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SUMMARY

I. The subjective of project

Development of functional soy peptide—containing savory flavor using

reaction flavor technology

II. The objectives and importance of project

Soybean, one of the most cultivated plants in the world is an important
protein source and a potential source of various health effects. As the main
components of soybean, soy proteins have been known to possess multiple
health—promoting functions, including antioxidant, antitumor,
hypocholesterolemic and antihypertensive properties. In addition, the
proteolytic hydrolyzed peptides from the soy proteins have been receiving
more and more attention since the functional and biological improvement of
soybean peptides has been reported.

Previous studies have shown that numerous food—derived bioactive peptides
have higher biological activities, such as antihypertensive, anticancer,
antiobesity and antioxidant activities than intact protein. To understand the
relation between various bioactivities and the principlehydrolysis condition,
including enzyme used and DH, it is essential to know the bioactivities of
hydrolysates with various DH using different proteolytic enzymes. So, this
study was performed in order (1) to biological activities of soy protein
hydrolysates and preparation of soy protein hydrolysates (savory flavor) by
response surface analysis (RSM), (2) to isolation and purification  of
bioactive peptide and amino acid compositions analysis, and (3) to peptide

of outstanding bioactivity and study on the Processing Adaptability.

IMI. Scopes of the project



1. Hydrolyzed soy protein isolate and evaluation of bitterness in enzymatic

hydrolysates

2. Development of soy protein—containing savory flavor by response
surface analysis (RSM)

3. Analysis of volatile compounds from optimized meat—like process flavors
for degree of hydrolysis

4. Development of soy protein—containing savory flavor and functional food

5. Preparation of soy protein isolate hydrolysates and its biological

activities by difference proteases, degree of hydrolysis

5. Preparation of soy protein isolate hydrolysates (savory flavor) by

response surface analysis (RSM)

6. Isolation and purification of ACE inhibitory peptides from soy protein
isolate hydrolysate (savory flavor)

7. Amino acid compositions analysis

8. Peptide of outstanding bioactivity and study on the Processing

Adaptability

IV. The results and Recommendation

1. Hydrolyzed soy protein isolate and its biological activities by difference
proteases, degree of hydrolysis

SPI was hydrolyzed by commercial protease, and the bitterness of
enzymatic hydrolysazed SPI was evaluated by taste dilution analysis (TDA)
and compared bitterness of SPI hydrolysates with respect to kinds of proteases
and DH. SPI was hydrolyzed to obtain various DH with six commercial
proteases (Flavourzyme, Alcalase, Neutrase, Protamex, papain, and
bromelain) and The DH of enzymatic hydrolysates was measured. To select

proteases, the bitterness of enzymatic hydrolysates was evaluated by TDA,

which is based on threshold detection in serially diluted samples.
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2. Development of soy protein—containing savory flavor by response
surface analysis (RSM)

Response surface methodology (RSM) was used to optimize reaction
conditions of meat—like process flavor, such as DH, glucose (%), cystein
(%), and thiamine (%). Central composite experimental design having four
independent variables (DH, glucose, cysteine, and thiamin) with five levels
was used to optimize reaction conditions. For Flavourzyme, DH was the
most important factor that affected overall liking and bitterness of a
meat—like process flavoring. Cysteine and glucose affected aroma quality of
a meat—like process flavoring with little influence on bitterness. For overall
liking, optimum levels of DH, glucose, and cysteine were 8~10%, 4~6%,
and 1.5~2.5%, respectively. For bitterness, optimum DH was 5~8%. At
optimum DH, bitterness increased as amount of precursors (glucose,
cysteine, and thiamine) increased. For Protamex, DH was the most
important factor on bitterness, while it had little effect on overall liking.
Cysteine and glucose were important factor on overall liking of a meat—like
process flavoring. Optimum conditions of glucose and cysteine were
4.0~5.0% and 1.2~1.6%. At optimum amounts of glucose and cysteine,
overall liking increased as DH decreased and thiamine increased. For
bitterness, low DH range presented low bitterness. As a result, optimum
reaction conditions for a meat—like process flavoring from
Flavourzyme—hydrolyzed SPI were determined to be DH 9.4%, glucose
4.9%, cysteine 1.8%, and thiamin 1.1%. Those from Protamex—hydrolyzed
SPI were DH 2.5%, glucose 4.5%, cysteine 1.4%, and thiamin 0.5%.

3. Analysis of volatile compounds from optimized meat—Ilike process flavors
for degree of hydrolysis

Volatile compounds in optimized meat—like process flavors were
isolated by high vacuum distillation using solvent assisted flavor evaporation
(SAFE). To identify characteristic volatile compounds of the meat—like

process flavoring, gas chromatography—mass spectrometry—olfactometry
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was used. A total of 93 and 81 volatile compounds were identified by using
Flavourzyme and Protamex, respectively. Also Fifteen aroma—active
compounds were detected in a meat—like process flavoring by GC—MS-0
Methional (potato—like) was the most intense aroma active compound,
followed by 2—methyl—3—furanthiol (2—MF, meat—like). In addition, diacetyl
(buttery), 2—ethyl—3,5—dimethyl pyrazine (nutty) and phenylacet— aldehyde
(floral) play significant roles in the aroma of a meat—like process flavoring.
Response surface methodology (RSM) was used to identify with formation
effect of aroma—active compounds of meat—like process flavor, such as
methional, 2,4—dimethyl pyrazine, phenylacetaldehyde,
2—ethyl—3,5—dimethyl pyrazine. For Protamex, optimum level of methional
concentration were glucose 4.5~5.5%, cysteine 1.6~2.0%, DH 9~10%.
Concentration of other aroma—active compounds increased as DH and
glucose (%) increased. For Flavourzyme, optimum conditions were
presented similar result. As Concentration of all aroma—active compounds
increased as DH and glucose (%) increased. At 2% cysteine concentration
(coded level=0), aroma—active compounds were presented low

concentration.

4. Development of soy protein—containing savory flavor and functional food

Response surface methodology (RSM) was used to optimize reaction
conditions of soy protein—containing functional beverage, such as reaction
time, glucose (%), and amino acid (%). For serine, overall liking increased
as serine and glucose (%). At 28% glucose concentration (coded level=0.8)
, taste increased as serine concentration increased. Maximum value of taste
was presented at the 28% glucose concentration and 3 h reaction time. For
glycine, overall liking was increased with increasing glycine above 10%
glucose concentration or below 3 h reaction time.

Soy protein—containing functional beverages were processed with
natural fruit concentrate and it was evaluated by sensory test. For flavor,

soy protein—containing functional beverage added with apple and grapefruit
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was the most preference, followed by peach, lemon and orange, and
japanese apricot. For overall liking, soy protein—containing functional
beverage added with jujube was the most preference followed by lemon.

To evaluate the application of meat—like process flavor using
reaction flavor technology, savory flavor was prepared. It was thought that
meat—like process flavor could be applied to final products such as

seasoning, sauce and soup.

5. Preparation of soy protein isolate hydrolysates and its biological
activities by difference proteases, degree of hydrolysis

For the preparation of soy protein isolate hydrolysates, soy protein
isolate (10%, w/v) was incubated with five different proteolytic enzymes,
including Flavourzyme, Protamex, Bromelain, Papain and Neutrase (0.5% of
protein content) for 24hr at 50° C. SPI was hydrolyzed by five different
enzymes, Protamex, Flavourzyme, Bromelain, Papain and Neutrase; SPI
hydrolysates with DH of 20.8, 21.6, 14.9, 16.7 and 18.9% were produced.
This result could be due to the fact that Flavourzyme contains both
endoprotease and exoprotease activities (32), and produces hydrolysates

having higher DH values than other enzymes.

6. Preparation of soy protein isolate hydrolysates (savory flavor) by
response surface analysis (RSM)

Preparation of soy protein isolate hydrolysates(savory flavor) was
hydrolyzed using Protamex by response surface analysis ((RSM); X;(DH):
2.22(%), X(Glucose): 6.66(%), Xs3(Cystein): 1.35(%), X,(Thiamin):
1.15(%)). Antioxidant and antihypertensive activities of soy protein isolate
hydrolysates(savory flavor) were examined. Antioxidant activity of soy
protein isolate hydrolysates(savory flavor) was evaluated in terms of TBA,
ferric thiocyanate, and SOD-like activity. ACE inhibitory activity and
SOD-like activity were 52.25% and 47.56% respectively. TBA and ferric

thiocyanate were not activity.
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ACE inhibitory peptides were isolated from soy protein isolate
hydrolysates (savory flavor) using ultrafiltration, gel filtration

chromatography, and HPLC.

7. Isolation and purification of ACE inhibitory peptides from soy protein
isolate hydrolysate (savory flavor)

The ACE inhibitory activity (specific activity) of the fraction (less
than 3 kDa) through UF were0.61%/ug protein The fraction was subjected
to consecutive chromatographic separations. The eluate from gel filtration
chromatography (Superdex Peptide 10/300 GL column) was divided into
five major fractions. Among them, the fraction G4 had the highest ACE
inhibitory activity (specific activity = 0.79%/ug protein). It was lyophilized
and subjected to gel filtration re—chromatography. Among three fractions,
fraction RG2 (specific activity = 1.15%/ug protein) was further separated
by RP—HPLC (reverse phase preparative—high performance liquid
chromatography) with a linear gradient form 0% to 100% acetonitrile
containing 0.1% TFA at a flow rate of 1 mL/min and fractionated into three
fractions. The highest the ACE inhibitory activity was in fraction P3
(8.87%/ug protein). The ACE inhibitory peptide was purified 8.87—fold from
soy protein isolate hydrolysate (savory flavor) using a five—step purification

procedure.

8. Amino acid compositions analysis

Amino acid composition of ACE inhibitory peptide was purified
8.87—fold from soy protein isolate hydrolysate (savory flavor) using a
five—step purification procedure was mainly consisted of His, which was one
of the representative basic amino acid. Based on our results, we suggest that
His with basic amino acid contributed greatly for observed ACE inhibitory

activity.

9. Effect of pH and temperature on the Angiotensin I converting enzyme
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(ACE) inhibitory activity of UF fraction (< 3 kDa) obtained from soy
protein isolate hydrolysate (savory flavor)

The effect of pH and heating temperature on ACE inhibitory activity
of the UF fraction (less than 3 kDa) of soy protein isolate
hydrolysates (savory flavor) was investigated for the evaluation of potential
for industrial application. ACE inhibitory activity increased as pH increased
from 2 to 7 but decreased as pH increased after 7. ACE inhibitory activity
increased by pH but was not significantly affected by heating (p<0.05).

10. Solubility profiles of UF fraction (< 3 kDa) obtained from soy protein
isolate hydrolysate (savory flavor) through ultrafiltration of Temperature.

Solubility profiles of UF fraction (< 3 kDa) obtained from soy protein
isolate hydrolysate (savory flavor) through ultrafiltration of pH and
temperature. The solubility was was not significantly affected by pH and
temperature (p<0.05).

These results demonstrated that the ACE inhibitory peptide from
soy protein isolate hydrolysate (savory flavor) may be useful as a functional

food ingredient with antihypertensive activity.
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Table 1. AF&NA el 7154 fHEpeI=
=
| RN 714 g
1. Opiod peptides (agonist)
S —casomorphin (AFg}) B —casein () |XE, FHAF] FA
B —casein (59—-63) B —casein (1)
gluten exsorphin gluten A%, FadT A, dede
H &
2. Antihypertensive peptides |tz ERipAR S
o
B —casein (21-4)
gojg] &5
3. Hypocholesterolemi . o 118 acidic| .
) olemic peptides cubunit FHAHE F5+A 3
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A 3% 7N IR E 2 2

A 12 MY Vles o8 dF GHA=RFE A

= l
savory®¥ 9 7|54 4F A

1. A5 2 Wy
b e Reas A

D A=

A5 fste] EedrduAe o] A¢EH AR e Al ol
AEmE AR i S Fafe] o] g5t WA g AEE NovoAk
(Novo Nordisk Co. Ltd., Denmark) Z4% ¥ Alcalase, Flavourzyme, Protamex
¢} Neutrase® Sigmai} (Sigma Chemical. Co., St. Louis, MO, USA)Z%4E
Bromelain#} Papaing 798t AFg-sk3lth

2) Enzymatic hydrolysis
7hH @A Felas US4
gz Balgs odrts =48] Yste] WA L-tyrosines ©] &3}
standard curve® ZASGItE. 105Te dry ovenellA 3A1ZF s<F Hx3H
L—tyrosine 0.1 g& 100 mL 0.1 N HCIl = 1 mg/mL L-—tyrosine&¥S 1
it} o] Mo 7HE L—-tyrosined FE7} 10, 20, 30, 40, 50, 100 xg/mL
0] EE =99, L—-tyrosine €9 1 mLE #H3sFe 5 mLe 0.5 N NaOHS} 1
mL% 1 N Folin & Ciocalteu's phenol reagent (Sigma Chemical Co., St.
Louis, MO, USA) ¢t SA] &3t & 30TCelA 156+ Tt WA & UV/visible
spectrophotometer (Shimadzu UV—1201, Kyoto, Japan) S AF&3}o] 578 nm2)
e A absorbanceE =7A3FHTE Flavourzyme® Alcalase? 971E Z&3}38}
71 93] caseing V]FZ ©@¥A Edagr A7tE =45¥TE 2 g9 casein

(Sigma Chemical Co., St. Louis, MO, USA)<S 25 mL 0.1 N NaOHel| ¥x1 10
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7.00%2 %43 10
A ghe] <ol
o

2% casein®&d 2.5 mLE
1 208 =

HCl= pHE
&

=
o

o1t}

o~ =
T =
H A5
A Flars 9y
© o
o =2
%0

ruln rlo

T

7 5
7. .
Eyl_

¢

TAE ZFEetHA I3tk Wb 0.1
5=+
ol 2% casemd‘lﬁ“
A] ch
1 unit

mL<% 1 M phosphate buffer (pH
¢k WFSAI AT 5 mLe 0.3 M trichloroacetic acid (TCA)ZE Yo]A Hb
Hsted 5 mLe 0.5 N NaOH® 1 mL%Y 1.0 N Folin &
-2
oF
gl
<

e

=
o
=
A7 %

rr

30T~ 15

o

a7 &

(e}
100 mLe] ¥

A Egasit.
A . .
stel gFatgich. B Bl

= U
test tubeo] Y1 37TCelA 10E87F &+
AofA 20%7F WA Sl Whatman No. 40 filter paper® o 33}3ith
o] Etﬂ—
=439tk 0.3 M TCA soluble peptide?]
| ATt 13
| o8] AAdE L—tyrosined

fel AAw A
%l

A5 A
A 1 mLEs
Ciocalteu's phenol reagent
W2 8ko] "EAA] 7] 31 absorbance
+ L—tyrosine standard curve
Wbz oA 2027 1 pLo] @z Fala
2 Jlssi.
W) o o] ZhaE il
T dEdLe 102 (W) E =3 E3ste] 7hrd
3 By oF dmAS 2 L9 jacketed beakero] ¥ 50Ce|A 30%
Zhestoivh AR @A Ralass Zzt ¥ (B/S: 0.5, 1, 2%) 50T oA
0, 5, 10, 15, 20, 30, 45, 60, 90, 120, 1809 tA& FiL 7keEal|l Al Z Tt 7}
Tl 7E FAEW 95T AR 1023 At ass =845 AAA T
L5 S48, aadRs 99 A AR ARSIl
o HEdE 54
ol Lk 7h el = o TtrEl e E A7 a7 Sk
trinitrobenzenesulfonic acid (TNBS) W& A}L3slS T 1% sodium dodecyl
=l 53 U yFaid 7tEsE 0.25 mLS phosphate
2 mLel *<2 ¥ 0.1% TNBS €9 2 mL& 7heqlth
= A&etar 50TolA 1AZHEsE  HESAI AT o] 5
= AN el 3083 AA F
L=l T el

buffer (pH: 8.2)
Aluminum foil& ©]g&3}e] W
0.1 N HCl 4 mLE& 73t

340 nm YAAM THEE =

2 vehygith O @wa s

S

sulfate (SDS) ¢l
3
L2l;
UV/visible spectrophotometer (Shimadzu UV—1201, Kyoto, Japan) & A}-&3}¢]
Aetdth. FEA2 leucines 0~1.5 mMe H9
SN FHEE SHetel A ﬁ
— 42 —



% (degree of hydrolysis, DH) &= Adler—Nissen® TNBS =¥ wlg} oS3 &
o] AeJstitt.

DH:(h/htot) x 100
(h @ tA|7F Zo] &z Rajgio] s WAHdE @ —amino groupd W EH
(milliequvalents/g), hi : A& 7}FE38] A BAE 4 QlE o —amino group ﬂ

2 (milliequvalents/g))

3) WA
Toamd kel eutd s SAs7] fla HeHANE AAE
th 10 o HEeds AAsty & AEE 18T & s THS AT
&g T = taste dilution analysis (TDA) W& o] &3te] AAEUL. OF 7ME
=2 SFFE @A R 34ste] &0ko] gl blank A& (8 WF ©
Wz of vlasto] &8ke] Zpol7f uhA| oka W 7hAl AAlskadth 25he] A= TD
factor® WERJSITE TD factori= blank A& 9} thf ©d 71=Ral &2 &5k
kol 7h yebuAl ks we) AueE on it A S ©]8-3ko blank A& %
o7 @l JheiaE A5l ApolE: ¥, GFRE o]gdte] AlEWSE

sojste] RIS AN st

’

Y. JhEEs T whE savorydF AlF

s Kol
- T -
Flavourzyme®} Protamex& o7 ©@¥Wd Falas=z A4t

=] L
== h
FRe ANE Adel oieh 28s] ARRHEA 0B OF wwd AR

2) A74=4d 44
TteRA Rl wWE savory® A FZE Y5kl WSS A Fo] A3 ATE
AL A8 e. A8 FFY G oAl T o] &3ste] An| Ay st Ax

glucose, cysteine, thiamines ATEZZ XG5t}
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7h wr-SEHEXAY (Response surface methodology, RSM)
e o@ild TR E 0 savory® AlFR 2AS HASE] 95ke] Wb
EHEANS AFEsisit. HAsE A sHHSEE Jleidl = (degree  of

hydrolysis, DH), glucose % (%), cysteine < (%), thiamine (%)< A3ty
ok Zzbe] Wbz el 5709 levelel W& coded unit (Table 4)& Foidti o=

SHAAAN S ol &35t 28‘?194 design pointg Ztes Ads AAS] wb
&3kt (Table 5). F5MTEsE 718%, &9 2 A& ACE
AR, g XJ'ET}‘?@‘:}. Z|sE 9 ¢ e A5HAAE Foto]

5l multiple

=4
ns)
S
1
10

AN 28 oo o
ol
olr
wn
O
o

o
_0|Lr
38
K
|\
o
)
=
filo
)
ofo

2 second order model equation
T3t BE FAEAS SAS program (SAS

_‘
@
0Q
=
™
w
%
o
)
=2
1o,
ol
o
2
gh
it
ol
Sl
32
n

g BsAA
BEAANE gstel wasta AFFEY EAde FHOE 1492 )
g2 dAsiglet. didS FA7F 99, o4Art 5 oR FAEHAY. VEEE 98H

] 9
(-+-F0HOF), T (73, BEoltt(GR), Av33), W-At13) & o833l

a1, 28k 542 TDA ¥S o] &3kt

h) dlF @ d TR ES savoryd AR
Zhrddls W A=A e mE ol @A JhaeEdlE savory @9
F7AES B3] $8te] savory S AZFST AA hel 2 Ba)F A

i
)
-
o
1z
()
~
r
Y e
:Oé
i

=

Flavourzyme®} ProtamexZE ©]-&3}¢], 7t-E3i=7} o
S A F3s}a, glucose, cysteine, thiamined ATFERIZ H7}ste] FHIHLAAE
AN BRI o]ef upgl savory FS A FsATE 7
& savory 9 AR AolE REASH] 98t AREH =
Table 63 #t}h X3t 7|52 E FH5WUTE oo WheExAFAH S o] &3t di+F
Gz 7R E 9 savoryd AFR =S HAFEUaL (Table 6), o] A =

o] W} Flavourzyme® ProtamexZS A3 tfF @A 71<-E81E 29 savory3F

2 717} A zsent

a9
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Table 4. Coded levels for independent variables used in developing

experimental data

Coded level

Variable 5 1 0 1 5 Interval

DH (%) 0 5 10 15 20 5
Glucose (%) 0 2.5 5 7.5 10 2.5
Cysteine (%) 0 1 2 3 4 1
Thiamine (%) 0 1 2 3 4
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Table 5. Experimental samples with different combinations of DH,

glucose, cysteine and thiamine used in the central composite

design
No. DH" (%) Glucose (%) Cysteine(%) Thiamine (%)
1 5 2.5 1 1
2 5 2.5 1 3
3 5 2.5 3 1
4 5 2.5 3 3
5 5 7.5 1 1
6 5 7.5 1 3
7 5 7.5 3 1
8 5 7.5 3 3
9 15 2.5 1 1
10 15 2.5 1 3
11 15 2.5 3 1
12 15 2.5 3 3
13 15 7.5 1 1
14 15 7.5 1 3
15 15 7.5 3 1
16 15 7.5 3 3
17 0 5 2 2
18 20 5 2 2
19 10 0 2 2
20 10 10 2 2
21 10 5 0 2
22 10 5 4 2
23 10 5 2 0
24 10 5 2 4
25 10 5 2 2
26 10 5 2 2
27 10 5 2 2
28 10 5 2 2

! degree of hydrolysis.
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Table 6. optimum conditions of savory flavoring

DH' (%) Glucose (%) Cysteine(%) Thiamine (%)
Flavourzyme 9.4 4.9 1.8 1.1
Protamex 2.5 4.5 1.4 0.5

! degree of hydrolysis.
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o HA88 0% dud AERaE savorydel @4 E 24

D #HAsd diF Gl 7l E savorydF e @138 4
7}) Solvent assisted flavor evaporation(SAFE)¥H S o] 83 A3 ¥ savory %
o AN F=E

SAFEE o] g3t HA3ld savory &9 /| ES FE330. 2 3te

S|
savory & 10 g, deodorized distilled water 100 mL, WHEIZF=EH

(3—heptanol) 9.72 xg& 250 mL A&t~ Id Yl 4A7F 59 53 & o
39 th. SAFEE o] €3lo] o]#H savory &9 7| ES FE3n o] W &
22 1077 Paolgll, water bath® €% 40T ©|9th. SAFEE E38] 92 F%

o
= j
Zo] 10 mL9 A=F3t dichloromethanes Y1l 2A| 7 23] FE31 T FF0|
A
1=

g % g3 Besn -20CelA 1247 WE ¥ &)

o] g3}y 100 #L=E &=3}9] gas chromatography—mass spectrometry % gas

chromatography—olfactometry 2] £ A 82 Alg3} ).

