reduc

r Scientific)
wed by Ø5

cal structure

verages of th
determine 
intervals. T
f light they
14 days of 
determined

th rate of 8
highest (6.8
2% day-1). T

L+CO2 follo
es in growth

Journal of A

giant’) wer
bah. The yo
ree replicate
e seedlings w
l marine sal

S) media. Fo
light (WL

77-492 nm)
, the culture

m−2 s−1. CO2

x. Provision
varezii (Bar
lied during 
6 h dark cyc

f experime
ormula DGR
fresh weigh
analysis of v

of cultures 
ormed using

nd washed w
tion was ca
). The dry s

5 mm until 
e was perf

he replicates
the overall

The growth 
y are expos
cultivation 

d to be ideal
.1±1.4% da
±1.0% day-

The WL tre
owed by th
h rate were

Applied Biote
ISSN 2

2016, Vol. 

www.macroth

re obtaine
oung seedlin
tes consisted
were culture
lt, 36 g L-1,
or light exp

L), blue lig
) and red lig
es were illu

2 was provi
n of 500 mL
rat, 2011). T

photoperio
cle.).  

ental sampl
R = [(Wt/W

ht and Wt is 
variance (A
s and differe
g statistical 

with tap wa
arried out b
seaweeds w
fine powde

formed by 

s were then
l average f
rate of K. a

sed to, with
of algal tip

l for the gro
ay-1 (Figure
y-1) with the
eatment had
he green tr
e observed b

echnology 
2327-0640 

4, No. 2 

hink.org/jab 

d from 
ngs were 
d of five 
ed in the 
, salinity 
eriment, 

ght (BL) 
ght (RL) 
uminated 
ded 500 

L of CO2 
To avoid 
od. Both 

es were 
W0)1/t-1] 

the final 
ANOVA) 
ence was 
package 

ater. The 
by using 

were first 
ers were 

Fourier 

n used to 
for each 
alvarezii 
h longer 
ps under 
owth and 

1). The 
 slowest 

d growth 
reatment 
between 



Figur
bars 

 

The red
sunlight
accumu
light, th
it has be
al., 200
as comp
yield as

Lopez-F
phycocy
differen
quantiti
of a prim
in red a
red ligh
the pho
and red
increasi
view of
this wou
(1950), 
They al
where c

One of 
and GL
photosy
favor ex

re 1. The ave
on each trea

d waveleng
t. It has b

ulation in re
he shortest w
een previou

05) and Palm
pared to blu
ssociated wi

Figueroa (
yanin and to
nt waveleng
ies in K. alv
mary light a

algae was m
ht. One poss
otosynthetic
duction in 
ing activity 
f the photo
uld contribu
the photos

lso reported
chlorophyll 

the possibl
L as compar
ystem II (PS
xcitation of

erage growt
atment repr

valu

gths are kno
een shown

ed alga Porp
wavelength
usly shown 
maria palm
ue light is 
ith red light

(1991) obs
otal protein
gths of ligh
varezii com
absorber, th

mainly stimu
sible explan
c performan

that of ph
in the oran

synthetic ef
ute to the hi
synthetic ra

d that in red 
shows max

e explanatio
red to BL m
SII) rather t
f PSI, thus 

th rate of ea
resent the st
ues are sign

own as wa
n that RL f
phyra leuco
, was lower
in other red
ata (Parjiko
probably du
t. 

served tha
n synthesis i
ht. Although

mparable to 
his role is tak
ulated by gr
nation for ch
nce. In K. a
hycoerythrin
nge-red regi
ffectiveness
igh photosy
ates are hig
algae, phot

ximum abso

on for the h
may be attrib
than Photos
limiting th

4

ach treatmen
tandard devi
nificantly dif

arm light an
favors thall
osticta (Kor
r than in gre
d algae, for 
olaei et al., 
ue to highe

at the syn
in the red al
h the chlor
the green a
ken over by
reen light an
hanges in g

alvarezii, an
n under RL
ion (600-64
s of phycoc
ynthetic rate
gh in the sp
tosynthesis 

orption.  

