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SUMMARY
(FE 2R

1. Title
Process development of health functional gluten—-free noodles by utilizing natural

polyphenols and whole grains.

II. Objectives

In an effort to improve processability and health benefit of noodle products, the interaction
between plant-derived polyphenols and proteins was applied to develop gluten—-free rice
noodles. Also, whole cereals as valuable sources of polyphenols and proteins were applied

to produce noodles for investigating their quality and health functionality.

II. Results

Food allergies and food intolerances are a growing public health concern causing higher
consumer demand of products that are tailored to meet special dietary requirements.
Especially the market for gluten-free and free-from foods has gradually increased. In order
to meet the dynamic growth trends taking place in the gluten—free market it is important

to develope alternative ingredients of gluten.

In this study, the potential of the protein—polyphenol interaction was applied to
cross—linking reinforced protein networks in gluten-free instant whole grain noodles.
Specifically, inter-component interaction between soy protein isolate and extract of some
Korean berries and green tea extracts were examined with a view to improving

rheological, cooking properties and health functional quality of instant whole grain noodles.

Prior to treatment of protein isolate and polyphenol extract on noodle, the condition of
polyphenol extract from berries and green tea was optimized using RSM. Optimal
extraction conditions of polyphenols from four different sources such as bokbunja, mulberry,
green tea leaf, and ogaja were established by applying different initial pH, temperature, and
polarity of extraction solvent through response surface methodology (RSM). The greatest
amount of total phenolic compounds (mg GAE/10 g) from bokbunja were extracted at pH
7.25 and 65.95C with a yield of 26.17. Among 4 different plants, the greatest yield (86.39
mg GAE/10 g) of total phenolics was obtained from green tea leaf.

In a components—interacting model system, a mixture of protein isolate(PI) and polyphenol
extract (PE) made some haze. Major anthocyanin of mulberry are cyanidin and its
glycoside such as cyanidin—3-glucoside and cyanidin. And major antoctanin of green tea
are tannin compound such as procyanidin BZ2-gallate and procyanidin trimer. These major
compound sparsely interacted with PI and support noodle formation by polyphenol-protein

complex.

By adding rice flour in noodle dough formulation, the resulting dough showed greater



viscosity while this parameter decreased by adding proteins. Mulberry extract caused
viscosity drop and less retrogredation of rice-added noodle dough possibly due to high
amount of sugar in the extract. Thermal transition property of noodle dough indicated that
its gelatinization temperature increased by adding proteins and polyphenols. Interaction
between protein and polyphenol did not affect crystalline form of starch in dough but
elasticity of noodle increased obviously. Cooking loss of rice noodle increased by decreasing
proportion of wheat flour in the dough formulation while the rice noodle enforced with both
protein and polyphenol showed less cooking loss caused by dense network through
polyphenol-protein interaction. Our results suggested the potential for utilizing protein-
polyphenol interaction for gluten—free rice noodle production.
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g3to] AZL 107%5 5 50| 50 Cold 1 & Zob §x81 375 & 29t 95 C7
A ZAAZ BS 95 CAA 25 B7F §A4A7] 3, thA] 375 2 ok 50 C7bA B39lw
50 CTollA 5 &3 FAAZIHA 2Fo wE d= WstsE XYY H A

S 5o B 24 #15ke] Mixolabs AF&3ste] Als %S 120 rpm& = 30 Tl A
8 ®7F dual-mixingd =, 4 C/minY £E= 90 CT= <4 3 7 B7F §AAALY. 1
% =i, T B
<
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- &2 A9 (Transglutaminase %) % ¥Hg =74 (¥Fg &%
ZS

. T2 B

EE4/a44 B3 AgE ¢ 278 Vs 7E b 3t
- A=Y AA9 kgt Thermo-mechanical 78 (443, 29 A2, autoclaving &) A &
=)

of WE wE 54 2 AgY B

rz
oo
>
)
olrt
=
=
i
m

=

R

Jim
oX,

o "
cylindrical probeZE ©]&3to] £% 100 mm/minC Z Planar extensional testZ A&}
t}. Tensile testi= Kieffer extensibility rigs ©|&€3te] 4% 3.3 mm/s, test distance=
50 mmz A% AEE =A3 1 Stress relaxation test® HEbA Z=AH o7 FEHe FF
g 75 748 7tesAdS Hrrek

- o}2¢, Texture analyzer= 974 F7A¢ A&& 7F 11 dough® A& 1 cm9l

W
Force sensor [, k 1=l Elastic Materal
.\\MH‘-"\-\._\_\_-
. S, T Viscoslastic Soiid y
A l : N o
HI““"*,_\_\_"\-"I:I:DE'HPC Liguid
=
. . ¥ideal Visoous Material
=0 Time —a=
At
[22d =]
ZodsA A9 A4 2 A3gEs 83 e ER 25 A
Zods 2 A9 AAE 835t AW = W10 g)2 150 mle] Fe =l ¥ 10 &1
zEg & 1 FAE AL, drying A7 Fo] FAE A g AR ZAed o RH S 105
CTolA Azxsto] F2 Ao FAE S8 Ah 1 %5, ofdfl A& AM&sto] 7H84dE4
o 7 54 AT

- Swelling index = (weight of cooked product - weight after drying)/weight after
drying

- Water absorption = (weight of cooked product - weight of raw product)/weight of
raw product x 100

- Cooking loss(%) = Residue in cooking water (g)/ Noodle weight before cooking (g)
x 100

. EAE SR W AFAL BT AW AT 29 AN

CEAE LAY AAE AW AFY Q/BAAEE 4L BY 29 AT ©F

CEAE W AFY AW BT BAS BW Y T2 AR 58 29 F AW 249
A

[374d ]

o

N
EYAE 2 ATRY &
=

Zelvls 49 A4 2 ATPS BEF dAW FH A 2 24
- A

H
)l ek FAFH
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o ZYIE HA &AA 2 Ay 8o mE AW AuE (A g3 4
Eovla 2 A%y 24 FRE 9@ gAY Ax F AT F 44 AvE 24 5
# fA A Ad ZH g
Felsls 2 499 o4 F9e G GAU Ax F AT F 44 BIE 2N 5
@ fA Al A T3} P
A 44 AFAR BE Gu) A
AFFSIA| AT7IRER| %
= A - _ Z1ZH
zﬂlfsﬂ 2 Aist 7 et | o oo | agsn | IR
BAE R % AT 2] = | = =T | 5| g "] &5 o(ﬁ
= | = o] xﬂ PN = o] /—'\ X] ok | = A
=| 5 - < I S = o| A E | gg
A=A 512 22| sald |2 =g A
d| =| = | A SCL| g & A °
ASEE | 4] 1] 1] 2 2 | 2
AF71ZE W)
aagag | 4100 502 |15 9
GAE(%) 100100 0 | 0 250 | 100

7}. Effect of dry- and wet-milled rice flours on the quality attributes of gluten—-free dough
and noodles. 2013. Journal of Food Engineering. 116(213-217)

Y. Quality improvement of rice noodle restructured with rice protein isolate and
transglutaminase. 2014. Food Chemistry. 145(409-416)

t}. Optimizing conditions for extracting polyphenols and antioxidant activities from Korean
berries and green tea. 2014. Food Science and Technology. 46(410-417)

2}, Utilization of Lentinus edodes mushrooms b-glucan to enhance the functional properties
of gluten—free rice noodles. 2014. LWT- Food Science and Technology. 55(627-631)

v} Functional Characterization of Brown Rice Flour in an Extruded Noodle System. 2014.
Journal of the Korean Society for Applied Biological Chemistry. 57(435-440)

v} Development of a gluten—free rice noodle by utilizing protein-polyphenol interaction

between soy protein isolate and extract of Acanthopanax sessiliflorus. 2015. Journal of the
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Science of Food and Agriculture. (Accepted)

A}, Utilization of brown rice flour as a functional ingredient in instant fried noodles. Journal

of the Korean Society for Applied Biological Chemistry. (published on-line)

b @E A EN S (A, )

D Optimization of polyphenolextraction from korean berries and green tea and identification
of major polyphenol compounds. 2013. &=+ 2] 3}18+3] (ot 3k=t)

(@ Utilization of brown rice flour as a gluten—free ingredient in extruded noodles. 2013.
dAET et (A%, B

@ Non-targeted profiling of polyphenol metabolites in various polyphenol-rich food using
LC-ESI-Ion trap-MS/MS. 2013. gt=2] % 3}8}3] (Hok, 3h=)

. g A 2w et s (AF, )

(DMetabolomic profiling of protein precipitating polyphenols in mulberry M lorus bombycis
V]E_il” )mbrlcauhs UYEKID using LC-ESI-Ion trap-MS/MS. 2013. $t=r2td 2 E383] (25,
Eis=n

t}. IFT (Chicago, USA)

D Effect of brown rice flour on the quality attributes of gluten—free extruded noodles.
2013. IFT (Chicago, USA)

@ Production of a high quality rice noodle by utilizing polyphenol-protein interaction
between ogaja extract and soy protein isolate. 2013. IFT (Chicago, USA)

o A FILI (BF, B

D Development of gluten—free rice noodle by utilizing protein—polyphenol interaction
between pea protein isolate and the green tea extract. 2014. g+=r2E 3} 3t3] (P, 3k=)

® Effect of emulsifiers on the quality attributes of extruded brown rice noodles. 2014.

] (o“r“, L%)

o
Al
>
ol
A
_101'

ol SEA A EFEE (1S, B

@ Effect fo extrusion Varlablqs and hydrocolloids on the cooking quality of extruded rice
noodles. 2014. dr=2td 2] FF38H3] (M=, dh=)

v}, [UFoST (Montreal, Canada)

@D Metabolomic profiling of protein precipitating polyphenol in green tea using LC-ESI-Ion
trap-MS/MS. 2014. IUFoST (Montreal, Canada)
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@ Optimizing extraction and identification of polyphenols in Korean mulberry, raspberry
and green tea and their relationship with antioxidant activities. 2014. IUFoST (Montreal,
Canada)

@ Utilization of brown rice flour as a gluten—free ingredient for health—functional extruded
noodles. 2014. IUFoST (Montreal, Canada)

A @EAFRS I (R, B)

@D Combined effect of Transglutaminase and Polyphenol Extracts on the Rheological and
Noodle-Making Properties of Wheat flour. 2015. gh=+2] & 3}38}+3] (4F 3H=)

(@ Metabolomic analysis for the contribution of polyphenol extracts in rice noodle
preparation. 2015. St= 2] F338+3] (H A4k $har)

o}. Whole grain summit (Portland, USA)

DImpact of whole-grain flour on the rheology, oil-resisting property, and in vitro starch
digestibility of instant noodles. 2015. Whole grain summit (Portland, USA)
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(2) Lab A 7]
Lab& &8 A}&71(KZW12 TW Extruder/¥ ¥, Technovelil)ZS &-&3}$]c}.

(3) Lab & Die9] #1z} 2 X

ZdEel %%TA H #7)9 ZEZ Labg AW7]9 Die2 A= A 2ol (s A™)d ]
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T +5 34 T4 =2
Screw type Single
G-Extruder Forced Feeding (rpm) 12
G-7] Screw (rpm) 50
Die 74 (mm) 1.2%0.85
F-Extruder
Die pressure(bar) 110

() Lab AFE7]19] screw rpm A1 A

47] pilot AFE719] 23 AR FAZRAS lab AFE7]9 screw rpm = ¥ S} 2
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3. AFF FFHE, F9E 754 8= dAAY F 2 BAY &9

M

7F Ay

1) 71574 E89 s gAA FE59 g9

Aol AR i A AAQL, g, Hotry, B&A, o, Hx9] VsA Eevs #
As A% FEHS dgetdth Mg S8 A 27bA &, &8 % d3s FEE
(Water, 80% Ethanol) & A}-&3}3ith

dutA o ® thAA = ARESE of wel theke gAMAE 2 & o,
B AT E AFEE HAMA FE0l 7P 2 AMRE s 7 A &l E obgiel 2
2 ZYds gAAE FESHATH

30 g sample + 400 m¢ water or 80% ethanol
l
Shaking at R.'T for 8 hr
I
Centrifuging at 10,000 rpm for 10 min
!
Concentration by evaporation
l
Drying

N

Yield (%)

D.W 80% EtOH
Sorghum bicolor 440 * 0.151 1.61 = 0.015
Hordeumn vulgare L. 1258 + 0.062 714 £ 0.601
Green tea 22.75 + 0.003 14.75 £ 0.0007
Rubus coreanus Miquel 4412 £ 0.07 40.14 £ 0.03
Morus bombyrcis var. rubricaulis UYEKI 70.16 £ 0.06 70.68 £ 0.007

- 36 -



(W) F Z29E g% (Folin—ciocalteu’s method)

FEEd FHE F FYdsE §F 4 A9, A4 degE FEEo] 7P %A, Wolr g
o] B FEEo| /P e FHS HAU T BE AR A g FEE AU¥ow =
< ZYHE S HE AT

400

I D.W
[ 80% EtOH

300 -

mg GAE/g d.w
N
8

100 A

e

Sorghum bicolor Green tea Morus bombyecis var. rubricaulis UYEKI
Hordeum vulgare L. Rubus coreanus Miquel

s

]
ac)
=
s
et
oft

a9 10, &, Jdges o838 o, Holhy, x4, 524, oY FEEY F £

)

E 1L =5, dEEs o83 ¢, Wolhy, wx B ot FEEC T ZYdE TF
(mg GAE/g dry weight)
Total Polyphenol content (mg GAE/g dry weight)
D.W 80% EtOH
Sorghum bicolor 21.93 = 5017 64.18 £ 0.853
Hordeum vulgare L. 801 £ 0.198 13.30 £ 0.630
Green tea 23887 = 3.03 352.96 * 3.93
Rubus coreanus Miquel 3894 £ 0.864 6327 1.14
Morus bombycis var. rubricaulis UYEKI 3352 £ 0.717 31.53 £ 0.687

B E sampled| A &g FEF0] & FEE vld =& dAstsS HYow, I F =3 o
Be FEEo| M =& AAT (41.28%)= HAth mAke] 79, tix+<2 ascorbic acid (5.865
s 2 AE FHoE FAHHAY
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60

—@— Sorghum bicolor + DW
Sorghum bicolor + 80% EtOH
50 Hordeum vulgare L + DW
— —4&— Hordeum vulgare L+ 80% EtOH
X
<
*8' 40 4
T
2 304
jo
5}
>
8 20
(2]
10 4
0 4
T T T T T T T
0 5 10 15 20 25 30 35
Time (min)
60
—e— Green tea + D.W
Green tea + 80% EtOH
50
X 40
8
O 30
o))
£
o))
o
§ 20 -
n
10 1
o -
T T T T T T T
0 5 10 15 20 25 30 35
Time (min)
60
—@— Rubus coreanus Miquel + DW
—@— Rubus coreanus Miquel + 80% EtOH
50 4 ~¥ Morus bombycis var. rubricaulis UYEKI. + DW
—4&— Morus bombycis var. rubricaulis UYEKI. + 80% EtOH
X 40
8
O 30
o))
£
o))
o
§ 20 -
n
10 1
o -
T T T T T T T
0 5 10 15 20 25 30 35
Time (min)

29 1L 2, o §e g o] §3 54, wolne, w2}, BB, or] %2 DPPH radical £7%
(%) (Sorghum bicolor, Hordeum vulgare L. (1.655 pg/ml), Green tea, Fubus coreanus Miquel.,
Morus bombycis var. rubricaulis UYEKI. (3.33 pg/mb)).
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5

ol g3k g, Wolr ], A}

275(%)

Byx ot 3%

_g]

DPPH radical

Scavenging effect (%)

D.W 80% EtOH
Sorghum bicolor 29.66 T 1.604 40.62 £ 4.050
Hordeum vulgare L. 21.739 * 1.143 23.43 * 0.670
Green tea 3841 + 0.983 41.28 £ 1.339
Rubus coreanus Miquel 3455 £ 0.610 4459 £ 0.558
Morus bombyrcis var. rubricaulis UYEKI 28.47 £ 0.392 3093 £ 0457
(2}) Specific activity
7t FEE atsle s ZEdlE g F DPPH &A% (%)S 7I+o =2 vladh Ay} woln
g = FEEC] M =2 2AHGL 42V/ug GAE)E YEA R, 5 e FE50] 7 4
< A4 (1899%/rug GAE)E UEUWIH. E3 eH S5 A3 EE & FEE dUHer =
< A4S B, FEE A wet ksl G we Jdo® yEylth
313 &, dEES o] &3 g, Wolr e, Ak, BE&A ov FEE9 specific activity
(%/ g GAE)
Specific activity (%/ug GAE)
D.W 80% EtOH
Sorghum bicolor 40.58 18.99
Hordeum vulgare L. 81.42 52.88
Green tea 48.29 35.13
Rubus coreanus Miquel 26.62 21.14
Morus bombyrcis var. rubricaulis UYEKI 25.61 29.43
(h F5 2H9EY 54
5 295y 24 A3, B3} olwe 5% o] AAA patten® FAFAT. BE F2
ol A 2007300 nm WA EolARle F7F =TS 0T F Aoy, FEEE 1
FAAR F Al7ldE A Aol 7t I E AT HiEAFeE S t]o A= anthocyanin Al 2] Z¢
Hix E4do] 93 500 nm e FF 54 #FE F AT

- 39 -



5L
@]
-
i
=
o
@

Sorghum bicolor

80% EtOH

Hordeum vulgare L.

W

Greentea 80% EtOH

D.w

(2007700 nm).



4. Z 3= HAIA Y non-targeted profiling

7t A gy

HPLC-ESI-Ion trap-MS/MSE o]&3le] Wolr g & %21 HE82 o0 FEE A
9] profilings AAISA Y. #AS o]F9 UAA B4 98 HA T3 315

AAF B 2R B Lo

I 14 7154 ZY9HES 2457 938 HPLC 2 LC-MS/MS protocol

HPLC condition

HPLC HPLC system (Dionex Ultimate 3000)

Column YMC-Triart C18 column (1.9 m), 2.0x100 mm

Detector PDA detector

Elution A 01% Fo@c aci'd i'n water

B 1 0.1% Formic acid in ACN

Gradient Time (min) % (Phase A ) % (Phase B )
0-6 95-90 5-10
6-12 90 10
12-36 90-60 10-40
36-48 60-10 40-90
48-54 10-95 90-5
54-66 95 5

MS condition

Ion trap LTQ-Velos ion trap mass spectrometer
Electrospray Heat electrospray ionization interface
ionization (Thermo Fisher Scientific, San Joe, CA USA)

UPLC BEH Cl18 column (1.7 gm), 2.1x100 mm *
Column (Acquity, Waters, Milford Ma, USA)
YMC-Triart C18 column (1.9 mm), 2.0x100 mm #**

Column temperature 36 T Full MS mass range (m/z) 100-1000
TCapﬂlary 275 T Source voltage 5 kV
emperature
Sheath gas 35 ml/min Auxiliary gas 5 ml/min

*Sorghum bicolor Hordeum vulgare L

** Green tea, Rubus coreanus Miquel,
Morus bombycis var. rubricaulis UYEKI
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o Adas

Zeds dAA FEEE B da)Ese] vu 248 98 F
= Z7o) wet Adolgk tAtAEe] FEHAISES

ZgdE WA ES profilinge ¢34 OPLS-DA #2418 A3l

el F8 Zdds dAAES d¥sta 548 A 3sdn

Sorghum bicolor Negative (S-plot) Sorghum bicolor _Positive (S-plot)
jﬁiﬁ & " ow e T ow R
B ' .

o3

B4

|| 50,80 % EtOH Y | 50,80% EtOH

40 40 006 O 002 000 002 OO 006 008 0N 012 0W M1 D1 0M 0X D16 014 01 000 O 006 D04 002 00 D02 004 006 OB 010 017 0N 015 0 03

a9 13, ¢ FE=E A (F, dE2)e] OPLS-DA (Orthogonal partial least squared
discriminant analysis) #&41.

(1}) LC-MS/MS non-targeted profiling

FF FEEY UAA 24 Ade obdl E 15-180 Asdth dAAES BAE
fragmentation pattern, &% 54 171 DB} Hu &3 Hro) 7|¥tsle] S35k vhoksh
HAe) ¢ flavonol Hflavone AlE e ZgdlE EEEY EA7 FeEAa, ogE FEEqAA=
WA e Zejvls tAbAl Sl EAlekE e g+ UATh

iy

.

r° i

- 42 -



¥ 15. ¥4 EF=E &7¥ Al (Negative ion mode)
Time e
mz (min) Amax ms/ms Tentative identification reference
Khallouki et
al.
279.92, 176.86, 158.91
32928 1.2 253 ' ' ' 2,8-Di-0-methylellagi i Pfundstei
256,98, 319.98, 23896 ,8-Di-O-methylellagic acid 1;;1 aS].em
METLIN
95,8-Dihydroxy-7-methoxyflavano
32753 29.69 225 309.23, 311.24, 171.06, 201.06, 213.04, 293.23, 275.31 ne METLIN
8-0-acetate
_ 165.02, 83.03, 190.98, 163.0, .
20949  29.72 256 12498, 8097 95.0 5-Hydroxyferulat METLIN
44138  29.72 256 327.21, 369.19, 342.06, 423.19, 250.05, 309.05, 279.18 Flaccidine METLIN
_ _ 295.20, 183.11, 277.26, .
31352 3457 290 19511, 129.13 Crotaoprostrin METLIN
_ _ 297.47, 171.09, 279.31, 269.35, .
315.61  36.25 261 31124, 14122, 155,13, 201.10 Lapathinol METLIN
- 44521, 311.25, 179.03, 427.27, 176.98, 309.28, 273.19, 5-Hydroxy-7,8,2'-trimethoxyflavo
489.36  35.94 226 98990 ne 5-glucoside METLIN
68152 2756 270, 302 351.24, 329.28, 233.12, 251.16, 638.18 Tricin 7-diglucuronoside METLIN
® 16. 75 80%etE F=& ¥ dAFA (Negative ion mode)
Time ey e
mz (min) Amax ms/ms Tentative identification reference
36744 574 278, 307 192.93, 173, 230.95, 134.06 5-O-Feruloylquinic acid ~ DePorah et
443.03, 472.98, 544.97, 6-C-Pentosyl-8-C-hexosyl Figueirinha
563.26 12.61 224, 301 502.96, 353.06 apigenin ot al
28549 13.14 220, 278 241.01, 175.06, 199, 242.97, 217.04 Luteolin METLIN
43343 15.06 281, 334 271.28 313.06 151.14 Naringenin 4'-O-glucoside METLIN
609.32 15.09 283, 295 301.05 566.06 457.20 343.12 Rutin Deborah et
5,7,4"' - Trihydroxyflavanone
565.34 1717 285, 301 271.07, 177, 502.96, 445.04 7-0-arabinosylglucoside METLIN
461.36 1740 285, 301 299.07 284.14 341.07 Kaempferol 5-glucuronide METLIN
Quercetagetin 7,3'-dimethyl
507.34 18.10 281, 312 344.06 387.03 329.11 ether 6-glicoside METLIN
Kaempferol
533.28 18.85 283, 304 489, 411.17, 515.06, 313.19, 471.08 3-(6"-malonylglucoside) Aaby et al
285.01, 475.99, 329.08, . . .
489.34 1887 286 15999, 191.03 Luteolin 7-(6""-acetylglucoside) METLIN
43945 22.08 281, 316 245,11, 148.99, 289.07, 227.11 (-)-Epicatechin 3-O-vanillate Khallouki
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tAFA] (Positive ion mode)

m/z (Tnl]rlrrlle) Amax ms/ms Tentative identification reference
211.36 2969 276 193.30, 175.14, 195.89, 111.15 3,4-Dihydroxyphenylvaleric acid METLIN
) . Lin et al
31546 3460 270, 310 297.23, 279.28, 306.10, 187.07 Isoscutellarein 78-dimethyl
® 18 5 80% s FEE ¥ hAFA (Positive ion mode)
m/z (Trrllrlrrlle) Amax ms/ms Tentative identification reference
305.29 13.78 280, 327 287.21, 153.00, 259.10, 195.01 (£)-Taxifolin METLIN

(2) olr g

z7 011
T ARA]
_Z'__

8 Zed=

Hordeum vulgare L. _Negative (S-plot)

U}F/P Jolst tALAEo] FEH A
= 9] profiling<

A E S AdW¥ste 8=

f1afA OPLS-DA

Hordeum vulgare L._Positive (S-plot)

vl
" Yy . . H
o 50,80% EtoH | ‘t!!s»\: . ! P ow
1?‘* Lt ' .
- M aat . H
ﬁ R
% . “‘ e . [
o 3 et G oo o
o f‘f{‘."’ B 03t
o o 027 :-_
,. 1 "fj
z° IR _ ot
£ Ll 3 - 1 ri
] - g
£ i N A
N ul a1 .
4 1
Qi |
W
- .*‘.; 01
o i 1 i
05 . S i .
ey * P K
o6 X i X
i . 68
ar 1a, I3 i A‘f_ 1 .
AR ol R
e
- ) . - RIS .
‘ s || ow , 4
L af |, 50,80% EtOH
ul
o o o “ o o o o o e e o A% 4W 4 am o 606 Am ose o 018 6FM 0% @M 0% o

9 14, Holr ] FE= AN (F, e

discriminant analysis) #41.

(44) LC-MS/MS non-targeted profiling
dolr ] FEE oA A4 Aie

o
&

Al
fragmentation pattern, &3 54 2123 DB Hi+d

Eoﬂ

Eitl

delstdnt. Al s>
o] Arol 7Iuksto] AU =

<)ol OPLS-DA (Orthogonal partial least squared

22

4 g



Zo A flavonol Alg 9] 3ttEEo0], 181l NES FEEAE flavonoe Aol AEE0] F

= =], et
8 EY9E dAAZ EAEE s FAsE T dee FEE0A wid A el compound
5ol A Ao anthocyanin AlE 9] EZE9 &A= AT 5+ AT
¥ 19. ol EFEFZo & tAAl (Negative ion mode)
Time oy e
m/z (min) Amax ms/ms Tentative identification reference
Khallouki et
al,
32928 1.24 261 279.95, 319.93, 305.81, 320.97, 176.87 2,8-Di-O-methylellagic acid Pfundstein et
al.
METLIN
81547 2503 262, 327  653.30, 491.22, 635.27, 797.33, 329.29, 473.20 Syringetin METLIN

3-rutinoside-7-glucoside

5,4'-Dihydroxy-3,6,3' —trimeth
42713 3294 225, 355 406.92, 311.21, 284.26, 341.31, 252.19, 384.09 oxy-7-prenyloxyflavone) METLIN

# 20. Wolr g 0% Erx FE=ol 7% thAAl (Negative ion mode)

m'z (THIITS Amax ms/ms Tentative identification reference
45142 325 276, 288 289.11, 299.10, 161.01, 360.21 (-)-(Epi)catechin 6-C-glucoside = METLIN
28045 525 282 245,03, 204.98, 260.06, 178.96 Epicatechin, (+)-Catechin METLIN
609.32 821 282, 303 447.10, 327.11, 489.04, 357.47 Isoorientin 7-glucoside METLIN
50331 1103 273, 327 43106, 311.09, 473.05, 341.14 ?f‘;ﬁgﬁiﬂgﬁ&g?@%ﬁ%}i METLIN
62333 13.09 283 341.08, 461.06, 503.05, 608.16, 533.16 Scoparin 2''-O-glucoside METLIN
43137 1535 289, 332 311.10, 341.07, 413.04, 269.07 Kaempferide METLIN

3-alpha-L-arabinopyranoside

6-Methoxykaempferol
461.33 1629 269, 303 341.08 ,371.05, 285.08, 195.98 3-rhamnoside METLIN

43150 3154 9225, 342 385.23, 311.27, 29323, 369.21, 197.93 Genistein 8-C-glucoside Cﬁfgiae’[gl}a

=<

21. Tolr g EF=E9 dHF AFA (Positive ion mode)

m/z (Tnl]rlrrlle) Amax ms/ms Tentative identification reference
45745 3699 226, 353 31321, 369.27, 41345, 18516, 14518, oy g vimvastatin©~~ METLIN

284.27
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¥ 22, Polr g 0%l eE FE=E ¥ WAFA (Positive ion mode)

/! Time Amax ms/ms Tentative identification reference
(min)
. Quercetin
529.273 : 3.657 202, 219, 275 511.31, 229.12, 349.24, 493.17, 183.09, 168.14 3-rhamnoside—3' —sulfate METLIN
3'-Hydroxyalpinumisoflavone
367.405 3.718 220, 279 349.44, 229.15, 331.28, 259.19, 271.23 A4’ methyl ether METLIN
200.345 3966 201, 276, 287 188.23, 147.24, 164.22, 159.21, 132.16, 98.18 Anofinic acid METLIN

371505 33231 226, 379 ©0003, 27931 261-%13’523§13-26’ 17, 29731, ponilic acid 4-O-glucuronide  METLIN

(3) =zt

=zto] gHE ZEdHE JAA FEE(E 2 JdE)E v BAS 9d FAAEEY
(PCAYE AAgE A3, 5 &u] 7o we} Aolst tgAAIEe] FEHAES T F+ 2
=5 gt FEEE T EYdE A ES profilingS #1314 OPLS-DA #2415 A A|
Skal, 5% el oAl #olE UEWE T8 Z8ds gAAES A, 4SS
Greentea Positive (S-plot)
o P ow | LT
i.., R ) ~ﬂ“h' ) s0%Eton
a9 16, ¥3 FEE EHA}XH (&, Jde+=2)9] OPLS-DA (Orthogonal partial least squared

discriminant analysis) &4,

(4}) LC-MS/MS non-targeted profiling
=2 FEEY YA B4 Ades ofg] ¥ 23-260 AHYSAY. gAIAELS B
fragmentation pattern, &3 57 2|3 DB} #Hawd o] AHe| 7dlsle FAHSALH & F

ZEo| A F= phenolic compouds A€ 9] stt=E0], 183l A& FZE A= flavanols 7
< (Catechin, epicatechin)®] A& E0°] +8 ZddE A Z A5t Ath7F 2wt o g
= FE=EdAe WEA FEHe compoundEe]l £QlE A
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23. 52 FEEo dd

AL (Negative ion mode)