) Gas chromatography—mass spectrometry—olfactometry (GC—MS—0) & 9]
&3 Fn 54 24
(1) Gas chromatography—mass spectrometry (GC—MS)

SAFEE o] &3lo] =3 savory 39 32A IF7|AHE 4L Agilent
6890N GC/Agilent 5973 network mass selective detector (MSD) (Agilent
Co., Palo Alto, CA, USA)E AF&3st3tt. Columns DB—5ms (60 m length x
0.25 mm i.d. x 0.25 mm film thickness : J & W Scientific, Folsom, CA, USA)
S AHE3EA A, oven &%+ 40T oA 533 FA%E & 200C7HA 5C/min®] %
T2 S2AA 20870 FA8YG Tl Injector 2%+ 200T, detector %= 250T
F O™ carrier gasZE heliumeS A3 52 1.0 mL/min ¢t} Ionization
voltagei= 70 eV 18|11 43 Ex&Fe] H(m/z)+= 33~35002 3l £243)

Stk GC-MS &4 triplicate® 3}3l T},

(2) Gas chromatography—olfactometry (GC—0)

SAFEE o] g&3le] FE3F savory &9 3] |4 EES GC-0F ol
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3ol TA3ATE. GC-0ZE = aroma extract dilution analysis (AEDA)E 3319
Tk 100 #L7HA 53 71485 39 Wiz dAZ R A5 & o] s
GC-0% 53'3}313}. WAL At e A" EAuleE O HAAdE S flavor
dilution (FD) factor#t A9 3l3 RIFS XFO=F 33 logsFDE YHOZ 319
FD chromatogram< 1%t} GC—0+ Varian 3350 (Varian instrument Group,
Walnut Creek, CA, USA)& AH&3l3ltt. Detector= FID (Flame ionization
detector) & AFE3FA T columnOZHE #-AA|A nose conex ©|E3}9] sniffing
2 AAFFY T Columne DB-5ms (30 m length X 0.25 mm i.d. X 0.25 m
film thickness : J & W Scientific, Folsom, CA)E A3}t Temperature
program< 40Co|A 5E7F X3 & 200C7HA] 5C/min 5% S2A|#4 10%
T A3 9 ) Injector %+ 200TC, Detector 25+ 250C% 2 carrier gas

Z+ heliumE AFE39 12 7452 1.4 mL/min

5

3 kg 7_5&7]*35'—94 T4 retention indices RD & Wiley/7n mass
spectral database (Agilent Co., Palo Alto, CA, USA)E o]&3}3t} (positive
identification). 3t GC—0 AellA 7] Aol Tx¥ F2 retention indexE
Bl walH 1, 3449 retention index$} spectrum= Hlwste] d7|AES 3QlF
AT

(4) 32 I 4=

-

43t 3—heptanol® peak area®} wHE FEA 7| ES peak area94 peak
area ratio® U 2ol o3| A&Zsldt}. o]u peak area ratio® amount ratio?
A= 1 o2t 7Hg s

peak area ratio X pg of 3—heptanol
g of sample

% (ppm) =
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e g A5 Ra e whE savoryde] vl SR

1) Solid phase microextraction(SPME) & ©] &3t savory &2 F7|HE ==
Zhrrdl s W ATER e wE savory ] A Ao AolE
Ast7l flskel SPMEE AREste] F|AEEs FESYh. SPME
apparatus (Supelco co. Bellefonte, PA, USA)+ SPME fiber®} SPME holder®
TA] 5 o] o 50/30mm  divinylbenzene/carboxen/polydimethylsiloxane
(DVB/CAR/PDMS) 2 coating¥l fibers °]&a3ict Alaes addz SHFA
Ao oste] A ZXH savory & o] &35ttt Savory ¥ 2 g, deodorized
distilled water 10 mL, WHXF=% (3—heptanol) 0.972 xg= 20 mL
headspace vialel @3 teflon capl.® WE3FGTE 60TCoA 30 mingt WX 3}
B Az Gl =23 sample] SPME fiberg lem kEAIA
30min E¢F S FE39h GC injection= $3] 2007T injector portellA] fiber
£ =ZAA 1 mingt GFAZAT. GC-0 ¥ GC-MS=Z A IS

L]

S

ol

2) Gas chromatography—mass spectrometry (GC—MS)

SPMEE ©o]&3F] FE3F savory 9 I 7|4 E 592 Agilent
6890N GC/Agilent 5973 network mass selective detector (MSD) (Agilent
Co., Palo Alto, CA, USA)E A&ttt Columns DB—5ms (60 m length x
0.25 mm i.d. x 0.25 mm film thickness : J & W Scientific, Folsom, CA, USA)
S AHE3EA A, oven &%+ 40T oA 533 FAI%E & 200C7HA 5C/min®] %
T2 F2AA 2083 A3 Injector %1 2007TC, detector 2%+ 250T
A0 carrier gasZE heliume AFE3F9 1 552 1.0 mL/min 9t}. lonization
voltages= 70 eV 121 A& A2 "9 (m/z) &= 33~3500.% &t A8

Ft. GC—MS #2422 triplicate® 3}t

ar =
B wma bR F/19R WaE BAH] Sdstel MeENR
& Agstrh %9

=
% (%), cysteine % (%), thiamine % (%)= A3t 727+ Hb-gx2Ad 5719

i
i
rr
N

tEal = (degree of hydrolysis, DH), glucose
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levelel W& coded unit (Table 7)& Fo3tal o5& THAFEANS ol &3]
28W 9] design pointE ZtEE AL AAslo] WIS EHEAS A3t TEHHS
2= HAshd dFeArtsEedis=e R EA0dA Tt FEEeR

4%  methional, 2,4—dimethyl  pyrazine, phenylacetaldehyde
2—ethyl—3,5—dimethyl pyrazine® ¥=o =z A3t F=H5HTZ = HAsd
T ATLEREA NS B 2 GC-MSE E39 SHs%la, S

2 second order model equations 4 €3}%] multiple regression®] &3}

ARt i BE EAEAL SAS program (SAS Institute Inc.) & o] &3}
=3

o
S A

32
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Table 7. Coded levels for independent variables used

experimental data

in developing

. Coded level
Variable Interval
-2 -1 0 1 2
DH (%) 0 5 10 15 20 5
Glucose (%) 0 2.5 5 7.5 10 2.5
Cysteine (%) 0 1 2 3 4 1
Thiamine (%) 0 1 2 3 4 1
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avory & A& 9 7%

D AdAs
2= AFE fete] T diAE Fofr|AdQl AH A AlFEol AEE
AFEEFRTE. SPI 3llef] o] &3t dwaA EIais Novorl (Novo Nordisk Co.

Ltd., Denmark) 9] Flavorzyme$} ProtamexE AFE3}3T. T3St glucose, glycine,

{

lysine, proline, isoleucine, tyrosine, serine, alanine¥ phenylalanine< Sigma
A} (Sigma Chemical. Co., St. Louis, MO, USA) 2 8E G-¢ &) AFg3l9 ).

2) A
7} Maillard reactions ©]-§&% tiFfeol= 3t 7154 5859 Ax
(1) xi:rlgﬂ A
12 L R A e Ao

glucose®} olnAiks o] &3l A& ﬂ]iﬁ}ﬁiﬂr. 5 dwzae 10% (W/V)=E

=3 st TheRae TdE ARgesith i @MES 2 L9 jacketed
beakerell Wil 50CelA 30% &<t 7keatqich. 71 of a4dhnl (E/S) 0.5%9
@ Bl gAs Wi 50TelA 1A 7k Al TRz A
100TC = 30%zF Agste] axsE 2843 A7 F, 3uje] S/TE 7Hrsto]
Ao F=EFsFPTE. F2EEC SPI &% thv] 20% glucoset 20% glycine,
lysine, proline, isoleucine, tyrosine, serine, alanine® phenylalanines Z-ZF 3
7Feked 100CeolAl 3AIZE &A% 3L, 2,000 rpmé] 2 2083 g8 & A
A FHAdto] =4 S fst dsHA AlRE ARSI

o

(2) Wi+ &@md Vs Ee o183 Ve

= =
7125 Akl o AgE ofv|wmAakE o] gsto] o

1= hm g
Z 2715 HAgs] Yste] dbgRHEAH S AFESIGIY sYHHTEREE AR 100
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Table 8. Coded levels for independent variables used in developing

experimental data

Coded level

Variable Interval
-2 -1 0 1
glucose (%) 0 10 20 30 40 10
amino acid (%) 0 10 20 30 40 10
reaction time (hr) 1 2 3 4 5 1
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Table 9. Experimental data for overall like with different
combinations of glucose (Xi), amino acid (Xs) and reaction time

(X3) used in the central composite design.

coded level

No. X1 Xs X3

1 -1 -1 -1
2 -1 -1 1
3 -1 1 -1
4 -1 1 1
5 1 -1 -1
6 1 -1 1
7 1 1 -1
8 1 1 1
9 -2 0 0
10 2 0 0
11 0 -2 0
12 0 2 0
13 0 0 -2
14 0 0 2
15 0 0 0
16 0 0 0
17 0 0 0
18 0 0 0
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W) AAds w59 H7Es diFfEel= 3 7le A +859] Az
g @A 102 (W/V)E =3 E3ete] 7heiae] 7142 A8l
t}. SPIZ 2 L9 jacketed beakere] ¥Yil 50Ceo|A 308 HEoF 71239}, 714

) &4th8] (E/S) 0.5%2 wwlz RegsrE Y 50CoA 1
th 7R FAEW 100C 4R 3087 Agstel 2425 B84 A0 3,
3] FHFE 7S Ao FEEAT %

Table 10 YFeER ST

th i @A TheEREE savory® AlE N

HA ZA Wt Flavourzyme® ProtamexE g3t tjF w@a=d 7}
&2 savory® AAE Table 113 o] #A|F3}Ftt o] & A %% savory & &
A 80TOIA 8AIE B¢ AFARE AANSAL Ax7F B F 2us) dhol

savory & A|FE2 AARE o] &3At. AFH savory F AAE AFH A AF

HiE &3] AFuAEel &3] & Al 10% thAlske] Alssk sklvh =35k 7)
£ AEH dF dd NEEEE savoryd AR X3 AES BeHAE
Eato] vl A ST

2h) A AL

B S flske] d=distu AEEety) dietd e AR 12%s 9
g2 dAeginh. &, g dAARl 71sx=e] 5ol diste] 98R (¢ 093,
TR, BEolvh(GR), 4u @GR, v A1) = ol gsklth Al A2 =
SRR ARVIEE RV FY e A% ARE "ol =3 g Alwst
AL, g R AlRE BV te 22 d¢E AT F uUE RS GMelEE §)

.

uh) SAA

A8 A} AdojA do]El= SAS program (SAS Institute Inc.)& ©o]g3sh
o] ANOVA #A4HEA 3 Duncan®l 9] A4S ol&ste] 5% FFolA 44 A
ol HFs3th
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Table 10. Composition of additive material

No.

additive material

1 =~ W N o+~

apple extract, grapefruit extract, sugar, syrup
peach extract, lemon extract, orange extract, sugar, syrup
japanese apricot extract, sugar, syrup
jujube extract, lemon extract, sugar, syrup

jujube extract, dried persimmons extract, sugar, syrup

_57_



Table 11. optimum conditions of savory flavoring

DH! (%) Glucose (%) Cysteine(%) Thiamine (%)

Flavourzyme 9.4 4.9 1.8 1.1
Protamex 2.5 4.5 1.4 0.5

' degree of hydrolysis.
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2. 49 4 1%

T axgAdY HdaEs BAS] Y8l 2% casein £94ES VAR
B AHo| AL g B §49 54 971E =435 A= Table 129 ek

=S|
ydth. Alcalase’} 714 =& 971E YeE S © Y, Papain, Bromelain, Neutrase,

&
é
JE‘é
()
10
ol
b
iE)

- =
At EFE4AE leucines 0~1.5 mMe HooA FFEE =
YEF It (Figure 4). 8] oiF d@ds 7|42 A998 @42 Flavorzyme,

Alcalase, Protamex, Neutrase, Bromelain, Papain® &4, 7|4 o 434

(0.5, 1, 2 B)Z 714E3] AEE ¥ WSt progress curves Figure 5~103 %
t}.

HEE a4o)A reaction progress curver %7|9 wWE HISET R IR
a7F dojyrirl Feo =Ae AFAQ FHE e ok olgd FEle =
A27A JpgeEeEolA] B3 ¥ reaction progress curvel FE|9l {A}ETE 27)¢k
Alel A= oF5k peptided @el H58HA Eel¥H 1 UsEAlol= @ kst peptided
gho] @A BEEE dyE BHuEa 9low, it 2| a4Vt EEA4
gl E o] ZAE T o] polypeptideddo] B% compactdtA #g3fe] wE
S A St RuE gtk ES 120% o]Folv dif-E 9w st
YA s YEUT. BE E4olA ES %7F eSS R E T
7hebs YERlow, 1 3 2%olX e AA ZFolE YERA 2S%kth Protamex”f
1 =2 TSRS EE eI e Alcalase, Flavourzyme, Neutrase,
Bromelain, Papain 9% 7FpEidlert w4tk i 27 6~10%4 %2

e s dEglor AR or Frhste] HFAH R E/S%el wEr 15 ~
30% HES 7l E=E YERNSITE  Alcalase= Z7]€) Wi wE HHEELER

Arast AAE T 6084 F 15-18% FE AFEAEE e, 4
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= FAEE o]F ZHAadte] 180 oAM= 20~23%9 TR ES L}E}Lﬁ‘zi
(Figure 5). T3t Alcalase: E/S%°| ulz} 7[&Edes o8 a4kt

z2kol & WER Al Skt Flavourzyme> tE &4 Hlslo] =¥ 7] &
£ 5 Yehdigloy, AEdez a4t d¥Es A9E YERJTH(EF
6). 607HA HAA o7 Jhitell JErF WA EHG o, o] Fo= B2 Tl
TE YERTH 60 E Y F 12~17% AE9] JteddEE YE L, HEA
o7 14~23% HEe 7l =E YEW S Neutrase: Flavourzyme B
sk AdE vetddlow dddor v s EE YER o (Figure 7). 60

AL F 13~17% ALY 7t s YERUS L, HFH o7 15~21% JRe
MR EE UEM Y. Protamex+s AFESH A4S 7 =2 VMRS EE LE

=

2

At (Figure 8). 7] vwi-¢ W& WeEHEE YERAoH, 90&7HA] AlEH o=

7hr kel =7} 27}'3} i o] Whg&HLETE HARhs dERSIT 6049 18~
THOR 22~28% HES] THrEs

2t} Bromelain Neutrase$} H|S

= YEeF Y (Figure 9). 60% A3

T 13~17% 4= 7} Bes Jehig 1, AEH 07 15~18% JL9 7heE
=5 YERNSITE Papain® Neutrase9} 7Frsll®= 9 A gFo] ufg fAlskA
b ot (Figure 10). 7] Adid o= wg §kg 55 Yehdigloy, 30 ol %
HAS T SR gadglth 60% A ¥ 13~18% YR AHFRIAEE
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Table 12. Measurement of enzyme activity using casein substrate

and declared activity of enzyme manufacture

Enzyme Lu.?
Alcalase 63.06
Flavourzyme 42.39
Protamex 40.99
Papain 54.92
Bromelain 43.01
Neutrase 42.59

? One unit was defined as the amount of L—tyrosine produced by

1 mg protease solution
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Figure 4. L—leucine standard curve by TNBS method.
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Figure 5. Reaction progress curves for enzymatic hydrolysis of beef

extract by Alcalase.
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Figure 6. Reaction progress curves for enzymatic hydrolysis of beef

extract by Flavourzyme.
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Figure 7. Reaction progress curves for enzymatic hydrolysis of beef

extract by Neutrase.
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Figure 8. Reaction progress curves for enzymatic hydrolysis of beef

extract by Protamex.
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Figure 9. Reaction progress curves for enzymatic hydrolysis of beef

extract by Bromelain.
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Figure 10. Reaction progress curves for enzymatic hydrolysis of beef

extract by Papain.
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3 WF GuA e B 2% 54
anrael Qs Azy 0T wud eraEe] LRYrE S5
g3 TDA W& olgstel AAstgich E# 299 FEE TD factorZ thehigl

AFTh &
ot 7R ARE SRTE 9AHCRE 2uE 348te] U] blank AlE 9}
z2kol7F vEbA] ks ) 7hA] AAsElTE A el AR A8 &4 5 Alcalase
7} 7F4 & TD factorE YERU Q1 Protamex, Neutrase, Papaine -FAFsE A3k
4 AT E JeYl o™, Flavourzymed 7 AL &9-S et (Figures 11
~16). B aaoA 7t vt Sobgkel wel 28k ARk F7HE uERd
Ao Papain®l 4% 7HE w2 7Rl s HAE Tt

= YebSlT @id ZheRs =] A9 500014 3,000 =2 RS 7H A
% bitter taste’} @A, T3+ J}4EE S hydrophobic amino acid 717}
1S 7% (Proline, Leucine, Isoleucine %)l bitter tasted A+ S7Fsttial
Bu¥E Qo uebd g4E=2 sl a4t F4-35F= amino acid’} tHEH, 9]
el AAE = Thedls, S W fWEel=9 ®A% % hydrophobic 7)€
zfole] &l oy g At yepwrkal AZbEo] Xtk Alcalases 7HE w2 &0t
AEE YE Ao Figure 11). 92 7Rl eodM e 2 &0 Uehdislon,
7l =7t S7bgkel wel 548kl Sobeke], 180% ZhiEE s AlselA = TD
factor’} 64=% 7}FF =& TD factor® YEUAY}. Flavourzymes ERE ah F
b W 2uk ArE etk (Figure 12). 7FEsl 7t 12% olstellA s &
gro] e AAHA ¢kgkor, £2 tEaEe 15%14= TD factor7b 2 A%
08 Z4EE A stgedalEel vigte] (TD factor 8~32) w9 whe &4
= YEFSlH. Neutrasew 7Fritaler’l 7% olstel A& &8ko] A A ¢kgko
M, 15%°14+= TD factor7} 1622 YEINTH(Figure 13). % 7kt mol M=
Egte]l YehA ekgroy, £2 7k dl = (DH 10% ©1/d) elA+= Protamexel ¥]
st =2 TD factorg YWERSTH(Figure 14). Protamex+ < 73l ol
Hlal &8k A g o=z A2 gha vehdith 7] ZheasiselAd AR

