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Abstract The purpose of this study was to identify novel extracts of brawn algae with
the high deodorant capacity and antioxidant activity. To achieves this, an composition,
deodorant performance and free radical scavenging activity were analyzed in powder and
water extracts of Ecklonia cava(PEC/EEC), Saccharina japonica(PSJ/ESJ), Eisenia bicy-
clis(PEB/EEB), Sargassum spp.(PSS/ESS) and Hizikia fusiformis(PHF/EHF) using several
analytical methods. Major component of five powders was verified as PEC, phlorotannin;
PSJ, alginic acid and glutamic acid; PEB, carotenoid, chlorophyll, phlorotannin, tocopherol
and fucoxantin; PSS, B-carotene and polyphenol; PHF, tannin. The highest level of DPPH
scavenging activity was detected in EEC(ICs0=23.018ug/ml), followed by EEB, ESJ, EHF
and ESS. The deodorizing performance to ammonia was maintained high level in PEC,
PSJ, PEB and PSS, while PHF showed low level in the same condition. But, the deodorizing
performance to acetic acid was slightly higher in PSJ and PEC than those of PEB, PSS and
PHF. Based on the results of DPPH scavenging activity and deodorizing capacity, we se-
lected fractions of S. japonica as leading extracts and further prepared the 70% acetone
extract (AESJ) and 70% ethanol extract (EES]) from PSJ. The contents of total flavonoid,
total phenol and total condensed tannin was significantly increased with 112-209% in
AESJ and EESJ compared to those of ESJ. Also, a similar enhancement was observed on
the level of DPPH scavenging activity and deodorizing performance against
ammonia/acetic acid in AES] and EESJ. Therefore, these results suggest that AES] and
EESJ contained with high total phenol and total condensed tannin contents may exhibit
high deodorant capacity and antioxidant activity as well as has the potential for use as a
powerful biomaterial for antibacterial deodorant.

Keywords deodorant capacity, antioxidant activity, brown algae, Saccharina japonica,
tannin
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i Powders and extracts of Ecklonia cava : PEC and EEC i
i Powders and extracts of Saccharina japonica : PSJ and ESJ i
i Powders and extracts of Eisenia bicyclis : PEB and EEB i
i Powders and extracts of Sargassum spp. : PSS and ESS i
i Powders and extracts of Hizikia fusiformis : PHF and EHF i

I Composition analysis

- FT-IR analysis

- GC-MS analysis

- Tannin content analysis
Anti-oxidant activity

- DPPH scavenging activity
Deodorant capacity

- Ammonia and acetic acid

Selection of S. japonica extract
Preparation of three S. japonica extract

i Water extract of S. japonica : ES] i
i Acetone extract of S. japonica : AES] |
i Ethanol extract of S. japonica : EESJ i

Component analysis

- Tannin content analysis
Anti-oxidant activity

- DPPH scavenging activity
Deodorant capacity

- Ammonia and acetic acid

Identification of novel extract with
high deodorant capacity and anti-oxidant activity

Figure 1. Schematic diagram of experimental procedure. After first analyses of five powders, PSJ was selected
among five powders of brawn algae based on the results of deodorant capacity and anti—oxidant activity analy—
sis. Properties of AESJ and EESJ extracted from PSJ were verified using components and biochemical analy—
ses.
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2.3 Fourier—transform infrared spectroscopy
(FTIR) 24
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Dodorization perfomance(%) = [(Cb—Cs)/Cb]

X J ) +evvenerenrennneee e 1)
where,
Cb(ppm) : Concentration of ammonia and

acetic acid in the blank contained
bag(5L) after 2h
Cs(ppm) : Concentration of ammonia and
acetic acid in the sample

contained bag(5L) after 2h
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ical 2752 Blois®] W& st S5,
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DPPH| AW3hE o A< B7he 4 9o, of
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Inhibition(%) = [1-(A-B)1/(C-D)x 100 -+(2)

