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SUMMARY

It is well known that milk easily deteriorates under the light due to lipid
oxidation initiated by photooxidation of milk lipids. To avoid photooxidation of
milk, singlet oxygen should be removed or quenched. Anthocyanins has been
known to have singlet oxygen quenching effects due to their molecular
structures. Comparative antioxidant effects of anthocyanin, a— and S—tocopherol,
and B—carotene were determined in photooxidation of cow milk under the light
during storage. Anthocyanin was prepared from wild grape, and methylene blue
(MB, 100ppm) was used as photosensitizer. Degree of lipid oxidation was
determined by headspace oxygen content (HOC). Samples were stored at 4 and
30? under light (18,000lux) for 8hrs. Oxidative stability of cow milks containing
methylene blue significantly reduced under light at both temperatures. At 47,
addition of MB to milk significantly reduced HOC from 22.74% to 17.95 within
8hrs. HOC was, however, maintained at 19.55% when 1,000ppm anthocyanin was
added to milk and MB mixture. This result clearly showed the strong antioxidant
effect of anthocyanin. With the increase of anthocyanin concentration up to
1,000ppm, the antioxidation effect also increased. No significant effects, however,
were shown higher than 1,000ppm of MB. HOC of milk treated with §
—tocopherol, a—tocopherol, and [(—carotene were 19.51, 19.12, and 19.12,
respectively. At 30?, HOC of control sample was 18.48 after 8hrs storage. HOC
of milk treated with anthocyanin, §—tocopherol, a—tocopherol, and 3—carotene were
19.30, 18.64, 18.56, and 17.86, individually. In conclusion, anthocyanin showed the
highest antioxidant effect at low and room temperatures, while [B—carotene
revealed the lowest antioxidant effect in photooxidation of milk.

Singlet oxygen quenchaing activity of seventeen different juices obtained from
fruit and vegetable were monitored by a system of rubrene oxidation induced by
a chemical source of singlet oxygen in a microemulsion system. The grape juices

exhibited the strong singlet oxygen quenching activity. Neut—Meoru grape juice



showed the highest singlet oxygen quenching activity as determined by the
rubrene oxidation. Singlet oxygen quenching activities of juices had low
correlation with both ABTS radical scavenging activity and total phenolic
contents. However, a high correlation was found between the singlet oxygen
quenching activities and total anthocyanin contents of juices. The antioxidative
activities of six different grape juices on the milk oxidation under light
illumination condition were determined by measuring the lipid hydroperoxides,
volatile compound formation, and tocopherol loss. Meoru juice also showed strong
protective activity on the self—sensitized photodecomposition. Our results showed
that Neut—Meoru juice had the highest protective activity on the milk oxidation.
The Neut—Meoru juice also showed strong protective activity on the
self—sensitized photodecomposition of Vitamin B2. The Neut Meoru juice was
fractionated into 3 fractions (FI, FII, FIII) by XAD—7 column chromatography.
Among these fractions, FII showed the highest activity on the photooxidation of
milk, follwed by FIII fraction. FI showed low activity. The active fraction of
Meoru juice showed significantly higher protective activity than ascorbic acid at
the same concentration on the lipid hydroperoxide, hexanal formation, and
tocohopherol loss in milks stored under light illumination conditions. The
anthocyanin profiles of active fractions obtained from Neut—Meoru juice through
XAD—-7 column chromatography was characterized by C—18 HPLC/diode array
detector (DAD), HPLC/MS, and HPLC/MS/MS analyses. It was found that the
column oven temperature during the reverse phase C—18 HPLC greatly affected
the separation of individual anthocyanins with optimum separation temperature of
35°C. Sixteen different anthocyanins (11 nonacylated and 5 acylated anthocyanins)
were identified in the grape juices. It was found that delphinidin 3—glucoside,
malvidin  3,5—diglucoside, and pheonidin 3,5—diglucosidewere the major
anthocyanins in the active fraction. We further studied both an electron resonance
spectroscopy and rubrene oxidation anysis to determine the singlet oxygen
quenching activity of cyanidin 3—G (a component of active fraction) and compred

with that of ascorbic acid, which is known the most strongest water soluble
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singlet oxygen quencher. The ESR study showed that cyanidin 3—glucoside had
about twice strong singlet oxygen queching activity. Furthermore, Rubrene
oxidation analysis results showed that cyanidin 3—glucoside had 2.5 times
stronger singlet oxygen quenching activity than that of ascorbic acid. The result
indicated that anthocyanins in active fraction of meoru juice has greatly strong
singlet oxygen quenching activity. This represents the first report on the strong
singlet oxygen quenching activity of anthocyanins.

Stability of anthocyanins isolated and food anthocyanins during processing in
the presence of photochemically produced singlet oxygen were determined.
Photochemical production of singlet oxygen was confirmed by degradation of
riboflavin and sodium azide. Forty percent of mulberry anthocyanins in
water—acetonitrile was degradaded by singlet oxygen after 12 hours. Wild vine
anthocyanins in water were degradaded to 80% level by singlet oxygen at 4T
after 12 hours. Kinds of sugars (sucrose, flucose, fructose), heating temperature
(25C, 60TC), and heating time (0, 1, 2 hour) affected the stability of strawberry
anthocyanins during strawberry jam manufacturing under light. Higher heating
temperature and longer heating time accelerated the degradation of strawberry
anthocyanins under light. Anthocyanins in strawberry jam with sucrose showed
the lowest stability in the presence of singlet oxygen during jam manufacturing.
Kinds of sugars (sucrose, flucose, fructose) and heating time (0, 0.5, 1, 2, 3 hour)
affected stability of wild vine anthocyanins by singlet oxygen. Longer heating
time accelerated the degradation of wild vine anthocyanins by singlet oxygen and
the degradation rate of monoglucoside anthocyanins was faster than that of
diglucoside anthocyanins. Anthocyanins in wild vine jam with reduced fructose
showed the lowest stability in the presence of singlet oxygen.

The results clearly showed that anthocyanins were decomposed by
photochemically produced singlet oxygen and manufacturing conditions such as
heating temperature, heating time, kind of added sugars, and number of sugar
bound to anthocyanin affected the stability of anthocyanins in the presence of

singlet oxygen.
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LR o2 10, quencher®4 9] anthocyanins flavonoidsE 213%Ed] 28380 axn o
GAE HEY S ¥ 21E 9 texture A Foll 7]odstazt ot

oA AR 235482 ador AT & e dFata (10y)
A2AAZMA Y anthocyaning flavonoidsE HAAL O ZHE g Bgdla o] 59
Barst A Ao kRS FHE T 10, o o3 2F

5 sensitizerE X33 2 Zo A WIHI] HelA HE= =4

. -4,



A

+ anthocyaning flavonoidsE ®-A3lal 2
A 2o 9 ols 9 AAHFAHS T &
FAE Ty AFEY Y AAE S AAES
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&
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R
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AN

=

& sush] 98 0, 2749

of Hoh= 7lEEN IAlHoR: off GAET}

X}
oS

=2l 7=

0,00 )5 HEA e

ol g7lE= N

(=13
=

T S AEATY, FANE R, QS E FAoRE dFPhtan AAA o
& A7k Asle] g, @A FAH SFol A2 e ok 54 B AgEe v
] Ohio State University®} 3508 AFEANE 53] G247 10, A3}E AEHo=m o
Taha glom ool wE ANE A AWsEAd WxFo=A AAY AT MR
Nes TR Aok

TUlejel A FaE L Qe dFdbhel digh A d3S of ® 19 YERNATE

X 1. dFatnol] of kst e A A3

AFFR7# ALy WL ATNLY It E8EH

University of . Aol 2=Ta Abslol o 00l o AHe EAH A

California, Davis | © 1 &5 & 48717 9 AstAdE gl

Ohio State © 2YHR, OFRe 0, 3 BEd o el

o o = S5 3

University e HiE e

° © 0 o ~ _ A A ° OO0 m o 3L o o 257} =
e 259 sun struck off-flavor A4 H 2 FAFY 57 F
EAEaTd ERE 234 A8 oA A% A
o Z7)E9Y reversion flavor YelE2 = , s
%@ A= o FVIES W A Ve N
o FAel gt A -f B HAA .
IEEEE Fol ohaziit 9 alel gbam | © L) A vEEe
K . = = AP F7
7%
o A FAbe) 9 A A . .
ARG dE AR s gAY sH
o1 = 2bsl A TheAd A A
o) A & 3}

; . i in OYAA =t =
OhI.O Stgte . 10,3} riboflavine] Mo AT Riboflavin $F44 <o 4
University AA|

o ! 3} =0 A

?_?‘)‘]»ﬂ%%’_}i\l o?i:ﬂ ‘046\} T‘I'l’*cq flavor ?l'zvo . _r’;_% flavorgl 7H}\\j iﬁ Zﬂ/\]

e Full fat soy floure] 'O, 238} o AAA o] |AHE full fat soy
HgAd AT flourd A& =74 MA
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A3 E od7nsd Us W 2

AL ARIA - DFPAE SAAY 4EFEZYA g

orE 62738 H7)v Al (www.62market.com) oA HFEE= Ay =& A A F

A Z4zh ]lste] sAAE § 8 APl ARl diF s A 3 Al

A 9393 a—Tocopherol, §—Tocopherol, B—Carotene® hexanal, diacetyl,
dimetyl disulfide®} QtEAJO}A HAE §3] AL X Amberlite XAD—7 (paticle
size 20—60 mesh)< Sigma Chmical Co.olA Z+Z} -3t} StEAold XFEZ

© Genay francertoll A 747} FJate] A alo] AL&3kT.
A2 A AU

L Al&e] dA g

o ote AE AAY Zavt gl7] Wi eHAAE 4 dx F i A A

(2) FEAOb] FZ3 A
W29 or)E theg9 Fig. 1-13 79| crude anthocyaning F=3dle] =3+ o}
S Glass Open Column(2.5 cm id * 25 cm)S E3AA AAH AEA oIS A

t}. Glass Open Columnl @ A= WHES & 5 (1998)9 WHES WA A B



A& o) ALg33 Yl (Fig. 1-2). Glass Open Columns Amberlite XAD—-7% 218}
seasandE flotdl2 FESIA Yol FAE &A7IA EEF Y. a8l 33
ST 1000 mLg &&AIA FA9 ETES AAS s AR E loading (0.5 g/2
mL) 3FITh Alsel FRFet f714h vF2E A4 ofw ikl AAE S 33 F
<7 1000 mLE 8% ¥ 1% HCI-MeOHS 250 mLS &EA1A 40ColA 3] 47¢

5

A
=

o

HEek eHE 9ok 22 WHer FEAAS ojn A S &Y

Ast7] 918 = 1000 mLe] 1% HCl-MeOHS 22t 50 mLA fraction ¥of 5 mL=

Freeze drying sample

l
Extracted with 1% HCI-=MeOH for 24 hr at 40C
l
Filtered with Buchner funnel
l
Evaporated at 40C
l
Aqueous solution
l
Washing with ethylether : hexane (1:6, V/V)
l
Evaporated at 40C
l
Ambelite—XAD7 column
l
Washing with water
l
Eluted with 1% HCI-MeOH
l

Evaporated at 40C

Fig. 1—1. Extraction and purification of anthocyanins from mulberry and wild

grape.
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Fig. 1—2. Purification of anthocyanin from wild grape and mulberry

(3) pHY <tHA
pHE& (pH1-14) 1 mLell 27 x% A7 W9 2YlE 7+7} 0.006 + 0.0001 g

A ependorf tubeol] ¥l UV—spectrophotometer® spectrum measurement® =74 3}

it

(4) HPLC 4]

St} M5 HPLC (JASCO, UV-975, Tokyo, Japan)el 0.5 g/ mLe] FE& 20
uLS Y3t anthocyanin MAEZS] ZAS EASIG L oju B4 27 Table
1-1.0] GepfATh. AGwlE 3187k 0%l M 20%7bA &3]3l o] F 4580 30%7}
A ZRen 60wl Al 0%7F H== d3iv. EFw L Delphinidin-3-0-
glucoside chloride, Cyanidin—3—0—glucoside chloride, Cyanidin—3,5—di—glucoside,
Malvidin —3,5 —di— glucoside chloride, Pelagonidin—3—0—glucoside & 57}%|¢] X5

B4e 243 Agach
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Table 1—1. Instrument and analysis conditions for anthocyanins in mulberry fruits

and wild grapes.

