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Abstract

We investigated the physicochemical properties and physiological activities of glasswort juice fermented natu-
rally for different periods of time. Glasswort juice fermented for six years (LFGJ) showed higher crude fiber
and lower NaCl content than glasswort juice fermented for two years (SFGJ). Fermented glasswort juice con-
tained K, Mg, and Ca as the main minerals, and the mineral content in both SFGJ and LFGJ were similar.
The main free amino acids of fermented glasswort juice were determined to be alanine, proline, aspartic acid,
and lysine. The leucine and aspartic acid content in LFGJ was higher than that in SFGJ. SFG] had higher
1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS")
radical-scavenging activities than LFG]J. Fermented glasswort juice showed high ACE inhibition and a-glucosi—
dase inhibition activities regardless of how long it was fermented. An oral glucose tolerance test was carried
out in rats fed diets containing 4% NaCl (control) or 4% NaCl+2% LFGJ (LFGJ). The LFGJ group showed
enhanced glucose tolerance compared to the control group.

Key words: naturally fermented glasswort juice, total phenolic compound, radical-scavenging activity, ACE inhibition

activity, a-glucosidase inhibition activity
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Table 1. Composition of control and experimental diets

(g/kg diet)
Components Control” FGJ”
Casein 192.000 188.000
Cornstarch 381.587 373.637
Dextrose 126.720 124.080
Sucrose 96.000 94.000
Cellulose 48.000 47.000
Soybean oil 67.200 65.800
t-Butylhydroquinone 0.013 0.013
Salt mix 33.600 32.900
Vitamin mix 9.600 9.400
L-Cystine 2.880 2.820
Choline bitartrate 2.400 2.350
NaCl (4% w/w) 40.000 40.000
FGJ (2% v/w) - 20.000

YControl: AIN-93G diet containing 4% NaCl to induce insulin
) resistance.
Z)FGJI AIN-93G diet+4% NaCl+2% fermented glasswort juices.

=2t LHA ZAHoral glucose tolerance test)
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Table 2. Proximate compositions of glasswort juices fer—
mented for different periods

g =248

g

Table 4. Free amino acid contents of glasswort juices fer—
mented for the different periods

Content (%)

Content (mg/100 mL)

Components SFGJ” LFG)? Amino acids SFGJY LFG]”
Total sugar 4564047 435+19 Threonine 173 159
Crude lipid 1.4+0.3" 1.3+04 Valine 37.2 55.3
Crude protein 05+0.1™ 05+04 Methionine 9.3 12.8
Crude fiber 0.1+0.2™ 0.3£0.2 Leucine 23.4 41.3
Salinity 29+04" 1.6+0.1" Phenylalanine 174 19.3
Moisture 495+05 52.8+0.1 Lysine 40.3 29.4
”SFGJ: glasswort juice fermented for two years. Isoleuc.me . 19.7 274
2)LFGJI glasswort juice fermented for six years. ‘?SParUC acid 428 89.4
IValues are mean+SD of triplicate experiments. Serine . ) 19.8 26.0
NS: statistically no significant difference at p<0.05 by ¢ test. Glutamic acid 334 23.7
“Significant difference at p<0.05 by test. Glycine 2l.2 26.0
Alanine 61.0 79.2
Tyrosine 16.4 22.4
gt AW T AEEQ AL gETH29). Ta ke g2 Histidine 8.4 73
FAIRE 2be] AT AR G Ao E HYW A £ Arginine iy I
HUEyl g2 988 o83l gxurads A 2597)9 Proline 494 6438
ool e e e ToE e Total 4387 553.6

218 g

Framole] Nag A F T2 714 AR S BA
AT Table 39 Whehdl whs} gk g Ee Fa T
714 4o 2E K Mg 183 Caol20r o] F Kol 713
Fe G2 Uitk £714 489 24 £3 AR 4
29 2o} S fASIRO R (124), WEIRbe] ThE T
AE 7] BAA GFE KS AL i A Aol g
Holx ggith YE TE HAE W) we 7AAL
FHIT o] 958 7712 FFAow deiA gdom,
1% ARE AALE A FRLEN T D3 A%
T Qe ol LeE B 4BFERS o]§F SuES B
2 4¥e Mws) B9, Ca, K 223 Mg Fo] w5
e o ZAHATI). Beps ReRAL Fxz
5H §28 25 ¥714¢ FH5L gl Felgof
Tr)do] 9% Fx BE SREE F§o JdEd

Feloj| At B2
FzwEol o] frejobuliet G Table 49 2ot P2

Table 3. Mineral contents of glasswort juices fermented for

the different periods

Content (mg/kg)

Minerals

SFGJY LFGJY

Ca 156.8+1.9%" 1449+14"

P 60.9+0.8" 458+51"
K 7229427 624.0+55"
Mg 253.7+0.4" 263.8+16"
Fe 448+03" 329403
7n L7401 23+0.2°
Cu 0.3+05™Y 0.1+0.3

‘”See the legend of Table 2.
PValues are mean+SD of triplicate experiments.