where,

A I Absorbance of the mixture of sample and
DPPH

B : Absorbance of the mixture of sample and
solvent for DPPH

C @ Absorbance of the mixture of solvent for
sample and DPPH

D : Absorbance of the mixture of solvent for

sample and solvent for DPPH
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glutamic acid, PEB 2] 4 & 2 carotenoid,
chlorophyll, phlorotannin, tocopherol, fucox—
o PSse F
polyphenol PHFQ] A4 E-2 tannin® & 913 4
A (Figure 2, Table 1),
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Figure 2. FT-IR spectrum of PEC, PSJ, PEB, PSS and PHF. Several indicator bands are pertained to functional
groups represent chemical components or metabolic products. The characteristic absorbed bands in FT-IR
spectrum are listed up in Table 1.
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Table 1. Assignments of characteristic fourier transform infrared absorbance band in extracts of brown algae
PEC; Powder of Ecklonia cava, PSJ; Powder of Saccharina japonica, PEB; Powder of Eisenia bicyclis, PSS;
Powder of Sargassum spp., PHF; Powder of Hizikia fusiformis

Extracts . . COO-
O-H Ring Ring C-0-C
of brown O-H . g C-0 stretch . A&S
algae in phenol stretch breathing stretching stretch
PEC 3274 1608, 1521 1279/1077/1017 1259
PSJ 3248 968 1082/1054/1021 1249 1377, 1603
PEB 3261 664 1605 1301/1249/1147/1052/1020  1249,1147
PSS 3242 665 1618 1322, 1281/1079/1054/1019 1248
PHF 3390,3283 1611 1079/1018 1243, 1165, 1131
Type ot rrans o CH  —C-H  =CHout-of-plane Ot~ CTH
algae C=C stretching deformation  bend deformation plane  plane bend
PEC 2971, 2948 1417 929 880, 864
PSJ 2936 1419 931 890, 816
PEB 967 2935 14511377 1419 1000 931 875, 819
PSS 967 2935 1376 1420 930 875
PHF 2937 1389 929 883, 865, 818, 762

= 3(8.4%), LAUN(T.5%), LHldto| =7(3.9%),
cyclo 9H=(1.7%) 9 —{EHE UebytthFigure 3).

PSol= €3 5%, dHlstol= 65, AF 2%, Al
2%, A 4%, oW E 2%, cyclo e 135
S g o]Fo|x 22FF9 U/ Aol FlH U
EAE A B ARQT.1%), E2F(12.8%),
& 8t o] &= 7 (8.1%), & A <l
(7.0%), AEF(2.3%), cyclo 335 ( 0.9%)4 A
2 YeYtH(Figure 4).

PEBoll= &3& 4%, gdstol= 75, 4 3%, A

=

0 ’

2

L

A

aromatic(7.3%),

15, AU 7F, ofRHE 3T o2 o|Fo]X 25F
T A Aol EelE ek, A H AU A&
S dEF(26.6%), ALF15.2%), AH(14.9%), &
g|3lo] =5(8.3%), aromatic(8.0%), LAI1(7.6%)
o] =AM = YEstHFigure 5).

PSSell= €& 8%, ddlsto|E 10%, 4 95, Al

€ 2%, AR 2F, of2HE 3F 2R o|FoiX 34F

o] 3dhy AdEo] EET. EAd A A&
2 AFF(45.0%), ¥EF(21.4%), & stol=ERF
(14.2%), A& F(5.3%), & A 2l 4.3%), aro—

’

matic(2.8%)9] <A1 = UEetHth(Figure 6).

PHFYl+= &3 7%, gdgto|= 9%, A 7%

AQl 5%, of2HE 2% 0 & o]FoiZ 30%F2 3
A AQEo] ERlETh, EAH 3y AR AR
(25.5%), &=7F(43.3%), dHsto|=7(16.4%), &
A%1(5.3%), aromatic(2.9%)2] A & UEELT
(Figure 7).
3.2 ZEZ BUA|IZO| AL|0ft OIMIEM0]| CHSH EXFlE H|w
St HHES 2t U2 F BHARE A5
A3l 57kA] Zrz2F EUA|E(PEC, PSJ, PEB, PSS,

