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Change of fucoxanthin and total antioxidant capacities
of Saccharina japonica during the drying process
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Abstract Kelp (Saccharina japonica) contains various bioactive compounds, including vitamins, minerals (especially iodine
and potassium), alginic acid, fucoxanthin, and various antioxidants. Kelp is mainly used as a dried product. The purpose of
this study was to investigate the stabilities of antioxidant capacities and fucoxanthin of kelp by different conventional drying
conditions including hot air drying at 70°C and natural drying methods. Fucoxanthin, total phenolic contents, and total
antioxidant capacity by ABTS, DPPH, and FRAP assays were significantly decreased after 5 to 10 h of hot air drying at
70°C. The assay values were also significantly decreased by 50% after 2 days of drying due to ultraviolet exposure. The
findings demonstrate that heat and ultraviolet exposure during drying of kelp could affect the degradation of bioactive
compounds, especially fucoxanthin and polyphenols. Optimal conditions should be considered during kelp drying and storage.
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oM WERP 31T} Ciocalteu’s phenol A<k, Z-Ak(gallic acid),
2,2"-azobis-(2-amidinopropane) HCl (AAPH), 1,1-diphenyl-2-picryl-
hydrazyl (DPPH), ©}2~5F2 B Ak(ascorbic acid), TZIE FF &
AL Sigma-Aldrich (St. Louis, MO, USA)SIA F43IATh 2,2-
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Table 1. Weather condition during natural drying of Saccharina japonica

Drying day Average Highest Lowest Average Sola'r radiation2
temperature (°C) temperature (°C) temperature (°C) cloud cover quantity (MJ/m?)
1 28.1 313 25.6 0.9 13.55
2 29.4 33.0 26.7 1.3 15.74
3 28.9 32.7 26.3 3.8 21.04
4 28.8 322 26.4 2.0 17.53
5 28.8 32.8 26.1 45 20.66
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Fig. 1. Analysis of fucoxanthin and change of fucoxanthin during drying process of Saccharina japonica. Chromatogram of fucoxanthin
standard and spectrum (A), Detection of fucoxanthin from a fresh Saccharina japonica 80% ethanol extract at 7.18 min (B), Change of
fucoxanthin in Saccharina japonica during drying process by hot air drying (C), and natural drying (D). Different letters indicate a significant

difference (p<0.05) based on ANOVA with Tukey’s post hoc analysis.



) 2
8

g

8

Total Phenolic Contents (%)

(=]

1 1 1 1 1 1 1
5 10_20 50 100 150 200(h)
Drying time

527

Natural dry

1 1

(=]

3 4 é (day)

2
Drying time

Fig. 2. Change of total phenolic contents during drying process of Saccharina japonica. Change of total phenolic contents during drying
process of Saccharina japonica by hot air drying (A), and natural drying (B). Different letters indicate a significant difference (p<0.05) based on

ANOVA with Tukey’s post hoc analysis.

e gake] Wsle Fig 13 2ok 33
7.19mindll HE HASH(Fig. 14), dx TAvE dEola
7.18 minll HE&E UThFig. 1B). ©|& HlES

AlZ} UV 2 ERS Haste] 7z thalate]
gttt thAel dEe] SR Y F 2,
2.75£0.18 mg/ge] o1, 70°C EF 1zl 9 2
L 20 7 E 2.6240.04 mg/gC 2 H]wE <eHY A o)) © Lh(Fig.
1C), 50X7F A3 T 0.94+0.18 mg/gC & 34%7HA]
2% A& g8tk 53], 100A17F 2 1504 7F
0.22+0.01 mg/g 2 0.08+0.00 mg/gl & R FFElo
B AL st gutg oz thaml Az 3PS 204
AZE Folo o|FoAER IF X9
AlEEY ST U3
RE o FIZREY ke A FEA

N
9
£

0.60+0.00 mg/g .2 25% ©|&7kA] = A a

D2 dwog tAukE Jed o 7k ke $lsl 4% A
Bt FRIHS Eole ZYol o|FojXH, oju @
Tl " Aol gt = Stk 53], olet
ZAZ7F o] Z710] ofdel = Bdtal ARl
A Bl A3
|2 b2 7l2Ekol=e] dF2 wEelERe] H$- &
X3 &3 W (fluorescent light)oll =ZFF S w. 8A]7ke] #2)
Aol =2FH U W <F 50%2] WElTIZRo] £dEe AL
olalon, dF 9o A 2447 = T 50%2] &8 8
319 TH(Pesek9} Warthesen, 1990; Scita, 1992). 3k butylated
hydroxytoluene (BHT)o|\} &3-EXHE 52| it 528 3
7¥elae wl, 7IREol=9] £48 =F F UeS IS
(Tsuchihashi &, 1995; Georgea’s, 2005). =TS A= 1Y
MM FE=T T AHS 70°CAM 19 AR Bt 30%7F T
a2t} goll ofghe HoIFEn) Tk W bgAS B9
3l 60W ATE 1me AlelA AR 4% 19 A F 60%
o] IR ZHAE FRIsI e, Wo| Frr) ofF onle] 3zt
g 74 295 7= AS ERISATHShin 5 2013). o] #
Axel fA1E ARE HolFE Aoz B Apdx Az thA

