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ABSTRACT

Study on the Utility of Herb Extracts
for the Inhibition of Pressor Effects Induced
by High-Salted Foods (Doenjang and Ganjang)

Han, Kyu-Jai
Advisor : Prof. Kim, Kyong—Su, Ph.D.
Department of Applied Science and Technology,

Graduate School of Chosun University

This study is purposed to investigate such functional seasoning foods as will
prevent and/or reduce the harmfulness of salt while not damaging the sensory and
flavory traits of traditional fermented soybean products, which are added with herb
extracts contributing to anti-hypertensive activity and improved function of kidneys.

Fermented soybean products were manufactured by adding herb extracts made from
13 traditional herb materials, which are effective in reducing blood pressure and
improving kidney functions, to fermented soybean paste (Doerjarg) and soy sauce
(Garyang), in the ratio of 3% or 5%. A product which was added with 3% of the

extracts was chosen and used in the final experiment.

I. Analysis of general components of functional fermented soybean products

As a whole, an analysis of general components of ordinary fermented soybean



products and functional fermented soybean products added with 3% or 5% herb
extracts found no significant difference in their general components.

An analysis of the total amino acid and free amino acid in ordinary fermented
soybean products and functional fermented soybean products detected 17 kinds of amino
acids, among which glutamic acid establishing the taste of foods was contained in the
greatest quantity. Furthermore, there were contained in all the experiment groups
including valine, leucine, isoleucine, lysine, methionine, phenylalanine, threonine, etc.

A sensory test on the experiment groups (functional Deorjang and Garnjang) added
with a different proportion of the herb extracts found no significant difference in their
sensory elements. In analysis of volatile compounds, effective compounds of the
extracts were also observed in functional products, which implies that the extracts can

be used to manufacture functional fermented soybean products.

0. Test for the functionality of the developed products

Determining the ACE (angiotensin converting enzyme) inhibitory activity of the
extracts found that the extracts has an overall inhibitory activity.

An animal experiment was conducted to determine the functionality of functional
soybean products added with herb extracts. The experiment confirmed that a clearer
anti-hypertensive effect was observed from experiment groups administered with the
herb extracts, compared to control group administered with ordinary feed only or other
experiment groups administered with fermented soybean products without extracts.

No correlation was detected between the administration of extracts and the lipid
concentration in blood since there was no significant difference among groups
administered with the extracts and groups without extracts. In contrast, experiment
groups administered with fermented soybean products show a significantly low content

of total cholesterol, triglyceride and phospholipid, compared to control group



administered with ordinary feeds only. This demonstrates that ZDeorjarng or Garnjarng

contributes to the reduction of the concentration of lipid in blood.

This study aims to apply physiological functional materials to solve the problems of
existing fermented soybean products, improve the images of such foods that are known
as high-salted foods, and develop functional foods in order to help activate the
fermented food industry, satisfy consumers’ desires for functional foods, and,

eventually, increase their purchasing power for functional fermented soybean products.
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Figure 1. Prevalence rate of major disease in Korean adults.

<Source: 2005 Korean National Health and Nutrition Examination>
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Figure 2. Comparison of sodium intakes.

<Source: JoongAng Ilbo, November 5, 2006.>
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Figure 3. Major source of sodium in Korea.
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Table 1. Ratio of content of herb materials for extracts preparation

(Unit: %)
Scientific name of herb material Korean name Ratio of content

Hottuyvrnia cordata Thunb. oA = 10.81
Cassia tora L. A A} 10.81
Cornus officinalis Sieb. et Zucc. EaETE 10.81
Sclizandra chinensis Baillon 2wzt 10.81
Poria cocos Wolf. &= 8.11
Atractyviodes japornica Koidzumi ull = 8.11
Polvporus umbellatus Fries ] = 8.11
Faernia albiffora Pallas var. trichocarpa ) 2 o 311
Bunge
Astragaliis membranaceus Bunge 3}7] 5.41
Cnidium officinale Makino AT 5.41
Scutellaria baicalensrs Georgi 3= 541
Sregesbeckia pubescerns Makino 3 A 5.41
Cinnamomum cassia Blume = A 2.68

100
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Table 2. Screening of herb materials

Korean ACE
Scientific name of herb material inhibition Remarks
rate(%)
Alisma orientale Juzep e A} 30.3 AE U8 AEET}
Paeornia sufruticasa Andrews =t 38.3 AE A5 AFEETL
Phellodendron amurense Rupr. < 42.8 A% AE AFEET}
Angelica koreana Maxim. AR 21.3 A A5 AR &V}
Saposhrikovia divaricata Schischkin Ll 18.8 AE ds AFEETL
Angelicae daturicae Radix 1l 7 20.4 AE A5 AFEETL
Uncariae rmulus et Uncus 7% - AE 95 AFEETL
Celosiae semen & A} - AE 45 AMEETL
Reltmanniae radix Preparata = A & 105 ACE A& &4 oFg
Dioscorea japonica Thunb. 2k ok 9.8 ACE A& &4 kst
Angelica gigas Nakai g 12.4 ACE A& &4 g
Araliae cordatae Radix =g 11.8 ACE A& &4 o3

_11_



Boiled soybean

Meju formation

— Add 18% NaCl

Ist Fermentation

Liquid parts Solid parts

2nd Fermentation

Soy sauce Soybean paste

Adding herb
extracts

Functional fermented soybean products

Figure 4. Manufacturing process of functional fermented soybean products.
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A2ANsANELAY IFASIA T g

~5

1. Angiotensin converting enzyme (ACE) A3 &3 A&

ACE storage buffer= 300 mM NaCl2 & -#3% 0.1 M Sodium borate buffer
(pH 83)2 =A3slo] WFRT g F SigmarbMO, USA)ZHEH FYgt
(rabbit lung acetone powder)E 0.1 unit/mL?* 3]Asle] &34 7

Hoay g4 FAZA A ) E5te] AL P}

. 7

(i)

goe A=

Substrate storage buffer= 300 mM NaClg %3 0.1 M Sodium borate

buffer (pH 8.3) 5 mLel hippuryl-histidyl-leucine (HHL) 25 mgg #7}3o] 2
Holl AH-&3F AT

gt ACE Al 24 54

AN 50 ulE

=

ANd o] 1% (v/v) FE°
0

AdZ8A 100 uLet ACE
49 50 uLE ¥ 37C water batholl Al 5&3F o ujukg s}, of 7] 7]
Agd 50 uLE ¥ar 37ColA 3027 w3 A7 &

2l & 1 N HCI 250 uyLE 7}3}o]

_13_



WSS A XAtk o] 7] o] ethyl acetate 1.5 mLE 7}3lo] 587 voltexd & 3
T dAEE At g e 1 mLE & 120Cel
£

A 30ERE 2T F FFRST 4 mLE 7Fete] 1ARF w9 &ds] &aARl 2

((C— Cb) — (S Sb)}
(C— Cb)

A& (%) = x 100
C : Control (Controld &3 %)

Cp : Control Blank (Control &A1 89 &34 %)

S : Sample (Sample?d] &34 %)

Sy @ Sample Blank (Sample A5 9 &3 %)

_14_
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S433H, Vertriebs GmbH, Germany)Z AF-&

]

A

Rom, A4

%

& Table 40 AA

Z71L% Table 3, f8 o}

1 mg
1000 pg

X

EEEICS)

)

A& FA (g9

3
=

]

A

¥ 4 (ug/ml) x

}‘\l_

obv] :=AF amount (mg/g) = AFA A 7
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Table 3. HPLC operating conditions for total amino acid analysis

Column Esclipse AAA (150 mm x 4.6 mm, 5 gm) mm
Column
40°C
temperature
Injection volume 10 uL
Mobile phase . %A 40 mM %B : ACN: MeOH:
Time NaH2PO, DW
(pH 7.8) (45:45:10)
0.00 100 0
2.48 100 0
21.14 43.3 56.7
24.22 0 100
29.72 0 100
30.94 100 0
34.66 100 0
Flow rate 1.5 mL/min
Detector UV 338 nm
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Table 4. HPLC operating conditions for free amino acid analysis

Column Esclipse AAA (250 mn x 4.6 mm, 5 gm) mm
Column
40°C
temperature
Injection volume 10 uL
Mobile phase . %A 40 mM %B : ACN: MeOH:
Time NaHPO, DW
(pH 7.8) (45:45:10)
0.00 100 0
2.48 100 0
30.00 43.3 56.7
31.00 0 100
32.00 0 100
35.00 100 0
40.00 100 0
Flow rate 1.5 mL/min
Detector UV 338 nm

_17_



1Lo#AeA FAHEY 55 2 2N
oAwy gAYEY F3

Z+2+e] Al E Milli Q water 1 L £%3¢] waring blender (MR 550 CA,
Braun, Spain)® 18¥7F ##3 % 01 N NaOH 8945 H7I3so] pH meter
(Pinnacle 530P, Nova Analytics Corporation, USA)Z ZA3stHA pH7} ¢F 65
b s AR, ol ATA FVAEY] FE8 AEE AFEEA

G718 F52 Schultz (46) 9 WR wet AFd A&5FT7] F/7F
Z 42 (Simultaneous steam distillation and extraction apparatus, Likens &
Nikerson type, SDE) (47)& A3toll A 2A17F F¢F F &3 o (Figure 5). o] d

G FEE1E AFFH3I n-pentane diethylether & ¢-&vi(1:1, v/v)
&

200 S AFgdtg o AZFEAS ] n-butylbenzene 1 mgg WHEIFFE3
24 " Ao AH H7skdd. SDE Moz FE5d FE & T4

NaS0,5 F7Fsto] st &b WA st &2 A7 s

A FAdEY F7Ed 28RS Vigreux column  (Normschliff
Geratebau, Germany)< AF&3te] ¢ 1 mL7MA =312 GCE vialdl &1 %

1
A7k 7178kl A oF 05 mL7bA] w538kl GC/MSe] 24 82 skl
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Apparatus for Likens-
Mickerson simultaneous
distillationfextraction

Figure 5. Apparatus for Likens and Nickerson used for
simultaneous distillation and extraction (SDE) of volatile

compounds.
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i

2. 84 PR B4/ 24

st oW, columns DB-Wax (60 m x 0.25 mm id., 0.25 ym film thickness,
J&W, USA)S Abgstd i, &% g 3380 40CoA] 3817 FAF & 2T

/ming] £% 2 150C7HA ©A] 4C/ming £% 2 200C7HA A5A71 & 10

2 FrAEE S AA ST Injector®t detector?] &% 77} 250°C, 3007 o] W,

Sh

carrier gast helium< AF§3to] §4%2 1.0 mL/mine 2 At Al5E& 1 ul

= gsplit ratio 1:200.2 F4 35+
v}, Gas chromatograph/mass spectrometer (GC/MS)8 &4 =7

A 7| ARe AgFRAS 93 GC/MSE Shimadzu gas chromatograph
/mass spectrometer QP-50002 Al&3l o™ Al 52 o]&3}= electron impact
ionization (EDW® o= st GC/MS 4=
eVE 393, ion source 2%+ 230CE 3tyt) T3 BAT Expgo ¥
(/2% 40-35002 MAASHULY. g8 EAZHAELS GC-FIDY Edxd3 &

gt 2o 2 BA3HH(Table 6).
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Table 5. GC conditions for analysis of volatile compounds

GC Hewlett-Packard 5890 series II Plus

Column DB-WAX (60 m x 0.25 mm ID., 0.25 ym film thickness, J&W)
Detector FID

Carrier gas He (1.0 mL/min)

Make up gas N> (30 mL/min)

Temp. program 40C (3 min)-2C/min-150C -4C/min-200C (10 min)
Detector temp.  300TC

Injector temp. 250C

Injection volume 1 pL (split ratio 1:20)

Table 6. GC/MS conditions for analysis of volatile compounds

GC/MS Shimadzu GC/MS QP-5000
Column DB-WAX (60 m x 0.25 mm ILD., 0.25 ym film thickness, J&W)
Carrier gas Helium (1.0 mL/min)

Temp. program  40C (3 min)-2C/min-150C (G min)-3C/mn-200C/2C/mn-210C (15
min)/2C/min-230C (5 min)

Injector 250°C

Ion source and 230°C

interface temp.