A &oto]l AAH A O UH(TD factor = 4), 7kl =7t S7kgel whel &5ke] 7t
:l

ku

—

= Aoz dgrt). IR E 15%9lA TD factore= 8ZM Flavourzyme=
A9 NE FAT X s LR R vsle] EAF R mo) AR ow
oo &uy

S YEMN oW (16~32), T3 7R 20%904 %= Alcalase$}
X

s
nlwsle] AF oz wjg e Z2uAcE el Qo (Protamex: 16, Alcalase:

_69_



64). Bromelain % Papaine Neutrase$ FAFsE A3k &9 AxE el
(Figure 15 ¢} 16). 221} Papaine] A% 7F¢ =& 7oy s &) ¢
12 #aghs YeElglth Flavourzymes ©]8 Al &5t
B} Fod 4 oy, thE aiel nHjste] Audow
ATt Protamex+= #2 7Pl s WEbY, T3 2 ZheEs el Hlske] A
Ao w v 2gks yehdidlth 919 d3tel 25t Flavourzyme¥ Protamex
E Ui 9 Eelasz Adeto] HA43 Aol AREsklth

ol
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Figure 11. Changes in TD factors during proteolysis with 0.5% E/S by

Alcalase.
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Figure 12. Changes in TD factors during proteolysis with 0.5% E/S by

Flavourzyme.
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Figure 13. Changes in TD factors during proteolysis with 0.5% E/S by

Neutrase.
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Figure 14. Changes in TD factors during proteolysis with 0.5% E/S by

Protamex.
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Figure 15. Changes in TD factors during proteolysis with 0.5% E/S by

Bromelain.
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Figure 16. Changes in TD factors during proteolysis with 0.5% E/S by

Papain.
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1) RESREWEAE o] & savoryd A wbSE7 HA 3

Savory®@ A4 whexd HAster] f& A9 ATE Eske] Addd
Flavourzyme®} ProtamexZHE AAitd 7[R ES o] &350 WA 9
&34 A (central composite design) @} 72+ =HH < (independent variables)
o W& Z codedt® leveldlA %W (dependent variables)?l 7]1& %9}
bitterness A %=& Table 13| YERIIH. o] A5 7IA21 RSM<& @sto] A4t
¥ model coefficientsi= Table 14°] uYeERSITE FEHHF o8 AAbd
regression coefficient® 7}A 1 p<0.19)4 & AAIHLES 713 & Adwst

e thgwt 2o

i~
AL

o

rr

=1
-

ol
it

Y; = 4.8875 — 1.5850X;X» —1.4867X5” + 1.3600X;X4
Y, = 4.8056 — 1.3981X.° + 2.2778X3Xs — 1.3981X3* — 1.1667X3X4
Y3 = 1.3750X,* — 1.2500X:X2 + 0.8750X3”
Y, = 0.5833X; + 2.1250 X3

(Y1 = 7]3%, Flavourzyme; Y2 = 7]|3%, Protamex; Y3 = &4,
Flavourzyme; Y4 = &9 Protamex; X; = DH; Xy = glucose; X3 = cysteine;

X, =thiamine)

vt 747k AL RA*ZES 0.7475, 0.8200, 0.8254, 0.8099% T WA 19|
g mEldo]l o Amo] folFelA APertE HoF = probability> R
Fkgol Agdsity wE ¢ Q.
tol 2 ZAvb= Table 1591 UeEh9d
Flavourzyme< AF&-3F 7%= DH, cysteine,
om, 53] DH9} cysteine©] 7| %ol A

At} Protamex® A%+ cysteine, glucose,

N O
ol S
Moo
=2 ol
E
N
N4
I S
i 1o
E 4
}, o
S
5
o2 HN
o o
o >
kit
L
" o
s g
o o

o
rlr

2

o

flo

¥

3
glucose, thiamine® <°=% v}Ef
FE vA= AR A7t

thiamine, DH <22 WUEF}O ", cysteined} glucose o] 7|3 o & gk
A= AR AZEe] v RSME ekl A -8 coefficientsE 7FA L 709
independent variables7te] A @A #AAZS H7] 93] contour plotE ZHTF(Figure
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17 9} 18). Flavourzymel Z &4 A3t 7[F-EHES o] &3t 3 A% A DH
o] Aol diFi DH7F 10% ©l3t (coded level 0 olah)ellAl HA <] 735 &
el ok (Figure 17). X3 DHSF &4 & 932 e+ cysteinel
2% (coded level = 0) FZM 7H w2 7255 YEgl=d DHe
cysteine?] &9 W3lE o] &3] YEFH contour plote &<ld] ¥ DH 7.2%,
cysteine 1.8%°A 714 =& 7|25 5 YEUSITE 3 glucose % thiaminef]
4% DH cysteine®l H|gte] A2 335 YERY A O contour plots #9135+
B g FE coded level O (glucose = 5%, thiamine = 2%) 4 & 7|3 %
Hebglem 53] thiamined 4% 2% ol ¥delAs 71E%7 9484 A4S
B gltt. Protamex® &4 AHgh 7= ol &t & Ax A 7P =&
43S UJERE cysteine? AFolE 2% (coded level 0 ©]&h) oA oA
Ao 71255 YEMNA Y (Figure 18). 284 2% ool AY 1 o]sto A= 73
7t A st AFS HAt Glucose @& cysteine?} mZEZFAIE coded
levelo] 0 (5%)olA 7Hd =& 7325 HE oy v&E #edAs 715x9]
TaE YeER Y. Cysteined glucosed] 3¢ WH3LE o] &3lo] YEFA contour
plotS &<ls] ® ¥ cysteine 1.8%, glucose 4.5%1A 714 & 7|35 e

Atk DHEF thiamine® &2 7[Zkel & F&F& vIAA Xoe 2oz Yty

oo € nu

fols

bl kel el wXAE 92 Flavourzymes ARESE A9+ DH,
stk Uk Aee VERee 9y
e SsWee] Hlstel DH7E & %S dehdes oz gdEgdu. o=
Protamex?] A$olAE ulzt7A 2 1% 21 Protamex? -9 DH, cysteine,

glucose, thiamine %% Yelth. I8y Flavourzyme *] 2] 2}

WS Zute] &

1o
iy
o
i
<
fuj

glucose, cysteine, thiamine?

o 4o s

9] cysteine
= Yehde gl & & Adn. RSM= d@stoiA g

coefficientsE 7FA 2 57019 independent variables7te] A#TAAE BV 93}
contour plotE Z#HtH(Figure 19 I} 20). Flavourzymel 2 & A3 71453
g3ato] & AxA] DHO ZAf-ole iy DH7F 10% ©l3t (coded level O
olah) ol A &uko] A HA] ek Aoz etk (Figure 19). o] A¥= 919 of
o el d3el sdA vetwew s et SoreEes &u
9l A7t S-S YeElE Aye AdXA3E T Glucose, cysteine, thiamines

)
>
Hm
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) HE coded level o ¥+ (glucose = 5%, cysteine, thiamin = 2%) A 713
v 20 s el ow DHe Hlgto] v e F= slow Flyith
Protamex®|E DH7} 7}F4 &2 &S Yel o (Figure 20). Protamex?] 7
= Flavourzyml} vlz7Fx 2 DH WO 7F 10% o]stelA &uko] vebx] =t}
3 el o). TS cysteine©] Protamex? A% &ulef] & 493kS ety &
ol 2% 7HE W@ ZukE UERd vbE o] 919 ®lQjel s FASHA &
gro] S71eHE & = AT Folli= 2% (coded level 0 ©]3h) ol A FZellA # 7

o] 71255 YERSITh
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Table 13. Experimental data for overall like (F : Flavourzyme, P :
Protamex) and bitterness (F : Flavourzyme, P : Protamex) with
different combinations of DH (Xi), glucose (X2), cysteine (X3) and

thiamine (X4) used in the central composite design

coded level Experiment data
No. X, X, Xs X, ogerall hl;e t;ltterness
1 -1 -1 -1 -1 5.11 5.00 0 0
2 -1 -1 -1 1 3.89 5.33 0 2
3 -1 -1 1 -1 4.22 4.67 0 0
4 -1 -1 1 1 2.56 2.78 0 1
5 -1 1 -1 -1 4.78 3.56 0 0
6 -1 1 -1 1 3.67 3.33 1 0
7 -1 1 1 -1 5.33 5.56 0 0
8 -1 1 1 1 4.22 4.67 0 0
9 1 -1 -1 -1 4.11 4.44 2 2
10 1 -1 -1 1 4.56 4.78 2 0
11 1 -1 1 -1 4.56 4.00 2 3
12 1 -1 1 1 4.11 2.89 3 3
13 1 1 -1 -1 3.22 4.33 1 2
14 1 1 -1 1 3.11 4.00 2 3
15 1 1 1 -1 3.22 4.78 1 3
16 1 1 1 1 3.67 4.11 1 2
17 -2 0 0 0 5.56 5.00 0 0
18 2 0 0 0 3.33 4.56 2 4
19 0 -2 0 0 4.78 2.89 0 0
20 0 2 0 0 5.00 4.00 0 0
21 0 0 -2 0 4.00 4.44 0 2
22 0 0 2 0 3.33 2.44 1 4
23 0 0 0 -2 4.56 6.33 0 0
24 0 0 0 2 4.78 4.89 0 2
25 0 0 0 0 4.22 5.44 0 1
26 0 0 0 0 5.33 4.89 0 0
27 0 0 0 0 5.44 3.77 0 2
28 0 0 0 0 4.56 5.11 0 0
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Table 14. Regression coefficients® for the response surface models

Factor overall liking bitterness
F P F p
Intercept 4.8875" 4.8056™ 0.0000 0.7500
Linear
X, —0.6400 —0.2037 1.4167 1.9167
X -0.1217 0.2222 —0.2500 -0.0833
X3 -0.1583 —0.4444 0.0833 0.5833"
X4 —0.3600 ~-0.6111 0.2500 0.4167
Quadratic
X’ —0.7067 —0.0648 1.3750™ 1.1250
Xy® -0.2617 ~1.3981" 0.3750 1.1250
X3” —1.4867" -1.3981™ 0.8750" 2.12507
X4 —0.4817 0.7685 0.3750 0.1250
Interactions
XXz —1.5850" 0.4444 ~1.2500 —0.8750
XXy 0.4200 —0.5556 0.2500 1.2500
X5Xo 0.9700 2.2778"" —0.7500 —0.7500
X4Xy 1.3600™ 0.2222 0.2500 —1.2500
XX 0.2500 0.0556 0.2500 —0.2500
XX -0.1950 ~-1.1667" —0.2500 -0.2500
R2 0.7475 0.8200 0.8254 0.8099
F 2.75 4.23 4.39 3.95
Probability 0.0384 0.0067 0.0057 0.0090

! Model on which X; = DH, Xy = glucose, X3

"P<O0.1
" P <0.05
P < 0.001
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Table 15. Analysis of variance for the effects of variables on the overall

liking
overall liking

Variable Flavourzyme Protamex
F value Pr>F F value Pr>F
DH (%) 4.73 0.0111 0.51 0.7642
Glucose (%) 2.26 0.1094 5.42 0.0065
Cysteine (%) 2.82 0.0612 6.90 0.0024
Thiamine (%) 1.88 0.1669 2.85 0.0592
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Table 16. Analysis of variance for the effects of wvariables on the

bitterness
bitterness

Variable Flavourzyme Protamex
F value Pr>F F value Pr>F
DH (%) 11.00 0.0003 7.57 0.0016
Glucose (%) 1.84 0.1739 0.89 0.5136
Cysteine (%) 1.25 0.3433 2.91 0.0561
Thiamine (%) 0.51 0.7616 0.73 0.6149
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Figure 17. Response surface contour plots for overall
liking by Flavourzyme as plotted for two variables with

other two variable fixed at O coded levels.
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Figure 18. Response surface contour plots for overall
liking by Protamex as plotted for two variables with

other two variable fixed at O coded levels.
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Figure 19. Response surface contour plots for
bitterness by Flavourzyme as plotted for two variables

with other two variable fixed at O coded levels.
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Figure 20. Response surface contour plots for
bitterness by Protamex as plotted for two variables

with other two variable fixed at O coded levels.
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ot FH3E g Fd AR HNES-E (savory¥) o] u|EA B4

1) HAsd i drbpitaiitg-= (savory &) o] A A&

X3t Protamex$®t FlavourzymeZE AFg£3Fo] A ZAoA savory o
Azslgdtr. AAsE savory o A AES SAFEE o] &3dle] FEst1
GC-MSE o] g3t &43% A= Table 179 YEFATE.  Protamexs A4S
o] A ZxHF savory FolA+= 817l, Flavourzyme= AFg3F -9 93709 34 A
Fol =ALAY, A AHES zZE&7|¥HE ®W, Protamex:E hydrocarbon¥ 14
% alcoholi 125, ketones 125, aldehyde® 11F, &4 3}3E 95 esterdr
6%, acid¥ 5%, &F3dE 5F, WFHsdE 5F, lactoned 2F, ©] Htell furan
F7F 5453, Flavourzyme? 7% hydrocarboni 143, ketone¥® 135,
aldehydes 13%, a4 335 9%, alcohol™ 8%, acidi 6%, esteri 5%, &
F3hgtE 5F, WESIFE 2F, o] el furani o} lactone 7t 7 H AT

ProtamexZE ©¢]g€3}o] #A|FH savory FS maltol(no. 60), hexanal(no.
12), eugenol(no. 82), benzaldehyde (no. 27)7} Aoz =& dzo g e
om o] "%  dihydro—2-methyl-3(2H) furanone(no. 13), 2-—acetyl
pyrrole(no. 46) 5% Fd 24 3FE=2 A UG Flavourzyme= ©]-8-3}9]
A ZH savory 2 (no. 42), 2—acetyl pyrrole(no. 46), maltol(no. 60),
benzaldehyde(no. 27)7} Adlfo=w &2 oz yelylon, o] Hox
toluene (no. 11), dihydro—2—methyl—3(2H) furanone(no. 13)% F¥ 3|44
ARoE AU

24 Age] wE F 74 savory®Fe] A AES AR AEFE e
W3l oy, Flavourzymes ©]83lo] A|ZH savory ¥&©] ProtamexE ©|&3lo] A
Z% savory ol B8] W 7o) I HES {35t AUt} Flavourzyme
exo—typed} endo—typed AAS EF zt1 Q7] wEel endo—typed AA Wt
zta1 Q1= Protamex 9} zbolE YERHSGIS et 2 7ol ol A
Flavourzyme 9.4%, Protamex+ 2.5%% & xz}o]Z uElfo], Flavorzyme
VA AL AgAo g wo oko] oflu| - ARS A Ete] WSy = wWo
o I Aol AAHMes Aor AZAHY. Savory o A AR
pyrazine, furan, thiazoles<> 7}l ¢3¢t Maillard reaction®] &3] AAdE 3}
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PyrazineH+ Protamex %} Flavourzyme< o]-g3t - A% 25
2—ethyl—6—methyl pyrazine (no. 32), 2—ethyl-5—methyl pyrazine(no. 33)<
A9ty HAs A A Ho] TAHY 1, Flavourzymes o] &3k 7o e of
o] AFo] FAHAJY. E3J]  2—ethyl-6—methyl pyrazine(no. 32)+=
Flavourzyme= ©] &3k A Zoj 4] St

T B2 ol TAHJUAN, ProtamexE ©]&

AlmoXes FHHA &3t 54A¥ pyrazine® 5 2,5—dimethyl pyrazine (no.
24), 2—ethyl—3,5—dimethyl pyrazine (no. 49) %< & 143k gko|L} 117]38k
of 7]ojst= shetER Hasa vk §8sgEe 7ol 9@l A/ == thiazole,
thiophene® % 18]y 3stgh&Eo] dif# 4= 1ed ddsid= 94
Flavourzymeg ©]&% -9 Protamex& ©|&3t A-5-o vlal] @2 Fe] Aol &
A gloem, E3 4—methyl-5—vinyl thiazole(no. 39)< Flavourzyme< O]%

Algout FAESTE. Aldehyde 38E-2 phenylacetaldehyde (no. 42)7}F £2
3 3 EE FAEHQOH, o] hexanal, nonanal, benzaldehyde, furfural %©°|
FA45 Y. Aldehyde 33%E < phenylacetaldehyde (no. 42)+ phenylalanine 2]
Streaker aldehyde® Maillard reaction & #9493 HH-2slo] AAFHo Aty B
a5 Qlth. E$k Flavourzyme 2 2|8t 79 ProtamexXt} ¥ &S UE}
W, olgst o] f= flelA Agst G40 54 Aoleh rhpisEe] Abole] 9

b4
R

!

[e)

3 Ytttz AZtEY. Ketone®  3EES diacetyl, 2—heptanone,
2,3—octanediones°] Fd %%t} Alcohol 3}HE2 maltol, 1—octen—3—ol °]
FAEoH, 53] 1-octen—3—ol> AW Abste] o gded iz sgE=
Huxoe] glom, sk AL SEHAQ Ir|dEor 4l o i e
gFdl A7l =2 Hrkst dEdo] Ay F 7t oste] AAdE 3t
=% savory o] 7]osl= Ao E AZsir)
2) HFA3E gFd AR nt-sEe EAAQ 4V AR T4

#H 2 3te savory ¥ 5AZ F7] RS SAFES o|&dte] FEstL
GC-MS—-0%F o]&3te] 4% A3z Table 183 190 veuiglon, &7] 4+

O AA FrE dolrn ] £3te] AEDAE 33519 flavor dilution chromatogram
S Figure 213 229 YEFAAT}E. ProtamexE ©]&3lo] A Z¥ savory &For+=
1671, Flavourzyme= ©o]&€3F A9 17719 87 AEo] =A%}l Protamex®
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23t savory @2 methional (no. 22, potato—like, logsFD = 6)°] £ logsFD
s Yeul ey, 2—methyl-3—furanthiol(no. I, meat—like, logsFD = 5),
diacetyl(no. 1, buttery, logsFD = 4), 2—ethyl—3,5—dimethyl pyrazine (no. 49,
nutty, logsFD = 4), 2—acetyl—2—thiazoline (no. 57, roasted, logsFD = 4)%
=2 JogsFD S  YERYTE  Flavourzymel 2 A3t savory &S
methional (no. 22, potato—like, logsFD = 7)°] 7}F& & logsFD %< YEeh gL

W, o] "o 2-methyl-3—furanthiol(no. I, meat—like, logsFD = 7),
phenylacetaldehyde (no. 42, floral, logsFD = 6), 2-—ethyl—3,5—dimethyl
pyrazine (no. 49, nutty, logsFD =6) ¥} 2-acetyl-3—methyl pyrazine®| &<
logsFD  #& 4YERHE.  Methional(no. 22, potato—like, logsFD = 6)3}
2—methyl—3—furanthiol(no. 1, meat—like, logsFD = 5)2 3dt3l3stE=R

Protamex 9} Flavourzyme E-FolA =2 logsFD #b= WER ST

Methional(no. 22, potato—like)= methionine®] Strecker aldehyde®
Maillard reaction % @d93 W33l AAETw By Hu vd T3
2—methyl—3—furanthiol(no. 1, meat—like) thiamin® <3|} riboses}
cysteine AF]9] Maillard reaction®] 9Ja] A4 %™, threshold ko] ®wi-$ w2 3}
gET deA ot o]#d o] FZ GC-MS AolM = peakds s 4= gl oy,
GC—-0c°ll galire glEdom, =3 Fuwd 42 retention index’} YX| =
golslo] B4 4= 9tt. Maillard reaction®l] 4] savory & Ao =234 2z
gote ST o E = ribose’t tisEA 0] ™ cysteine I #2 Frsbobw] mAby} wHG
sto] savory & Ak To% e S Aws AT Rudy v &
3t savory &S AAE] Yl AT EZAE thiamin, methionine % F3folm] -
kol Fo3% ddE ste Zdor ddA qlow, od AFEAFS HeS,
ammonia 9 thiol?} Maillard reaction FZHAI7} REGo o= Aoz d#A
ATh E3 HeSt= 3fobu]=Ake] Steacker wallE F38 A E L thiamine 714
o o YA A9t oA aldehydes} WHE3}o] savoryde] 71 =23k
g uesttEs BAskeE Bor AR Utk

Phenylacetaldehyde (no. 42) % 2—acetyl-3—methyl pyrazine (no. 62,
toasted, nutty) = F &&= AHEst savory oA EF  FAHEHUAR
Flavourzyme©. 2 A 2]$ savory @M= =2 logsFD #s  YERIST
Protamex® A2t savory oA & A o= 92 logsFD #b& WER AT
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Table 17. Volatile compounds of savory flavorings manufactured from soy

protein isolates hydrolyzed by Protamex and Flavourzyme

conc. (ppm)?

