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In this study, we investigated the quality of glasswort (Salicornia herbacea 1.) fermented by Bacillus subtilis
at 37°C for 48 hours. We determined the changes in temperature, the contents of moisture, crude protein, crude
fat, crude ash, carbohydrate, solid content, pH, Brix, salinity, free amino acid, Hunter’'s color value, electron
donating ability (EDA) activities and angiotensin converting enzyme (ACE) inhibition. The contents of crude
protein, crude fat, crude ash and carbohydrate after fermentation to mixing ratio of glasswort were
10.45~30.18%, 11.69~19.26%, 17.65~25.56% and 21.01~59.10% (dry basis), respectively. The solid content, pH,
sugar and salinity of fermented glasswort were 39.56~52.25%, 6.01~6.71, 1.2~1.7 Brix and 0.3~0.6%,
respectively. Total amino acid level of the fermented glasswort was 447.57~668.89 mg/100 g, and was the highest
in glasswort mixed with rice bran at a ratio of 1 (w): 1 (w). Moreover, aspartic acid, asparagine, glutamic acid,
alanine, valine, B-aminoisobutyric acid, lysine and arginine were the main free amino acids. EDA activities
and ACE inhibition after fermentation were 46.66+1.21~50.87+1.84% and 96.77+1.23~97.56+1.23%,

respectively.
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B A3l AFE-3 S5 vt e 2008 99 A dFTE
A A ANF A o] EZAE AAS I AR EZ AFHH
%, -80CE 43 F JFFA1X7|(FDU-2100, EYELA,
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TFE= T EZERENE(KCCM)AN A &8 Bacillus
subtilis KCCM 122474 ©]-&3} 3t}
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pH meter(D*52, Horiba, Kyoto, Japan), 3% (Brix)= digi—
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starterZ A|Zste] AHgstAT B0, v L diF &
gulel wet 379 AP TR Uiro] AAERE, & 1110
(]38}, A& A), 221:1(]3F AT B) & 1:0:1(0] 3}, A3
T 09 AFT=E ) ¢ vEUE T3 5ol
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Fig. 1. Changes of temperature during ferment by B. subtilis
KCCM 12247.
DA: glasswort : rice bran : soybean=1 (w):1 (w):0 (w).
B: glasswort : rice bran : soybean=2 (w):1 (w):1 (w).
C: glasswort : rice bran: soybean=1 (w):0 (w):1 (w).

sho] $lol A A Z3F B. subtilis KCCM 12247 starter®} <
1%(v/w) BF38ta, Eag AT uet JdsA H7t
3t RS 2EAT 5, 984 U5t BHFE
6:6, BE 65 2 CE 642 Y71std e, ol o
ot 959 war) 9483 dojd F A=E HH
FHFS 7AW, AR FG7A ¥ 379 FFol &
B2 243t dd FFrHe] AAL 21%HER
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A7 108 T2 255 7|531¢] Fig. 19
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Bacillus subtilisE ©]&3t HaArz 5%

Table 1. Proximate compositions in glasswort fermented by B. subtilis KCCM 12247

v}t (Salicornia herbacea 1..)¢] =& EA 905

(unit: %, wet basis (dry basis))

Items Moisture Crude protein Crude fat Crude ash Carbohydrate
AV 47.75 5.46 (10.45) 6.69 (12.80) 9.22 (17.65) 30.88 (59.10)
B 49.11 8.69 (17.08) 5.95 (11.69) 9.33(18.33) 26.92 (52.90)
C 60.44 13.52 (30.18) 7.62 (19.26) 10.11 (25.56) 8.31 (21.01)

YSee footnotes in Fig. 1.

Table 2. Comparison of solid contents, pH, Brix, and salinity
in glasswort fermented by B. subtilis KCCM 12247

Solid content

Ttems %) pH Brix  Salinity (%)
AV 52.25 6.71 (6.63)? 15 0.4
B 50.89 6.39 (6.36) 12 0.3
C 39.56 6.01 (6.04) 17 0.6

{”See footnotes in Fig. 1.
Z)pH of before fermentation.

o} vlmstel B ArjFo e Feo) wY HPTH F
2ol Sfa)A Fio] FUFOT Aske] WA vehd Aoz
FYE0 @9 290, 24 ¥ 298 AYTF )
Z¥2} 30.18% (15 7), 19.26% (U5 %) 2 2556% (5=
7}7(]' h"zko ‘1] et Ee AT AV 59.10%(HAFH)E

.\_.