Tonization Electron impact ionization (EI)

Tonization voltage 70 eV

Mass range(m/z) 40-350

Injection volume 1 uL (split ratio 1:10)

_21_



o HuA BEgEe % 2 A

A

GC/MS| 93] total ionization chromatogram (TIC)o| £ & @ 7z peake] A
< mass spectrum library (WILEY 139, NIST 62¢ NIST 12)¢2} mass
spectral data book?] spectrum (48)¥<2] U = GC-FID &4 o <ozt

retention index®} FH A9 retention index (49, 50)¢}¢] Az, 181 FTFEF

S
i
1%

o] A datag vlasto] Zlet o
AHEFS st VAR FE5 A WEFETEZE 7MY n-butylbenzened &

e F714 %9 peak areas o] 83dto] A& 1 kel & IEA FUIEES

oA oz A e,

C x 1000 g

Component Content (mg/kg) =
Ax Bg

: ZF AlE 9 A internal standard®] peak area

ok

O @W >
>
il
Lo
(e

D ZF Aol ZF A9 peak area

2}. Retention index 9

FE5 AxY FE A TAHoZHN Kovats BL7F Agkst W FE A
(retention index or Kovats index, RI)E 4] 47tS 7|02 st HEEFE A
e S7A02 T AF Aot}

Aol g 84 MR E AFE ¥ =9 chromatogram $olx 1 84
=

£ Azrel ok Ho] YEhb: T oY A te] wEE Agewy

O
W2 24 chromatogram O 25 €28 #9137 93t 2145 Thalbn
=



Log Vre — Log Vrwe
RL = 100 Z + 100 { }
Log Vr@z:1 — Log Vre

- RL : 38 E 19 retention index

* Ve, Vi@, Vrza) @ 3P E 1, 457 2407 Z, Z+1%0 A &43h9
<

A efol osty, 23 alkane® WFEF AT column FXA, &g
£ chromatography =713 F3#3tA 1 & 5o A+ & 59 1004
2o #FS zZteEvy. wEbA n-alkanee o= 4 columnodl A% d73 CHy
(RI=100), CoHs (RI=200) -+ CpHapez (RI=100n) o] 2te B-A R E U EFATHG2).

HEE AxE Tl #stel F 7k £9E S, mixture I (CrCio),

=

|
e,
o
Lot
o
ot
ol
9,
ot
i)
2,
o
fru
BN
Y
ot
ol
2
gl

mixture II (Ciz- Cs3)¢] n-alkane X+ %

>
)
Q 4
=
-}
Mo
o
_0|L
2
£

A" 39 1 ulE Sd9E HA £ =7 (Table 5)9
GC chromatogramol Al &<l %¥ n-alkane E =
time, RT)S& o] &3to] 24 % basic programo] 4% Z} peak?d WFE A 7H

< Wgste] 72t peake] RIE G #Hat At

FoAAl FISER gk B4, 0 A B % % FFH N5 47
A Eqel datel 91 Axwoem zARdL. /i b Frhlike

extremely)”& 94 o2 “7}4 #vh(dislike extremely)”& 1HCo=2 H7}38t9

(53). #5AA adodE A2FEEL Aol Azd 1%, 4L 47 10
g(Al, ol W@ W7h Am, A4 QA AF), 2eln DA, 4 5 g Aol 2
100 mLE R3 F83 §aAA A4 Folgol AHFHN U F& A= (%



of gk H7t A5)et H7E AbolAteld PE VM F AEHE A ES AF
kA, AxtE SPSS EA TR analysis of variance (ANOVA)$}
Duncan’s multiple range test (DMRT)E ©o]&3}o] p<0.05 FFolA FoAS

7 sk
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Seasoning foods

BLENDING

- Add 1000 mL water
- Adjusted to pH 6.5 with 1IN NaOH
- Add n-butylbenzene 1 mg as LS.

SDE

By solvent mixture of n-pentane/diethylether
(1:1,v/v) 200 mL, for 2 hrs

DEHYDROGENATION

- Adding anhydrous NaxSO,4 for overnight
- Filtration

CONCENTRATION

- Concentrate to 0.5 mL by Vigreux column and N»

GC-FID & GC/MS

Figure 6. Analysis of volatile organic compounds from seasoning foods.
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150 mL7F A48 EFo] =1 ol& AA AF 0.25%l sFHct SHRS 47
FA oF 100 g, 8F®H A 350 go] HER Hit AFS 250 go= T uf AT
0.25%°] FEE AE2FE5=29 % 0625 mLolth, waks, a5 20 g =9
AEE AFAsE #A7F shFel 0625 mLE AFHE7] A3 AEFEEY H7) o
&2 AR 3%(0.03125)0] o}

A2 AA7IZE Fok wiF 13 22 Aol At SHR= 36T=2 =4

=
BP Analyser, LE5002, PANLAB, S.L., Spain)& ©¢| &3t negsoziy
Z7], o)¢7] @ FF Yot

& y
Aolgts A2k AT GeiA 23 24z e HHA2 Ak
4 5%

= o o
v 18] A E RS SHRO b+l Adsted 15-2 mLe RS Adsn
ot AT ® tubeol A 2A17F X AZI & 4500 rpmol A 7TEZF YA E 8 5o
Ao gHog FZyY2dHE, HDL-ZdU 2HE, LDL-Zd28HE, TAAY, o

Ad % 9 ALTS ASTO @45 S48 At 2928 &= HDL-, LDL-
Fd2HE 9 JAAA FgF a4, FAAYL Lipase, GK, GPDY, SGPT%}
SGOT+ IFCCHo= #HAsIE o™, HAAF kit 22 Cholesterol reagent
(Bayer, NY, USA), Direct HDL-Colesterol (Bayer, NY, USA), Cholestest
LDL (Daiichi, Tsukuba, Japan), L-Type PL (Wako Pure Chemicals, Tokyo,
Japan), Triglycerides reagents (Bayer, NY, USA), ALT reagents (Bayer, NY,
USA), AST reagents (Bayer, NY, USA)E A}&33% o Multifunctional
Biochemistry Analyzers (ADVIA 1650, Bayer, Japan % Hitachi 7180, Hitachi,
Japan)2 2] 3} % thH(Table 8).
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Table 7. Ingredients of experimental diets by group at the Ist phase

Content (%)

Ingredients

Control Group I Group II Group III Group IV Group V Group VI

Normal feed”

100 - -

High fat feed” - 100 90.0
sp? - - 10.0
Extracts - - -

- - - 87.0
90.0 885 87.0 -
10.0 10.0 10.0 10.0

15 nl/dy” 15 3.0 3.0

)

w

4)

Compositions of Normal feed:
- Crude protein no less than 22.1%

- Crude fat no less than 3.5%
- Crude Fiber no less than 5.0%
- Crude ash no less than 8.0%
- Ca no less than 0.6%
- P no less than 0.4%

Ingredients of High fat feed: Normal feed 83%, Lard 15%, Cholesterol 2%

Fermented soybean paste

Oral administration.
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Table 8. Methods, kits and analyzers used for serum analysis

Item Analysis method Kit Analyzer
Cholesterol, Enzymatic, Cholesterol reagent ADIVA 1650
total colorimetry /Bayer/USA /Bayer/Japan

] Direct
HDL- Enzymatic, ADIVA 1650/
) HDL-Cholesterol
Cholesterol colorimetry Bayer/Japan
/Bayer/USA
Cholestest LDL Hitachi 7180
LDL- Enzymatic, /Daiichi/Japan /Hitachi/Japan
Cholesterol colorimetry LDL-Colesterol ADIVA 1650
/Bayer/USA /Bayer/Japan
) ) Lipase, GK, Triglycerides reagents ADIVA 1650
Triglyceride .
GPD, colorimetry /Bayer/USA /Bayer/Japan
o Enzymatic L-type PL Hitachi 7180
Phospholipid . .
method /Wako/Japan /Hitachi/Japan
ALT reagents ADIVA 1650
SGPT IFCC
/Bayer/USA /Bayer/Japan
AST reagents ADIVA 1650
SGOT IFCC
/Bayer/USA /Bayer/Japan
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o AF250 g/vhE)e argsie] SAAH] A TRy Fdd FAHATY
0.25% = 0.625 mL)= AFst=s Abmel (A Ars el 3.125%)8k3 o,
BrFAT(AEE Vde 449 a4 FolgFe 2v(1.25 mL/¥)E Fo153

=

L

.ﬂ

EAlRE A

A dH 2 Axsto] =3 A A+ AFHAAT

Automatic Blood Pressure Analyser, LE5002, PANLAB, S.L., Spain)& ©|-&3}
of nElFHoRTRY F=7], oy B A S wiF 13 2 A7te] 53

o) RbE FAste]l HUgd HAgs AT HHAS AEsAH

2]
1.5-2 mLe €S AMdstar 3y Aefd tubeoll A 2417 AAAZ F 4500
rpmol A 723 A et 48 A S olgote] T 2HE, HDL-Zd =
H &, LDL-Zd 28 &, $4 A% AdA4d 5 ddF A4d v=5 4592 1+
715 Ax HAFE 93t SGOP, SGPT &A=& A9t

FTZU2HE3% HDL- % LDL-Zd=H =, A4 = 249, FAAAW
< Lipase, GK, GPDY, SGPT¢} SGOT+ IFCCH o= HAlstd om, AL kit
= 747 Cholesterol reagent (Bayer, NY, USA), Direct HDL-Colesterol
(Bayer, NY, USA), LDL-Colesterol (Bayer, NY, USA), L-Type PL (Wako
Pure Chemicals, Tokyo, Japan), Triglycerides reagents (Bayer, NY, USA),
ALT reagents (Bayer, NY, USA), AST reagents (Bayer, NY, USA)E A} &3}
¢ o Multifunctional Biochemistry Analyzers (ADVIA 1650, Bayer, Japan %
Hitachi 7180, Hitachi, Japan)Z 4] 3} % t}.
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Table 9. Ingredients of experimental diets by group at the Z2nd phase

Content (%)

Ingredients
Control  Group I Group II Group III Group IV Group V
Normal feed” 100 90 90 87 87 100
sp? - 10 - 10 - -
ss” 10 - 10 -
Extracts - - - 3 3 125 ml/day”

v Composition of normal feed:
- Crude protein no less than 20.0%

- Crude fat no less than 7.0%
- Crude Fiber no more than 7.0%
- Crude ash no more than 6.0%
- Ca no less than 0.5%
-P no less than 0.4%
- Moisture no more than 10.0%

? Fermented soybean paste

» Soy sauce

7 - .
Oral administration.
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Bl & A 91 morroniside, loganin 5 °] ATt TX RN = AYAFAF, FHGFO
2 FEsE B gE AF S w5l 254 AF ve d, seotE, o
Aol = & uwl A& TTHE]).