Time

mz (min) Amax ms/ms Tentative identification reference
33746 14.28 206 311 191.27 163.08 173.14 119.27 4-p-coumaroylquinic acid Metlin
63331 822 206 301.26 463.02 614.00 275.11 HHDP-galloyl-glucose Hanhigjeva et
191.27 1.27 200 111.12 17292 129.02 85.28 Quinic acid Metlin
¥ 24. 53 80%oN e FE=Eo g5 thAA] (Negative ion mode)
Time oy e
mz (min) Amax ms/ms Tentative identification reference
301.11 239.07 283.13 257.13 215.07 191.06 . . METLIN,
301.54 21.65 219 319 151.08 Ellagic acid Aaby et al.
49542 1995 207 312 273.18 169.02 255.18 381.23 Epiafzelechin 3-O-gallaste Mo 1L
- METLIN,
75546 2423 221 313 609.18 301.15 591.16 Quercetin-rhamnose-hexose-rham pe|"Ri, et
al.
METLIN,
441.47 17.36 226 289.17 169.05 331.16 271.17 397.15 Epicatechin-O-gallate Del Rio et
al.
98952 7.42 2772 24538 205.11 179.12 137.09 125.17 (Epi)catechin Del 510 et
471.38 16.55 207 330  183.00 305.17 287.15 168.00 306.14 345.17 Epigallocatechin derivative METLIN
515.39 19.87 206 343  353.38 335.24 471.26 179.14 497.24 191.14 Di-caffeoylquinic acid METLIN
¥ 25 53 EF=F g9 AAl (Positive ion mode)
Time L
mz (min) Amax ms/ms Tentative identification reference
77341 17.39 224 303.14 465.15 611.17 449.14 Quercetin rutinoside hexoside METLIN
627.34 16.10 211 341 319.16 481.13 465.12 361.25 Myricetin-3-rhamnoside-hexoside METLIN
75748 18.68 208 341 287.12 449.14 595.16 309.27 Kaemferol derivative METLIN
633.31 15.12 275 344 319.14 297.15 361.16 615.12 myricetin-galloylhexoside METLIN
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26. =2+ 80%°l &F-& £y

FE==ol

3 AA (Positive ion mode)

= =4
m/ Time e
A (min) Amax ms/ms Tentative identification reference
481.29 16.42 206 329 319.34 463.14 361.11 Myricetin hexoside METLIN
449.36 19.52 205 331 287.34 431.14 273.22 329.17 Kaempferol hexoside METLIN
465.33 18.14 209 331 303.39 447.07 345.30 399.16 Quercetin hexoside METLIN
303.35 18.31 206 353 257.12 229.07 285.13 165.00 153.07 136.94 Quercetin METLIN
319.39 1641 205 317 273.12 301.15 164.99 245.17 153.03 263.19 Myricetin METLIN
(4) H&2
hH v¥ g AEA
&z e Z2YEE g FEE(E 2 dEe)EY] vl 248 98 4R
(PCA)E AAE A¥, FF &r ol wet Fold tirAlEo] FEHAFS At
T FEEE I ZYdEs oAAIES] profilingS 91814 OPLS-DA #41& A AlakaL,
5% FrelFEAA Folg Uehile Fa EesE dAAES A8, B
Rubus coreanus Miguel Negative (S-plot) Rubus coreanus Miguel _Positive (S-plot)
. soneeon 1 G i N ! ow !
[ }‘f.‘ ) o
' '.:)}-:‘3;? y ow - . _: | s0%EtoH
a9 16, BEA FE2E YA (&, oE2)9 OPLS-DA (Orthogonal partial least squared
discriminant analysis) #2
(4}) LC-MS/MS non-targeted profiling
B &2 dabd 24 Ane ol mel AdAd. AAse BASn
fragmentation pattern, &% E4 28] 1 DB Hu&E31e AR 7)¥tste] FAHsIY. & F
=o)X F2  phenolic compouds AlFe 3FgHESo], Iy oES FEENAE



hydroxycinamic acid -2l EH
o 4] anthocyanins 71 <€ <]

i?i —~
mE an
il
o

= WA= EAea AL,

AA R F A= AT

¥ diAFA (Negative ion mode)

m/z (min) Amax ms/ms Tentative identification reference
113.38 %Eé% 271 69.01, 85.03 3-methyl-4-pentenoic acid METLIN
35333 140 257, 300 135, 172.95, 179, 191.08, 111.10 Caffeoylquinic acid Debo;?h et

ZHANG et
153.22  4.37 270 109.04, 124.05, 135.05, 98.18 3,4-Dihydroxybenzoic acid al, Hossain
et al.
23.66 _ ~
3047 o o 270 313.32, 179.11, 161.10 Rosmarinic acid Lnl;’ereef;‘)
22723 32.92 270 156.03, 185.07, 140.93, 113.08, 93.10, 118.28 cis-Resveratrol METLIN
¥ 28 BEA 80%oete FEEo % thAFA (Negative ion mode)
Time o
m/z (min) Amax ms/ms Tentative identification reference
783.08  4.12 258 .
481.0660, 300.9948,275.0133 Bis-HHDP-glucose Hagg“:leva
78333 6.16 282
57731 718 280, 318 4250873, 4070862 2800555, 2440699, p o Dimer (EC-48-C)  PaC
: : ’ 125.0199 g Mass Bank
98941 752 278,318 24517, 205.12, 179.12, 125.16 165.09, 109.31 Catechi standard
. . , 17, 12, 12, . .09, . atechin METLIN
577.1321, 287.0524,739.1718, . - KEGG
865.33 7.81 280, 318 605.1433.451.0060, 425.0774. 407.0730 Procyanidin Trimer/procyanidin C1 Mass Bank
63323 834 279 463.0499, 300.9973, 275.0160 Galloyl-HHDP-glucose Hag?igj’va
57731 924 279,513 4250873, A07.0862 2800555, 2440699, poidin Dimer (EC-48-C) LU0
: : ’ 125.0199 g Mass Bank
46537 960 279, 516 285.27 241.08, 339.13, 199.07, 355.20 Cyanidin-3-glucoside-chloride ~ standard
. standard
28941 1128 280, 517 24517, 205.12, 179.12, 125.16, 165.09, 109.31 Catechin METLIN
® 29 BEA 2535 79 tAE (Positive ion mode)
Time L

m/z (min) Amax ms/ms Tentative identification reference

223.25 28.81 272 207.07 165.07 178.14 193.06 121.14 93.11 Monoisobutyl phthalic acid =~ METLIN
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¥ 30. 572 80%l €& FE=ol g A= (Positive ion mode)
m/ Time ey e
7 (min) Amax ms/ms Tentative identification reference
44929  9.69 279, 516 286.83. MS3 : 213, 137, 241, 269 Cyanidin 3-glucoside Wu et al.
59559 10.94 280, 517 287.14, 449.02, MS3 : 213, 137, 241, 269 Cyanidin 3-rutinoside METLIN

72735 1096 280, 517 286.83, 581.10, MS3 : 213, 137, 241, 269 Cyanidin 3-xylosylrutinoside Wu et al

579.31 14.14 279, 506 271.49, 433.02 Pelargonidin—-3-rutinoside METLIN

611.34 1795 279, 324 302.93, 465 Quercetin—-3-o-rutinoside Mass Bank

479.25 18.31 259, 284 303.05, MS3 : 257, 229, 165 Quercetin—3-o-glucuronide METLIN
b)) 2

et e EHE tAA FEE(E Z AdE2)EY Hu BAES fd FAHAREA
(PCAS AAE A3, F= &l = we} Folgk tAAlEo] FE2HJEFS St
e FEEE 9 Z9ds AAIEQ profilingS 91814 OPLS-DA 4S8 2 A5k,
5% FrelFEAA Folg el Fa EesE gAAES A, B
Morus bombycis var. rubricaulis UYEK] Morus bombycis var. rubricaulis UYEKI

_Negative (S-plot) _Positive (S-plot)

Coeo " 80%EtoH ] |

[EH

80%EtoH

g
£ i
4 &
a1 4 an
22 l a2
.
3 N 43
24 . a4
a5 . a8
a8 £t a8
PR
93 ) 281
0 ©. 23| ow s - [ ow
| . R i N
ot DRSNS FTEY N P

a9 17, 29 F&F dAA (&, dE=2)¢ OPLS-DA (Orthogonal partial least squared

discriminant analysis) #4.

(t}) LC-MS/MS non-targeted profiling
Y FEE9 YA 4 Ay ol xel AElskAth. tAAES AP} fragmentation
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= 2Rl A9

pattern, 2 HaFd e Kol 7]4kslo] Atk 2 a7
o} & FAEHAl, B FEEAE FE phenolic acidE9], e FEEAE= anthocyanins
Agel EAEC 78 YAARE IAHAY. TS A eE FEEoA= A FHo s gE
s A A4 EHA
¥ 3l. 29 EF=E g9 AA (Negative ion mode)
Time ey e
mz (min) Amax ms/ms Tentative identification reference
19118 121 202, 303  85.07 127.06 173.00 93.07 111.09 147.07 Quinic acid Deboérjh et
¥ 32. B34 80%d et FEE ¥ tAkAl (Negative ion mode)
Time L
m/z (min) Amax ms/ms Tentative identification reference
609.37 17.90 220 312 301.10 343.13 172.96 591.17 Rutin METLIN
Cyanidin-3-glucoside
44741 9.75 280 515 285.34 327.12 429.14 357.12 269.20 (Chrysanthemin) METLIN
353.46 7.77 217 321 191.03 179.03 135.13 256.10 Chlorogenic acid METLIN
593.38 11.21 210 516 285.12 299.15 327.12 467.11 575.13 257.14 Cyanidin-3-rutinoside METLIN
505.33 19.35 221 301.08 463.08 343.14 445.10 Quercetin acetyl-hexoside METLIN
489.38 21.21 221 285.09 327.05 Kaempferol derivative METLIN
609.37 11.51 217 517 285.13 301.08 485.14 565.12 241.11 193.00f Cyanidin-diglucoside METLIN
28549 956 279 514 241.10 257.12 217.09 149.00 125.14 Cyanidin METLIN
¥ 33 29 EFEF° &9 thAHA (Positive ion mode)
Time oy e
mz (min) Amax ms/ms Tentative identification reference
166.31  2.90 283 120.37 149.04 131.13 L-Phenylalanine METLIN
13242 196 283 86.32 114.14 5(d)-Aminolevulinic Acid METLIN
182.31 1.60 248 165.30 136.32 L-Tyrosine METLIN
¥ 34. 29 (0% ets. FE=° &% A (Positive ion mode)
Time oy e
m/z (min) Amax ms/ms Tentative identification reference
449.32  9.90 280 513 287.37 MS3(287) : 213, 137, 241, 269 Cyanidin-3-0O-glucoside Wu et al
50532 1160 215518  287.35 44916 MSSZ%SW P 213, 137, 241, Cyanidin-3-rutinoside Massbank
611.36 18.23 220 303.34, 465.13 Rutin METLIN
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Aol A ARESAR T i AF T, ol R g 3k Bix, o) FEEE
¥ AHA profiling 2 ¥},

o] 21 s F
[e} =

g
2
o
_‘

ol A= phenohc acids, hydroxycinamic acid

= 59 7%
Z = oA+ anthocyanin AlE ¥}, vl A2 9 sF=E0] F
7

Camella sinensis L.

Morus bombyeis var. rubricaulis UYEKI Acanthopanax sessiiflorum

a9 18 EYHE FE O AdaA A

I

B R 2 (Rubus coreanus Miquel), LYl (Morus bombycis var. rubricaulis UYEKI),

(Camella sinensis L.)E A4 o2 AF3FA
F7VA o2 9 7VAH(Acanthopanax sessiliflorum)©] W3t 4% 37 28}t

(@ 7184 B SR FEED T4

BR, ov), B3 0HAE FEEWE FEAE 20 F 27 pH, 34 2L FE8YY &
EE gsie] MEEARYS ol g3le] & AEPFS A= = HH FxAL FY
At

(7}) Sample preparation

FEA dA EYHE FEF A4 T HEEAe 2+ A FHEola,

/A0 Feolnw ZdE FEAANY TR =2
5 S

=
ZUHE

e/
2,
R
2
Al
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Fab-nsS ‘At

( FESAR100g 2 F 10g BT ] ( == AT 100 g 24 = 20 g A |
| Zteto=:70°C, press <100mmHg, 6hr 2= | [ zeroE:70°C, press <100mmHg, Shr 2= |
[__somincixAolel > 24 smy | [ sominciAlA0lE > SA ZR@) |
I ZHYQ H: 70°C, press <100mmHg, 1hr A= Ij I ZH 9 B:70°C, press <100mmHg, 2hr HZE Ij
[ 30mincAAl0E > 24 ZF(®B) | © [ somincialFolE > 24 £1@) | ©
[w-@utssom=®: Oz J [(W-®: 2 z=or A = ®: == |
a9 19 FE2A FEEgE =AY

A2 AE7F 10 g9 2A4F 200 mLe] &= 1 ARF F=3 & REA S A7 A

o

BN
X2

P10 g (HEFFZIR)+FSSM200 ML

1M FE(FE2E0AD
| 1% BEHHHS YD) : Tee AFE 0|4
| 25 PRAHAH(HYEA]) : 4°C, 5500 RPM, 10 min

| A IR (ET D

1

fijl
i

X @ HPLC-PDA 241 ]

a9 2. EYHE FEE A

[ EH=s

A Z27AL Box-Behnken design® @ AASG L, Adzxde SdHF= pH (X 3, 7, 11),
F= S99 FA4 (ethanol ) (X, 0, 40, 80) FE=2=(Xy 5, 35, 65°C)F o, Ad A%
1,0, 1 9 3dAE m=3tsto] F;of #2o] 16719 A= dA ko] AA 3
TEMRSWEFY)E 52 b, 5i&4, oot FE Yo FHlEs FFo®E sk, 77|
= B ghs 3] Aol A&

TEAF gk 22 34 EPAS S gk
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Y = Bo +B1Xy +B:Xy +B83X3 + B 15X Xy + 813X, X3 + ByXoXz + B X2 + B Xy + B Xs

T He=dE X FE89 pH, X, 1 FEF 81 EtOH %, X3 F=&v =

o] 7] A

CEEXE e

41 89 24 24,

YE FHEOME, X, Xo, XoE SHESF, fo= AW, 8,2 37750l
3

maae] dFeE SAS programe] AMEE AL, IR0 A

(Critical point)©] ZH 7 (Maximum)©] o} <F&4 (Saddle point)e] 74-Fol& 44

analysis)&

stol HYEL T3

i 35. Levels of experimental conditions

< Experimental Level
! condition -1 0 1
Xy pH 3 7 11
Polarity
X, 0 40 80
(Ethanol %)
X, Temperature(C) 5 35 65

3 36. Experimental conditions on Box-Benhken design

Experimental Polarity Temperature
number pH (Ethanol %) (C)
1 -1(3) 0(40) -1(5)
2 0(7) 0(40) 0(35)
3 0(7) -1(0) 1(65)
4 -1(3) 0(40) 1(65)
5 0(7) -1(0) -1(5)
6 -1(3) -1(0) 0(35)
7 0(7) 0(40) 0(35)
8 1(11) 0(40) -1(5)
9 -1(3) 1(80) 0(35)
10 1(11) 0(40) 1(65)
11 1(11) 1(80) 0(35)
12 1(11) -1(0) 0(35)
13 0(7) 1(80) 1(65)
14 0(7) 0(40) 0(35)
15 0(7) 1(80) -1(5)




E F= 945 UV/VIS scanning spectrophotometer(DU 730, Beckman Coulter,
Inc., USA)E o] &3} 760 nmoll A =431t}
X5 2L gallic acid (Sigma-Aldrich Chemical Co. MO, USA)E o] &3l 1L, &
H =S gallic acid B & (mg GAE / 10 g)o& FAstAth

Sample 0.5 mL + D. W. 0.45 mL

0.2 N Folin-ciocalteu’s phenol reagent 2.5 mL

7.5 % Sodium carbonate 2 mL

: 50°C, 80 RPM, 5 min

760 nm EZ 5 =H™

a9 21 F dlE g AW,

o Adasn

1) F A=gEF 54

=
=239 F =g

el FA%e e 2
P IS SR
Experimental Total phenolics (mg GAE / 10 g)
number Bokbunja Mulberry Green tea Ogaja

1 20.18+0.19 18.39+0.14 86.12+0.20 20.64+0.17
2 18.050.09 25.21%0.26 74.531+0.20 16.25+0.21
3 22.84+0.17 20.18+0.03 50.80+0.33 21.58+0.18
4 23.6710.12 21.88+0.08 81.00t0.58 20.01+0.17
5 15.12+0.21 17.78+0.20 46.30*0.16 18.75+0.29
6 15.281T0.16 21.51+0.13 42.03+0.17 18.18+0.26
7 17.00+0.17 24.12+0.10 80.43*0.51 16.17+0.18
8 22.41+0.05 19.37+0.17 82.20+0.25 19.99+0.05
9 14.94+0.20 14.97+0.08 64.44+0.44 411+0.05
10 26.1910.25 17.45%0.08 72.58+0.27 20.64+0.17
11 12.99+0.05 16.10+0.13 57.36t0.43 6.8210.03
12 16.27£0.22 21.83+0.05 48.08+0.09 18.41+0.22
13 22.6110.13 19.03+0.00 36.5710.26 8.50+0.03
14 19.5910.19 23.81%0.13 81.59*0.60 16.27£0.10
15 16.60+0.15 10.38+0.14 37.22+0.40 7.58+0.09
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SPusst FEusel e AFRFge okele Es} 2k

£ 38 NS EREA o8] fEd e

(¢

) ) Significanc
Response Second order polynomials R?
e

Y 22 41p=14.543692+0.234318X,+0.255282X,-0.235029X 5+0. 01249X,%-0.0
Bokbunja s ! ’ ¥ ' 0.9170 0.0299
04672X,X,-0.002483X,7-0.001386X;X5-0.000691 XX 5+0.005134X 4>

Y o01p=8.564702+2.077443X,+0.130028X,+0.130028X 3-0.105802X,%+0.00

Mulberry ) )
1361X,X5-0.002937X5°-0.017251 X, X5+0.001083X,X3-0.003807X 5

0.8705 0.0803

Y w4 p=37.040325-3.002772X,-3.002772X ,+2.127778X5+0.360492X >~
Green tea o S ’ ; L, 08637 00897
0.028212X,X,-0.021741X,°-0.024851 X, X3-0.002999X,X3-0.004961X 3

. Y o 441p=25.953602-0.692902X +0.079398X ,-0.174194X 3+0.054454X,2-0.
Ogaja ) ) 0.9505 0.0090
007054X,X5-0.003536X5°-0.005545X X 3-0.000131 XX 5+0.003076 X 5

s X
L

A

o
o

| =

ot

% X, 589 pH, X, F&&v EtOH %, X, : F& &

e

* Yupng Tp -
=5

(3) REEEHEH

(7h) H)

Braje MeEW AL R 017% ARa e o] REE fo5E ¢ =00504

felq o ey,

olglel siglel e AT go] MER FZoje] & A
l?_ 3
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ool M EMAANNL FUE 87.1%% AW, fo5% ¢=0.1 FEAA Fol4
o8 et
- - - - o o -
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A og mgHe Ao vegom, 1w pH, oee 3
76, 31.06 % 39.89% uEtwkom HAH st F HEdES 2533 mg

e W & HA=dF2 250 mg GAE /

)
2
o —
< o
o £
= =
£ H
-0 % - 0 E
- g -
mmi | = - 4
. 5 ] - G
8 2 . 8
=10 10
= 12 12
=14 el
. 16 - 16
pH
=
o
b o
4 1
£ A
= =
g &
3
mmo | - 0 £
mmZ | 5 mm2 | 3
- 5 —_—
mmc | = - 5
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10 | - - 4
12 =
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a9 23 FE=ES pH, 54 R 2% & ov wExw
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FEs el s & Ak S0 deiM e 40% F2ol M w8 F s g U
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hH HE&4

E 39, HA xoA FEFE EEA FEFE HPLC-PDA &4 =1
Eluent A Water with 50 mM Phosphoric acid
Eluent B 100% Acetonitrile
Detection 220 nm, 280 nm, 520 nm
Injection vol. 20 ¢«L
Gradient Time(min) Flow rate(ml/min) %A %B
0 0.7 97 3
5 0.7 96 4
10 0.7 95 5
35 0.7 87 13
45 0.7 85 15
80 0.7 50 50
90 0.7 0 100
95 0.7 0 100
100 0.7 50 50
() 24
¥ 40. ¥4 oM F=H oY FE=E°9 HPLC-PDA ¥4 =4
Eluent A Water with 50 mM Phosphoric acid
Eluent B 100% Acetonitrile
Detection 230 nm, 280 nm, 520 nm
Injection vol. 20 1L
Gradient Time(min) Flow rate(ml/min) %A %B
0 0.7 97 3
5 0.7 96 4
10 0.7 95 5
35 0.7 87 13
45 0.7 85 15
80 0.7 50 50
90 0.7 0 100
95 0.7 0 100
100 0.7 50 50
(th) =4
F 41 HA x2HolAM FEE =2 FEE HPLC-PDA #4 =4
Eluent A Water with 0.1 % Acetic acid
Eluent B 10096 MeOH
Detection 230 nm, 280 nm
Injection vol. 40 pL
Gradient Time(min)  Flow rate(ml/min) %A %B
0 1.0 80 20
30 1.0 60 40
40 1.0 80 20
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() 27H#

¥ 42, A 21dA FE29 7R FEE2 HPLC-PDA ¥4 =4

Eluent A Water with 50 mM Phosphoric acid

Eluent B 100% Acetonitrile

Detection 280 nm, 330 nm, 520 nm

Injection vol. 20 ¢©L

Gradient Time(min)  Flow rate(ml/min) %A %B
0 0.7 97 3
3 0.7 96 4
20 0.7 95 5
50 0.7 85 15
70 0.7 70 30
90 0.7 55 45
110 0.7 0 100

(3) LC - MS/MS #4139 2 =1
ZYdlm FE2Ad w2t F8 peakell e 7RIS AAGAH

=
A

A8 Adog = CI8 A9 (YMC-Triart C18 column, 2.0 x 100 mm, 1.9 m)S &3}
Bz0E BeT 2
¥ 43. LC-MS/MS #24] #n) 2 =4
MScondition
Tontrap LTQ-Velosiontrapmassspectrometer
Electrospray Heatelectrosprayionizationinterface
ionization (Thermo Fisher Scientific, San Joe, CA USA)
Column YMC-Triart Cl8olumn(1.9 m),2.0x100 mm
Column temperature 36 C FullMSmassrange(m/z) 100-1000
Capillary temperature 275 C Sourcevoltage 5 kV
Sheath gas 35 ml/min Auxiliarygas 5 ml/min
Eluent A 0.1%6 Formic acid in water
Eluent B 0.1%6 Formic acid in CAN
Gradient Time(min) %A %B
0-5 97 3
5-10 96 4
10 - 30 95 5
30-40 35 15
40-50 70 30
50-55 0 100
U 24847

(1) HPLC-PDA &4
HPLC-PDA #4& &4 ®u& 93
g 5 EA4e Fds Ad=e gl

5 g
J3l, ¥zt A HeHe 20 S99

f
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7hH HE2

oo wel gkt Sdeo] BN, 8 Fdo] EEld 34 992 220 nm, 280nm,

520 nm< & o] th.
FEAJot ALl ZeldsEdolet diddn

350

HPLC-PDA Profiling of Bokbunja
(Absorbance 220nm, 280 nm, 520 nm)

250

mAU

150

50

350

—— Bokbunja 220 nm

300
250
200 H

mAU

150
100

SZ:J_L In-.k n : s 4‘_.4'-)“"--_..4_

0 20 40 60 80
Retention time (min)

350
300 ] —— Bokbunja 280 nm
250

200 +

mAU

150
100
50

0 20 40 60 80

Retention time (min)

350
300 —— Bokbunja 520 nm
250

200

mAU

150
100

50 L
0 . : N

0 20 40 60 80

Retention time (min)

a9 26, A 2= FE¥E 549 HPLC-PDA =34l



(th) 2t

520 nme]t}. 53], 230 nmoll A t}dsk &
=

EAlotd Alde] EelHlsEdolg oddth

20
HPLC-PDA Profiling of Sangsimja
(Absorbance 230nm, 280 nm, 520 nm)
200
=2
<L
E
150 -
= — Sangsimja 230 nm
100
2
=L
E
50
0 . : : P, Ve
0 20 40 60 80
Retention time (min)
150 -
- —— Sangsimja 280 nm
100 |
o g T
=L
E
50 -
0 M A re —_—
0 20 40 60 80
Retention time (min)
200 -
— Sangsimja 5§20 nm
150 4
< 100 -
50
0
0 20 40 60 80
Retention time (min)
a9 27, HA A FEE v HPLC-PDA L=,
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HPLC-PDA Profiling of Green tea
350 (Absorbance 230nm, 280 nm)
300

250

200

mAU

150

100

50

230 nm

350
—— Green tea 230 nm
300
250
200

150

mAU

0 10 20 30 40
Retention time (min)

200
—— Green tea 280 nm

150

100

TMAHJLJLJ\A

0 10 20 30 40
Retention time (min)

gy 28, HA x7eA FEF¥ =9 HPLC-PDA X =3¢,

mAU

() o7

Q7kAe] FoEHo Eyd FA9dYge 280 nm, 320 nm, 520 nm °|t}. VA= ©gE F
ZaAote T2 320 nm Sl A Bdo]l HHEon, 520 nmol A FelE vaE gHEA
obd Alde] ZAole} o3

il
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mAU

50
HPLC-PDA Profiling of Ogaja

40 (Absorbance 280nm, 320 nm, 520 nm)

30
2
E

20

10

0
40
Retapy; 60
nhon timg (mi,
n) 100

30 - =

_| Retention time: 2-14 min —— Ogaja 280 nm

0 20 40 60 80 100

Retention time (min)

20 4 .
_ Retention time: 2-14 min

—— Ogaja 320 nm

0 20 40 60 80 100

Retention time (min)

15 -
—— Ogaja 520 nm

10 4

15 35 55 75 95

Retention time (min)

a9 29, A x2ddA FEH 27MA¢ HPLC-PDA Z 29},
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HPLC-PDARA o2 A &AW ZvEs & X5 24 247 ZYydsE 5% 549
o we} EAEE ARAHAES 1 TFH/F ST Aoz Aqyd. e F5 S99 o
Ao HPLC-PDARAY TS T Ad=e & Zds-und dszgd 7ot
ZYHsELS B o] E&AA BFMo] 7heE Ao RE difHTh

T3 ZEuE 35 F9d w2 e HPLC-PDAREAY FHS Fa Adxd & &
gz B4 7HEetdAd HuE A AR - FUE e Ao R oGigEn

(2) LC - MS/MS #4]

LC-MS/MS#A & 5535 ZHHE FE5E59 T8 A4S 2483 o d74d3= Ad
Zo & dAn A4aHgs e ZdEEde AAENE AT VxAERE F8E 4

ol

Eo] &A%l EHES negative mode % positive mode A F A 3%
Kol
T

D Negative mode

Time(min) Abs. m/z ms/ms Tentativeidentification
11.13 280, 517 59351 285.15299.16 327.13 Cyanidin-3-rutinoside
13.43 276 325.54 163.02, 161.04, 119.16 p—Coumaroylhexose
18.03 266, 284 609.43 301.1 343.09 Rutin
18.36 281, 304 4477.34 315.08,285.13,299.99 Isorhamnetin3-glucoside

RT: 0.00 -S5.

_,__:._/ iR Py Rutin

ss L
= ) k [ ] m/z: 600.43
s T 1" RT:1803 N IV
e e T R
s p-Coumaroylhexose P s _L_b_':\
Cyanidin-3-rutinoside m/z: 32554 r ™
5 e M

RT:1113
£.71

E &0 myz: 59351 10.0 RT:13.43 K {
#

Isorhamnetin 3-glucoside
myfz : 447 34 ST
RT:18.36

@ Positive mode

Time(min) Abs. m/z ms/ms Tentativeidentification
10.98 280, 517 595.43 286.86, 449.00 Cyanidin3-rutinoside
11.19 280,518 727.43 286.83, 581.10 Cyanidin3-xylosylrutinoside
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1 uw - mmun - :;\:I ’ T .
- e L .
so \E“I’J:“;L !T'-r-:i-l'Z‘ i VE sozz | Fﬁ
- Y SR o
- anidin 3-xylosylrutinoside
: Cyanidin 3-rutinoside 551:}'2?.33)()‘|r i
E e m/z: 59543 RT:11.19
T RT:10.98 .
H | '
2
a8 30, BEA & FEE9 LC-MS/MSe| 93 A& 4.
() 29
ere B FEEJ EA%= EHES negative mode E positive modeol Al FA 3 o,
48 Fa2de ved 2o
D Negative mode
Time(min) Abs. m/z ms/ms Tentativeidentification
4.3 278, 323  153.31 109.00, 110.07, 125.10, 135.06 3,5-dihydroxybenzoic acid
9.47 280,315 447 .4 285.11, 327.11, 429.12, 299.13 Cyanidin—3-0O-glucoside
241.06, 257.09, 217.09, 213.05, L
9.75 278, 323 285.48 Cyanidin
199.10
11.32 283, 316 593.37 285.12,299.08,327.11,467.12 Cyanidin—-3-rutinoside
18.53 275 463.43 301.07,343.09,445.23,419.28 Quercetin3’ -glucoside
: Cyal;lidin—?:‘—O—glucoside | I
| IR =
j: [ e

3.5-dihydroxybenzoic :

2874

Cyanidin-3-rutinoside
myz: 593.37

Quercetin 3'-glucoside

&0 . N ) mfz : 463.43
- a(l_dAn;,-E’)z. 15331 Cyanidin RT:11.32 RT-1853
RT:-4. m/z: 28548 -
¢ =e | /RT:975
as /
4 1.45
40
3as
3o
s
o
15
10
5
o T T T T T T T T T T T T T
a 13 1o 15 zo = =0 ag Ry as pa
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@ Positive mode

Time(min) Abs. m/z ms/ms Tentativeidentification
10.09 277, 521  449.33 287.35MS3:213,137,241,269 Cyanidin-3-O-glucoside
12.2 278521 595.35 287.33,449.13 MS3:213,137,241,269 Cyanidin-3-rutinoside

RT: 0.00 -55.01

Cyanidin-3-rutinoside H’L\Z
m/z: 59535 %

Cyanidin-3-0-glucoside RT:122

m/z: 449.33
RT:10.09

Feihe b e
[ S |
cm om0 on

=455 negative mode % positive mode®l| A & 3IH o,

D Negative mode

Time(min) Abs. m/z ms/ms Tentativeidentification
4.2 326, 343 305.09 179.07,221.05,219.11,261.11,165.05 Epigallocatechin
245.19, 205.11, 179.10, 203.14, ) ) )
11.05 310 289.51 (+)—Catechin,Epicatechin
165.08, 137.07, 125.16
Quercetin
17.37 277 771.47 301.15, 343.14, 609.18 o
3-O-glucosyl-rutinoside
Kaempferol
18.73 271, 332 75551 285.36,447.21,593.15 o
3-(2G-glucosylrutinoside)
poves Y
Sn?)zf:tzaégl(‘rl’-nlin,EPi(aie(hin . L '
L RT: 1105 a=ss Py L
e vmas 1
e Y A

a i : Quercetin 3-0O-glucosyl-
e 1 " rutinoside = i .
: i mfz: 771.47 =
Epigallocatechin RT:17.37 ‘Q‘/\ .
m/z: 305.59 - - e - =

RT:4.2 , .o

el

e -

Kaempferol 3-(2G-glucosylrutinoside) b
“ omjz: 755.51

1328

P T S S I I Y R B I -1
W oMo @O MmO 0O @G nNo N oM O

mmmmmmmmm
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Tentativeidentification
(+)-Catechin,Epicatechin
Quercetin
3-O-galactosylrutinoside
Quercetinhydrate

ms/ms
123.11 139.07 165.07
303.14 465.15 611.17
257.08 164.98 229.16 285.15

m/z
289.51
77352
303.35

Abs.