1 2 .
No RI Volatile compound Prolamex Flavourzyme
1 593 diacetyl 0.228*0.013 0.039£0.009.
2 597 2—butanone 0.367*0.265 0.389%0.551
3 624 trimethyl oxirane 0.581+0.037 n.d.
4 640 benzene 0.847*0.137 n.d.
5 654 3—methyl butanal 0.360*0.001 3.946%*0.205
6 662 2—methyl butanal 0.360*0.040 0.932%+0.202
7 688 1—penten—3—ol 0.714*0.014 0.703%0.038
8 703 6—methyl—2—hepten—4—ol 0.154%+0.040 n.d.
9 706 2,3—pentanedione 0.405*0.423 0.346*0.056
10 707 pentanal 0.507*0.119 0.176%0.249
11 770 toluene 1.095+0.964 4.710%£5.608
12 804 hexanal 2.378+0.117 1.582%+1.993
13 812 dihydro—2-methyl—=3(2H) furanone 1.800*0.078 4.553%1.831
14 838 furfural 0.506*0.079 0.103%*0.146
15 850 3—methyl butanoic acid 0.319£0.049 0.655%*0.013
16 852 2—methyl butanoic acid n.d. 0.300%+0.209
17 857 furfuryl alcohol 0.261£0.045 0.402%£0.132
18 870 1—hexanol 0.377*0.004 0.621%+0.340
19 891 2—heptanone 0.898*0.180 0.837%+0.408
20 898 3—heptanol internal standard
21 907 2—butoxy ethanol 0.099*0.009 0.243%*0.047
22 910 methional 0.112*£0.037 0.808%0.311
23 912 2—acetyl furan 0.165*0.014 0.295%0.020
24 915 2,5—dimethyl pyrazine 0.884*0.004 2.267%+0.458
25 962 Jd—valerolactone 0.095*0.046 n.d.
26 965 1,2,3—trimethyl benzene 0.114%+0.019 n.d.
27 967 benzaldehyde 1.991£0.142 6.371£6.050
28 981 1—octen—3—ol 1.031£0.126 1.262%0.031
29 985 2,3—octanedione 0.477*0.059 2.827+2.832
30 987 hexanoic acid 0.975*1.090 6.623%4.295
31 992 1—decene 0.134*0.189 1.009*0.824
32 999 2—ethyl—6—methyl pyrazine n.d. 2.217%+2.198
33 1000 2—ethyl—=5—methyl pyrazine 0.201+0.020 n.d.
34 1000 decane 0.136*£0.192 n.d.
35 1004 trimethyl pyrazine 0.344%0.188 1.846%£1.980
36 1020 2—methyl—6—vinyl pyrazine 0.271£0.031 0.488=*0.121
37 1023 2—acetyl thiazole 0.238*0.140 0.977%1.043
38 1029 2—ethyl hexanol 0.152%0.020 n.d.
39 1030 4—methyl—5—vinyl thiazole n.d. 0.214*0.137
40 1037 benzyl alcohol 1.080%£0.046 2.468=*0.509

_91_



Table 17. Continued

conc. (ppm)”

No' RI? Volatile compound

Protamex Flavourzyme
41 1042 1—methyl—2—-pyrrolidine 0.156£0.220 1.852*£1.792
42 1049 phenylacetaldehyde 0.519£0.031 15.300*1.798
43 1055 7 —hexalactone 0.236+£0.009 0.720%0.300
44 1058 2,5~ dimethyl =4 ~hydroxy— 0.185+0.045 0.680=0.138

3 (2H) —furanone
45 1061 unknown (43, 71, 99) 0.332£0.080 0.741%0.390
46 1066 2—acetyl pyrrole 1.604*£0.019 10.036*1.549
47 1072 acetophenone 0.359£0.222 n.d.
48 1077 heptanoic acid n.d. 0.779%*0.027
49 1079 2—ethyl—3,5—dimethyl pyrazine 0.377x£0.016 1.113%x0.141
50 1088 unknown (43, 128) 0.182£0.133 0.879*0.118
51 1090 unknown (109, 119) 0.134%0.031 n.d.
52 1090 2—phenyl—2—propanol 0.036%=0.051 n.d.
53 1095 unknown 0.077£0.109 0.403%0.105
54 1100 undecane 0.299£0.168 0.345*0.012
55 1106 nonanal 0.214£0.099 0.180*0.033
56 1110 2—acetyl—2—thiazoline 0.199+0.077 n.d.
57 1110 5—formyl—4—methyl thiazole 0.191£0.038 1.468*0.051
58 1111 2—ethyl hexanoic acid 0.117£0.038 n.d.
59 1114 maltol 2.964+0.779 9.007£2.562
60 1118 benzeneethanol 0.750%*0.061 n.d.
61 1125 2—acetyl—3—methyl pyrazine 0.222+£0.014 0.800*0.253
62 1127 2—formyl—3—methyl thiophene 0.332£0.034 1.692*1.653
63 1149 2,3~ dihydro—3,5=dihydroxy—=6- n.d. 0.256+0.105
methyl-4H—pyran—4—one

64 1151 diethoxy methane n.d. 0.080*x0.016
65 1165 octanoic acid 0.386*£0.189 1.518%0.323
66 1185 unknown (109) 0.165*£0.021 n.d.
67 1192 1—dodecene 0.708£0.109 1.273%0.152
68 1200 dodecane 0.326+£0.205 0.361*0.124
67 1208 decanal 0.131£0.019 0.160*0.078
70 1213 2,6—dimethyl undecane 0.082=*0.036 n.d.
71 1224 2—acetyl—3,5—dimethyl pyrazine 0.042£0.003 0.163%0.015
72 1226 3,4—dimethyl benzaldehyde n.d. 0.108%£0.020
73 1229 3—vinyl—1,2—dithiocyclohex—5—ene 0.218%£0.026 0.320*0.109
74 1232 3—ethyl—-4—methyl—-1H—pyrrole—2,5—dione n.d. 0.145£0.014
75 1235 2—pentyl cyclopentanone n.d. 0.104*£0.034
76 1240 benzothiazole 0.140£0.027 0.216=*0.007
77 1250 unknown 0.238*£0.050 0.776=*0.101
78 1260 nonanoic acid n.d. 0.753£0.204
79 1264 4—methoxy benzaldehyde n.d. 0.181%£0.072
80 1345 5—pentyl—2 (5H) —furanone 0.818+£0.797 0.691*0.015
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Table 17. Continued
conc. (ppm)®

No' RI? Volatile compound

Protamex  Flavourzyme
81 1358 eugenol 2.109%+0.032 2.062+0.277
82 1366 dihydro—5—pentyl—3(2H) —furanone 0.278£0.041 0.565%£0.199
83 1376 2,6,10—trimethyl dodecane 0.072*0.102 n.d.
84 1379 butyl butanoate 0.715%*0.111 1.409*0.561
85 1392 1—tetradecene 1.511+0.459 1.692*0.166
86 1400 tetradecane 0.591+0.234 0.540%+0.038
87 1403 vanillin n.d. 0.170*0.035
88 1463 2’6_d1%T;fé?%lgée_xk;fﬁgsfyl__i;?ethyl_ 1.320+0.073 3.619+2.579
T il T R
90 1475 1—dodecenol 0.167%=0.005 0.449*0.073
91 1492 5—methyl—2—phenyl—2—hexenal n.d. 0.199%+0.015
92 1500 pentadecane 0.356*0.101 0.429*0.167
93 1508 2.4—bis (1,1 —dimethylethyl) phenol 0.821+0.236 1.794*0.353
94 1593 1—hexadecene 1.810%+0.007 n.d.
95 1600 hexadecane 0.181*0.119 n.d.
96 1642 benzophenone n.d. 0.263+0.323
97 1645 diphenyl methanone 0.079%0.009 n.d.
98 1651 dihydro methyl jasmonate 0.068*+0.016 0.319%£0.030
99 1654 diethyl p—phthalate 0.204*0.193 n.d.
100 1676 1—heptadecene 0.097+0.007 n.d.
101 1685 2,4—dibutyl—6—nitro phenol 0.127*0.027 n.d.
102 1700 heptadecane 0.115%+0.052 n.d.
103 1714 2—octyl benzoate 0.121%+0.018 n.d.
104 1742 2_ethylheXYZI:gr(gl;er;‘g;};eoxyphe“yl)_ nd.  1.254%0.712
105 1751 @ —hexyl cinnamic aldehyde 0.118%+0.003 n.d.
106 1793 1—octadecene 0.577%0.046 1.238*0.436
107 1800 octadecane 0.176+0.033 0.267*0.122
108 1857 blséi;;ite%yigr%‘;gl;tlé2_ 0.698+0.076 2.187+1.472
119 1875 1—nonadecene 0.471%+0.039 0.935*+0.078

' Numbers correspond to those in Tables 18 and 19 and Figures 21 and 22.

2 . . . . .
Retention indices were determined using Cs~Cs2 as external reference.

3 .
Concentration.
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2—ethyl—3,5—dimethyl pyrazine(no. 49, nutty) = ¥+ &4% *8]3F savory ol
A B =2 logsFD e YERUITH

l—octen—3—ol(no. 28, metalic, logsFD = 0), 2—acetyl-2-—
thiazoline (no. 57, roasted, logsFD = 4)& Protamexo|r+= Q¥ glor}
Flavourzymeo| A& &2l ¥ x] 9k3kt}. Hexanoic acid(no. 30, goat like, logzFD
= 1), maltol(no. 60, cocoa, logsFD = 1), 2,3—dihydro—3,5—dihydroxy—
6—methyl— 4H—pyran—4—one(no. 64, molty, logsFD = 3)& Flavourzyme?©l

A FAE AN Protamex ol A= 1= A Skt
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Table 18. Aroma-—active compounds in savory flavoring manufactured

from soy protein isolate hydrolyzed by Protamex

No! RI Compound name Aroma description

593 diacetyl buttery
654 3—methyl butanal malty
662 2—methyl butanal buttery

12 804 hexanal green

I 866 2—methyl—3—furanthiol meat—like

22 910 methional potato—like

24 915 2,5—dimethyl pyrazine potato chip

28 981 1—octen—3-ol metalic

35 1004 trimethyl pyrazine roasted

37 1023 2—acetyl thiazole popcorn

42 1049 phenylacetaldehyde floral

49 1079 2—ethyl—3,5—dimethyl pyrazine nutty

56 1110 2—acetyl—2—thiazoline roasted

61 1125 2—acetyl—3—methylpyrazine roasted, nutty

A 1187 unknown burn meat

71 1224 2—acetyl—3,5—dimethyl pyrazine popcorn

' Numbers correspond to those in Tables 17 and 19 and Figures 21 and 22.

2 . . . . .
Retention indices were determined using Cs~Css as external reference.
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Table 19. Aroma—active compounds in savory flavoring manufactured from

soy protein isolate hydrolyzed by Flavourzyme

No! RI® compound name Aroma description
1 593 diacetyl buttery
654 3—methyl butanal malty

6 662 2—methyl butanal buttery

12 804 hexanal green

I 866 2—methyl—3—furanthiol meat—like
22 910 methional potato—like
24 915 2,5—dimethyl pyrazine potato chip
30 987 hexanoic acid goat like
35 1004 trimethyl pyrazine roasted

37 1023 2—acetyl thiazole popcorn
42 1049 phenylacetaldehyde floral

49 1079 2—ethyl—3,5—dimethyl pyrazine nutty

59 1114 maltol cocoa

61 1125 2—acetyl—3—methyl pyrazine roasted, nutty
63 1149 2,3—dihydro4—3,5—dihydroxy—6—methy1 malty

—4H—-pyran—4—one

A 1187 unknown burn meat
71 1224 2—acetyl—3,5—dimethyl pyrazine popcorn

' Numbers correspond to those in Tables 16 and 17 and Figures 21 and 22.

2 . . . . .
Retention indices were determined using Cs~Css as external reference.
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Figure 21. FD chromatogram of savory flavor treated by

Protamex.
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Flavourzyme
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Figure 22. FD chromatogram of savory flavor treated by

Flavourzyme.
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Ed A
g5 @ 7R Ee] st W dEde] mE savoryd e F
n54E oldfisty] fleke] HASME  savory¥FOEREH 0 FHH F8%h
aroma—active 3}gES FEHEHATE o] RESEHEAHM(RSM) o= #4513t
H & = (degree of hydrolysis, DH), glucose % (%), cysteine F
(%) % thiamine ¥ (%)°= 3ta, Zh2te] REgZ7 e 5709 levelol] W& coded
units Fosla o5 ZATAAAAYS o] &35le] 282 design pointE ZEE
AFE AAEH RSME dsilth. SPMEH o2 3] Fr|d8s 43 & <&
o] =A%¥ +Q8 aroma—active 33E 5 methional, 2,4—dimethyl pyrazine,
phenylacetaldehyde % 2—ethyl—3,5—dimethyl pyrazine? &S RSMS 93
TERTE ARGt RSM 23 78 % model coefficientsi= Table 203 21¢]
JeRg gtk 7247ke] A5 RFHL Protamex® A 23 savorydFe] A9 0.7573,
0.8509, 0.7590, 0.8717= tha SA UghAnt RdAo] oj o] folaiof
A A e7bE BolF= probability® EF 0.05°]3F2 P<0.059] FogEelA 7t
Ae md2o] AHelsltpy @E 4= Ity E3 Flavourzymel E A Z 3 savory &
o] ZA9 RS 0.8128, 0.8022, 0.8793, 0.8015% Ui A Yeton,
probability E3F 27 0.05¢]8t% P<0.052] FoFFelA 71 E mddo] A st
7}

tta ek 4= Qlt}. Protamex® A F3 savory @9 FHEWHQ ZpzZbo] FQ
aroma—active3er=2] $eFel|l m A= HHWTFY 9&2 Table 22¢] Yebglth
T3k RSMollA 73t coefficientsE 7FAaL 7709 SHW S AAdAE dofbu
71 #38F]  contour plotE I (Figures 23 ~ 26). 1 A™f =9

aroma—active3} &S] Adol= AFELE AFESE cysteine, glucose?t & F&F

Uehggorn, uF wwld speiEe] R s e £33 factord e &

Atk 18} thiamine?] ¢ tiF£2 F2 aroma—actives}3t=2] A4l
FE TA ge Ao®E AU

Methional®] A& cysteineo] 7} & Oﬁéko el o™, glucose®

2 JFgFS vHE= Aor FAHGY. T F AT 1He] AABAE countor

plotS &olad] ¥ A3} glucose 4.5~5.5% (coded level —0.5~0.5), cysteine 1.6
~2.0%(=0.4~0), DH 9~10%(-0.2~0) 2] H$ A methionalo] HNTHFS

o —W ftlo

|

i
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EF o} (Figure 23). ©|& Protamex® A F 3t savory &2 75‘—‘% 712 E9 Hod
ek d@&go]l A DHE Algsta vlest Ads veds 13 5 qlith
2,4—Dimethyl pyrazine, phenylacetaldehyde, 2—ethyl—3,5—dimethyl pyrazine
< DH, cyteine, glucose #@o] g A& Aol & d3F& vAs Aoz &
A= ot thiamined A9 & FFS deblA xF¢FS g F AT
2, 4—Dimethyl pyrazine DH, glucose &%o] & J3kS el 2, cysteine
wot F YIS vx e ZAor #EAFHRY. Countor plote|X+= DHYF =S4%,
glucose?] FH7tZo] @Eeasm AAEHe= ol T71Es 98 + AT Figure
24). 23} cysteined A-$ coded level 0 FZollA F& dhgFo] Al

Z 39l %t} phenylacetaldehydes DH, cysteine, glucose <22 AAHE=
oko]] ke F= Ao et} Countor plotol A= 2,4—dimethyl pyrazine
¥ FdsA DH7F Ha5F, glucose—‘q A7rol Bers: AAEH= ol F7tet
L}, cysteine?] 7§ coded level) F-LollA e ko] AAEE= Zloz 3l T
A} (Figure 25). 2—Ethyl—3,5—dimethyl pyrazine< DH, glucose 3%F&o]
FEFE YRRl e, cysteine B3 & FFS v|A = Ao® FAH3IH. Countor
plotelAl== DH7} &5, glucose®] F7tgo]l @ETE A= o] T71E=
golst 4= A}t (Figure 26). 1# 1} cysteinel) ~‘|°~ coded level 0 F-ZojlA] &
< dFo] AAEHE AoR Fl HUTE Protamex® -9 methionals A ¢gk 1}
A YRS BT sde A AdE g & Ao, methional®] 7

8
=
7120 Ad 243 HAd A 233 v FEE dHEhd S S 5 3lGl

Flavourzyme©. 2 A| %3t savory &2 HE5HQ Z42zbe] 7|49 gk
of et E§wlo] &2 Table 23] WeEFSITE E3F RSME Ystoir 3t

coefficientsE 7FA 1 5709 independent variables?te] A##AAZS BV 98]

contour plotE ZHUY (Figures 27 ~ 30). 1 ZAx} 7| E ko] njx&= oJdk
< Flavourzyme &2 A %3+ savory@e] 74+ Protamex® AZd 799} H|:
& AFES yehdiglon, dy=4d2 AFEE cysteine, glucose$t DH7F & Y%=
Uetolott thiamine®] Z-¢ W&o IV F=Fel &S vrehlA ot

.
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Table 20. Regression coefficients' of savory flavoring by Protamex for

the response surface models (X; = DH, X, = glucose, X3 = cysteine, X4

= thiamine)
Factor MET! DMP PHE EDMP
Intercept 0.9347 0.2228 0.0992 0.2875
Linear
X1 —0.0697 0.6593 0.6068 0.8964
Xo 0.0565 0.4843 0.4237 0.5737
X3 —0.3908 —0.4822 —0.5242 —0.4367
Xy 0.0632 —-0.2313 0.0232 —0.1304
Quadratic
Xy -0.5621" 0.3624 0.3140 0.6657"
Xy -0.5532" -0.0792 0.1943 —-0.2166
X3 —0.5145" 0.4833" 0.3924 0.3716
X, —-0.0125 0.3025 0.2370 0.3259
Interactions
X1Xe 0.5306 1.1089™ 1.1640™ 1.4660™
X1X3 0.2111 —0.5106 —1.24947 —0.4738
XX 0.1905 -0.1236 -0.9100" —-0.1767
X1Xy 0.0022 =0.2977 0.0690 —0.0696
XXy 0.1272 —0.4779 —0.2094 -0.7418"
XXy -0.1317 —0.2078 —0.1690 0.5915
R” 0.7573 0.8509 0.7590 0.8717
F 2.90 5.30 2.92 6.31
Probability 0.0316 0.0024 0.0306 0.0010
' MET = methional, DMP = 2,4—dimethyl pyrazine, PHE =

phenylacetaldehyde, EDMP = 2—ethyl—3,5—dimethyl pyrazine
"P<O0.1
" P < 0.05
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Table 21. Regression coefficients' of savory flavoring by Flavourzyme
for the response surface models (X; = DH, X; = glucose, X3 = cysteine,

X, = thiamine)

Factor MET! DMP PHE EDMP
Intercept 0.3605 0.0167" 0.8495" 0.0172
Linear
X1 0.3207 0.5590 8.4459" 0.6907"
Xo 0.4194 0.1459 3.2933" 0.1457
X3 —0.5207 -0.2602" —2.8547° -0.1530°
Xy 0.0782 —0.0570 0.6030 —0.0589
Quadratic
Xy 0.1537 0.7000" 7.4759" 0.8569"
)Ch —0.0679 0.0542 1.2892 0.0918
X5 0.3944 0.6463™ 6.1621" 0.5940°
X4 0.9321" 0.2393 4.2298" 0.2724
Interactions
X1Xo 0.3631 0.6283" 9.6044™ 0.6262"
X1X3 0.1087 —-0.0146 0.3156 0.2079
XoX3 —0.3676 0.4218 2.2404 0.6625"
X1X4y —-0.5956" —0.3556 —1.8450 —0.3660
XXy 0.2095 —0.0142 —1.6418 —-0.0117
XXy —0.5263 —0.1874 —3.3597 —0.2087
R* 0.8128 0.8022 0.8793 0.8015
F 4.03 3.77 6.76 3.75
Probability 0.0083 0.0111 0.0007 0.0113
' MET = methional, DMP = 2,4—dimethyl pyrazine, PHE

phenylacetaldehyde, EDMP = 2—ethyl—3,5—dimethyl pyrazine
P <01
P < 0.05
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Table 22. Analysis of variance for the effects of variables on the

volatile compounds of savory flavoring by Protamex

MET DMP PHE EDMP
F Pr>F F Pr>F F Pr>F F Pr>F
DH (%) 1.70 0.2031 7.94 0.0013 4.76 0.0109 11.17 0.0002
Glucose (%) 2.31 0.1040 5.23 0.0075 3.03 0.0498 6.78 0.0026
Cysteine (%) 3.10 0.0464 3.74 0.0256 3.87 0.0227 2.78 0.0639
Thiamine (%) 2.04 0.1399 1.48 0.2616 0.15 0.9770 1.66 0.2143

Variable
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Figure 23. Response surface contour plots for methional of savory
flavoring by Protamex as plotted for two variables with other two

variable fixed at O coded levels.
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Figure 24. Response surface contour plots for 2,4—dimethyl pyrazine of
savory flavoring by Protamex as plotted for two variables with other

two variable fixed at O coded levels.
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Figure 25. Response surface contour plots for phenylacetaldehyde of
savory flavoring by Protamex as plotted for two variables with other two

variable fixed at O coded levels.
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Figure 26. Response surface contour plots for 2—ethyl—3,5—dimethyl
pyrazine of savory flavoring by Protamex as plotted for two variables

with other two variable fixed at O coded levels.