higher obser
buted to the

system I (PS
e turnover 

J

nt over the 
iation. Diffe
fferent (p<0

nd they are
lus expansi
rbee et al., 2
een, red and
instance, Po
2013). The

er photosyn

nthesis of 
lgae have be
rophyll a a
algae, their 
y the phycob
nd phycocy
growth rate 
n increase i
L, the actio
0 nm) wher
cyanin and 
es under RL
pectral regi
is almost m

rved growth
e fact that R
SI). The spe
of PSII. Th

Journal of A

course of 14
erent letters
0.05) 

e naturally 
ion, cell di
2005). Grow
d white ligh
orphyra leu
 better grow
thetic effici

chlorophy
een shown t
nd caroteno
function is 
bilins. Phyc
anin synthe
in blue ligh
in the amou
on spectra 
re phycocya
chlorophyl

L. According
ons absorb

minimal at 4

h rate of K. 
RL and GL 
ectrum of B
he light abs

Applied Biote
ISSN 2

2016, Vol. 

www.macroth

 

4 days. The
s indicate th

more prev
ivision and
wth rate un
ht in K. alva
ucosticta (K
wth rate in r
iency and q

yll, phycoe
to be modu
oids are pr
apparently 

coerythrin s
esis was ind
ht is an alter
unt of phyc
reflects th

anin absorb
ll a in K. a
g to Haxo &

bed by phyc
35 nm and 

alvarezii u
favor excit

BL is more l
sorption aro

echnology 
2327-0640 

4, No. 2 

hink.org/jab 

e black 
hat the 

valent in 
d carbon 
der blue 

arezii, as 
Korbee et 

red light 
quantum 

erythrin, 
ulated by 
resent in 

not that 
ynthesis 

duced by 
ration in 
cocyanin 
his, with 
bs. In the 
alvarezii, 
& Blinks 
cobilins. 
675 nm, 

nder RL 
tation of 
likely to 
ound the 



maxima
maxima
Cunnigh
efficien
turnove
fixation
of red a

The gro
CO2 int
the resu
Gracila
photosy
2005). 
wavelen
in every
rate to R

3.2 FTI

Carrage
contain
25,000 
behavio
(Mourit

The che
differen
the effe
the 800
vibratio
genes r
light or
commer
very str
to the s
(glycos
groups 
D-galac
2012). 

The mo
confusi
alvarez
In comp
The ma
appeare
(Freile-

al transmiss
al transmis
ham et al. (

ncy of red 
er rates via 
n rate. Our f
algae.  

owth of K. 
to cultures s
ults obtaine

aria leman
ynthesis due
Full light 

ngths, and s
y spectral ra
RL.  

IR Analysis 

eenan is the
ing varying
galactose c

our is affec
tsen, 2013).

emical struc
nt photosynt
ect of light o
-1300 cm-1 

onal modes.
related to th
r CO2. The
rcial K-carr
rong absorp
sulphate co
idic linkage
are charact

ctose-4-sulf

orphologica
on between
ii is predom
parative stu
ain differen
ed, the b
-Pelegrin & 

sion of the 
ssion of RL
(1990), diffe
algae due 
alterations 

findings cor

alvarezii w
slightly incr
ed for the 

neiformis (
e to the diff
spectrum 

so are perce
ange. So it i

of Carrage

e polysaccha
g quantities
omponents.

cted by the
. 

cture of K-c
thetic spect
on chemica
region (Fig

. All the sa
he carragee
e spectra o
rageenan (S
ption bands 
ontent of th
e) of all ca
teristics of K
fate at 840 c

al plasticity 
n two specie
minantly kap
udies of car
nce of kapp
bands 840-

Robledo, 2

BL (440-48
L (630-670
erent wavel
to an imba
in the elec

rroborate th

was influenc
reased the g
red alga H

(Xu et al
fusion of mo
consists of

eived as whi
is no surpris

enan 

aride compo
s of sulphat
. Their gela

e surroundin

carrageenan
tra was asse
l compositi

gure 2), also
mples prod

enan biosyn
f the groun
igma). The 
in the 1220
e sample (v
arrageenan 
K-carrageen
cm-1 (Sekka