LW AT (Scizandra chinensis Baillon)9] vl Qowz= B2 F9 f7]
kol Ffrxlo] Jom, A7kA] Eg Euje f{7]4F2 citric acid, malic acid,
UL

tartaric acid % ©] 9, tannin, anthocyanin, pectin, 8%, A#7F &

Atk w3 dujol= 44|, saponin, ascorbic acid’} &% o] ti. T X 2o
=

o wesE, 58, 2444, T8 2 )
ol wud Foln oluwAg, AAAE, HASHF FHAE Fol dx Ao

del A dth64). HH FTol= thdF2 pachymano] oF 949%, triterpene, B3, F
7] =, ergosterol®] U © ™, ftriterpenoids ¥ T E, FdF, FIHEYd 59
1

B A5, 66) AQA L AW Beo] AL, Gack NP, FFAUY
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< Aol yH7A 2 fgute]l gls W, ANAF, 7tE EFAH, FS ol FA
X oof &) 3 259 1HaA B A ofX§ ok tH(64, 68)
W =2 AE(Afractviodes  japonica Koidzumi) Etv BN &= (Adactylodes
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AolFolm Solu ¢ LA Adh wAW 4ol o] WEHTIL 8o
A5 deld @k Bl AL B AT AAET FAZ bW, BAd, A
Avpel, F%, 18, FE, ANE, 40D, 39, B0, N9AAeE, 44
| &7k vk, 81),

SAE B FRAAN AWM EE Crmmamomum cassia Blumed] el g2

ojf
2

& A 80% o9 =2 ACE AAIZA4E ® 4= FT(8637 =+
1.31%), A% (84.59 + 4.24%)% 2% ol th. 30-59%°] ACE Al &4 w3l o
EAEE F 4T o2 AWAMUIES £ 228%), WMAK(BR25 £ 265%), 19

1.65%), A3 (3196 + 1.01%) ol 5%, 3, &7, 7], 2w,
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Table 10. ACE inhibitory activity of herb materials

Scientific name of herb materials

Korean name  Used part

ACE inhibition

rate(%)
Scutellaria baicalensrs Georgi 3= R 86.37+1.31
Polvporus umbellatus Fries & SC 84.59+4.24
Cassia tora L. A A} S 47.55+2.28
ngiawj/gﬁf; Pallas  var-— wyzpof R 38.25+2.65
Hottuynia cordata Thunb. oA % 37.64%1.65
Crnrdium officinale Makino g R 31.96£1.01
Poria cocos Wolf. 5 sC 28.62+1.99
Sregesbeckia pubescens Makino 3 A A 27.63+1.77
Cinnamomum cassia Blume = 7 B 25.81+2.03
g jrtlrgaega/zzs membranaces 27 R 93 49+3.90
Schizandra chinensis Baillon 2wzt F 22.34+3.16
Atractylodes japornica Koidzumi W = R 20.96+£1.51
Cornus officinalis Sieb. et Zucc. A4 F 20.49+3.31

A: all, B: bark, F: fruits, L: leaves, S: seeds, SC: sclerotium, R: roots
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Table 11. Contents of main compounds in fermented soybean paste

(Unit: %)
) . Crude
Material Moisture . Crude fat Carbohydrate Crude ash
protein
sp" 53.7+0.8 16.0+0.3 8.7+0.4 10.0+0.2 11.6+0.3
HE3? 54.2+1.1 15.7+0.4 85+0.4 10.1+0.3 11.5£04
HE5” 54.6+0.4 15.7+0.3 8.3+0.3 10.3+0.2 11.1+0.3

Y Fermented soybean paste
? Fermented soybean paste added with 3% herb extracts

¥ Fermented soybean paste added with 5% herb extracts
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Table 12. Contents of main compounds in soy sauce

(Unit: %)
. . Crude
Material Moisture ) Crude fat Carbohydrate Crude ash
protein
ssY 71.3+0.7 8.6+0.4 0.3+0.04 4.8+0.2 15.0+0.4
HE3” 71.9+0.4 8.4+0.3 0.3+0.03 48+0.1 146405
HE5” 72.7+0.7 8.0+0.4 0.3+0.01 4.9+0.3 14.1+0.4

v Soy sauce
? Soy sauce added with 3% herb extracts
» Soy sauce added with 5% herb extracts
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Au (g Fa TA oplwmie HE %S A5FE Fo AR

glutamic acid® & o}lw =49 148% = x}A 3t tH(Table 13). 1 t}& o

methionine¥} cysteine &0l AA AEH AL 7 (93)59 AT A9 dH
st AEFEES 3% HUke @& F ooknlmAtedl thste] glutamic
acid (14.8%), aspartic acid (9.1%), phenylalanine (8.3%), leucine (7.9%), lysine
(7.0%) o= HAEHAoH, 5%9 A=F=E H/IE dHFoA= glutamic
acid (14.6%), aspartic acid (9.2%), leucine (8.1%), phenylalanine (8.1%), lysine
(71%) 0.2 Z1 = AH(Table 13).

AdH o

9

dut g 7lsAd g oAt 2 BE APTAA v
e B o (Table 13), 74 ofv =4t & glutamic acid ¥l 7H B9k

g

I valine, leucine, isoleucine, lysine, methionine, phenylalanine, threonine % <]

aobr mite] FrE o] AT
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Table 13. Contents of total amino acids contents in fermented soybean paste

sp” HE3” HE5”

Amino acids
mg/g % mg/g % mg/g %
Aspartic acid  10.50 9.2 10.10 9.1 10.07 9.2
Threonine 6.67 5.9 6.55 5.9 6.35 5.8
Serine 5.79 5.1 5.55 5.0 5.47 5.0
Glutamic acid ~ 16.87 14.8 16.43 14.8 15.98 146
Proline 4.28 3.8 4.22 3.8 4.05 3.7
Glycine 6.83 6.0 6.66 6.0 6.57 6.0
Alanine 7.10 6.2 6.88 6.2 7.11 6.5
Cysteine 1.47 1.3 1.33 1.2 1.31 1.2
Valine 6.81 6.0 6.44 5.8 6.68 6.1
Methionine 2.07 1.8 1.89 1.7 1.97 1.8
Isoleucine 5.05 4.4 4.89 4.4 4.60 4.2
Leucine 8.83 7.8 8.77 79 8.87 8.1
Tyrosine 4.63 4.0 4.77 4.3 4.49 4.1
Phenylalanine  9.25 8.1 9.22 8.3 8.87 8.1
Histidine 4.37 3.8 4.11 3.7 4.16 3.8
Lysine 7.97 7.0 7.77 7.0 777 7.1
Arginine 5.42 4.8 5.44 4.9 5.14 4.7
Total 113.91 100 111.02 100 109.46 100

Y Fermented soybean paste
? Fermented soybean paste added with 3% herb extracts
¥ Fermented soybean paste added with 5% herb extracts

_45_
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glutamic acid (23.5%), lysine (10.0%), aspartic acid (8.4%), alanine (7.7%),
glycine (75%) <oloeH, A% HEH olv =42 methionine (1.3%),
cysteine (0.2%) o] th(Table 14). 3% A EF&2S H7IE A E =
ol =4 5 glutamic acid (22.9%), lysine (10.3%), aspartic acid (8.1%),
glycine (7.6%), alanine (7.5%) =22 HEH U3, 5% 4 &EF
Zol 4+ glutamic acid (23.2%), lysine (10.0%), aspartic acid (8.3%), alanine
(7.8%), glycine (75%) o2 2=t} (Table 14).

Ay og FFoME "o HAE-AHH F ofnito] Utk AEFEEC

F2ES A71E 2

of
ook
rlo
ot
rO
i)
2
&
oA

o™ wvaline, leucine, isoleucine, lysine, methionine,
b

phenylalanine, threonine 5 2] Z 4 ofv]x=Ako] df=of AT},
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Table 14. Contents of total amino acids in soy sauce

ss” HE3” HE5”

Amino acids
mg/g % mg/g % mg/g %
Aspartic acid 5.80 8.4 5.43 8.1 5.49 8.3
Threonine 4.89 7.1 4.76 7.1 4.83 7.3
Serine 3.50 5.1 3.49 5.2 3.44 5.2
Glutamic acid 16.26 235 15.35 229 15.36 23.2
Proline 2.36 3.4 241 3.6 2.32 3.5
Glycine 5.15 7.5 5.10 7.6 4.96 7.5
Alanine 5.32 7.7 5.03 7.5 5.16 7.8
Cysteine 0.16 0.2 0.13 0.2 0.13 0.2
Valine 3.27 4.7 3.22 4.8 3.11 4.7
Methionine 0.88 1.3 1.01 1.5 0.86 1.3
Isoleucine 2.76 4.0 2.61 3.9 2.58 3.9
Leucine 4.00 5.8 3.96 5.9 3.77 o.7
Tyrosine 1.64 2.4 1.74 2.6 1.65 2.5
Phenylalanine 2.81 4.1 2.82 4.2 2.78 4.2
Histidine 2.15 3.1 2.01 3.0 1.99 3.0
Lysine 6.92 10.0 6.91 10.3 6.62 10.0
Arginine 1.15 1.7 1.07 16 1.13 1.7
Total 69.02 100 67.05 100 66.18 100

" Soy sauce

» Soy sauce added with 3% herb extracts
& Soy sauce added with 5% herb extracts
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2 ofn A A Ay = glutamic acidE EE AN FEZOZ W
of AZEF olv]=AiH(Table 15024 ofg A+ ZAIfeA eld nvb
(94-96). 4wt HF9 F olvwgt F g2 3797 mg% = glutamic acid
(18.6%), alanine (10.0%), leucine (9.4%), lysine (8.7%), valine (7.5%), proline
(69%) o= FAEH domn 3% A=FEFE0] H7FE FAH(3,653 mg%)el
A= glutamic acid (18.8%), alanine (10.1%), leucine (9.3%), lysine (8.7%),
valine (7.4%) 0.2 ZAF A H(Table 15). 5% A EFZE0] H7td @A oA
oy F8 ofr =2ty FA L glutamic acid (18.6%), alanine (10.0%), leucine
(9.4%), lysine (8.8%), valine (7.4%) « o2 % g ofr]xAabe dake 3549
mg%°]  tH(Table 15). & F3 otv=2be] ol the glutamic acid®] M &
< Bad Al f@Ae] 23949 mlusle W Aol o v BIFS
Haom, ol i Al 450 MSGE d9do= Hrtg A

506), A 50O Aspergillus orvzaeSt Facilluss: WF =2
ol F frelotugtol vk Aol mlszg Aol o, ZHzke] fr g
ofni=gbe] FF WA e 2 ATek AolE UEdY. ole dE =4, wd
T FA4 AololA 719dg Aow FekE A

w Aol Fe ofmmate] F FHFS HEFEE WY
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Table 15. Contents of free amino acids in fermented soybean paste

sp” HE3” HE5"

Amino acids
mg/g % mg/g % mg/g %
Aspartic acid 1.09 2.9 1.06 2.9 1.03 2.9
Threonine 2.06 5.4 1.94 5.3 1.92 5.4
Serine 2.02 5.3 1.97 5.4 1.92 5.4
Glutamic acid 7.07 18.6 6.87 18.8 6.60 18.6
Proline 2.62 6.9 2.52 6.9 2.45 6.9
Glycine 1.90 5.0 1.79 4.9 1.77 5.0
Alanine 3.79 10.0 3.69 10.1 3.55 10.0
Cysteine 0.36 1.0 0.33 0.9 0.35 1.0
Valine 2.83 7.5 2.70 7.4 2.63 7.4
Methionine 0.71 1.9 0.69 1.9 0.71 2.0
Isoleucine 2.17 5.7 212 0.8 2.02 o.7
Leucine 3.57 9.4 3.40 9.3 3.34 9.4
Tyrosine 0.91 24 0.91 2.5 0.85 24
Phenylalanine 2.01 5.3 1.94 5.3 1.88 5.3
Histidine 1.00 2.6 0.95 2.6 0.89 2.5
Lysine 3.32 8.7 3.18 8.7 3.12 8.8
Arginine 0.54 14 0.47 1.3 0.46 1.3
Total 37.97 100 36.53 100 35.49 100

Y Fermented soybean paste
? Fermented soybean paste added with 3% herb extracts
¥ Fermented soybean paste added with 5% herb extracts
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(2) 2%

Ak 7kAFe] fg] olm A F T HEHS 3890 mg%E glutamic acid (21.8%),
alanine (9.2%), leucine (8.1%), aspartic acid (7.1%) % lysine (7.1%) <o]3 o
H, 3% AEFEE0] H7FE (3,741 mg%)ol A+ glutamic acid (21.6%),
alanine (9.2%), leucine (8.1%), lysine (7.4%), aspartic acid (7.2%) <o 2 &9l
H A (Table 16). 5% A E=FE&ES H7Fek 133,703 mg%) ol A+ glutamic
acid (22.2%), alanine (9.1%), leucine (7.8%), lysine (7.5%), aspartic acid
(72%) £o2 A AtH(Table 16). HF2l #32 o}n =4t F glutamic acid

A= o] A7 ZAHel A gdE vk 9Avh98-101). & (99)F
o] Wugk 55 ol&oto] AT AMAA A frel obwl At 24 ]
&3 R Aoz ved ole WiFe FF AU AT T 4% vAES
of 9% o=t EAHZE DA 7] wWEel Aom AZET. L-opn =4k
ko]l tdled= UubH 0 ®  glycine, alanine, lysine, threonine %2 wut%
methionine, valine, isoleucine, phenylalanine, leucine $< 2ut& glutamic

acid, aspartic acid © %Y #e Wdo(102)2 &4 Aded olgA e e
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Table 16. Contents of free amino acids in soy sauce

ss” HE3” HE5”