280, 310
274,329

298, 283, 342

@ Positive mode

11.05
17.33
18.05

Time(min)

) oy T RTOBE A o o o
N B R gmﬁ_ﬂo@r@%mﬁ
- [N ) —
m w i IR L
oy CIIES o o A E iy
, g o = o PRI g
= N E ] o - .8
w= B 0 my
o o o S
; o A do _ 7 ome B o B
Wl . E 1 oH mﬂ 9 b..uﬁ %o o NrF
o ) X 1_ T = X ﬂmo Q_OI
i X o e 1H = RN N
g Mo o Wy "R Nr L =
3 - oo g {F S = X
o : N = A = S
3 gl o TN B A
oy ...m i J,mo ‘M_W mE ﬂ @M dﬂ EW MM D_! E._o ,Mﬂ rwl
Ny o o oy W o 7
= AW g ° i mo o o ®n = o i
— ) AP 8 B el 9 oy NI SRS B o IR i m.w.l o
_ i 3. R o= oM N B T o e W
/= % g hﬂ. b _z_l — 0 BT ﬂ o z_.o
: £ 2 w X o "y
o 208 CY . mo o)) X oy
o A M L W T o= W o X [
£ si A o o T o XS g T
e oek : S do N X ~= Ak B N ujp
m”ﬂ i | — 5 = ] Wﬂu = > B e o
SEk g Q ° e Jo i R KT W o
e A | o =z B > o oo T X
8 ; ol A x° g A LA
3 o i 70 O o S o o W
0, s howoE 2337 Py
/s £ i T N S X 5T o
; . E3 ST ETTRL 4y
O o I E oW E o NS de T B
g = ~o N T o
7\ s a X ol < . o oo w M s
o 5 Sdur @ FELTEr gy
i O - w We Ty K CR R L
9o N o X ! A o
U NhE= A " 0| B R o /Yo Mo o M’
A 2 o = = % < -
C_ —~ . . o W X o =Z o= . g o AF
h=/ + = = [aN] f K & Ny J LO N
tek & X o | N Yo B <IN R
| rE o P C 8T
g ™ oo o ™ w i }ov o X B Z N
,_ L R . TR o T2 5 .
o B3 h ® N B gy Mo o B
ny © © K X % om 3 o oy o B
of Wy R B W e 5 R g b
0 o A o Wo il — N e @\ TR m T
ST = IR =Y Y
w B [ 5 T 7 = o~ oF ¢
Nou) g 0 ot o - 2w %N 7
S o T ™ < R SR S g
g T W - S kg T D5 2w
2R e D TRwR T E W

- 71 -



=
[}

e
=

=
[6)

Te ™ it
,ﬂ sz gz wmey 3P
= 0
mocéﬂ v T L s M3 ﬁ,%w”
N e D 20w P = o= g
A%HT_O 9.5“ A% H—li_vmﬂﬂo @Ew_u_ﬂﬂo»
X = o > ~ o7y ol
N )
= - AR 00 ol o oF % ok __ o o m il N
thE £ mﬁd; 3 o 2EN oo
T — ~ (@] =
1%z 8 e b S 1527 27T
D= £ X o - - E
o W D ﬂﬂMW_b m.ﬁ ’ g G
Sk B L o m4,ar% AR
f v -
oy oy = qu No X ~ oy - o~ =
T o W 0~ 2 g < o LAy
O %L I x O g < = 0T o LB
al o ﬁuﬁlo g — xn.ﬂm o - O
S o - a5 S 2% T 5 0 Y=
T do o M — o w5 E S = = o
BT e = T I B 5 o 5§ < 8 S N E O o
o) wn = o Wk 5 = do 2 X = o T T
B X <
%0 o 3 O.E 1o 3K %_fo_v M"Mﬁlv = ) 2 I ! ) o
WO @ = = R JJo N o
N — O HT_ N N = N %0 EUNNC® ﬂWP
oo g X Q of p %O < T R
N o = = o0 K = - op o W X 0 mE =3
o 5 £E D = T e W | )
o — T =
T F z g S X LT y o T o
vy R %2 S r il g X s < o = B ozm
T B o . Iy £ o7 Al o g O
#m O W 2 5P =7 ~— O o ° w o >
¥ o mﬂ}% A_é =9 T = = - -~ O <
i Sy i PT s A
5 o 7 o X g ok = > Z K W =0 %
il T o oo = 5 W W < ) - B N © < ur
& o w0l < cmb,mM U - JJo m = B
il E,.* —~ Mﬂ Eo = _— —_ HT o JIJA N 0o il O_E -
< m g 53 ZaE Fam_T R
g =g TR o F T pw e T TR
B ™ E A e AT e R
g o o P o il SN oz 7! R e o
S T P o T X moog S X GO I
SIS = %Ht].L 0 = x s T oo X oF
TN BT SEE T TR A e Y B
T® Ik 2 maPw, Y 2E T Ex g % M
e & ®H oy B SR W g = S 2P r L A
B o— . = X _ X o = & 3 . O o M w Nir s L -~ o
FogT il suRi¥ 9ice :zifi R ow ZEils
mS R g ° e 2 S 2 C oK - o = ~ w0 =
&0 T om AN A = 0 T W o= X
CeEsdM L FIwN R S BT IS N
S o g ® ~ ° i =N © o 2 N R =) 2 S
N =S AWnNrL mo\ﬂi_b.E (&dl.m S oo £ o
g x 2w Moo 1

-T2 -



T 44 vo)sk AZA@u)e] AR 9 Holdf FY

Proximate composition ( % ) Polished rice flour Brown rice flour
Moisture 8.31+0.022 8.17+0.152
Ash 0.28:0.01° 1.07+0.012
Protein 6.09:0.06° 6.44+0.162
Fat 0.19+0.00° 2.23+0.012
Carbohydrates (by difference) 85.13+0.062 82.10+0.22°
Total dietary fiber 1.11+£0.42° 3.39:0.09%
Soluble dietary fiber 0.21:0.062 0.94:0.482
Insoluble dietary fiber 0.84+0.36° 2.42+0.642

(Means followed by different letters are significantly differentatp < 0.05)

CAAAe F3les FA4% Ay, F2oA9 FEF2
(WAL, Water absorption index)¥ 4 *§3}5(SP, Swelling power)> # 1] e} &n|7}F7}
= o) i}O]g Holx] okgit}t e} FEE (WS, Water solubility)®] 7, ®ujo] H]s] &
& s dEhIth 100 Tl #EF#s, Bike, S=rt A s & &
wAssol o SAsAT. 2y A

=
N
L
n
H

Z’:
b ERgHEE Urag o Be AoR BAFA

v Water absorption index (WAI) = wet sediment weight/ dry sample weight
v Water solubility (WS, %) = dry supernatant weight/ dry sample weight x 100
v Swelling power (SP) = wet sedimentweight/ dry sample weight x [1 — (WS/100)]

A 2. Mgl d=d(@n)e] ks At

& 45 Wmel Hag(dEn])e] FEFET, FudidE 2 Asks
WAI WS sp

Polished rice 3.5840.48" 2.55:0.60° 3674048

o5eg  Polished ‘(’ﬁ ;’m‘”” rice 3.4040.37° 4.0140.75° 3.5540.40°

Brown rice 3.35:0.34° 524.0.48 3544035

Polished rice 14.8641.82° 24.95:0.83° 19.79+2.30°

100°c  Poliehed ?1”‘1 ;’m‘”” e 4283.044° 26.81+1.02° 17.54+0.70°

Brown rice 12.4240.88° 28.03:0.81° 17.2541.47°

(Means followed by different letters are significantly differentatp < 0.05)
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(th A=9 &A@ Fol2EFA T 4
Wl ol AnzpFe] Fshet w=3rF AR E = 2=7F Blszskd, winlo] mle dAw|rbEe] &
dush wagEst felgom sl e sloz BasA. odd Avke, Avst Joi
o8 HiEe o] Aa Aol ofd vE AT ES U X3t o] &3 st o] o
WA ste] HErk vl 4 Aoz nelt
3 100
- 80
R /\ 2
3 \ e 3
= o
£ B nm— =
: ///' g
2 L ap ®
S N— °
- 20
0 ; . . 0
0 200 400 600 200
Time (sec)
=Polished rice =—=Paolished and brown rice {1:1) ==Brown rice Temp
a9 33 9w o AFH(En)e] &% Wl wE FHo]~E A5 profile
3 46, Mok AAH(EAM) Y] Hol2E F &k
Peakviscosity Throughviscosity breakdown final viscosity Setback
(Pas) (Pa-s) (Pa's) (Pa's) (Pa-s)
Polished rice 2.38+0.02° 0.99+0.017 1.394+0.03° 1.91+0.01? 0.92+0.017
Polished and 1.82+0.03 0.79+0.00° 1.03+0.03° 1.64+0.01° 0.85+0.01°
brownrice (1:1)
Brownrice 1.56+0.04° 0.67+0.00° 0.89+0.04° 1.51+0.01¢ 0.84+0.01°P
(Means followed by differentletters are significantly differentat p < 0.05)
() AAFA AFADSC)IE o] §7 554 24
DSC(AAFFAF d=FADE o] &3te] 4 A A¥, S3te] 283 oyAE Yetdls A"
9 ge BMe A9 AL Aol ARAT, FUHQ AoE nolA @, EHALL
Lo} T ro e GA] FoAQl zolE HolA ekttt oirk, Wu7t dujo] H] o
wE TR EE T E AE 2SS
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3
2 o —
2 \/
=
L
E
£ —
2
=
w
! 0.5 mWimg
20 30 40 50 60 70 80 90 100 110
Temperature (°C)
Polished rice Polished and brown rice mixture (1:1) ——Brown rice flour
19 34 wwlel A (En])e] 2k mE 5}
£ 47. We)st AFP(A)e] A % FIex
Enthalpy (AH) Gelatinization temperatures (°C)
(/) T T T.
Polished rice 6.20+£0.73= 60.43+0.152 67.00+0.362 74070472
Polished and 5.910.208 60.65:0.21° 67.30+0.142 74.45+0.492
brown rice mixture (1:1)
Brown rice 6.09+0 .45 59.43+0.25° 67.23+0.152 74630322
(Means followed by different letters are significantly differentatp < 0.05)
(vh A9 2ACERE)S F3bs S 2 Dr7FFeke v 24
A9 AA BRE7FY F3lsS 42 100 CTollAd SA4e 5 47 (FHE)e] 23
¢} B AEYPTE A2oA EHYIF= %7}'TEE} & FEFF (WAL Water absorption
index)¥} #3}5(SP, Swelling power), ®+2 (W C, Water holding capacity)S H.¢lth 18

L —;——5‘: 3 = (WS, Water solublhty)“ U7 F 7

AN e el FEFHsH s, ey
Hﬂq.moﬁﬂﬁ%‘éP?Hﬁ:%iﬂﬂ?‘ﬂﬁ
A7F A2 ARY =4 UEd ez Bt

d 7

o oEe oz wAHAY. 100 CAM W
H& ERY/NIFE o & EAS
ARol satguz AMH o Fi%

~ 51 B EAL Bt alslls w g2
® 48 Wulef (TR FiEgTe, Tuddls, ¥sts d B4y
WA ws SP WHC
Wheat 2.08+0.03b 7.80+0.43a 2.26+0.04b 107.97 +2.66b
25°C
Barley 2.73+0.22a 5.83+0.30b 2.90+0.23a 173.22+21.83a
Wheat 10.12+0.18b 26.78+0.73a 13.82+0.35b 912.08+18.30b
100°C
Barley 10.80+0.42a 26.11+0.76a 14.61+0.52a 979.92+42.02a

(Means followed by different letters are significantly differentatp <0
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(1h) d=g 222 dA)RE 3 &l
Aol 2E FHjdl A HIHFE(THD)S} SRV A8 ws =4de S Ay, FReV)
H =L 3gHEE 12U

ob&d], HF A= A% WFERY Y =2 FEE VM= Ao #EH 12 w3t 5

N
3 100
4 - 80
? 3
FER - 60 2
g2 L B
S 8
1A - 20
0 . 0
0 200 400 600 800
Time (se¢)
—fheat B arley Temp.
a9 35 Mule} AGH(F R FHo)2E FAF profile
3 49, Wu ok AGH(FEE)Y] 2% Wl mE Ho|AE HE
Peakviscosity Throughviscosity = breakdown final viscosity Setback
(Pas) (Pa's) (Pa-s) (Pas) (Pa-s)
Wheat 2.04+0.01° 1.2440.01° 0.81+0.01° 2.8540.02° 1.61+0.01°
Barley 3.50+0.04% 2.13+0.01° 1.37+0.05° 4.40+0.02° 2.27+0.02%

(Means followed by different letters are significantly differentat p < 0.05)

E X 1=

(2) Mixolab=S &-&73F Hl HF== thermo-mechanical &4 &

4 9 wsbgste) w37

ofl
oX,
Jm
oX,
Mo
1
rlo
k1
=
=
it

7hH d=" &A@ €494 54 24
EE= S54& Eeolw, C3gtez vFojrol TatHle u dvn

S@gel @ Ul Ao AGH)
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35 100

Torque (Nm)

0 5 10 15 20 25 30 35 40 45 50
Time (min)

() sunpeisadwa)

===Polished rice == Polished and brown rice mixture (1:1) ====Brown rice ==-<Block temp ===Dough temp

a9 36, WMo} A2y (dn])e] mixolab profile W] ul

-
s ©H
ok H=S PAst e ] JJS_SL 3o] WAERT 2 A
= deo A Ao Hol~E EA A =g kAL
=2 B3ttt

4 100

Torque (Nm)

0 10 20 30 40
Time (min)
—— All-purpose wheat — Barley === Blocktemp. ——— Dough temp.

% 37. WMol AEH(E R )9 mixolab profile H]

- 77 -

() aunesadwal



o]
e
m
2
~
kol
B
)
d
il
fa
il
oft
et
i

sd 7% 74 7454 97t

(1) A= 249 283 A

2A(RY, dv])E ~H, autoclaving, ¥4 AYE o] B84 Ay M2 A
& A4y 24 7FFE steam cooker® 10 #3F 28l A 23 F /\E% A 12 A 7F A=z
ANA AEZ AFE3IA S M, autoclavinge 120 CTollA 10 #3F A ste] Ao 12 A7 A
ZAA AREEAH. dEAPEE dArer BT E SR T El 15%7P Hes g
twin-screw extruder(F 2% 50 C, Die=% 80/100/120 C, Screws %= 200 rpm)ol F<3t
of Agg F dFAx7] 40 TeolA 124135t Ax=AIA & AFe AEZ AL &
g4 Hor AHEld Bl £2 dAu7FE mixolabdll FYT FH EFsAEA], 44 2= W

slo] wel AT E torque O EZFE HFE EA S olr ghr)

|27

~

2) A= A BaA A
& (TG, Transglutaminase) A&7} A9 AA(H Y, dv])e] vt JA EA vx&= o
&S A7 A8 97hE 80 goll TGE w77 ¥l 2% diAlste] 16 g, = 176 g& 7Fs)
S F WS A Y. A WS AIZHL AT 2 AH I e m (A HALE 45 CT)E 7t
< < WH3HA| g4 AHAYs A9 AAe] Water absorptionS 70%°] W& H

&= 7
mixolabs ©]-&3lo] W= EA S dolr k).

o

R

U Adas
(D =94 Aol we v 54 24 R 27HFeke] v grt

(7}) =¥ A- ¥, autoclaving, 4=43F A2d Ay 2A(EE)] W5 FA4d 54 &

284 o R A3 ®HeEg F& v 7tFE mixolabo FY3E %Lé}tﬂ/ﬂ, a7
T Wgle wEl S5 torque S EZHEH HlE EA S ol A3 ~¥lA e ¢} autoclaving
st R 7tEE 284 AHEE A @2 EE|7FFel Hldl Mixolab O]Z}ﬂ' =4 #FE A
80 T2 ¢=4E sde Aol AgshA] &2 Ay & Hol& RHo|x ggker, 100 T=
FEAAFET AL C3, Cogtel B =4 SAHHEL 120 T2 4EAY 92 W 714 =& Clat
a3 3ol F Zoz Helr Avky oz EE4 AHYE 3
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100

r 90

Torque (Nm)

80

70

- 50

40

r 30

20

r 10

——'Wheat

A

utoclaved barley

Extruded barley (120°C)

a9 38 WrtFet B8

25

Time (min)

= Native barl

ley

——Extruded barley (80°C)

=== Block temp.

Agd A

Steamed barley

(n.) aanesadwal

Extruded barley (100°C)

Dough temp.

H(E 1 ¢])2] mixolab profile H] L

¥ 50. 27tF9 =84 Al A= EE)S Mixolab 1A}

Wheat Mative barley SE?HZ;{‘ Auégﬁ'g;ed E);l;?;d E)l;la[;\jg;d E);L;ﬁ?;d
(80°C) {100°C) (120°C)
C1  052:000f 162:002¢  204:003c  265:0020  159:002 167:001d  2.82:001a
C2  018:000f  086:001e 127+001c  143:001b  087:0.04e 1.04+0.02d 1.89+0.02a
Torque (Nm) C3  1609:000f  262:001d 319:001a  306:004b  261:001de  278:001c  258+001e
c4  146:001e 103:004d  243:004b  263:003a  197:001d 207:000c  2.08:003c
C5  205:001e  265:002d  3.19:003b 326:001a  271:0.01d 202:003c  2.07:004c
@ -004:001a  -003:001a  -0.06:003a  -003:001a  -003:001a  -007:002a  -0.060.00a
Slope B 065:002b 08520068 08520028  052:012c  077:011ab  087:000a  021:0.01d
y  -001:000a -0.05:000abc -005:000bc -002:000ab -006:001bc  -006:004c  -0.04:0.00abc
Dough Stabilty (min) ~ 5.64+002ab  483:063b 4912079 123+000c  522:047b  451:004p  6.74:006a
De"e'o(m%m“me 62620112  0.88:001d 087:000c  076:004c  094:001c 004:002c  1.61:0.16b
Water absorption (%) 70 70 70 70 70 70 70
(Means followed by different letters are significantly different at p <0 05)
(th) 2=®A 2, autoclaving, &8P Al A=y ARV = FA 54 &4
Avl= welo wa] WrhFet vl FAEE B P4 EA S Holu, =94 AYE SiE
A% ool mixolab AEC] S AGL waAY 2BAYE A9L A% ANE 8
A g2 Aol el C3kel 53] =A WEtw o™, autoclavingolth =48 d A E 3 A5
= Clgtel 953 S0l A2 BAaA. FEAD) A9, Tol LEA EEFE Clakol
S7Fe T 120 CollA d&E48 Ags dule= vlg Sold dds Bed, 53] =3td4
ol yetbs C3gkel #59A gtk hEAE A e dAne Aol BF 33 % =
shElo] Cagkol vEhA ek Aew AZEC. Bd4 Add due WRee da fe
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4 100
]
E
g 2
2 g
@
=] c
s 3
= o
- 10
0~ T T T T T T T T T o
5 10 15 20 25 30 35 40 45 50
Time (min)
——\Wheat Native brown rice Steamed brown rice
Autoclaved brown rice ——Extruded brown rice (80°C) —— Extruded brown rice (100°C)

Extruded brown rice (120°C) === Block temp. Dough temp.

a9 39, 2rFe 284 A e A (dAn])e mixolab profile H] L.

¥ 5l E7HFe B2 A A" (@) mixolab 1A

Nati st " Autoclaved Extruded Extruded Extruded
Wheat brmirlwvﬁce bm‘:jr:n:ce bl:n?:na:Se brown rice brown rice brown rice
(80°C) (100°C) (120°C)
Cc1 0.68+0.00e 0.54£0.01e 0.53£0.01e 1.27£0.01d 1.81£0.18C 21320150 3.14£0.16a

c2 0.1920.01e 0.21£0.01e 0.2820.01d 0.86720.00a 0.40£0.00c 0.7520.01b

Torque (Nm)  C3 2.00£0.01b 1.97£0.00b 2.25x0.00a 1.89£0.01cd 1.87£0.01d 1.91£0.02¢c -

Cc4 1.72:0.02a 1.36:0.01e 1.56x0.00c 1.61£0.01b 1.36:0.00e 1.41£0.00d -

C5 2.40x0.03a 2.2320.02b 2.43x0.00a 2.41z002a 2.2120.01b 2.2620.03b 1.57£0.03c

a -0.04£0.02a -0.03£0.03a 0.03£0.01a -0.04£0.07a -0.05£0.00ab  -0.0820.04ab  -0.18x0.10ab

Slope B 0.77x0.02a 0.4120.03cd 0.6320.17ab 0.1120.05¢e 0.57x0.01bc 0.32x0.02d -

¥ -0.03:£0.01a -0.06+0.00b -0.07£0.00b -0.05:£0.01b -0.07£0.01b -0.06£0.01b -

Dough Stability (min) ~ 4.78+0.08c 7.020.02b 4.79+0 16¢ 739:020a  0.35:003d 0.30+0.03d 0.41+0.01d
De"’e'o(fn’n%”“‘me 7.34+0.60b 522+0.00c 0.22+0.05a 9.27+0.05a 0.50+0.00d 0.50+0.00d 0.50+0.00d
Water absorption (%) T0 T0 T0 T0 70 T0 T0

(Means followed by different letters are significantly different at p < 0.05)
() &4 A wE %E 54 ¥4 % Wbe] waw Pt

Lol mE A= AAERD)Y v= FA 54 4

o
g2 &x & Be7FF vl mixolab torque #kol A



Fel Al }01% wol Al et

w

100

Torque (Nm)

(. )amnpeiodwal

- 10
) T T T T T T T T T 0
0 3 10 15 20 25 30 35 40 43 50
Time (min)
— Control = TG-treated BL (25°C, 2h) m— TG-treated BL (45°C, 1h)

—TG-treated BL (45°C, 2h)

=== Block temp.

Dough temp.

Control TG 45°C 1h TG 45°C 2h TG 25°C 2h

C1 1.62+0.02a 1.64:0.01a 1.64+0.11a 1.65+0.01a

c2 0.86+0.01a 0.98:0.02a 0.95+0.08a 0.99+0.03a

Torgue (Nm) C3 262+0.01b 286+002a 2.90+004a 2980+0.02a

o} 1.93+0.04b 231+0.08a 2.34+0.06a 2.31+0.00a

C5 2.65+0.02b 294:0.05a 2.98:0.08a 2.94x001a

a -0.03z0.01ab -0.07£0.01ab -0.01£0.03a -0.07+0.00b

Slope B 0.85+0.06b 1.01£0.07ab 1.09:0.08a 1.00+0.00ab

v -0.05+0.00a -0.05+0.00a -0.05:0.00a -0.05£0.01a

Dough Stability (min) 4.83+0.63c 6.52:0.26b 6.40£0.21b 7.74:0.12a

Developmenttime (min) 0.88+001a 0.85+0.00a 1.00£0.17a 0.85+0.07a
\Water absorption (%) 70 70 70 70

(Means followed by different letters

are significantly differentatp < 0.05)
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———TG-treated BR (45°C, 2h)

a9 41, AUtEe a4

3 53 2R 24

=== Block temp

Aele A%

Dough temp

g gk A= (A 1) mixolab profile H] 1.

H(&r])e] mixolab <A}

Confrol TG 45°C 1h TG 45°C 2h TG 25°C 2h

C1 0.54+0.01ab 0.60+0.04a 0.51+0.05ab 049:0.01b

c2 021:0.01b 0.29+0.04a 0.22+0.02ab 0.22:0.00ab

Torgue (Nm) C3 1.97+0.00c 2.12+004a 2.06+0.01b 2.00+0.01bc

C4 1.360.01b 1.48+0.05a 1.40+0.03ab 1.39+0.04b

C5h 223:002a 2.400.11a 2.3120.08a 2.23:0.00a

a -0.03+0.03a -0.06+0.00a -0.06+0.00a -0.06+0.00a

Slope B 041+003a 0.58+0.16a 055+0.03a 061+002a

¥ -0.06+0.00a -0.07+0.01a -0.07+0.01a -0.07+0.01a

Dough Stability (min) 7.02:0.02b 8.40+081a 6.29:0.93b 6.02+£0.37b

Development time (min) 522+0.09c 6.71+0.44b 8.35+067a 8.61+001a
Water absorption (%) 70 70 70 70

(Means followed by different letters are significantly differentatp < 0.05)
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FaAge vbE A RS2 wE A=Y AA(Er)e] vk d4 54 24
A2 gk dr7FFE mixolabo® S E A3, C3gs A9t &4 A2l fdn
B e ®s SAo] A vHE=A @2 Ao #AFHJY. EF G4 REEA
<& EF S5 AA dFS vAA e Aoer B
5 100
-------- - r 90
l’, \‘\
1 P Y 20
N 2
— s N F70 3
£ ’ . =
£ 3 i L 60 =
-] 1' \\ ﬁ-
g— f’ Meccsseaasas 50 E
= ’ @
=) P -
= 2 7 - 40 g
#,
s
--------- - - 30
1 20
r 10
0 T T T T T T T T T 0
[t] 5 10 15 20 25 30 35 40 43 50
Time (min)
— Control = TG-treated BR (25°C, 2h) T G-treated BR (45°C, 1h)



0. B7d 249e 5% AW Frd ge 22d ss 78 %7}

7F Ay

(1) Kieffer dough rigge ol&3s B4 4

Aag AR, dv)E U7 (FEHE)E 10%, 20%, 30% A8t WS Az
A A F3F %E—,ﬂl‘ﬁ; FA 50 g, & 20 g, 2% 075 g 7}ste] Kitchen AidZ 412
ERF3a, 5718 o] &8t FAUGTEFA 1.4 mm, 4ol 10 cm)S Al =3 T

Ao erEA Y dr] GEWY AFEALES HIEshr] flste] wWn e AurtFE TR

=
H%7F HEE 3k T twin-screw extruder(FYU<=% 50 T, die=Xx 80 C, Screws®E 2
=S AxsAY. Zo] 5 cm=E AE WngdE=HI o

?:} H = H g
150 mle] &0 3 &, 6 &, 9 7F %7 &, Texture analyzerE Apg&3lo] t&=wH o A1%H

o]
—

Az dAH/FEHL Tensile test® Kieffer extensibility rigE o] €3] £% 3.3 mm/s
2 50 mm7HA] Fold A AHEAAS FAHSA T Rmax g2 Wol #ojx|7|7k#] Q3 7}
AE 7)1 74A] ol &s ARE YERAY. AFHA L Hol

-
o
=
H

o

gz\(‘r‘ O.
rlo

=

i

jaV]

>
‘i}L
-
A

(2) Planar extensional test® ©| &% 24 =4

A=Y A2 10, 20, 30% NAY 4dW LSS 5 mm, T 14 mm)E Az 3
mm A& FEo] & = 7 M9 plate Atole] Fi oA o] HMew nAS H, AF
10 mme A#AY3E probe’} 100 mm/min £ 2 49 dough sheetE £ X U71A 1o
dough®] 2FHALEE FAAh 919 A& robeZ 29 Al7te] wil ZAHH =
T+ A& aHEZE YEo] =59 A= W & (Strain) o)Wt ¥ 3 & = (Strain
rate)ol] W& §=(stress)®] W3tel WYL wo] E HE WSE e ¥ %"é% 37}
s

_&H‘.
()

(3) Stress relaxation testE ©] &3 &4 =4

Texture analyzerS Alg3le] 32 ¢35} (Stress relaxation) 23S AA|te] i HE= 9
B4 H7HE AARh dAE e W vrS(AE 20 mm, 77 12 mm)S RS, o] &
50 mm¢l A HH3 probe® £% 60 mm/minC.® FE 3T (20% WIHE) 6027 FAA 7] HA
stressE® EUHH st

. 4825

(1) Kieffer dough rig test® &3 A= A dAA/GE=HY AFSAH F7t

Tensile testE ©o]&3to] ANFAEANS S43 A3 HI7FFE RFZ 10, 20, 30% thAste] A
23 ddde dAETSE Edd g el AA A4S Sv Rmaxate] 4o+ Al &
S7tl & AU AFP4ES HolA skt v gAHAgA = EHX] Fol TUHETE HE
AFEARJAE] FHaste Aol AFHIAY. olH g AEFE d=r AZ AL FE FF
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a8ha, gAwe FAT glo] Aol WA o)gle Y5
] WEel Ao Aztdc

0.6

0.4 o
z
8
LE -a#

0.2

0 f f f T 1

0 10 20 30 40 50

Distance (mm}
= Control  =——10% barley 20% barley ~ ==—=230% barley

a9 42, Ad=d(FRd) dA b wk=e NS4 profile.

0.6 -

0.4 4

Force (N)

20 30 40 50
Distance (mm)

e 0N RO == 10 % brown rice 20% brown rice == 30% brown rice

a9 43 AHEN) A b w50 US4 profile.

)

54 9%

o

F 54 AR A gdd w5e] A

Rmax Enp Area
(N) (mm) (N-mm)

Control 0.29+0.05c 28.57+420a 7.66x0.71a

10% barley  0.39+0.06a 1555+x1.59b 521X0.65b
20% barley  0.40x0.02a 1056+1048c 3.00+0.29c
30%barley  0.33+0.05b 7.03+0.64d 1.58+0.35d

(Means followed by different letters are significantly different at p < 0.05)



F 55, AFH(EE) A Fdd vk AFEA AR

Rimex Ene Area
(N) (mm) (N-mm)
Control 0.33£003a 28.44x459a 8.26x1.50a

10% brownrice  0.30£0.05b 17.29+1.51b 4.9210.66b

20%brownrice 0.26£0.02c 11.55x0.54c 2.80%+0.38¢c

30% brownrice 0.22+0.01d 6.96x0.45d 1.23+0.20d

{Means followed by different letters are significantly different at p < 0.05)

max#k, Egk, Al
Jol AasteE AS gsdy. 53], g2 =g

[y d
=0 A5 WuEg AFEAgo] BF Faste] W] e Azto] Fad

1R o] st

>,
5
L
> o\
N
N
pid
2
=
AL
=

i)
o /
Z
o2
0 - : , A
0 3 10 15 20 23 30

Distance {mm)

3 min cooking =6 min cooking =g min cooking

9 44, W tEA el AFEA profile.