Classification Anthocyanin
Instruments Jasco LC system
Wave length 538 nm
Column Symetry Cig 5 um (4.6 * 250 mm)
Column Temp 35T
Mobile phase A : Acetonitrille, B : 10% Formic acid
Flow rate 1 mL/min

o

(5) Anthocyanin® ¥4t3ls 3t

Anthocyanin®] 32Fs5 2 9] Fig. 1-39 ®w¥y o] ORAC 4w
ELISA(Spectra Max M29)°o® ®A&r). B A3 AL&3 ORAC buffere
KyHPO,$F NaH:PO.9t S/TE5 =338t pH 7.00] HEF 3}l Flourescein
stock solution ORAC buffere} =3ste] 200 nMe] HEF &k¢lom AAPH

o

Ell

[2,2°—Azobis (2—metylpropionamidine) Dihydrochloride] & -2 ORAC buffere} &3¢t
3] 0.32 M TFEolA A3t Trolox standard stock solutionS 20, 40, 60,
80 uMe FEE standard curveE SAHsla tEAopIQ] dAHSLFS Standard
curveE ©]-&3to] gte= e

3.10, /b AQSE HF 2 AB2AY BA

(1) "0 7t AR HE AF B4

Riboflavins Sensitizer’} &F8 AEFoZ2 T/ 75 AAAY. T/ &
o= HEMY By(6%, 9%) 9 C(13%, 4.5%) FHeFo] =i '0, A7) o
A1Z 0 2 Anthocyaning &4 AR 4= Qi EI7FH 02 colorE ATWRE F d&
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Adding Sample, blank, Trolox standard 50 uL on Black well

l
Adding Fluorescein 100 pl. (exclude)

l

Shaking for 1 min at 37T
l

Equilibration for 15 min at 37C
l
Adding AAPH 25 uL

l

shaking for 1 min at 37C
l

ORAC kinetic assay at 37C

Fig. 1—-3. ORAC kinetic assay methods

Fo s 52 Aot ASEE Light boxi UFAAE ol
st AAST At HRgAel sae A1 42 Aol BaTh 27 Aw

FE S Qe @ U 2EE WES 43S AYFPor XEE 18,000 luxy

Tt e FaeE avpd oz Ael7] 9l Methylene blueE sensitizer®
A7t A)8E 30 mL serum bottleo] €11 A|BE A Z3EE W Teflon septa
¢} aluminum capl.® BE3}A Tt} Light boxollA 4C, 30CelA 2z 8 hr ¢k A
A5l Static Headspace ®WHo =z A W dHlE Ads9ct, T84 FAsE= Mol
sieve 5A PLOT(30 m#*0.32 mm)E 23 HP5890 thermal conductivity detector®
Z=A3FA ). Injector 200C, Oven 60T, Detector 250Co|A] Serum bottled]

Headspace oxygen 1 mL& syringe® 3ol SA3% ).

(3) AA HEA 2] Farsh Ay

AR AF AsPeEE TR SR Adel AFHAT FEARIE 0, 200,

i

400, 600, 800, 1000, 1500, 2000 ppm = 7}t Al5E AT A5+ 30 mL
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(1) Aol W7k Fo A s
Fhot Sl QEAoRde Ak F Aol wslEs s 98 Uv-

spectrophotometer (Jasco, V=530, Tokyo, Japan)® L, a, b 3= =A 3t}

4,10y 2AFGHE JFH 19, FEA AFERD A

A AR om FHAx R mde) AE Fig 1-4 o AT E3 0,

EABHE A AR ORE MTN 22 dEAohde] AEHAT Tl pH

Soybean Blanching (98C, 5 min)
!
Add water (Soybean : water = 1:10)

l

Grinding by Waring blender

l
Centrifusing
l
Adding 0.3% Monoglyceride of Soybean juice
Adding 1.5% soybean oil of Soybean juice

l

Homogenizing (80°C, 30 min)
l

Autoclaving (121C, 15 min)
l

pH conditioning at 7.12

l

Soymilk

Fig. 1—4 Outlined process for the preparation of soymilk
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%]
2
2
g
2

(2) Al 22 Faks) ¢hgdd B =24 Wt

SFEAlobTO] A ZFfo FAkst kA AAAEA ey aRARJITEE <
7] 98] 1000, 2000 ppme] HEAOPAL AZFHo] Hrlste] ARE wEL)
Al8E 30 mL A|8Hd ¥ 3 A5H S Teflon septa & Aluminun capl@
3kl 4C, 30C,ellA 0, 2, 4, 6, 8 hrget AFste] FAstArh. =g FEAoPI
2AAREA L 988 vl wst7] Y3l a—Tocopherol, §—Tocopherol, B—Carotenes A}

o BE AP A U R AdEE Sl

o
oX,

-

%

(3) QFEAJobd 7} Fo A W3}
A ZTFAroll FEAlolI ] H7F & Ao WalE 27| )8 UV-—spectrophotometer
(Jasco, V=530, Tokyo, Japan)Z L, a, b < =A&19th

(4) T/ Fatste] = golnZeils) ofxsm2H ko) &
ghol B Zeplo] o FAbst whgol FAEA drpt ERAATE A6

fste] 5 ppme] ol H EEHS

glol Z el o] 7hgel ok TR Fatst whgeo] T kst anE ATsh] 9

3l 0, 200, 500, 1000 ppm?] o}

mL A8l Y& % 4% Light boxolA 0, 2, 4, 6, 8 hr &<F AG&Aa A H W

Bow HAsoth

5. A4 HF Az FRAE PP Fr G

J

~

1) o gatstel whi olF AYHE
el Fkste] mE ol AHAAEE otr7] fallA AlEE 30 mL A EH

< % 47T, Light boxollA 0, 1, 24 &<t AAste] S AHAEES W3

ol

1l Solid phase microextraction(SPME)HS o] &3l FE3FtE. Lee(2003),

Steenson(2002), Yang(2005)5 ¢ WHS W3 slo] A/ 8HE 458 5k 60C 34

(<3

Zo WA AlA Headspacell o] 3 S22 HES o]F=F 5191 SPME needle
S A3 ¥ FiberE % A|A 4557 Stirring 3t A WX Al F T}, Flame ionization

detector(FID)7} A X%l Gas Chromatograph(HP7890)% ©]-83}o] SPME Fiber®%
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SPME fiberi= R.HUANG(2004)%5 2] @Rl o3 7o S =dS =2 vzt
T2 F&% 4 9= 70 um carboxen/polydimethylsiloxane (CAR/PDMS)E A A3}
At} Gas chromatography ZFHdCS =2 0.75 mm W7 injector liner, FID,
DB-WAX(30 m#0.32 m ID, 0.25 mm film thickness) Columng AM&-3}31th. Gas
chromatography 229 2% Z7AL JUNG(1998)%2 HWHle] 2o&] %7] 40TCelA
5C/E9 &= 225TC7HA F7HA1 712 1087 HE- 2 A 81t} Injector?} Detector
9] &= 77 250TC 9 280C ¥ L Carrier gas= dAZEA flow rate= 1.0 mL/min
o]}, Splitless modeE ©]-83}9 2 SPME fiber+ injectortjol A 5&87F WX 1%
=3

A3 d dAq-dy B aE

(1) otEAJobd =&
W29l 0T & 482 Table 1-2 o AASYT. HEE NS A ASE A
31

A 40% A=7F AAFL A7 AAEE Aoz HIT o]

N
=
&
M
o
S 3
?ﬁ

FZ23 AARAS AA 100 g7]F O 7 0.94

Ao MFot er= 100 g3 e 1 go] AAl=ES ¢S F Ao HFE7t &
ol Hl] <tEAJolde] A% Ee FAoz yelwt, HAHYAL
UV—spectrophotometer® 3F¢l3t A3} 536~540 nmollA] Ao TFLEE 73 oH
100 mLo] dol7bHA gho]l dAAsAl Fo]EaL 350 mL ©] FF-E= peakehil ehs

L
°£°
o
e
p
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Al ookl (Fig. 1-5). HPLCZ 213t Az 2

71 olftta AdE ek gk S AASE w5 Al & Fo] o] WoldaF A
kol o8 Al dHS Besty] falAE &ue] FS HARE e 3ol Frha
Ak b S 8EEE AdEA I FEAHES} AIFE 1S o

°F 250 mLo] £& Ao 2 yET}.

Table 1—2. Total yield of anthocyanin

wild grape mulberry
A 100% 100%
B 62.71% -
C 11.92% 15.63%
D 11.51% 11.30%
E 10.60% 8.51%
F 1.06% 0.94%

A: raw sample, B: extracted sample, C: freeze drying sample, D: 1% HCl-MeOH

extracted sample, E: lipid removal(exclude) sample, F: purified sample

4.0

3.5 |

3.0 |

25 }|

20 |

1.5 |

1.0 |

Absorbance (536~540nm)

0.5 |

0.0

12 3 4 56 7 8 9 10 11 12 13 14 1516 17 18 19 20

Fraction number

Fig. 1—5. Absorption spectra of fraction in the purified anthocyanin of wild grape
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(2) AEAJePI ] pHIA A
FEAJob e pHoll FgshA] JshaL

(1979)0] Hastar gk, & Ao Ay} A Stow wWol= FEAlopde] A2

W& pH = pH 1-2004 AW e w7 s 74 2e &

ol A% (2003)9] Aol wig- ARG S YERHATH UV—spectrophotometer

2 543 A3 pH 3 o]FZ= EA ol Fgo] wioR

-{>
30
22
o
e
0Q
CD
-

th &g pH 3 o]t A7k B g peakd 7HAE 2 OE Holil pH 4~117bA= v
4 broaddt I AE How pH 120]Fo= e & JHE KHole o= U
pre=

WEol oUE e pHAAT Setow molm Ao ol ofzh glglort w7
Z1o] pHo| A ¢ etE Aol F%= UV-—spectrophotometer® A3 Ay} 79 v
5 ko w eyt

Fig. 1—6 Color change of wild grape at pHs

Fig. 1—7 Color change of mulberry at pHs
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(3) HPLC #4

tEAlObIS] HFEHS HPLCE #4& A3 flow rate 1 mL/min & o
Delphinidin—3—0—glucoside, Cyanidin—3—0—glucoside, Cyanidin—3,5—di—rutinoside,
Malvidin—3,5—di —glucoside “18] 3L Pelagonidin—3—0—glucoside®] <=A = Y}
< &< skt (Fig. 1-8). MF & #418 43 bds 54 5, tks tEA ol
o] o= Ao Yee=t o= Fig. 1-9 o YEUIH. °o] F dFE
Hets W oAl e bEAlobd o]l I eH (Fig. 1-10)+ 7 ¢
Cyanidin— 3—0-—glucoside?] peak® YEII o]&= 71 £(2003)9 A%
=3

to
rr

(4) QrEAlopd o] gitsls® 574

tEAlebd ] gatslsE ZHE 918 ORAC WHoR ¥ wE Jits) 54
S =A% A3 (Fig. 1-11, Table 1—3) 500 ppmel A 1000 ppml Z FE7} Folx|

WA ORAC value”} 72.2014 12152 IA =7 9. 28y 1500 ppm™} 2000
ppmo® FEE T %3S w SAS (Duncan's multiple range test, 1999)l 2]3l] 4
B foF¢l 2o]E HolARF XA o ®E= 1000 ppmd} Z xpo]E Holx| st}
(p<0.05) ¢tEA| oIl &3l s=S v wst7] 98l a—Tocopherol, §—Tocopherol,
—Carotenes #2 =2 7k A3 Al 7] 34bskA7F 25 500 ppmell A4 1000,
1500, 2000 ppmo =2 Z4= ORAC valueZtb ARoW FoAA zte]ls HTH
(p<0.05).
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S.0E«05— (A)
4. .0E+05—
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0T =000
uid
o
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1.0E-05-]
5.0E+04—
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=
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usF
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e
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Fig. 1-8 HPLC chromatogram of anthocyanin standards
(A: Delphinidin—3—0-—glucoside, B: Cyanidin—3—0—glucoside,
C: Cyanidin—3,5—di—glucoside, D: Malvidin—3,5—di—glucoside,
E: Pelagonidin—3—0—glucoside)

_29_



ui

4.0E+05-]
E 3
3.0E+05-] E
D
2.0E+05-] &
B
1.0E+05 556 E 3
i M M
0.02+00-
000 2000 3000 000

Fig. 1—-9. HPLC chromatogram of wild grape obtain of column chromatography
A : Delphinidin—3—0—glucoside, B : Cyanidin—3—0—glucoside,
C : Cyanidin—3,5—di—glucoside, D : Malvidin—3,5—di—glucoside,

E : Pelagonidin—3—0-—glucoside, * : Unknown

Z0E«04-]

Z2.0E+04— % - (B)
i )

1.5E+04]

1.5E+04—]

1.0E+04—]

1.0E~04—

4300
4300

S.0E+05—]
5.0E+05]

. 0.0E+00 |
D.0E+00— o 3]

Fig. 1-10. HPLC chromatogram of mulberry

(A : crude mulberry, B : purified mulberry)
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Trolox STD
60000000
y = 616574x + 2E+06
50000000 | R?=0.9841
()
£ 40000000
3
S
3 30000000
5
©
@ 20000000
<
10000000
0
0 20 40 60 80 100
concentration(uM)

Fig. 1—11. Trolox standards curve

Table 1—3. Antioxidant effect of a—tocopherol, §—tocopherol, anthocyanin and

B—carotene by ORAC methods

Antioxidant
Concentration :
o—Tocopherol 8-Tocopherol Anthocyanin B—Carotene
500 45.5° 55.0° 72.2° 37.5°
1000 47.7° 65.0° 121.5% 51.6°
1500 68.4° 86.6° 137.1¢ 76.1°
2000 72.2° 91.2° 141.3° 71.4°

* Means with the same letters are not significantly different (p<0.05)
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2. AR AEA W Barsh A

o)
il
ch
X
rE
Lot

el Farst ek Aol Static headspace ol A

=
e A sklth 10, 20, 30 mLe] AJRE= 4T 30Tl Fbst ddS A7
2

oo
)
32
ki
>

T, AB9 HFur} FH9 Headspace oxygen contento] FE= 9IS Gas
chromatography 2 #4138}t SAS 98] £4 A3 A3= Table 1—4, 5, Fig.
1-12, 13 YeERATh A& &%l 10, 20, 30 mLZ A&AF= A 7ke] 8 hr7t
Awk& W 4Coll A= 20.11, 19.50, 18.19, 30Cell A= 20.66, 20.14, 18.39% F4t3}o]
U7 E7F 4L oA WA Headspace oxygen content”’} UGS W2 A dolx|&= AS
FAZ Ao Alge] Fylo wel {o2Ql kel Bt (p<0.05) IHER
Headspace®] €45 HA3) stal AAES FolWA iz A= vlus 444
sb71 flell 30 mLol A3ehs ATHUL o] F Abed FAre] = 30 mLE st

712 3k ).

e

Table 1—4. Effect of soymilk volume on the headspace oxygen of soymilk under

light storage at 4C for 8 hrs

Storage time (hours)