Table 201]% tEgEo 11y
Aok AFF AE 1P E 5225%, pH 6712 Al NI+ =
7 E=gkon dEE 15 Bn'XO]_L AL E 04%°]h A
64—? C—‘:_ 1:]—1:

& 50.80%, pH 639, 4% 1.2 Brix 7-4 OéE 0.3%°] At
9 AP A B L Co HEA pHY 2+ 663, 6.36 2
6.0401 =Tl HIste] WE 48417 ol AT A9 Be
g2 F71eE 295 YR At} Choi 5(24)2 B. subtilisE
ol g3 Ul F 2 V| H T LSRN TEI AP EFF
pH7} O4 F7h8te 23S Rus e, Cho 5(25)%
B. subtilis DC-2% ©]&-3F @ta sy oA 8441771 pH7}
Z743the Aot fAbel e, ol HEY w AEE
FR Yo} wj o)t AztE )

SSoiC| Y50 M2 Re(of0| At B2k H W

g A5 frEjobu| =it 4 AFE Table 30 YERY
Atk F FrEotrleste BE AP HE AR TE
2o Z7lstH e, AF T A HE A 459.11 mg/100
goll A & Fd 66889 mg/100 g & 7 =& IS
Hygorn thgoz A¥E Brb Zhz; 358.00 mg/100 g
561.34 mg/100 gola, AFFL Ce 304 02 mg/lOO g7
44757 mg/100 go. & et o= 79 protease
FAo oste] P E3tHo] YE %H—‘iélo] ofm =2k o
2 B =7 BE(26)2 Aoz Belth Kim 5(27)9] B.

subtilis NUC1S o] 43t T HFo oafr F o}
v)iesabo] Frlehe Aotk Anel A5t
AN tF7F gl FaFo] 71 7] Wi AF+
Col freolu st ghgo] 7Hd 8 Ao E FAHHAO Y,

me] maE ol e ART A% C7F B BA e AL
AR WZ AA Y f2obnl o oAz

° o
%E‘q -rrE]O}‘U],J_}\ & ]7C} 75 7 m, /IOO g, EH_I_
391.43 mg/100 gol A=)t w7de] 23Hd AP 5ol oY
3 e FEFoR HEvl v B Yol Aoz FH

o} F8 fHolu|=2ko Z = aspartic acid, asparagine,
glutamic acid, alanine, valine, B—aminoisobutyric acid, ly—
o F3 82 Y= glutamic

acid, aspartic acid, 282 A valine, isoleucine, leucine,

sine ¥ arginine $°]1

methionine, phenylalanine & @52 W+ alanine, glycine,
lysine 5% & Z7}18l Kim $(28)9] Rl B. subtilis
o] Zhg-o st FEobu| =ity AT AN AHE A
ATt

=SS0l 250 E M= Hjw

Table 49+ 2+ A7) FaE AF o A(L, a, b), A=}

(UE) & A A L:—(a\/b)—E* e Atk B gko] & ApolE B
O A= I AT, LB b+ 32, 00 3], - A7k
/] ﬁ—?— RE /‘a"‘ﬂ:f"ﬂ/ﬂ g AR dE o of7k A
o agk(+: A (0 3| - mA) o okz)
“7]'0}"3‘:]'. E‘z]' Eo] Ao 1gko] oF 62, agke] oF 45, bgkel
ok 182 A A AZolgtt W HArE vy dug
g o e AP TN mokHed, ol B o4t
o] Eef of3f ¥k-g-3le] wlo] YRE-S-(Maillard reaction)o] ¥
oyta, dag 25 gt FEF S FFgES Fo] IE
Z719) w8 a/brt F7Meohe A3H(24,25)9 L X5k
S0 Y50l ME ACE XMoljetednt MXIZ50{s Hlw

Fritle FUR2 stof V43 o B} vl we
b 459 ACE A4 &4 29 Fig. 20 el

s

th RE AFFA TE (8491 +1.12~88.33+1.34%)0]
H)&) WE $(96.77+1.23~9756+1.23%)0] ZA Z7lete
S B, 8 F9 A AFT C/F 97.56+£1.23%
2 7 =& AL BHygor tggoz AT A