- 107 -



Methional®] A2 cysteine¢] 7} 2 9&FS e S, glucose®
=2 9 nxE= ZAow gy}, I F S¢S 7] A##AE countor
plotg &<¢ld] ¥ A cysteine &Fo] FS4= DHY| =S4E, glucosed #H7}

ol WerE AAHHE o] FUHEE #HJ1E 4 AT (Figure 27). ©l+=
Protamex@® AZ3s A2 zolE YEMSITY.  2,4-Dimethyl pyrazine,
phenylacetaldehyde, 2—ethyl—3,5—dimethyl pyrazine DH7} 7}& & 33
ul 2= QAR Q1 o1 cysteine, glucose THE I AR Ao o
S "= Aoz #FAHS o thiamined F$ & IFS YERIA XS
2,4—Dimethyl pyrazine< DH, glucose &&o°] H& 932 yeuon
cysteine L3 & kS nx= Zlo 7 Q¥ gltt Countor plotellA+= DH”
=75, glucose?] F7Fo] WETE AAEH= o] SUEE I
(Figure 28). ZZ#4} cysteine? 7% coded level 0 oA HA S e
= ZAo® &<l ¥ 9t} phenylacetaldehyde® 2,4—dimethyl pyrazine¥® w}37}
A2 DH, glucose, cysteine 02 AAEE oo Yg3kS F= Zloz FolFgl
th. Countor plotellA = DH7F &%, glucose®] H7tFo] s BAH= &
o] Z7}sl, cysteine? % coded level 0~1 FZoA Fe ko] HA N =
o7 ol HUY(Figure 29). 2—Ethyl—3,5—dimethyl pyrazine< DH7} 7}%
X = AoR SO, cysteine, glucose FHE F JFS
Z #golg3lt}. Countor plotolA+= DH7} HS5=, glucosed A7}
=75 AAEHe ol HEe FAF A (Figure 30). 28+
cysteine?] ¢ coded level 0~1 F-ZojlA] F& dhgko]

T} Flavourzyme®] Z-¢- #4st B P85S sdst 339 A74E &
F ool AEHow hF WA s

QS v|X= FLo QoA DHY =

aroma—active3}t &= 2] g&o] F71sit).

ofk

Omlof

S

i

o 9%
!

o
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— =

o

o FE
:oé

- 108 -



Table 23. Analysis of variance for the effects of variables on the

volatile compounds of savory flavor by Flavourzyme

) MET DMP BEN EDMP
Variable
F Pr>F F Pr>F F Pr>F F Pr>F
DH (%) 2.23 0.1132 7.63 0.0015 14.74 0.0001 8.49 0.0009
Glucose (%) 2.66 0.0720 1.72 0.2000 4.06 0.0193 1.82 0.1780
Cysteine (%) 4.43 0.0142 3.03 0.0496 2.97 0.0531 2.24 0.1121
Thiamine (%) 1.61 0.2221 0.65 0.6663 1.13 0.3946 0.58 0.7147
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Figure 27. Response surface contour plots for methional of savory
flavor by Flavourzyme as plotted for two variables with other two

variable fixed at O coded levels.
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Figure 28. Response surface contour plots for 2,4—dimethyl pyrazine of
savory flavor by Flavourzyme as plotted for two variables with other

two variable fixed at O coded levels.
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Figure 29. Response surface contour plots for benzeneacetadehyde of
savory flavor by Flavourzyme as plotted for two variables with other

two variable fixed at O coded levels.
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Figure 30. Response surface contour plots for 2—ethyl—3,5—dimethyl
pyrazine of savory flavor by Flavourzyme as plotted for two variables

with other two variable fixed at O coded levels.
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oboF @ ARAES 8% /15 SR AN

1) Maillard reactions ©]&3% th+ HAetol= g 714 =52 /i
7hH A= A3

5 Az Zo3st Ay=de dAAsty] flete] dirduia vheiela,
glucose®} olH|=AHS o] &3] AlRE AFSAY. FEE9 UF
20%2 glucose® 20% glycine, lysine, proline, isoleucine, tyrosine, serine,
alanine¥} phenylalanines Z}7F H7tsto] #FAAF Al52 AFESE A, TsHAF
A= Tables 24~26°] YebfIth dsHAE &35to] P (flavor) 9] AsEE &
13k A (Table 24) serine, glycine, phenylalanine, isoleucine, lysine,
tyrosine % prolines Z+Zt M7}t AJ89 AR H2 AZEE HAT, alanineS

1
dzkek Alsrh b v AsEs dEddd. a8y FAIM SRS serine,

glycine, phenylalanine, isoleucine, lysine % tyrosineg A7}3F Alm Zto] -9
A zZpol7F YERUA] 9kt Yk(taste) 2 serines UM Alg7 M =2 A E
= ®3lor, alanines H7FS AlEe 7MY @S AZEE YeERUSlH(Table 25).
Serine, glycine, isoleucine % proline® Z}Z} 3713 A5 EAHC2 §94
2ol & YER A egkth F3 A9l 7] E % (overall liking) & BHe] AT w9} FAFSH
A#3E eIt (Table 26). Serinew F7Fst Al87F 7Hd & ASEE HIQC
. serine, glycine, isoluecine ¥ prolines Z}z} A7} A8 7tol:s f-9¢= |
9 WeolA zolE oA gt} o]Z o7 Hol SrUbE= o] A|gQ] FehAel V)
T @S dFe + Ao®E Holm uE opu|xAl HVF A|52 HE serine ¥
glycines Zt7F H7ket AlE7F &, B AAAQ Vs dsmrt 7B =2 Al
2 YERT o]leld A3 E serined} glycined Maillard reactions ©] €3t tfF

Ferol= T 7154 229 ATEAE APt

=4 1 —
g+ @9d 7t ES o83 Vs o5 AXRE HZYSs] Y3 A
ol A5 E3lo] AWHE serine glycined ©] €3] ABE AFdJ 1, HHEE
J

Al (central composite design) 2} 7+ %W (independent
codedt® levelolX F%W4(dependent variables) 9l 3F

712 %% Table 27 WetHlth. o] d3& 7FA 3L RSM= ¥ s}
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Table 24. Evaluation of flavor in soy peptide—containing functional
beverage added with different amino acids

Amino acids Flavor
Serine 6.00 °
Glycine 5.93 ?

Phenylalanine 5.53

Isoleucine 5.27 *
Lysine 513 ®
Tyrosine 4.87
Proline 453"
Alanine 3.27 ¢

abed Means of different letters with low are significantly different

at @ =0.05 as described by Duncan's multiple range test.
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Table 25. Evaluation of taste in soy peptide—containing functional

beverage added with different amino acids

Amino acids Taste
Serine 6.47 °
Glycine 6.13

Isoleucine 5.47 ®

Phenylalanine 5.20 @
Lysine 4.87 "¢
Tyrosine 3.80 «
Proline 3.33
Alanine 2.20 ©

abed Neans of different letters with low are significantly different
at @ =0.05 as described by Duncan's multiple range test.
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Table 26. Evaluation of overall liking in soy peptide—containing
functional beverage added with different amino acids

Amino acids Overall liking

Serine 6.47 °
Glycine 6.33 *°
Isoleucine 5.53 ®
Phenylalanine 5.47 ®
Lysine 493"
Tyrosine 4,33 "
Proline 3.60 ¢
Alanine 2.53

abed Neans of different letters with low are significantly different
at @ =0.05 as described by Duncan's multiple range test.

- 117 -



Table 27. Experimental data for flavor (S : Serine, G : Glycine),
taste (S : Serine, G : Glycine) and overall liking (S : Serine, G :
Glycine) with different combinations of glucose (Xi), amino acid (X»)

and time (X3) used in the central composite design.

coded level Experiment data
No. X, Xy Xs SﬂavorG StasteG ovgrall hléng
-1 -1 -1 592 592 550 4.67 5.83 4.58
-1 -1 1 5.67 542 4.83 450 5.08 4.42
-1 1 -1 6.08 5.08 5.92 4.67 592 4.92
-1 1 1 6.17 6.00 5.25 6.00 5.42 6.17
1 -1 -1 6.67 6.25 5.83 5.92 6.00 6.00
1 -1 1 6.42 4.25 5.25 5.25 550 4.42
1 -1 568 b5.75 6.25 6.17 6.25 6.08
1 1 6.25 6.25 5.75 6.25 6.00 6.58

SO O O O O O O O NN+

542 567 4.08 458 417 4.50
6.33 5.83 6.08 5.67 6.08 5.75
6.42 592 4.83 5.00 525 5.25
6.500 5.67 6.42 6.33 6.33 6.33
5.00 5.58 4.08 550 4.00 5.42
5.25 475 4.25 4.67 450 4.42
583 6.00 5.00 5.00 500 4.92
6.17 5.83 5.33 5.58 542 5.67
6.75 6.25 6.42 592 6.33 6.08
6.17 5.83 6.25 5.50 6.17 5.92

O O O O O O NN o O

I T S S S e e e
OO\]CDC)T%OJ[\DP—‘C)@OO\]CDO‘IA;CDNH
O O O O N O O o o
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Table 28. Regression coefficients' for the response surface models

Factor flavor taste overall liking
Ser Gly Ser Gly Ser Gly
Intercept  6.2760° 5.8500° 5.8613  5.6767 5.8703 5.7633"
Linear
X 0.3625 0.0625 0.6975 0.9875" 0.6650 0.6250"
X -0.0550 _0'0*125* 0.6175  0.4875  0.4175 0.4250"
X3 0.0950" —0.1875 —0.2600" —0.1125 -0.1250 —0.2000
Quadratic
X, —-0.3090 -0.3000 —0.5587 —0.8733" —0.4647 —0.6367"
Xy’ 0.2760 —0.1000 —0.0136 0.2267  0.2003 0.3133
X5 —-1.0590" —0.5500" —1.4736" —0.7233" —1.3397 —0.7367"
Interactions
X1Xe -0.9600" 1.1500" 0.0400 —0.8733 0.1600 0
XsX1 0.2900 —1.0500" 0.1300 —0.5500 0.2500 —1.2000"
X3Xs 0.6300 1.8500" 0.0400 1.25007 0.2500" 2.3000"
R? 0.8331  0.7850 0.6924  0.8882 0.6319 0.8526
F 4.44 3.25 2.00 7.06 1.53 5.14

Probability  0.0237  0.0559  0.1708 0.0057  0.2813 0.0153

' Model on which X; = glucose, Xs = amino acid, X3 = time
P <O0.1

P < 0.05

P < 0.001
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o] Al4tE model coefficientsi= Table 28] YWeATE FEH5Ho| os8)] AAbd
regression coefficient® 7}A| 1 p<0.10]A4 9 md2 e v}y 7t}
Y, = 6.2760 + 0.0950X; —1.0590X5” — 0.9600X,X
Y, = 5.8500 — 0.0125X; — 0.5500X3* + 1.1500X;X> — 1.0500X:X3 +
1.8500X2X3
Ys = 1.3750X;” — 1.2500X;Xz + 0.8750X3”
= 039875X1 — 0.8733 X1 —0.7233X3* + 1.2500X:X3

= 0.2500X2X3
= 5.7633 + 0.6250X; + 0.4250X: — 0.6367X;® — 0.7367X5" —
1.200X: X3 +
2.3000X2X3
(Y, = flavor, serine; Ys = flavor, glycine; Y3 = taste, serine; Y; = taste,
glycine; Ys = overall liking, serine; Ys = overall liking, glycine; X; =

glucose (%); X» = amino acid(%); X3 = reaction time (hr))

wak zb7ke] 259 RS 0.8331, 0.7850, 0.6924, 0.8882, 0.6319, 0.8526°]
S13L, probability= 0.0237, 0.0559, 0.1708, 0.0057, 0.2813, 0.0153% }EbR:
ot

FolAl 717t SYWFe] JFYEE AT Avh Table 2900 e
1

ot I A serines AR A$ ol v X+= FETELS HEZAIZE glucose, amino
acid®] o= Yetwtow, 53] JEZAIZFY glucosel] H7bEo] & A JFES
KeN o~

)X = A2 YEMSTY. Glycines AFESH A9 WH-SAIZF, amino acid, glucose 5
o7 Fo dFs mH o, WA glycine Tl Fol & dFS WA= A
o2 Yebgth. RSM2 539 3 coefficients® 7F421 5709 independent
variables7te] A#AAAZS BV st contour plotE ZHT(Figure 31 9F 32).
Serine H7}Froll A= serine® glucose &Fol S7MerE & Ot A3k &
7Vatd ol (Figure 31). BE3F HES- 2A17F (coded level=0) 4 Wl glucosed 3%
28% 7t Al (coded level=0.8), serine?] - 10%°lA4 30% < (coded level
—1~DelA %2 & As=F Jetlidlth. Glycines 7bske] Al x3k AlgolA=
glucose$} glycined] §Fo] Frper= Fof tidt Ao F71ski vk (Figure
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Table 29. Analysis of variance for the effects of variables on

the flavor
flavor
Variable Serine Glycine
F value Pr>F F value Pr>F
Glucose (%) 3.41 0.066 2.79 0.1012
Amino acid (%) 2.28 0.1495 4.93 0.0267
Reaction time (hr) 5.31 0.0219 5.82 0.0170
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Figure 31. Response surface contour plots for flavor by serine

as plotted for two variables with other two variable fixed at

O coded levels.
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Figure 32. Response surface contour plots for flavor by glycine

as plotted for two variables with other two variable fixed at O

coded levels.
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32). Glucose &#Zo]l 30% ol (coded level=1 ©]%) HEEAIZRE 3A7to]s
(coded level=0 olsh)ellA & H3E7F =koH, 25% o2 glycine &%
(coded level=0.5) ol = WEg-AIZto] S/t & AE ™ S716k3l. Shol A
747y =YRrl] JPAEE FAE A= Table 30°] deEblth 2 A
serine2 AFE3t F9 dho] mxE g2 HE-EAI7E glucose, amino acid®] o2
et} GlycineS AFE3 ¢ glucose, amino acid, RFEA|ZF =07 kol oJ 38k
= "H oM, glucose FFo] Ttel & d&F= vIA= o ® yEygt. RSMe §3t
o] T3} coefficientsE 7FA 1 F719 independent variableszFe] AT A S 1Y)
23t contour plotE I U (Figure 33 ¢ 34). Serine 7} oA E serine®}
glucose &&o] F71&45 vto] t3t Asww 718tk (Figure 33). 53] 25%
glucoseE 718t S Wl (coded level=0.5) serine® o] Z71ed4= dho) o
st AEaw® AA F7FeTh =8k 28% glucose H7F Al (coded level=0.8) Wt
< 3A17FY 9 (coded level=0) 7FF ¥ dko] AT E Yellddth Glycines
Abgsle] A F3 A|FO A9 glucose o] 20~30% (coded level=0~1)d o
glycine®] oFagof] A#glo] Tk gt =2 A3 EE Y, 28%2 glucose
7} Al (coded level=0.8) 2A]7F 30 ZtellAl - (coded level=—0.5) 7}
2 AZEE BT

AAA QL 715 el A

z}7}
of eI TE Serines ATEAZ AFES A5 A ¥HS-AIZE, glucose, amino

o?i
}-l‘l

e HF u

acid®] £ 2 HAAZQ 73k JFE vHOH, glycines AHESH A9 WA
amino acid, glucose® «£° % 9&&S vzttt RSME E3}o] 3 coefficients&

7FA 21 5719 independent variablestte] A#AAIE H7] £t contour plotE
% A3E Figure 359 36° =2)3}5F9lth Figure 35914 K%l serines A}
23 A Bo|AE serined glucose o] Z71a,E dhe) 3 A3 % Z7}8)
Ao, 53] 28% glucoses F7lstl= ™ (coded level=0.8) serine?] §&o]
F7tEaE g st AsEx AA Frbeklvh. ESE 28% glucose H7F Al
(coded level=0.8) Hk& 3AIZFA W] (coded level=0) 7F& =2 v A3T&
UeR et o] serine H7F Al gbell dist Mg o] Ayl fAbskH, olefst Az
= %3 serined @A|Z <l 7]§ = Groll giF dake] @ dFs et A
Ztelo] At} Glycineo @ A Z%E Al52] A 10% ©149] glucose 7ol HE

o]
(coded level=—1 ©°]AhH 01]/\1% glycine  §&o]  FUMELEE AA A
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Table 30. Analysis of variance for the effects of variables on

the taste
taste
Variable Serine Glycine
F value Pr>F F value Pr>F
Glucose (%) 1.51 0.2864 10.55 0.0028
Amino acid (%) 0.97 0.4745 4.00 0.0452
Reaction time (hr) 2.06 0.1788 3.37 0.0674

- 124 -



2 0 2 ——
, - —

\ 2
5 6 7 0 2/’—2\ /2/ ]
4
1y 6 1 /4/’_‘4\ oo
; ’ / /4 e~ |
[
: : o &
T 0 6 0 4 0
[ - -
»n ® 5 F 6 = .
oyt \/ 2 4 ol T
2 —— T
\ 5 4 2 |2 T
\
2 2 0 e R —
-2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2
Glucose Glucose Serine

Figure 33. Response surface contour plots for taste by serine

as plotted for two variables with other two variable fixed

at O coded levels.
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Figure 34. Response surface contour plots for taste by glycine

as plotted for two variables with other two variable fixed at O

coded levels.
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Table 31. Analysis of variance for the effects of variables on the

overall liking

overall liking

Variable Serine Glycine
F value Pr>F F value Pr>F
Glucose (%) 1.27 0.3579 4.39 0.0359
Amino acid (%) 0.48 0.7511 5.43 0.0206
Reaction time (hr) 1.55 0.2771 6.61 0.0119
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Figure 35. Response surface contour plots for ovrall liking by
serine as plotted for two variables with other two variable

fixed at O coded levels.
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NEEE %—7}'3]-‘,21‘1}. ek 3AIZF o]sle] HE-gAlZF(coded level=0 o3} oA =