Soymilk
volume (mL) 0 5 4 6 8
10 22.74° 21.75° 21.21° 20.71° 20.11°
20 22.74° 21.32° 20.57° 19.51° 19.50°
30 22.74° 20.69° 19.91° 18.88° 18.19°

Means with the same letters are not significantly different (p<0.05)
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Headspace(02)

24

23 f
22 |

21

15

20 f
19 |
18 |
17 |
16 |

—— 10mL
—— 20mL

30mL

2 4 6 8

Storage time(hours)

Fig. 1—-12. Effect of soymilk volume on the headspace oxygen of soymilk under

light storage at 4°C for 8 hrs

Table 1-5. Effect of soymilk volume on the headspace oxygen of

light storage at 30C for 8 hrs

soymilk under

Soymilk Storage time (hours)

volume
(mL) 0 2 4 6 8
10 22.74° 21.09% 21.79°% 20.74° 20.66°
20 22.74° 20.92° 20.72° 20.29°% 20.14%
30 22.74% 20.22° 19.76° 18.85° 18.39°

Means with

the same letters are not significantly different (p<0.05)
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24
a3l
22 F
21 F ° N
20 f
19
—— 20mL

30mL

Headspace(02)

17 f
16 |
15

0 2 4 6 8
Storage time(hours)

Fig. 1—-13. Effect of soymilk volume on the headspace oxygen of soymilk under

light storage at 30C for 8 hrs

@ Methylene Blue®] 734 23

Methylene BlueZ} 79| F4bst whgol zHgA|=A dvpy 32 17HE A8t
71 $18ke] 0, 100, 200, 300, 400 ppm®| Methylene BlueE Froll % 7}8le] 4Ce}
30CoA AFslar F79 Headspace oxygen contentdl] FE J3S SASe] <3|
EA B4 Axp= Table 1-6, 8% Fig. 1-14, 167} il pHell F7+= 932 Table
1-7, 99+ Fig. 1-15, 179 yYeEMNAE. Methylene Blue®d i3t F172
Headspace oxygen content’} Methylene Blue?7} E0] A %<& F#9 Headspace
oxygen content®} Hlulsle] 4 Col &= 18.19¢9 v= 4 17.12, 17.11, 17.11, 17.19%,
30Col A& 19.813 th2A 17.27, 16.71, 16.70, 16.572 2% 3L F24d 9] 2Jol=
B (p<0.05) T3 pH A= 4Tl A= 7.083 H]lLste] 7.03, 7.01, 7.00, 7.009]
31 30°Cell A= 7.073% vlaLsked 6.95, 6.94, 6.93, 6.912 ol =/ FAaH & Kol
Methylene Blue7} ZFAZA &S & 5 Ak 28y 572 Methylene
Blue o] 0 ppmoell 4] 100, 200, 300, 400 ppml. &2 =7}3Fe] = Headspace oxygen
content= FAIFOZ FoAe ztolE HolX e FoE Hi olF " A7

o 7FFAZA H7FE = Methylene Blue? %4& 100 ppml 2 A2 s+ t)
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Table 1—6. Effect of methylene blue on the headspace oxygen of soymilk under

light storage at 4C for 8 hrs

Storage time (hours)

Methylene
blue (ppm) 0 , ] 5 5
Control 22.74° 20.69° 19.91° 18.88° 18.19°
100 22.74° 19.81° 18.65° 18.22° 17.12°
200 22.74° 19.36° 17.82° 17.80° 17.11°
300 22.74° 19.07° 18.12° 17.78° 17.11°
400 22.74° 19.43° 18.47° 18.35° 17.09°

Means with the same letters are not significantly different (p<0.05)

24
23 | —— Oppm —#— 100ppm
200ppm 300ppm

—— 400ppm

22 |
21
20 f
19 |
18 |
17 |

Headspace(02)

16 |
15

0 2 4 6 8
Storage time(hours)

Fig. 1—14. Effect of methylene blue on the headspace oxygen of soymilk under

light storage at 4C for 8 hrs
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Table 1—7. Effect of methylene blue on the pH of soymilk under light storage at
4°C for 8 hrs

Storage time (hours)

Methylene
[
blue. (ppm) 0 > 4 6 8
Control 7.12 712 7.11 7.10 7.08
100 712 712 7.11 7.06 7.03
200 712 7.11 7.10 7.04 7.01
300 712 7.10 7.09 7.04 7.00
400 7.12 7.09 7.07 7.03 7.00
714
712
710 f
708 |
706 |
T
e 704 }
702 | —e—control —®— 100ppm
700 | 200ppm 300ppm
698 | —k— 400ppm
696
0 2 4 6 8
Storage time(hours)

Fig. 1—-15. Effect of methylene blue on the pH of soymilk under light storage at
4C for 8 hrs
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Table 1—8. Effect of methylene blue on the headspace oxygen of soymilk under

light storage at 30C for 8 hrs

Metylene blue Storage time (hours)

(ppm) 0 > 4 6 8

Control 22.74° 20.92° 20.72° 19.71% 19.81°
100 22.74° 21.20° 19.78° 19.30" 17.27°
200 22.74° 21.15°% 19.89° 18.70¢ 16.71°
300 22.74° 20.95° 20.06° 18.97% 16.70°
400 22.74° 21.12° 20.05° 19.84° 16.57°

Means with the same letters are not significantly different (p<0.05)

24
23 f

22 |
21
20 |
19 |

—o—control —#— 100ppm
200ppm 300ppm
—¥— 400ppm

Headspace(02)

18 |
17 f
16 |
15

0 2 4 6 8
Storage time(hours)

Fig. 1—-16. Effect of methylene blue on the headspace oxygen of soymilk under

light storage at 30C for 8 hrs
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Table 1—9. Effect of methylene blue on the pH of soymilk under light storage at
30C for 8 hrs

Metylene blue Storage time (hours)

(opm) 0 2 4 6 8

Control 712 712 7.11 7.09 7.07
100 7.12 7.12 7.08 6.97 6.95
200 7.12 7.12 7.04 6.97 6.94
300 7.12 7.11 7.01 6.95 6.93
400 7.12 7.11 7.00 6.94 6.91

72
71
L 70
—e—control —— 100ppm
69 T 200ppm 300ppm
—X*— 400ppm
638
0 2 4 6 8
Storage time(hours)

Fig. 1-17. Effect of methylene blue on the pH of soymilk under light storage at
30C for 8 hrs
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9] Headspace oxygen content®] 7Aoo = 3FS Table 1-12, 133 Fig.
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Table 1—10. Effect of anthocyanin on the headspace oxygen of soymilk containing

100 ppm methylene blue under light storage at 4°C for 8 hrs

Anthocyanin Storage time (hours)

(ppm) 0 2 4 6 8

Control 22.74° 19.81" 18.65" 18.22" 17.129
200 22.74° 22.36° 22.19° 21.75° 18.36'
400 22.747 21.38° 20.91°¢ 19.29 18.62°
600 22.74° 20.42° 20.29' 18.63° 18.35'
800 22.74° 20.48' 20.32° 19.31° 19.03°
1000 22.747 21.70° 20.63¢ 20.57° 19.28°
1500 22.74° 21.35¢ 19.85° 19.73¢ 18.88¢
2000 22.74° 21.15° 21.10° 20.90° 20.73%

Means with the same letters are not significantly different (p<0.05)
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Fig. 1—18. Effect of anthocyanin on the headspace oxygen of soymilk containing

100 ppm methylene blue under light storage at 4C for 8 hrs

Table 1—11. Effect of anthocyanin on the headspace oxygen of soymilk containing

100 ppm methylene blue under light storage at 30°C for 8 hrs

Anthocyanin Storage time (hours)

(ppm) 0 2 4 6 8

Control 22.74° 21.20" 19.78° 19.30" 17.27"
200 22.74° 21.36° 21.12° 20.75° 18.45°
400 22.74° 21.37' 21.34° 20.29° 18.61"
600 22.74° 21.64° 21.45° 20.62° 18.64°
800 22.74° 21.97° 21.37° 20.37' 19.09¢
1000 22.74° 21.79° 21.61° 20.58° 19.27°
1500 22.74° 21.67° 21.61° 20.71° 19.12°
2000 22.74° 21.99° 21.11" 20.90° 20.15°

_40_



24

23 |

22 7 \
~N 21 F
&)
© 20 |
8
2 19 | N4
s sl —eo—control ——200ppm -
T 400ppm 600ppm

17 —%— 800ppm —@— 1000ppm

16 | —+—1500ppm —=—2000ppm

15

0 2 4 6 8
Storage time(hours)

Fig. 1-19. Effect of anthocyanin on the headspace oxygen of soymilk containing

100 ppm methylene blue under light storage at 30C for 8 hrs

Table 1—-12. Effect of a—tocopherol, 6—tocopherol, anthocyanin, and 3—carotene
1000 ppm on the headspace oxygen of soymilk containing 100 ppm

methylene blue under light storage at 4C for 8 hrs

Storage time (hours)

Antioxidant

(1000 ppm) 0 5 4 5 5
o—Tocopherol 22.74 19.84 19.76 19.23 18.80
8—Tocopherol 22.74 20.82 20.45 19.79 18.90
Anthocyanin 22.74 21.70 20.62 20.57 19.29
B-Carotene 22.74 20.59 20.58 18.64 17.59
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—e— o —Tocopherol
—m— §-Tocopherol
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15

Storage time(hours)

Fig. 1-20. Effect of a—tocopherol, §—tocopherol, anthocyanin, and 3—carotene 1000

ppm on the headspace oxygen of soymilk containing 100 ppm

methylene blue under light storage at 4C for 8 hrs

Table 1—-13. Effect of a—tocopherol, 6—tocopherol, anthocyanin, and 3—carotene
1000 ppm on the headspace oxygen of soymilk containing 100 ppm

methylene blue under light storage at 30C for 8 hrs

Storage time (hours)

Antioxidant

(1000 ppm) 0 5 4 5 5
a-Tocopherol 22.74 20.01 20.00 20.01 18.81
8—Tocopherol 22.74 20.81 20.67 20.13 18.89
Anthocyanin 22.74 21.79 21.61 20.58 19.27
B—Carotene 22.74 20.24 20.12 18.99 18.11
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Fig. 1-21. Effect of a—tocopherol, 6—tocopherol, anthocyanin, and 3—carotene 1000
ppm on the headspace oxygen of soymilk containing 100 ppm

methylene blue under light storage at 30C for 8 hrs
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Table 1—14. Effects of anthocyanin on the lightness value of soymilk under light

storage at 4C for 8 hrs

Anthocyanin Storage time (hours)
(ppm) 0 2 4 6 8
Control 32.74° 32.75° 32.75° 32.76° 32.80°
500 32.76¢ 32.82° 32.81° 32.88° 32.91°
1000 32.80° 32.81° 32.83° 32.83° 32.98°
1500 32.77° 32.79° 32.77° 32.81° 32.88°
2000 32.79° 32.89° 32.91° 32.97° 32.99°

Means with the same letters are not significantly different (p<0.05)

33.1
330
329 | /.//I
2]
2]
£ 328 | e
o -— * * ¢
— 327
’ —o—control —#—500ppm
| 1000ppm 1500ppm
326 —%— 2000ppm
325
0 2 4 6 8
Storage time(hours)

Fig. 1-22. Effects of anthocyanin on the lightness value of soymilk under light

storage at 4C for 8 hrs
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Table 1—15. Effects of anthocyanin on the redness value of soymilk under light

storage at 4C for 8 hrs

Anthocyanin Storage time (hours)

(ppm) 0 2 4 6 8

Control -1.63°% -1.64° -1.64° -1.66° -1.68°
500 -1.69° -1.68° -1.70° -1.71° -1.71°
1000 -1.68° -1.71¢ -1.70° -1.70° -1.71°
1500 -1.69° -1.69° -1.67° -1.70° -1.73¢
2000 -1.71¢ -1.71¢ -1.71¢ -1.71° -1.72°

Means with

the same letters are

not significantly different (p<0.05)

-150
0 2 4 6 8
-155 —e— control —#— 500ppm
1000ppm 1500ppm
g ~160 —%— 2000ppm
2
3
£ 165 \’—\\
o —m—
-1.70 5’ * \'x‘\.\;
-1.75
Storage time(hours)

Fig. 1—-23. Effects of anthocyanin on the redness value of soymilk under light

storage at 4C for 8 hrs
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Table 1—16. Effects of anthocyanin on the yellowness value of soymilk under

light storage at 4°C for 8 hrs

Anthocyanin Storage time (hours)
(ppm) 0 2 4 6 8
Control 1.75°% 1.76° 1.77¢8 1.77¢8 1.76°
500 1.68° 1.67° 1.67° 1.67° 1.70¢
1000 1.67° 1.66° 1.67° 1.67° 1.68°
1500 1.68° 1.65° 1.66° 1.68° 1.72°
2000 1.70° 1.68° 1.67° 1.67° 1.71°

Means with the same letters are not significantly different (p<0.05)

180
176 | o ———— T e
172
n
S 168 | X
c
2
© 164
Nt —e—control —#—500ppm
160 1000ppm 1500ppm
156 } —k— 2000ppm
152
0 2 4 6 8
Storage time(hours)

Fig. 1-24. Effects of anthocyanin on the yellowness value of soymilk under light

storage at 4C for 8 hrs
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Fig. 1—25. Difference of existence and nonexistence anthocyanin in soymilk

(Left : soymilk, Right : soymilk containing 1000 ppm anthocyanin)
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Table 1—17. Effect of cowmilk volume on the headspace oxygen of cowmilk

under light storage at 4C for 8 hrs

Storage time (hours)

Cowmilk
volume (mL) 0 9 1 6 8
10 22.74° 21.92° 21.85 21.61° 20.91°
20 22.74° 20.67° 20.61° 20.59" 20.21°
30 22.74° 20.72° 19.94° 19.81° 18.67¢