6
g 4
@
=
IE 2 ——
o -4.\ . .
0 3 10 15 20 25 30

Distance {(mm)
—3 N COOKING =6 Min cooking =9 min cooking

a9 45, Av] gEWe] AESA profile.
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5

56. Wl g EWe] AFEH <%

Polished rice noodles

3 min cooking 6 min cooking 9 min cooking

Rmax (N) 4.63+081aA 1.07+0.29aB 0.19+0.04aC

E (mm) 16.69+2.85aB 23.03+2 74aA 1595+2.77aB
Area of extension 46.89+7 42aA 16 62+3 50aB 338+104aC

curve (N.mm)

(Means followed by different letters in the same column(abc) and row(ABC) differ significantly at p < 0.05)

¥ 57 @v ke A

Jm

/\6] OZ]-

-

Brown rice noodles

3 min cooking 6 min cooking 9min cooking

Rmax (N) 2.17+0.280bA 0.33+0.08bB 0.07+0.02bC

E (mm) 11 730 77bA 9,570 86bB 381+104bC
Area of extension 1536+151bA 33240 77bB 040+0 17bC

curve (N.mm)

(Means followed by different letters in the same column(abc) and row(ABC) differ significantly at p < 0.05)

3 =7}
FAdol A= 08d Fashs 54 Y, Reteee Qlee Az
HAer Awst 2 gadvle] ArsbERE A%EIt 4@ ddwe] wEAE A
' __F@)yvt Elongation rate — —_.. 2
Elongation stress—zﬂr_R_hJ_f,9 a O]

F(t): theforce measured as a function of time (N)

Vi the probe speed (mm/s)
R: average radius between probe and aperture perimeter {(mm)
hy:  theinitial thickness of the dough sheet (mm)

lg: the distance between the probe surface and aperture perimeter (mm)
I(t): the length of sheet as a function of time {(mm)

43 W B4 WS e HEF AFSUN AFEE A,
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=
21
=]
(IS

U T T

0 5 10 15 20
Time (sec)
=Control =——10% barley =———20% barley =——230% barley

a9 46, AxH(ERD) A b wh=e] Ak profile.

1.5 1

Force (N)

0.5 1

0 5 10 15 20
Time (sec)

e O MO | s 10% brown rice == 20% brown rice ==730% brown rice

2% 47 ARAEN) OA GAW wFe] A profile.

# 58 A=H(ETE) Al ™ nwk=e] dk= vl

Hardness
(N)
Control 1.06x0.07c
10% barley 1.28+012b
20% barley 1.3210.08b
30% barley 1.40+012a

(Means followed by different letters are significantly different at p = 0.05)
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E 59 AN A 4™ w9 A= B
Hardness
(N)
Control 1.07x0.13a
10% brown rice 0.99+011b
20% brown rice 0.8940.02c
30% brown rice 0.86x0.05c

(Means followed by different letters are significantly different at p < 0.05)

Mg e S8 gz A4 FeE el gow wol nee dv gdw 2T
B9 54 dehle Zow Bt 7 dawe A3y bl Fol FEEEF A4
717 Sk A B,

10
g
w5
&

0

0 0.05 0.1 0.15
Strain
m—Contro] =—10% barley =———20% barley =——30% barley

O 48 AH(EEY) uiA A v ©@A HoL

10

Stress (kPa)

0.05 01

Strain

0.15 0.2

= Control ===10% brown rice ===20% brown rice ====30% brown rice

a9 49 A=H(E>m) A b w5 g oL
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o ek, whebA
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717F AA]
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o] Foldss 7]
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X3

X

o] 71&717F AA = AR v Fo Hol

v

)

7
Nlo
o
B

1

B
B/

A

10

w =t

(edy) ssaunig

Strain rate (1/s)

20% barley  =——30% barley

m— CoNtro|  e—10% barley

)

4r

10

w =t
{ed>i) ssang
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Extensional viscosity
{kPa.s) (Strain rate=7 s7')

Control 0.47£0.01d
10% barley 0.59+002c
20% barley 0.71x0.03b
30% barley 0.85+0.04a

{Means followed by different letters are significantly different at p < 0.05)

- 90 -



735"

Extensional viscosity
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Cooking Loss
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Volume adjustment(200 ml)

Boiling (150 ml D.W., 100 °
Drying(10 ml, 105
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Chucheong
brown rice flour
8.17+0.15
1.07+0.01
6.44+0.16
2.23+0.01

Chucheong
white rice flour
8.31+0.02
0.28+0.01
6.09+0.06
0.19+0.00
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Shindongjin
white rice flour
9.20+0.22
0.17+0.02
6.19+0.12
0.30+0.01

Proximate
composition (%)
Moisture
Ash
Protein
Fat

(Means followed by different letters are significantly different at p < 0.05)
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Process variables

Turbidity

Cooking loss
(%)

Moisture content

Drying temperature

Barrel temperature

of noodle dough

1.252£0.07b
1.38+0.07a

45.42+3.96bc
43.58+3.10¢

40
40

70
70
90
90
80
80
80
80

30
40
30
40
30
40
30
35

0.34+0.05h
0.68+0.05f

14.63+1.62i

40

27.64+1.65g
45.38+7.35bc

40
20

1.05£0.13¢

0.86+0.07e
1.05+0.07c

31.43+2 49fg

44.18+4.02¢c

20

60

1.05+0.08¢c

41.35+£4.85¢cd

60

1.36x0.11a

49.07+7.26ab
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70
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0.44+0.04g
1.44+0.14a
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20

51.78+8.94a
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37.34+6.10de

40

37.56+4.80de 0.97+0.09cd

80 40
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35
35

34.964.25ef 0.95£0.11d
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X100

Weight of filtrate after drying

Weight of uncooked noodles

v Cooking loss (%)
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G 3 WFol 4E A GEUY 2 §2EG GRS BAG A3, 4F 2R/ 225
2 27 §FES FEsb Be A2 FANAY. W WF FRFFN A% 2L 2o §EE
S} gel Ggo] MG AL BAIY

Process variables Tensile property
l:'f é?g;?ecggﬁzw Barrel temperature Drying temperature Rmax (N) E (mm)
30 70 40 1.52£0.17f 11.56£1.05e
40 70 40 0.13+0.02i 8.40+1.25f
30 90 40 10.50+0.85a 18.87+4.04c
40 90 40 2.31+0.29d 23.86+3.85b
30 80 20 0.19+0.08i 13.96+4.54d
40 80 20 0.58+0.09h 23.83£3.29b
30 80 60 1.88+0.33e 15.39+£2.08d
35 80 60 1.25£0.11g 20.88+2.09¢
35 70 20 0.19+0.04i 9.56+1.13ef
35 90 20 3.82+0.28¢c 34.08+2.78a
35 70 60 0.22+0.07i 9.2612.26ef
35 90 60 5.01+0.62b 7.65+1.95f
35 80 40 0.76+0.13h 24.75+2.29b
35 80 40 0.80+0.10h 25.68+£1.97b
35 80 40 0.71£0.05h 26.07+4.83b

2 EEW 23 4F 2EU ¥24% 4EWY Rmax @ol ¥& AL FAsgo Ege
AW AHE WolA Padrh EF W WE FRIAN Ax LxE A 546l ol
9ee sHarshgit

2. 299 =s 2 A=Y 452 AW AAF A

7h Ay
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Ingredients Weighing

Mixing(Kichen-Aid, speed 1.4 min)

Sieving(60 mesh, 1.18 mm)

Water balance (2 hr)

Extrusion (90 °C/90 ‘C/90 "C/50 °C)

Drying(40 "C ,1 hr)
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Ingredients Weighing

Mixing(Kichen-Aid, speed 1.4 min)

Kneading(2 min)

Folding and sheeting

Cutting(5 mm)
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<Extraction of polyphenol>
Green tea, Morus bombycis var. rubricaulis UYEKI,
l
Measurement of total phenol contents
Dilution of sample at 0.2% phenol contents
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(16 g dry weight/ 80 m¢{ D.W) in water,



<Haze formation of protein isolate with polyphenol solution>

0.2% polyphenol solution 20 mé
+ 19 protein isolate sample(Oat protein isolate, Pea protein isolate)
I
Reaction at 40 C, 24 hr
!
Centrifugation at 4 C, 10000 rpm, 15 min
!

Collection of supernatant
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4 FEeed dwe T Edde 9 54 29, Lhef A EFoA F2 8 At =
o] AUiAew =2 Eeds IS UEud

X 7. 2 & 219 & 53, oY FEE2 F E8¥HE ¥ (mg GAE/g dry weight)

Total Polyphenol content (mg GAE /g d.w)

66 C, 1 hr 45.64+0.002
Green tea
23 C, 8 hr 58.13%+0.009
Morus bombycis var. 65 C, 1hr 16.22+0.009
rubricaulis UYEKI 93 C, 8 hr 21.27+0,009
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t}. 53] anthocyanin Al2 9] 3}3EE 23k 500 nm ol A9 &4 EAo] #&EHo =
=

=3 Aol 5EAE B

orbance (&)

Absorbance (A}

g - \ a1t
2 \ BEzIRE
< | \ ! R
".\ | \\__
1| 0 0.1 B 1
o : | I
| !:—] ol W |
J_l.i. *[ /[ N T ] 700 .l:J I ']ik’"'_—-un 00 600
w ralwwhiml wavelength (nm)
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(3) @Ay vkl ZodE thAMA] 5 A (targeted profiling)
Gl H (0PI, PPD 2 WES-3to] hazeE FAste 93 E UAMAIE FHsh7] 938ke], HPLC-
ESI-lon trap-MS/MS< ©]83}9 targeted profilinge F33tAth 4 oz BA-AS

Ao A 3 ol 4N FARYT, AAY A 2D E 123 2

&

I 72 7154 ZY9HES A7) 9% HPLC 2 LC-MS/MS protocol

HPLC condition_Green tea

HPLC HPLC system (Dionex Ultimate 3000)
Column X-Bridge C18 column(3.5 ), 4.6x150 mm
Detector PDA detector
. A : 0.1% Formic acid in water
Elution ) o
B 1 0.196 Formic acid in ACN
Gradient Time (min) % (Phase A ) % (Phase B )
0-5 95-90 5-10
5-10 90 10
10-30 90-60 10-40
30-40 60-10 40-90
40-55 10-95 90-5
MS condition
Ion trap LTQ-Velos ion trap mass spectrometer
Electrospray Heat electrospray ionization interface
ionization (Thermo Fisher Scientific, San Joe, CA USA)
Column YMC-Triart C18 column (1.9 mm), 2.0x100 mm
Column temperature 36 T Full MS mass range (m/z) 100-1000
T:;g:elll‘zzre 2715 C Source voltage 5 kV
Sheath gas 35 ml/min Auxiliary gas 5 ml/min
HPLC condition_Mulberry
HPLC HPLC system (Dionex Ultimate 3000)
Column X-Bridge C18 column(3.5 ), 4.6x150 mm
Detector PDA detector
Elution A 1 0.8% Formic acid in water
B : Methanol
Gradient Time (min) % (Phase A ) % (Phase B )
0-5 95-90 5-10
5-10 90 10
10-30 90-60 10-40
30-40 60-10 40-90
40-55 10-95 90-5
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MS condition

Ion trap LTQ-Velos ion trap mass spectrometer
Electrospray Heat electrospray ionization interface
ionization (Thermo Fisher Scientific, San Joe, CA USA)
Column YMC-Triart C18 column (1.9 /m), 2.0x100 mm
Column temperature 36 T Full MS mass range (m/z) 100-1000
TCapﬂlary 275 C Source voltage 5 kV
emperature
Sheath gas 35 ml/min Auxiliary gas 5 ml/min

(7h =2k (65 C, 1 At F+=E)
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0.2% Green tea

¥ Greentea_Megative (S-Plot)
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@ LC-MS/MS targeted profiling

Gl Ay wkEsheE 53 FEE65 T, 1 A17D) s 78 89 E A A 54 A obg
¥ 73-76°] AY3A . = tannin A9 I flavonol A€ el ZE]H = 3FtEEo] v H o] A
T Aol o3 haze A #osts Aoz gAH A

¥ 73. @92 (Oat protein isolate) ¥} A3 z-E 3= =2 Z8) ¥ m Y AFA (Negative ion mode)

m/z (THllrlIr]S Amax ms/ms Tentative identification reference
425.00 20.67 278, 312 273.01 16891 Epiafzelechin-O-gallate Lin et al
441.05 18.00 269, 338 289.03 168.97 330.99 Epicatechin-O-gallate Del Rio et al
457.04 15.13 267, 350 330.95 304.99 168.92 Gallocatechin-O-gallate METLIN

¥ 74. @9 A (Oat protein isolate) ¥ A Z#gslE= =i Z ¥ E thAFA (Positive ion mode)

m/z (Irrllrilrlle) Amax ms/ms Tentative identification reference
443.09 17.65 272, 335 273.09 150.97 Epigallocatechin gallate METLIN

® 75, @A (Pea protein isolate) ¥ 4283t = =3k ZE]dE ) AA (Negative ion mode)

mz (Irrllrfrlle) Amax ms/ms Tentative identification reference
METLIN,
441.05 18.00 272 350 289.03 168.97 330.99 271.02 397.06 192.94 Epicatechin-O-gallate Del Rio et
al.
Epigllocatechin gallate
915.08 13.96 274 324 457.05 305.06 331.04 287.04 METLIN

derivative

¥ 76. @A (Pea protein isolate)¥} J%2t&sl= w2 23 = A (Positive ion mode)

m/z (Tnl]rlrrlle) Amax ms/ms Tentative identification reference
45898 14.98 269 353 289.00 138.93 150.92 332.94 306.99 Epigallocatechin gallate METLIN
443.09 17.65 268 352 273.09 150.97 291.07 317.02 138.96 Catechin-O-gallate METLIN
307.02 6.69 270 289.03 138.96 150.94 180.94 168.94 Epigallocatechin Mass bank

(th) =2k (23 C, 8 A F&E)

D thas FARA
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# Greentea_MNegative (S-Plot) ¥ Greentea_Positive (5-Plot)

AT m—a

0.2% Green mT f: ) 0.2% Grzen teaT

¥

L O N .

¢a.z& Gresn tez + 1% OF el ‘Ilo.zee Green tes + 1% OF
. b SRR

Uy

ks .
o

TSR

# Greentea_Positive (5-Plot)

02 v [ AT

¥ Greentea_Negative (5-Plot)
0.2% Gre=n tem ‘T‘ if;’: A

L
i
"

¥

T TR

.¢'ﬂ.2?&5'\e¢r tem + 1% PR SN ¢"-'L2?‘:E'\etr tem + 1% PP
E L R

'
Ty
v
I

I9 65 53 FEER23 C, 8 Az @M E A gl g thARA] OPLS-DA #4.

@ LC-MS/MS targeted profiling
Gl Ay wkEslE 53 FEE23 T, 8 A7) 3

¥ 77-80°) Ay st} . == tannin A€ Y} flavonol A€ 9 L= g EE0] Wl
Aoz SRIHAJY 2T 72 523 FE=EE9 7% haze

& Zgo 93k haze Ao Bt
PJAd ZEdsE A A= A Aoz AEE QI

=2+ 89 = dAFA (Negative ion mode)

¥ 77. @92 (Oat protein isolate) ¥} A} 3 #8351+
Time e
m/z (min) Amax ms/ms Tentative identification reference
Epigallocatechin Gallate METLIN

45797 15.03 269.00 324.00 168.93 331.01 305.01 286.99
441.05 17.55 271.00 336.00 288.98 330.93 168.93 Catechin gallate METLIN
425.03 451.00 407.04 289.02 (epi)catechin—(epi)catechin ~ METLIN

577.05 9.09 279
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¥ 78. @A (Oat protein isolate)¥} s 2t&3l= 52 ZE]d &= A (Positive ion mode)
m/z (1;11]?;16) Amax ms/ms Tentative identification reference
443.09 17.65 2272.00 335.00 273.09 150.97 Epigallocatechin Gallate METLIN
611.03 4.88 274.00 442.98 304.97 286.98 Catechin gallate METLIN
291.06 11.37 279.00 123.04 138.97 165.01 273.07 Catechin METLIN
449.00 19.55 279.00 310.00 287.07 kaempferol-O-galactoside =~ METLIN

¥ 79. @2 (Pea protein isolate)¥} A3 A83E w2 Zd 9= AR (Negative ion mode)

m/z (];rllrfrlle) Amax ms/ms Tentative identification reference
168.94 331.04 305.05 287.03 269.03 ) )
457.02 12.78 275 332 192.96 Epigallocatechin gallate METLIN
288.98 168.93 330.93 270.96 397.01 ) ) METLIN,
441.05 17.49 270 343 Epicatechin-O-gallate Del Rio et
192.91 al
457.02 1451 276 318 305.03 168.91 330.97 287.00 Epigallocatechin derivative METLIN
425.03 451.00 407.04 289.02 244.98 L METLIN
577.05 9.04 284 500,04 Procyanidin dimer Tsang ef al
463.03 18.41 265 342 301.00 342.99 179.01 Quercetin hexoside METLIN

=5

80. w2 (Pea protein isolate) ¥ A3 283t =3 ¥ = thAA (Positive ion mode)

m/ (Tnl]rlrrlle) Amax ms/ms Tentative identification reference
METLIN,
443.02 1757 269 347 273.05 150.95 281.07 317.04 138.96 Epicatechin-O-gallate Del Rio et
al.
773.39 17.35 269 335 303.02 465.07 611.10 449.07 Quercetin derivative METLIN

(th &9 (65 C, 1 ANzt F58)
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# Mulberry_Megative(5-Plot) # Mulberry_Positive (S-Plot)

s S .- | R s
0.2% Mulberry T;=_' DR 0% Mulberry | &7 -

| P ¥ .

S A G e et

. 5 | .
gy D Mubey +iROR o i \Lo.zeem. barry + 1% 0F

* Mulberry _Megative (S-Plot) # Mulberry_Positive (S-Plot)

i ! JU—
0.2% Mulkerry T L0 0.2% Mulberry 1\ Fo
'Y .l .

e
b

s

T

L ‘L 0.2% Mulberry + 1% PP \L 0.2% Mudberry + 1% PP

. __--.'“'_-,. -jr

a9 66, LY FEEG5 C, 1 Az @@ A el g thAkA] OPLS-DA +4.

@ LC-MS/MS targeted profiling
g Ay gkEsh= oY FEE656 T, 1 Al 3 78 23 s UAAS] &4 2= o
I 81-84° A stAtt. F= StEA oI AEY FFEEo] Gl AR vhEo 93 haze

o #olste Ao FHlF At

oftt
X,

81. ©rul A (Oat protein isolate)¥ A& #&3t= 20 Z7 3 E A (Negative ion mode)

b
m/z (Tnll?rls Amax ms/ms Tentative identification reference
593.13 27.49 246 518 285.01 299.03 327.05 Cyanidin-3-rutinoside METLIN
447.05 2597 243 517 285.00 Cyanidin-3-glucoside METLIN
285.03 25.999 244 517 241.01 256.97 217.01 146.97 Cyanidin METLIN
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¥ 82. @A (Oat protein isolate)¥} A& 2H-83sl= ot ZdE A (Positive ion mode)
m/z &ﬁe) Amax ms/ms Tentative identification reference
449.03 25.90 242 517 287.01 Cyanidin-3-O-glucoside METLIN
611.04 24.77 251 338 519 286.98 449.05 Cyanidin 3,5-diglucoside METLIN
595.11 23.79 254 518 287.04 449.08 Cyanidin—-3-rutinoside METLIN
302.91 34.02 258 522 256.93 284.95 228.97 164.92 Delphinidin METLIN

3% 83. v A (Pea protein isolate) ¥ A3 2&slE ot Zg#HE thAFA (Negative ion mode)

m/z (THllrlIr]S Amax ms/ms Tentative identification reference
593.13 27.49 250 512 284.98 29898 467.07 575.07 241.01 Cyanidin-3-rutinoside METLIN
241.01 256.97 217.01 146.97 125.06 .
285.03 25.99 280 517 Cyanidin METLIN
174.99 199.00
44705 25.97 244 517 284.96 326.96 428.99 Cyanidin—-3-glucoside METLIN
57712 28.79 253 511 268.99 225.01 311.03 341.04 Pelargonidin rutinoside METLIN

¥ 84. @t 2 (Pea protein isolate)¥ A3 zg&3t= 2t] Z = thAFA (Positive ion mode)
m/z &ﬁe) Amax ms/ms Tentative identification reference
433.00 27.75 252 518 270.99 Pelargonidin  glucoside METLIN
449.04 2585 241 517 287.01 23613 416.21 Cyanidin-3-glucoside ~ METLIN
59512 23.71 954 519 987.04 449.08 Cyanidin-3-rutinoside =~ METLIN
75716 2859 952 513 286,97 611.13 Cyanidin glucosyl rutinoside el LI
61114 24,66 951 519 986,98 449.05 Cyanidin diglicoside & LT

(2h) & (23 C, 8 Azt F=E&)

D TPAFEARA
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¥ Mulberry_Negative(S-Plot)

0.2% Mulbarry 5-:_!'-'“ :
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# Mulberry_Megative(S-Plot)
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[y
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@ LC-MS/MS targeted profiling

t FEE(23C, 8 AlxhHH &

# Mulberry_Positive (5-Plot)

0.2% Mu b-e--yT I_r

"
e \Lﬂ.zee Mulberry + 1% OF

——

# Mulberry_Positive (5-Plot)

wpm——
0.2% Mulberry |,
ae Ke

. ‘L 0.25% Mulbarry + 1% PR

WAL G

s} ghgeks ot FE=(23 T, 8 ARh) & 8 EddE A S B4 Ak ofd
¥ 85-88 A stHtt. F =2 cyanidin, pelargonidin® #Z-& ¢tEAJold A d e &S0 vl
Aol gkgel ©3F haze Pdoll Holste oz AT}

= oY Zg 5= gAA (Negative ion mode)

¥ 85. @A (Oat protein isolate)¥ & 2t&3t= 2t &
m/z (THIITS Amax ms/ms Tentative identification reference
447.09 26.17 243 517 285.04 Cyanidin 3-glucoside METLIN
593.15 2753 247 518 284.96 298.97 326.98 Kaempferol-3-O-rutinoside = METLIN
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¥ 86. @A (Oat protein isolate) ¥ A5 #-g 31+ Zd 9= YA (Positive ion mode)

mz (%?r]le) Amax ms/ms Tentative identification reference
447.09 26.17 244 517 285.02 Quercetin 3-glucoside METLIN
593.15 27.47 246 519 285.01 299.02 Cyanidin-3-rutinoside METLIN

¥ 87. @A (Pea protein isolate) ¥} J&2&sl= 2t EZg]3= tAFA(Negative ion mode)

n Time (min) Amax ms/ms Tentative identification reference

24.34 247 381 463.09 300.98 505.06 Quercetin  diglucoside METLIN
47 31.46 253 355 300.98 342.97 417.16 Quercetin hexoside METLIN
5_‘ 29.13 250 522 269.03 225.04 341.09 531.13 559.16 Pelargonidin rutinoside METLIN

¥ 88. ©il A (Pea protein isolate)¥} 3 2tgsl= 2t Eg#H = thAHA (Positive ion mode)

m/z (Tnl]rlrrlle) Amax ms/ms Tentative identification reference
449.05 26.16 243 517 287.05 220.18 Cyanidin—-3-glucoside METLIN
259.02 212.93 241.05 231.09 174.98 o
286.98 26.42 247 518 Cyanidin METLIN
136.98 189.01
595.13 2757 248 518 286.99 449.05 Cyanidin—-3-rutinoside METLIN
271.01 253.23 243.13 196.96 327.08 L .
579.21 29.18 250 521 303,06 Pelargonidin rutinoside METLIN
433.05 28.05 249 521 271.03 Pelargonidin glucoside METLIN

(vh) W A% Fo ZedE gA

@ = 2}(Oat protein isolate)

ol 2 (Oat protein isolate) ¥} WHSsl+= Hx FEE 3 Zd¥= diAA 54 A94= of
E 89-90° Attt dM A vk&st= A AIE FE5 214 #AIGle] EF tannin Al E e

st o] o thALAI 3L, keampferol®} #Z-& flavonol AlY 9] 3}gt&Eo] 7 #ojstE Ao

sl H e},

K

2

1%

89. ©r¥l A (Oat protein isolate)¥ A& 283t= w2 Z8]dH = thAFA] (Negative ion mode)
Green tea (Oat protein isolate, 23 T 8 AJ7F)_Negative ion mode

5

m/z &ﬁe) Amax ms/ms Tentative identification reference
45797 15.03 269.00 324.00 168.93 331.01 305.01 286.99 Epigallocatechin Gallate METLIN
441.05 17.55 271.00 336.00 288.98 330.93 168.93 Catechin gallate METLIN
577.05 9.09 279 425.03 451.00 407.04 289.02 (epi)catechin-(epi)catechin ~ METLIN
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Green tea (Oat protein isolate, 66 T 1 AJ7F)_Negative ion mode

m/z &% Amax ms/ms Tentative identification reference
425.00 20.67 278, 312 273.01 16891 Epiafzelechin-O-gallate Lin et al
441.05 18.00 269, 338 289.03 168.97 330.99 Epicatechin-O-gallate Del Rio et al
457.04 15.13 267, 350 330.95 304.99 168.92 Gallocatechin-O-gallate METLIN
¥ 90. @92 (Oat protein isolate)¥ A3 283l = =2 Z8 ¥ m YA (Positive ion mode)

Green tea (Oat protein isolate, 23 T 8 AJ7F)_Positive ion mode

m/z &ﬁe) Amax ms/ms Tentative identification reference
443.09 17.65 2272.00 335.00 273.09 150.97 Epigallocatechin Gallate METLIN
611.03 4.88 274.00 442.98 304.97 286.98 Catechin gallate METLIN
291.06 11.37 279.00 123.04 138.97 165.01 273.07 Catechin METLIN
449.00 19.55 279.00 310.00 287.07 kaempferol-O-galactoside =~ METLIN

Green tea (Oat protein isolate, 65 T I AJZF)_Positive ion mode

m/z &ﬁe) Amax ms/ms Tentative identification reference
443.09 17.65 272, 335 273.09 150.97 Epigallocatechin gallate METLIN

@ *%}(Pea protein isolate)
il A (Pea protein isolate) ¥ Hb-g-3t= Hak FE2E S ZEldEs UAMA 4 A E ob
91-92¢l Ae]stitt. OPIo] 7459 &LdotA, =y} vkg-af Z 70

b , + WA= F5F =14 34
o] ¥ tannin A9 9 &0l FL hAA A L, Quercetin®} & flavonol AL 9] 3} E o]
A Fgst= Aoz gl

¥ 91. &9 2 (Pea protein isolate) ¥ A3 #-g3lE= =i Zo] ¥ = thAFA (Negative ion mode)

Green tea (Pea protein isolate, 23 C 8 A]7F)_Negative ion mode

m/z &ﬁe) Amax ms/ms Tentative identification reference
168.94 331.04 305.05 287.03 269.03 ] ]
457.02 12.78 275 332 192.96 Epigallocatechin gallate METLIN
288.98 168.93 330.93 270.96 397.01 ) ) METLIN,
441.05 17.49 270 343 Epicatechin-O-gallate Del Rio et
192.91 al
457.02 1451 276 318 305.03 168.91 330.97 287.00 Epigallocatechin derivative  METLIN
425.03 451.00 407.04 289.02 244.98 L METLIN,
577.05 9.04 284 509,04 Procyanidin dimer Tsang et 4l
463.03 18.41 265 342 301.00 342.99 179.01 Quercetin hexoside METLIN
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Green tea (Pea protein isolate, 65 C 1 A]7F)_Negative ion mode

/! (1;;111?1(; Amax ms/ms Tentative identification reference
METLIN,
141.05  18.00 272 350 289.03 16897 330.99 271.02 397.06 192.94 Epicatechin-O-gallate Del Rio et
al
Epigllocatechin gallate
915.08 1396 274 324 457.05 305.06 331.04 287.04 METLIN

derivative

¥ 92. ©Hl A (Pea protein isolate)¥} 3 2t&sl= w2 23 = A (Positive ion mode)

Green tea (Pea protein isolate, 23 T 8 A]7F)_Positive ion mode

m/ <];r11r11r11e) Amax ms/ms Tentative identification reference
METLIN,
443.02 1757 269 347 273.05 150.95 281.07 317.04 138.96 Epicatechin-O-gallate Del Rio et
al.
773.39 17.35 269 335 303.02 465.07 611.10 449.07 Quercetin derivative METLIN
Green tea (Pea protein isolate, 65 C 1 A]7F)_Positive ion mode

m/z &ﬁe) Amax ms/ms Tentative identification reference
458.98 14.98 269 353 289.00 138.93 150.92 332.94 306.99 Epigallocatechin gallate METLIN
443.09 17.65 268 352 273.09 150.97 291.07 317.02 138.96 Catechin-O-gallate METLIN
307.02 6.69 270 289.03 138.96 150.94 18094 16894 Epigallocatechin Mass bank

@ £t (Oat protein isolate)
o A (Oat protein isolate)ﬁr Hh$-sle ot 55 & Zgds A 54 23E of
F 93-94°] AT vz ‘1&3—3}% WA= F5 2o #AIgle]l BF cyanidin AlE
JFEAOLY stER g = Y% flavonol WA e ] thARAI 7}
3

A Agste Aew E

4

lo
=

Jut

¥ 93. @A (Oat protein isolate)¥ A5 2H-&3t= ot s thAFA (Negative ion mode)
Morus bombycis var. rubricaulls UYEKI (Oat protein isolate, 23 T 8 A[{F)_Negative 1on mode

m/z &% Amax ms/ms Tentative identification reference
447.09 26.17 243 517 285.04 Cyanidin 3-glucoside METLIN
593.15 27.53 247 518 284.96 298.97 326.98 Kaempferol-3-O-rutinoside =~ METLIN

Morus bombycis var. rubricaulls UYEKI (Oat protein isolate, 65 T 1 A]7F)_Negative ion mode

m/z &% Amax ms/ms Tentative identification reference
593.13 27.49 246 518 285.01 299.03 327.05 Cyanidin-3-rutinoside METLIN
447.05 25.97 243 517 285.00 Cyanidin-3-glucoside METLIN
285.03 25.999 244 517 241.01 256.97 217.01 146.97 Cyanidin METLIN
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5

94. @9 2 (Oat protein isolate) ¥} A3 2H-&3sl+= ot] ZgdE Y AHA (Positive ion mode)

Morus bombycis var. rubricaulls UYEKI (Oat protein isolate, 23 T 8 A]{F)_Positive 1on mode

m/z <1H11r§le) Amax ms/ms Tentative identification reference
447.09 2617 244 517 285.02 Quercetin 3-glucoside METLIN
593.15 27.47 246 519 285.01 299.02 Cyanidin—-3-rutinoside METLIN

Morus bombycis var. rubnicaulls UYEKI (Oat protein 1solate, 60 T I A|{F) Positive ion mode

m/z (lnllrirrlﬁ Amax ms/ms Tentative identification reference
449.03 25.90 242 517 287.01 Cyanidin-3-O-glucoside METLIN
611.04 24.77 251 338 519 286.98 449.05 Cyanidin 3,5-diglucoside METLIN
595.11 23.79 254 518 287.04 449.08 Cyanidin—3-rutinoside METLIN
30291 34.02 258 522 256.93 284.95 228.97 164.92 Delphinidin METLIN

@ <2.t](Pea protein isolate)
@Gl (Pea protein isolate)?} ¥H&-3l= o &5 3 Zdds dAHA 4 A& o}
¥ 95-960 A, @Gl A gkglE UAAlE FE5 244 #AAgle] BT

= cyanidin,
pelargonidin Al tEA oY 33EE2E A AT

=5

95. @2 (Pea protein isolate) ¥} A& 2Fg&3t= 2t ¥ = thAFA (Negative ion mode)

Morus bombycis var. rubricaulls UYEKI (Pea protemn isolate, 23 T 8 A[{F)_Negative 1on mode

m/z (lnllrirrlﬁ Amax ms/ms Tentative identification reference
625.16 24.34 247 381 463.09 300.98 505.06 Quercetin diglucoside METLIN
463.10 31.46 253 355 300.98 342.97 417.16 Quercetin hexoside METLIN
57718 29.13 250 522 269.03 225.04 341.09 531.13 559.16 Pelargonidin rutinoside METLIN

Morus bombycis var. rubricaulls UYEKI (Pea protein isolate, 65 T 1 A]{t)_Negative ion mode
mz (lnllrirrlﬁ Amax ms/ms Tentative identification reference
593.13 27.49 250 512 284.98 298.98 467.07 575.07 241.01 Cyanidin-3-rutinoside METLIN
241.01 256.97 217.01 14697 125.06 .
285.03  25.99 280 517 Cyanidin METLIN
174.99 199.00
44705 25.97 244 517 284.96 326.96 428.99 Cyanidin—-3-glucoside METLIN
57712 28.79 253 511 268.99 225.01 311.03 341.04 Pelargonidin rutinoside METLIN

=5

96. w9 A (Pea protein isolate)¥} A& 283+ 2t] E s A (Positive ion mode)

Morus bombycis var. rubricaulls UYEKI (Pea protein isolate, 23 T 8 A[ZF)_Positive ion mode

m/z &ﬁe) Amax ms/ms Tentative identification reference
449.05 26.16 243 517 287.05 220.18 Cyanidin—3-glucoside METLIN
259.02 212.93 241.05 231.09 174.98 .
286.98 26.42 247 518 Cyanidin METLIN
136.98 189.01
595.13 27.57 248 518 286.99 449.05 Cyanidin-3-rutinoside METLIN
271.01 253.23 243.13 196.96 327.08 o . .
579.21 29.18 250 521 203.06 Pelargonidin rutinoside METLIN
433.05 28.05 249 521 271.03 Pelargonidin glucoside METLIN
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Morus bombycis var. rubricaulls UYEKI (Pea protein isolate, 65 C 1 A]7H_Positive ion mode

m/z (Tnllrfr]le) Amax ms/ms Tentative identification reference
433.00 27.75 252 518 270.99 Pelargonidin glucoside ~ METLIN
449.04 2585 241 517 987.01 23613 416.21 Cyanidin-3-glucoside ~ METLIN
59512 23.71 254 519 987.04 449.08 Cyanidin-3-rutinoside ~ METLIN
75716 2859 952 513 286.97 611.13 Cyanidin glucosyl rutinoside pyel LI
61114 24,66 951 519 286,98 449.05 Cyanidin diglicoside & LT

4, 23 3154 AP wE Z] ¥ E metabolome ¥Wo] 7+

7h AR

<Extraction of polyphenol>

Green tea, Morus bombycis var. rubricaulis UYEKI,
(16 g dry weight/ 80 ml D.W) in water, 66 C, 1 hr
!