AAAREF w59 7<47}O]'°% o+ "“E]ro]‘: S 7]%*3 T8 E Alxsd
A A AR AMEE L, 7 A9l &, 8 dAZd Vs Tables 32~34
of etttk & A Awd At sFAS HUEe AR Aswrr Mg =%
Ak, Heol, dE 9 LAAE HUEE A59 WA sF5AE HME AlsE A4
o7 Fo% zolE YelA 9kt (Table 32). 3HAWF 55 718t A 59 7
T uE Bd sFAE HUEE Asel vs A3erF F4 gsken, FAAOEE
24 Apol 7t ypEFRLTE. Table 334 HTo] vkel Ao diFrE S0t Al
59 o5 9 #He %“%" o] 7k ’\]‘294 A w7b =4 vebeh A 55 0]

savoryd AAE AFHIAA AXRFH= _/1:17] A3 A+
10% thx|eto] A3t sto] #sAe] AEE ol§stdlen, 7 A3E Table 35
92 36 YERSlHk. Table 35°4 HZol A7) A=Fw|A|E (control)
savory % AAZE 10% A3 #A|F2 U Arel 7% A F FTFH
Hpoa FAASR {22 zolE HolA gttt EI 7 O FEWHST BT
Protamex& AF&3%t savory ¥ AA, Flavourzyme% AFESE savory & AA,
control £ 2 HAETE7F =4 YEMRT E3F savory® AFS 2% = 3|45t &
g g Vs SA4skgloen, 1 A¥= Table 36°] YERTH &8 W VE %
25 FlavourzymeS AFE3t savory & A4 3N Protamexs AFE3SH savory
& A FAN controld] wOE HEETF YERROH, 5o A9 A Al5ZHE]

ki
il
o
N
<
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Table 32. Sensory  evaluation of flavor in  soy

peptide—containing functional beverage added with various
natural fruit concentrates

drinks flavor
apple + grapefruit 6.64 *°
peach + lemon + orange 5.82 @
japanese apricot 5.82
jujube + lemon 482"
jujube + dried persimmons 4.45 °
abed

Means of different letters with low are significantly

different at @ =0.05 as described by Duncan's multiple
range test.
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Table 33. Sensory evaluation of taste in soy peptide—containing

functional beverage added with various natural fruit concentrates

drinks taste

jujube + lemon 5.73 ¢
jujube + dried persimmons 4.64 *®
peach + lemon + orange 4.09 *°
apple + grapefruit 3.91 %
2.82 ¢

japanese apricot

®cd Neans of different letters with low are significantly different
at @ =0.05 as described by Duncan's multiple range test.
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Table 34. Sensory evaluation of overall liking in soy

peptide—containing functional beverage added with wvarious

natural fruit concentrates

overall liking

drinks
jujube + lemon 5.36 ¢
jujube + dried persimmons 4,55 @®
peach + lemon + orange 4.36
apple + grapefruit 4,97 *®
3.36 "

japanese apricot

abed Neans of different letters with low are significantly
different at @ =0.05 as described by Duncan's multiple

range test.
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Table 35. Sensory evaluation of savory flavor powder treated with

different proteases

Savory flavor powder bitterness overall like
Protamex 5.58 ¢ 5.67 ¢
Flavourzyme 5.50 @ 5.58
Control 5.00 ® 5.00 ®

abed Neans of different letters with low are significantly different

at @ =0.05 as described by Duncan's multiple range test.
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Table 36. Sensory evaluation of savory flavor soup treated with

different proteases

Savory flavor soup bitterness overall like
Flavourzyme 5.92 ¢ 6.17 @
Protamex 5.67 ° 5.50 @
Control 5.00 * 5.00 °

abed Means of different letters with low are significantly different

at @ =0.05 as described by Duncan's multiple range test.
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T4 zpolg Holx] ¢ttt 1ey 7|3 E A= Flavourzymes ARE-SE savory
F A ZA R0 controlel HIE| TAZAOELE w2 AIEE KT olys Ay
2 wFol Hol tfF ¥l ZheREE savorydF AlE2 AES tiAlske]
o FQlEk 5= 9]

-

savorysF 2AZ A 7154
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A 242 7164 dUF HfHeols A 88 2 72X
1. A5 9 Wy
7b el Rl e dlT @A sl sl A dd g4 @ RSMES o] &3k
T HElol= A Hbe = FHA 3}
1) a4 T/, 7tedaeded o g5 99d JhedEE Alx 2 geEy =
A
7hH 7t ARl wE diF @A JheEEE Ax
ZNA R AMEHE BEUTFaed SN S/HFE o] 10%(w/v) T 5
F AlFsto] 50T olA 24A1%F FF 7hrall & & stHA AR EE A SE FH& b
o= Aol AFESETE 71 AR O dWE FEO 0.5%°) dIete 4 aAE HU)
sty 50TColA 24A17F &2F 7heEaliskith. aandbkgo] T5 ¥ F 95TefA] 1023t
7bd et AARESS AAAA dFdd A 7 Eel &S Al xskel .
W) diFaed shaeREntg-e] ACE Aslls Z=AF
FuEL(ACEA ) &3 A2 Cushman¥ Cheung(1971)9 HHE o]
£3Fe] X519t A8 50 Hippuryl—L—histidyl—L—leucine (HHL) 500}
0.4 N NaCle] g% 0.1 M sodium borate beffer(pH 8.3) 100E 7}3t &
37ColA 308 ®ESAIZATE o7]o] ACE &4 50uE 7}ate] thA] 37T oA
303 WAL H 1IN HCL 2505 Yol WheS AAAZHT. o]Ze| ethyl
acetate 1.5 mlZ 7}ste] A& & A5 1 mlE FHAsl AF2A7]12 S/F5 1ml
< 4ol %49 hippuric acid® 280 nmeollA =4 a3}
ACE inhibitory activity(%) = 1 — {(S—SB) / (C—-B)} X 100
S : Sample &3 %, SB : Sample blank &3 %, C : Control &3 %, B : Blank
A
WA ThEaslE L] daks a¥ 2AY
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1Y

Thiobatbituric acid(TBA)¥H 2 TBAZ} ApEAtslef| os)] AAE EXE3} A
3l WH O 2 linoleic
sto] o] &ttt =

= Z

el
= =2 >~
o IT T

o rulru

SEURTE
| Ars

;I

s (1981) 2 W=

3 wresle] AMlE Qo= A
o
linoleic acid 0.13 mL, 99.5% ethanol 10 mL, 50 mM phosphate buffer (pH
T&%o] 25 mLo
1A (40°C) oA RAstHEA A=
(1979) 2] el w

kst (H202) 2 AR 7] HES-
Al 5

e oLt
A e The) o] Alatato] tengglth

(1) TBA el &g =%
o] At WA=
acid model system< Osawa
7.0) 10 mL, A& 1.3 mge Yol &3 th3
2 Z43kst. o] reaction mixtures WE3sto] 2
AsE FXAZ . TBAY Ol o3 datst 542 Ohkawa &
2} reaction mixture 5009l Z5HF4 0.8mL, 8.1% sodium dodecyl sulfate (SDS)
0.2 mL, 20% acetic acid(pH 3.5) 1.5 mL, 0.8% 2—thiobarbituric acid
1.5 mL& ¥al Z3e § 5CeA 60&3F BAgh v 95TelA 60 &<k vh&
AlA 532 nmellA FFEE S oH, Ao 24A1% 1HA0RE 7Y H3F 57
skt
(2) Ferric thiocyanate F ol 9|3t =74
Ferric thiocyanate & A9 AFAtstel] ols IAE  HAitst=ol
ferrous thiocyanate® ferric thiocyanate@ At3Al 7| &= A EE vl o =43}
+ WW O R linoleic acid model system< TBAWoIA A& Wy} FL3HA
ARG o 40ToA WHEAlZ] reaction mixture 100uloll 75% ethanol 4.7
mL, 30% ammonium thiocyanate 0.1 mM, 3.5% HCIo| =< 20 mM ferrous
chloride €9 0.1mLS ¥ 33t & 40CoA 3&3F WESAIA 500 nmollA &
BEE S oH, Ads 2447 1A o ® 59U FF S48
(3) Superoxide dismutase (SOD) —liked activity =4
SOD A&/ Marklund®}t Marklund®] W (1974)& okt W35
& FvlstE pyrogallold] B4%Fs F4 3]
0.2 mLe] pH 852 XA tris—HCl buffer(50mM
tris[hydroxymethyl] aminomethane+10mM EDTA) 3mL2} 7.2mM pyrogallol
% IN HCl ImLZ ®H&& AAAZ T
FegE F4s9em SOD

T
0.2 mLE 7}8tal 25ColA 10837 WX
AbghEl pyrogallol®] 2 420 nmelA &%
%y .

s
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SOD-liked activity (%) = 100 — {(Sample &3%% / Control T%%) X 100 }

10
odt
12
heh
o,
BN

>~
o

) T Tt w

gz ThEEsEe] dAESsdEs SAE7] 9 cell linel®E«&
HT1080(null  fibrosarcoma, human, KCLB 10121)3  MCF7(breast
adenocarcinoma, human, KCLB 30022)& b= AT 3 olA] 2F whol ARE-
skl o,  Charmichael et al(1987)¢ ¥l wek MTT7F  AlZdelA
mitochondrial ehydrogenase®} WFZ3}lo] formazans FAdsls AEE SAH5=
MTT assaye ©]|83t9] =43ttt = cell lineS 96 well plated] 5x10*
cell/wello] %5 100pt w53t A& 100wE FH7bstel 37C, 5% COq
incubatorolA 68A]7F #jek 3 MTT solution 20S A 7Fsto] 28 vjekz Ao A
447F O wiFesith v T8 5 A4 FEste] A4S 200wE AAT F A
¥ formazan A2 DMSO 150ulel] €3iA]#A 158 =< wwk & ELISA reader
£ AFEske] 540 nmelld FFEE SAAT. Ax AA mdes vt 2ol

AL,

Growth inhibitory activity(%) = (C = S) / C X 100

C : Control 3%, S : Sample &3 %

O il s Eo savoryd Alx 2AS HAFE] sk wbS

= ARgslt. #HA s s 9l SWeEE el (degree of
hydrolysis, DH), glucose % (%), cysteine < (%), thiamine <F(%)<S 73ty
ot 747 e] wEgx7e] 5709 leveld]l WE coded unit(Table 37)& FoI38t1 o=
S o] &35te] 28W 9] design points ZIEE AYHS HAS S W
At FEHEAFZ = YA ACEAE S, SOD FAd, 3

gAS At RE EAREAS SAS program (SAS institute Inc.) S ©] &3}

2 T

32
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Table 37. Coded levels

experimental data

for independent variables used in developing

Coded level

Variable Interval
-2 -1 0 1 2
DH (%) 0 5 10 15 20 5
Glucose (%) 0 2.5 5 7.5 10 2.5
Cysteine (%) 0 1 2 3 4 1
Thiamine (%) 0 1 2 3 4 1

- 138 -



o AggA o5 fEels 2, A 9 oopm Al 24 24

Eh a2 7} ol i 8 <) %w—rf—w% AOAC

,\
-
©
o 3
N—
=,
\
—

of + GPC(gel permeation
chromatography) & ©]83}4%] Table 38% 7 XA EAlsqlth A% X

2 TFEZAQ  thyroglobulin(670 kDa), bovine gamma
—globulin(158 kDa), chicken ovalbumin(44 kDa), equine myoglobin(17 kDa),
vitamin B12(1.35 kDa)”7} 5% gel filtration standard (Bio—rad Lab.
Hercules, USA) & Ab&3te] 2FE 49 chromatograms Aol I3 WAS At
stal wFE  AlRkE vlaste]l AR EAEE AAFERtH(Borneo &  Khan,
1999).

2) FE A7 S-S F2FE ACEAS peptide?d] &2 9 A

HAZE FamAseEaubS-gke] ACEA ] peptide: ultrafiltration,
gel filtration chromatography, RP—HPLC® #7 A 39t} (Figure 37). o] o
ACE Asl8A4> ACE A8 S @il o s vro] Ao g 5o o
A F T oA A (specific activity; % inhibition/ug protein) ©.2 B w3} t},

71 k8] of 34 (Ultrafiltration)

) F b A e el 98- 3RS ultrafiltration cell(Amicon Co., Beverly, MA,
USA)ES o]&3te]  ste)od a3ty Ultrafiltration membranes YM-103}
YM-3(MWCO; 10,000, 3,000; Amicon Co., Beverly, MA, USA) & AF&3}o] 3719
fraction (10 kDa ©]%,3—10 kDa, 3 kDa °]3h) & 4o TAHAZI & 71719 =& Ul
ACE A&l &35 5433tk ACE Al &7do] 7 322 fraction= —70Tel Hys}
HA th5 Aol AFE-3E3l T
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Table 38. Conditions of GPC for analysis of molecular weight distribution

of soy protein isolate hydrolysate

Instrument  Waters 510 HPLC pump

Detecter Waters 486 Tunable absorbance detector
Data module Water 746

Column Bio—sil SEC—-125 column
Column size 7.8 X 300 mm

0.05 M sodium phosphate buffer (pH 6.8) with 0.15 M

Eluent
NaCl
Injection
10 «L
volume

Flow rate 1.0 mL/min
Run time 15—17 min
Wavelength 280 nm

- 140 -



) Gel filtration chromatography

gheloatol A A2 A5 T ACE A&l &4do] 7H =2 fraction®l w3k &2k
ol W& HZ = 9 3lo] gel filtration column?! Superdex Peptide 10/300 GL
column(10xX300 mm)& AF&3}% prep—FPLC system(fast protein liquid
chromatography; AKTA, Amersham Pharmacia Biotech, Uppsala, Sweden) = ©]
§3fo] Table 393 2 XA ®eaklvh. Superdex Peptide 10/300 GL
column agarose$} dextran®] A& AZAE o] o] Fo]X matrix® T column®
2A, dAs e Qe A Hele 100-7000 Da JEo|th &4 fraction
2 0.2 gm membrane filter® oJ#3}e] 500 pLA Ao AtgstFow 30%
acetonitrile® &313t columnel loading3 % 30% acetonitriles ] 5402 3o
0.2 mL/ming %02 4087 243 214 nmeolAd THEE =435t peak
fraction?HS ¥t} ZF fractions centrifugal vacuum concentrators o] &3Fo] 7+
WE5Fe T ACE Al A4S SHR e ths ZAE flsto] —70TCe] Batato] A
£33

32
o

t}) Re—gel filtration chromatography

Gel filtration chromatography =4 ACE A3} &Xo] 7}4 & fraction
o &l =gk =AM 22 AA7} O]—E.—Oiﬁ‘“/]-. Z} fraction< centrifugal vacuum
concentrator& ©| &3t 4t 55 & ACE A& &S SA4s9 o9 o5 ZAE

28ke] —70°C o] HAdFo] 223 T

2}) Reverse phase high performance liquid chromatography (RP—HPLC)

T WO gel filtration columng A doj® FA  fractions u
Bondapak™ Ciscolumn (4.6 X300 mm; Waters Co., Milford, MA, Ireland)©] %
2+ HPLC system(Waters Co., Milford, MA, Ireland)& ©]&3}o] Table 40%}
e A el AR olFAS Acetonitrile (0—100%) @}
Water (100—0%) & linear gradient® 1.0 mL/min ¢ £EZ £=3%Y. &4
fraction 0.2 gm membrane filter® o33}y 50 pLA 1587F EA350e] A&

peak fraction®] tls] ACE A s]&& FAFSFIU
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Soy protein isolate (10%"

l

Enzymatic hydrolysis : 50 ¢, 24 hr with Prof

l

Ultrafiltration (UF) : Cyt off size (>10 kDa,

l

Gel filtration chromatogra
(Superdex Peptide 10/300 GL, 1C

:

Re-chromatography by gel fil
(Superdex Peptide 10/300 GL, 1C
|

Figure 37. Procedures for isolation and purification of ACE inhibitory

compounds from soy protein isolate hydrolysate.
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Table 39. Conditions of gel filtration chromatography for the purification of

ACE inhibitory peptides from active fraction obtained by ultrafiltration

Instrument

Detecter
Comumn
Column size
Eluent

Injection volume
Flow rate
Pressure

Wavelength

AKTA FPLC P-920 Pump, M-925 Mixer, FR—902 Flow

restictor, Frac—900 Fraction collector
Monitor UPC—900

Superdex Peptide 10/300 GL

10 X 300 mm

30% acetonitrile

500 u¢L

0.36 mL/min

<1.8 MPa

214 nm
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Table 40. Conditions of RP—HPLC for the purification of ACE inhibitory

peptides from active fraction obtained by gel filtration

Instrument Waters 515

Detecter Waters 486 Tunable absorbance detector

Data module clarity

Column 1 Bondapak ™MCys

Column size 4.6 X 300 mm

Eluent A Acetonitrile (0—100% linear gradient for 15 min)
Eluent B Water (100—0% linear gradient for 15 min)
Flow rate 1.0 mL/min

Wavelength 214 nm
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ZF GAE A 59 whiE g2k micro BCA (Bicinchoninic acid) el u}
@} BCA protein assay kit(Sigma—Aldrich Co., St. Louis, MO, USA)Z A}-£3}
o] bovine serum albumine(BSA)S ZT+E4Z 3 =4&AtH(Kuba et al,

2003).

3) otwlwAt 24

Famz 7be e ub-S-gke]  ofn A AL AccQ—Tag W (Bennet
and Solomon, 1986) = ol&3dto] ZA4sklth. =, tiFdfArteEante=
(savory®F) 0.5 go| =H4E 7}3to] sonication® 50 uxL 3}
borate buffer 350 gL$ AccQ—-Tag FEAAF 100 pL& Ydo] & &33t
55ColA 1023t FE=Agt shalth. frieAlst € A 77y
HPLCe] AgAl 257l ¢kA8te] Table 413 22 =3
B24L 40 gL, NEENL 10 #L& HPLCY F818te ofm|wAats #A5k9lo
™, columne AccQ—TagCig amino acid analysis column(Millipore Co.
Milford,MA, USA)& AHEsIith ©]§4d<= 0.14 M sodium acetate? 10%
triethylamineS =33t £Mo)| 1% phosphoric acidE ©]€3to] pH 5.02% 4

Z= g (eluent A) 7} water9} acetonitrilee 4:6°0.2 E3+3t M (eluent B) =

o
ofo

2
fljo

linear gradient® £%3}3At}.

D o Aske e el pHel Axelel uhE ACE Asig4 et
b A 2 pHel T ACER W)

at7] skl diFa A7k NS ek shelol ¥} fraction F & *O] e 3
kDa ©]3} A|5%& pH 2.0, 3.0, 7.0, 10.0, 12.0 €% 2% (w/v)°] F== A x3
Az} WAAY sFA] 22 UF fraction (K3 kDa)S A&oA 3t Al7F FoF Hk-&-
AA AT U8 ARE (8,000

THIEI T WAl fEE Alsgds dAdEE
g, 205)3Fe] A2 As a2 centrifugal vacuum concentratorE ©|-£3fo] 7t
T

% ACE A&l #4d= S48t

av)
fﬁ
U&*'
o&i
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Table 41. Conditions of HPLC for amino acid composition analysis of

SPIH"

Waters 1525 Binary Pump, Waters 717 plus Autosampler,
Instrument

Waters 474 Fluorescence detector
Column AccQ—Tag column Cig

Column size

Eluent A

Eluent B
Gradient
Flow rate
Run time

Wavelength

3.9 X 150 mm

0.14 M Sodium acetate, 10% triethylamine in water, pH
5.02

Acetonitrile : water = 6:4
AccQ—Tag method

1.0 mL/min

45 min

ex. = 250 nm, em. = 395 nm

D SPIH : soy protein isolate hydrolysate (savory flavor)
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) o s Fe] dxele] we ACERY et

30, 50, 70, 100TeIA 103 7bd @ & pH W43 $U& WO 94 24
sl

&
=
—n
0,
£
)
S
I
g
:c|>l=4
L
olo
%%
10
o]
T
fo
12
34_:{
A
=2
=
gl
>
ofo
2,
ofo
:c|>l=4
b
N
4r
|\
o2

bl [e]
Y F A 7R e RS- 5 (savory3) &) £l A2 Ortiz® Wagner
(2002)¢] ®WHS o]g3ste] EASSTE dFai AT EeREE-e]  skelol )
T 3 kDa ©]3F A|5E HCI¥ NaOH=Z x4 3Fe] pH 3.0,

&
fraction & &Ao] -3t
7.0, 10.0 &Ml 1% (w/v) el FEZ Axd F 1A7F F<F stirringaFivh. 220
Al 308 F9F HEEAIZL $ 3000g, 203 AR (VS—21SMTi, Vision
Scientific Co., Kyunggi—do, Korea) s} th. AsdS F3sto] BCAWHOZE bl

A AFE o= $A% ke oAk

g = (%) =

3) SAA

Bt AdAdiEe SPSS(statistical package for social science)E o] &3}
gow, Zt AdANES] HAHEY o] HSFS One—Way ANOVA (analysis of
variance) & AF£3}%1 31, Duncan's multiple range test@® p<0.05 F=olA #2943

S AZ389 vt (Lee et al., 1998).