of Kappap
es. These tw
ppa-carrage
rrageenan ty
pa- and iota
-850 cm-1

2006a and 20

5

80 nm) is 1
0 nm) (Fig
lengths of li
alance of t
ctron flow b
he results ob

ced positiv
growth com
Hypnea spi
l., 2010). 
ore CO2 to 
f all visibl
ite by visua
se that cultu

osed of the 
te. Carrage

ation propert
ng conditio

n obtained 
essed using 
ion of K-car
o known as 
duced simila
nthesis are n
nd seaweed
study of ca
 cm-1 region
van de Veld
types (Tuv

nan type: 3
al & Legran

phycus alva
wo species pr
eenan and E.
ypes, the FT
a-carrageen

identified
006b) and th

J

.2-1.5 time
gueroa et 
ight can ind
the photosy
between PS
btained by i

vely by CO2

mpared to co
nella (Suar
High CO
the active s
e colors, n

al scene. Fu
ures grown u

monosacch
enan is lon
ties are dep
ons of pH, 

from K. alv
FTIR spect

rrageenan. S
fingerprint 
ar FTIR spe
not affected
d were fou
arrageenan b
n (S=O of s
de, 2002) a

vikene et al
3,6-anhydro
nd, 1993; Pe

rezii and E
roduced dif
. denticulatu
TIR spectra

nan was dif
d for gala
he spectra b

Journal of A

s smaller th
al., 1994). 

duce change
ystems or d
SII and PSI
investigator

2 enrichmen
ontrol. This 
rez-Alvarez

2 levels g
site RuBisC
not just blu
ll light spec
under WL h

haride galac
ng, flexible 
endent on th
ion conten

varezii spec
troscopy in 
Special emp
region, whi
ectral profil
d by differe

und to be i
by FTIR sho
sulfate ester
and in 1010
l., 2006). T
-D-galactos
ereira et al.,

Eucheuma d
fferent type 
um is largel
a provide en
fferentiated 
actose-4-sul
bands of 800

Applied Biote
ISSN 2

2016, Vol. 

www.macroth

han that aro
As sugge

es in photos
differences 
I and/or the
rs in related

nt. The add
is accordan

z et al., 20
generally 

CO (Giordan
ue, green 
ctrum emitti
have similar

ctose in com
chains wit

the variety a
nt and tem

cimens subj
n order to de
phasis was 
ich presents
les, suggest
ent wavelen
identical to
ows the pre
rs), being co
0-1080 cm-

The other c
se at 925 cm
, 2009; Dew

denticulatum
of carragee

ly iota-carra
nough infor
from wide

lphate for 
0-805 cm-1 w

echnology 
2327-0640 

4, No. 2 

hink.org/jab 

ound the 
ested by 
synthetic 

in their 
e carbon 
d species 

dition of 
nce with 
12) and 
enhance 
no et al., 
and red 
ing light 
r growth 

mpounds 
th about 
and their 

mperature 

ected to 
etermine 
given to 
s several 
ting that 
ngths of 

that of 
sence of 

orrelated 
1 region 

chemical 
m-1, and 
wi et al., 

m causes 
enans. K. 
ageenan. 
rmation. 

e spectra 
kappa 

which is 



iota wit
In this s
us to pr
their wi

Several
groups 
instance
carboxy
respecti
1160 an
at appro

 

Fig
alva

 

4. Conc
From t
alvarezi
wavelen
K-carra
to blue 
the clai
their wi

Referen
Barat, W
seaweed
http://re

 

th linked bo
study, the c
rove that se
ild types.  

l intense ch
present in 

e, bands at a
yl stretches
ively) whil
nd 1030 cm
oximately 1

gure 2. FTIR
rezii extract

clusion 
the study c
ii belonge
ngths of lig

ageenan in K
light had th

im that seaw
ild types. 

nces 

W. O. B. (2
d kappaph
epository.ipb

ound of 3,6 
haracteristic

eaweeds der

haracteristic
seaweed p

approximat
s (free C=
e polysacch

m-1 respectiv
540 cm-1. 