Measurement of total phenol contents

l

Dilution of sample at 0.296 phenol contents

<Haze formation of protein isolate with polyphenol solution>

0.2% polyphenol solution 1 ml
+ 1% protein isolate sample (Oat protein isolate, Pea protein isolate) 1 ml

l

Reaction in shaking incubator at 23 C, for 15 min

!
Reaction at 90 C for 2 min or 5 min

l
Centrifugation at 4 C, 10000 rpm, 15 min
I

Collection of supernatant

a9 68 EYdle FEE Axe A ue dud dgs vl
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o Adas

(1) =*}(Oat protein isolatexg]_E*2: 90 C, 2 &/5 &)

Oh B SA A
A el W& FAH65 C, 1 AI3F Zyds YA S PCA B4 Ax, §9
W %

)
Aol Wolsk EATE HAT & AUk o) A(OPD3} AFstel haze® 3743t
= d gejshiz EsE OAAE THE] Ashel OPLS-DA B4E 35w, 5% Fol5

Fol A Aold WolE molt Fa Eoludl tAASe F4L Awel.

Green tea_2 min

¥# Green tea_Negative (PCA-X) # Green tea_Positive (PCA-X)
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Green tea_5 min

e Green tea_Negative (5-Plot) ¥ Green tea_Positive (S-Plot)

F""" ' ) | 0.2% Green t== b o Al
".'lZ“"‘E'ber t:aT L 1% Tl_—.d e
i
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d
¥
H
N Ji
! \I{ 0.2% Gresn tea + 1% OF ! I 0.2% Green ez
i e el

%™ 69. €A2(90 C, 2 26 Bl mE 53 =265 T, 1 A17H3 @i @22l -(0OPD) 3
A Al OPLS-DA &A1,
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(\}) LC-MS/MS targeted profiling

7t Agl xHolA WA Agte #ofste Aom g9d EHEHE A
Gallocatechin-O-gallate, Epigallocatechin gallate, Epicatechin-O-gallate, Catechin®] ¢
Hol 7k yebd Ao w FRIHATHE 97-9). ol& 3= haze FAHol #Hoddts T2 319
TR 49 vk o, dxeld oaf dd WAy g MYE Aow FHHIIH

F 97 AAT0 T, 2 B/5 el mE W AOPDI HEAEHE B2 2EE OAAY Mol

(Negative ion mode)

nm/z &TS Amax ms/ms Tentative identification reference
2 min
457.04 1513 267 350 330.95 304.99 168.92 Gallocatechin-O-gallate METLIN
5 min
441.05  18.00 269 338 289.03 168.97 330.99 Epicatechin-O-gallate Del Rio et al
457.04 1513 267 350 330.95 304.99 168.92 Gallocatechin-O-gallate METLIN

3F 98 EAE(90 T, 2 #/6 )l e S AOPDH Faz-&st= wA FE5= AR ¥o

(Positive ion mode)

m/z ?;;nnrlle) Amax ms/ms Tentative identification reference
2 min

443.09 17.65 272 335 273.09 150.97 Epigallocatechin gallate METLIN

291.06 11.37 279 123.04 138.97 165.01 273.07 Catechin METLIN
5 min

443.09 17.65 272 335 273.09 150.97 Epigallocatechin gallate METLIN

(2) ==} (Pea protein isolatex]#]_d@X&l: 90 C, 2 /5 #)

b B FEAEA

dalglol mE =265 T, 1 AN F=
9?1 Wol7} %ZH@% gelg ? AN ©
g #ofst= T
| A Alo] st

3 W o

s}
kil
a7 9

ol = 1%51 Eod= A

i

Za)ss ApAEe] PCA B4 23, 9
4 ©APPD} AF el hazed P45
tol OPLS-DA ¥4& 4831, 5% 9
ALel B4 Adatginh

i)

10£ :‘O

|

PN
T

ANl _|>4

—|—‘ 0l
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Green tea_2 min

» Green tea_Negative (PCA-X)
"_'I.Z‘.;':EE'\e.er tam ‘T E‘:—"—;' LR R
) 4

v
]

CPREAPEPIE -

i e

a

i, 0.2% Gresn tea + 1% PP

Green tea_5 min

# Green tea_Negative (5-Plot)

0,25 Green tea ‘T !-" ' '

R
&
'
i

1

f
i

Waran o me |

s
¢

Fal \L 0.2% Grean tea + 1% PR

e AW ;

0.2% Green tea + 13 PP T

# Green tea_Positive (PCA-X)

¥» Green tea_Positive (5-Plot)

"|" Vet Wb £
| L .‘=- T

N i

'

B 4

1 02% Gresn tea
+ 1% PP

‘e
0.2% Gre=n tea

a9 70. EAHE(90 C, 2 ®/H Bl wE m2 FE2E6G5 C, 1 AZH3 @@ e (PPD g+
AFA OPLS-DA #A47.

(1) LC-MS/MS targeted profiling

A AY z2PeM wwE Agel weldte oz #ad Fusdm AR 3
Epicatechin-O-gallate, Epigallocatechin, Epigallocatechin gallate, Epicatechin-O-gallate,
o5 =&

Catechin-O-gallateol] +<] 4
haze Aol #odstes T8 SIFEZ 44
FdE Aow FHHAH

Wol7h et Ao® HAHTHE 99-100).

up glom, dxjgel os @ wAgy oA
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F 99 €290 T, 2 /5 ol wE @M APPDI FEAEsts w2 FE= A o] Wo]

(Negative ion mode)

m/z (ﬁur-rrlﬁ Amax ms/ms Tentative identification reference
2 min
915.08 13.96 274 324 457.05 305.06 331.04 287.04 Epigllocatechin gallate derivative METLIN
5 min
289.03 16897 330.99 271.02
M105 1800 272 350 Epicatechin-O-gallate METLIN, Del
397.06 192.94 Rio et al
915.08 13.96 274 324 457.05 305.06 331.04 287.04 Epigllocatechin gallate derivative METLIN

F 100. €A2(90 C, 2 &/5 el wp& G A PP 4o 2gets H54 FEE AR 2 Wo

(Positive ion mode)

I

m/z (ﬁﬁ Amax ms/ms Tentative identification reference
2 min
289.00 138.93 150.92 332.94 . .
458.98 14.98 269 353 306.99 Epigallocatechin gallate METLIN
273.09 150.97 291.07 317.02 )
443.09 17.65 268 352 138.96 Catechin—-O-gallate METLIN
989.03 13896 150.94 180.94 . .
307.02 6.69 270 Epigallocatechin Mass bank
168.94
5 min
289.00 13893 150.92 332.94 ) ]
458.98 14.98 269 353 306.99 Epigallocatechin gallate METLIN
273.09 150.97 291.07 317.02 )
443.09 17.65 268 352 138,06 Catechin—-O-gallate METLIN

(3) 2.t](Oat protein isolate_ 90 C, 2 /5 &)

Ao WE (65 C, 1 Al F=& i Egdls dAHAES PCA 4 23, 79
ARl Wol7b EAFE AT F AUt o] FAAA dWMAOPD) Y AF3to] hazeE: F At
+ H #ofste EYdAs gAAIE ¥ E7] sk OPLS-DA #4S Fd38taL, 5% 9+
Zo A Aoldk WolE2 HolEx FQ ZEdE gAAEY] 5AHLS APttt

Mulberry_2 min

# Mulberry_Negative (5-Plot) » Mulberry_Positive (5-Plot)
-’.'l25.=h|.b-=-\.-—1“‘D-P'1\ }ifﬁ‘*‘"‘ e - ,J_z,_;:,_.Lb:__,,_lgmp"l‘
nﬁ ¢‘3.2?‘:N’Lb&'\' o é__" I¢02‘f—h|_be-\.-
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Mulberry_5 min
# Mulberry_Positive (5-Plot)

# Mulberry_Negative (S-Plot)
0.2% Mulberry g [ N I
e 17 e

{ ....-mi:{?f \l’-:u.zeem barry
b3 kel ] 2] 7= (OPI)

FEE65 T, 14

a9 71 €480 C, 2 &5 )l e 2
35 AFA] OPLS-DA 241,

(1}) LC-MS/MS targeted profiling
e AE zAA wuA Al pele: Aem o)
Cyanidin-3-glucosideel 4 ®ol7} vehd o =m gQluJdrh(E 101-102). ° 3=
ovd tag FHsel gt WEAL FEAohd ALY BARA, mAA APelA @
2 A5AE J0l Y Ao GE v gl
3 101 €A (90 C, 2 #/5 )l e dHAOPDH x5 A&t ot FEE A 9
H o] (Negative ion mode)
m/z ;Ir‘rlnnrls Amax ms/ms Tentative identification reference
2 min
44705 2597 243 517 285.00 Cyanidin-3-glucoside METLIN
5 min
447.05 25.97 243 517 285.00 Cyanidin-3-glucoside METLIN
3102, €290 C, 2 /5 )l wE A OPDH 3 aEste ot FE2 A 9
H o] (Positive ion mode)
m/z ;Ir‘ll’fll;l]e) Amax ms/ms Tentative identification reference
2 min
449.03 25.90 242 517 287.01 Cyanidin-3-O-glucoside METLIN
5 min
449.03 25.90 242 517 287.01 Cyanidin-3-O-glucoside METLIN
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(5) 2.t](Pea protein isolate_90 C, 2 /5 &)

b vhEEF EARA

Aol ME QU5 T, 1 A7) FEE FF FdvlE GAAES PCA B4 At Fo
49l Wolh EATEL FAE F Ak o HANM @ APPDFH B! hazed FY3
= welste FelvlE oAAE 79V fiste] OPLS-DA BA4E #3431, 5% #¢)4
FolA gol@ Wol§ mol: Fa Ed= qAAES B4 Qs

Mulberry_2 min

# Mulberry_Negative (5-Plot)

o
w4

0.2% Muilberry

i

Lo i’
Ly 0.2% Mulberry + 1% PP
Y 5 )

Mulberry_5 min

# Mulberry_Negative (S-Plot)

4 02% Mulberry + 1% PPT .»j:-_ﬁ._. .
il i I'

E ¢"_'I2"°h|.b-='\-

' 0.25% Mutberry + 15 PR 1\ i

# Mulberry_Positive (5-Plot)

et ew s

. . 0.2% Mulberry
P

# Mulberry_Positive (5-Plot)

0.2% Mu b.e--yT‘ K

o
T

Dy 5 Mudberey + 15
o J’,a.z.rube-g 1% PP

a9 72, EAE(90 T, 2 %/5 By W& 2t 565 C, 1 Al 7H) ¥ whela =] 2+ (PPI) &
AFA OPLS-DA #47.

(\}) LC-MS/MS targeted profiling

e AY zAAA @ A
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Cyanidin-3-glucoside, Cyanidin-3-rutinoside, Pelargonidin glucoside®] 2|2 w®Wo]7} el
Ao FAFEJATHIE 103-104). o] FFEEL oo t#F stfFyo] e StEAOII Ade
SEA2A, RdA Ao dil A e A5 EE V)50l dE Aow Feld =

F 103 A (90 C, 2 #/5 &)l wE G A (PPDI Hs5 283t ot FE& thabA o Wo]

(Negative ion mode)

m/z (ﬁﬁ Amax ms/ms Tentative identification reference
2 min
28498 298.98 467.07 575.07 o K .
593.13 27.49 250 512 241,01 Cyanidin—-3-rutinoside METLIN
447.05 25.97 244 517 284.96 326.96 428.99 Cyanidin-3-glucoside METLIN
5 min
28498 298.98 467.07 575.07 o K .
593.13 27.49 250 512 241,01 Cyanidin—-3-rutinoside METLIN
447.05 25.97 244 517 284.96 326.96 428.99 Cyanidin-3-glucoside METLIN

F 104 A (90 C, 2 £/5 @)l wrE G A (PPDI Fo2&tes ot FE& thAA 2] Wol

(Positive ion mode)

m/z (ﬁnl-lrlle) Amax ms/ms Tentative identification reference
2 min

449.04 25.85 241 517 287.01 236.13 416.21 Cyanidin—3-glucoside METLIN

595.12 23.71 254 519 287.04 449.08 Cyanidin—3-rutinoside METLIN

433.00 27.75 252 518 270.99 Pelargonidin glucoside METLIN
5 min

595.12 23.71 254 519 287.04 449.08 Cyanidin—-3-rutinoside METLIN

433.00 27.75 252 518 270.99 Pelargonidin glucoside METLIN

449.04 25.85 241 517 287.01 236.13 416.21 Cyanidin-3-glucoside METLIN

kel oY FEEM FgadE EYIE dAMAE FAA @ (Oat protein isolate, pea
protein isolate) ¥ WF$-3to] hazeE A st TH dAMAE sty Y8, AA A S A+
O 72 5% freFwlA WHolg Hole sEs AWstil o5 w4 AAeH

=21 FEE9 A, o 5000902 tAMAl F, 20-30709] TR F-o] A Yy HFHoR
N Bl ZeuE A7 8 H AT 105).

X 105 @A AE2Este w2k FEE S EE9E UARAe A
Green tea_65 C, 1 hr
Samples Total Screened Identification Heat treatment
2 min 5 min
Green tea + OPIL 431 16 3 1 2
Negative
Green tea + PPI 490 37 2 1 2
Green tea + OPIL 478 13 1 2 1
Positive
Green tea + PPI 522 23 3 3 2
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ot 382, 980 EAsHE o 5000149 Al F, BAIE 1000 4e] Fr o] A
A3, ool WE B £ Ay 35449 FelslEs Fu Bdo] A% HA; HEHoE
S A3} haze Aol wolshe o 34 FEHel Eelun tAAZE B ATE 106).

F 106, @A} Az gets o FEE S ¥ tiAbAe] A

Morus bombyrcis var. rubricaulis UYEKI (Mulberry)_65 C, 1 hr
Heat treatment

Samples Total Screened Identification 9 min 5 min
Mulberry + OPI 431 114 3 1 1
Negative
Mulberry + PPI 490 137 4 2 2
Mulberry + OPI 478 44 4 1 1
Positive
Mulberry + PPI 522 60 5 3 3

olel Aste Aelehy, w2 Eelvlls FEEAME F2 tanninA D9l SFEE0] w3}
dEAgete] A8 e gAete Aor AAFYL, 58 obejo] 71%H catechin FEA £
Eo] 0 YAAR FLde Aow BAHY

OH

Ho o]
HO o o
o OH
g g,
oH oH oH OH
Q [s]
OH OH
OH OH
Epigallocatechin gallate Catechin gallate
ok 2
o Z

Cyanidin—-3-glucoside Cyanidin-rutinoside
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5 A

|

¥ 4 EY9ER 2 994 32 2 54 94

7F Ay

hH A=

20121 A gFolA Aty wolng U 45 Zods FEAAE AFESAL

(WHFEd9 Az

ol ] = £54 40 goll 200 mle] & 71ske] zhz) 5, 20, 35, 50, 65 °Coll A 1 AIZF
A

ZotAth F= A Al o] &AAY =& AR Tl e fIE FE=HY gV FE

d Al FaEo oS v A uaebA, oz—amylase(from barley
malt; Sigma-Aldrich)®} amyloglucosidase(from Aspergillus niger; Toyobo)E 45 °CollA] 24
A7 Agste] dids 29 FE e & FHlsdE S ol &k

(th) FH=E 54

F 9= Folin-Ciocalted” s methodg °| &3t SAH3 AT gAg Z8dE FE5E 50

Lol =54 450 LZ 7}38}aL, 0.2 N Folin-Ciocalteu’ s phenol reagent 2.5 ml2} 7.5% Na,COs
2 mlE #H7}ste] 50 ColA 5 E7F 2 A AL o] Wy F UV/Vis spectrophotometer
(Beckman coulter Inc., CA, USA)Z 750 nmollX F3=E SAsA F ZdE 32 3
3 e Sl on, gallic acid 49 H(GAE)CE Z-AFA v = 1118 + 0.015(R?*? =
0.998)= ol-&3ato] Aitatsltt.

2 ¥ #2902 LC-MS/MSE ol &dte] FAse] Ao
A3 Ages AREYAES AT LCMS/MS B4 717 2 23& ® 1079 2

F 107. LC-MS/MS #4] vl 2 =3

Condition

Tontrap LTQ-Velosion trap mass spectrometer

Heat electrospray ionization interface

Electrospray ionization ) o
(Thermo Fisher Scientific, San Joe, CA USA)

Column YMC-Triart C18 column(1.9 gm), 2.0x100 mm

Eluent A 0.1%  Formic acid in water

Eluent B 0.1%  Formic acid in acetonitrile

Column temperature 36 C Full MS mass range (m/z) 100-1000
Capillary temperature 275 T Source voltage 5 kV
Sheath gas 35 ml/min  Auxiliary gas 5 ml/min
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A 3 ¥ MeOH: H,O: TEA: PITC= 7: 1: 1: 19 F=43 &
gl FE=A 3 A A o] HdAZE & HPLC eluent Aol &3lA1Z1 & dAE
HPLC®Z EX3t3tt. HPLC A4S ¥ 1083 ).

_o|L

Q
=
[
N
N

7he el ool

¥ 108. ofu:=AF A B4 HPLC A4 2 27

Column Agilent SB-C18 (2.1mm X 150mm), 1.8 ¢m
Column oven tempt. 40 C
Detection 254 nm
Injection vol. standard 2 ¢, samples 1
Eluent A 140 mM NaHAc, 0.15% TEA, 0.03% EDTA, 6% CHsCN, pH 6.1
Eluent B 602 CH;CN, 0.015% EDTA
. . . Flow rate
Gradient Time(min) . WA %B
(ml/min)
0 0.4 99.9 0.1
5 04 99.9 0.1
14.5 0.4 60 40
15.6 04 0 100
179 0.4 0 100
18 04 99.9 0.1
20 04 99.9 0.1
g, 492

dr oz

E 109, Welne L 55 FEAe FoEFP

Total phenolics (mgGAE/40 g)

Extraction

temp.(C) Germinated barley Sorghum
5 4.121¢ 1.765¢
20 46524 2.0314
35 4.867¢ 2.711¢
50 5.226P 3.465°
65 6.085 4.549
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(2) A= AxEes A4

(7}) ol g

dlolH gl o] & F S negative mode 2 positive modeol| A FA 3t S
I
=

ol
als
(e
i)
iy

@D Negative mode

m/z RT ms/ms Tentativeidentification

329.283  1.236 279.95319.93305.81320.97176.87 2,8-Di-O-methylellagicacid

815466  25.034 653.30491.22635.27797.33329.29473.20 Syringetin3-rutinoside—7-glucoside

5,4'-Dihydroxy-3,6,3' —trimethoxy—7-

prenyloxyflavone

427131  32.941 406.92311.21284.26341.31252.19384.09

RT- 1.00 -40.00 SM TE

140 == MNL: 2 44ES

Eazs FeakF:

me
[50.00-1500.00]
M=
M= el _DW_10m
a=mi_3

3453

10

n

[}

@ Positive mode

m/z RT ms/ms Tentativeidentification

457.449 36.992 313.21 369.27 413.45 185.16 145.18 284.27 3’ -Hydroxysimvastatin

3585 37.4Z
AT

g% 73 ety B FEEY LC-MS/MSel 9% A& 4.
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) &=
T B FEEJ EA8E EHES negative mode 2 positive modeo| A FAEFR o,
A" FoEHL e 2

D Negative mode

m/z RT ms/ms Tentativeidentification
165.0283.03190.98163.00124.9830.979
209.488 29.72 50 5-Hydroxyferulate
309.23311.24171.06201.06213.04293.2  5,8-Dihydroxy-7-methoxyflavanone8-O-a
327534 29.69
3275.31 cetate
313.518 34.57 295.20183.11277.26195.11129.13 Crotaoprostrin
295.25296.20277.25313.26457.22195.0 . .
475.397 31.33 Matteucinol7-O-glucoside
6171.07179.02
297.47171.09279.31269.35311.24141.2 )
315.614 36.25 Lapathinol

2155.13201.10

327.21369.19342.06423.19250.05309.0 L
441.378 29.72 5279.18 Flaccidine

681.515 27.56 351.24,329.28,233.12,251.16,638.18 Tricin7-diglucuronoside

@ Positive mode

m/z RT ms/ms Tentativeidentification
211.357 29.687 193.30175.14195.89111.15 3,4-Dihydroxyphenylvalericacid
315.463 34.597 297.23279.28305.10187.07 Isoscutellarein7,8-dimethylether

==========

[50.00-1500.00]
I

Pt e _DWW_10m
glmi_z

ot
noa
n o
anlnnlnnln
m
o

o

B
Time (miny

a¥ 74 & FEEY LC-MS/MSH 9]

o
ox,
e
off
o
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(3) A9 opm =it =4

A, 5%, EEn opulmit x4 U0 e A R 55w

S_ ‘11."'71(_)_ ar
A E% glutamine?} glutamic acid®] $t&Fo] =i, FFdil A 9= 50|40 2 alanined
shafo] =Y. Y EY 8402 HA5HES vt IR prohnef A Gl d F
ol o] 7?’% Zol gHHA A= AS & F A

£ 110, A, S 2 g ofn it 24

Amino Oat Pea Sorghum
acid Mol%  nmol/mg Mol% nmol/mg Mol% nmol/mg
CYAV 3.93 26.98 0.65 16.96 1.36 10.14
ASXY 8.22 56.37 11.26 294.73 7.21 53.81
GLXYV 22.46 154.12 17.29 452.34 15.57 116.19
SER 6.20 42.53 6.17 161.37 6.00 44,74
GLY 7.86 53.90 6.74 176.31 8.01 59.80
HIS 1.55 10.63 2.88 75.41 2.06 15.36
ARG 4.64 31.83 6.52 170.66 3.70 2757
THR 3.76 25.77 3.55 93.03 3.93 29.34
ALA 6.51 44.65 6.45 168.66 11.46 85.54
PRO 6.76 46.40 472 123.44 7.16 53.46
TYR 1.40 9.59 2.05 53.59 0.55 4.08
VAL 5.84 40.05 5.45 142.53 5.84 43.61
MET 1.19 8.18 0.68 17.71 1.21 9.04
ILE 4.00 27.45 4.86 127.20 3.82 28.54
LEU 8.02 55.02 9.27 242.63 10.53 78.58
PHE 4.78 32.79 4.70 123.04 4.75 35.43
TRP 0.00 0.00 0.00 0.00 0.00 0.00
LYS 2.90 19.91 6.77 177.22 6.83 50.95
Total 100.00 686.19 100.00 2616.82 100.00 746.17

D CYA, ASX and GLX represent the sum of cysteine & cystine, asparagine & aspartic

acid and glutamine & glutamic acid, respectively.

4. g

SE

A4 in vitro 343 24 H7}

£

H

=
=2

4

7h AdEH

1) #AF 2 =2 FE99 kst 24 H7t

BB 2 Rubus coreanus Mique) &t Y (Morus bombycis var. rubricaulis UYEKDE 2012
date g AgExE 7 AA FHAA FYstg e, Q7 AMfruit of Acanthopanax
sessiliflorus) 9} =52 (Camella sinensis L)E 201130 2z} 9= AA 9L depd®= BA Tl
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A e RS AxE dHE skl AbgskATh

(7F) HFSEHEA AE dAe wE FE=R Ax
HE-S- 3 W 5 A (Response surface methodology, RSM) Al e u}z} 8o oete gk

_Zl__
XPE FE2E=X)E 2oz o 289 55F FATAHN-SEAA E (central composite
circumscribed design)ell Wt FEAS A FEAHE 111) 7} FZ99 DPPH ¥ ABTS
g Ziarss EUHE st duzaAsE 23] v 5 9 33 vhE A S o3,
1 Fighs o] &3kl SAS(statistical analysis system) statistical packages AF&3dto] 4]
sttt FEAL2 22 AlE 10 gldry basis)& 200 mle] —T—%%UHE gFFoA 1 h st
4 CTold 10 &3+ AR (4400xg) & A5
No.1 filter paper& 01%‘8}04 gerol 3t skglow, 23] RbE FEsto] ZF &0 T EodHE
st=F DPPH % ABTS gtz AA TS XA

iu
all
ni
N ‘101’

1414 414

219 75, Central composite circumscribe (CCC) design.

3t 111. Experimental conditions on Composite Circumscribe Design

Factor
Ethanol concentration (%) Temperature (T)
Coded Actual Coded Actual
0 40 -1.414 5
1.414 30 0 35
-1 11.7 1 56.2
-1 11.7 -1 13.8
0 40 0 35
-1.414 0 0 35
1 68.3 -1 13.8
0 40 1.414 65
0 40 0 35
0 40 0 35
1 68.3 1 56.2
0 40 0 35
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o

2
olf
A

FEA9 dOBaAs 574

2 A

_|J

7hH A=
20129 A gFolA Ate wetry B o & FEERHFH FE220 ©wE DPPH
2 ABTS gt Za7 59 Wsts ZAbstql

(h) #2999 A=
GrnaAs 4 99 A% FEUe AR 34 A9 5AeA AxsAn
old g = 4 40 gol 200 mle] =& 7}ske] zZ+ZF 5, 20, 35, 50, 65 °Coll A 1 A7+ —7}‘—%3}
Atk B AR el o8] fuE Foe g

1=

T2 7277 -?4*3}04 a —amylase$}
amyloglucosidaseS 45 °Coll A 24 A7t Alste] S LEFE st ¥ FE2=0 e

DPPH 3! ABTS #tt)Za7sS 2AMHAT

(3) DPPH &t Z47 s =4

gZo] =<l 0.01 mM DPPH reagent® A3 B Alxsta, FdF=dd 2 3siA
= 100 Lol 0.01 mM DPPH reagent 2.9 mlS % 7}&to] Ao 30 £3F o2l A
—ﬁf— V/Vis spectrophotometer(Beckman coulter, Inc., CA, USA)Z 517 nmol A &3
At F+-=2 2 L-ascorbic acidE ©] €333 T-HAFA vy = 3872x — 0.347(R*?