3
5}
d

Chrfmtel] Z3hE 3zielo] thE d4kst B o) 2w o
el §A7F He Aew Algdrt

ZFoE AE ¢
I Fo] dAE
oA trlnle] B4 Zsls B w7t wAEi, yUHA|
Aoz do o3k ZHEEe] Jolle Aoz oAF
I Ak SR F Hw S =4 3FE Folin-Ciocalteu’s B
]

% e

T A

o] Aleke] Xt} Fhele] HAS

2, Esls 9o e BFE
AL Aoz AR A= W
A B o8 F dlE ol =4 4o &
Almte] FFolet w3k gaka) S
7HAAL 9Je] Folin-Ciocaltew’s ®el 7Hd<
oI AR tHGeorgea 5, 2005). F3
Hgsiths AFAIr) e
tlo] ZolEm 3ot 5 H =
Gaksl B Aol 98 = Ao AR A

o] F ZvlE e aE 1Y A §F o
olAAO L}, 2 AXE F 50% ©lFE =
Fig. 2B). 2 &, 54 B¢t 50%2] Z|szo] 47
gkl Stk o1& FElA tiAlmbell Holle 50%e] Z

I Al e =dYS - 3

mx M o|d o
N
ol
el
R
o
U
rlo
o0
Oo
a
o
ox
2
>

2
i)
2
ox
ot
o
i
it
o
RTINS

o
vy
xX
lo
i
- R O )

,‘En:,

foi 3
=

o ob ol x owd MM Rt

e o @ S
rlo o
.

ne
o
y

[
O |

olgt
o o}
DPPH 12]3. FRAP

shitst 5% Bist =8

Az truke] F dHitsl 58S ABTS,
BAUS 53lo] 43T ABTS #4249
A= F s Wl vle AR 43S BT 70°ClA
SAIZE Az A, oF 50%2] F ksl 5ol
g = JATKFig. 3A). L F, 20017k 9=
Gatsl TE8L 50% A=Y e FATES 15t DPPH
Ao A= sAZA] felF oz Frlske

=g o

BN I
BT
L 2

=

o
=
~

W, 2 F 1082 @5 AxE A 50% olsR Eo] & AL
slom, 200417 Bt AR =] F sl TS HAF
AtHFig. 30). HIE 1AZF 2 5AZF B9te] & it T8l S
Zretn oy, AukAel Ak ABTS 2 & dAE dF3t usdh
AES BTl FRAP 4Rl o8k & its} 58] 4
o= SAIZE FF AR Al F e SOl 50% TEoE =
oJE A& I 20007HA fAkeE AEe] itst 5



528 =2 E 388 x] A 51 WA 6 F (2019)

(A) 150
% a Hot air dry (70°C)
S~
R
3 z 100r
13
82
£2 s
gs
°
o 1 1 1 1 1 1 1 1 L .
0 1 5 10 20 50 100 150 200(h)
Drying time
(C) 250f

-

. Hot air dry (70°C)

\

g

gg 200f

Q>~

§§ 150}

o

sa 100

‘50.

< 0

&3 s0f

B

5 70 20 50 100 150 2000
Drying time
(E) 200
% a Hot air dry (70°C)
&2 150l
g;g, 150
é"’ 100}
£
4
a2 O
B
—_
c 1 1 1 1 1

0 1 5 10 20 50 100 150 200(n)
Drying time

(B) 150f
g Natural dry
o % 100
54
82
EQ 50k
3 Fy
[
0 1 L 1 L 1 L .
0 1 2 3 4 5 (day)
Drying time
(D) 200p
£~ Natural dry
'§ o
sif, 150+
O &
8
%; 100+
°n
L3
sz O
-]
=
0 1 1 1 1 1 1 e
0 1 2 3 4 5 (day)
Drying time
(F) 1500
g Natural dry
43
§§ 100}
ks
8%
EE S0F
_ >
g o
-
0 1 1 1 1 1 L %
0 1 2 3 4 5 (day)
Drying time

Fig. 3. Change of total antioxidant capacities during drying process of Saccharina japonica. Change of total antioxidant capacity (TAC)
during drying process of Saccharina japonica by hot air drying and natural drying; change of ABTS radical scavenging capacity by hot air
drying (A), change of ABTS radical scavenging capacity by natural drying (B), change of DPPH radical scavenging capacity by hot air drying
(C), change of DPPH radical scavenging capacity by natural drying (D), change of ferric reducing antioxidant power (FRAP) by hot air drying
(E), change of FRAP by natural drying (F). Different letters indicate a significant difference (p<0.05) based on ANOVA with Tukey’s post hoc

analysis.
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Table 2. Correlation between fucoxanthin content, TPC, and three TAC values"

Fucoxanthin

TAC TAC

content TpC (ABTS radical) (DPPH radical) F

Fucoxanthin | 0.521 0.406 0.304 0.194
content (p<0.05) (p=0.06) (»=0.169) (p=0.388)

0.957 0.886 0.856
TPC ! (r<0.01) (p<0.01) (p<0.01)

TAC 1 0.972 0.861
(ABTS radical) (p<0.01) (p<0.01)

TAC | 0.815
(DPPH radical) (»<0.01)

FRAP? 1

"TPC and TAC stand for total phenolic content and total antioxidant capacity.

IFRAP stands for ferric reducing antioxidant power.

dCorrelation was analyzed by Pearson correlation with p<0.05 for a significant difference.
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