R spectra of 
ted carragee

conducted, 
ed to Kap
ght and CO
K. alvarezii.
he least effe
weeds deriv

2011). Utili
hycus alva
b.ac.id/hand

anhydrogal
c and distin
rived by in v

c bands in 
proteins and
ely 1740, 1
=O, chelat
haride ethe

vely. On the

f commercia
enan from d

it can be 
ppa-carrage

O2 enhancem
. Red light d
ct on growt
ved by in v

zation of ca
arezii. UT
dle/1234567

6

actose-2 su
nctive of iot
vitro cultur

the IP spe
d polysacch
640, 1420 a
te/asymmet

er and hydr
e other hand

al K-carrage
different wa

concluded 
enan. FTI

ment have n
demonstrate
th rate of K.
vitro culture

arbon dioxi
T-Aquatic 
789/52986

J

lphate (Frei
ta-carrageen
re methods 

ectra can b
harides (Fo
and 1240 cm
tric C=O, 
roxyl group
d, seaweed p

eenan (Sigm
avelengths o

carrageena
R spectros
no influenc
ed the most 
. alvarezii. I
e methods a

ide for the 
product t

Journal of A

ile-Pelegrin
nan band is 
are phenoty

e attributed
ourest & V
m-1 can be a

symmetric
ps exhibit s
proteins exh

ma) and FTI
of light and 

an obtained
scopy sho
e to the ch
significant 

In addition, 
are phenoty

optimizatio
technology. 

Applied Biote
ISSN 2

2016, Vol. 

www.macroth

n & Robledo
absent and 

ypically ide

d to the fu
Volesky, 199
attributed to
c C=O an
stretches of
hibit –NH s

 

IR spectra o
CO2 enrich

d from in 
ows that d
hemical stru

effect as co
 this study s

ypically iden

on of the gr
Retrieved

echnology 
2327-0640 

4, No. 2 

hink.org/jab 

o, 2007). 
allowed 
ntical to 

unctional 
96). For 

o various 
nd C=O 
f around 
stretches 

of K. 
hment 

vitro K. 
different 

ucture of 
ompared 
supports 
ntical to 

rowth of 
d from 



Chen, J
Chemic
8906-89

Cunnin
Light E
Alga Po

Dewi, E
Refined
Transfo

Figuero
Biliprot
Phycolo

Figuero
the Red
http://dx

Figuero
Pigmen
Naturfo

Figueira
Species
1840-18

Fourest
Metal B
Technol

Freile-P
(Solieri
Marina

Freile-P
Rhodop
Charact

Freile-P
(Solieri
http://dx

Giordan
Mechan
99-131.

Godine
Growth
Differen
http://dx

Haxo,F.

J. P., & Y
cally Modifi
914. http://d

gham, F. X
Enhances Ph
orphyridium

E. N., Darm
d Carrageen
orm Infrared

oa, F. L. (19
tein and T
ogical Journ

oa, F. L. (19
d Alga Cora
x.doi.org/10

oa, F. L., A
ntation in 
orschung, 49

a, M. M., V
s Biosorptio
846. http://d

t, E., & Vol
Biosorption
logy, 30, 27

Pelegrin, Y
iaceae, Rho
a, 49, 65-71.

Pelegrin, Y
phyta) from
teristics. Bo

Pelegrin, Y
iaceae, Rho
x.doi.org/10

no, M., Bea
nisms, Envi
. 

z-Ortega, J
h and Pigm
nt Light 
x.doi.org/10

. T., & Blin

Yang, L. (2
fied Sargass
dx.doi.org/1

., Dennenbe
hotosystem

m cruentum.

manto, Y. S.,
nan (SRC)
d Technique

991). Red, G
Total Prote
nal, 26, 383

993). Photor
allina elong
0.1515/znc-

Aguilera, J.
the Red 

9, 593-600.

