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Preparation of Fermented Sauces with Increased ACE
Inhibitory and Antioxidative Activities
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ABSTRACT For development of premium sauce, fermented sauces containing ferment (with wheat flour and soybean)
and extract(s) of Styela clava (Korean name: miduduk) tunic and/or mulberry leaves and/or onion were prepared,
and their angiotensin converting enzyme (ACE) inhibitory and 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
activities were evaluated. All sauces containing extract(s) showed increased ACE inhibitory and DPPH radical scaveng-
ing activities. Especially, sauces containing extracts of mulberry leaves and onion showed superior activities, with
26.92% and 40.66% relatively increased ACE inhibitory and DPPH radical scavenging activities, respectively, compared
to control (no extract was added). These results suggest that extracts of mulberry leaves and onion could improve
antihypertensive and antioxidant activities of fermented sauce.
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Table 1. Formula for fermented sauces in this study (unit: %)
Control S M (@) SM SO MO SMO
Crude fermented material 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
Vinegar 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00
Sugar 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Enzymatically modified stevia 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
High fructose corn syrup 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Apple extract 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Purified water 47.90 47.90 47.90 47.90 47.90 47.90 47.90 47.90
Spirit 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Miduduk tunic extract - 0.01 - - 0.01 0.01 - 0.01
Mulberry leaves extract - - 0.10 - 0.10 - 0.10 0.10
Onion extract - - - 0.50 - 0.50 0.50 0.50

Control, fermented sauce; S, fermented sauce containing miduduk (Styela clava) tunic extract; M, fermented sauce containing mulberry
(Morus alba L.) leaves extract; and O, fermented sauce containing onion (Allium cepa L.) extract.
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Table 2. Physico-chemical characteristics of fermented sauces
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222 et} Sk BEa s T AR E) hF
T AEA 9o Fo FFYeEM HaE] FAA Y
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ACE+= angiotensin [ & angiotensin I & HA3kA] 7],
A%E angiotensin I+ ¢ 452 ¥d¢] Hr}. ACE
A3 angiotensin 12 A& == RS AAA A ol
Asshes AL gol=rh(20,21). B Ao dEa e
vdy A4, 84, i F2ES Jrkstd du¥ddss
7134k &eivt. vy gl 7kg & A ve Y
Ao B 25| A5 1€953E 7€74 F8A7]4 we}
ZFolE Bol7]= sy 10 mg/mL -sX=ol4 18.33~45.77%
o] ACE Adl%<& Yttt Rusoh22). B &
FEES LY AddA S WFEE 297 e, 4T
3k ACE A3%5(1C50=29.8 mg/mL)<S Rt B EATH
(23). w3+ %o IFH quercetin-4-glucoside7} ¢t
et Aol & AEE o EN Fudgel a7t A&
< W3 vl qdTh24).

02

=

watel @ B B FEEY 4v FEES HtS
Mz} Ooll A 22} 74.49, 70.61% % ACE Adlso] Z7Fst4
o, vy A FE2ES FUHe S 61.37T%E U=
oF o A8l ol & WER A & %AHXK0.05). F 7HA F
53 g FEES Htet
2 37rekels wWjrk ACE

Control S M o SM SO MO SMO
Total nitrogen (%) 0.52£0.01  0.51£0.01 0.51£0.01 0.51%0.01 0.51%0.01  0.52+0.01  0.52+0.01  0.52+0.01
Amino nitrogen (mg%) 75.48+0.19° 76.00+0.19" 75.20+0.15" 76.88+0.07" 76.88+0.09" 76.72+0.09" 75.64+0.19° 75.64+0.10°
pH 3.93£0.01  3.92£0.01 3.93%0.01 3.93%0.01 3.93:0.01  3.92+0.01  3.92+0.02  3.93+0.01
Salinity (%) 2.59+£0.07  2.64£0.07 2.5740.08 2.62+0.09  2.59+0.08 2.60+0.09  2.63+0.08  2.60+0.09
Moisture (%) 67.75:1.00°  65.28+1.00 66.54+1.00" 65.01£1.00™ 66.51+1.00 65.01=1.00° 67.16+1.00" 64.64%1.00°

Each value is the mean with standard deviation from triplicate experiments. The mean value for each fermented sauce was compared
by an analysis of variance conducted by the General Linear Model with SPSS software (Ver. 12). Values not sharing the same

letter are significantly different from one another (P<0.05).

Control, fermented sauce; S, fermented sauce containing miduduk (Styela clava) tunic extract; M, fermented sauce containing mulberry
(Morus alba L.) leaves extract; and O, fermented sauce containing onion (A/lium cepa L.) extract.
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Fig. 1. ACE inhibitory activity of several fermented sauces.
Each value is the mean with standard deviation from triplicate
experiments. The mean value for each fermented sauce was
compared by an analysis of variance conducted by the General
Linear Model with SPSS software (Ver. 12). Values not sharing
the same letter are significantly different from one another
(P<0.05). Control, fermented sauce; S, fermented sauce contain-
ing miduduk (Styela clava) tunic extract; M, fermented sauce
containing mulberry (Morus alba L.) leaves extract; and O, fer-
mented sauce containing onion (Allium cepa L.) extract.

1 AEsstgorm, gz vlaiAeE A
6.92 %-/] ACE A&lso] 7139t vjgy A2z
S Z3H3 SM(76.28%), vt9 A4 v} okvq_
= %’%i SO(75.65%) % W0l >ZE 3} v} Z
1744k 4§-RohE ACE Asisol 57}
o)A & &kth(7X0.05). Al 7FA] &

84 46%§ 7}%} =2 ACE A3

52
Ei
m{n

oL -1N

3 oy &
4 P
i o [o

tlo m{n
o = o

o off o IN rfr AN 2 £ A1 o Lo g

olr rLL{\lv
i

o

e

Z
@)
B¢
v
L
O
s
fz
3
(o3
zf‘a
> T
o:%
bR
(@)
N o
% 3
—O|L.O{|
25
(o]
i

rie o

ad}

=

W, 0 2 o o
lo

o
My Tl o o

= Xi 0}’\]74 F’—%
ol :ESte A
A & FEE
(27,28), #2] 9] flavonol ¥l3A = 70“?—“‘.5‘} 5&)&5}%% Eol
™ (29), &u}2] 7 9-o+= quercetin¥ 7t o}y e}t

yl disulfide ¥ diallyl disulfide®} &<

o] T FHrElo] o] thke AE A Ve B S
st a9E Adva EaEoA 9lrh30,31).

olef ¥ Aol M= 7} WE o] telsS DPPH &
4 2AT O R A3 Fig. 20 YeERAALE izt e

o

GaE A so A% 1541

DPPH radical scavenging activity (%)

Control S M (¢] SM SO MO  SMO

Fig. 2. DPPH radical scavenging activity of several fermented
sauces. Each value is the mean with standard deviation from
triplicate experiments. The mean value for each fermented sauce
was compared by an analysis of variance conducted by the
General Linear Model with SPSS software (Ver. 12). Values
not sharing the same letter are significantly different from one
another (P<0.05). Control, fermented sauce; S, fermented sauce
containing miduduk (Styela clava) tunic extract; M, fermented
sauce containing mulberry (Morus alba L.) leaves extract; and
O, fermented sauce containing onion (4//lium cepa L.) extract.
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