0999)E AR-g-ato] AREEA T

J

fou

Ay

A

N

ol
i

o
[)

MOE 1

_lle
_O‘L

(4) ABTS @tz 275 54

ABTSE& %S ABTSE 245 mM potassium persulfate® ¢ 7mME W51 9o A 16 h
S WAste] 734 nmoll A FF =gkl 0.700(£0.02)0] HEE A A FEA 100

Lol ABTS €9 3 miZ #7lelo] 6 % %9k 30 C HAelq w& F UV/Vis

spectrophotometer(Beckman coulter, Inc., CA, USA)Z 734 nmolA FZFEE 439t
ABTS @tz 2752 L-ascorbic acid 3 &o=2 ZTHFH y = 75ld4x + 0.249(R* =
0.999)= o] &3dte] ALetsla, 3WkE 453

. Ad4

(1) J2F 2 =39 DPPH ¥ ABTS #@uZA2A%s
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i 112. DPPH and ABTS radical scavenging

activitiesVofogaja,mulberry raspberryandgreentea®

Extracti
* I‘(flC. ton Ogaja Mulberry Raspberry Green tea
condition
EtOH Temp.
%) (C) DPPH ABTS DPPH ABTS DPPH ABTS DPPH ABTS
(0]
40 5 13.60¢  19.19« 13.79¢ 19.334 21.94# 26.84Y 148.891 152.60¢
80 35 7.06! 8.54! 21.38P 28.74P 25.45° 36.46% 162.15¢ 166.364
11.7 56.2 14.76¢ 24.73P 20.11¢ 29.39° 36.06° 48.69¢ 134.14¢ 131.82¢

11.7 13.8 13781 20.22° 13.40° 20229 24028  29.35" 110.67* 108.42#

40 35 1813 25531 20.09¢ 28.89> 3293  44.64%  163.09™  167.06
0 35 11.13° 1929« 18.36¢ 1872 26.07¢  28.38" 102.11# 97.95"

68.3 13.8 10.31¢  11.82¢ 17.65¢ 2394° 29307 39.27°  163.98™  174.33"
40 65 19.66* 27407 23.31% 3348 39.58" 5436 16592  171.92°
40 35 18.04>  25.20° 20.43¢ 2854 3278 44.31% 16373  16851°
40 35 17.85>  2515° 2095  2947°  3315°  4512¢ 16365  167.74%
68.3 56.2 14.68¢ 18701 23.49 34.36*  3567>  50.49° 166.73*  173.23®
40 35 1801° 2505 2093  2937°  3297° 4383 16386 168724
P 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

D DPPH(mgVCE/g dry basis); ABTS(mgVCE/g dry basis)

2 Means of triplicate. Values sharing the same superscript within are not significantly
different

(a=0.05)
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S 7k DPPH &t &
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T
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2o 2 e (p<0.01),

59l

A7}

9t} ABTS @z

A% e
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)
=

%
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+
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R

7Fsttt 7t

Hel elA =
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o 99.9%
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=
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=19 DPPH 2 ABTS #tld 2759 371w4 dx 44, oA 4 EF
F oo R frofsta, A 3R] RAGe] Z7F 97.69 B 95.91% % p<0.001
oj Aol AUt Oﬂ DPPH #t]Zt 2A% &R AFE A5 2 Jus
= Zzhe] dapdbe] frelHow yEston, ol& %

©

ully
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ol
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)
ol\
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i)

) #2ews) 274 Wek ove DPP 4 A% g @
FaAY dZRge gulo] dug & FEene] d4% 2 ous
o olAato] folH o YEREom(p<005), ABe FEe olAF Aft &9 g
A9 WS WelA FAs st oA wal o

=
2
=
to
—
wm
o, M
a
i
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Y
olr
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=
58 mgVCE/go. & ura}wn} ABTS am 7 iﬂ%-ﬁ— oﬂ
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B &} —%%%*94 DPPH % ABTS #dZ &A% &%
A, BER FZo0o] DPPH % ABTS #@dZ 2759 3984 Zéﬂr
BT BT 95%9 Al gE oo R fofsta, A I Ede] RG-S
2 p<0.05 FEollA ool ABHAN. AAITY FA8S Ao R, DPPHQ‘r ABTS E‘r
Oz a7 dalA= A, 242 Ak a8l olghE o] o) xd ATt frolAH o R e
Wk 1y T o] gis) v Ewe A A4 ARt fFolH R e o™ (p<0.05),
wEbA, ANOVA A3 FE2E%e] DPPH &tz AA T F4<Q 9&S YAt
(P<0.01). &g Fx= ABTS #HdZ LA S F249 J&S el

=2k FE4 DPPH 2 ABTS vz 2759 vbgxHe 5o 29 2 el el

o =2k FF99 DPPH 3 ABTS #Hz A5 e] 3724 A 44, oja4 9% &
T 99.9%9 AFeE olFoem Fofsta, A

p<0.001 A %4**01 AAH U =9, DPPH 4 ) K
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ABTS(mgWCE/g dry basis)

ABTS(mgVCESg dry basis)
ABTS(mgVCE/fqg dry bacig)

o e 11y b4
2% 77. BT R 53 FFele] DPPH do %2 SR,

2744, B, CREA, DE %

Q7R oY, HEEA 9 mxke] HA =5 27 Y& 93, superimposed contour plotS
ol g3l FEIH= MY oA HA FE22UE A dAdHE HH FF2 20 L oA
% Aoz odsEe HAFEx1AAY o =%+ DPPH

. A
W OABTS eZAASe @t AA F4@e W fASA et weEAnge] foly
A

2 g & Utk 4 AAH % HFol
AWM FelHolns Bes AHE WAGT FUHsS AR dehiE 35 248
485k Aol Agetta AnHATh £, A AAA/AFD Aot T4 25 A0
A ZEAe Beste A A AR 9B ¢F 5o FHOE AVIHE PAE YE F
W o] A9E FEAY Ao R FHEHES AU 2 5 Qe GadY $9
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F 113, ol F oA Fd R 9| 37 A5

DPPH? ABTS®

Parameter?
Green

tea
Intercept 13.36% 8.46%kx 88wk 7().03Hkx 10.42 10.88%#  13.48***x 63.11%**

Raspberry Mulberry Ogaja Green tea Raspberry Mulberry  Ogaja

Xy 0.39% 0.11%  0.34sxx  2.60%x:* 0.69%x* 0.30sx 0.39%xx 3073k
Xy 0.40= 0.35%sk:k 0.12 1165 0.63% 0.35% 0.24s5%k  1.18%%3
XXy -0.00x -0.00  -0.01##% -0.02%%%  -0.01x* —0.00%%  —0.01%%x —0.023%:
XXy -0.00 -0.00 0.00  —0.01#x: -0.00 0.00 0.00%%  =0.01 3
XXy -0.00 —0.00%%  -0.00  —0.01ss -0.00 -0.00  -0.00%#x  -0.01%*

) * %% gnd *** represent significance at p<0.05, p<0.01 and p<0.001, respectively.
2 X, and X, represent extraction concentration of ethanol(%) and temperature(‘C) of

extraction medium, respectively.
3 mgVCE/g dry basis

Sample Factor F-value
DPPH ABTS

Ogaja Ethanol 66.70% 3k 1767745

Temperature 15.20%x% 41253
Mulberry Ethanol 14.77%* 1542+

Temperature 70.823%% 32.1 1%k
Raspberry Ethanol 4.48 6.47

Temperature 17.65%x* 18.06%x*
Green

Ethanol 4186.323%* T78.98%%
Tea

Temperature 384.04 %% B54.12%#*

D * %% gnd *** represent significance at p<0.05, p<0.0I and p<0.00I, respectively.

E 115, HowkgxddA A5 2 AS3%

Sample Response”  EtOH(%)  Temperature (TC) Predicted Actual value
) DPPH 19.77 19.92£0.11

Ogaja 33 67

ABTS 25.04 25.89£0.36

DPPH 23.55 24.391+0.09
Mulberry 69 65

ABTS 35.44 36.91%0.16

DPPH 39.93 38.55+0.31
Raspberry 65 40

ABTS 55.6 56.22+0.27

DPPH 171.38 174.19%0.40
Green Tea 57 43

ABTS 177.56 178.81%£0.17
1) mgVCE/g
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(3) 4=% DPPH % ABTS @4z 27%

wolR gl o} =4 FEE9 DPPH % ABTS @tz &AASE 1 1169 2o & d=st=
o] &y kA E, DPPH &tz &2AF9Y A5E =& FE2EAA =& 3 7HA =
AS ¢ T Ak A AR YA F5 A M 2940 25+ 656 Tolr E=3k
olr gl wjsle] #=7F ¢ =2 DPPH 9z &2A S UEUo F ssddates dolst 4
#}Z Yl ABTS #HoZ 2A% 9A & #%538%E, DPPH gduzdA2A %53 vpz7bA
2 2o 2EoA 3% A § ¥/ Uedth ABTS #ul2 £A%E welwnt 54 F
golA o %7 Ueht DPPH 2tz 2759 Astsh 548 432 dehiglth 3, oy
@ arlve we eraM 22 A 0 EAdolGn AEE 4T 4 90
¥ 116. A=9 F==° DPPH &uZd 2%
DPPH(mgVCE/40 g) ABTS(mgVCE/40 g)
Temp.(C) Germinated Germinated Sorghum
Sorghum
barley barley
5 0.419¢ 0.668¢ 0.00424 4.121¢
20 0.502° 0.773¢ 0.0049° 4.652¢
35 0.522¢ 1.054¢ 0.0051¢ 4.867¢
50 0.843° 1.622P 0.0058" 5.226P
65 1.218 2.493¢ 0.0129° 6.085°
7. ZY3E FF 2 AFHY 7tE A AE HI)
7F AEuy
(1) A7 d&9 4A
= 24 $5 F b Be FddE B9 AL 54 0 3AUE A7 480
Ag9 B 2% Az A 5edom ZE @ 402 24%S 2T 4+ Jx ons
Atz ARl hEARAL BoheA T

2222 % 323 A 20592 2 902 2% 23 580 1Y 2%W 65 ColA 1
AZE B AT FAW YU Aol Azttt

(3) A3 A7

AF] M E FE T AFS F S e &5, ¥ 9 pHYl wE FF99 DPPH oz
275 WMEkE 2ARSEe] ThEAl /b S W7tk T, 25 C 3 80 TeolA, 4
< &3 (5000 lux) ¥ UV (253.7 nm, 2.1 mWem ?)°l 1 83l pH 394 ZHzF 168 A] 7HE ¢t
AstiA DPPH #tH 2 A% 43

rulo
e
ON
o =
%2
i
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o Adas

044

o
b

T2O96 120 144 168
Storage time (hr)

] L |

A Temperature:

C pH: o control, e pH 3

o 4T, & 25T,

o4 78

>

x
ne

1

B B o
b LU LA A |
Lol o Ix

B o =

fo rlo

ol
-
\.fi
>'_\|1_,

4 Jo n

i

Ut A < A w A o o
2

AV

)

(2) o9
'

oon | %

ol

- i

0.06

DPFPH % VCE, g/mL])

004

0.00

o H 48 T2 9%

Storage time (hr)

120 144 188

A Temperature:

C pH: o control, e pH 3

ORJiﬂﬂ

e e R -

DPPH (% VCE, g/mL])

5 B &

o 4T, & 25C, o 80TC; B Light:

1 79,

.I-I___.._S____A

o @ T = 10 44 168

Storage time (hr

o 80C; B Light:

2

2ol

} 042

51

g

g

L] L 4 n 96

Storage time (hr)

=

"

o
S
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120 144 168

o — - e i =

F ) a8 T2 95 120 144 168

Storage tima (he)

o No light, ¢ UV, O fluorescence;

o] w3},

O ZHE f(x)=yO+akexp(-b*x) 2]
=3

wWepx, #Zole] DPPH 2]z
2559 DPPH vz
o 80 T oAM= 72% A

0.04

DPPH % VCE, gfmL)

.02

000

o LI | oM 1N 144 1

Starage time ()

o No light, ¢ UV, O fluorescence;



4 DPPH &tz 27T AlzbE SAHFSZRY f(x)=y0+a*rexp(-bxx) ¥ E <]
A, 4T HFOZ 245 [R?*=0.7661) = A< ez} 42 Ri= 090172}94 e YE
ot F&99 DPPH &Yz A2ATE 4 C % 25 TollA 168+ AR Al 22 11%

g, 80 ColME 72% #astdch wahA, 249 F %‘«1 ZodE 9A H
2k FARSHA B REoA EAI Y] HoZd AATS AAsE AS o
FEF UV R @ 24 Ad= W e e DPPH @t 275 7Hast

s wEA, o FEHe W wFo giste] HlaA oF %) .

%%“94 DPPH &tz 27 %2 pH 3914 FZ4 o=z 74389, 1525 HAaFo
ok pH 301]*1 168 Azt 1 /\]Oﬂ% controlol W|3}o] 13% A st o™ A
= 2] 9

0 Z
[4\1

8 ZEH=A HE &4 R AFHEE 28 /8 22 &&= M4

7t AR

(1) Zgd=4 4 24 2 day &8 o= Alx

ZodEA dd 24 2 A9 g8 gEHY 27 £ 24 st gEW wEs
Fdex 50 ° C, die 2% 80 ° C, screw &% 200 rpm)ol

A% F twin-screw extruder(
3to] &S A Z3A

Ingredients
Mixing (by Kitchen-Aid, speed 1,4 min)
Sieving (60 mesh, 1.18mm)
Extrusion (90 °C/90 °C/90 °C/50 °C)
Drying (40°C, 1 h)

!

Noodle samples

7Y 80, EAEA A AAE A AZHEY) GEFR A=A,
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(2) Z8sA HA 24 H7b BE b =42

29 &% 545 93 AW 2ol 5 em= XLE}

Noodle strands (5 g, 5¢cm)

*

Boiling (100°C, 3, 6,9 min)

v

Draining (5 min)

v

Filtrate

v

Volume adjustment (200 ml)

y

Drying (10 ml, 105°C, 6 h)

y

Cocking loss (%)

i ) B e e

Weight of filtrate after drying

e

Distilled water (150 ml)

-
-

B\

ox

=)

v Cooking loss (%) =

(3) Hydrocolloid & ol W& HXx H]
HydrocolloidE o] &3to] =g

¢}
B Aol AE 54 wetag
L

steady shear viscosityE =43t
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3| . 06% (w/v) &
H, dAg A AmEe 90 °ColA 10 B3k dAg
Rheometer= ©]-&3Fo 25 °ColAl 0.1-1000/s ¢ &%= probe?]

o

=
AEE

Weight of uncooked noodles

ol
£EEE 7H7\1 371 98, WA ZF hydrocolloid £ /% #
c} =% hydrocolloid solutions #| %
S eto]  BluLskgh
Zals &

== 97t

F 95 g AYel ol&stdon, &
o z2ld 52 105 ° CellA 6/‘]7J 5
=2 E A

X100

)

£E=5 W3tA]
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BN
%
BN

<Sheeted noodles>

e

H
o,

7F

<Extruded noodles>

Ingredients

Ingredients

Y

Y

Mixing (by Kitchen- Aid, speed 1,4 min)

Mixing (by Kitchen-

Aid, speed 1,4 min)

A 4

A 4

Kneading (2 min)

Sieving (60 mesh, 1.18 mm)

A 4

A 4

Folding and sheeting (1 time)

Extrusion (90 °C/90°C/90 °C/50 °C)

v

v

Cutting (5 mm)

Drying (407, 1 h)

A 4

v

Boiling (100 °C, 6 min)

h 4

Coaling

(5 min)

A 4

Cooking loss measurement

=i}
=

H(E

)

<Twin-screw extruder>

¥ 83.

(ﬂ_
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Extruded noodles Extruded noodles Extruded noodles Sheeted noodles
at 70°C at 80°C at 90°C

I8 84 A=H(EE) gEE B g

AW FeE(GEd/gdAw)ed mE 784 Bd S5 AUyl 9k 9 2ol ¢EH
7 ddEe ARSATE ¢AWS Sheeting rollerE o] &3] A RFHow, PEUS
Twin-screw extruder< ©| &3t AZ3ATEH P$EH Ax A, A W59 FETFS 40%=
stal & &% & 70, 80, 90 °CE 3sto] 7247 AMEES AFxslte] & & e g4Ewe] 7t
444 24 8258 H7ts FA 5 g9 Y 4EHY WS B Ed 6 21 x2F
sto] 5&7F wiFAIZ] § 2P EY FAE S, AN S B3 Y §ERE A H

[e5]

L B Ry

b ZalsEd AR 2AC5A, o6 222)E WAE AFA@Y) AEAY x7 $2E
24

40 1 ac aC aC
s 301 aB aB aB
@
©
2 29 aa ahA aA
2
© 40
0+
Con | Green tea | Mulberry Con Greentea | Mulberry Con | Green tea | Mulberry
3 min cooking & min cooking 9 min cooking
Cooking loss (%) 3 min cooking 6 min cooking 9 min cooking
Control 13.22+1.97aC 25.16+3.08aB 33.0511.59aA
Green tea 12.90+3.03aC 25.91+1.04aB 34.37+1.06aA
Mulberry 16.25+0.36aC 27.37+0.50aB 34.5412.76aA

(Means followed by different letters in the same column(abc)and row(ABC) differ significantly at p < 0.05)

o9 86 F 117, EYEEAl Ad A Hbel mE AS"H@v]) gEHe] 22 &%
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7Fehe

=
[}

]_

=57

of wet 22 &

7t

=
[¢)

Az e AlREe]

w&o

gz ddaAe xe

ek mEA, &

Holx &

=
=

|

u) SHEwe

Bl
o
Hr

XA

X

—_

.vo_‘_
KR
el
=

Mo

iz

M
Ny

Nd

50

40

(%) ssoj Bupjoo)

10 -
0

Green tea+PP| Mulberry+PPI

Control

Green tea+PPI Mulberry+PPI

Control

34.80+0.52a 33.72£2.91a

25.93£0.63b

Cooking loss
(%)

(Means followed by different letters are significantly differentat p < 0.05)

* PPI : Pea protein isolate

19 86. & 118

iy

2l

HH

hSS

)|

o Z Heolt},

H 71Nk A AF] 7S

ar
=

d

)

2

(
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N

¢

F119. = Azbel] w2 W] g dSy(dr]) e 29 §5 5

Cooking time (min)

3 6 9
White rice 16.63+2.37bC 34.01+£1.33bB 49.38+2.65bA
CookKing loss
(%)
Brown rice 20.89+1.34aC 39.01+1.73aB 54.94+2.66aA
White rice 0.82+0.14bC 1.31+0.13bB 1.75+0.45bA
Swelling index
Brown rice 1.07+£0.18aC 1.48+0.19aB 2.151+0.43aA
White rice 0.45+£0.07bC 0.81+£0.05bB 1.02+0.05bA
Turbidity
Brown rice 0.90+0.04aC 1.18+0.01aB 1.26+0.02aA

(Means followed by differentletters in the same column(ab) and row(ABC) differ significantly at p < 0.05)

wulsl v 4EWel xel §FES BF AN, GRS BAG A, xe] Agre] F7Hl
wet wE QS Frhshe @S tehn, 58 wr) gEwe) He @yl gEEol o ¥
o e e AL fAdarh wn GEuel v dAn gEwe xd F 2 829 g
E7b B A4S dehuglsd oz dAn gEvel dugon dvel Gl Hu Aol
S} 2o vgel v ARAYRES dy TFea 9o Tar @ WS 2d F §F0l o
ol dojuk Ao AztE

(3) Hydrocolloid7} A A|&<2] % §&%o vA= 9 &4

(7}) Hydrocolloid & ol W& Mk dHlu #4

1000

—@-Gellan gum

—a—Xanthan gum
i H M Pectin

—#=Konjac

100 -
—a—MC

——HPMC

Sodium alginate

=4=Guar gum

—4—Carrageenan

Viscosity (Pa's)

01 1 10 100 1000

Shear rate (1/s)
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1000
== Gellan gum

—d—Xanthan gum
===HM Pectin
e ON jAC
==NC
—t—HPMC
——CMC

100 -

Sodium alginate
=t=Guar gum

~—Carrageenan

——Gelatin

Viscosity (Pa's)

0.1

0.01 T ; T
0.1 1 10 100 1000

Shear rate (1/s)

1% 87. Hydrocolloid®] €37 A, ¥ Hx= W3}

Hx =4 A3, gellan gum, CMC, carrageenan®] &g Ao H]3] 7@,113_7]- A EolA+=
A8FS Felstglon, o83 hydrocolloidd] EAS o] &ste] &&= A3t staxt

xanthan gurn7 ?‘j ] %— Lﬂ 7]-7<] %‘%—94 hydI‘OCOHO d‘g‘ %Ujoﬂ Z‘}%— ]Zﬂ)\q

(4}) Hydrocolloide] #7bel| & & ¢t&EHe] %8 5% H7}

<k-Carrageenan> <CMC>

50 50
— 40 - = 40 -
3 5 a a 3
230 £ 30 a a
g £ b
= 20 1 = 20 A
(=] (=]
L] L]

10 10 '

0 T T 0 T T

Con 0.3% 0.6% Con 0.3% 0.6%
<Gellan gum> <Xanthan gum>
50 50
a

— 40 4 — 40 -
£ £ b
A A c
£ 30 a £ 30 -
= ab b @
= 20 £ 20 -
S S

10 - 10 4

0 T T 0 T T
Con 0.3% 0.6% Con 03% 06%

% 88. HydrocolloidE %71t & k&= % &%
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0.3, 06% (w/v) %2 hydrocolloid &H4& A Z3 F hydroc01101d L AE st W OHE=E
< T H Twin-screw extruders ©o]-&3ste] & &S Ax3A L, 40 °CAAlA 1 A €&
A zx3A k. k -Carrageenan, CMC €48 7}35le] &S A X3 o“r‘oﬂ“f‘ |Ns ThetA &
S Ho ¥ 58 2 §EEF BHAoY o mE AFLE HolA=
gum &4 Ag 03% &AHoRE Axg fEFWHo 7MY we& xF EELEE YEMTH
Xanthan gum &2 FEo wE HAIAHES z¢ g <
hydrocolloidE W wign]d @& H71E e dEWe 28 F &5%
1 dFo] gle Aow vopHr),

(th) Hydrocolloid®] Z¥E A gd] & & J=He %7 &

n
k1
o,
N

<K-Carrageenan> <CMC=>

50 50
= 40 - = 40
£ £
w a w
2 30 - a g 30 -
g b o a a a
= 20 - £ 20 -
o [=1
L] L8]

10 - 10 -

0 0 - : :

Con 0.3% 0.6% Con 0.3% 0.6%
<Gellan gum=> <Xanthan gum=>

50 50
= 40 - — 40 -
£ )
w w a
g 30 - 2 30 - a
> a a =
= =
£ 20 - b = 20
(=] o
L] L]

0 - . : 0 .

Con 0.3% 0.6% Con 0.3%

19 89. Hydrocolloid® Z¥ 3 2 t=wo xg 5%

A7V FES} SHFE T8 | WSS HE §, Twin-screw extruderg o] &3] & &4
S AFxsko] 40 °CollA 1 A dF xR 0.3, 0.6% (w/v) F%E°] hydrocolloid & 9%-&
Azsle] Azd & GEWS S0 1027 @7 Z®W3I 7, oA 40 °ColA 1 7\]{} dFTx
stath. CMC9 xanthan gum I EAZE Zg &F=0 Hol& HolA koL, x
—Carrageenan® gellan gum® 2%, 03% =& ZHEAS w, F9Fo=z E] LZ257}
Taste 43S Bt Hydrocolloidd &< ¥ Az WHE AW AFS =¥ &3% A3

sholl A o r AlREH
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Hr

ﬁo

30

(%) sso| Bupjoon

30% 34% 38% 42%

Moisture content of noodle dough

26%

Moisture content of noodle dough

42%

38%

34%

30%

26%

7.75+0.88d 9.14+£1.17d 11.94+£0.27¢  22.35+1.34b  27.23+0.59a

Cooking loss
(%)

Expansion

1.241£0.11ab 1.16£0.10b 1.11£0.16bc 0.9910.16¢

1.34£0.13a

ratio

(Means followed by differentletters are significantly differentat p < 0.05)

9 90. & 120.

)

o
ol
i)

i+
i

et

B

A zgk F, 40 °C

TFarEol 26, 30, 34, 38, 42%¢%1 ¥

of we}h 3

7

=
[¢)

_Z_vl

=

)
._OO
To
)

fite)
N
Njo

)

)0

el

il

ENEY

ﬁo

- 146 -



20

T
[Ty]
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Sheeting

Extrusion at 70°C Extrusion at 80°%C Extrusion at 90°C

Sheeting

Extrusion
at 90°C

Extrusion
at 80°C

at 70°C

Extrusion

(%)

10.30+0.31c 17.45+0.83a 4.11£0.14d

12.46+0.97b

Cooking loss

(Means followed by different letters are significantly differentat p < 0.05)
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Atk AEe =5 2 C 7t S9= dHoll 283% Hdske]l SFA4H ALe F& A==}
ZAHY, ddEEe KW/mK) gtez yeist, =, ddeert 2 88445 oled 9%

FA™ w2 FA 50 g ®IFFe FA 075 gol Aw, FA 20 go] =& o] &35t wk=
712 F74 14 mmel R5S Axeia, A5 4 cm 93 AHE 2 ddxE S o]

< Thermal Conductivity Analyzer >

Application of a known current — temperature rise (2°C) — voltage change

e
_______________________ -~

Voltage change can be correlated with
thermal conductivity through a calibration
with reference

Voltage

= e

Sqrt (time)
v Thermally insulative 1 — the steeper the voltage rise.

2% 92 AAEE 247)9 g 2 AR,

v Adas

(1) FeolE 2 AFY 248 dAnE 57

Oh 2dx%x FH7|E ol &3 AW W= dHEE 4
06
y = -0.0031x2 + 0.0452x + 0.3545 Cooking time (min) K(W/mK)
R*=0.9927
/

0.5 | 0 0.352+0.010¢
2
£ y=0.0177x + 0.382
z R?=0.8168
v 3 0.470+0.017b

04 -

6 0.508+0.018a
0.3 9 0.516+0.011a
0 3 6 9
Cooking time (min) (Means followed by different letters are significantly different at p < 0.05)

a9 93 F 122, =2 Aol wE 27hF W ks AR
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ze) A7t hE WokE gGodw wEe] JAEEE 24 A, A7kl Zrhekel what
AAEE o] rhelE 4GS dlad. 2Nt mE ddnre] Was agze 1
Ebdl A3 vy = 0.0177x + 0382 ¢ 134 Htt y = -0.0031x* + 0.0452x + 0.3545 2] 2z}
O Ree AL FAsth ol @ Ane ze Algre]l Zsbgdl el talwle] s8 Y wst
4} AAWA 2o olg Aol x7] zel FAAA Wi Aoy Anz G2 5 9)

E 123 wE 2 ARYE) W lFe) ddEn

White rice noodle Brown rice noodle

K {(W/imK) Caontral
30% 40% 30% 40%

Before cooking 0.368+0.001Ba 0.356+0.004Bb 0.336+0.005Be 0.348+0.002Bc 0.341+0.002Bd

After cooking 0.484+0.002Aa 0.473+0.003Ac 0.480+0.008Aab 0.475+0.004Abc 0.462+0.002Ad

(Means followed by different letters are significantly different at p = 0.05)

WbEE wueh Avl= 247} 30%, 40% wiAlskel AR WSS AlZsAaL, X A 5
o o] iy A FE Uro dAERE FAHSAT BE AF 2y F dHERV}
Ze] Aol W& =4 #FHAG. 22 A3z F EF AVEE ¢gdW wkso] W] dn
A FARel Hs 7 o]

=]

F 124 2dEA A 2A(FAE oY FE=)9 T dE ot wE AxHE) |
L

Control Green tea+PPI Mulberry+PPI
Cooking time o 3 o 3 o 3
(min)
K (W/mK) 0.369+0.001c 0.437+0.008a 0.351+x0.002d 0.417x0.004b 0.349+0.002d 0.413+0.011b

(Means followed by different letters are significantly different at p < 0.05)

s AA 2AFA o1 FEE)9 F dudS &8st v 4w WSS Alx
St dxrezs LIHEE v E 16% A gdd visow sgla, 28 AE 3%
o2 st xe Az Fof HEEE 744 S48 A4 Ay, BEE AEe] =9 A
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Moisture content of cooked noodles (%)

Cooking time (min)

Brown rice

White rice

51.37+4.45cA

44.87+4.01cB

59.53+3.35bA

56.53+2.37bA

67.74+4 24aA

62.59+7 54aA

{(Means followed by different letters are significantly different at p < 0.05)
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o
Ton
R
o

Moisture content of cooked noodles (%)

Cooking time (min)

Green tea Mulberry

Control

46.86+x0.91cA 50.89+£2 . 61cA

50.21+£3.22cA

60.53+3.60bA 58.53+0.62bA

56.92+0.96bA

65.25+2 12aA

65.87+0.40aA

63.40+1.47aA

(Means followed by differentletters are significantly differentat p < 0.05)
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A 34, Egde R A9 & AAF B R UHE AVSA

Fo 7l

A

L 293 &4 A8 A" =AY F¢ 2 F2 54 24

AL

A

S, st7] 98l 7€ EF F=29 9 FE5E 573 FEE& At
At T3 FEFE EANAHAE el cellulase ALe &A 6% (Celluclast, Rapidase C80
Max, Rapidase TF, Rohament CL, Viscozyme L)< 71Z thH] 05 % #7}lste] 55 ° ColA] 3

AP BESR B4 AE e EYHEs AxsATh

fllo

dAgE s FA AN ZHE GotrE7] $138) 70, 80, 90 © Ce] FzeA 30 &, 2 Az 4
Al Bt dAEE Jdste] A ov EdsES Az B ayE 3 S
A&l FFEA A 40, 55, 70 © C oA HF 2P FaFo] 20 %7 2 WA AT FF7]
g g8t v55 At A% 21 F 1279 2o

(b =52 s FEUY g9

=219 7154 ZYdESs FE3] 8 Ve dF FES FI AdE 54 FE2:E =
2 dAYE o] ARE F=0EAY. 24AY 53 Z8¥me 49 Tannase, Viscozyme

= 05 % Agste] 55 ° CollA 3 AlZF ¥hgsto] T4 A7 53 HYdss AXSGAL, 5
T C3 AR dAYE B dAY =52 EHElEs AR

B gx % Ax 54
Ay AZo B A FEE 34 T TNI0 71715 &8s NTU @9z A
AZ o] A= MzHA (Spectrophotometer CM-700d)S &-&3to] L, a, b #S ZA3s At}
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AzzA g
Z8 dA = FEGA . qE 2 FF
22(TC) | Azthr) | 25(C) | 23 ETF (F%%) TEYH &I (T3%)
1 80 2 55 20 A5 05
2 50 2 55 20 A5 0.5
3 110 2 55 20 5 0.5
4 80 05 55 20 25 05
5 80 4 55 20 245 05
6 80 2 40 20 A5 0.5
7 80 2 70 20 25 0.5
8 80 2 55 10 25 05
9 80 2 55 30 A5 05
10 80 2 55 20 25 0.1
11 80 2 55 20 25 0.2
12 80 2 55 20 25 0.3
13 80 2 55 20 245 0.4
14 80 2 55 20 25 1
15 80 2 55 20 25 2
16 80 2 55 20 25 3
17 80 2 55 20 e 4
18 80 2 55 20 25 5
19 80 2 55 20 25 6
20 - - 55 20 25 05
21 80 2 - - A5 05
22 - - - - eSS FE 0.5
23 - - - - ArFE 05

4) & ZY9¥=E &% % DPPH 3itsts
% Z¥3¥E 92 Folin—ciocalteu’s methodE &3] #4389tk 10v] s|Ad ZeElds +
=% 50 uldl 450 ul9 37 SFFE €S FH 0.2 N Folin—ciocltuephonol A ¢S 25 ml %7}
5t Tth 7.5% sodium carbonate 2 mlS %2 H water batholA 50 ° C, 120 rpme =2 5 & &
oF W& A]7l % UV/vis spectrophotometer2 760 nmol A &3 =& =435It I+ A8=2
Gallic acidE AF839 1, Blank®E Gallic acid W4l 33 FHFE Abg3ste] =43k}
< a9 1% Zoh DPPH a4tste& oleb&dd %<1 0.0l mM
DPPH reagent® ©Hl8te] = dF=/del AgstA 34 F=E9 100 ulel 0.01 mM DPPH
reagent 29 mlE FHUFste] Ao 30 B oA wreAZl & UV/vis

spectrophotometer 2 517 nmoll A &3 =S =A 3t}

N

l

.

o rlr
f
Ac)
-
i
oot
ol
N o
ox,
)
g
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| sample 0.5 ml + DW. 0.45 ml |
!

| 02 N Folin-ciocalteu's phenol reagent 2.5 ml |
y

| 7.5 % Sodium carbonate 2 ml \
| (50%,80rpm,55)

| 760 nm ST 57 |

¥ 9 F E2YHs g9 54
A OmnTro - A AT a8
Inhibition (%)=H( Control — Asemple) } X 100
ACnnu-nl

2] 6. DPPH @4tsl gA Alxk4].