=
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94 B4 9 RSME o8

N
s

2

R=}

rl

u)

-

X [‘XL
=)

N,

N

&

Sh

:(?l:g

lat

1o,

0%

Auh

i)

D 4 FFU AFRAEE BE grend AeRaE Az 2 4d8y 5

7h bR Axel b drand peRsE Az
i flavourzyme, protamex, bromelain, papain, neutrases ZH7}
0.5% A&ste] 5% ~24A17HE<tF 50C water bathollA 7F&E38stelet. 7

of AR&3E 574 protease EF AlZFo] Frhghel| whEl bR ErF e O

)

£

g 3AIZE ool A A ThritaE o] 6AIF o] Fell= AL whEE HolA &
ot 7hrEEE7E AL 5" AlFQ 6A17F RS A, protamex 8} flavourzyme
9 TR = 27y 20.8%, 21.6%%¥°w, nutrase, papain, bromelain
18.9%, 16.7%, 14.9%% protamex2} flavourzymel 2 *]8]3F 7Kt} Afa o
2 9o Ao7 yeElyth E3] flavourzymes HEPoO| =9 w=EFF olu| Al WV E
BH ol ARS8 Al 7] & exoprotease®| P Z nutrase % endoproteaseX® Ut ¢
& 7R E el 2o ® Btk (Figure 38).
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Protamex

Flavourzyme
30 25
.20
=20 £ 15
=
ERT) 5 10
5
1] L]
] 500 1000 1500 0 500 1000 1500
time({min} time(min)
Bromelain Papain
20 20
. 16 - 16
£ 12 £ 12
£ 8 ]
4 F
L] ]
] 500 1000 1500 L} s00 1000 1500
time{min) time(min)
Heutrase
25
.20
£ 15
E 10
5
L]
L] 500 1000 1500
time(min)

Figure 38. Time course of proteolytic degradation of five different

proteases at 0.5:100(w/w) enzyme/substrate.
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W) diFaidl Zhes = ACE Adlls A

QFx] @ €l Al A8 a4 (ACE:  angiotensin  converting  enzyme)+=
angiotensinZlell 2% A sty VHor duS AeAE Vs ¥k 1
dotol AR JAE fste] A" AFasl] S AT 5 e B
of o] BEolx AF7F HdyHAAL urh E AYPA = SPIgt a4hFRE
(2)DH7} 2471 v& A8E Udo® ACEAS 245 =54 A3 protamex,
bromelain, papain® % 23t A% &Ao] =4 YElS O, 53] papain®® A
3t 42 DH 12% A &7F 1 mg/mL s%°l4 63.03%% ¥ ACEA &4
B Ao (Figure 39). Rho(2006) = I2%7] wast HNHsE9 ACEAS &4
57443 ICso#kol 1.46mg/mL= WeEbETh Basiglon, thekd dif-da A%
9] ICs0atS Ml AT AFAIo| A= soy sauce 3.44 mg/mL, miso paste
1.27 mg/mLZ YelRtha B 1389tk (Kuba et al, 2003).

111
o
)
)
of
r (e}
o
@]
i
BN
i)
i)
L
o

71l AFE A 5 o
Fiadll=e dastans S A3, SPIel vlE| a4 Agst 4

Bt AR deA Qe EFTE BlsiA s SARE e a4 A

H AR ksl ads 70% oo ®E =okow DH(%) ol wet S7tst
RO 7 ettt E3) protamex 21%9 Nentrase 15%+ 80% o]4e] =&

st &4E& Hols Ao UEwtH(Figure 40). Yee 5 (1980)2 Ui+

0 7hrEs =g kst @4s ST Ay dixatel vl

°F 80%9 EAS HYgtty B 1E9 o™, Yamaguchi(1979) = tjFudmds

o
2 AgRa A7 R 5 ARAd Aot e gas a9E ugln

[e)
-+

ot
mo = rfr Mo

rlo
o

ey
3
i,

ol
B>

R

(2) Ferric thiocyanate Heol| 23t =74
TBAR ] 23t a3t =449 vla7FAE ferric thiocyanate values

Zohitel el 0] 28520 DIVE 1
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Q
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Figure 39. ACE inhibitory activity (%) of soy protein hydrolysate by

variety hydrolase.
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Protamex 0.5% Flavourzyme 0.5%
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Figure 40. Thiobarbituric acid (TBA) values of soy protein hydrolysate by

variety hydrolase.
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Figure 41. Ferric thiocyanate values of soy protein hydrolysate by variety

hydrolase.
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Beloh 53] 5¢ A Al dFxde /4% I x| Y3 papain 69.26%,
bromelain 78.71%% %< A3t @35 H AT (Figure 41). &4 7lFE3)
Eo =& a3 &AL linoleic acid model systemolA] thFohla 7H-E3 &

o gtz e Belvh= ditel FARE FES B3 (Chen 5, 1996).

(3) Superoxide dismutase (SOD) —liked activity =4

OD& &4 AtA&F (reactive oxygen species, ROS)el gt #37]}o]
HoJsh= A 349 dFor A 54E 7IA = superoxide radical
anion(0?7) & hydrogen peroxide (H:02) 8} 2t 2 vlH]Fo] XS RE= B2
24 SOD =3}, H3PA HAg @ Hd A T 4% AR #-o] Sl Ao
2 RuEI ok 2 AFeAE gxdl dAaks Mo E 484 Sl DPPH
radical &A% SHZEAH 2AZAHol 1098==2 ¢ Sol(dataxlAl  <HEh
superoxide anion®] S JAAZL F Qe FAHEAS TS S50
=2 A, ACEA&d FAFSHAl protamex, bromelain, papain® 2 & 7349
Pabst S =gtom, (%)DHel weh &do] S7hshs Ao uEyd. =
DH 15%% 7% flavourzyme 13.83%, protamex 44.93%, papain 51.85%,
bromelain 99.17%, neutrase 45.53%% bromelain®] 7} =2 @45 HAT
(Figure 42). Ryu(2002) & =% D@ A otvwAtoly Fepo|=rt 4%
oAsel 71o9ieE Raskelon, Chen 5(1996)2 dFdwd 7heisfEo]l H2
Fastgdd e Bdvy Busgivh diF daAFeA Ak S ey T
glucoside S92 2ZFE Y2+ polyphenol compound (isoflavones, chlorogenic
acid isomers, caffeic acid)7} +2l¥ 7] wjiEolet FAEH = o]y st Faksid S
gy Fol FAY AuEde g8 o Ak dojd e oY A F
o XA, ofm| Ak, HEO|E T A 7]y ol RuEHI gl

|

()
rios

OO{'
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Figure 42. Superoxide dismutase (SOD)—liked activity (%) of soy protein

hydrolysate by variety hydrolase.
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2) RSMell ok o 7o
7h e A b

e A7l ibe- @] ACE  Asiadtel P&Fe  vixl= DH9
glucose, cysteine, thiamine® H7} v &S 7tz iR o] A% 287] A
A9 Fuddadts Table 420] YEFHUTE. Protamex® ©]§3ste] o 7w
A7brEalint-E3Fe] ACE Asfadte]l it RSREG 7142 A= Table 433
Zdom, 47k SWgrt Zhzy wigtele] whE ACE Adlls (Y)ol thsh 3722
U 2ol 3

Y= 34.78 + 11.89X; + 9.62X,* — 12.72X,Xs

olmje] ZHAAAF (coefficient of determination, R*)E  0.72640]3 HAL
0.056562A 10% FolA AFHUT. oJH g FoeE dnt t

Aol el £5%  oldiel Wee HlojuAAL
£15-20% o Helols £3EE £10% FEolA Asisivh. o 716l
=HHE T X (DH) 9 Xo(glucose) = FY942A AHAIAAE BA Oy X;(cysteine)
¥} X, (thiamine) & F2 &2 AAHAAE Holx] o} ol5 Q252 protamex®
ZhEal et i A7 El b E (savory ) o] ACE Adlsel & 9&FS nA
| Xt ZAoE yErwer, dAHe® DHYF Tr7Hd s diFadrbe it
<%l ACE Adllee F7lste A¥Fe  Hlth(Figure 43(b, d)), Ll
Flavourzyme©. 2 7}5E83F o T A 72028k e] ACE A3lsS RSREG
EAAY Ax AEASFRY 05760, P-value 0.340622 {4 Holx]| kol
Aol A A &l ek T

N
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Table 42. Response of independent variables to the experiment for the

ACE inhibitory activity (%) of the soy protein hydrolysates

Dependent variable

Run Coded variable” (ACE inhibitory
number activity (%)/mg protein)
X Xy X3 X, p? F?
1 -1 -1 -1 -1 34.96 54.40
2 -1 -1 -1 1 59.21 64.84
3 -1 -1 1 -1 30.47 35.30
4 -1 -1 1 1 29.29 40.19
5 -1 1 -1 -1 58.36 60.05
6 -1 1 -1 1 28.76 75.83
7 -1 1 1 -1 26.09 36.53
8 -1 1 1 1 99.31 39.75
9 1 -1 -1 -1 99.16 67.97
10 1 -1 -1 1 83.66 76.06
11 1 -1 1 -1 90.00 55.70
12 1 -1 1 1 96.26 55.94
13 1 1 -1 -1 22.05 57.55
14 1 1 -1 1 41.06 35.34
15 1 1 1 -1 90.12 49.40
16 1 1 1 1 70.91 41.99
17 -2 0 0 0 59.68 92.67
18 2 0 0 0 89.02 56.44
19 0 -2 0 0 76.34 73.22
20 0 2 0 0 58.93 43.51
21 0 0 -2 0 62.44 99.96
22 0 0 2 0 52.43 46.18
23 0 0 0 -2 56.85 98.93
24 0 0 0 2 37.03 48.68
25 0 0 0 0 53.77 46.63
26 0 0 0 0 39.81 52.88
27 0 0 0 0 18.06 53.31
28 0 0 0 0 27.49 46.61

v X1: DH, Xs: glucose, X3 cysteine, X4 thiamine
2 p: soy protein hydrolysate using Protamex 0.5%

R o soy protein hydrolysate using Flavourzyme 0.5%
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Table 43. Values of regression coefficient -calculated for the ACE

inhibitory activity (%) of the soy protein hydrolysate by protamex 0.5% /

g protein
Independent o Significant
i D Coefficient t—Value
variable level (P)
Constant 34.782500 3.58
X1 11.893750 3.00 <0.1
Xo —5.048750 —-1.27
X3 3.550417 0.90
Xy 0.733750 0.18
XXy 9.623437 2.43 0.1
XXy —12.720625 —-2.62 0.1
XoXo 7.944688 2.00
X3Xy 6.093125 1.25
X5Xz 10.448125 2.15
X3X3 5.394687 1.36
XXy —4.758125 —0.98
Xy Xy 1.849375 0.38
X4X3 3.808125 0.78
XXy 2.770937 0.70
R® 0.7264
F 2.47
Probability 0.0565

v X1: DH, Xs: glucose, X3! cysteine, X4 thiamine
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S Farstate] dF¥S mA= DHSF glucose,
cysteine, thiamine®] H7M&S Z12F SYWSFE sto] A48 287 AP+ &
Atel & 9= Table 44°¢] YeR STt Protamex® 7Fpialst o Fw-wl 2 7ha=ia
HH-§-3ro] abstavel tiet RSREG $A1A2 A¥+= Table 459 At} 4744 =
H el dist gt adt (Vg THUTE 25t vz IAENE Fas 49
90% FwolA fFeloes Udehde 2s Agsta UHA= 717t tE 2
ot 3] S AT

Y(%) = 20.20 — 4.84X3 + 4.39X:X; + 4.16XoXs + 2.72XuXy

2ol AARAFE 0.7937013 £ 0.01382A 10% FEelAl AP = ATt o
7194 Xs(cysteine) o] H|Eo] Atstgyte] {oAQ AAIAAE HloH T
H 7} (glucose, cysteine, thiamine) 7} @Asta vbe]l J3FS vl X = Ao = YERH]
9, DH= @abstaste] & F&Fe vAA & Aoz yetst (Figure 44). T3
Flavourzyme 2 & 7}pEial Aeld  diFadrbedaiwb-gde] datstaste] of
¢t RSREG s7A1- 2] A= Table 460 WeErHglow, ofo thsh 3422 vhg34
Zo]l mdAH )

Y (%) = 11.61 — 5.74X3

5
R
1o
iih)

2
N
¥
rlr
O
o))
©
N}
>
5
S
Jo

oA 0.0962% 10% FolA 1=
B = 15-20%°] ol Mol @l
ok 3ol wEW X392 u]&o] FAksta el
D lucose®| H& % tlFuid 7ty

o SabalEale] Polaks AL % 4 %t (Figure 45).

¢
O

<
X
&

T
o
0Q

- 160 -



Table 44. Response of independent variables to the experiment for the

Superoxide dismutase(SOD) —liked activity(%) of the soy protein

hydrolysates

Dependent variable

Run Coded variable” (antioxidant activity (%)/mg

number protein)

X, Xy X3 X4 p? F?
1 -1 -1 -1 -1 45.11 45.90
2 -1 -1 -1 1 29.84 15.74
3 -1 -1 1 -1 37.38 11.06
4 -1 -1 1 1 24.61 3.37
5 -1 1 -1 -1 44.15 25.90
6 -1 1 -1 1 38.17 13.86
7 -1 1 1 -1 29.59 1.96
8 -1 1 1 1 28.43 7.21
9 1 -1 -1 -1 44.59 14.03
10 1 -1 -1 1 46.87 10.90
11 1 -1 1 -1 29.30 9.17
12 1 -1 1 1 37.02 9.65
13 1 1 -1 -1 32.57 16.62
14 1 1 -1 1 33.95 13.27
15 1 1 1 -1 28.35 14.55
16 1 1 1 1 24.40 11.74
17 -2 0 0 0 4452 37.21
18 2 0 0 0 27.22 16.53
19 0 -2 0 0 32.43 24.63
20 0 2 0 0 37.50 26.16
21 0 0 -2 0 37.11 39.59
22 0 0 2 0 17.01 14.44
23 0 0 0 -2 32.31 29.07
24 0 0 0 2 26.12 13.38
25 0 0 0 0 26.24 11.54
26 0 0 0 0 23.76 16.07
27 0 0 0 0 12.96 9.36
28 0 0 0 0 17.87 9.48

b X1: DH, Xo: glucose, X3: cysteine, X4: thiamine
2 p: soy protein hydrolysate using Protamex 0.5%

R o soy protein hydrolysate using Flavourzyme 0.5%
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Table 45. Values
Superoxide dismutase (SOD) —liked activity (%)

of regression

hydrolysate by protamex 0.5% / g protein

coefficient

calculated for the

soy protein

Independent o Significant
) D Coefficient t—Value
variable level (P)
Constant 20.207500 6.99
X1 —1.451250 -1.23
Xo —1.040417 —0.88
X3 —4.848750 —-4.11 <0.1
X4 —-1.672083 —-1.42
XXy 4.393646 3.72 0.1
XoXy —2.619375 —1.81
XoXo 4.167396 3.53 <0.1
X3Xy —-0.103125 -0.07
X3X2 0.001875 0.00
X3X3 2.191146 1.86
XXy 2.663125 1.84
X4 Xo 0.520625 0.36
X4X3 0.464375 0.32
X4Xy 2.729896 2.31 0.1
R” 0.7937
F 3.57
Probability 0.0138

v X1t DH, Xs: glucose, X3 cysteine,

- 162 -

X4 thiamine



(a) (b)

i

e e

e e
T R i

g e i L S A

S S LA e

g i

ol
il
o
!
'n,'n,',',,
i

i

i
it o = ==
L, =

A
il
,,;:///

iy

PR
L
I AT

)
{7
)
'l

LT s 5 R - ==
P Y a¥ by Ty eSS s,
e e 0y 00 A 7 1 YA GO S S P, W s
AT e A eSS P e S
R S e b e S a AT G e
Ptk ees o S e S ss
s wvo 7 AT A S
T P I P = R
T S L =
ms S A T
T
asos T N
i \"...'."’t/

o P
P T
T .'..:."". H17

S T T

=
P .
,—,—;-:'u;'.'.'.',',:,'.';.'::.' N
IF i Iirry
“ Iaay: THTHHTH
A ) 7 7
|57 ey g NSRRI
[ A N T T
S S e s R
' N

Figure 44. Response sulface on the Superoxide dismutase(SOD)—liked
activity (%) of the soy protein hydrolysate by protamex 0.5% / g protein;
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Table 46. Values of regression coefficient calculated for the
Superoxide dismutase(SOD) —liked activity(%) of the soy protein
hydrolysate by flavourzyme 0.5% / g protein

Independent o Significant
) D Coefficient t—Value
variable level (P)
Constant 11.612500 2.74
X1 —2.767917 -1.60
Xy —0.485417 -0.28
X3 —5.742083 -3.31 <0.1
Xy —3.534583 -2.04
XXy 1.969688 1.14
XoXy 2.473125 1.16
XoXo 1.600938 0.92
X3Xy 4.255625 2.00
X3X2 1.195625 0.56
X3X3 2.005937 1.16
XXy 2.239375 1.05
X4 Xo 1.721875 0.81
X4X3 2.744375 1.29
X4Xy 0.558437 0.32
R® 0.6926
F 2.09
Probability 0.0962

v X1: DH, Xs: glucose, X3! cysteine, X4 thiamine
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N7 e i o] Al RS &b AL
e d RS A] ol &5 = 24 (protamex® flavourzyme) 2 ©]&
A7k einke o] Faatel 9%+ mlA= DH, glucose, cysteine 3

thiamines SHWTE A48t 2870 A9 F+as= Table 47 vl
o & A5+ Human tumor cell lineQl HT1080 (null fibrosacroma) el t 3l
AxEd 5342 SFsgom 7 A7 7F5EEs] A2 A] protamex® AFE3F A9 K
t flavourzymes ARESH A9 AMEZSA G371 ¢ 52 202 YERT
e d 7l iha- & e Al ESA ate] sk wheEd 24 A
Protamex® 7} A2t oiF  difFd@idrbesnte 3o dda
AT A= Table 487 2t} 47H4] S§iwige] digh Axs5A av3s £
T2 AAste] v IFEAS AAEReH 90% FEolA Feaes UE

e ABsn teiAE s1zstel T o 374 Ak

Y(%) = 12.49 —1.89X; —2.27X3 —1.56Xy —2.94XX; + 1.38XeXe + 1.29X3X>

A
Ha
H] &
Flavourzyme O % 7bpafiet o e @7t ainh-g-ako] ekay} ©3
et FU3 el o8 o A4 Y(%) = 16.52 — 5.63X; — 5.28X3 —
5.10X; + 4.02X3X; + 4.96XyX; + 3.72XuX3S dglor, ol 37249 AHAS
£ 0.8590°13 #9AL 0.00172 10% Fxold dAg=HoH, SHAF F
Xs(cysteine) o] H]&o] F2o]ZQl J#AAE HATH(Table 49).
o3 3] FAEA ] i dAE RRAE o]l gete] T oSYHHT FEiHe

HAAE 3xkd o2 =24 5ksto] YeERU it (Figure 468} 47).