INS: statistically no significant difference at p<0.05 by #test.

“Significant difference at p<0.05 by #-test.

DSee the legend of Table 2.

Htg o] 9 fglolu| =4S 2= alanine, proline, aspartic
acid 183l lysine®] 1ty = o= proline, asparagine,
leucine, glutamic acid 2@ 3l lysine®] F& oju|=Aito 2
B JqoH10). £33 AT B subtilisE °|&35t9 &4 HE
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o]-&3t AxE £A4 FEYEHo] UHF HETY F Freo}
v Ak gheko] A E713 ok RuEt g Th22). B A
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v =2F skeF =3k LFGJ(553.6 mg/100 mL)7F SFGJ(438.7

mg/100 mL)E ot ¥2 FFE e LEVIT ¢ F F
g]o].u]l—}\} %}Eko] 5_7]_3],_‘: 736&& 1,].1:/].1411;]_ E-&] o]-u]l,—_
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P radicalfscavenging FE(SCa) @S T3 A3 (Fig. 2), SFGJ
ol < 0 S 47 uLE =& A4S B Y2 ascorbic acid(3.4 ng)<t
| { Aol fabe B4 Vet LFGI(SCy, 131 ul)E SFGJ
o H]&] 2 radical-scavenging 42 el

ABTS' radical-scavenging &4 ¢ 7§—°r DPPH radical-
scavenging 43 2 war|zte #AAGle] SFGJ<}
LFGJ9] &42 A9 SAsIY . DPPH &2 ABTS' radi-
20| cal-scavenging &AL BHE 2] &) £2)3}+= flavonoid
1 phenolic acid¥ 5% £2& dsA d4E59 sty
v g 2 AaaAt lva Rasa JokEs). B AT Ay
0 2) 3 oM Uehd Fxa el ksl ST HEA s

40

Total phenolic content
(CAE mg/100mL fermented glasswort juice)

SFGJ LFGJ
Fig. 1. Total phenolic contents of glasswort juices fermented F vl A FARRE S B FxEade] dgvt
for the different periods. Values are mean+SD of triplicate HE dx2E 43 3k 848 A, O Q¢ EEEE
experiments. l)Significant difference at p<0.05 by ¢test. IGlass— fl e tpo=o 4 hl id 954 FIFES
wort juice fermented for two years. YGlasswort juice fermented avnoidf 3 h chlorogenic acid —r== ==
for six years. (18,19)°] A HA o] IJEEL 73 P4k S
(BR=1A% h= Tl - }Oﬂu} i 5z A BEAA Az
(Fig. 1), LEFGJS] F#=4 3¢E §243.8 CAE mg/ 3 F2LFAN(LFG)ORRE 259 gatsl B4 2dz
100 mL) SFGJ(51.9 CAE mg/ 100 mL)ell ®1&f 922 cirsiumaldehyde$} chrysoeriole] 4% o 73 4k
=S e BEAFe] A9 AEd SRESE BE g g4 238 E detha Rusirkes). $xua
AE AtatE Bt ol vAEE9 Fgol o3 AtslE A N o] 733} radical-scavenging A4S el Y IS 119
U FalEo] BE ol vl ottty B ETH32). & 3 W shxrRY SAHE A7) 733 shilsl 8H4EZEE
Ar)ttel e F AR FEA SgEe FF Aole o grumdoziy BisoAAE 2o} ngos
FHARI O 2 I2E AFESY Alzd dade|ng ¢ ZA8te] 1 A 7HEt YS Al E FAEW EIH
Zo EAlste 2 FEF Aol AR dou, wade gxdade] Az F A" GYEAE o5t AL
B PAEEY A8 o) HesA FFEEC] 3o Z AoE
RE FHST v FEE REHAT. siEgE ool ACE X3 &4l
xS 9| radical-scavenging &4 gxAaAs tddo=z ACE A3l €48 78S 2
Fxdade] ksl 8498 dolR A DPPHOF ABTS' (Fig. 3), Ha7|Zko] T2 gxdadse] ACE Al A&
radical-scavenging 8495 ZARE 23, gxTaAL & FE EH R FrekA e LFG)7F SFGJR T k3t =
= 9)J&24 2 Z DPPH radical-scavenging &4 YEW o < Al 24S B, EEv I3l weh ACE A8 24
(data not shown). ©]o] A|&9] Fxo| & DPPH(HF= o] AR E AR FUMEE Ao AdHYy. o] Av= B
%, 100 uM) radical-scavenging =41 2. 2 B-¥ 50%<] DPPH subtilisE )43t &4 daAZl FxaagNde] Ay I
18 D 2
A < 0.05 B ns
16 [ | I_ I
20
14} T T
2 2 2 45}
S 10} G
2 el
< 8 2 10f
Q s} 3
4 T 05
2 L
0 0.0