Means with the same letters are not significantly different (p<0.05)

24
23 |
22 |
21
20 |
19 }
18 |

—— 10mL
—— 20mL
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16 |

Headspace(02)

15
0 2 4 6 8

Storage time(hours)

Fig. 1-26. Effect of cowmilk volume on the headspace oxygen of cowmilk under

light storage at 4°C for 8 hrs
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Table 1—18. Effect of cowmilk volume on the headspace oxygen of cowmilk

under light storage at 30C for 8 hrs

Storage time (hours)

Cowmilk
volume(mL) 0 9 1 6 8
10 22.74% 21.11°% 21.11°% 21.09° 21.08%
20 22.74° 21.12° 20.99" 20.89% 20.71°
30 22.74% 21.55% 20.66° 20.33" 19.63°
24
23 B 4
| \
21| — 2
)
2 20 |
8
2 19 F
© —— 10mL
o 18
T —=— 20mL
7y 30mL
16 |
15
0 2 4 6 8
Storage time(hours)

Fig. 1-27. Effect of cowmilk volume on the headspace oxygen of cowmilk under

light storage at 30C for 8 hrs

@ Methylene Blue2] 734 23]

Methylene BlueZ} §-f+<] #abst whgol gA=A dviy aa4Qd7ts A8t
71 918ke] 0, 100, 200, 300, 400 ppme] Methylene BlueE Frol #H7lste] 4Ce}
30Co A Adslar 979 Headspace oxygen contentd] FE J3S SASe] <3|

E7 BA3% A3= Table 1-19, 21 Fig. 1—-28, 303 231 pHel F& 93& Table

_49_



1-20, 223 Fig.1-29, 31 uYellilty. Methylene BlueE 3frshs /2
Headspace oxygen content’} Methylene Blue7} S0 A &-& $-#9 Headspace
oxygen content®} Bl 3te] 4 Cel A= 18.67% th=4 17.95, 17.90, 17.93, 17.88%,
30CANA= 20.273 T2 A 18.91, 18.48, 18.19, 18.200.% AT AL 2%l }o]
E BT (p<0.05) E3 pH X %= 4TCAM = 6.563 H]uste] 6.55, 6.54, 6.52,
6.51 ©]aL 30Col A= 6.567 HlLate] 6.54, 6.53, 6.52, 6.51% ol HA ta¥ 3
= 1o} Methylene Blue7t A=A AEd= &4 5 dv. 2y 79
Methylene Blue &o] 0 ppmolA 100, 200, 300, 400 ppml=®E Z7}3o %=
Headspace oxygen contenty ZAZ 0 & F9 %<l xfo]S Holx| &= Zox B

olF A Ao AFAZA H71E = Methylene Blue®l &S 100 ppmoZ i1

LR ER Y

Table 1—19. Effect of methylene blue on the headspace oxygen of cowmilk under

light storage at 4°C for 8 hrs

Storage time (hours)

Methylene
blue (ppm) 0 , ] 5 5
Control 22.74° 20.72° 19.94° 19.81° 18.67°2
100 22.74° 20.45° 19.47° 19.84° 17.95°
200 22.74° 20.40° 19.49¢ 19.40° 17.90¢
300 22.74° 20.43° 19.53° 19.41°¢ 17.93°
400 22.74° 20.47° 19.51° 19.49° 17.88°

Means with the same letters are not significantly different (p<0.05)
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Fig. 1-28. Effect of methylene blue on the headspace oxygen of cowmilk under

light storage at 4°C for 8 hrs

Table 1—-20. Effect of methylene blue on the pH of cowmilk under light storage

at 4C for 8 hrs

Storage time (hours)

Methylene
blue (ppm) 0 5 4 5 3
Control 6.70 6.63 6.57 6.57 6.56
100 6.70 6.60 6.57 6.56 6.55
200 6.70 6.61 6.57 6.56 6.54
300 6.70 6.60 6.56 6.54 6.52
400 6.70 6.59 6.55 6.52 6.51
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Fig. 1-29. Effect of methylene blue on the pH of cowmilk under light storage at

4C for 8 hrs

Table 1—21. Effect of methylene blue on the headspace oxygen of cowmilk under

light storage at 30C for

8 hrs

Storage time (hours)

Methylene
blue (ppm) 0 5 4 6 3
Control 22.74° 20.88° 20.66° 20.65° 20.27°
100 22.74° 20.85° 20.64° 20.25° 18.91°
200 22.74% 20.84° 20.34° 20.22° 18.48°
300 22.74° 20.67" 20.34° 20.19° 18.19°
400 22.74° 20.80% 20.56° 20.23° 18.20°
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Fig. 1-30. Effect of methylene blue on the headspace oxygen of cowmilk under

light storage at 30C for 8 hrs

Table 1—-22. Effect of methylene blue on the pH of cowmilk under light storage
at 30C for 8 hrs

Metylene blue Storage time (hours)

(ppm) 0 5 4 6 3

Control 6.70 6.63 6.56 6.56 6.56
100 6.70 6.60 6.57 6.55 6.54
200 6.70 6.61 6.56 6.55 6.53
300 6.70 6.62 6.56 6.55 6.52
400 6.70 6.59 6.53 6.51 6.51
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Fig. 1-31. Effect of methylene blue on the pH of cowmilk under light storage at
30C for 8 hrs
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Table 1—23. Effect of Anthocyanin on the headspace oxygen of cowmilk

containing 100 ppm methylene blue under light storage at 4C for

8 hrs
Anthocyanin Storage time (hours)
(ppm) 0 2 4 6 8
Control 22.743 20.45° 19.47" 19.44° 17.95"
200 22.74° 21.77° 21.70° 19.28° 18.36°
400 22.747 21.39° 20.91°¢ 19.28° 18.63'
600 22.74° 20.43" 20.30' 18.62" 18.36°
800 22742 20.49" 20.34° 19.32 19.06¢
1000 22.74° 21.70° 20.62° 20.57° 19.29°
1500 22.747 21.35° 19.86° 19.71¢ 18.87°
2000 22.743 21.15° 21.11° 20.912 20.74°

Means with the same letters are not significantly different (p<0.05)
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Fig. 1-32. Effect of anthocyanin on the headspace oxygen of cowmilk containing

100 ppm methylene blue under light storage at 4°C for 8 hrs
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Table 1—24. Effect of anthocyanin on the headspace oxygen of cowmilk

containing 100 ppm methylene blue under light storage at 30C for

8 hrs
Anthocyanin Storage time (hours)
(ppm) 0 2 4 6 8
Control 22742 20.85° 20.64° 20.25° 18.48°
200 22742 20.35" 19.97° 18.18" 18.07"
400 22.747 20.42° 20.18° 18.61° 18.12°
600 22.74° 20.43' 20.30¢ 18.62 18.36'
800 20.74° 20.49° 20.34° 19.32° 19.06°
1000 22.74° 21.02° 20.77° 19.50¢ 19.30°
1500 22.747 20.71°¢ 20.12' 19.61¢ 19.35°
2000 20.74° 20.53¢ 19.87" 19.67° 19.412
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Fig. 1-33. Effect of anthocyanin on the headspace oxygen of cowmilk containing

100 ppm methylene blue under light storage at 30C for 8 hrs
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Table 1—-25. Effect of a—tocopherol, 6—tocopherol, anthocyanin, and 3—carotene
1000 ppm on the headspace oxygen of soymilk containing 100 ppm

methylene blue under light storage at 4C for 8 hrs

Storage time (hours)

Antioxidant
0 2 4 6 8
a-Tocopherol 22.74 19.84 19.76 19.23 18.80
6—Tocopherol 22.74 20.82 20.45 19.79 18.90
Anthocyanin 22.74 21.70 20.62 20.57 19.29
B-Carotene 22.74 20.59 20.58 18.64 17.59
24
23
22 F
g 21 - .
§ 20 f
Z19 T
k) —e—a-Tocopherol
2 18T = s Tocopherol
17 F Anthocyanin
16 B—Carotene
15
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Storage time(hours)

Fig. 1—34. Effect of a—tocopherol, 6—tocopherol, anthocyanin, and 3—carotene 1000
ppm on the headspace oxygen of soymilk containing 100 ppm

methylene blue under light storage at 4C for 8 hrs
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Table 1—26. Effect of a—tocopherol, §—tocopherol, anthocyanin, and B—carotene
1000 ppm on the headspace oxygen of soymilk containing 100 ppm

methylene blue under light storage at 30C for 8 hrs

Storage time (hours)

Antioxidant
0 2 4 6 8
a-Tocopherol 22.74 20.41 19.26 18.81 18.56
6-Tocopherol 22.74 19.72 19.42 18.85 18.64
Anthocyanin 22.74 21.02 20.77 19.50 19.30
B-Carotene 22.74 19.66 18.88 18.48 17.86
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Fig. 1-35. Effect of a—tocopherol, §—tocopherol, anthocyanin, and 3—carotene 1000
ppm on the headspace oxygen of soymilk containing 100 ppm

methylene blue under light storage at 30C for 8 hrs
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Spectrum mesurement®] Lightness, Redness, Yellowness® #2413} 11 SASe] ¢
3 A E2% A3= Table 1-27, 28, 29, Fig. 1-36, 37, 383 2t} (p<0.05)
Anthocyaning ¢#3t= 7= Control® v g wf EAEA o RZE= Al7Fo] (o] A
2,4, 6, 8 hr2 <7}l wel Lightness, Redness, Yellowness 5 -9 &<l x}o]
2 YA 9 $x13F 0 2= Lightnessve 7 =7}ste 23S el Redness,
Yellownessoll &= & 988 Fx &= Aoz Fx )t =3 259 Anthocyanin
§ 1000 ppm 3t HE Fig.1-39 o Yeholon fetoge J4 Afols
Holx| &=t} a9r g kst g3E 98] AE®E 1000 ppme] Anthocyaning $-

ol Arbstelm Aol 2 g FA e Ao AnHT

Table 1—27. Effects of anthocyanin on the lightness value of cowmilk under light

storage at 4C for 8 hrs

Anthocyanin Storage time (hours)
(ppm) 0 2 4 6 8
Control 32.57° 32.59¢ 32.60° 32.66° 32.69°
500 32.63° 32.73° 32.73° 32.70° 32.94°
1000 32.63° 32.71° 32.73° 32.78° 32.94°
1500 32.68° 32.63° 32.70° 32.81° 32.92°
2000 32.70° 32.65° 32.76° 32.84° 32.97°

Means with the same letters are not significantly different (p<0.05)
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Fig.1—36. Effects of anthocyanin on the lightness value of cowmilk under light

storage at 4C for 8 hrs

Table 1—-28. Effects of anthocyanin on the redness value of cowmilk under light

storage at 4C for 8 hrs

Anthocyanin Storage time (hours)
(ppm) 0 P 4 6 8
Control -1.65° -1.65° -1.66° -1.65° -1.66°
500 -1.70¢ -1.69° -1.69° -1.68° -1.67°
1000 -1.68° -1.67° -1.66° -1.67 -1.66°
1500 -1.68° -1.67° -1.67° -1.67° -1.67°
2000 -1.69° -1.69° -1.69° -1.68° -1.68°

Means with the same letters are not significantly different (p<0.05)
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Fig. 1-37.

Effects of anthocyanin on the redness value of cowmilk under light

storage at 4C for 8 hrs

Table 1—-29. Effects of anthocyanin on the yellowness value of cowmilk under

light storage at 4°C for 8 hrs

Anthocyanin Storage time (hours)
(ppm) 0 5 4 6 8
Control 1.67° 1.67° 1.68° 1.69° 1.70°
500 1.66° 1.68° 1.69° 1.92° 1.712
1000 1.64° 1.67° 1.68° 1.70° 1.71°
1500 1.65° 1.70° 1.65° 1.70° 1.67°
2000 1.69° 1.70° 1.57° 1.79° 1.70°

Means with the same letters are not significantly different (p<0.05)
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Fig. 1—38. Effects of anthocyanin on the yellowness value of cowmilk under light

storage at 4C for 8 hrs

Fig. 1—39. Difference of existence and nonexistence anthocyanin in cowmilk

(Left : cowmilk, Right : cowmilk containing 1000 ppm anthocyanin)
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3. ARl o] Fakst kA B =2y st

(1) Azx=Fre] Fast kA
WA APs F59 oA AgE 2Aaew AXFHo 30 mLol Methylene

blue 100 ppm< A7}t AntioxidantE 1000, 2000 ppmeS H7I3 & AXFGE=

o

A4TCoA 8AI7F B AA3S w A ZFH2 Headspace oxygen content o] = <

A A= Table 1-30, 319} Fig. 1-40, 419 Y9} 2t} a—Tocopherol, §

[e]

o
o
|\
e

—Tocopherol, Anthocyanin, and B—Carotene® A3t & 3= Headspace oxygen
content & ¥]3] ¥ A3} Anthocyanin>&—Tocopherol>B3—Carotene>a—Tocopherol,
2000 ppm 7} Alel& Anthocyanin>(3—Carotene>6—Tocopherol>a—Tocopherol ¢
TAR el ArtskE AaATlE a3 des & vk ARFRAARE vt
ZH7FA 2 Anthocyanin@&o] 1000 ppmolAl 2000 ppml = Z7}gte] way 4=X]7}
Z7HAA W 3 A Zo]E Ho|X] o} Anthocyanin H 7S 1000 ppme] A3 A

o7 FekE .