(5) &3t 24 =4

Azd 4, bEW A5 #ASEZHPOV) 2 AHAV) S #akst &8 SA A
HikstErE SAS WA AR 1~5 g& A EEaad AEd F 2hEREYE0E2) 39
25 ml= Yol #AE w3tk 23232 E 89 1 mle ¥ 42 §F ddA 1023t W
ARt = 30 mid ARAISS 1 mle 7Fe § 001 N Bl eIAHEFOR AAste]
Aol AdH= Ae FEHeR st T2 WHler FAPS A st v 24

ol At

A7F EHe WA NRE 5~10 g A% AABGAa AT F V21D EF
2100 ml ¥l §A4E HAch AEZGAA ANFS 2~3 FE dolmd F ge FANL
Y@ FRPoT v g PPOR FARL I/ Adste] thee £ Yo At

X7} (mea/kg) = 5.611*f>;(M— B)

2 8 a7k Ak
St A=l A M: A2¢ 0.1 N-KOH & An2k; B: Blank®] 0.1 N-KOH &< 2u|2
f: 0.1 N-KOH &9 factor
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Cooking Loss

Noodle strands (5 g)

°C, 6 min)

Boiling (150 ml D.W., 100

Draining(5 min) & Filtrate

Volume adjustment(200 ml)

°C, 6 hr)

Drying(10 ml, 105

Cooking Loss(%)

70

z¥ &&%(Cooking loss) 574 =}

i
70

il

Tor
Jo
ol

T

oy Zd¥=

w3k pilot Bl AE|A

g o= 48 A=E(GE)

3E
=

(MB), =zt

=
i

g 48 A

3Z
=

2]

I 78 % 7]+ 22 control,

9]

o

o
S
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o

o
<

]
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‘mo

o
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g Az

e
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oz

%7}
784

+-0)
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#E130. 84 AP o FEEY £4

MB ® ASEE | pppres) | BENTO) o

ug/g CA) L-value | a-value | b-value
MB_control 6348.18 31.15 989 7.31 32.98 11.17
MB_Celluclast 4930.00 4512 17.88 19.8 47.04 2792
MB_Rapidase C80 Max 4766.36 44.98 19.56 209 47.46 28.55
MB_Rapidase TF 4784.55 4498 20 21.83 48.01 29.79
MB_Rohament CL 4666.36 44.40 22.3 21.08 47.72 29.16
MB_Viscozyme L 4884.55 4571 15.26 22.21 48.15 29.84

ey ZgH=Ee FEUE ASE fs VE d¢ FEUY Ol ZE5E S oY EF

=2 Aistdt FEE0 Edds 3 2 s HgA S Al & A3 FES F

dols FEES dv 3o 4 Z&AoE AdHAT. w3 FFoE Aozl o Z9
FEES 24 2 EA499 4 N A4S sk 24 AT cellulase Al E 9

=
@] Celluclast, Rapidase C80 Max, Rapidase TF, Rohament CL, Viscozyme L & 6= %
sto] HlZ2ESI T 1 Z¥ Vsicozyme LS A &3t AdAdodA g /I 237 M =

vetstern F Egdls I w13 =24 fAHe AS @A F AAT

=

¥ 131 EAE oYy FEE9 FH4EA
F sy A=
MB DPPH (%) |E%(NTU)
(ug/g CA) L-value | a-value | b-value
MB_control 6348.18 31.15 989 7.31 32.98 11.17
MB_H 70 " C 4102.73 56.04 492 30.03 50.62 23.55
MB_H 80 °C 4448.18 53.28 5.6 27.75 50.46 23.17
MB_H 90 °C 4484 55 57.50 6.68 28.38 50.43 22.54

EF AAE B¢ o FdE FEE F4 AN YT A9, 80 T A 23
A gm AN Edt vad S5 & EdE 9P B B 4A45E AL g9 @
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() v FE2E A =240 A F W A8 HA5)
oY FEE9 A 93 FH A a3E < §F dAY 21 9 w5 21 HAg)
A&YsArt, E=5k o2k Au]l = HA st & b e AW F4 B3rkE g6t
=3
F 132, 2 FE= A8 AW FH4E5A
7}
TE |2 guaen | E5 =8 EIRNE- =R A7
O@i?iﬁgf a(;)o B e (NTU) D(P;:)H }(meﬂq/ig)} (meO}H/g)
1 4448.18 15 O O 5.6 53.28 4.0 0.20
2 3133.11 15.1 0] 0] 4.24 49.98 54 0.23
3 4652.44 15 0 0 7.32 52.65 4.3 0.20
4 2898.20 15.3 A 0 441 49.23 54 0.24
5 4818.47 15.1 A 0 7.21 53.69 39 0.19
6 4211.57 15.2 A VAN 571 52.17 4.2 0.21
7 4348.49 15.2 VAN @) 574 53.10 4.1 0.21
3 3231.21 15.1 A @) 5.66 51.03 54 0.23
9 4566.88 15 A A 5.63 53.29 4.0 0.20
10 2995.11 17.1 X @) 5.6 49.55 59 0.29
11 3513.85 16.5 @) 0 5.6 50.98 5.2 0.22
12 3688.18 16.3 0 @) 5.6 51.07 5.1 0.22
13 3801.08 16 0 @) 5.6 51.13 49 0.22
14 4201.92 14.8 @ O 56 52.46 4.2 0.21
15 4298.58 14.7 O © 56 53.01 4.2 0.21
16 4316.82 14.6 @) @) 5.6 52.96 4.1 0.21
17 4498.65 14.6 @) @) 5.6 53.16 4.0 0.20
18 4582.74 14.4 X VAN 5.6 53.45 39 0.20
19 4721.21 14.1 X A 5.6 53.88 3.8 0.19
20 3388.76 15.3 X 0 8.98 50.16 54 0.23
21 2621.48 174 A X 5.6 49.80 6.0 0.31
22 1377.88 18.8 X A 3.8 47.11 6.2 0.33
23 1466.36 189 X A 9.1 45.42 6.2 0.33
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2 EFE A

(th =4 Feldze 2298 2 F
w3 Belolise A% We 0 L gEel o BAMS AN e xa L dxe A
%
E

f

3 Wy Aet. aaHee A$ Tannase ¥ 2t] ZEds T2 QA a5 BId
Viscozyme L& % &3te] HAEE 3}t Viscozyme, Tannase ¥ F+ 7FA] &4 SgA T
% Tannse @5 AgatolA 7Hd =& 5% /4 @235 JelAA 9 Tannased 4% 714
AAHo] WolxaL 3 ] £ &oldo] vrol Al9stith. Viscozyme L& A2 g 4
= 1

st g5 JfAAA 5 ar %ﬂlﬂ]%“ S e =4 fFAHE HE g9 )
dxg 279 A +d AAS T 2714 o2 AASIY AES JAYsAa, 1 F 121
C 3 AIZF A3t ATolA ¥ & F Zgds dFY 3 828 BAAT J=st A
g2 ek A% WalE Qg AW HE A F2 AE YT AR AtmH o] AL EATt
¥ 133 24 % dAg 53 FEE9 FH4EA
%= =3 A =
A DPPH(%) €= (NTU)
(ug/g CA) L-value | a-value b-value
GE_control 3569.09 82.25 489 97.78 -3.96 11.75
GE_E_V&T 3469.09 84.36 5.58 98.39 -2.64 10.63
GE_E V 3442.17 83.16 6.12 98.34 -2.98 11.01
GE_E. T 3432.73 85.20 494 98.54 -1.83 8.29
GE_H95_3 hr 3378.18 84.61 5.65 96.01 -2.51 25.71
GE_H121_3 hr 4943.33 83.57 476 92.29 -2.31 34.92
(2) 7154 ZYd9 = A& Pilot scale AW HXEE
7h Zg 9= —7—%% HE gAHE AW EA
Lab-scaledl A A& H A vjdS vlgo g 5 kg 59| pilot scaled]A] A™ H2EEZ A
gt =71 A A g 2 w5 ¢ ALY A4 AEE AR FH AWes sk
AAI R lab scale?} ThE2 A pilot scale 28 Al £A4 F AW FAAA WHFo] RS Fo] i
Hol W Aol HAstR] e Aoz AGHA oo HFE AW Ax FAHANA 54 F
A AQstar MasH o ol F=EIEES 40% A 35% Z FAAA AHIAS A A
EAo] t] Folxong SRS wdl /%2 ST 20 W E=x ZEdE FEE A
79 AS FEE XxgH 13 FHFS Aok FHFT vt FEIFS -39 &
A Az YA 29 969 Zr}
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% 59 g
AlE A M5 (9hAH) AR A m(Ew)
Control (14.9°? 5.6
MB 5 55
GE 4.6 5.3

W97 2] 1= o) A 3 7 7k, D 72-S columnStoll A T Eletter £5% - 2] 5 5 oll A 2] 2 2} o] S} eI T}

ME: Mulberry extract, GE: Green tea extract

2. Eg¥l=E FE=3 AW 549 EaA 24
7h A

(1) ¥ sample A%

ZYdE FEE AW FHAAMY FFE dAlTS ] 8, F 1359 & W AsE
S Az3A T

Alga> AA G2 (Pea protein isolate)s ¥ W YA &2 AT SE A5, iz
T W (LA WA g g ) Y s FEE(EA R oY) #JUF UE
fdow #A4s Fdsdn. A7HFE retal, F7Fe did s WA 42 WE 7|E "ol

# 136, FddlE FEE2S H7HE 9 sample A5 9% Y =4

o,
gus Flour (w/w, %) = ME GE
- wrE AR PPI = 7R A 5 () () ()
Wheat+Rice 70 20 - 1 9 88.57 - -
Wheat+Rice
70 20 - 1 9 0.67 88.90 -
+ME
Wheat+Rice
70 20 1 9 0.67 - 83.90
+GE
Wheat+Rice
60 20 10 1 9 2.30 - -
+PPI
Wheat+Rice
60 20 10 1 9 2.30 88.90 -
+PPI+ME
Wheat+Rice
60 20 10 1 9 2.30 - 83.90
+PPI+GE
* Wheat 27}
* Rice &7}
* PPI Pea protein isolate
* GE =2 %%, ME (21 5%
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20 g sample + 200 m¢ 80% ethanol

Sonication of 15 min (x2)

Concentration by vacuum evaporation (40 T)

Resuspend with 2 m¢ 5096 methanol

o Adas

g ¥ = YAA 9 targeted profiling
HPLC-ESI-Ion trap-MS/MS< ©|&3lo] Ik, 2t FZF& tAAIeF A7]ie] | A
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=
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¥ Wheat + Rice flour + Green tea ¥ Wheat + Rice flour + Green tea

_Negative ion mode_S-plot _Positive ion mode_S-plot
104 PTT——— Lt s s 0 4 &y u B "
| . _,\-lg Y . . .
ol h o U
| r :‘.. o .
06 . a
| + | Wheat+Rice flour+Green tea " .t Wheat+Rice flour+Green tea
D4t aut .
{ 1 . .
02y a2t
£t z 1 [
ka0t 5 a0k
i b
E L
024 a2t
ey [4f .
1 .
06 461 .
Green tea I . f Green tea
08 an .
1 [ Y . i
T - e ANt b o kil
S08 00 H04 D0F 003 OB 004 008 D08 040 012 004 045 00 020 02 0N 0N 03 0M 0% 006 006 O 00 000 002 O 006 ODF 080 042 O0M 016 8 0N o
Al i
R2x[1] : 0992835 R2X[1] : 0.860211

a9 99, 53 FEEY 7| Hol| ¥ ZEdE A E9 OPLS-DA(Orthogonal partial

least squared discriminant analysis) &29.

v Wheat + Rice flour + PPl + Green tea v Wheat + Rice flour + PPl + Green tea
_Negative ion mode_S-plot _Pasitive ion mode_S-plot
10 :‘“ PPCR U . 10 'ﬁw unm:l.lw‘:lunn TS e
bt N H
08 1 ot SR 08 o,
L N
06 AJ { 4 " 05 . Wheat+Rice flour+PPl+Green tea
e Wheat +Rice flour+PPl+Green tea ‘
04 [ 04 N
l=A .
02 ;‘ . 02
z ¢ =
§? 3 §o
02 } 02
.
04 i 04 .
s
08 ‘} 08 | Green tea
N Green tea
08 N l}‘ 0 al
da f»‘é ‘
A07 te Aae 0] ea uiammld

040 005 -000 0 010 045 020 025 030 035 006 004 002 000 002 004 006 008 010 042 044 016 018 020 02 04

oli] witl
R2X[1] : 0.849273 R2X[1] : 0.985222

a9 100, =AF FEEd wded del dd EYds ARIE 2l OPLS-DA(Orthogonal

partial least squared discriminant analysis) #4.

@ LC-MS/MS targeted profiling

Sk FEEC H7ME 71E AT 2383 W) AR AE & 1367 1370 E2Ed EE
B gALA Eo] il A} 5 2go Bojats Ao ® FelE ) Negative ion modeol] A &
2 tanninA 9 (procyanidin B2-gallate, procyanidin trimer), hydroxybenzoic acid #A<
(protocatechuic acid hexose, galloylquinic acid, glucogallic acid, digalloylglucose)2] 3}3H& 5 o],
positive ion mode®] 4 = flavonols Al & (quercetin), hydroxycinnamic acid Al € (chlorogenic acid)
o] 2450 F8 A& gAARE A HUTH
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¥ 136. 7] W 58S e E 52 FEF S 89 E dAFA (Negative ion mode)

m/z (THI]TI?S Amax ms/ms Tentative identification reference

Protocatechuic acid hexose
315.15 350 279 153.03, 164.99, 225.03, 109.10, 195.04, 181.12 (3,5-Dihydroxybenzoicacid- METLIN, Han et al

O-hexose)
191.00 2.11 266 111.04, 17297, 129.01, 85.25 Isocitrate METLIN
343.11 267 275 191.02, 169.00, 125.02, 299.06, 325.07 galloylquinic acid Del Rio et al
331.14 181 273 169.01, 271.08, 211.00, 193.03, 125.04 Glucogallic acid METLIN
. METLIN, Hvattum et
345.16  3.79 273 183.01, 225.01, 285.04, 167.99 Methyl gallate-hexoside y
, METLIN, Mammela
483.07 7.78 273 271.07, 331.12, 313.09, 169.00 Digalloylglucose ;o
et al
L . METLIN, Tsang et
865.23 15.02 276 695.14, 577.14, 739.21, 407.09, 287.04 Procyanidin trimer o
633.10 9.02 274 300.98, 463.03, 614.03, 275.01, 331.05, 22897 HHDP-galloyl-glucose Soong et al
353.16 8.21 280 191.03, 179.08, 135.10 Chlorogenic acid METLIN, Han et al
729.14 1581 269, 343 577.12, 559.12, 407.12, 603.14, 441.11, 289.10  Procyanidin B2-gallate METLIN

¥ 137. 712 WY AaFES el E 53 FE2E I E23E AR (Positive ion mode)
Time ey e
mz (min) Amax ms/ms Tentative identification reference
309.08, 455.14, 611.14, 757.21, 303.03, K .
919.21 23.89 221, 316 419.16 Quercetin derivative METLIN
355.08 8.17 274 162.91, 337.08, 144.97, 135.02 Chlorogenic acid METLIN

= 3h F X3 AH) AlsdAE E 1387 1399 g ~EH
Z s thAtAlEo] A AT A& wofsts Ao ® <l H lth Negative ion mode?]
X+ F = tannin Al € (procyanidin trimer), flavanols Al € (catechin dimer), hydroxybenzoic acid
Al 4 (protocatechuic acid hexose, galloylquinic acid, digalloylglucose)®] & #& E9], positive ion
mode°l 4] = tannin A € (procyanidin dimer, procyanidin trimer)2] 3g&EE50°] 8 28 thAFA

L R b
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E 138 ROUWNE W3 FEAES el 54 FEE dF FddE BAA)

(Negative ion mode)

m/z alrfrlle) Amax ms/ms Tentative identification reference
633.10 9.02 274 300.98, 463.03, 614.03, 275.01, 331.05, 228.97 HHDP-galloyl-glucose Soong et al

Protocatechuic acid hexose

] o METLIN, Han et
315.15 3.50 279 153.03, 164.99, 225.03, 109.10, 195.04, 181.12 (3,5-Dihydroxybenzoicacid-O-

L
hexose) ?
) METLIN, Hvattum
34516 3.79 273 183.01, 225.01, 285.04, 167.99 Methyl gallate-hexoside ¢ al
et al
343.11 267 275 191.02, 169.00, 125.02, 299.06, 325.07 galloylquinic acid Del Rio et al
e METLIN, Tsang et
865.23 15.02 276 695.14, 577.14, 739.21, 407.09, 287.04 Procyanidin trimer .
o Respeé:t of
579.10 11.51 279 289.08, 245.05, 203.04, 469.15, 179.07 Catechin dimer )
phytochemicals
. METLIN, Mammela
483.07 7.78 273 271.07, 331.12, 313.09, 169.00 Digalloylglucose ¢ ol
et al

(Positive ion mode)

m'z (Trr11r1rr13 Amax ms/ms Tentative identification reference
579.15, 715.18, 427.09, 407.10, 289.05, . . METLIN,
867.24 9.44 202, 281 Procyanidin trimer
517.13 Rockenbachet al
4277.10, 291.05, 289.05, 409.09, 453.09, o ) METLIN, Tsang et
579.10 947 203, 281 047 03 Procyanidin dimer ’
. al

= AR E9 PCA #4 23
sheld = AU 4 AlmEt
[e)

o

o] 2l ZelvlE dAAlE

)
o o
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v Wheat + Rice flour + Mulberry v Wheat + Rice flour + Mulberry

_Negative ion mode_S-plot _Positive ion mode_S-plot
10 el § b dim & i Y 10 AAAMLAA A A4 L AL [ Ay s a - 4
e ' ‘ N
08 st 08 R
& .
.
08 .y . 05 )
o' | Wheat+Rice flour+Mulberry Wheat+Rice flour+Mulberry
.
04 b 04
02 02
- - .
E 'h S
= 5 -0
02 . 02
. 4
04 . 04
.
08 “ d 08
.
" Mulberry Mulberry
08 “a 08
A0 " ia o P A0 & e s st
9% 4™ 945 0 405 0W 05 00 015 0 03 03 010 a5 000 005 010 015 020 0 030 03
sli] it}
R2X[1] : 0.851855 R2X[1] : 0.961486

I 101, oY FE2EY 7|E Wl d/3H ZgdE dAAE 9 OPLS-DA(Orthogonal partial

least squared discriminant analysis) &27.

v Wheat + Rice flour + PPl + Mulberry v Wheat + Rice flour + PPl + Mulberry
_Negative ion mode_S-plot _Positive ion mode_S-plot
10 i Y s asa 10 GafBEALALY MM AL L & Y N . "
4 N
08 o 08 .
adg .
i 06 .
'8 ¢t # | Wheat+Rice flour+PPl+Mulberry Wheat+Rice flour+PPl+Mulberry
04 . 04
.
02 02
£ z
£ 00 £
2 =
£ L %
02 . 02 ‘
LR
04 - 04 .
. .
05 “ . 06 . *
N Mulberry Mulberry
08 08 .
4 l.
1ot e P .t m Y SRR
125 Ru.i) 015 0410 Q05 00 005 040 015 00 02 018 010 008 -0.00 008 010 015 020 05 030 038
] i)
R2X[1] : 0.879358 R2X[1] : 0.953563

Iy 102, oY FE=9 i dHel| e Z8 s gAAl 9 OPLS-DA(Orthogonal

partial least squared discriminant analysis) #4.

@ LC-MS/MS targeted profiling
ey FEEo] MU 7€ WARAVLFE X3 W) AlgmolA s E 1407 1419 g 2E ¥ =7
HE A So] Gl An 435 28 Holst= Aoz FAxg . Negative ion moded] A=

“Fanthocyanins 7 €4 (cyanidin-3-glucoside, cyanidin), flavonols 7l <€ (quercetin—3-glucoside,

=

quercetin—diglucoside, quercetin-rutinoside-glucoside), hydroxycinnamic acid Ad
(caffeoylquinic acid, chlorogenic acid)®] =& & 9], positive ion mode®| 4] anthocyanins A&
(delphinidin-3-rutinoside-5-glucoside, delphinidin-diglucoside, delphinidin hexoside), L#] il
hydroxycinnamic acid A€ (dicaffeoylquinic acid)?] 3}gtEE0°] 2 28 AL Z 453

ot
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* 140. 71 WY FEAES e E oY FE8 3 89 E AR (Negative ion mode)
Time e
m'z (min) Amax ms/ms Tentative identification reference
285.08, 241.09, 339.15, 199.17, 303.13, 437.12, o ]
46512 2563 280, 516 16113 Taxifolin-hexoside Mammelaet al
44715 2542 280, 518 285.07, 429.09, 327.08, 201.03, 241.07, 269.10 Cyanidin—-3-glucoside METLIN
Protocatechuic acid hexose
. L. METLIN, Han et
315.07 10.39 238, 507 152.99, 225.01, 109.05, 164.99, 195.03  (3,5-Dihydroxybenzoicacid-O-h .
al
exose)
19091 1.88 252 111.06, 172.99, 129.01, 85.30 Isocitrate METLIN
241.06, 257.05, 271.04, 147.04, 125.03, 162.98, o
285.09 25.60 247, 519 17506 Cyanidin METLIN
609.24, 463.14, 301.07, 651.13, 753.23, 727.15, . . .
77123 2462 247, 518 55,15 Quercetin-rutinoside-glucoside METLIN
515.12 17.07 249, 518 353.09, 190.99, 323.05, 497.13, 161.05 Caffeoylquinic acid METLIN
) ) METLIN, Mullen
463.08 25.11 243, 517 301.04, 377.11, 419.11, 257.05, 191.02 Quercetin—-3-glucoside ¢ al
et al
. . METLIN, Han et
353.10 20.79 248, 519 191.05, 173.04, 179.03, 285.11, 135.06 Chlorogenic acid o
o . METLIN, Mullen
625.20 24.06 248, 519 463.09, 301.02, 505.07 Quercetin—diglucoside ¢ al
et al
I 141 71 WY A5 EES UedE oY FE5E 34 E23E dAFA (Positive ion mode)
Time e
m/z (min) Amax ms/ms Tentative identification reference
. .. . METLIN,
773.19 2447 247, 520 465.08, 627.13, 303.01, 611.15  Delphinidin—-3-rutinoside-5-glucoside .
Sadilova et al
L . . METLIN, Tian et
627.20 2395 248, 520 465.07, 303.03 Delphinidin-diglucoside ol
465.08 25.37 246, 517 303.03 Delphinidin-hexoside METLIN
. . . METLIN, Carini
51712 2836 249, 520 355.06 Dicaffeoylquinic acid ¢ al
et al
ot FEEo] Hrd Eouwa H(ArE £33 W) A BoAE F 14237 1439 g 2E 9
Zg ¥ E YA Eo] "W Ay HJ5 2o Aolsl= Ao w FelFEHA Y. Negative ion mode©l]
2= F2 tanthocyanins 7 <€ (cyanidin, cyanidin—3-glucoside), flavonols 7€ (quercetin

diglucoside, quercetin—-3-glucoside, quercetin—-rutinoside—

=4E9], ion

acid) 9
(delphinidin-diglucoside,

(caffeoylquinic positive

hydroxycinnamic acid 7| € (dicaffeoylquinic acid)®] 3}
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delphinidin—3-rutinoside-5-glucoside,

= ==
F=Eol T8

glucoside), hydroxycinnamic acid # &

moded| A=  anthocyanins A€
delphinidin hexoside),

g A = 24 = v

T



3
—
S
£
M
L)
AV

juv)

Mz Wi F52AES Y= oY FEE S ZE s A
(Negative ion mode)

m/z (Tmulrrlle) Amax ms/ms Tentative identification reference
285.08, 241.09, 339.15, 199.17, 303.13, . ]
465.12 2563 280, 516 Taxifolin-hexoside Mammela et al
437.12, 161.13
44715 2542 280, 518 285.07, 429.09, 327.08, 201.03, 241.07, 269.10 Cyanidin-3-glucoside METLIN
609.24, 463.14, 301.07, 651.13, 753.23, . L .
771.23 24.62 248, 519 Quercetin-rutinoside-glucoside METLIN

727.15, 505.15
241.06, 257.05, 271.04, 147.04, 125.03,

285.09 25.60 247, 519 Cyanidin METLIN
162.98, 175.06
L . METLIN, Mullen
625.2 24.06 248, 519 463.09, 301.02, 505.07 Quercetin—diglucoside ¢ 2l
et al
Protocatechuic acid hexose
. L METLIN, Han et
315.07 10.39 238, 507 152,99, 225.01, 109.05, 164.99, 195.03 (3,5-Dihydroxybenzoicacid-O 4
-hexose)
51512 17.07 249, 518 353.09, 190.99, 323.05, 497.13, 161.05 Caffeoylquinic acid METLIN
) ) METLIN, Mullen
463.08 25.11 243, 517 301.04, 377.11, 419.11, 257.05, 191.02 Quercetin-3-glucoside ¢ ol
et al

F 143 2Eldd Wy FsAges dEle oy FEe g Eds dANA

(Positive ion mode)

m/z (Tnl]rlrrls Amax ms/ms Tentative identification reference
L . i METLIN, Tian ef
627.20 2395 248, 520 465.07, 303.03 Delphinidin—diglucoside ol
L . _ METLIN,
773.19 2447 247, 520 465.08, 627.13, 303.01, 611.15 Delphinidin—3-rutinoside-5-glucoside .
Sadilovaet al
465.08 25.37 246, 517 303.03 Delphinidin-hexoside METLIN
) o . METLIN, Carini et
51712 28.36 249, 520 355.06 Dicaffeoylquinic acid ;
al
=2kt oY FEE i Zgdls gAAE FAA AW Ao A Ay wk§-sho]
Frol5Fol A ol

WARA S grE szl 9, A A E e R 5%
E =9 s4& AASATGE 144, 145).

52k FEE] AT, W AR EAS= o 50001 ) o] thALAl T, 40-607H 9] R = Ho] M
HAxL HFHoZ oF 10/ FEI EYHE AR SHEATHE 144).

+ 2F 4009178 ¢] tiAFAl 5, 50-14070¢] xR ZHo]
°F 10709 Fad EYds WAAIZE FA S ATGEE 145).
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¥ 144, AW 34 F A} J5288 s 53 FEE G Y dE gAY Al
Samples Total ?giegggﬁl Identification
Wheat+Rice flour+Green tea 537 61 10
Negative
Wheat+Rice flour+PPI+Green tea 547 56 7
Wheat+Rice flour+Green tea 334 42 2
Positive
Wheat+Rice flour+PPI+Green tea 321 36 2

3145 A AR T @A AsAEete oY FEE I Edds diAbA e A

Samples Total ?ﬁ?gﬁgﬁl Identification
Wheat+Rice flour+Green tea 425 151 10
Negative
Wheat+Rice flour+PPI+Green tea 428 140 8
Wheat+Rice flour+Green tea 112 58 4
Positive
Wheat+Rice flour+PPI+Green tea 129 48 4

Aeletd, 52 EdlE FE=AAE FE tanninAl9 9 sg=EEo] @
&) 3} , oF&l 9] procyanidin A2 HAFA 7}

]

ox
fols
2
oo
Q‘L
e
rH
N, 2
0 U
oX,
K3
N
£
_0|L
rr
N
o
il
-] G
o
i,
32
R
AN

Procyanidin B2-gallate Procyanidin trimer
ot ZYdE FEEJAAE FE anthocyaninA g o] 3stESo] dulzste] z2go7 W
A TS T AoE IJAHAL, cyanidin? 1 ¥iEA EJEC] F8 dAAZE 28-St
Aoz AT
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Cyanidin-3-glucoside Cyanidin

7h AR

Lo

A gL vl

(1) Zelds-adwW4d 239 haze formations T3 34

b A=

A BAdA ik Zaket A& a4 ALtE et E EEHE FEAAE AFESA
© ™, Sigma-aldrichA}2] tannic acid®} gallic acidE A& 3131t

() F=H99 A=

e YE(-80 O\ o] #AE& AHgstdon, Sxk= Adxd JdHe] =& A& AT

wapEEA e =32k 10 goll 200 ml% ZHF+E 7}8Fe] shaking waterbatholl A 65 °C, 150 rpm,
1 A F=E3A0 =3 oq Zde ot W FEFFS 1uddte] 4531 g¢ 2vd 164.69
mle] FFTE 7tete] 2& 2oA FE5AH

(th & A=g=F =4

=3

=% Folin-Ciocalteu” s method& °]-&3to] FA43drt. 84 9o F%E 50 L
of &4 450 L= 7}staz, 0.2 N Folin-Ciocalteu’ s phenol reagent 2.5 ml¢} 7.5% Na,CO;
2mlS A7Fste] 50 ColA 5 E7F wEES AT O] Hkel 5 UV/Vis spectrophotometer
(Beckman coulter Inc., CA, USA)Z 760 nmolA FHF=E SAsAY. & Zdds &5 3
3] Rk SAI}PeH, ZEHTFA y = 10.573X(R2 = 0.998)= ol&3to] gallic acid 33 %
(GAE).= Axtetdth. eyFEE9 SAF2ES | =3 272 g7+ 13156 =+
0.23, 41.08 = 0.58 mg GAE/ go|t}.

i

_

ofy
&l
ﬂiH‘

(2h) Zods-did 23 Aoxg B4 &4
02%(w/v)sE=2o @A gNS water bathollA 40 °C, 120 rpm, 1 A7+ shaking a+= 5
02%9] ZYHE FEEL2 H7F T A2 °C), A=(25 °C), 11240 °C)ol A Z+zr 24 A7+

- 170 -



b A=
Sigma aldrichAF2] protease from Streptomyces griseus(type X IV, >=35U/mg)< A}£3F3

=

(b @ud R EAE A8t Eeds-vid Ao Aad Frt

AZzE 01% @Mz gA] 1 U/mle] Protease from Streptomyces griseus® A7l 3,
HA L2l 40 °ColA 2 AIZF Wk AT 2 Fo ZEYdE FEES HUMsle] & F 24 A3
WAl 71T oo = 5500 rpmoll A YA, @ﬁ%a 02 um A¥A IHE ZeFrh b4
o F HEdEdEs SAHst dExa b A dd HUbe T s Es %E 7
AbsE At

. d724%

£

Z F:ll—I: H]ﬂ

| -1

(1) Z2¢d -z %3 haze formations 3+ &34

Pea protein isolate(PPD¢} 2t F&E A}o] 9] interactione A 2(27.99%)o A 11-2(11.75%)
B} o] dojy= AL AT F Ao Gelatin®} Tannic acid interaction S A] &%=7}
= 74

oA TS FJsAgo] Fde AEFS B £ vt AW Gelatin® Tannic acid A}o] 9]
AT AL 31-2(80.40%), A2(87.08%) 5 kol 93 QdegE A WA kol WE 2EWS
el A e daags 7HAe AS & 7 AT v PPI9F A FEE] 448
I2(31.06%) A A2(26.39%)Htt & dojih= ASR Hol L7l Zoldas ek ezt

= Ades A & 7 Ul

100

B0

E 60
=
-]
2
B
z 40
= 27.98 26,55 28.56
20
0
PPI+ME PPIGT
19 103, ZY ¥ E-99 2 %3 haze formationS =3 234382 % Bl
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(2) @ Tt aaE A Eote] Zeldle-dud o] A eyt Hrt

Zds-dWd o8 did s A (protease) & H7HEE ol A BF A EE

A&ol vttt I o= @] ks el weEk EabFol oA Al Hof A A
A E = haze?t Jojx A4 o2 02 um syringe filterZ o3} A o] 27} 52| 7]
mEolgt AtRET LU FEEE PPISH 845 HUbeAS o A9(658%) E4E
H7bshA & (11.75%)°l wa Faatge] A AsiEe s dEE  dden,
ZaAFEE A G428 HUEA S W(16.74%), E45 H7bekA ek w(31.06%)°l W] sl

Bdazgol ol AdHe As B F AAvh AN gelatin?} tannic acide Ebatol]l Bl 8}

HE 4 Fosss 7HA7] el E428 A7 S(7537%)0] aas HIbehA o2

7

]
4z o8 2 Adass g 2.