Volesky, B.,
on by Sarg
dx.doi.org/1

lesky, B. (1
n by the Dr
77-282. http

Y., Robledo 
dophyta) fr
. http://dx.d

Y., & Roble
m Yucatan M
otanica Mar

Y., Robledo
odophyta) F
0.1007/978-

ardall, J., &
ironmental 

J. L, Snoeijs
ment Comp

Qualitie
0.1007/s108

nks, L. R. (1

2006). Stud
sum sp. via S
10.1021/la06

erg, R. J., Ju
II Relative

. Plant Phys

, & Ambari
Products 

e. Journal of

Green and B
ein Synthes
3-393. http:/

regulation o
gate ellis et 
-1993-9-101

, & Niell, 
Alga Porp
http://dx.do

, & Mathieu
gassum Bio
10.1021/es9

996). Contr
ry Biomass
://dx.doi.org

D., & Az
om Yucatan

doi.org/10.15

edo, D. (2
Mexico. II S
rina, 49, 72-

D., & A
rom Nicara
-1-4020-961

& Rave, J. A
Modulation

s, P., Roble
osition in 

es. Journ
811-007-924

1950). Phot

7

dy of a He
Spectroscop
60770+ 

ursinic, P. A
e to Photos
siology, 93,
iyanto. (201
from Diffe
f Coastal Z

Blue Light P
sis in the 
//dx.doi.org

of Nitrogen 
Soland. Zei

17  

F. X. (199
rphyra um
oi.org/10.15

u, H. J. (19
omass. Env

981111p 

ribution of 
s of Sargas
g/10.1021/e

zamar J. A
n Mexico. I
515/BOT.20

2006b). Car
Seasonal Va
-78J. http://

Azamar J. A
agua. Devel
19-8_12 

A. (2005). C
n, and Evol

edo, D., Fre
the Red A

nal of 
41-0 

tosynthetic 

J

eavy Metal
pic and Mod

A., & Gantt,
system I an
 888-895. 

12). Charact
erent Coast

Zone Manag

Photorecept
Red Alga

g/10.1080/00

Metabolism
itschrift für 

94). End-of
bilicalis (L
515/znc-199

999). Instrum
vironmental

Sulfonate G
ssum fluitan
es950315s

A. (2006a). 
I Effect of E
006.008 

rrageenan 
ariations in 
/dx.doi.org/

A. (2007). 
lopments in

CO2 Concen
lution. Annu

eile-Pelegrin
Alga Halym

Applied 

Action Spe

Journal of A

l Biosorpti
deling Anal

, E. (1990). 
nd Phycobil

terization an
tal Waters 

gement, 16, 2

tors Control
a Chondru
0071619100

m and Prote
Naturforsc

f-day Contr
L.) Kutzin
94-9-1009 

mental Ana
l Science &

Groups and 
ns. Environ

Carrageen
Extraction C

of E. isifo
Carrageena
10.1515/BO

Carrageen
Applied Ph

ntrating Mec
ual Review 

n, Y., & Pe
menia flores

Phycology

ectra of Mar

Applied Biote
ISSN 2

2016, Vol. 

www.macroth

ion onto R
lysis. Langm

 Growth un
lisomes in 

and Quality 
based on 

25-31.  

lling Chloro
us crispus. 
0650351 

ein Accumu
chung, 48, 7

rol of Grow
ng. Zeitsch

alysis Study
& Technolo

Alginate to
nmental Sc

nan of E. 
Condition. B

orme (Solie
an and Bioc
OT.2006.009

nan of E. 
hycology, 2

chanisms in
Plant Biol

edersen, M.
sii Culture
y, 20, 

rine Algae. 

echnology 
2327-0640 

4, No. 2 

hink.org/jab 

Raw and 
muir, 22, 

nder Red 
the Red 

of Semi 
Fourier 

ophyll a, 
British 

lation in 
788-794. 

wth and 
hrift für 

y of Iron 
ogy, 33, 

o Heavy 
ience & 

isiforme 
Botanica 

eriaceae, 
chemical 
9 

isiforme 
2, 87-91. 

n Algae: 
logy, 56, 

 (2007). 
d under 
253-60. 