PHIS] G21jol ol et 314 vl 2
Matley, 1 A, ol gt B3 &S PEC,
PSJ, PEB, PSS°1W B A S A PHE]
A A 2T, T ob EAbe] it 238
< psJollA 714 %7 YT, PEC, PSS, PEB,
PHFA1 2 4 S35 dth(Figure 8).

o] st AT} PSJ7F F Lot} o} M| E ALY tat

=2 9HES 452 AL ook, A|F7HA] sl 25+
£ o] &3 &F5 Bt ek A= ALY e Bf gl
t}, YR =Fo A Vegetable glycerin, Charcoal,

Vinegar, Coconut oil, Baking soda, Green tea,
Aloe vera gel, Natural preservatives like bio

53} o ol

flavonoids and lichen, Essential oils
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ek = 4\4‘\ = s o r-\F 8
00 200 30.0 Ao 420
Retention time (min) i
Fraction No. Compound RT Area

1 Carbamic acid 3.813 6842817
2 Unknown 4.193 119841
3 Ethanal 4421 646091
4 Ethanol 5172 31639640
3 Acetone 5.752 5770369
6 1-Chloro-2-propanol 6.117 1144841
7 Silanol 8.699 320971
g Acetic acid 9.732 1691587
9 Benzene 13.557 526784
10 Hexanaphthene 14.042 544277
11 1-Ethyleyclopropanol 14.521 336164
12 Propane 14.944 2170580
13 Propane, 1-nitro- 16.125 454385
14 Toluene 18.219 7233072
15 Unknown 18.219 7233072
16 Heptane 18.626 349820
17 Hexanol 18.905 347122
18 Hexanol 19,014 482221
19 Octane 19.796 844791
20 Cyclotrisiloxane, hexamethyl- 20.481 478810
21 Benzene, 1,2-dimethyl 21.755 233448
22 2-Butoxyethanol 22,683 448526
23 3-Methoxy-3-methylbutanol 2295 474217
24 1-Octen-3-o0l 25.574 568543
25 Unknown 26.476 196681
26 2-Propanol, 1,1'-oxybis 26.938 475496
27 Cyclotetrasiloxane, octamethyl 27.082 318720
28 Dipropylene glycol 27.835 239236
29 2-Ethylhexanol 27.993 447900
30 Unknown 28.113 184235
31 1-Limonene 28.918 623451
32 n-Nonanal 32.158 1016821
33 Cyclopentasiloxane, decamethyl 34.981 558243
34 Decanal 35,783 1022058
35 Triacetin 39.078 429710
36 2,3,4,4-Tretrapropyl-1-(trimethylsilyl)-1-(trim 40.361 848955
37 Unknown 45.929 4666157
38 2,2,4-Trimethyl-1,3-pentanediol diisobutyrat 47.571 957871
39 SILICATE ANJON TETRAMER 49.821 1071817

Figure 3. GC—MS total ion chromatograms and main volatile components of PEC. Roman numerals in peak refer
to compounds in bottom table. Identification of volatile compounds was carried out by comparing MS spectrum
and RIs of components in EHF with those of the authentic standards in NIST library(2005).
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10# LTI ]
Retenuon time (min)
Fraction No. Compound RT Area
1 Carbamic acid 3.813 9825235
2 Air 3,813 9825235
3 Ethanal 4418 494529
4 Ethanol 5.186 3570033
5 Acetone 5.767 571882
6 Trimethylsilanol 8.697 418323
7 Acetic acid 9.504 983035
3 Acetol 12.586 411368
9 3-Methylbutanal 12.795 644447
10 Butanal, 2-methyl- 13.344 380262
11 Benzene 13.556 581474
12 Cyclohexane 14,041 349816
13 Unknown 14.83 402641
14 3-hydroxy-2-butanone 15.051 318092
15 Toluene 18.219 2254938
16 Hexanal 19.016 261294
17 Cyclotrisiloxane, hexamethyl- 20.482 658124
18 1-OCTEN-3-0OL 25.577 414264
19 Nonane, 3,7-dimethyl 29.843 321732
20 Pentane, 2,2,3,4-tetramethyl 31.072 229385
21 Nonanal 32,158 809514
22 3-Pentanol, 2,4-dimethyl 34,982 177274
23 Decanal 35.786 577138
24 Hepiadecane 45.928 1533051
25 Unknown 45.928 1533051
26 2,2, 4-Trimethyl-1,3-pentanediol diisobutyrat 47.569 862486
27 SILICATE ANION TETRAMER 49.818 594174