Amino acids
mg/g % mg/g % mg/g %
Aspartic acid 2.81 71 2.69 7.2 2.67 7.2
Threonine 2.00 5.2 2.02 5.4 1.96 5.3
Serine 2.32 6.0 2.28 6.1 2.22 6.0
Glutamic acid 8.51 21.8 8.08 216 8.22 22.2
Proline 0.98 2.5 0.75 2.0 0.89 24
Glycine 1.90 4.9 1.83 4.9 1.81 4.9
Alanine 3.57 9.2 3.44 9.2 3.37 9.1
Cysteine 0.06 0.2 0.04 0.1 0.07 0.2
Valine 1.60 4.1 1.57 4.2 1.59 4.3
Methionine 0.81 2.1 0.94 2.5 0.67 1.8
Isoleucine 2.01 5.2 1.95 0.2 2.00 0.4
Leucine 3.13 8.1 3.03 8.1 2.89 7.8
Tyrosine 1.48 3.8 1.42 3.8 1.33 3.6
Phenylalanine 1.81 4.7 1.76 4.7 1.67 4.5
Histidine 1.04 2.7 0.97 2.6 0.96 2.6
Lysine 2.82 7.1 2.77 7.4 2.78 75
Arginine 2.05 5.3 1.87 5.0 1.93 5.2
Total 38.9 100 37.41 100 37.03 100

v Soy sauce
» Soy sauce added with 3% herb extracts
& Soy sauce added with 5% herb extracts
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HEE Ao FHS 939 n-alkane ¥FE2S GCE BAdte] HEES
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Mixture [1

counts

Figure 7. GC chromatograms of n—alkane standard mixtures I and 1I.
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Table 17. Retention time of n-alkanes for gas chromatographic retention

index
n-Alkane Name Retention time
C7His n-Heptane 5.153
CsHisg n-Octane 6.141
CoHao n-Nonane 8.194
CioH22 n-Decane 11.828
C11Hay n-Undecane 17.136
Ci2Hzs n-Dodecane 23.570
Ci3Hoag n-Tridecane 30.446
CuaHso n-Tetradecane 37.341
CisHs2 n-Pentadecane 44.079
Ci6Hsy n-Hexadecane 50.509
C17Hss n-Heptadecane 56.629
CisHass n—Octadecane 62.005
Ci9Hao n-Nonadecane 66.439
CooHa2 n-Eicosane 70.156
Co1Huy n-Heneicosane 73.446
Co2Hus n-Docosane 76.548
CosHug n-Tricosane '79.183
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Figure 8. GC/MS chromatogram of volatile compounds in herb extracts.
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Table 18. Volatile compounds identified in herb extracts

No. RTY RI? Compound name MFY  Mw? mg/kg Total%
1 7364 904 Ethyl acetate C4HgOo 88 0.665 0.37
2 8.033 923 2-Methylbutanal CsHi100 86 0.071 0.04
3 8.167 927 3-Methylbutanal CsH100 86 0.123 0.07
4 10.145 976 2,3-Butanedione C4Hs0O2 86 0.312 0.17
5 13870 1055 2,3-Pentanedione CsHgO2 100 0.066 0.04
6  21.466 1183 Pyridine CsHsN 79 0.216 0.12
7 24752 1233 Acetyl acetate C4HeO3 102 0.071 0.04
8  26.647 1261 Dihydro-2-methyl-32H)-furanone CsHgO2 100 0.311 0.17

.57 30157 1311 Butvlbenzene Cldy 134 - -
9  39.344 1449 Acetic acid C2H402 60 0.345 0.19
10  40.217 1463 Furfural CsH402 96 6.099 3.41
11  42.332 1494 2-Ethyl hexanol CsHisO 130 0.116 0.07
12 42889 1502 2-Acetyl furan CeHesO2 110 0.228 0.13
13 43.999 1520 Benzaldehyde C7HsO 106 0.419 0.23

14  45.004 1536 2,345 Tetramethyl-tricy = Ci2Hisg 162 0.542 0.30
clo[3.2.1.0(2,7)Joct-3-ene

15 47314 1571 5-Methyl furfural CeHeO2 110 1.939 1.08
16 48953 1595 (A)-LG-Caryophyllene CisHoy 204 0.578 0.32
17 51493 1637 a-Humulene CisHos 204 1.458 0.81
18 52.152 1648 Acetophenone CsHsO 120 1.679 0.94
19 52.843 1659 Furfuryl alcohol CsHgO2 98 0.431 0.24
20 55306 1699 a-Terpineol CioHisO 154 0.194 0.11
21 56419 1717 Junipene CisHoa 204 0.751 0.42
22 60.039 1777 Calarene CisHa 204 2.502 1.40
23 61.020 1793 Butyrophenone CioH120 148 0.204 0.11
24  68.879 1917 3-Methoxyacetophenone CoH;0O: 150 0.093 0.05
25 74451 2023 Phenol CsHeO 94 0.118 0.07
26 75158 2037 Cinammic aldehyde CoHsO 132 1.796 1.00
27 77380 2081 3-Methyl phenol C7HsO 108 2.060 1.15
28 79.106 2121 Furanodiene CisH200 216 0.768 0.43
29  81.867 2195 4-Hydroxy-2-methylacetophenone CoHi1002 150 1.244 0.70
30 85.379 2281 Paeonol CoH1003 166  130.767 73.04
31 87.014 2318 Solativone CisH»O 218 2.691 1.50
32 93663 2448 Coumarine CoHsO2 146 1.262 0.71
33 98.070 2524 Senkyunolide A Ci2H1402 190 12192  6.81
34  99.265 2543 Cnidilide Ci2Hi502 194 2.734 1.53
35 101500 2576 Ligustilide C12H1402 190 3.985 2.23

Total 179.03 100

YRetention time,g)Retention index,s)M()lecular f()rmula,A)Molecular Weight,5)Internal standard
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Table 19. Relative amount of functional groups of volatile

compounds identified in herb extracts

Functional groups Number Relative amount (%)
Acids 1 0.19
Alcohols 6 74.68
Aldehydes 6 5.83
Esters 2 0.41
Hydrocarbons 5 3.25
Ketones 10 4.24
N-containing compounds 1 0.12
Miscellaneous 4 11.28

Total 35 100
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Figure 9. GC/MS chromatogram of volatile compounds in fermented

soybean paste.
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Table 20. Volatile compounds identified in fermented soybean paste

No. RTY RI? Compound name MFY  Mw? mg/kg Total%
1 7.357 904 Ethyl acetate C4HgO2 88 1.188 1.05
2 7697 914 2-Butanone C4HO 72 0.064 0.06
3 8.045 924 2-Methylbutanal CsH100 86 0.157 0.14
4 8.175 927 3-Methylbutanal CsH100 36 0.658 0.58
5 8.667 940 2-Propanol CsHsO 60 0.053 0.05
6 8.850 945 Ethanol C2HeO 46 0.056 0.05
7 10133 975 2,3-Butanedione C4HsO- 36 0.167 0.15
8 11542 1006 Methyl 2-methylbutanoate CeHi202 116 0.033 0.03
9 11967 1015 Methyl 3-methylbutanoate CeHi202 116  0.079 0.07
10 12512 1027 2-Butanol C4H100 74 0.454 0.40
11  12.840 1034 Ethyl butyrate CeH1202 116  0.363 0.32
12 13.134 1040 Propanol C3HgO 60 0.238 0.21
13 13.687 1051 Ethyl 2-methyl butanoate C;H14O2 130  0.495 0.44
14 14532 1067 Ethyl 3-methyl butanoate C;H1402 130 0.408 0.36
15 15151 1079 Hexanal CsH120 100 0.084 0.07
16 15889 1091 2-Methyl propanol C4H100 74 0.138 0.12
17 19.159 1148 Butanol C4H100 74 0.585 0.52
18 21.290 1180 2-Heptanone C/HiO 114 0.095 0.08
19 21924 1189 Methyl hexanoate CH1402 130  0.226 0.20
20 23.296 1210 2-Methyl butanol CsHi120 38 1.162 1.03

+3-Methyl butanol

21 237750 1217 Butyl butanoate CsHi602 144 0.040 0.04
22 24476 1229 2-Pentyl furan CoH14O 138 0.272 0.24
23 26.174 1255 3-Octanone CsHisO 128 0.389 0.34

IS” 30167 1311 Butvibenzene Cwlfy 134 - -

24 30928 1323 2,5-Dimethyl pyrazine  CeHsN> 108  0.502 0.44
25 31.336 1329 2,6-Dimethyl pyrazine  CeHsN> 108  0.140 0.12

26 32.230 1343 Ethyl lactate CsH1003 118 0.043 0.04
27 32540 1347 2,3-Dimethyl pyrazine  CgHgNz 108 0.060 0.05
28 33.172 1357 Hexanol CeH1sO 102 0.142 0.13
29 35394 1388 2-Nonanone CoH1s0O 142 0.211 0.19
30 35990 1396 3-Octanol CsHigO 130 0.301 0.27
31 36.644 1406 Trimethyl pyrazine CHioN2 122 0.874 0.77
32 38.030 1428 (£)-2-Octenal CsH14O 126 0.079 0.07
33 38506 1436 Ethyl octanoate CioH2002 172 0.036 0.03
34 39317 1449 3-Ethyl-25-dimethyl pyrazine CgHi2N2 136 0.381 0.34
35 39.797 1456 1-Octen—-3-ol CsHisO 128 3.690 3.26

YRetention time,Z)Retention indeX,S)Molecular formula,mMolecular Weight,S)Internal standard
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Table 20. Continued.

No. RTY RI? Compound name MFY MW" mg/kg Total%
36 40.032 1460 Furfural CsHiO2 96 0076 0.07
37  40.125 1461 Heptanol CHiO 116 0056  0.05

38 40.469 1467 2,6-Diethyl pyrazine CsHi2N2 136 0.089 0.08
39 41535 1482 Tetramethyl pyrazine CgHi2N2 136 2.257 2.00
40 43950 1520 35-Diethyl-2-methyl pyrazine CoHisN2 150 0.573 0.51

41 49121 1597 Undecanone CnH20 170  0.057 0.05
42 52.077 1647 Acetophenone CsHsO 120 0.109 0.10
43 52790 1659 Furfuryl alcohol CsHeO2 98 0.321 0.28
44 53.126 1664 Ethyl benzoate CoH1002 150  0.078 0.07
45 53.662 1673 p-Methoxy styrene CoH100 134  0.109 0.10

46  56.563 1720 1,2-Dimethoxybenzene CsHi202 138  0.107 0.09
47  60.325 1782 4-Ethyl phenyl acetate CioH1202 164  0.478 0.42

48 60.992 1792 Butyrophenone CioH120 148 0.148 0.13
49 65.161 1858 Guaiacol CHgO2 124 0.297 0.26
50 66.367 1876 Benzyl alcohol C7HsO 108 0.124 0.11
51 66902 1884 Ethyl phenyl propionate Ci1H14O2 178 0.407 0.36
52 68538 1911 Phenethyl alcohol CsHioO 122 0.610 0.54
53 73.334 2000 Phenol CsHsO 94 4.731 4.18
54 74403 2022 Pentadecanone CisH300 226 0.101 0.09
55 74674 2028 4-Ethyl guaiacol CoH1202 152 2.667 2.35
56 75731 2049 Ethyl tetradecanoate CisH3202 256 0.382 0.34
57 80972 2171 4-Ethyl phenol CsHioO 122 0.896 0.79

58 81.895 2196 4-Hydroxy-2-methylacetophenone CoHi0O2 150 7.876 6.96
59  82.861 2220 Methyl hexadecanoate Ci7H3:02 270 0.431 0.38
60 84.543 2261 Ethyl hexadecanoate CisHz02 284 5.694 5.04
61 85469 2283 Ethyl 9-hexadecanoate CisH34O2 282 0.350 0.31