100
80

&0

WWithout protease
MWih protease
31.06

Interaction (%)

0 15.74

a9 104 @ E Tt s A8kl Eede-dd daAge Aaad Honh

4. A A EYHE/aRd FLLe2M9 Vs A A7 29 9
7h A9

(1) ZYdEy awd HJrbgdd 71&s 25 AW 3999 wign &9

UrbFet A7tEE FAVEANY] W8 55 E AMESIH o™, pea protein isolate(PPD)&
Roquettert2] NUTRALYS® pea proteinA &< A3, #HAFAE-S Emsland groupd] Al
E AJYEHFS Sigma aldrichAte] A &S AF&3H3 T

}01

(2) Az9 W AE o5t 54 B

e

b AWFAA
AW kool wElel B EE FHES Wrhste] wEe] $RIFFL 4002 Hol

a
o
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Kitchen Aid mixerE ©|&3}o] 10 &£ 471 (Yongma machinery)ES ©|-83}¢]
W=l FAZE 1 mm7t HES ‘3}%04%3} HoyEZE 2 mmrt HES dEse F, W
S3A AT 95Fe] 100 °C AR 7] (Tefa)E o] &3te] 10 3 S5k}, npxjg o2
90

71(KFR-1201, Kaiser)& ©]&3}o] 150 °C ol A

P HN
ol o &

w257l 98k R heometer(ARlSOOeX TA Instrument)ol pasting
cell& A4ste] ALgstAth Algsv WWsS AMgstdon, s24x10x & &3, 283 100
meshAol A& AEZ A-83F3 . Pasting celloﬂ ANz 3 g E 25 mE Yol 435901,
Az 50 °C - 90 °C - 50 °C(heating—cooling) = %1 8 5} 3t}

%%8]—/\,\1:]-_ pan-= o]'%oﬂj‘i 3 A e FIEAAL
m, AEE 20 °ColA 100 °C7HA] #Fstgon, 7Fd& %= 10 K/min, references H o] glE

pan< /\}%6} AT},

(2h) W Fx2AE5A

& Ao wWE FAAXI F field emission scanning electron  microscopy
(FE-SEM)(S-4700, Hitachi)E& A}&3ted H HHe Fx7 EAS #EIAY. AlEe
aluminum stub ¢l carbon tape®} &=+ % ion sputter coater(15 nm, E-1030, Hitachi)Z
A&3te] Eo] 40, 150, 500 W gtdjste] xHET 25 ST

(7)) X-ray 3|d& ol&3st W Nk=9] AXFx #F

X-ray powder diffractometer(D.MAX-2500/PC D5005, Rigaku Corporation)< ©]-&3fe] ™
Hhso] AE AATxE BFedon, Ads WS 3 -7H20)> 5-40 ° o], diffraction
intensity= 40 KV 28] 32 100 mA©°]t}.

] E
Hel "’z EA4S #Ee7] 918t texture analyzer(TMS-Pro, Food Technology Co)E

°F 5 cm Zol2 Zet #E EoA 4 ¥ 30 23t £9F T tension testE
sttt Rmax#ta Wol oy #o12d we] = YEhul™, extensibility(E) gt ol #
o)X 7] A7FA Y HAWE Eold AYE e

(A Fd¥ <] Cooking loss =4

25 g9 ¥ WS 200 ml 29| cooking time(4 & 30
g Wg 20 ml 33 THRFE o] &3
L

2 E5 105 °C =gfo] oA &

B F AE o8&t A
M 2 23 Ao B &

71 % cooking lossZ Al AFsho]

- 173 -



Cooking loss (%) = &% 9 A4 / &AW FA x 100

219, Cooking loss A4k

4. 4723

(1) Eelsl=st aud Aol /12S 2 AW b5 wg

i)

ol

7 AW -] wf e

A g o wiges 2E Ho AAARETL 1% AJHEFS dojF dHolA
control®l e A WI7IF7F 90%E 2338t Utk AHLS UIF 20%E A7FFE g A S
Tolw, mxleto g PPIHS AW u9ro] PPI7F WrMREE F7ME 10% HAE ol AA
s AW F9d o] wigelE E 1460 YER AT

3 146, ¥ =

&

S Azkgel 71Ee BE AW shedel W 3y

Flour (%, w/w)

Sample Wheat Rice PPI Potato starch NaCl
Wheat noodle 90 - - 9
Rice noodle 70 20 - 9
PPI noodle 60 20 10 9

W s FAYS W A7EFE HUES o] AUFE W Hghe] Hh=eo] HETE EolA]
L AL Bgtom, FUIE wuds A A Aush dobdi A¥e A% gtk
T oY FEES HUEE S W FEE W 9o dFoE Qo] tixtel HlE Hhso
el Goble AL GelE & flon, LT A ol FAT 5 AT
F 147 Y FEE HUF B9 w54

RVA parameters
Hold Break Final
Sample Peak viscosity ) ) . . Set back Peak temp.
Viscosity down viscosity 3
(Paes) (Paes) (C)
(Pass) (Pass) (Pass)
Wheat 2.3310.05" 1.28£0.02>  1.05%£0.02® 2.90+0.05 1.62+0.03* 94.0%0.14°
Wheat+ME 2.28+0.04" 1.25+10.01> 1.03£0.02° 2.69+0.03 1.44+0.01¢ 94.0%+0.31°
Rice 2.49+0.05 1.35+£0.03*  1.15%0.02? 3.01£0.04° 1.67+0.028  94.4%+0.00?
RicetME 2.52+0.122 1.37£0.05*  1.10%0.13? 2.90+0.09 153£0.03> 94.41+0.64*
PPI 2.18+£0.07" 1.26£0.03>  0.92£0.05° 2.6910.05"  1.45+£0.06° 93.0£0.07°

PPI+ME 2.18%+0.02° 1.23£0.00"  0.95%+0.01° 2.57%+0.00¢ 1.34£0.00¢ 93.1£0.07"
ME : Mulberry Extract, PPI : Pea protein isolate
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Sample To(T) Tp(C) To(C) AH (J/g)

Wheat 56.2%£0.4¢ 63.9+0.4¢ 71.7%£0.1¢ 8.191+0.1°

Wheat+ME 5711044 65.00.0 72.6+0.14 7.828%£0.0¢

Wheat+GE 56.2%0.1¢ 64.0%+0.4¢ 71.4%0.4¢ 7.266+0.34

Rice 57.3+£0.14 64.8+£0.2° 75.2+£0.5%¢ 8.694+0.1°

Noodle dough Rice+ME 58.1+0.0° 65.1+0.0P 75.0+0.2 8.260£0.1°
Rice+GE 58.0+0.1" 64.5+0.1" 75.0+0.2 7.891%£0.0¢

PPI 575+0.1¢4 64.5+0.4" 755+0.3%® 7.222+0.14

PPI+ME 59.5%0.1° 65.8+0.1° 75.7%+0.2? 7.015+0.14

PPI+GE 59.1%+0.4? 65.0+0.3 74.7%£0.1¢ 6.494+0.0¢

GE : Green tea Extract

To @ Onset temperature, Tp @ Peak temperature, T¢ : Conclusion temperature

¥ 149. Flour?] €4 &4

Sample To(TC) Tp(C) T(C) 4H (J/g)
Wheat 56.3+0.24 64.0+ 029 712705 9.24%0.0°

Rice 59.9+0.1° 68.4+0.17 75.240.1° 15.13+0.3°

Flour Potato starch  60.6=0.1° 655+0.1° 71.5+0.1° 13.48+0.20
PPI 65.2+0.40 85.6+0.6" 92,64 1.1° 6.75+0.19

(ch) "o 724

FE-SEM= Ap&ste] W gwe] x4 545 Bets o, "ol AW network®th o
F7t2 A7t S W networkE & FAgste sow B
A7bebals ol szl Hlel EEdlE-dwd des)

o
FAE Aow AEET(1d 105).

Sk £ Felds FEE
]_

o Astel 7=

(&) X-ray 54 3
WAES AR pe A 3
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< ol Aol Aol Wt intensity7b SobA = e AT Ao, EHdE-
FaAgol Ao A dole &S MAA wdkuE & AJATHZE 106).

D252 e =t ; ..
a9 105 Wel x4 54 (5000)).

A Wheat noodle, B : Rice noodle, C : PPI noodle
D : Wheat+ME noodle, E : RicetME noodle, F : PPI+ME noodle
G Wheat+GE noodle, H : RicetGE noodle, I : PPI+GE noodle

PG

PM

PN

RG

RN

Intensity (CPS)

5 10 1s 20 25 30 35 1)
Diffraction angle (26)

2% 106. X-ray 3| HE ol &3 W v AR x HF
PS : Potato starch, WF : Wheat flour, RF : Rice flour, WN : Wheat noodle
WM : Wheat+tME, WG : Wheat+GE, RN : Rice noodle, RM : Rice+tME,
RG : Rice+GE, PN : PPI noodle, PM : PPI+ME, PG : PPI+GE
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2 BT 5 AT TP PP Fod FEEL WD 2
HAEF F7Feto] izl wla) i Aol Ego] ¥
W4 54 Tgel ¥ 1500 e

® 150. Wl HA, & g
Tensile strength
Sample
Rmax (N) E (mm)
Wheat 0.179 £ 0.0017 13.31 £ 0.05*

Wheat+ME 0.197 + 0.015® 1328 £ 0.29°

Wheat+GE 0.188 + 0.008® 13.80 = 0.46*
Rice 0.140 = 0.001¢ 9.15 + 0.28
Rice+tME 0.151 £ 0.007¢ 9.95 + 0.07°
Rice+GE 0.150 = 0.009° 971 + 045
PPI 0.179 = 0.003" 691 + 0.38¢
PPI+ME 0.197 + 0.003 759 £ 0.01¢
PPI+GE 0.188 *+ 0.004% 811 *+ 0.06°
12 -
10.61 ¢ 10.41 .
10 | g18°2 e 9.40° R eae
%
3 5 ]
§
5 |
2 |

¥ 107. ¥ 9] Cooking loss.
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(H}) et o] Cooking loss =4
A 7FFH 9] cooking losst® 25
S #EE F

gl networkell 2Jste] F27F ©eksle] 9.18% = A A9
SEAIRE o]l H7FEHA R Al Fx7t sl weEl cooking loss 9

Al 1061% % AAA He As AT 5 vk skARF PP H7EH WA e 271 A st
Al =o] cooking loss HAl FojE1, 3 Zdls FEEC H7tE A5 ZYdes-d9d
Aol PAHo met W] Fx7 gL disHA Ho LYFEE, SAFEES HUbg
9 cooking loss7} WIZFF W AF+= 9.32, 922‘777}11 st AS 4 F AU

Cooking lossol gt zAeF A3t= 19

5. EdE-gdid-Adolasxd HFagd wE AW A nA= 4F &4

7F A3

el dolgaAgstes HHE MR =2 < A Gl | o} F
q dlexAs Fx Ze Aol FHAE dough AHOA weAZl AHolw AWHAE=
kneading F-ol WAl 7]&= Aol WES A 7FE 10 ¥, 20 Eo =2 o st

v Preparation of TG-incorporated noodles

| Dry ingredients | | TG + NaCl + Water |
L |
)
| Mixing (speed 1, 4 min) |
TG TG-dough TG-strand TG-knead
——.-E' T ¥

Reaction
(40°C, 10, 20 min)

v

| Kneading (2 min) I

| Kneading (2 min) E

| Kneading (2 min) |

I Kneading (2 min) |

Folding and
sheeting (5 imes)

Reaction
(40°C, 10, 20 min)

Folding and

sheeting (5 times)

)

v

Falding and
sheeling (5 limes)

Cutting (5 cm) I

Folding and
sheeting (5 imes)

Cutting (5 em)

Reaction
Cutting (5 cm) (40°C, 10, 20 min) Cutting (5 cm)
~ "

| Texture measurement (tensile tast) |

a9 108 dolEaaAey AWTA.

(2) X-ray 3|d& S TGAH W) 2AHY £4
X-ray powder diffractometer(D.MAX-2500/PC D5005, Rigaku Corporation)< ©]-&3to] TG

g W oRkse diE AAFZE #EEF o, AFS g IH7 (20) 5407 o],
diffraction intensity= 40 KV &3 100 mA ©]t}.
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(3) TG AW dwd d7|ds Ay 4]

AAYZ 9 A9 transglutaminase(TG) A 2] sampleg & 271 %33 th. Sample We| ©)
AS FE37] Yot buffers A ZskAh. Buffer= Tris-HCl buffer (pH 6.8)5 Svj=
2%(w/v) SDS, 10%(v/v) glycerol, 3%(v/v) B -mercaptoethanol =z 0.01%(w/v)
bromophenol blueE F7}stth. 28] 3L 1 ml bufferd] 50 mg9 sampleg Yo+ F, 25 /\] 7k
vortexing3t 4 th. 18] 1l 587 #+ = TS F, 3000 g2 5 B 4AE
o] loadstAtt. gele 1 mm T4 =, 12% separating gel®} 4% stacking gel® o] F o] 4 3}
719 %2 stacking geldlA 80 V& 3 E ™ separating geldl &= 120 VE %
Precision Plus Protein™ Standards(Bio-Rad)E standard marker® A}-& 3} t},

LR B Ry

(1) X-ray 81d& &3 TGHz We AAY =4
ATV, A7EE AR diffractometry®  sharpshAl WERLE wbE, TGHE W HEE 9
=

peak= o]&] o] Aol wet intensity7} HFolAlE A& AT & o, EYdE -
G gsztgo]l A AAFoE TS vAA XS L T AJTHITHE 109).
PPI
WF
g
£ RF
PS
PN
PT
™
TG

5 10 15 20 25 30 35 40
Diffraction angle (28]

a9 109. X-ray 3|d& 53 TGHy WA ¥tx9] AEFx 37,
WE : Wheat flour, RF : Rice flour, PS : Potato starch
PN : PPI noodle, PT : PPI+TG noodle, TM : PPI+TG+ME, TG : PPI+TG+GE
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Aol gie] WAkl 0 Y A9 viscous property7b FHaE 91aL, WE-E-A]7ho]
elastic property+ S 7}38kil viscous propertys #Ashes AE@S deEbwth Wl A4
7

=
&4 HbES A= elastic property9} viscous property’t EF FFAGHE A TSE

XN
2
o
(R
O

o o
i
o
3L
i

Dough AEjl= H-3A171 Ao+ elastic property”’} Z7}8tal viscous property”} 743k
AE st Adnt. Ao 3 20 B HALEQ 40 ° CollA] wrg

Aol &4 E kneading 3ol
g5 S7HAE A2 E 110).

0.75
g .
8 05
E: ..
025 |
.I.I
D . : _—
o ] 10 15 20
Distance {rmm)
s eitro| —TG T G-Dough-10 T G=Strand-10
TG-Knead-10 e T3 Dhrag 20 e T(3-Strane-20 TG-Knead-20
R max (M) E (mm})
Control 0.50+0.02¢c 17.65+0.63a
TG 0.59:0.04b 14.24:1.03b
TG 10 min A 0.58+0.03b 13.43£0.76be
TG 10min B 0.4820.04c 967:0.77d
TG10minC 0.58£0.11b 10.68+2.67c
TG 20 min A 0.59+0.04b 12,96+0.95d
TG 20 min B 0.55+0.09b 10.3322.83d
TG20minC 0.6420.04a 12.44£0.82¢c
(Means with different letters in the same column differ significantly at p <0.05)
1
075
z
-
g
£ o5

025

10 20

Distance (mm}
e Co1itr0] TG w—Creen tea extracts s ulberry extracts
R max (N) E (mm})
Control 0.6120.04c 16.77+1.41a
TG 0.76+0.04a 13.68:0.91b
Green tea extracts 0.69+0.06b 12.5310.82¢
Mulberry extracts 0.77£0.06a 12.33£1.ddc

{Means with different letters in the same column differ significantly at p <0.05)

Holg ot Zeldls FEE0] 29T

ol
gtol 3t o). ®3k viscous property? A¢+= WERT
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Mulberry extract

Green tea extract

(Means with differant lettars on the bar are significantly different at s < 0.05)

g 111 TG A2l =

Control

2
1 4
0

() ssauuuId

s}

(3) de]

(o) e 1o

Mulberry extract

Green tea extract

Contral

(Means with different letters on the har are significantly different at p < 0.05)

a9 112, TGA el w

o

on

e =AY

Ton

el

i)

oF
ﬂo
o}
M

o
ToR

ai
o
-

A
=

2l

Bl

4

1 kskor, Rk

e

!

4
o]

=

o
o
Ton

=)

N
)

i

(4) TG A ¢

—_
fite)

or
o
el
o]

- 181 -



100

s o M - R
T OB KT ~
Temmperature ¢C) o Zo ]_ﬁl ._&ﬂ o M,:M
8 e s " . A w B
_ T R = o m
oF A oy o T _mw ‘emﬁ
TEAL U E S x
g o M A oy X M 5 . o+ &
- .m B _ = ﬁE —_ = 0 & o 3 o T
E = M g . o B o) R z w5 22 o 3 w8 o
mmmm um.. n_AvO Mur:._ ny 2._0 ‘ﬂAII NE <1 Zﬂ % 3m nm -
TTTT [ ¥ W o = iy o E
g oy B ) % ol
N o o T M RE g ur o T
e gr 4 o W ~ & g
I ;On_ ‘U_l el o8 o o = X 0!
e NN s > | 88 83 88 a3 7 ¥ +
. o KN 2 s | 8e 83 Rg rg |[& X
= I s %
gp  PRIZY (L Es
N E = iy N oy o | 88 =28 & g3 g " o
A e " T % 0° = .| & | 33 83 o6 g8 |} = =
oy ®oo ooy T Ry A 1 89 |2 % wp ™
" T T oy wp BR : ok O o)
@) o MM ae o g m = e
S ¥ wmpd s fx TE
i . oo W T A og| g o8 o g § = )
(ap] e ! o + 2 wﬂ.._.l I~ ol 7] G 1=
= o T R oo 2 | §8 BE kg =S¢ % oy
= S AT S I R 8% 89 89 is |5 © Bo L
1 ‘mmU @E Erl vAL ‘I_ﬁl ‘m 01_ ﬂwﬂ H © 5 ] S o ‘mw loH
T JXI [ g 0 ;
T QWEME% o ! - ﬂwﬁmﬁ
A i 3| B C%s
0 ; — 5 R® — T
ny e ca Wﬂ M_ 0 g o - E M R ol !
I s 7= 3 T oo
T o ) w M ™ o)
- 2 o T o [y w & & E 5 e
(s-8d) AIsoasip - © T do wp ol TN T o
e B g O
X o _ O_l ‘FI._W ,UrA oy ,OI io)
) N To ‘UF dw.l» o_L —_ N
T E#E ) X 1X_IL N
O o ay He -
s 2w 9 o )
ShF mwp ™ = wm =
o) B T E T S-a £y
=
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=9

Oy 114 TG Azde] dwd d7|ds -,
1 : Wheat flour, 2 : Wheat noodle, 3 : Wheat+PPI noodle
4 : PPI+TG noodle, 5 : PPI+TG+ME noodle, 6 : PPI+TG+GE noodle

6. 2Y3E JE &4 R AFHE 28T AW 7hE A7 Fo

7h AN

(1) Bsls A9 24 2 4592 B89 FAW T Ag 13 B

71 EZH s =

ey

9 2418 A AFAE) AW A Az

Ingredients

v

Mixing (speed 1, 4 min)

v

Kneading (2 min)

v

Folding and sheeting (5 time)

v

Freeze-drying

v

Blending and sieving (30 mesh, 600 um)

v

Noodle powder

a9 115 E9dlEA Ad 2AE "o A

]
:
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o A&

Ho
N

—_—

OB
B o

rvze]
_Z# I
Jo
W
__oﬁ_u

HoEA d4

3z
=

A= A (3]st

taoem A AQE 50 gl &2 075 ¢

S

e 15% = thA|
I Kitchen Aid® 4jo] <£uk=

75
7}s

©
=

el

S
=

= 20 g

AA(F7 1.4 mm, Z2°] 10 cm)

A =

Al 2o} 30 mesh

05 g& 4 6 mi¢t 4ol+ %, 3000 g = 25 &

A Z 5 A o}

o o]gs}

A4

44

b

"o

i
]

o

—_
fi%e)

i

o

~

Noodle powder (0.5 g) + Qil (6 ml)

Mixing (25°C, 30 min)

Centrifugation (3000 xg, 25 min)

Weight measurement of sediment

OAIl Calculation

0
o
0
A
w__.o

) X_l
;Owu

v" Qil absorption index (OAl) = Sediment weight / Sample weight

JJo
~

_#o#a

il
70

wjr

(th o] 2=

af

A5

KeN
=

3] starch pasting cell

CellM 1 &

AMEE 98 % 5= WHEo] 50 °

b o,

23]

of =

T CHA FHA

i

i
i
i~
B

—_
fite)

A

—_
fite)

2 =9

=
T

719l A flell EelEa FA 500 gl

_—,ﬁﬁ
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et

3

2.

dle]

1
e

2 °C 7t& =4¢

=
=

o 2=

2

o

o

=& 5 50 gof @rbFe FA 075 g9

12

=]
R

It} qrelw

-

A
Fo] vh=7]2 /4 1.4 mm¢l W=

o] 5]

2, FA 20 g9 BS o] &

°

Al

=
=

2] 7]

3z

g 79z &
=

(vh)

1.4 mm 9 F7¢ 4 mme Zo=

1

<]

-

_—
%)

o
o

Ton

gl

%o} Diethyl ether® 3=

H

t}. Soxhlet

Ingredients
Mixing (speed 1, 4 min)
Kneading (2 min)
Folding and sheeting (5 time)
Steaming (100°C, 5 min)
Deepfrying (150°C, 50 sec)
Cooling (25°C, 1 h)
Instant fried noodles

il

[e)
[}

=31 05 cm 74, 2

=

=

Thickness of noodle sample (mm)

F: Appliedforce (N)
Length (mm)

skl
L:
W Width (mm)
T:

5

7}

]

hy2

5]
3
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to] Three-point bending test
11.

50 mm/min &=
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=
\ Breaking stress (N/mm32) =

7S 7 =(Firmness) &

Texture analyzer
cm Z 09|29 probe®



st7] flsto] 7FEARS APk o5 fldte] 60 ° C
dry ovenol A AAS st 4 F3 7 Dol & HA FAFETF (meqO2/kg,POV)E =A 35}
aFE =0 93 A A AAZIHE At 2R WS Accelerated solvent extractor
(DionexTM ASETM 350, Thermo Scientific, Waltham, MA, USA)E o] &3] F&313t. &=
Aol Hl 2+ DaejungAte] Aleks AR&stiow, A& A ofA EAE
SEEXE EFY (32) 26 mle =591 F 23t ettt E &Y 1 mlE HIlstodE & ¢
AeA 10 #3F B#sta, 1 % 30 ml /T

Iml ¥& % vpx|5 oz 001 N E|Q3AUEF F=89 (F=1.0000S A&3te] 24359

i
ik

(o)) gAme] g 54 24
]

Kieffer extensibility rigE ©]&3F Tensile test® AW Zg & 2% EAHS EA3 Y.
£% 33 mm/s2 50 mm7bA AS Fold A Foldzl A wE 3 %)\*Q %7‘3“3}912@,
g 717

Rmax @& E #S 53 AAEALS 2439 Y. Rmax a2 Wo] #ojA]7

2 3S YEH, EzrS Rmaxitel A7 7b4 o5 3d 78S vebit.
U 4324

() Eelsls A 24 2 AF9L T8 FARe] FF A T B

Con Green tea+PPI Mulberry+PPI

Soybean oil 2.08+0.03a 2.03+0.04a 2.06+0.07a
Canola oil 2.07+0.04a 2.05+0.05a 2.09+0.06a
Grape seed ol 2.0410.03a 2.07+0.04a 2.11+0.07a
QOlive oil 2.11+0.08a 2.08+0.03a 2.19+0.07a
Sunflower oil 2.11+0.08a 2.04+0.06a 2.09+0.02a

(Means with different letters in the same row differ significantly at p <0.05)

AP Ak, 54 BRel BARl fH4 FAS FAHA Ao F molx @gron], Eel
A AQxA] Fqel MAAE HFolE molX gk M F4 FASE F49 FF



of wel HA JF T

A go] fA4

N
_Eﬂ

o)

30% Brown rice

15% Brown rice

Con

1.84+0.00a

+ 1.84+0.00a

1.82+0.00b

Soybean oil

1.86+0.00a

+ 1.86+0.02a

1.8410.02a

Canola oil

+ 1.86+0.01a 1.89+0.01a

1.87+0.03a

Grape seed ol

1.89+0.02a

+0.01a

1.91

1.88+0.02a

QOlive oil

1.88+0.03a

+ 1.84+0.00b

1.88+0.01ab

Sunflower oil

(Means with different letters in the same row differ significantly at p <0.05)

bol 4§25 S

1)

el FS 15%9F 30% o=

W dvz "WrhEE o

A

B
o
Hr

&3

X

gl

Fo Bdoen Al

of we FA]

13
=

d

Z

KN
=

o] we ojn

1
“

5

) 9]

ff of] =

@l o] ARGl wet 3

el

ol

il

o)
M

Jo
=
_#o_.h

0
o
el

X0

Temperature (T)

o o

(5.24) Aysoosip

800

G600

400

200

Time (sec)

=15% Brown rice =——30% Brown rice ——100% Brown rice =—Temp.

=N -

profile.

JJo

jzel

0

A

2 Ho]~E 3

ol w

i
=

a9 118, A== (=)
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% 153 AFF(@v) el wE dojiE HAE
c 15% 30% 100%
on : i i
Brown rice Brown rice Brown rice
Peal(<Pv:§)osﬂy 215+0.04d 2.26+0.02¢ 2.47+0.02b 3.96+0.01a
Throu(slgz’ha\./:)COSIty 1.27+0.01d 1.35+0.01c 1.48+0.01b 1.79+0.03a
Bri;l;ic))wn 0.88+0.03¢c 0.91+0.02¢ 0.99+0.01b 2.17+0.03a
F'”a('PV:_;"S'ty 2.67+0.02d 2.83+0.00c 2.99+0.01b 3.58+0.01a
Setback 1.40+0.01d 1.48+0.01¢ 1.510.01b 1.79+0.02a
(Pa's)
Pegkeg)me 308.01+1.98a 307.35+1.15a 307.34+1.14a 281.66+1.15b
PaSt'r(‘?C)temp' 57.23+021b 56.90+0.50b 57.27+0.23b 60.57+0.23a

(Means followed by different letters are significantly different at p < 0.05)

Aol gepol FAU4E AL gol Ao Frhes AL Ueith WARE ghol
GEe A w53 A4 SRR wedt Ae dsar. odw Ad, A
Wrhe ol ARe] S4o] B2y Wi 7 die] WE o] T2l vpepd

e A& Hr}
RAow wolr)

(th d=g(&>v]) el e ih5e] dd=e &4

< Thermal Conductivity Analyzer >

Application of a known current — temperature rise (£2°C) — voltage change

________________________

=g Voltage change can be correlated with
- thermal conductivity through a calibration
with reference

Voltage

Sqrt (time) . ;
N Thermally insulative 1 — the steeper the voltage rise.

a9 119, dAE% 24719 g 2 AR,

- 188 -



30% Brown rice

15% Brown rice

Con

k (Wim-K)

0.371+0.001Ba 0.354+0.001Bb 0.339+0.003B¢

Before cooking

0.421+0.008Ab 0.420+0.004Ab 0.432+0.013Aa

After cooking

(Means followed by different letters in the same column{AB) and row(abc) differ significantly at p <0.03)
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After cooking

Whele wheat flour + mulberry extract

m Whole wheat flour + mulberry exiraet + dextrin

0.440

0.420 -

2 g
T @
(=] o
(- Lupan)

0.360 -

:

8

o

Apanonpuiod [ewusy |

0.300 ——

Whole wheat flour + green tea extract

A

[

After cooking

= Whele wheat flour + green tea extract + dextrin

a

Before cooking

0.420

0.400 -

g

o
(1w n) Ay

2
]
o
ARSNPU

;

8
Eo
(=]
jeLsy

L

0.300

Before cooking
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Mulberry+PPI

Green tea+PPI
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