Figure 4. GC—MS total ion chromatograms and main volatile components of PSJ. Roman numerals in peak refer
to compounds in bottom table. Identification of volatile compounds was carried out by comparing MS spectrum
and RIs of components in EHF with those of the authentic standards in NIST library(2005).
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Fraction No. Compound RT Area
1 Carbon dioxide 3.813 4631892
2] Air 4,187 120479
3 Ethanal 4.421 737602
4 Ethanol 5.18 11958706
5 Acetonitrile 5.441 352422
6 Acetone 5.749 7531439
7 Propanal, 2-methyl- 7.767 354933
8 Silanol, trimethyl 8.698 323878
9 Acetic acid 5.996 1875810
10 Butanal, 3-methyl- 12.802 481635
11 Butanal, 2-methyl- 13.347 262439
12 Benzene 13.559 482978
13 Propanoic acid 15,028 2498974
14 Toluene 18.22 2998506
15 Butanoic acid 18.22 2998506
16 Unknown 18.627 289646
17 Cyclotrisiloxane, hexamethyl- 20.482 697029
18 Styrene 22371 493207
19 3-Methoxy-3-methylbutanol 22.957 360602
20 Nonanal 26.48 318768
21 Cyclotetrasiloxane, octamethy 27.089 291987
22 Octane, 2,2,6-trimethyl- 27411 306841
23 1-Hexanol, 2-ethyl- 28 552872
24 Nonane, 3,7-dimethy 29.846 580724
25 Pentane 30.021 375953
26 Unknown 30.794 415701
27 Unknown 31.074 757255
28 Butane 31.401 366248
29 Nonanal 32.159 1026515
30 Unknown 32.598 1539316
31 Unknown 34,982 209275
32 Decanal 35,785 948737
33 Hexadecane 45.607 1167229
34 Unknown 45.929 1238726
35 2,2 4-Trimethyl-1,3-pentanediol diisobutyrat 47.571 912801
36 Unknown 49,821 567242

Figure 5. GC—MS total ion chromatograms and main volatile components of PEB. Roman numerals in peak refer
to compounds in bottom table. Identification of volatile compounds was carried out by comparing MS spectrum
and RIs of components in EHF with those of the authentic standards in NIST library(2005).

Sl FE )X A 318 A 3%



Pt FFEN gUEsE A= Tl 2522 78 205

e

2,000,000

%‘ 2

g | ‘ 8

@ | ‘

g r 5

r'-—E = i M: o f
"‘5‘]‘-‘ L,.‘ij,,_l_ 1\ ‘,_,E}:“ e .|[EJ?M_JJ:E .,..."1 wﬁ.}w .ﬁ,:u\,,?:_l,. T, ,,,\.\‘_,A\,‘1|L_H..MJ M iAo f.\_.‘_.. s
JLE 200 300 00 mff(!
Retention time (min)
Fraction No.  Compound RT Area

1 Carbamic acid 3.813 4457047
2 Formic acid 4.42 368700
3 Ethanol 5.178 12468998
4 Acetone 5.755 3684132
5 2-Propanol 6.041 350823
6 Propanal, 2-methyl 7.76 1671261
7 Silanol, trimethyl- 8.687 1034770
8 Acetic acid ethenyl ester 8.928 790844
9 Butanal 9.194 362290
10 Acetic acid 9.462 851249
11 Acetic acid 10.338 6513415
12 Butanal, 3-methyl- 12.798 693829
13 Butanal, 2-methyl- 13.341 956407
14 Benzene 13.557 312662
15 1-Penten-3-0l 14.514 466873
16 Pentanal 14.81 1824194
17 Propane, 1-methoxy- 15.033 2051791
18 Propanoic acid 17.616 1632481
19 1-Pentanol 18.054 475120
20 Toluene 18.219 1191372
21 BUTYRIC ACID 18.482 1143035
22 Hexanal 19.009 3052801
23 ISOVALERIC ACID 20458 9431968
24 Butanoic acid, 2-methyl 20.458 9431968
25 Unknown 21.515 93527
26 Benzene 21.739 688752
27 2-HEPTANONE 22.023 464866
28 Heptanal 22.394 437263
29 Benzaldehyde 24,462 237363
30 HEXANOIC ACID 24.904 1236795
31 1-OCTEN-3-0OL 25,572 818185
32 Octanal 26.473 555315
33 1-Hexanol, 2-ethyl- 27.991 635364
34 Nonana 32.156 1317676
35 Decanal 35782 1275652
36 BORNYL ACETATE 38.56 303943
37 2,3,4,4-Tretrapropyl-1-(trimethylsilyl)-1-(trim 40.36 2290084
38 Phenol 45.694 417773
35 Unknown 45927 918601
40 PENTAN-1,3-DIOLDISOBUTYRATE, 2.2 47.568 986554