Journal 



of Gene

Ho, C. 
Transcr
Biotech

Korbee
Accumu
the Red
Photobi

Mourits
Chicago

Parjikol
Christen
Product
Transac

Pereira,
Identifi
Spectro
http://dx

Sasidah
(2010). 
Involve
Physiol

Sekkal,
Agar i
http://dx

Sheng, 
Zinc, an
Investig
http://dx

Singh, D
greenho

Suarez-
CO2 Le
Macroa
815-823

Talarico
(Meneg
260/261

Tuviken
Qualific
lumbric

eral Physiol

L., Teoh, 
riptome of G
hnology, 11,

. N., Figu
ulation of P

d Alga Porp
iology Biolo

sen, O. G. 
o Press. 

laei, B. R.
nsen, V. (2
tion and Pig
ctions, 32, 9

, L., Amado
cation of 

oscopy (FT
x.doi.org/10

hran, R., Ch
Light Qua

es Cell Wa
logy, 154, 9

 M., & Le
in the 150
x.doi.org/10

P. X, Ting, 
nd Nickel b
gation of M
x.doi.org/10

D., Basu, C
ouse lightin

-Alvarez, S.
evels on Gr
alga Hypnea
3. 

o, L., Cort
ghini) Woe
1, 477-484. 

ne, R., Trus
cation of H
calis and Co

logy, 33, 38

S., Teo, S.
Gracilaria c
 513-519. h

ueroa, F. L
Photosynthe
phyra leuco
ogy, 80, 71-

(2013). Sea

, Kloster, 
2013). Effec
gment Cont
967-972. htt

o, A. M., Cr
Selected 

TIR-ATR 
0.1016/j.foo

hinnappa, C
lity-Mediat

all Modific
78-990. http

grand, P. (1
00-100 cm
0.1016/0584

Y. P., Chen
by Marina 
Mechanism
0.1016/j.jcis

C., Meinhard
g. Renewab

., Gomez-P
rowth, Phot
a spinella (

tese, A., &
elkerling (N

http://dx.do

s, K., Vaher,
Hybrid Carr
occotylus tr

9-422. http

 S., Abdul 
changii (Rh
http://dx.doi

L., & Agui
etic Pigmen
osticta (Bang
-78. http://d

aweeds: Ed

L., Bruhn, 
ct of Light 
tent of Palm
tp://dx.doi.o

ritchley, A. T
Seaweed 
and FT-R

odhyd.2008

C. C., Staal, 
ed Petiole E
ation by X
p://dx.doi.o

1993). A Sp
m-1 Spectra
4-8539(93)8

n, J. P., & Ho
Algal Biom

ms. Journal 
s.2004.01.0

dt-Wollweb
ble and Sust

inchetti, J. 
tosynthesis 
(Gigartinale

& Domevsc
Nemaliales, 
oi.org/10.10

, M., Kailas
rageenans F
runcatus. Pr

8

://dx.doi.org

l Rahim, R
hodophyta) i
i.org/10.100

ilera, J. (2
nts, Proteins
giales, Rho

dx.doi.org/10

dible, Availa

A., Rasmu
Quality an

maria palma
org/10.3303

T., van de V
Polysaccha

Raman). F
.11.014 

 M., Elzeng
Elongation 

Xyloglucan 
org/10.1104/

pectroscopi
al Range. 
80176-B 

ong, L. (20
mass: Chara
l of Colloi
036 

ber, M., & R
tainable Ene

L., & Garc
, Ammoniu

es, Rhodoph

cek, D. (19
Rhodophy

007/BF0004

s, T., Martin
From The B
roceedings 

J

g/10.1085/j

R., & Phang
in Response
07/s10126-0

2005). Effe
s and Myco

odophyta). J
0.1016/j.jph

able and S

ussen, M. 
nd Nitrogen
ata (Rhodo

3/CET13321

Velde, F., & 
arides (Ph
Food Hyd

ga, J. T., Y
in Arabidop
Endotransg

/PP.110.162

ic Investiga
Spectroch

04). Sorptio
acterization
id & Interf

Roth, B. (20
ergy Review

cia-Reina, G
um Uptake
hyta). Journ

993). Respo
yta) Cultur
49059  

n, G., & Ke
Biomass O
of the Eston

Journal of A

gp.33.4.389

g, S. M. (2
e to Light D
008-9166-x 

ect of Ligh
osporine-Lik
Journal of P
hotobiol.200

Sustainable. 