62 90.045 2380 o-Coumaric acid CsHsO 120 0.920 0.81
63 92.804 2433 1H-Indole CsHZN - 117 1.355 1.20
64 93.160 2439 Methyl oleate C19H3602 296 1.280 1.13
65 95.663 2485 Ethyl oleate C20H302 310  17.278  15.28
66 96.211 2495 Methyl linoleate CioH3402 294  3.784 3.35
67  99.02 2539 Ethyl linoleate C20H3602 308  40.170  35.52
68 10044 2560 Methyl linolenate CioH302 292  0.469 0.42
69 102.78 2595 Ethyl linolenate C20H3402 306 4.943 4.37

Total 113.089 100

YRetention time,g)Retention indeX,S)Molecular formula,A)Molecular weight

_63_



Table 21. Relative amount of functional groups of volatile

compounds identified in fermented soybean paste

Functional groups Number Relative amount (%)
Acid 1 0.81
Alcohols 18 14.60
Aldehydes 5 0.93
Esters 23 69.57
Ketones 10 8.15
N-Containing compounds 9 551
Miscellaneous 3 0.43

Total 69 100
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Figure 10. GC/MS chromatogram of volatile compounds from fermented

soybean paste added with herb extracts.
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Table 22. Volatile compounds identified in fermented soybean paste
added with herb extracts

No. RTY RI? Compound name MFY  Mw? mg/kg Total%
1 7.369 904 Ethyl acetate C4HgO2 88 0.855 0.71
2 8.067 924 2-Methylbutanal CsH100 86 0.124 0.10
3 8.186 928 3-Methylbutanal CsH100 86 0.299 0.25
4 11550 1006 Methyl 2-methylbutanoate CsHi1202 116  0.032 0.03
5 11974 1016 Methyl 3-methylbutanoate CsHi20» 116  0.116 0.10
6 12531 1028 2-Butanol C4H100 74 0.502 0.42
7 12852 1035 Ethyl butyrate CeH1202 116 0.354 0.29
8 13.154 1041 Propanol C3HzO 60 0.254 0.21
9 13.697 1052 Ethyl 2-methyl butanoate C;HisO2 130  0.558 0.46
10 13917 1056 2,3-Pentanedione CsHgO2 100 0.064 0.05
11 14547 1068 Ethyl 3-methyl butanoate C;H1O2 130  0.439 0.36
12 15167 1079 Hexanal CeH12O 100 0.037 0.03
13 15913 1092 2-Methyl propanol C4H100 74 0.153 0.13
14  19.183 1148 Butanol C4H100 74 0.669 0.56
15 21.319 1181 2-Heptanone C/HisO 114 0.095 0.08
16 21942 1190 Methyl hexanoate C/H1402 130  0.209 0.17
17 23192 1208 2-Methyl butanol CsH120 88 0.243 0.20
18 23.319 1210 3-Methyl butanol CsH120 388 0.872 0.72
19 24483 1229 2-Pentyl furan CoH1sO 138 0.246 0.20
20 26.194 1255 3-Octanone CsHisO 128 0.317 0.26

LS7 30176 1311 Butvibenzene Ciwlfy 134 - -

21 30965 1324 25-Dimethyl pyrazine CeHsN2: 108  0.438 0.36
22 31366 1330 2,6-Dimethyl pyrazine CeHgN2 108  0.132 0.11

23 32.269 1343 Ethyl lactate CsHi003 118 0.037 0.03
24 32567 1348 2,3-Dimethyl pyrazine  CeHsN2 108  0.063 0.05
25 33.211 1357 Hexanol CeH140 102 0.141 0.12
26 35414 1388 Z2-Nonanone CoH1sO 142 0.183 0.15
27 36.012 1396 3-Octanol CsHisO 130 0.285 0.24
28 36.667 1406 Trimethyl pyrazine CHioN2 122 0.778 0.65
29  38.057 1429 (£)-2-Octenal CsH1sO 126 0.044 0.04
30 38530 1436 Ethyl octanoate Ci1oH2002 172 0.036 0.03

YRetention time,g)Retention indeX,S)Molecular formula,A)Molecular Weight,5)lnternal standard

_67_



Table 22. Continued

No. RT! RI? Compound name MFY MW" mg/kg Total%
31 39358 1450 3-Ethyl-25-dimethyl pyrazine CsHpNo 136 0.328  0.27
32 39810 1456 1-Octen-3-ol CsHisO 128 3459 287
33 40.079 1461 Furfural CsH/ O, 96 0196  0.16

34  40.493 1467 2,6-Diethyl pyrazine CsHi2N2 136 0.102 0.08
35 41536 1482 Tetramethyl pyrazine CgHi2N> 136 2.133 1.77

36 42342 1494 2-Ethyl hexanol CsHisO 130 0.101 0.08
37 43970 1520 35 Diethyl-2-methyl pyrazine CoHisN2 150  0.519 0.43
38 44.325 1525 2-Nonanol CoH200 144  0.064 0.05
39 47292 1571 5-Methyl furfural CeHsO2 110 0.068 0.06
40  49.151 1598 Undecanone CuH220 170 0.102 0.08
41  52.135 1648 Acetophenone CsHsO 120 0.102 0.09
42 52842 1659 Furfuryl alcohol CsHeOo 98 0.359 0.30
43  53.150 1664 Ethyl benzoate CoH1002 150  0.116 0.10
44  53.693 1673 p-Methoxy styrene CoH1oO 134  0.110 0.09

45 56618 1721 1,2-Dimethoxybenzene CgHi;2O2 138 0.116 0.10
46 57936 1743 14-Dimethoxybenzene CgHi;202 138 0.083 0.07

47 58790 1757 'Thialdine CeHisNS: 163 2.312 1.92
48 59.217 1764 4-Ethyl phenyl acetate CijoH1202 164  0.043 0.04
49  61.024 1793 Butyrophenone CioH120O 148 0.215 0.18
50  65.207 1859 Guaiacol C/HsO2 124 0.372 0.31
51 66.930 1884 Ethyl phenyl propionate Ci1H14O2 178 0.429 0.36
52 68,585 1912 Phenethyl alcohol CsH10O 122 0.561 0.46
53  73.371 2001 Phenol CeHsO 94 4.851 4.03
54 74407 2022 Pentadecanone CisH30O 226 0.079 0.07
55  74.692 2028 4-Ethyl guaiacol CoH1202 152 2.314 1.92

56 75744 2049 Ethyl tetradecanoate CisH302 256  0.368 0.31
57 78825 2113 Ethyl pentadecanoate Ci7H3402 270 0.441 0.37
58 80.989 2172 4-Ethyl phenol CsHi10O 122 0.754 0.63
59 81905 2196 4-Hydroxy-2-methylacetophenone CoHi0O2 150 7.399 6.14
60 82.867 2220 Methyl hexadecanoate Ci7Hz02 270  0.487 0.40

YRetention time,g)Retention indeX,S)Molecular formula,A)Molecular weight
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Table 22. Continued

No. RT! RI? Compound name MFY MW" mg/kg Total%

61 84533 2261 Ethyl hexadecanoate CisH302 284  6.016 4.99

62 85105 2275 Paconol CoHiOs 166 2460  2.04
63 85480 2283 Ethyl 9-hexadecanoate CisHzO» 282 0463  0.38
64 90.074 2380 o-Coumaric acid CsHsO 120 0808  0.67
65 92.831 2433 1H-Indole CsHN 117 1141 095
66 93176 2439 Methyl oleate CiHx0: 296 1423 1.8
67 95609 2484 (A)-Ethyl oleate CxHx0. 310 15815 1313
68 95894 2489 (£)-Ethyl oleate CoHx0. 310 1.166 097
69 96178 2494 Methyl linoleate CiHz02 294 4013 333
70 98670 2533 Ethyl linoleate CooHi02 308  44.809  37.20
71 100400 2560 Methyl linolenate CigHzO» 292 0287  0.24
72 102740 2595 Ethyl linolenate CoHz02 306 4771 3.96
73 108360 2690 Tetradecanoic acid CuHx0. 228 0128 0.1

Total 120.460 100

YRetention time,Z)Retention indeX,S)Molecular formula,mMolecular weight
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Table 23. Relative amount of functional groups of volatile
compounds identified in fermented soybean paste added with

herb extracts

Functional groups Number  Relative amount (%)
Acids 2 0.78
Alcohols 18 15.29
Aldehydes 6 0.64
Esters 24 69.14
Ketones 9 7.10
N-containing Compounds 10 6.59
Miscellaneous 4 0.46

Total 73 100
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Figure 11. GC/MS chromatograms of volatile compounds in fermented
soybean paste (A) and fermented soybean paste added with herb
extracts (B) (1, paeonol).
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Table 24. Comparison of volatile compounds identified in SP, SHE and HE

D 2) 3) mg/kg
No. R.IL Compound Name MF MW Sp? SHE HE
1 904  Ethyl acetate C4Hg02 88 1.183 0.855 0.665
2 914 2-Butanone C4HsO 72 0.064 - -
3 924 2-Methylbutanal CsHi100 8  0.157 0.124 0.071
4 927 3-Methylbutanal CsH100 86 0658 0.299 0.123
5 940  2-Propanol CsHsO 60 0.053 - -
6 945 Ethanol C2HeO 46  0.056 - -
7 975 2,3-Butanedione C4HeO- 86  0.167 - 0.312
8 1006 2-Methylbutanoate CeHi1202 116  0.033  0.032 -
9 1015 3-Methylbutanoate CeH1202 116 0.079 0.116 -
10 1027 2-Butanol C4H100 74 0454 0.502 -
11 1034 Ethyl butyrate CeH1202 116 0.363 0.354 -
12 1040 Propanol C3HsO 60 0.238 0.254 -
13 1051 Ethyl 2-methyl butanoate C/H14O2 130  0.495 0.558 -
14 1056 2,3-Pentanedione CsHsO2, 100 - 0.064 0.066
15 1067 Ethyl 3-methyl butanoate C/H14O2 130  0.408 0.439 -
16 1079 Hexanal CsH12O 100  0.084 0.037 -
17 1091 2-Methyl propanol C4H100 74 0.138 0.153 -
18 1148 Butanol C4H100 74 0585 0.669 -
19 1180 2-Heptanone C/H140 114 0.095 0.095 -
20 1183 Pyridine CsHsN 79 - - 0.216
21 1189 Methyl hexanoate C/H14O2 130  0.226  0.209 -
22 1210 2-Methyl butanol CsH120 88 1.162 1.115 -
+3-Methyl butanol
23 1217 Butyl butanoate CsHi602 144  0.040 - -
24 1229 2-Pentyl furan CoH1,O 138 0.272  0.246 -
25 1233 Acetyl acetate C4sHeO3 102 - - 0.071
26 1255 3-Octanone CsHisO 128  0.389  0.317 -
27 1261 Dihydro-2-methyl-3(2H)-furanone ~ CsHgO2 100 - - 0.311
1S” 1311 Butylbenzene CioHuyy 134 - - -

28 1323 25-Dimethyl pyrazine CeHgN> 108  0.502  0.438 -
29 1329 2,6-Dimethyl pyrazine CeéHsN2 108  0.140 0.132 -

30 1343 Ethyl lactate CsHi00s 118 0.043  0.037 -
31 1347 2,3-Dimethyl pyrazine CsHsN> 108  0.060 0.063 -
32 1357 Hexanol CeH14O 102 0.142 0.141 -
33 1388 2-Nonanone CoHi1sO 142  0.211 0.183 -
34 1396 3-Octanol CgHisO 130  0.301 0.285 -
35 1406 Trimethyl pyrazine C/HioN> 122 0874 0.778 -

YRetention index, YMolecular formula, YMolecular weight, Ysp: soybean paste, SHE: soybean paste
added with herb extracts, HE: herb extracts
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Table 24. Continued