Figure 6. GC—MS total ion chromatograms and main volatile components of PSS. Roman numerals in peak refer
to compounds in bottom table. Identification of volatile compounds was carried out by comparing MS spectrum
and Rls of components in EHF with those of the authentic standards in NIST library(2005).
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1 Carbamic acid 3.811 6352971
2 Air 4.167 207211
3 Acetaldehyde 4416 1324767
4 Ethanol 5.171 16995861
5 1-propen-2-ol 5.7953 4650734
6 Methane 6.682 787465
7 Propanal 7.754 1484018
8 Silanol 8.686 522413
9 Acetic acid ethenyl ester 8.925 409912
10 Acetic acid 10.091 3708137
11 Butanal 12.788 1175280
12 Butanal, 2-methyl- 13.336 853528
13 Benzene 13.552 464926
14 1-Penten-3-o0l 14.508 750867
15 Propanoic acid 14,989 1128956
16 ISOBUTYRIC ACID 17.519 467422
17 Toluene 18.215 1028109
18 Butanoic acid (CAS) n-Butyric acid 18.435 351601
19 Hexanal 19.009 843180
20 Butanoic acid 20.31 265263
21 Cyclotrisiloxane 20477 660687
22 2-Hexenal 20.672 442308
23 1-Octen-3-0l 25.57 386385
24 Octanal 26.47 364190
25 1-Hexanol 27.991 568210
26 Unknown 28915 340776
27 Nonane 29.835 390953
28 Pentane, 2,2,3 4-tetramethyl- (CAS) 2,2,3,4- 31.062 350885
29 Nonanal 32.152 1021570
30 Decanal 35.544 973339
31 Triacetin 38.026 366035
32 Phenol 44.232 647577
33 Trisiloxane 44,547 575032
34 Propanoic acid 46,109 931466

Figure 7. GC—MS total ion chromatograms and main volatile components of PHF. Roman numerals in peak refer
to compounds in bottom table. Identification of volatile compounds was carried out by comparing MS spectrum
and RIs of components in EHF with those of the authentic standards in NIST library(2005).
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Figure 8. The deodorizing performance of five brown algae powders against ammonia and acetic acid gas. The
changes on the concentration of ammonia and acetic acid gas were detected in the bag(5 L) contained with the

sample powders after 2h.
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Figure 9. Free radical scavenging activity of five seaweed extracts. DPPH radical scavenging activity was as—
sayed in a mixture containing 0.1mM DPPH within a range of extract concentrations from 4 to 1,000 ug/ml. Data
presented are means = SD of duplicates.
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Figure 10. Components contents, deodorizing performance and DPPH radical scavenging activity of ESJ, AESJ
and EESJ. (A) Total flavonoid contents(TFC), total phenolic content(TPC), total condensed tannin contents(TTC)
of three extracts of Saccharina japonica were measured as described in materials and methods. (B) The changes
on the concentration of ammonia and acetic acid gas were detected in the bag(5L) contained with the sample
powders after 2h. (C) DPPH radical scavenging activity was assayed in a mixture containing 0.1mM DPPH within
a range of extracts concentrations from 4 to 1,000 ug/ml. Data presented are means = SD of duplicates.
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