Table 1—30. Effect of a—tocopherol, §—tocopherol, anthocyanin, and B—carotene
1000 ppm on the headspace oxygen of soymilk containing 100 ppm

methylene blue under light storage at 4C for 8 hrs

Storage time (hours)

Antioxidant
(1000 ppm) 0 5 4 5 3
Control 22.74 20.12 19.09 18.90 17.40
a—Tocopherol 22.74 19.01 18.28 18.04 17.46
&—Tocopherol 22.74 20.18 19.97 19.57 19.03
Anthocyanin 22.74 20.15 19.97 19.60 19.38
B—Carotene 22.74 19.96 19.42 19.37 19.32
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Fig. 1—40. Effect of a—tocopherol, 6—tocopherol, anthocyanin, and 3—carotene 1000
ppm on the headspace oxygen of soymilk containing 100 ppm

methylene blue under light storage at 4C for 8 hrs

Table 1—31. Effect of a—tocopherol, §—tocopherol, anthocyanin, and B—carotene
2000 ppm on the headspace oxygen of soymilk containing 100 ppm

methylene blue under light storage at 4C for 8 hrs

Storage time (hours)

Antioxidant
(1000 ppm) 0 5 4 5 3
Control 22.74 20.12 19.09 18.90 17.40
a—Tocopherol 22.74 20.18 19.93 19.06 18.82
&—Tocopherol 22.74 21.18 20.39 19.94 19.06
Anthocyanin 22.74 21.07 20.36 19.98 19.54
B—Carotene 22.74 20.94 20.72 19.40 18.10
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Fig. 1—41. Effect of a—tocopherol, 6—tocopherol, anthocyanin, and 3—carotene 2000
ppm on the headspace oxygen of soymilk containing 100 ppm

methylene blue under light storage at 4C for 8 hrs

(2) AEACIS A7 AZTF A A W
Anthocyaning 3t A ZFHE 4Tl A 0, 2, 4, 6, 8 hrset 18000 lux® A

A0S o Anthocyanin®] AZFH<e A Wl F&  dgdFS UV-

-

spectrophotometer ® Spectrum mesurement®] Lightness, Redness, Yellowness® &
A5k ar SASel o3l TA #A1e A ¥ Table 1-32, 33, 34, Fig. 1-42, 43, 447}
2t} Anthocyaning sl #2255+ Controld vl g of FA|EA] 2]
AZkol 09X 2, 4, 6, 8 hrZ F7Fgto| ulg} Lightness, Redness, Yellowness &
o2l 2polE YERRAI XA 02 LightnessE 25 S718he 43S U
re Ao® daE Stk (p<0.05)
w3 A ZF79 Anthocyaning 1000 ppm i3l A X572 Fig. 1—-45 o] et
e Setomte FA ztelg HolA ettt aYBER TRt o] Aot
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E A 2 932 74 42 Aoz ARd.
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Table 1-—32. Effects of anthocyanin on the lightness value of manufactured

soymilk under light storage at 4C for 8 hrs

Anthocyanin Storage time (hours)
(ppm) 0 2 4 6 8
Control 32.35° 32.35° 32.36° 32.36° 32.41¢
500 32.33° 32.35° 32.36° 32.37¢ 32.41¢
1000 32.35° 32.35° 32.35° 32.39° 32.43°
1500 32.33° 32.35° 32.37° 32.38° 32.42°
2000 32.37° 32.38° 32.41° 32.41° 32.47°

Means with the same letters are not significantly different (p<0.05)

325
—eo—control —®—500ppm
325 | 1000ppm 1500ppm
—— 2000ppm
@ 324 4-/.
()
=
S04 | o p—
2 32.
X
323
323
0 2 4 6 8
Storage time(hours)

Fig. 1—42. Effects of anthocyanin on the lightness value of manufactured soymilk

under light storage at 4C for 8 hrs

_66_



Table 1—33. Effects of anthocyanin on the redness value of manufactured soymilk

under light storage at 4C for 8 hrs

Anthocyanin Storage time (hours)
(ppm) 0 2 4 6 8
Control -1.66° -1.66° -1.66° -1.67° -1.67°
500 -1.66° -1.67° -1.67° -1.68° -1.68°
1000 -1.66° -1.67° -1.66° -1.68° -1.68°
1500 -1.67 -1.67° -1.68° -1.68° -1.68°
2000 -1.67 -1.68° -1.68° -1.68° -1.68°

Means with the same letters are not significantly different (p<0.05)

-165 | 0 2 4 6 8

* x

]

o —169
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3

T 471 } —e—control —— 500ppm

1000ppm 1500ppm

=173 | —%—2000ppm
-175

Storage time(hours)

Fig. 1—43. Effects of anthocyanin on the redness value of manufactured soymilk

under light storage at 4C for 8 hrs
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Table 1—34. Effects of anthocyanin on the yellowness value of manufactured

soymilk under light storage at 4C for 8 hrs

Anthocyanin Storage time (hours)
(ppm) 0 P 4 6 8
Control 1.66° 1.68° 1.68° 1.68° 1.69°
500 1.68° 1.69° 1.69° 1.69°% 1.7°
1000 1.66° 1.65° 1.66° 1.68° 1.69°
1500 1.65° 1.66° 1.67° 1.66° 1.67°
2000 1.66° 1.67° 1.67° 1.68° 1.67°

Means with the same letters are not significantly different (p<0.05)

171
169 } ./. - ./:
167 | W’*\*
n
2165 |
c
2
S 163}
(&}
> 161 —e&—control —#— 500ppm
’ 1000ppm 1500ppm
159 | —¥%— 2000ppm
157
0 2 4 6 8

Storage time(hours)

Fig. 1—44. Effects of anthocyanin on the yellowness value of manufactured

soymilk under light storage at 4C for 8 hrs
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Fig. 1—45. Difference of existence and nonexistence anthocyanin in manufactured
soymilk. Left : manufactured soymilk, Right : manufactured soymilk

containing 1000 ppm Anthocyanin

o
¢F 18000 lux® A &3S u] of~z 2 HAo] /2] Headspace oxygen content
o #% Q&S Gas chromatographys AHE3te] -, A9, A7/ Hlagh
A= Table 1-359)F Fig. 1-46 ¥ 2tk Ed T/, $f, dAF, AZFHl 2
o|HET 5 ppm¥} of~FZHAF 1000 ppme Wil 0, 2, 4, 6, 8 hr &< 18000
lux@ Agste] A3st 435 Fig. 1-479] YeRATE AZT/H< A Fol A=
ol=z 2B Ake] kst g Ayt YEPAIRE §-fob Tl A kst g5 HolA
ekt
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Table 1—35. Effect of ascorbic acid on the headspace oxygen of soymilk, cowmilk,
skim milk, manufactured soymilk containing 5 ppm riboflavin under

light storage at 4°C for 8 hrs

Concentration Storage time (hours)
Sample
(ppm) 0 p) 4 6 8
0 22.74 20.39 20.31 17.86 17.42
200 22.74 19.71 19.01 18.89 18.59
Soymilk
500 22.74 20.97 18.67 18.48 16.58
1000 22.74 20.93 20.17 17.42 16.43
0 22.74 20.21 19.24 18.56 17.04
200 22.74 19.94 18.69 18.25 17.01
Cowmilk
500 22.74 19.86 18.59 18.12 16.76
1000 22.74 21.24 19.47 17.39 17.32
0 22.74 20.67 20.21 17.82 17.55
200 22.74 21.10 20.61 20.40 18.51
Skim milk
500 22.74 19.97 17.82 17.80 16.56
1000 22.74 21.71 20.81 20.51 20.43
0 22.74 20.25 19.94 18.96 18.55
Manufactured 200 22.74 19.93 19.86 19.81 19.11
Soymilk 500 22.74 20.68 19.48 19.47 18.49
1000 22.74 20.68 20.81 20.72 20.12

_70_



24 04
2 R 23 |
22 2 | \
B 21 < \
o S 21
© —_—— =
g 20 S 20 }
g0 f —— " 219} —e—o0
: : g ——200
[} 3 |
T 18 ——200 \\ o 18
e 500 K
17 500 17 F
1000
16 1000 16 |
15 15
0 2 4 6 8 0 2 4 6 8
Storage time(hours) Storage time(hours)
24 o
23 o |
L 23 5
22 o |
g 2 S 2
o A =1
o 20 S 20
a @
g g 19 | \‘.T.\o:l
g9 —e—o 8 ——o0 n
° |
T 18 —m—200 — £ 18 —m—200
17 500 17 F 500
3 1000
16 1000 16
15
15 . . . .
0 2 4 6 8
0 2 4 6 8
Storage time(hours
Storage time(hours) 9 ( )

Fig. 1—46. Effect of ascorbic acid on the headspace oxygen of (A) soymilk, (B)

(C)

cowmilk, (C) skim milk, (D) manufactured soymilk containing 5 ppm

(D)

riboflavin under light storage at 4C for 8 hrs
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Fig. 1—47. Effect of ascorbic acid 1000 ppm on the headspace oxygen of soymilk,
cowmilk, skim milk, manufactured soymilk containing 5 ppm riboflavin

under light storage at 4C for 8 hrs

Diacetyl®} & 8] EH H

Dimethyl disulfide7} At} ¥ A= FH/HE 24, 48 hr
Diacetyl, Hexanal, Dimethyl disulfide®] AA AEE SPMEE £33 Gas
chromatography® %43 ZA39] Area value® H| 33 53] Anthocyaning
1000 ppm H7}3}3S wf v} &4F8kA] a—Tocopherol, §—Tocopherol, 3—Carotene
=3 Blalstol A FAkskR Qg Fo] o] F o 7|Qlsle o5 AR BEAALEE A
w3kl em Table 1-36 o YeERUIATH ¥ Ago] gz77t == TR £ Fo
chromatogram< Fig. 1—-48¢] Yelglon FFEZE9S chromatograme Fig.
1—499] YeFSIT). DiacetylS controle] 0 hrol| A 24, 48 hr2 X]'Fol wz} 69.99) A4
627.3, 705.4% A3 Ao M]3 Anthocyanin® H7} Al 66.49 4 380.2, 482.4% &
Al

°of e AA s=d 7R Ao & o v EF

o,

}53% 7207 Hol Anthocyanin®] 559 FAHE A FAZ E-63F< Diacetyl
1

a—Tocopherol, §
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—Tocopherol®= Diacetyl®] A& HA A A| 7 B—Carotene> IA &3E HolXA
okt Ff7<9 F vdHE YERE Hexanal controlo] ZAl A E A ¥ &
3]# Anthocyaning H71sl5 S w & WA o] F71ek ). 18y a—Tocopherol, §
—Tocopherol, B—Carotene< A 7}5}H control®.t} Hexanal® AAS &d F U=
e FAZ g3t Methionine®] dF&4tsl Abstel 218k Dimethyl disulfide
2 control2 0 hroll A 24, 48 hr2 X|gof ug} 12.8914 17.1, 174.32.% F7}sla1
Anthocyaning H7}8t9<& o) 74.9904] 176.3, 169.30.2 H| L&A Z71319 8-S
A}, w3k tpE &AE3kA| a—Tocopherol, §—Tocopherol, B—Carotened A7} Alol &=
Dimethyl disulfide®] Area value7} i=o] YA &=A&S 4 & YAt Ay o=z
T kst os) 5ol Ql S A= FASAE A Al el gakst

of oJgt o|HE AHIAZA 4 i 53] Anthocyanin® 7} Al Diacetyl®] & %
PN
s

fz

Table 1—36. Area value of soymilk containing 1000 ppm antioxidant by Gas

chromatography
Storage Antioxidant

Flavor time

(hr) Control Anthocyanin a-Tocopherol 6—Tocopherol B—Carotene

0 69.9 66.4 64.2 375.5 521.2
Diacetyl 24 627.3 380.2 446.3 568.27 554.3

48 705.4 482.4 493.3 589.8 726.1

0 100.1 15.3 189.5 824.4 17.8
Hexanal 24 23 213.2 40.2 57.6 162.2

48 91 256.8 23 60.51 65.2

0 12.8 74.9 X X 5.9
Dimetyl

24 17.1 176.6 13.8 18.0 510.2
disulfide

48 174.3 169.3 X 13.4 16.3
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Fig. 1—49. Gas chromatography chromatogram of flavor standards

(A: Diacetyl, B: Hexanal, C: Dimethyl disulfide)
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A 2 AFEHA : FEAoI F FZFHHLo|E {2 FY
AdFAE £A 2 S A 7)E

A 1A AFA=

97], o, wFE 744 AvdF=, vtelik or GF el B3 F sl A
T3t} Riboflavin® sodium azide (NaN3)= Sigma Co. 9} Shinyo Co. oA Zt
zZh skl Aol olgstdion, fefdd ARvtEIHIE 913 Amberlite
XAD—-7 (particle size 20—60 mesh)S Sigma Co. oA Y&+t Acetonitrile,
water, phosphoric acid, acetic acid™ HPLC&(J.T. Bakers) 2.2 T43}o] Ao o]

g3gla 1 9 Ake B AFolglnh

1. 93 ALA A3 o] 7k AE A &M
NasMoO4-HsO Buffer &<, SDS, 1—butanol, ¥ methylene chloride = TA%
W/0 microemulsion | 37.5 micromol rubrenes $lol Az &4 10 mLol 7}

slo] A zd & o]3o] 50 micro mole?] H.0.E HAS 0,5 wAYA 7| HA,

2. Total anthocyanin, total phenolics, % ABTS radical scavenging activity=4

T AEAoPd e v Al osto] SAe3al, ABTS (2,2'—azino—bis (3-
ethylbenzothiazoline—6—sulfonic acid) diammonium salt) radical scavenging
activities & oo LxH HHo ulgld SAHIE T (Kim et al, 2002). Total

phenolicg#2 Folin—Ciocalteu® ol web FA At (Singleton et al., 1999).
3. Eletron Spin Resonance Spectoscopy® ©] &3 10,2758 =4
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HEANEF 22 6,6—tetramethyl—4— piperidone (TMPD) A]AH-E o]&3}¢],

tungsten halogen lamp= 48 FA (>325 nm)& 37| (condenser)& &3Fo] A&

o dAgE FASE T AAEE =84 TMPD—N-oxyl radical® ESR Spectroscopy
=243t 10,9 A RS BAQlEgr). ol o] AJxElY] A|EE H7}E]
TMPD—N-oxyl radical 72| A7|E ®luste] Alge] 458 A 2ATHES 5

A3t

ot
>

4. XAD—7 column chromatographyZ ©]&3F ®FZ5H
=

XAD—=7 column®l] WFF2A2E EHA 7|2, EF5100 mLE S HY =849 7

watolAl el g i

o
M

o

A®S Fraction [22 ®3F3lar, o]ojA wES-F/F5 (1:1, v/v)E 100 mLZ
AHo| S B WA Fraction I[[E Q. 28] WES-1% HelS €& S 74

A} Fraction [IIE LAt}

5. C—18 Column HPLCE ©]&3% TEAIQH &

W ol S Fraction I % IIol 38 AEACHS #Eltr] 93]
C18 column (Zorbax 300SB—C18, Agilent Technologies, Rising Sun, MD, USA)<
ARg-8ke] 522 nmell Al HPLC/DAD (SPD—M10A, Shimadzu, Japan) #4& A&}l
o}, Solvent A (formic acid/water, 5:95) ¢} Solvent B (formicacid/acetonitrile, 5:95)
£ ARgskslen £40) ofgd vl et 2k 0-5 min, 5% B; 5-15
min, 5—8% B; 15—32 min, 15% B; and 32—55 min, 15% B and 55—60 min, 5%. Z

T 9] 2%+ temperature programmable column oven (Younglin Instrument, Seoul,

Korea)2 ©]&35}it}.