1) 2) 3) mg/kg
No. R.IL Compound Name MF MW SRS HE
36 1428 (£)-2-Octenal CsHisO 126 0.079 0.044 -
37 1436 Ethyl octanoate Ci1oH2002 172 0.036  0.036 -
38 1449  3-Ethyl-25-dimethyl pyrazine CgHp2N2 136 0.381  0.328 -
39 1449 Acetic acid C2H40- 60 - - 0.345
40 1456 1-Octen-3-ol CsHisO 128  3.690  3.459 -
41 1460 Furfural CsH40- 9%  0.076 0.196 6.099
42 1461 Heptanol C/Hi160 116 0.056 - -
43 1467 2,6-Diethyl pyrazine CsHi2N2 136 0.089  0.102 -
44 1482 Tetramethyl pyrazine CsHi2N2 136 2.257  2.133 -
45 1494 2-Ethyl hexanol CgHisO 130 - 0.101 0.116
46 1502 2-Acetyl furan CeéHeO2 110 - - 0.228
47 1520 35-Diethyl-2-methyl pyrazine CoHisNz 150  0.573  0.519 -
48 1520 Benzaldehyde C7/HsO 106 - - 0.419
49 1525 2-Nonanol CoH20O 144 - 0.064 -
50 1536 2,3,4,5-Tetramethyl-tri- Ci2Hig 162 - - 0.542
cyclol[3.2.1.0(2,7)Joct-3-ene
51 1571 5-Methyl furfural CeHeO2 110 - 0.068  1.939
52 1595 (&)-f-Caryophyllene Ci5Ha4 204 - - 0.578
53 1597 Undecanone CiiH»20 170  0.057 0.102 -
54 1637 a-Humulene CisHos 204 - - 1.458
55 1647 Acetophenone CsHsO 120 0.109 0.102 1.679
56 1659 Furfuryl alcohol CsHeOo 98 0.321 0.359 0.431
57 1664 Ethyl benzoate CoHi002 150  0.078 0.116 -
58 1673 p-Methoxy styrene CoH 1900 134  0.109 0.110 -
59 1699 a-Terpineol CioH1sO 154 - - 0.194
60 1717 Junipene CisHos 204 - - 0.751
61 1720 1,2-Dimethoxybenzene CsHp202 138  0.107 0.116 -
62 1743 1,4-Dimethoxybenzene CsHi202 138 - 0.083 -
63 1757 'Thialdine CeHisNS2 163 - 2.312 -
64 1777 Calarene Ci5Ho4 204 - - 2.502
65 1782 4-Ethyl phenyl acetate  CioH1202 164  0.478 0.043 -
66 1792 Butyrophenone CioH120O 148 0.148 0.215 0.204
67 1858 Guaiacol C7HsO2 124 0.297 0.372 -
68 1876 Benzyl alcohol C7/HsO 108  0.124 - -
69 1834 Ethyl phenyl propionate C;Hi4O> 178  0.407  0.429 -
70 1911 Phenethyl alcohol CgHi0O 122 0610 0.561 -

YRetention index, YMolecular formula, YMolecular weight, ”SP: soybean paste
added with herb extracts, HE: herb extracts

_73_

., SHE: soybean paste



Table 24. Continued

No. RL' Compound Name MEY Mwd ke

SP SHE HE
71 2000 Phenol CsHsO 94 4731 4851 0.118
72 2022 Pentadecanone CisHz0O 226 0.101  0.079 -
73 2028 4-Ethyl guaiacol CoH1202 152 2.667 2314 -
74 2037 Cinammic aldehyde CoH3gO 132 - - 1.796
75 2049 Ethyl tetradecanoate CisH32:02 256 0.382  0.368 -
76 2081 3-Methyl phenol C7Hg0O 108 - - 2.060
77 2113 Ethyl pentadecanoate Ci17H3402 270 - 0.441 -
78 2121 Furanodiene CisH20O 216 - - 0.768
79 2171 4-Ethyl phenol CsHi100 122 0.896 0.754 -
80 2196 4-Hydroxy-2-methylacetophenone CoHjoO2 150 7.876  7.399 1.244
81 2220 Methyl hexadecanoate Ci7H3402 270  0.431 0.487 -
82 2261 Ethyl hexadecanoate CisH3602 284 5694 6.016 -
83 2275 Paeonol CoH1003 166 - 2.460 130.767
84 2283 Ethyl 9-hexadecanoate CisH3402 282 0.350 0.463 -
85 2318 Solativone CisH2O 218 - - 2.691
8 2380 o-Coumaric acid CsHsO 120 0.920 0.808 -
87 2433 1H-Indole CsH7N 117 1.355  1.141 -
88 2439 Methyl (J-9-octadecenoate CioHzsO2 296  1.280  1.423 -
89 2448 Coumarine CoHsO2 146 - - 1.262
90 2485 (X)-Ethyl octadec-9-enoate CooHssO: 310 17.278 15.815 -
91 2489 (A)-Ethyl octadec-9-enoate CooHssO2 310 - 1.166 -
92 2495 Methyl linoleate Ci9H3402 294  3.784  4.013 -
93 2524 Senkyunolide A C12H1402 190 - - 12.192
94 2539 Ethyl linoleate CaoHz02 308  40.170 44.809 -
95 2543 Cnidilide C12H1g02 194 - - 2.734
96 2560 Methyl linolenate Ci9H3202 292 0.469  0.287 -
97 2576 Ligustilide C12H1402 190 - - 3.985
98 2595 Ethyl linolenate CaHz402 306 4943 4771 -
99 2690 Tetradecanoic acid C14H2g02 228 - 0.128 -

Total

113.086 120.458 178.937

YRetention index, “Molecular formula, YMolecular weight, YSP: soybean paste, SHE: soybean paste
added with herb extracts, HE: herb extracts
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Figure 12. GC/MS chromatogram of volatile compounds in soy sauce.
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Table 25. Volatile compounds identified in soy sauce

No. RTY RI? Compound name MF? Mw? mg/kg Total%
1 7372 904 Ethyl acetate C4HgO2 88 1.099 5.77
2 8.067 924  2-Methylbutanal CsH100 86 0.238 1.25
3 8193 928 3-Methylbutanal CsH100 86 0.863  4.54
4 8675 941  2-Propanol C3HzO 60 0.018  0.10
5 8.858 945 Ethanol C2HsO 46 0.082 043
6 10159 976 2,3-Butanedione C4HO2 86 0.091 0.48
7 12494 1027 2-Butanol C4H100 74 0.040 0.21
8 12840 1034 Ethyl butyrate CeH1202 116 0.325 1.71
9 13.119 1040 Propanol CsHsO 60 0.115 0.61
10 13.662 1051 Ethyl 2-methyl butanoate C;Hi4O2 130  0.029  0.15
11 13869 1055 2,3-Pentanedione CsHgO2 100 0.059  0.31
12 14549 1068 Dimethyl disulfide CoHeSo 94 0.183  0.96
13 15942 1092 2-Methyl propanol C4H100 74 0.740 3.89
14 17667 1123 (£)-3-Penten-2-one CsHgOq 84 0.081 0.42
15 19.269 1150 Butanol C4H100 74 2.237 11.76
16 21.441 1183 Pyridine CsHsN 79 0.039 021
17 23376 1211 3-Methyl butanol CsH120 88 2639  13.87
18 26918 1265 Methyl pyrazine CsHsN» 94 0.053 0.28
19  28.143 1282 3-Hydroxy-2-butanone CsHsO2 88 0.027  0.14

1S7 30201 1312 Butvibenzene Cwlyy 134 - -

20 30.530 1317 4-Methyl pentanol CeH14O 102 0.004  0.02
21 30929 1323 25-Dimethyl pyrazine CgHsN» 108 0.019 0.10
22 31338 1329 2,6-Dimethyl pyrazine CegHsN> 108  0.055  0.29
23 32235 1343 Ethyl lactate CsHi0O3 118 0.195 1.02
24 34415 1374 Dimethyl trisulfide CoHsS3 126 0.108 0.57
25 36.600 1405 Trimethyl pyrazine C/HioN, 122 0.029 0.15
26 39.263 1448 Acetic acid C2H402 60 0.217 1.14
27 40.063 1460 Furfural CsH40: 96 0.378 1.99
28 42298 1494 2-Ethyl hexanol CsHisO 130  0.056  0.29
29 43958 1520 Benzaldehyde C7HsO 106 0186  0.98
30 47245 1570 5-Methyl furfural CeHsO2 110  0.068  0.36

YRetention time, “Retention index, YMolecular formula, “Molecular weight, “Internal standard
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Table 25. Continued

No. RTY RI? Compound name MF? Mw? mg/kg Total%
31 52801 1659 Furfuryl alcohol C5HsO2 98 0.605 3.18
32 53350 1668 3-Methyl butanoic acid CsHioO2 102 0.077 0.40
33 60.307 1781 Ethyl phenyl acetate  CioHi202 164  0.024 0.13
34  60.965 1792 Butyrophenone C10H120 148 0.112 0.59
35 65132 1857 Guaiacol C/HsO2 124  0.112 0.59
36 66.332 1876 Benzyl alcohol C7HgO 108 0.035 0.18
37 68540 1911 Phenethyl alcohol CsHiogO 122 1.018 5.35
38 69500 1929 2-Phenyl-2-butenal CioHi0O 146 0.060 0.32
39 71.692 1970 1-Phenyl-1-propanol CoH120 136 0.181 0.95
40 73.346 2001 Phenol CeHsO 94 0.223 1.17
41 74650 2027 4-Ethyl guaiacol CoHi1202, 152 2337  12.28
42 75.093 2036 Octanoic acid CsHi602 144 1.830 9.62
43 80.962 2171 4-Ethyl phenol CsHiogO 122 0.586 3.08
44 84329 2256 Ethyl hexadecanoate CigH302 284  0.141 0.74
45 90.037 2380 o-Coumaric acid CsHgO 120 0.092 0.49
46 94996 2473 (2)-Ethyl oleate CoH302 310 0.545 2.86
47 97967 2523 Ethyl linoleate CoH3602 308  0.774 4.07
Total 19.025 100

YRetention time,g)Retention indeX,S)Molecular formula,A)Molecular weight
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Table 26. Relative amount of functional groups of volatile

compounds identified in soy sauce

Functional groups Number Relative amount (%)
Acids 4 11.65
Alcohols 17 57.96
Aldehydes 6 9.44
Esters 8 16.45
Ketones 5 1.94
N-Containing compounds 5 1.03
S-Containing compounds 2 1.53

Total 47 100
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Figure 13. GC/MS chromatogram of volatile compounds in soy sauce

added with herb extracts.
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Table 27. Volatile compounds identified in soy sauce added with herb

extracts
No. RTY RI? Compound name MF? Mw? mg/kg Total%
1 7.361 904 Ethyl acetate C4Hg02 88 1.123 4.22
2 8.068 924 2-Methylbutanal CsH100 86 0.361 1.36
3 8178 927 3-Methylbutanal CsH100 86 1.003 3.77
4 8.858 945 Ethanol C2HsO 46 0.061 0.23
5 10167 976  2,3-Butanedione C4Hs02 86 0.105 0.39
6 12494 1027 2-Butanol C4H100 74 0.03 0.11
7 12.840 1034 Ethyl butyrate CeH1202 116 0.32 1.19
8 13.119 1040 Propanol CsHsO 60 0.172 0.65
9 13662 1051 Ethyl 2-methyl butanocate C7H14O2 130 0.03 0.11
10 13.869 1055 2,3-Pentanedione CsHgO2 100 0.081 0.30
11 14579 1068 Dimethyl disulfide CoHsS2 9 0.173 0.65
12 15906 1092 2-Methyl propanol C4H100 74 0.707 2.66
13 17669 1123 (£)-3-Penten-2-one Cs5HgOq 84 0.107 0.40
14 19.136 1147 Butanol C4H100 74 2.074 7.79
15 21470 1183 Pyridine CsHsN 79 0.100 0.38
16 23271 1210 3-Methyl butanol CsH120 88 2.388 8.97
17 26946 1266 Methyl pyrazine CsHsNo 9 0.052 0.20
787 0170 1311 Butvibenzene Coly 134 - -

18  30.946 1323 2,5-Dimethyl pyrazine CgHgNs 108 0.033 0.12
19 31.369 1330 2,6-Dimethyl pyrazine CgHgsN> 108  0.126 0.47