SFGJ? LFGJ 4 ascorbic acid 3 SFGJ3) LFaJ¥ ascorbic acid 9

Fig. 2. DPPH (A), and ABTS" (B) radlcal scavenging activities of glasswort juices fermented for the different periods. Values
are mean+SD of trlpllcate experiments. Statlstlcally significant dlfference at p<0.05 by ftest. “ns: statlstlcally no significant difference
at p<0.05 by ¢ test YGlasswort j juice fermented for two years. YGlasswort j juice fermented for six years. 9SCy of ascorbic acid was
3.4 pg in (A). ¥SCs of ascorbic acid was 1.8 g in (B).
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Fig. 3. ACE inhibition activities of glasswort juices fermented
for the different periods. Values are mean+SD of triplicate
experiments. ns: not significant. “Significant difference at p<0.05
by ttest. @ SFGJ, O: LFG].

A7) A3k Fo) ACE As) B4E wime A%, BE ¥
4ol Frhae A5t FASHAT,

ACE A3 2

StxEHE 09| g—glucosidase X8l EHA

a-Glucosidase A& A= AWM &slEe] A5lE
AFGozH o F4E AAAA, A% T dsS
AAAZ F Qo] A28 T Ao A dWrFH o2 A
Hi e XA F sho|th o]ol] FRLE NS o=
a-glucosidase A3l &8 7A3 A (Fig. 4), Fxdad

< & EHe
SFGJell Blsl & A8 &S
AlE Zhe] A3 &AL tha ZfolE
Z e oA aFET ol e} g EJ’}E Zr=thal gk
A3 QH(4,5,34). AA EAs=
AE-2L flavonoid$, phenylpropanoidf 53 22 phenolic
SFES0] R Q=H(35-37), GA AFE uhe) 2ol
St %o+ flavonoidi ¢} chlorogenic acid =458 £3+
g g s StEe] EAst Ak kA ol H
IJFEEC] g2 & FJxuta o] g-glucosidase A3l &
Z AAMES a2y 2 AF ATl A
= FlsgEol i% 9 SFGJE Y LFGJ7 o & a-glu-
S YEPUTH ol d e S s & o,

a-glucosidase A3} &

cosidase #

a-Glucosidase inhibition activity (%)

0 1 1 1 1 1

0 2 4 6 8 10
Fermented glasswort juice (uL)

Fig. 4. a-Glucosidase inhibition activity of glasswort juices
fermented for the different periods. Values are mean+SD of
triplicate experiments. “Significant difference at p<0.05 by ¢ test.
®: SFGJ, O: LFGJ.
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Table 5. Effects of supplementation of fermented glasswort juice on the body weight, food intake, water intake, and FER

in SD rats
Groups” Body weight (g) Food intake Water intake FER?
P Initial Final (g/day) (mL/day)
Control 412.6+12.47% 491.2+227 215+4.1™ 53.6+2.5™ 13.0+2.0™
FGJ 416.9+18.2 471.9+28.8 199418 58.4+26 9.7+75

DControl: Sprague Dawley rats supplemented with 4% NaCl, FG]J: Sprague Dawley rats supplemented with 4% NaCl and 2%

fermented glasswort juice.

PFood efficiency ratio=body weight gain (g/day)/ food intake (g/day) x 100.

YValues are mean+SD (n=9).

NS: statistically no significant difference at p<0.05 by #test.
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Fig. 5. Oral glucose tolerance test of SD rats fed diets con-
taining fermented glasswort juice for four weeks. Values are
mean+SD (n=9). ns: statistically no significant difference at
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