6. WFF2o g Eg FakstodA a3
HEF20 FagodA a¥E FHAHs 7] 9849, riboflaving sodium phosphate

buffers (20 mM, pH 6.5)0] &85z, W FF2~ dAZEFES A 78t 20uM riboflavin

o
||\
oxl

LANG A Z3}H . o] E riboflavin €98 100 mL—capacity Erlenmeyer flaskel] ¥
2 ¥ parafilme2 Q&3 o€ FHE Al5E FAGAUe] &Fgdo}

ol A BTt (F=: 3000 lux). A&+ v 30&vt 12053 A sbH A F35)
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o], A 2%9 riboflavin &M sE HPLCH o2 BA39T)

7. HPLC Analysis® el 93l riboflavini24]

Al 8229 riboflavin &%= HPLC (Shimadzu, Tokyo, Japan)Z& o] &3te] EA1&}
Fom oju AlgH EAZ2HS Platinum C18 column (3u, 4.6 x 150mm, Alltech,
USA)ol|git), HEalof o] &3t o]=A &u 2= acetonitrile® purified water3 il o]
SMEs oS 2E EuigrixdelAd  BAEd 7] 18 EEctelE,
acetonitrile/waterd] &< 10/902 X 3lt}7}, 188 A] 208 7+4] 1 H]&< 10/909)

Ll

A 30/70F2 WHIAIATE o]lTAFY £%E 1.0mL/minela, AE7]E A Diode

Array Detector at 440 nm ©] %1t}

o 254 AstAE s 9ste, 75 vl A3 Erlenmeyer flaskel] ¥
F FAgar gl FFFAe FAEHE 2HAo® 60AIZF Ee 50C working

Ak AT AT A RE A FH sl A A AtEE, F

ox
™
o
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(@}
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=
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(@}
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centrifuge® 13000 rpmo.2 YA
HjAais o 2 AEksigith, oln HE:E  ffol §

‘IC_)r
hydroperoxideE ©] &3l Q& standard curveS ©]&3to] nmol= A4t}

AR (2..5g)°] ofx~zm=ZHA (0.05g)& #H7}3kE absolute ethanol 5 mL,
KOH(60%)& 9 1mLE 7}kl 700ColA 301t 7tdste] A4S sl A
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C18 column (3u, 4.6 x 150mm, Alltech, USA)o] St} &2lo] o] &3l o] 54 &rj=
+ acetonitrile®} purified water$ 2 ©]5 £WE5ES U3 2 SululR A
BEASA Y. %27] 18 5 <to+=, acetonitrile/water?] &S 10/90% XA 3}t}7), 18%F

oA 20% Z7FA 2 M]EE 10/90°14 30/702 WIAHG. olFAe] &Hii:

32

1.0mL/min®] 31, A&7]+= FFHE7] (RF 10—A, Ex 294 Em 330 nm)E AH&-3}h
t}.

11. SPME-GC®AIHS& o] &3 A= 384 sgds 54

Al Z$F 2.5 mLE micro—scale magnetic bar (15 mm X 1.5 mm)e} &7 15 mL
serum bottled] ¥ i, Teflon—coated rubber septum®} aluminum capl. = 7] &
H-3lty.  Serum bottle headspace volatile compoundsi= 75 um Carboxen/PDMS
fiber (Supleco Inc., Bellefonte, PA)E ©]-&3}o] SPMEWH o2 #4313t A&7}
7 serum bottleS magnetic barE A|BE wWRFEIHA TFEZF o] E A 10E3F 7]
g7t 1 F9l Carboxen/PDMS fiberE AlEHol =3t 2083 33d 24
& fiberol  FFAIZAH. SPME fiberel &F&d 24 IF=E>  gas
chromatograph (Shimadzu GC—14B, Shimadzu, Japan)¢ 250 °C& Tt3o|zl
injection port (fitted with a 0.75 mm internal diameter splitless glass liner)el] 5
d3te] 5 minutes B2tk ol ARE¥E columna DB-5 MS (30 m X 0.22
mm, 0.25 um film thickness Supelco Inc., Bellefonte, PA)°|1 3, FAE7]+ a flame
ionization detector©]lt}. Carrier gas®2%¥ heliumS AM&3s93, GC  oven
temperaturex= 40°CoA 28 AHAZE, 7°C/minuted] £E= 150°C7HA] $=A]7]1

150°CE 2087 A8t}

o}

12. Gas Chromatography—Mass Spectrometry (GC/MS)ZE o] &3t $#9 Uz}

3

HAlEe FUAZEY e A4 2de a Gas Chromatograph—Mass
Spectrometer (Perkin—Elmer)E ©]&3}o] 3stH ). oju ALEF AW electron

ionization of mass spectra= 70 eV. GC/MS9 EX zHd& A7|d SPME-GCE

o
||\

]
=
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1. Anthocyanin 5 flavonoids &-52A19] 'O, quencher activityE4 &A1

ool W HMH (Nardello, Matini, Perlot, and Aubry 1999, Kim, Choi, and
Jung 2003)L <FzF W sle], 0.2M Na:MoOs-H:0 (290.4 mg in 6 mL of 0.15M
phosphate buffer solution containing 1.0 mM EDTA, pH 7.4) 3-4-&2 SDS (4.7g),
1—butanol (9.4g), methylene chloride (60 mL) &€& & el H7}star, 2 E3+slo] 94
5] w3l A7 H9S W, 0.02 gram (37.5 micromol) of rubrene 9ol A x3+
€ 10 mLol FH7Fste]l W/O whela® oddS Al xskaL, o] odd AJ=Hlel 50
micro mole?] H,0,Z HA3te] '0,5 WA 7IWA, rubrenes MBI H o2 231 A

A %= rubrene endoperoxideE 522 nmollA EFEE =Aste] 1 A3 Eo A

100

[e]
o
I

&
c
Ke]
2
© e —
S
X
O 60 -
2 ™ T
(0]
o
Ne)
T 40
-
o
C
K}
g 201
N
£

0

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Juices

Fig 2—1. Effects of various vegetable and fruit juices on the singlet oxygen rubrene
peroxidation induced by hydrogen peroxide—sodium molybdate in a w/o
microemulsion. (1=A%XEX, 2= 3=87|(g), 4=87|(23), 5=27](FK),
6=171(go)), T=3RAHEH D), 8=REAET), 9=21AHV3), 10=HA, 11=4]F,
12=01], 13=&9F, 14=4F, 15=2F, 16=4 A, 17=2%)
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t} olE F29o UF3d Aho] 93 rubrene endoperoxide Al AAHE 7 A A
= AT 21.6%lA 7HE AAl= =eFe 77.3%C] ol =Rl SolsiAE AeE

2T ol AT TFHUY ERFFE mE FE

2. ABTS radical 227 24 3 FAEARL, A=z

olF FEARES gr|Zel o3 AtstE oJAlste FAsteE S 5457 flsto
ABTS radical savenging activity 93FAt} (Fig 2—2). o] ABTS giozk A
AA A Aol ostd, BRI 7B A ABTS radical 2A24S UE
WAL 2 FHE ool oY, =HF, 95, AT &AM s dFdita
of o3 AshAlTH S =Sl Hlgte] WolyAnt, ez T v T
Hlgto] Zstinh. o= A5 Akl ofg Abske} ghr| o] ok 4bste] 7)Aol gk
M3 MR v2ves Ae gdske Aol

e
o2l

o3

il
||\
N

8000

6000 -
4000 -

2000

L HHHHHHH n

12 3 4 5 6 7 8 9 10 1112 13 14 15 16 17

ABTS Radical Scavenging Activity
(ug Vitamin C/mL)
|

Juices

Fig 2—2. ASTS radical scavenging activity (ug vitamin C/mL) of various
vegetable and fruit juices. (refer to Fig 2—1 for the identities of juice

samples)
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FAABE Alolo] dFTIAbAo] o3k A3 A H (rubrene endoperoxide A
#) 3} total anthocyanin® = % total phenolics & 3e AAZS elslr] ¢35+
olE FFE FAst] wlwach (Fig 2-3, Fig 2—4). o] A7 Aol o3,

rubrene endoperoxide AAYAHoZ Uelhvtes dF5dd Aa 2AFAHLS total

O

phenolics&HH T} total anthocyanind&H¥ = ¢ #TdAo] S-S skt

(Fig 2-5).

1000

800 +

600 ~

400 +

Total Anthocyanin (ug/mL)

200 +

o I [

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Juices

Fig 2—3. Total anthocyanin contents in various vegetable and fruit juices (refer to

Fig 2—1 for the identities of juice samples)

1200

1000 - ™

800 +

600 -

400 +

Total Phenolics (ug/mL)

200 +

A I

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Juices
Fig 2—4. Total phenolic contents in various vegetable and fruit juices

(refer to Fig 2—1 for the identities of juice samples)
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Fig 2—6. Effects of grape juice (1%) on the lipid hydroperoxide formation in milk after 36

hr light illumination at 5°C.

Fig 2-72 AR5 3617 F2AM & A= fdsheles SPME-GCEAH e
2 9& gas chromatogramo|th. o|w] ¥ ol FHe IJWAStES GC/MSES o83t
o FASITE WA 2alE HAISE dA50] SRAlRe AT T2 Wol AAdE

= A EetEaolth

50000,
<
2 -
;/’ i )
3.7500
an a
(l(l))'\‘. |
(DB (D ‘I wof % a
= | e | | % é —
] . @3 an
£ 250001 | S 2 B T i |
a1 | B é%é 8.3 5 =
£ ] =BT T S== - %3 -
! S 8¢ ies 2 38 =
st S BlR 98 - 7 & =
RS SRECISIER | 3 | 7% ] B
=R | I i i ]
1.2500 ;T L, L A 'j'u?-il'-m?itj\‘_A,."-Js“.,- .ili IO | GO O S . N L -.LL_), (.
o.coo0l . R . . i |
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00

Al2H[ 2]

Fig 2—7. The GC chromatogram of volatile compounds formed in milk after 60 hr light illumination
(peak 1: pentanal, peak 2: heptanal, peak 3: unknown, peak 4: hetanal, peak 5: 1—heptanol,
peak 6: 2—hexen—1—ol, peak 7:octanol, peak 8: 1—decyne, peak 9: 2—hexanal, peak 10:
2—nonenone, peak 11: decanal, peak 12: 2—nonenal, peak 13: 2—decenal, peak 14L
2—undecanone)
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Fig 2—8& vst R=F25 A28 AR F2Abl ofdte] AdH= 38 shets
< W3EAQ hexanal®] A8AEE YERd Zlo|t) ofl A Ayl ofepd E=FARF 9
59 hexanal®] BAAAEI= P avtel s A= gt Lyt
=HF7E 7P Z3EE hexanal B4 AAEARE dEhdo], dRIsAA A dA|83I
hexanal AL =T 2T MBA, Kyoho, 1], delgole] s=4o]9ict. o
Z7-9] hexanal S XA ZAPA 0 (peak area, mv x sec)ol A 36A17F FFALE 11.96 (peak
area, mv x sec)@ 943 AssIied, =15 #H7HY A= FHFAPA hexanal ¢t

% 2.57 (peak area, mv x sec)Z 7/t dl Z1x3th o]d¥= o
FF27E vl EEACR 7 24 AEEE ARt S dERd 2ol whebA
A Z

FEARABYE e ®OIF F2E ASAT oz MY

Control
Campbel Early
Delaware
Kyoho

MBA
Neut-Meoru
Oll-Meoru

44
2
0
5 6 7

1 2 3 4
Grape Juices (1.0 mL/ 100 mL Milk)

NoaRwh =2

Hexanal (Peak Area, mV x sec)

Fig. 2—8. Effects of grape juice (1%) on the hexanal formation in milk after 36 hr light

illumination at 5°C.