20 32.235 1343 Ethyl lactate CsHi003 118  0.180 0.68
21 33.208 1357 Hexanol CeH1sO 102 0.059 0.22
22 34450 1375 Dimethyl trisulfide CoHeS3 126 0.269 1.01
23 36.635 1406 Trimethyl pyrazine C/HioN> 122 0.061 0.23
24 39.366 1450 Acetic acid C2H402 60 0.155 0.58
25 40.093 1461 Furfural CsH40- 96 0.494 1.85
26 42333 1494 2-Ethyl hexanol CsHisO 130 0.104 0.39
27 43995 1520 Benzaldehyde C7HsO 106 0.204 0.77
28  47.282 1571 5-Methyl furfural CeHeO2 110  0.102 0.38
29 49.141 1598 Undecanone CuH»0O 170 0.107 0.40
30 51915 1644 2-Acetyl thiazole CsHsNOS 127 0.114 0.43

YRetention time,g)Retention index,s)M()lecular f()rmula,A)Molecular Weight,5)Internal standard
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Table 27. Continued

No. RTY RI? Compound name MF” Mw? mg/kg Total%
31 52129 1648 Acetophenone CsHgO 120 0.270 1.01
32 52845 1659 Furfuryl alcohol C5HsO2 98 0.646 2.43
33  60.307 1781 4-Ethyl phenyl acetate CioHi202 164  0.015 0.06
34 61.020 1793 Butyrophenone CioH120 148 0.305 1.15
35 65212 1859 Guaiacol C/HsO2 124 0264  0.99
36 68569 1911 Phenethyl alcohol CsHiogO 122 0993  3.73

37 69554 1930 2-Phenyl-2-butenal CioHi0O 146 0.152 0.57
38 71.741 1971 1-Phenyl-1-propanol CoH120 136 0.264 0.99

39 73412 2002 Phenol CsHeO 94 0.146  0.55
40 74650 2027 4-Ethyl guaiacol CoHi202 152 2305  8.66
41 75.093 2036 Octanoic acid CsHigO2 144  1.753  6.58
42 77386 2081 3-Methyl phenol C7HgO 108 0.090  0.34
43 80.962 2171 4-Ethyl phenol CsHioO 122 0.846  3.18
44  84.329 2256 Ethyl hexadecanoate  CigHzsO2 284  0.128 0.48
45 85109 2275 Paeonol CoHi003 166 5735 21.54
46 90.037 2380 o-Coumaric acid CsHgO 120 0.088  0.33
47 94996 2473 (2)-Ethyl oleate C20H3z302 310 0.53 1.99
48 97967 2523 Ethyl linoleate C20H3602 308  0.709 2.66
49 97.880 2521 Senkyunolide A Ci2H14O2 190  0.400 1.50
50  99.115 2540 Cnidilide Ci2His02 194 0.093  0.35

Total 26.627 100

YRetention time,Z)Retention indeX,S)Molecular formula,mMolecular weight
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Table 28. Relative amount of functional groups of volatile

compounds identified in soy sauce added with herb extracts

Functional groups Number Relative amount (%)
Acid 3 7.49
Alcohols 17 63.43
Aldehydes 6 8.70
Ester 8 11.40
Ketones 8 5.50
N-Containing compounds 5 1.39
S-Containing compounds 3 2.09

Total 50 100
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Figure 14. GC/MS chromatograms of volatile compounds in soy sauce
(A) and soy sauce added with herb extracts (B) (I, paeonol, 2;
senkyunolide A).
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Table 29. Comparison of volatile compounds identified in SS, SHE and HE

No. RI" Compound name MF”  MW” D mg/kg
SS SHE HE
1 904  Ethyl acetate C4Hg02 38 1.099 1.123 0.665
2 924 2-Methylbutanal CsHi100 36 0.238 0.361 0.071
3 928 3-Methylbutanal CsH100 86 0.863 1.003 0.123
4 941  2-Propanol C3HzO 60 0.018 - -
5 945 Ethanol C2HsO 46 0.082  0.061 -
6 976 2 3-Butanedione CaHsO2 86 0.091 0.105 0.312
7 1027 2-Butanol C4H100 74 0.040  0.030 -
8 1034 Ethyl butyrate CéHi202 116 0.325  0.320 -
9 1040 Propanol CsHsO 60 0.115 0.172 -
10 1051 Ethyl 2-methyl butanoate  C;/Hi4O2 130 0.029  0.030 -
11 1055 2,3-Pentanedione CsHgOq 100 0.059 0.081 0.066
12 1068 Dimethyl disulfide C2HeSo 94 0.183 0.173 -
13 1092 2-Methyl propanol C4H100 74 0.740  0.707 -
14 1123 (£)-3-Penten-2-one CsHzO2 84 0.081 0.107 -
15 1150 Butanol CaH100 74 2.237 2.074 -
16 1183 Pyridine CsHsN 79 0.039 0.100 0.216
17 1211 3-Methyl butanol CsHi20 88 2.639 2.388 -
18 1233  Acetyl acetate C4HsO3 102 - - 0.071
19 1261 Dihydro-2-methyl-3(2H)-furanone CsHsO2 100 - - 0.311
20 1265 Methyl pyrazine CsHeN2 94 0.0563  0.052 -
21 1282 3-Hydroxy-2-butanone C4HgO- 88 0.027 - -
187 1312 Butvlbenzene Cully 154 - - -
22 1317 4-Methyl pentanol CsH140 102 0.004 - -

23 1323 2,5-Dimethyl pyrazine CesHsNa2 108 0.019 0.033 -
24 1329 2,6-Dimethyl pyrazine CesHsNa2 108 0.055 0.126 -

25 1343 Ethyl lactate CsHioO3 118 0.195  0.180 -
26 1357 Hexanol CeHiO 102 - 0.059 -
27 1374 Dimethyl trisulfide CoHeS3 126 0.108  0.269 -
28 1405 Trimethyl pyrazine C7/HioN2 122 0.029 0.061 -
29 1448 Acetic acid C2H402 60 0.217 0.155 0.345
30 1460 Furfural CsH402 96 0.378  0.494 6.099

YRetention index, YMolecular formula, ¥Molecular weight, Yss: soy sauce, SHE: soy sauce added
with herb extracts, HE: herb extracts

_87_



Table 29. Continued

D 2) 3) mg/kg
No. R.IL Compound name MF MW 557 SHE HE
31 1494 2-Ethyl hexanol CsHis0 130 0.056 0.104 0.116
32 1502 2-Acetyl furan CsHsO2 110 - - 0.228
33 1520 Benzaldehyde C7HsO 106 0.186 0.204 0.419
34 1536 2,345-Tetramethyl-tricyclo  Ci2His 162 - - 0.542
[3.2.1.0(2,7)Joct-3~-ene
35 1570 5-Methyl furfural CsHsO2 110 0.068 0.102 1.939
36 1595 (£)--Caryophyllene Ci5Ho4 204 - - 0.578
37 1598 Undecanone CiiH2»0 170 - 0.107 -
38 1637 a-Humulene CisHa 204 - - 1.458
39 1644 2-Acetyl thiazole CsHsNOS 127 - 0.114 -
40 1648 Acetophenone CsHsO 120 - 0.270 1.679
41 1659 Furfuryl alcohol CsHsO2 98 0605 0.646 0.431
42 1668 3-Methyl butanoic acid CsHijpO2 102 0.077 - -
43 1699 a-Terpineol CioHisO 154 - - 0.194
44 1717  Junipene CisHos 204 - - 0.751
45 1777 Calarene CisHa 204 - - 2.502
46 1781 4-Ethyl phenyl acetate  CioHi202 164 0.024 0.015 -
47 1792 Butyrophenone CioH120 148 0.112 0.305 0.204
48 1857 Guaiacol C7HgO2 124 0.112 0.264 -
49 1876 Benzyl alcohol C7HsO 108  0.035 - -
50 1911 Phenethyl alcohol CsH100 122 1.018 0.993 -
51 1929 2-Phenyl-2-butenal CioHi0gO 146 0.060 0.152 -
52 1970 1-Phenyl-1-propanol CoH120 136 0.181 0.264 -
53 2001 Phenol CeHsO 94 0.223 0.146 0.118
54 2027 4-Ethyl guaiacol CoH1202 152 2337 2.305 -
55 2036 Octanoic acid CsHi602 144 1.830 1.753 -
56 2037 Cinammic aldehyde CoHsO 132 - - 1.796
57 2081 3-Methyl phenol C7HsO 108 - 0.090 2.060
58 2121 Furanodiene CisH200O 216 - - 0.768
59 2171 4-Ethyl phenol CsHi00O 122 0586 0.846 -
60 2195 gg&g‘)jgoghemne CoHO: 150 - - 1244

YRetention index, “Molecular formula, YMolecular weight, Yss: soy sauce, SHE: soy sauce added
with herb extracts, HE: herb extracts
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Table 29. Continued

No. RIL" Compound name MF”  MW” D me/kg

5SS SHE HE
61 2256 Ethyl hexadecanoate CisHsO2 284 0.141  0.128 -
62 2275 Paeonol CoH1003 166 - 5.735 130.767
63 2318 Solativone CisH220 218 - - 2.691
64 2380 o-Coumaric acid CsHsO 120 0.092  0.088 -
65 2448 Coumarine CoHeO2 146 - - 1.262
66 2473 (2)-Ethyl oleate CooHss02 310 0.545  0.540 -
67 2523 Ethyl linoleate Ca20H302 308 0.774  0.709 -
68 2524 Senkyunolide A Ci2H1402 190 - 0.400 12.192
69 2543 Cnidilide Ci2HisO02 194 - 0.093  2.734
70 2576 Ligustilide Ci2H1sO2 190 - - 3.985

Total

19.025 26.637 178.937

YRetention index, “Molecular formula, ¥Molecular weight, Y3s: soy sauce, SHE: soy sauce added
with herb extracts, HE: herb extracts
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Table 30. The value” of sensory evaluation on fermented soybean

paste with herb extracts

Soybean paste Color Flavor Taste acc(;gte;iﬂity
Control” 7.17+1.52" 7.33+1.23° 7.20+1.20° 7.07+0.88"
17 7.11+1.00° 7.25+1.06° 7.41+1.10° 7.28+0.80°
m 6.97+1.21° 7.20+1.15° 7.19+1.15° 7.13+0.91°

1 -
Each value represents mean + S.D.

» Ordinary traditional fermented soybean paste

¥ With 3% herb extracts

With 5% herb extracts

® "Means followed by the same letter in column are not significantly different (p<0.05)

4)
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Table 31. The value’ of sensory evaluation on soy sauce added with

herb extracts

Overall
Soy sauce Color Flavor Taste o
acceptability
Control” 6.93+0.96 6.87+1.25" 6.67+1.29" 6.80+1.21°
¥ 6.87+1.01° 6.77+0.96 6.91+1.12° 6.78+0.74°
1 7.00+1.25° 6.73+1.03" 6.87+1.25° 6.67+1.05"

Each value represents mean + S.D.