= 0.8241°]1 F94
% Xi(DH)o] F7te<
= =

QL VA ¢
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Table 47. Response of independent variables to the experiment for the

MTT assay of the soy protein hydrolysates

Dependent variable

Run Coded variable" (growth inhibition effect(%) /
number 100ug protein)
X, Xy X3 X4 p? F?
1 -1 -1 -1 -1 22.20 45.25
2 -1 -1 -1 1 16.00 15.56
3 -1 -1 1 -1 20.83 16.58
4 -1 -1 1 1 12.57 11.35
5 -1 1 -1 -1 28.21 55.42
6 -1 1 -1 1 23.38 14.48
7 -1 1 1 -1 18.84 14.85
8 -1 1 1 1 17.77 12.94
9 1 -1 -1 -1 23.30 17.15
10 1 -1 -1 1 22.38 17.98
11 1 -1 1 -1 16.34 13.29
12 1 -1 1 1 19.31 15.04
13 1 1 -1 -1 15.31 12.44
14 1 1 -1 1 14.43 14.37
15 1 1 1 -1 13.00 12.96
16 1 1 1 1 8.13 10.05
17 -2 0 0 0 20.63 36.44
18 2 0 0 0 11.75 5.34
19 0 -2 0 0 13.84 13.26
20 0 2 0 0 19.88 22.29
21 0 0 -2 0 20.52 36.92
22 0 0 2 0 12.48 16.27
23 0 0 0 -2 19.83 38.02
24 0 0 0 2 13.14 14.82
25 0 0 0 0 14.95 17.15
26 0 0 0 0 14.53 16.02
27 0 0 0 0 8.66 15.81
28 0 0 0 0 11.85 17.11

b X1: DH, Xo: glucose, X3: cysteine, X4: thiamine
2 p: soy protein hydrolysate using Protamex 0.5%

R o soy protein hydrolysate using Flavourzyme 0.5%
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Table 48. Values of regression coefficient calculated for the MTT

assay of the soy protein hydrolysate by protamex 0.5% / g protein

Independent o Significant
i D Coefficient t—Value
variable level (P)
Constant 12.497500 8.55

X1 —1.890000 —-3.17 0.1
X2 —-0.074167 -0.12
X3 —2.270833 —3.80 0.1
X4 —1.560000 —2.61 <0.1

X1X4 1.213333 2.03

XoX1 —2.941250 —4.02 0.1

XoXo 1.380833 2.31 <0.1

X3X4 0.071250 0.10

X3X2 —0.547500 -0.75

X3X3 1.290833 2.16 <0.1

X4 X1 1.041250 1.42

X4Xo 0.047500 0.06

Xy4X3 0.100000 0.14

XXy 1.287083 2.16
R? 0.8241
F 4.35

Probability 0.0059

b X1: DH, Xo: glucose, X3! cysteine, X4: thiamine
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Table 49. Values of regression coefficient calculated for the MTT

assay of the soy protein hydrolysate by flavourzyme 0.5% / g protein

Independent o Significant
i D Coefficient t—=Value
variable level (P)
Constant 16.522500 5.25
X1 —5.639583 —4.39 0.1
Xo 0.557083 0.43
X3 —5.287083 —-4.11 <0.1
X4 —5.107083 —3.97 <0.1
X1X1 0.393854 0.31
XoX1 —1.411875 —0.90
XoXs —0.384896 —0.30
X3X1 4.024375 2.56 <0.1
X3Xs —0.389375 —0.25
X3Xs 1.820104 1.42
Xy X 4.960625 3.15 <0.1
X4Xo —0.718125 —0.46
Xy4X3 3.723125 2.36 0.1
XXy 1.776354 1.38
R” 0.8590
F 5.66
Probability 0.0017

= X1: DH, Xo: glucose, X3 cysteine,

X4 thiamine
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(a)

Figure 47. Response sulface on the HT 1080 cell growth inhibition

effect(%) of the soy protein hydrolysate by flavourzyme 0.5% / g protein;

(a)X1:DH, Xos:glucose (b)Xi:DH,, Xsicysteine (c)Xsiglucose, Xzicysteine

(d)X::DH,, X4:thiamine (e)Xs:glucose, X4: thiamine.
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o A g s fetel= 2y, AAl B oopr Al 24 24

At g FayATteetke el AR AL 2udde
84.82%, ZAW2 0.12%, 3% 5.07%= YEST
W) FAEF X A
Y= gel

HAgtd diFaATEEEA e EFe] A W A

= He] 98 chromatogram? 3=
WAS AAbstal Alsete] MEE AIZEE wlaske] AAteklth. A sE diFa
A7V E ST F EAFL 5 kDaol1, BAF EXE 243 d3 10 kDa
opfel 76.44%% 7P W Fi& AAS vk, 3-10 kDa¥ 3 kDa oJs7t ZH2t
16.829} 17.04% % e At glo] "iF-E 10 kDa o]4e] AR

fAba 7
TR 9ee ¢ 5 AUrH(Table 50).

2) HA st At nkg-ake] B2 (in vitro) A

ACE Adfisel thgt i drledsintsE Axxds HAshst 23,
Protamax® 7}Fatef st tiradrleidsEe] HAxxdos Xi(DH): 2.22(%),
X5 (Glucose): 6.66 (%), X3(Cystein): 1.35(%), X4(Thiamin): 1.15(%) 2] Zdel
A ARE AxsSh HA A AlxE dFaRATFEEEEe] o A
= g% A3, ACE Adfls 52.25%9 SOD AR 47.56%%5 WEbdL,
TBAS®} Ferric thiocyanate> Aol YelA] ottt mpeba] o] & diFdudr}

TEIHSE (savory ) EHE] ACE A&l peptideE &2 2 A sl o).

Snt-s-F= B ACEA S peptide®] 2] 31 Al

S
O

3) AAsE oFEn A

71 8] o] 39 (Ultrafiltration)

Ultrafiltration membrane system= ©]8-3}o] 9] o33t 372 fraction¥}
e A7k e wh-g- o] ACE A&l €42 vl sk A3+ Figure 480 WERSI
ot ACE Asll &4 2 dl+a93d 78 /53 0.53%/ug protein, 10 kDa ©]7%
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Table 50. Molecular weight distribution of soy protein isolate hydrolysate

Molecular weight (kDa) Distribution (%)Y
>10 76.44
10-3 16,82
<3 17.04

1)Degree of molecular weight distribution was expressed as the vyield of

each fraction obtained by soy protein isolate hydrolysate through
ultrafiltration.
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Figure 48. Angiotensin I converting enzyme (ACE) inhibitory activities of
soy protein isolate hydrolysate (savory flavor) and fractions obtained from
soy protein isolate hydrolysate (savory flavor) through ultrafiltration

(UF) membrane system.
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0.26%/ug protein, 3—10 kDa 0.37%/ug protein, 3 kDa®]3} 0.60%/ug protein®
Aol oA = ACE A &2 S7tetes A& e Hof #AF 3 kDa o] gl A
7Hd 2 ACE A& &5 Yed it

A=7kA B 2 o] ACE A8l fete]l =9 542 ARARFow deA o
ol¢} A5t W2 AFAHrt HaEa Qth(Astawan et al., 1995; Gomez—Ruiz
et al., 2002). Jang®} Lee (2005) o] &5 7Fdl &= Kim 5 (2005) o] 7 7}i-3l]
ol gk A7-el A 3 kDa olste] Ea&= 7 AEA jetol =7t 2 242 KAl
U} 318 T Byun¥ Kim (2001) 2 W H| 7Fwdl &S A% 10, 5, 1 kDa2] $te] o
ko g Fste] ACE A& S A3, 23] %555 ACE A&l &/d0]
AASA F7hetdvta Baste] 2 A5t Aape) dAgS & 5 AT wEbA 7HE
=2 ACE A @48 el B4 3 kDa°ld+] fractions ¥o] ACE A3 | Elo] =
o] Fe] 9l Ao AFg-sk3ltt.

) Gel filtration chromatography

Ultrafiltration membrane system< ©]835}o] 3+e]odz}tst 3702] fraction
(<3kDa, 3—10kDa, >10kDa) Z°llAl ACE A&l &4o] 7H¢ & A% 3 kDa ©]3}
= FAAZX3 & Superdex Peptide 10/300 GL columng ©]£3}¢] gel filtration
chromatography & 433t A7}, 5709 fraction(G1-G5)& A3lth(Figure 49). ©]
&40 %2 30% Acetonitriles AF&-3Fo] #-2] 3t 2t fraction®] w12 k3 ACE A 3
g4 54T A3 G1-G59 ACE A&7 72t 0.54, 0.68, 0.16, 0.79, 12|11
0.21%/ug protein®= WER} G47} 7H 322 ACE Aol &4 B3l

t}) Re—gel filtration chromatography

Superdex Peptide 10/300 GL columnel 28] 4oiz ACE A& &’do] 714
T2 e G4E Fdte] 5% § A $EE AXxSto] 0.2 pmz filterd ¥ gel
filtration chromatography S ©]&3}lo] 2aF H8]&5 33t 13k =3 4
A Bgst Ay, 4719 fraction(RG1-RG3) S  dQth(Figure 50). Re—
chromatographyellAl 42 RG1-RG39% ACE AsiaAe z+7F 0.87, 1.15, 181
0.19%/ug protein®= WElSkt). o] 9} 3Fo] Fxapgko] 7ha 242 W99l RG24 7HE =
< ACE AsilgAd = Blv

=
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Figure 49. Chromatogram on Superdex Peptidel0/300 GL gel filtration
column (lower) and ACE inhibitory activity of fraction (upper) from <3

kDa active fraction obtained by ultrafiltration (UF) membrane system.
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Figure 50. Re—chromatogram on Superdex Peptide 10/300 GL gel
filtration column (lower) and ACE inhibitory activity of fraction (upper)

from G1 active fraction obtained by gel filtration chromatography.
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2}) Reverse phase high performance liquid chromatography (RP—HPLC)
Re—chromatographyell 2Jsl]l ¥ojxl ACE As&Ao] 7Hd =2 FE<l
RG2E ®FH3lo] 5% & 44 v5= Ax3 A1589S 0.4 pm syringe filter
ojgato] BEEs Alrste] ol AbEeklth el =9 Agde] wE e
9l5t] xBondapak™ Cis columng o] €38te] Hulst Ay Figure 513 2
th. RP—HPLCell ofsf Hele Al F9 peak(P1-P3)°] ACE Asjdde 2H7)
0.38, 1.60 183l 4.69%/ug protein® UEFTE o9} o] P39 A4 7 H&
ACE Al gAS nlow diFadmdrisiaiile=39 specific activity #4<l

0.53%/ug proteinel Blsl] 8.87W|2 HAAEE H T}

1Tl

v @A ACE A€

AR 8T fraction® ACE Asi&d3} oo & HAZe] st 2
¥=  Table 51  YEUldd.  diFdA7bEESNbe@F o2 R Y theket
chromatography& ©]&3to] ACE AsigdA =45 23 43 drdidrisi
aNk-g-3Fe] &Adel vla] RP—HPLCoOlA 92 P3¢ A-¢ 8.87v] A% AAHNSF=
oF g Atk weks WS ol &ste] HIFHE] W TS AEsou

UGS AA Eato] W opn| il A WStE o] & diAste] A ST
HE ACE Asigd &do] #¢ 4
AFom o5 AAle AL 5.25004 EAE 468u|7bA thgFEtAl By
At (Byun and Kim, 2001; Lee et al., 1999; Lee et al.,, 2006; Ma et al.,
2006: Shin et al., 1995; Shin, 2006). |43} o], ACE Al EAEES 7|E2
2 953 AAEE 18T u gel filtration chromatography 2} RP—HPLC
& ACE Aalgd =49 82 ad4dd Wids &5 ddler, 5 54 x4
of| 5] & re—chromatography i oly th& F72 columns ©l3te] ACE A3 H

Eolmg ¥eatn 22 B4 & 92 Ao JdHth

i
o
Y o
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Figure 51. Chromatogram on /.zBondapakTM Cig column (lower) and
ACE inhibitory activity of fraction (upper) from RG2 active fraction

obtained by gel filtration re—chromatography.
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Table 51. Purification of ACE inhibitory peptide from soy protein isolate

hydrolysate (savory flavor)

Specific activity

Purification step Purification fold?

(%/ug protein)?

SPIH (savory flavor) 0.53 1.00
Ultrafiltration (< 3 kDa) 0.61 1.15
Gel filtration (G4) 0.79 1.49
Re—Gel filtration (RG2) 1.15 2.18
RP-HPLC (P3) 4.69 8.87

b Specific activity defined as the protein weight which required the activity.

? Relative value of reciprocal of ACE inhibitory specific activity.
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S gt B

# AFel = pico—tagWls ol &3kl otw|Al 2AS EASHSl=H, o
FEak o] w2 Aspol Asn 283 Glu®t Gln®l retention time©] #2] H]5=3}
of o] & F gler, Cys9Trpe 4T F gtk tiFa A7t e w33
9] opuAl FAS BAS Ay, glutamic acid(21.4%), aspartic acid(13.8%),

arginine (8.2%), leucine (6.8%), lysine(6.4%) 2] o2 UEST, FolA ghgfo]
=2 glutamic acide HWF, 7+ 9 ®H A= Wol dhFr o] Stk 3 tH(Lee,
1973). & 798 A RS diFendrteEaibeEd e ofr At 24 % glutamic
acid®] grFol =A dEbwt 2 @A 8 opmieal 24 S A% AR <3kDadl
M= Asp/Asnz/do]l iAoz w7 dEkstt. FPLC @AE A3 &4e] 7H
F2 RG2eA= A B AFA obv|wAlEQl Asp/Asne] §EFo] Zrad HbH,
Glu/Gln ¢ & FreiAA S71ekgith. HPLCR A= W4 2= Asp/Asn
9}Glu/Gln®] &2 F=HAA 57}'3}035’— o] 7 =td P39 A His9
o] g S-S & F Q9Ith ACEA S| = o] peptidedts 22 B 44
oA wre] 51, o] peptides? C¥wtol|+= tryptophan, phenylalanine, tyrosine,
prolines, NW o= histidine2 H|ZE3d ofg] WEFH olu|wAalEo] Qlon o]
peptideE<2 ACE®] W3]l angiotensin—18} AARAA OS2 Agsto g ACES A
S AAEA7IE Ao®E FAYIL YT (Kim et al.,, 1994; Cheung et al.,, 1980).
Shins (1995) > ACEA | &Ado] 7Hd %2 oA ofn|xAt A& A3t A3
A7173 obm Akl histidine ] E&Fe] 86.6%% 7Y =A yEbwTh wEbA] 2 A
7o ARkl opm At 24 A A i Fdid ksl nke- ol Hlske] 8.87
H AAE HE g7 P3oA G714 olu] Akl histidined o] 9.3% % THA
S7keh Ao BE W 2 ARV UBhl= ACEA A0l A5 FA4ES

histidine 2& #AE 7HAgw o SEYH(Table 52). T2z & AT A7
PEG A e $e AEAA Y theFd B8 @ FuAGRA A%37)

&
s =22 ALs AT AnAEAY &E Thedol w5 AolE Azd
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Table 52. Amino acid composition of Angiotensin [ converting enzyme (ACE)

inhibitory peptide from the active fraction

(Unit: %)
Amino
. SPIH  <3kDa G4 RG2 P1 P2 P3
acid

Asp 13.8 51.1 24.7 4.4 77.4 72.3 62.7

(AsptAsn) (Aspt+Asn) (Asp+Asn) (Asp+Asn) (AsptAsn) (Asp+Asn)
Thr 3.8 2.7 2.1 1.5 1.6 1.6 1.5
Ser 6.2 3.5 4.2 2.2 2.1 2.8 2.0
Glu 91 4 9.9 19.5 58.3 5.3 6.5 1.6

(Glu+GlIn) (Glu+GIn) (Glu+Gln) (Glu+GIn) (Glu+Gln) (Glu+Gln)
Pro 5.4 3.2 1.8 6.6 0.9 1.8 3.1
Gly 4.2 3.6 5.0 3.9 2.1 2.7 3.2
Ala 4.6 5.6 6.0 3.4 2.8 1.9 2.1
Cys 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Val 3.2 3.1 6.5 4.3 1.2 1.5 2.0
Met 1.4 0.7 1.8 1.2 0.0 0.0 0.6
Ile 3.6 2.5 4.4 3.3 0.0 0.0 1.0
Leu 6.8 4.4 8.0 5.6 1.8 3.1 3.5
Tyr 2.0 1.0 1.8 0.0 0.5 0.7 1.8
Phe 4.8 3.2 3.6 2.4 0.8 2.0 2.6
His 2.4 1.1 2.1 1.3 0.5 0.0 9.3
Lys 6.4 1.7 3.6 1.2 1.5 0.8 1.9
NH3 1.8 0.0 0.0 0.0 0.0 0.0 0.0
Arg 8.2 2.6 4.7 0.0 1.5 2.4 1.3
Total 100 100 100 100 100 100 100
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A7 e ike- 3] pHell wE ACEZ4] W st
3 Aepol=o] AFaAste] oA FAR S AAG A & A
s} 9} 7}%ﬂﬂ°ﬂ - e WA o] ogk A At Folvh. webA 2 Aol A= pH
o} AA e Aol ACE A& el vAl= I As7] 98t
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th(Figure 52). pH7F 2 ol FAd o2 Wighe] whe} ACE A &4 F7HeFal aL o]
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Figure 52. Effect of pH on the Angiotensin I converting enzyme (ACE)
inhibitory activity.

Error bars indicates standard deviation of mean.

‘No treatment means intact UF fraction (< 3 kDa) obtained from soy

protein isolate hydrolysate (savory flavor) through ultrafiltration.
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Figure 53. Effect of heating temperature on the Angiotensin I converting
enzyme (ACE) inhibitory activity. Error bars indicates standard deviation
of mean.

‘No treatment means intact UF fraction (< 3 kDa) obtained from soy

protein isolate hydrolysate (savory flavor) through ultrafiltration.
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T8 gE AF A
To FFE v A=A Lolr
-3 3 kDa

3 u
2¥7r o] pHAlA 75.58%, 77.52%, 79.01% = pH7]— Z7)skef whet

54l YErpith 72 ,
=7t 25 F71EE BAO £ 49 Aol §lATH(p<0.05).
W 714 ((30, 70, 100°ColA 1087 o w2 A
5t A3}+= Figure 5501] el zZkzke] x4t
TRl A 2 Al

w2} pH 7 3+

S EHIE =4

90%, 92% = 7} & A

o 1=
T -
3ol ¥4

ot

@

3

_'c;S;
1%,
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ol%F3t Zol dhFdA
pH@r 7tdA e ol st &
Tl A gl st ACE Asigd 3
RHowH 5 7sA A3
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Figure 54. Solubility profiles of UF fraction (< 3 kDa) obtained from soy
protein isolate hydrolysate (savory flavor) through ultrafiltration of pH.

Error bars indicates standard deviation of mean.
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Figure 55. Solubility profiles of UF fraction (< 3 kDa) obtained from soy
protein isolate hydrolysate (savory flavor) through ultrafiltration of

Temperature. Error bars indicates standard deviation of mean.
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> S UEh= cysteined] A-f-ole 2%lA F-ZolA HZA Q] 7]
et itk 28 2% ol/ol Ay I olstell A= Z|EETF AA FHAskeE

t}. Glucose FH cysteined} w7 ZE coded levelo] 0(5%) oA
M H=2 7IEEE JEdl ey & WA e VISR HAE YEITh
Cysteine?d} glucose?] &&° W3lE o] &3} YUEA contour plots 13 H
cysteine 1.8%, glucose 4.5% A 7} =2 7|3 =5 YeRUSIt HAsdE o+
G A7 =2] A AES SAFEE ol&ste] FEstal GC-MSE 9]
235t A3t A3l ProtamexE ©|E3t] A|ZE  savory FoA = 817,
Flavourzyme-& ©o]&3%t A% 93719 34 Aol s4HIUL o] & GC-0F ¥
stol  HA st diFaiArteRaNte=e SRR RS 4T A
methional(no. 22, potato—like)©] 7} & logsFD %<2 YeEo] HA e Tt
M zrEREANte ol Fed PR R FRlHdoen, o9l |
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Appendix 1. Soy peptide—containing functional beverage.
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Appendix 2. Soy peptide—containing functional beverage

using jujube extract.
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Appendix 3. Soy peptide—containing savory flavor.
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Appendix 4. Soy peptide—containing savory flavor product.
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