4, M FF2~9] riboflavin &3] A a7}
=T F27F riboflavin el WA= FFS ATEhr] 9ISkl 20uM
riboflavin solutions in sodium phosphate buffers (20 mM, pH 6.5) A Z3ste] FXA &

ZAPAA, 1] 30 Wt} riboflavin S ZA3UTE Fig 2—-9¢ HFEF2H7 b9}
) ZTo A riboflavin FEINEEE YeEW Aot} 2o A Hi= vkeF 9] meoru



juicex A% A% riboflavin® FEAE ZEHoR JAF L, 1 HIES

0.5%N4 1.0%=Z Z7}35F 7% riboflavin FEIH A a &= SUlsle oz
btk
22
20 —@— Control
—O— Meoru Juice (0.5 mL/100 mL)
18 4 —W¥— Meoru Juice (1.0 mL/100mL)

Riboflavin (uM)

4 T T T T T T
0 20 40 60 80 100 120 140

lllumination Time (min)

Fig 2—9. Effects of meoru juice on the self—sensitized photodecomposition during

light illumination

5. MFFAAAG) T S 2SS 0% AAIE L hexanal Y, ExAE
A8} o)A )

Figs 2-10, 2-11, % 212 22} w|% 2 /1S Qe w $f9 FxAl] ofdt
A A 4rstEA2, hexanal A, 2 ERF st Al=S veRd Aolth 3 2-109] Ao
e, T (FH7H e e FxAbd 3kskAEEE 0 nmol/mL oA 60A17F 5
o 162.16 nmol/mLZ 43| T7lh= B5S Bolrh 18v WEFA HA7EL gz
Hlste] o] IS A o] dA38) AUk WFF2 0.5, 1.0 B 1.5% H7HE9] 60
A7 spbaiA A eleke Zb7 107.19, 71.46 2 41.23 nmol/mL o2 YERGA, HEF2 ok
o] 7 R 11 IS oA G0l FTketE AS BT 53] WFF2 1.5% A
7hte] AsA A e oo oF 1/4¢] B8t Fig 2—1104 B npe} o] w &
F2 A7V GEd AP EME AT hexanal B0 FAEAL, 1 HTFF] St

852 hoxanal AROAFH0] 9 Z7KE thehlle] o) lel FuSAARA Azts} A%
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Fig. 2—10. Effects of different amount of meoru juice on the lipid hydrogen peroxide

formation in milks during light illumination

25
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3 —O— Meoru Juice 0.5 mL
2 20 4 —w— Meoru Juice 1.0 mL
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0/ : ‘ ‘ ‘ : :
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Illumination Time (hrs)

Fig. 2—11. Effects of different amount of meoru juice on the hexanal formation in milks

during light illumination

_86_



Fig. 2—120014 yehd vk} 3ho], tix+- -fFrAls 1247kl o] ExsEo] 4k}
HAL 2041l Foll= 1 o) WSk 719 vehA ekskth diET SAEE 27 E
A =30l 120.76 ug/100mLolA 12417k% 21.79 ug/100mLE ZHAsky o), vjEEs
1.5% A7l 1241243 120.769014 70.27 ug/100mLE #HA4ste] E39E AHe1E - &

R o ARt

N
)
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Fig. 2—12. Effects of different amount of meoru juice on the tocopherol decomposition in

milks during light illumination

Fig 2—-13, 2—14 ¥ 2-15% ZZ} S-FAIEE 362413t FZ2AA 71 84 meoru juice
1.5%* 279} ascorbic acid 27+ (0.005, 0.015 2 0.025%) 2752 FatsiA 44,
hexanal 44 % EFHE AstlAgsE nlugk Zojth. o] ZAdox HE upep 3o
meoru juice 1.5%F 2]+ IR XS AA|5k= G ol A= ascorbic aicd 0.025%3] 2]
TRUF of7F oFsk 348 YERH O hexanal Aol 2 B EAket Al S Aol glo]A

£ meoru juice 1.5%* 87 ascorbic acid 0.025%318]7-¢} 53 A4S Yehliith
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Fig 2-13. Comparison of meoru juice and ascorbic acid activities on the lipid

hydroperoxide formation in milks after 36 hr light illumination

25

1: Control

2: Meoru Juice 1.5%

3: Ascorbic Acid 0.005%
4: Ascorbic Acid 0.015%
5: Ascorbic Acid 0.025%
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Fig 2—14. Comparison of meoru juice and ascorbic acid activities on the hexanal formation

in milks after 36 hr light illumination
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1: Meoru Juice 1.5%

60 2: Ascorbic Acid 0.005%
3: Ascorbic Acid 0.015%
4: Ascorbic Acid 0..025% T

40 -

20 4

Protection in Tocopherol Loss (%)
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Fig 2—15. Comparison of meoru juice and ascorbic acid activities on the tocopherol loss in

milks after 36 hr light illumination

6. v FirsgA vt E €<l
o] G gakstdAgds sty flete], gAYl methylene blue—
2,2,6,6—tetramethyl—4—piperidone (TMPD) A|2=8l& o] §3te], W FEES A 2=H]
of H7}sbar, FY<l tungsten halogen lamp (40W)EXFE #A (>325mm)S {47
(condenser)&  &stel  AEe 30z AN 0 AAEHE 784
2,6,6—tetramethyl—4—piperidone—N—oxyl radical® Electron Spin Resonance
Spectroscopy 2 FA3F] 10,9 A oRZ FelEta, wEFao) 10, 2AFHE
gelstel 1 AbstolA Wt ES SHE T (Lion, et al. 1976, Su et al. 2003).
22 1.25 uLe] A2%ke] H7tell oste] A
%= ESR spectrum®] = A7|7F @A @i on, 1 HEFA HUlg] T

AR5% W227E 98E gast &RE G ot mEEact A3
AAEE BEHOE AANE 1S AT QS AM@Th Fig 2-160 4% BT
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Neut-Meoru Grape Juice

Ascorbic acid

[INTI )
0.00 pmole

1.25 plL
0..02 pmole

188uL
0.05 pmole
375pL
TSpL
0.10 pmole

Fig 2—16. Effects of different amount of meoru juice and ascorbic acid on the

ESR spectra in methylene blue—TMPD system after light illumination.

=

2]

7. |Fo BEE FE 9 AET AL 93 methlene blue A3} A gHA] 4

XAD-7 column®] HFF25 THAI7|L, THF100 mLE S XY 5840 7
=

e

w88t o]oA HMEE-FF (111, v/v)E 100 mL=
AYo Ze WA Fraction IE AJch. 2d]a He&-1% HelS 1S SR
Al Fraction IS At o] ZA A2 Al 7H9] fractionFoll SFEAQMFH=FO] AU =
<& Fraction IMelA = &do] 74 skl Fraction 118 F8A4%2 TLC %

HPLCE o2 =A3slo] B Ay otEACto 24 gt} (Table 2—1).

o

A E-S Fraction [

il

Table 2—1. Effects of different meoru juice fractions on on the rubrene oxidation

induced by signlet oxygen in a micro—emulsion system of HyO»/MoO,*~

Meoru Juice Fraction % Inhibition
Fraction I (100 pL) 8.17
Fraction II (100 pL) 35.22
Fraction III (100 pL) 30.69
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AQgk FII ¢ FIIIS @A T80 1145130t o5 &7 QFEARKg o] T
F5E 28o|t} Fig 2—-172 #FF2oA 42 SR TUg GO of~2 A7}
ot fro] FAxRAL Tl dolvh= A IsE A EHNE VERd Zolth g2 §
i 60417 FRARE ksl o] 004 295.00 nmil/mLE 43| Skt 4958
0.01%%7}2} ascorbic acid 0.01%%7Fe] ¢ 25 o] s dAES dAEII o,
SEE 0.01%ATNME A ItsAE] Aol dojubA] e Als & AT
A E-3 0.01%% 712} ascorbic acid 0.01% - 7ol A12] 60A17F 3FZ2ALS- AAE IHEeA A
S Zb7F 31.14 % 153.91 nmol&2A, Z42F oF 90 % 50% HAkstAd AAAdS Btk

350

—@— Control
300 1 -0~ ARF 0.01%

—W— Ascorbic Acid 0.01%

Hydroperoxide Content in Milk (nmol/mL)

70

lllumination Time

Fig 2—17. Effects of active Fraction (ARF) of Meoru juice on the lipid hydroperoxide

formation in milk during light illumination

Fig 2—182 MEF2oA AL SEE 3 st o] ofxmzBAibd ] ot 99
PR ZA} Fol] AAE A RS GC/SPMEH &2 #A8te] A8 GC chromatogram©]
t} o] oA B ule} o] MEFAL ofazEHAb| H|Ete] A sl R o] AAS

oSk 5ol UETS HOFET) F2-198 WRFAdA Je BRI AT o) of
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Fig 2—18. The GC chromatograms for volatile compounds in the non—treated milk (top) and milks treated with

0.01% meoru juice active fraction (middle) and with 0.01% ascorbic acid (bottom) after 60hr light
illumination at 50C. (For the identification of the peaks, please refer to Fig 2—7.)
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Fig 2—19. Effects of active Fraction (ARF) of Meoru juice on the hexanal formation in

milk during light illumination
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Fig 2—20. Effects of active Fraction (ARF) of Meoru juice on the tocopherol loss in milk

during light illumination

9. WFgg oA 9] HPLCOl 93t tEAISE 2]
1) HPLC &3 4 =3 &

WP F2olA AL Fraction 11 2 IIo] g AQEASHS ®E37] $3h]
C18 column (Zorbax 300SB—C18, Agilent Technologies, Rising Sun, MD, USA)&
AMg-8ke] 522 nmell Al HPLC/DAD (SPD—M10A, Shimadzu, Japan) #4& A3}
t} Fig 2—21& A& x #4138 HPLC chromatogram< e AHolt}, o]e] st
HME st 202 &5 SuE ultto] AdFSIo % peak 3 F 4, 2 peak 5

St 69) Fel7t o o] @ o]Fold F gl

32

20°C

[} & 10 16 a0 16 0 6 40 46 &0
Minuten

Figure 2—21. HPLC chromatogram of anthocyanins in Oll—Meoru grape juice

performed at 20°C column oven temperature.
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Fig. 2-22& *L%& doste] A3 HFF2o  QFEACA  HPLC
chromatogram< YERd Aoltl 138 2-704 B vle} o], e &2 &
dto] HPLCE #3243} 227t 71845 3 33 4 2 93 5960 27t d4

zZ o] Fo] A= AL Felsiitl. B3] 40°Co|ate] e LoAE ols 337t 94A

R

i

ol

w28y 2= S & 5 A= F 2dEd ga 73 8]
40°C o) el M= Zel7F H A skt mebA H A 2ol 35°CH s &<lste], +

5 QFEARHEE= B 35°CelA dekaitt.

a0ec

35°C

alrC

45°C

Fig. 2—22. HPLC chromatograms of anthocyanins in Oll—Meoru grape juice

performed at different column oven temperature.
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Oll-Meomu

Neut-Meomn

Fig. 2—23. HPLC chromatograms of anthocyanins in Oll—Meoru and Neut—Meoru

grape juices performed at 35 °C column oven temperature.

Figure 2-23 & &w 79} Zo{F2 5 AL tEA oI HPLC chromatograms
S e Aot} Figure 2—24% W32 SFE Aol HPLC chromatogram’de] 3
= 1o )3 MS, MS/MS, and UV—Visible scanning spectrum< e Ao}
37 19 MS spectrum® ZAzfo| ostH A IA miz 627 ZEa 9low,
MS/MS spectrumZ ¥ o] 233 m/Zz 6272 2709 product ions¢! 465.2 ([M -
CeHi005]") 9F 303.1 ([M - CsHyo05 - Coll10051 )2 274 = A2 Yehf i
o]+ Z+7Z} delphinidin glucoside ¢} delphinidine, & YEl= I3 E0|t}. The
UV—visible of peak 1 ZA¥E= a visible maximum at 521 nme 7FAH,
A440/Avis—max®] kel 15.6% o] A330/Avis—max #> 15.7%%5 HeERHATH 521
nmol A9 A F3 L= B-ring©] 37019 hydroxyl groups &st= AL Ve
o @A, 93 19 PEAPIL delphinidine] ¥ATZRE Zteths AS A%
Z o]t} (Wang et al, 2003). A440/Avis—max % A330/Avis—max FES Zt7} 941

£ 3,5—diglucoside @ nonacylated anthocyanin7-%Z& zt:= thE= AFAS Yebd A

i)

ey

o]t} (Rodriguez—Saona et al., 1998). wa}A], Peak 1-& dephinidin 3,5—digucoside =

_96_



sHelst 4= glolth (Fig 2-25). Peak 2= MS #4404 m/z 6119 &4} o] &% 7t
o, MS/MSHEAA o] EA}o]lo] F712] product ions (m/Zz 449 and 287)S.2
2 F ATt (Table 2). Peak 20 tdt UV-—visible spectrum<> 513 nmol| 4] visible
maximas XA, B—ring®] EX+%7} cyanidin—like %2 zt1 &S sHolg
T AT =S A440/Avis—max 9 A330/Avis—max #ke] Z}7F 18.3% and

o] A], peak 2+ 3,5 diglycoside©]™ FA]ol nonacylated anthocyanin®lS &3}
t} (Table 2). W&} A peak 2 = cyanidin 3,5—diglucoside® 1 F+FZ 313t}
g3 29 ExRLx 3% authentic samples ©]&3te] 2 F%7} cyanidin
3,5—diglucoside & A&+ FR1}UT). Peak 39 49 w2 A7 m/z 4650 2.1,
1 MS/MS spectrum < 3F712] product ion$l 303 ([M - CsHio0s5]")& YERO],
delphinidin 7] F+2& zta 3la& &8sl (Fig 2-26). The UV-—visible of
peak 3 521 nmelA Hol FF3dS zEa A ow, o] Ay w3k 1 FAE7}
B-ring®ll delphinidin®] 7]&F2E Ztil IS AAE] & = ATt (Wang and
others, 2003). The A440/Avis—max <} A330/Avis—max#te] Z}7} 29.7% <} 10.6% =
UEetdo], o] 3—glycoside & TFE 7F4™ nonacylationdH & 2+ the= A
o) w3} tH(Rodriguez—Saona et al., 1998). wW&kA Peak 3 = delphinidin 3—gucoside
2 ZgAe = AdAYt (Fig 2—27). ©] delphinidin 3—glucoside®™ % A] F% authentic
sample¥} HPLCA}oll A retention timeS W nLste] AxF =2 +F= <lsld}. o]}
AR W o2 HPLC, el e QEEAJopdel] gk Ex732E #Rlste] Table 2

o

of Yetlk. Cyanidin @ 3—glucoside, petunidin  3—glucoside, pelagonidin
3—glucoside, ¥ malvidin 3—glucoside2 39| commercially available anthocyanin
standards& ©]-§3Fe] HPLC retention timeS H|W3FO 24 1 F2E Aap &2ls}
At g=oll A A= ST = Fotid FEAoPI Y FREAHE o] Fof
EANCI O 7 A
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Figure 2—24. Spectra of MS (A), MS/MS (B), and UV—Visible scanning (C) of

peak 1 in HPLC chromatogram of Meoru grape juices.