? Control; Traditional soy sauce

Soy sauce added with 3% herb extracts

Soy sauce added with 5% herb extracts

Means followed by the same letter in column are not significantly different (p<0.05)
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Table 32. ACE inhibitory effect of fermented soybean paste
and functional fermented soybean paste

Materials ACE inhibition rate(%)
Soybean paste 42.80+4.21"
Functional soybean paste 52.72£6.49

Y Each value represents the mean * S.D. of three plates
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Table 33. ACE inhibitory effect of soy sauce and functional

soy sauce
Materials ACE inhibition rate(%)
Soy sauce 28.57+3.20"
Functional soy sauce 35.79+4.63

Y Each value represents the mean * S.D. of three plates
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Table 34. Systolic blood pressure in SHR during the experimental
period (1st phase)

8th

Group Basal 1st 2nd 3rd 4th 5th 6th 7th (week)

Control” 183+39” 18018 197+40 202+17 189+33 207+50 206%25 229+22 222+29
I 190£20 18528 201%22 206+35 200£21 207+61 209+31 20720 209+23
I 183£20 179+19 20646 215%46 197+43 21625 205:46 20736 216+36
Il 187+37 17731 162:55 18152 200£33 211+40 20535 200+38 194+34
IV 18846 174+24 20322 218+21 199+38 20732 199+15 19819 195+37
Vo 192456 17744 17351 16443 192+19 205:27 201:28 200:18 19829
VI 190+53 178+27 187+39 186460 190419 197+15 190+33 189+18 190+28

U See the legend of table

? Values are mean = S.D. (n=10)
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Table 35. Systolic blood pressure in SHR during the experimental
period (2nd phase)

8th

Group Basal 1st 2nd 3rd 4th 5th 6th 7th (week)

Control” 213217 21423 218+19™ 218+16™ 22123 22720™° 226+27 227419 23242
I 21322 218+35 220427 219+14 224+24™ 221426 221+20° 233+24" 235+14™
I 214416 21927 219420 225434 230+17° 230424 231+17* 235+16" 242+11°
I 21412 214427 21333 219+19 218+18™ 216+22 209+28" 210+15™ 219+20™
IV 214220 21033 207+20 215+22 21423 219+23 222+15% 220+25™ 219+26"

A% 212+¢11 20822 207+19 210£16 203:20° 202430 202+11° 205:30° 20417°

U See the legend of table

? Values are mean + S.D. (n=10)

® It means ‘not significantly different between the values in a column’

Y The values with different alphabet in a column are significantly different from each other at a=0.05

by Duncan’s multiple range test
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Figure 15. Changes of systolic blood pressure in SHR during the

experimental period.
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Table 36. Serum lipid contents in SHR during the experimental period
(I1st phase)

Total cholesterol (mg/dL)

Group 8th
Basal 1st 2nd 3rd 4th 5th 6th 7th
(week)

Control” 80+6” 734 744 67+4 67+2 75t7 65t4  67+4 664
I 77+8 100+8 100+5 87+7 89+6 90+8 84+3 865  85%5
I 78+5 93+11 96+5 8446 8845 87+5 83+4 87+6 8243
I  80+8 94+8 95+4 854 9246 946 81+4 95+6 83+5
IV 76+9 102+8 102+8 82+6 86+4 90+6 79+4 9546  83+5
A% 75+4 9348  92+8  78+6 8444 864  78+7 84+7  82+4
VI 77+4  70+3  69+2  62+3  64+3 65%5 63+5 6447  65+3

HDL-cholesterol (mg/dL)

Group Sth
Basal  1st 2nd 3rd 4th 5th 6th 7th
(week)

Control 29+1  30+2 31+2 302 261 344 28+2 281 28+2
I 2844 331 362 3012 28+1 32+2 27+2  28+2  27+1
II 20+£2  32+£3 35%2  29+£2  29+£2 332 272  20%2  27#1
111 29+2 32+2  35+1 29£2 29«2  35+2 28+2  30+3  29£2
v 29+4 332 372 29£2 282  32+£2  27+£2 281 27#1
A\ 2842 3242  34+£3  28+2  28+1 31+x1 26+2 28+2 2742
VI 29+1 30+2 292  27#£1 261  30£2 262 27+£2  27+1
LDL-cholesterol (mg/dL)

Grou
P Basal 1st  2nd  3rd  4th  5th 6th  7th |, Ooh

(week)
Control 10+1 71 7£1 71 7£1 8+2 7£1 8t1 7£1
I 9£1 162  20+3 18+2 19+1 19+3 18+1 20+2 19+2

II 9+1 1624 19+2  17+3  18+2 1942 18+2 2143 1942
11 10£1  15+2  18+3 17+#1 202 20+2 18*2 222 19%2
v 9+2 16£2  21+£2 1742 181 19+£2  18+2 18+3 1942
\Y% 9+1 15+3  18+3 1642  17+2 1942 17£2 203  19£2
VI 9+1 7+1 81 711 7t1 7t1 7+1 81 81

Y See the legend of table

? Values are mean = S.D. (n=10)
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Table 36. Continued

Triglyceride (mg/dL)

Group
Basal 1st 2nd  3d  4th 5th 6th 7th (ST
Control” 107+33” 122421 117+10 11013 99+17 115+19 108+14 111+17 102+24
I 98+30 223+32 196+44 171420 192440 169+25 152+15 148+20 141+30
I 86+18 207+30 168+32 153+19 177+31 157427 134+13 138+21 129+17
I 97+21 216428 174+34 197433 211+30 176=16 13822 13523 124+35
IV 90+30 227+27 19733 172+41 159+23 180+37 137+13 138+16 13221
% 87+24 218+23 173450 164+51 184+39 179+24 147+14 161+34 129+32
VI 83%20 108+18 94+20 96+16 105+17 130+31 91+11 98+23 7419

Phospholipid (mg/dL)

Group
Basal 1st 2nd  3d  4th 5th 6th 7th (ST
Control 171+16 158+7 1459 14948 145+6 148+14 1469 148+8 149+12
I 158+22 177+11 16048 156+8 149+6 142+10 1405 149+10 148+7
0 16114 16719 151£10 149+7 152+10 141+8 14146 15048 1449
I 163+16 169+16 1519 1515 158+7 148+6 1366 152+13 150+7
IV 155%23 182+12 15910 149+8 149+3 143+10 138+8 146+6 148+8
Vo 159+12 168+10 148+14 145+11 148+7 141+10 136+10 147+11 149+7
VI 167429 153+9 1379 139+7 1466 14149 139+9 152+11 147+8

U See the legend of table

? Values are mean = S.D. (n=10)
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Table 37. Serum lipid contents in SHR fed with the experimental diets
for 8 weeks (2nd phase)

Total HDL LDL . . ..
Group  Cholesterol Cholesterol Cholesterol Triglyceride Phospholipid  SGOT SGPT

Control"” 629377 195:10™  46£05” 713+167" 1234+76" 963269 62.460"
I 583517 181£1.1™  50:0.7°  540£72" 114564  928:259  60.353
II 574+6.0°°  17.7+15™ 4307 614141° 1145297 935:193 61556
I 599448 181:1.0°° 50:05° 64.212.0°° 113982" 10364239 57445
v 539+33°  168:09°  42+06"  544+76° 1088+54° 960239  64.3+87
\% 612:74%  187+1.9° 4605 662133 117.3t11.3°" 924+223 58166

U See the legend of table

? Values are mean = S.D. (n=10)

¥ The values with different alphabet in a column are significantly different from each other at a
=0.05 by Duncan’s multiple range test

Y It means 'not significantly different between the values in a column’
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Table 38. SGPT and SGOT
period (1st phase)

values in SHR during the experimental

Group

SGPT value (U/L)

Basal 1st 2nd

8th

3rd 4th 5th 6th 7th
(week)

Control”

I
II
I
v
v
VI

592”7  61+2  65%4
58+4  64+5 715
59+2  62+6 766
5644  64+5 786
57+7 605 767
58+4 614 755
5746  60+7 619

65+17 60+6 69+8 6215 61+5 65+4
634 5915 6319 B8+3 6016  65%7
64+3 585 H59+3 6115 615  65£3
7310 76+16 70+7 68+6 7017 6714
653 6016 6314 59+4 6115  68%4
72+13  61x4 613 61+5 6615 69+4
59+8 5615 6017 6113 6219  64£5

Group

SGOT value (U/L)

Basal 1st 2nd

8th

3rd 4th 5th 6th 7th
(week)

Control 101+£16 104+28 103+18

I
II
I
v
v
VI

94+6 106+37 96+15
92+9 92423 103%16
97+13 96+11 110+23
102£16 95+25 103+22
99+10 87x7 100%8
97+23 89+12 104+23

105126 106+23 109+28 104+22 98+16 117130
9012 96+13 105+31 93+10 93+17 108127
98+16 103+45 97+19 114+27 90+£13 957
108+31 106+21 118+19 90+17 114441 9148
9611 96+11 110422 95+17 94+13 117+31
102425 93+15 10426 116+53 107+16 103+16
107£30 97+15 112421 112440 10723 107+12

U See the legend of table

? Values are mean = S.D. (n=10)
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Table 39. Serum lipid content fed with the
experimental diets for 8 weeks (2nd phase)
Group (?GOT SGPT
U./L) (LU./L)
Control” 96.3+26.9”"> 62.4+6.0™°
I 92.8£25.9 60.3+5.3
I 93.5£19.3 61.5+£5.6
I 103.6+23.9 57.4+45
v 96.0£23.9 64.3+8.7
\% 92.4+22.3 58.116.6

D See the legend of table

? Values are mean + S.D. (n=10)

¥ It means ‘not significantly different between the values in a column’
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Table 40. Weight of organs in SHR fed with the experimental diets for

8 weeks
(Unit: g)
Group Liver Spleen Kidney Testis Fa}t;i&afl(él;nd Fatteeg[(i);md
Control”  1087:059™™ 053003 143:0.11°" 14620.08" 159:030"  1.96:0.36"
I 1090+0.69"  051£0.04"  144+005  149+006  137+019"  1.69+0.18"
11 1117+0.88°  049£0.04°  143+007 1513007  163:027°  1.78:029"
I 10514048 054+0.06°  143t008  148+0.03  154+031"  1.78+0.24"
10.78+054" 051005 1.38:006  149+009  1.39+019° 157013
\% 11402057 0562003 147:006  154:0.04  187x042" 193029

U See the legend of table

? Values are mean = S.D. (n=10)

¥ The values with different alphabet in a column are significantly different from each other at a=0.05

by Duncan’s multiple range test

Y It means 'not significantly different between the values in a column’
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Table 41. Body weight gain and feed intake in SHR fed with the

experimental diets for 8 weeks

Group Feed intake Body weight (g)
(g/day) Initial b.w. Final b.w. Weight gain
Control”  18.8+0.5"™% 2435+10.6 340.6=10.9 97.1+5.9*"
I 19.4+0.5 247.4+4.6 334.8+14.3 87.4+13.5"
I 19.4+0.7 248.2+6.1 335.6+16.8 87.3+14.2"
11 19.7+0.3 245.1+5.3 333.5+12.3 88.4+12.2%
1\Y 19.2+0.7 249.3+6.7 325.6+15.6 76.3+11.1°
\Y 18.7+0.6 249.5+7.7 341.0+11.1 92.6+9.6"

Y See the legend of table

? Values are mean = S.D. (n=10)

¥ It means 'not significantly different between the values in a column’

Y The values with different alphabet in a column are significantly different from each other at a=0.05

by Duncan’s multiple range test
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2,
Agk 7ok 71 ARAF F obnl At fElotr Ak AT A
FT 17F°] AEHJom AF ws Foate AvdEoldr & -
glutamic acid’} 7} @2 IFS YERY. AEd=E E9 gixds X
gstol EE AFTo|= valine, leucine, isoleucine, lysine, methionine,
phenylalanine, threonine % 2] Z4 olu|x=2to] shfHFH o] AT 2 EF
E R mE Aol #AFHA @, AEFEEY HIF AR wE

obu st 24 Wk §lglv,

3 AWA FARE A L AR
Z7bs] AEE SDE #&¥oz w4 BHEES FEH1 GC 2

7}

GC/MS & #4359t}

NEFEENA B8 4" A8 F 3HFTLE ketoneH 10%, alcoholF
9} aldehyde® 7} Z+Zt 6%, hydrocarbon® 5%, acide} A A 3tgEo] zZ+zF 1
T, 28 Ve e E 49 £o2 IAHAY. AEFEENA Ed" F
8 FBA g7 B o2 E senkyunolide A, cnidilide, ligustilide, calarene, a
~humulene, junipene, (0 -caryophyllene, furfural, 5-methyl furfural, furfuryl
alcohol & ©] Tt

At A&l F8 FAHE AES T 69F(113.09 mg/kg) o ®E AL
w5 7lol] e esterfrl 23F o2 IRE S AA 8 1, alcoholiF 18,
ketone® 10%, A4 3T E 9%, aldehyded 5%, acid 159 <o 7 3l
Rom 7E stgEo] 3FolA. @AY Frlee= wF L @Y HFo
A dFY A AR gstE, @ild Ad o] EFAORE FHofdl
ol sttEe Il 2 FazE Sol 9t AAE alcohol, carbonyld} g
5 AL FE Fo] "ol #AH flavor Aol FEAHA TS =
Aoz dAdHdrt. 71 @ T ol 12046 mg/kgl 2 73F 0
st=el FAHJOH, dHY S5 FS UEHHE esterFt 24F
(69.14%) 0.2 7| dFids At 1 322 alcoholit 18F
(15.29%), AA4sEE 10F(6.59%), ketoned 95 (7.10%)8 +o =2 F7]|A
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