(97.22+2.10%) %} B(96.77+1.23%) 0] R o1} A& L7Ee] £
o]l Zole A} Choi 5(24)& B. subtilis KCCM
12148% o] &3t diFe} 7] HE Al ACE Af&4L
g 24X A F7Fska 1§ RAS A S, Ui
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Table 3. Composition of free amino acids in glasswort fermented by Bacillus subtilis KCCM 12247

(unit: mg/100 g, dry basis)

Amino acids A B ¢

0 hr 48 hr 0 hr 48 hr 0 hr 48 hr

Proline 15.31 21.44 12.51 16.66 10.34 13.73
Phosphoserine 4.12 6.38 6.06 9.59 3.22 5.81
Taurine 0.77 1.32 0.69 0.65 0.61 0.77
Phosphoethanolamine 1.89 2.79 1.13 0.77 1.75 2.29
Urea 543 8.97 2.53 5.37 591 6.22
Aspartic acid 28.94 43.50 21.69 31.39 19.08 29.30
Threonine 6.51 9.81 474 6.31 447 6.14
Serine 15.96 24.21 9.76 14.04 9.03 14.44
Asparagine 99.92 151.33 29.82 42.79 46.52 74.40
Glutamic aicd 58.76 85.96 29.15 42.62 34.32 51.75
Sarcosine 2.69 241 2.69 493 212 1.89
a-Aminoadipic acid 5.98 0.78 1.33 7.80 0.63 3.31
Glycine 6.11 8.47 5.56 8.92 4.68 6.40
Alanine 26.12 39.20 17.05 25.60 15.95 24.07
Citrulline 2.93 3.83 473 8.60 3.39 3.32
a-Aminobutyric acid 1.26 1.80 1.16 2.82 1.61 0.82
Valine 16.44 25.66 21.09 34.03 14.98 22.57
Cystine 1.50 1.25 0.97 5.49 1.70 2.32
Methiomime 0.18 4.69 2.38 1.96 0.91 3.88
DL + Allocystathionine 0.37 4.43 3.99 16.40 3.39 3.83
Isoleucine 6.44 9.16 6.23 8.40 5.07 6.77
Leucine 15.27 23.01 8.33 11.09 8.22 12.03
Tyrosine 9.43 9.05 9.83 15.53 7.34 9.96
B-alanine 2.94 1.18 4.54 6.89 3.42 3.24
Phenylalanine 10.07 14.54 9.68 16.05 6.69 9.05
7y ~Aminobutyric acid 1.06 3.60 2.21 0.32 0.50 0.42
Homocystine 1.58 1.10 2.25 4.56 1.42 1.55
B-Aminoisobutyric acid 25.03 37.03 8.90 12.06 9.39 14.04
Ethanolamine 6.71 8.39 9.15 9.17 5.08 7.7
Ammonia 23.87 33.14 46.13 64.46 27.43 39.21
DL+ Allohydroxylysine 1.44 0.39 2.99 5.66 1.65 2.94
Ornithine 0.44 0.44 1.85 2.07 0.91 1.24
Lysine 14.89 22.43 10.65 16.30 8.37 13.74
1-Methylhisdine 0.39 0.99 3.27 4.56 1.26 2.52
Histidine 3.83 5.45 3.79 5.04 2.34 3.76
3-Methylhisdine 2.37 2.83 4.72 9.51 2.15 3.26
Anserine 0.48 2.27 1.02 16.27 2.13 0.57
Carnosine 0.80 0.68 0.49 0.97 0.48 0.22
Arginine 30.88 45.00 42.93 65.72 25.57 38.00
Total 459.11 668.89 358.00 561.34 304.02 44757

YSee footnotes in Fig. 1.

Table 4. Comparison of Hunter’'s color value in glasswort
fermented by B. subtilis KCCM 12247

Felm.entatlon L a b JE a/b
time

AV 6264 430 1941 4148 022

0 hr B 6459 429 1898 3958 023

C 6454 453 1955 3993 0.23

A 6262 435 1901 4131 023

48 hr B 6342 458 1889 4058 0.24

C 6144 453 1757 4172 026

YSee footnotes in Fig. 1.
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Fig. 2. Comparison of angiotensin converting enzyme (ACE)
inhibitions in glasswort fermented by B. subtilis KCCM

12247. VSee footnotes in Fig. 1.
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Fig. 3. Compoarison of electron donating ability (EDA) ac-
tivities in glasswort fermented by B. subtilis KCCM 12247.
YSee footnotes in Fig. 1.
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