B., Xavier
n Availabili
phyta). Che
162 

Ribeiro-Cl
hycocolloids
drocolloids, 

Yokoyama, R
opsis During
glucosylase
2057  

ation of the
imica Acta

on of Lead, 
n of Biosorp
rface Scien

15). LEDs 
ws, 49, 139-

G. (2012). E
 and Cell C
nal of Appl

onse of Au
res to Ligh

rsen, P. (20
f The Red 
nian Academ

Applied Biote
ISSN 2

2016, Vol. 

www.macroth

9 
2009). Profi
Deprivation.

ht Quality 
ke Amino A
Photochemi
05.03.002 

The Unive

r, C., Knud
ity on the B
emical Eng

laro, P. J. A.
s) by Vib

23, 190

R., & Nish
g Shade Av
e/Hydrolase

e Carrageen
a, 49A, 2

Copper, Ca
ptive Capac

nce, 275, 1

for energy 
-147. 

Effects of In
Compositio
lied Phycol

udouinella 
ht. Hydrob

006). Extrac
Algae Fur

emy of Scien

echnology 
2327-0640 

4, No. 2 

hink.org/jab 

iling the 
. Marine 

on the 
Acids in 
stry and 

ersity of 

d, F., & 
Biomass 
ineering 

. (2009). 
brational 
03-1909. 

itani, K. 
voidance 
s. Plant 

nans and 
209-221. 

admium, 
city and 
131-141. 

efficient 

ncreased 
n in the 

logy, 24, 

saviana 
biologia, 

tion and 
rcellaria 
nces, 55, 



40-53. 

Van de 
13C H
Industry
http://dx

Xu, Z.,
Photosy
(Rhodo

Yong, Y
of Se
http://dx

Yong, W
F., & A
Kappap
1597-16

 

Copyri

Copyrig

This ar
Creativ

 

 

Velde, F., K
igh Resolu
y. Trend
x.doi.org/10

, Zou, D., 
ynthesis an
ophyta). Bot

Y. S., Yong, 
eaweed G
x.doi.org/10

W. T. L., Tin
Anton, A. (2
phycus alva
606. http://d

ight Disclai

ght reserved

rticle is an
e Commons

Knutsen, S. 
ution NMR
ds in 
0.1016/S092

Gao, K. E
nd Nutrient 
tanica Mari

 W. T. L., &
Growth R
0.1007/s108

ng, S. H., Yo
2014). Opti
arezii (Rho
dx.doi.org/1

imer 

d by the auth

n open-acce
s Attribution

H., Usov, A
R Spectrosc

Food 
24-2244(02

Effects of E
Uptake in

ne, 53, 123-

& Anton, A.
Rate. Jour
811-013-002

Yong, Y. S., T
imization of
odophyta, S
10.1007/s10

hor(s). 

ess article d
n license (h

9

A. I., Romel
copy of Ca

Science 
2)00066-3

Elevated CO
n the Marin
-129. http://

. (2013). An
rnal of
22-7 

Thien, V. Y.
f Culture C
Solieriaceae

0811-013-01

distributed 
http://creativ

J

lla, H. S., &
arrageenan: 

and T

O2 and Ph
ne Macroal
/dx.doi/org/

nalysis of F
Applied P

Y., Wong, S. 
Conditions f
e). Journal
191-4 

under the 
vecommons

Journal of A

& Cerezo, A
Aplication

Technology,

osphorus S
lga Gracila
/10.1515/BO

Formulae f
Phycology, 

H., Chin, W
for the Dire
l of Applie

terms and 
s.org/license

Applied Biote
ISSN 2

2016, Vol. 

www.macroth

A. S., (2002)
n in Resea
, 13, 

Supply on 
aria leman
OT.2010.01

for Determ
25, 183

W. L., Rodri
ect Regener
ed Phycolo

d conditions
es/by/3.0/). 

echnology 
2327-0640 

4, No. 2 

hink.org/jab 

. IH and 
arch and 

73-92. 

Growth, 
eiformis 
2 

mination 
31-1834. 

gues, K. 
ration of 
ogy, 26, 

s of the 