CH,OH

HO

OH CHOH

Delphinidin 3,5 diglucoside (MW = 627)

Fig. 2—25. Chemical structure of peak 1 in HPLC chromatogram of Meoru grape

juices
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Figure 2—26. Spectra of MS (A), MS/MS (B), and UV—Visible scanning (C) of

peak 3 in HPLC chromatograms of Meoru grape juice.

CH,OH

Delphinidin 3-glucoside (MW = 463)

Figure 2—27. Chemical structure of peak 3 in HPLC chromatogram of Meoru
grape juices
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Table 2. Identification of anthocyanins in Oll—Meoru and Neut—Meoru grape

juices
UV/Visible Data
Peak: RT | MS | MS/MS & zmax 440/Avi A330/Avis— Identification
s—max max
1 i14.97: 627 :465/303: 521 15.6 15.7 Dep 3,5—diglucoside
2 118.270 611 449/287 513 18.3 10.9 Cyd 3,5—diglucoside
3 i19.41; 465 303 521 29.7 10.6 Dep 3—glucoside
4 i20.34} 641 :479/317: 521 16.6 13.6 Ptd 3,5—diglucoside
5 123.14: 449 287 514 33.0 11.9 Cyd 3—glucoside
6 123.84: 625 {463/301: 513 19.2 19.4 Pdn 3,5—diglucoside
7 125.531 655 1493/331: 525 15.4 10.6 Mal 3,5—diglucoside
8 i26.26; 479 317 524 28.0 9.1 Ptd 3—glucoside
9 i30.37{ 463 301 517 34.0 12.9 Pdn 3—glucoside
10 :132.92; 493 331 526 28.6 9.5 Mal 3—glucoside

Abbreviation: Cyd,cyanidin; Dep, delphinidin; Mvd, malvidin; Pdn, peonidin; Ptd,

petunidin

Figure 2-28& MBA(WFXE)F2oA dojxl AEAIRF F&HE] HPLC
chromatogram < el Zolth Table 2 & HFELLE AQEA QL FEHE
HPLC peak &74ol gt gok& vepd Aol % 264 Henpel o], MBA <t
EAlCE 313 3, 5-102 HFZE20] a5y 5Lt Figure 2—292 MBAFX
g3 100 ©jsk MS, MS/MS, UV-—Visible Spectrum< X.olF Aot} MS
spectrum’goll A o] 3 Am/z 493 YEFN S AL, MS/MS spectrumo A &= i-A}o]2
493°] malvidin ¥A}7+2E 2H= @709] product fon 331([M - CeHio0s]") o2 H-3)
F it UV—visible spectrum®l A, peak 10 & 526 nmolA] o} &FS zta 9o
™ A440/Avis—max #-228.2%°]%1 3L, A330/Avis—max = 9.1% = ERY o] o}l 5}
%A = 3—glycoside & AT 4= UAATH(Fig 2—29). wtebA, 9= 102 malvidin
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3—glucoside 2 71 FAT2E FAIT FARE WRH O 2 peaks 3, 5-952 217}
dephinidin 3—glucoside, cyaniding 3—glucoside, peonidin 3,5—diglucoside, malvidin
3,5—diglucoside, petunidin 3—glucoside, and peonidin 3—glucoside .2 3}l &}t
(Table 3). MBAF2o] 35 QFEASH ¥= 3, 5 8-102 F%F authentic
anthocyaninsg ©]-83Fo] HPLCAlA retention timesES H|Rdle] 1 %= thA

S shelakie.

21

Muscat Bailey &

Figure 2—28. HPLC chromatogram of anthocyanins in Muscat Bailey A grape

juice performed at 35 °C column oven temperature.

M-I-
(A)

« (C)

£ E & E I % &8 & &8 Kk

3
afHE
AL

¥
L
L) e
&

Figure 2—29. Spectra of MS (A), MS/MS (B), and UV—Visible scanning (C) of

peak 10 in HPLC chromatograms of Muscat Bailey A grape juice.
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Table 3. Identification of anthocyanins in Muscat Bailey A grape juice

UV/Visible Data
Peaks: RT { MS | MS/MS | Amax 544O/A A'33O/AV Identification
vis—max: is—max
3 18.94: 465 303 521 - - Dep 3—glucoside
5 i22.60: 449 287 518 - - Cyd 3—glucoside
6 i23.30i 625 :463/301 515 - - Pdn 3,5—diglucoside
7 i24.94° 655 1493/331 521 - - Mal 3,5—diglucoside
8 i25.70: 479 317 525 - - Ptd 3—glucoside
9 129.80: 463 301 515 33.9 11.8 Pdn 3—glucoside
10 :32.38; 493 331 526 28.2 9.1 Mal 3—glucoside

Abbreviation: Cyd,cyanidin Dep, delphinidin; Pdn, peonidin; Mvd, malvidin; Ptd,

petunidin

Figure 2-30 Campbell Early X% F29 <¢tEAolde] djg HPLC
chromatogram& e Aot} Table 4= o5 7zt7zteo] =10 3k SFEAJo}U R
A} E7gel ok aoFs w7 Zlolth. Campbell Early X% F2:¢] HPLC 3=
2-7 B 99 MS ¢} MS/MS datas< #7 #Fx=Fe 53 L
(Table 4). 12{1} Campbell Early grape juice ¢t=Alobd ¥ 3 11-16 HFF2
HEYE FrME AR e ALt} Figure 2—31 = = 139 w3l

MS, MS/MS, UV—Visible scanning spectra® X5+ ZAo|tl, 33 1303 MS

)

v

spectrumo A+ A3 T m/z 7578 13, MS/MS spectrum oA+ FA}y
A m/z 757 ©] 370¢ product ions¢! m/z 595 ([M - CeHi00s17), 449
([M—C15H150717), and 287 ([M—CisH1607 = CsH10051) 2 FalH &= A& &8 &
At} o]% product ions 5 ZHZ; cyanidin  3—coumaroylglucoside, cyanidin
5—glucoside, and cyaniding YEF = Aolt}. 9= 139 o gk UV—visible spectrum
o= 519 nmoll A visible maximumS 7FA™, A440/Avis—max #k°] 17.9%°] 1l
A330/Avis—max #°] 51.6%. A440/Avis—max % A330/Avis—max #HE> 2+7}
3,5—diglycoside®} obdst1m8 A SHrekal vk Als v gy (Fig 2-31).
w2} A Peak 13 2 cyanidin 3—(p—coumaroyl)glucoside 5—glucoside® 2+l 8t <=

AT (Figure 2—31). §A}8F Wb o2 53 11, 12, 14—-165<S Table 4] X nf
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Campbell Early

Minute s

Figure 2—30. HPLC chromatogram of anthocyanins in Campbell Early grape juice

performed at 35 °C column oven temperature.

= (©)

mau

E R R E R E R E  EE R EEE E EE R E EE EE)

Figure 2—31. Spectra of MS (A), MS/MS (B), and UV—Visible scanning (C) of

peak 13 in HPLC chromatograms of Campbell Early grape juice.
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Figure 2—32. The chemical structure of cyanidin 3—(p—coumaroyl) glucoside

5—glucoside with its MS and MS/MS spectra pattern

Table 4. Identification of anthocyanins in Campbell Early grape juice

UV/Visible Data
Peak: RT MS: MOMS - 4 Add0/Avis | A330/AvisTm Identification
max —max ax

9 1841 611 4499287 513 189 21.9 Cyd 3,5—diglucoside

3 i 2053 1465 303 521 - - Dep 3—glucoside

4 2144 641 449987 521 = = Ptd 3,5—diglucoside

5 9330 4491 9287 515 = = Cyd 3—glucoside

6 2400 625 463301 5121 17.9 155 Pdn 3,5—diglucoside

7 2571 655 493331 525 - - Mvd 3,5—diglucoside

9  30.26 463 301 515 - - Pdn 3—glucoside

11 39.60 773 :611/449/287 525 - - Cyd 3—diglucose 5—glucoside

12 41.22 773 611/465/303 525 - - Dep~3~(p~coumaroyl) glucoside
5—glucoside

13 | 4803 757 595/449/287 519 179 516 Cyd 3~(p—coumaroyl) glucoside
5—glucoside

14 : 51.55 787:625/479/317: — - - Ptd 3~(p—coumeroyl) ghucoside
5—glucoside

15  67.18 771 611/465/303: 522 1 157 65.4 Pdn—3~(p—coumaroy) gucoside
5—glucoside

16 | 71.64 1801:639/493/331: 525 . 204 68.5 Mvd 3~ (p-coumarovl) glucoside 5—
glucoside

Abbreviation: Cyd,cyanidin Dep, delphinidin; Pdn,

petunidin
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=
(183.9 mg/mL juices)TA AT SHF & =HF = U3 T/FY AEA| IO R
TAE g oy, 1 ZHzre] dEErAe FolstA skl W FaoAE,

malvidin 3,5—diglucoside (236.7 mg/mL)7}Fg o] Sk SFEAJol o] QIa1, o] o] A

2] 31 malvidin 3—glucoside (99.9 mg/mL)=A o)At L8y =W F X F20 A
+=, delphinidine 3—glycosided=Fo] 7} ola], A tEA ot TFo] 23.9%=
22 &ty &m F 9} = F = Korean native wild grape (Vitis coignetiae) €& a
native American grape Concord (Vitis labrusca)®] mvjZoltt, AE 9] wild grape
species of Vitis coignetiae | A= malvidin 3,5—diglucoside®] o] 714 =l
Ab e w1 #@lel 9 ar(Okamoto et al, 2002; Igarachi and Inagaki, 1991), & t}&
Bt ORI Tl Vistis amurensis Ruprecht ©| T%o] 9 StEAJol] w3t
AT A= By vl 9oyt (Hwang and Ahn, 1975ab), 3hopZe] wujzel
wFo digh A A= o] e By wp glrh

MBA ¥EF20]A= Malvidin 3—glucoside”t 7Hg ol d=lo] o F <t
EAlopd kol 43.1%0) ol= T} F WA @o] So] 9l Peonidin—3—glucoside
2> F StEAolS] 28.8%°IUY. Vitis labrusca 9% V. vinifera® 1lw]E<]
Campbell Early F2oli= <¢rEA]o}d o] nonacylated— (37.25%)3} acylated—
anthocyanins (62.75%)% 7% o] AAt} (Table 4). Campbell Early X% 220
A=, cyanidin 3—(p—coumaroyl)glucoside 5—glucoside©] 7} o] dfH o g+=
otEYoldo|lar, ©]o]A  peonidine 3—(p—coumaroyl)glucoside 5—glucoside,
peonidin 3,5—diglucoside®] =]t o] AFF2 anthocyaniniF+7} A A SFEAJo}

skEkoll 76.05 A 3FS T}
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Table 5. Contents of anthocyanins in different grape juices

Anthocyanin Contents (mg/mL Juice)
Peak Anthocyanins
Oll Meoru Neut Meoru M.B.A. Campbell Early

1 Dep 3,5—diG 40.0 6.6 76.7 £ 1.4

2 Cyd 3,5—diG 50.9 *£0.7 39.5 £ 1.3 9.7 = 1.0
3 Dep 3—-G 113.5 £ 2.6 250.2 £ 2.7 74 £ 0.2 14 = 0.1
4 Ptn 3,5—diG 54.6 £ 1.8 57.5 £ 1.2 0.5 = 0.1
5 Cyd 3-G 494 £ 1.3 51.7 £ 1.5 11.6 = 0.3 2.7 £ 0.1
6 Pdn 3,5—diG 2277 £ 10.2 ¢ 161.1 £ 2.1 | 64.0 £ 1.2 40.9 £ 4.8
7 Mal 3,5—-diG 236.7 = 8.4 1674 = 1.7 : 176 £ 1.1 6.4 = 0.6
8 Ptd 3—-G 57.3 £ 2.6 74.1 £ 1.5 8.9 £ 0.4

9 Pdn 3-G 67.7 £ 1.9 704 £ 16 1124 £ 1.4 6.9 £ 0.5
10 Mal 3—-G 99.9 £ 29 94.9 £ 15 :168.3 £ 2.8

11 Cyd 3—-diG 5-G 14 = 0.1
12 i Dep 3—CG—-5-G 6.8 = 1.7
13 ¢ Cyd 3-CG=5-G 55.2 £ 5.3
14 Ptd 3-CG-5-G 1.7 £ 0.0
15 ¢ Pdn 3-CG-5-G 43.6 = 5.6
16 ¢ Mal 3—CG—-5-G 6.7 £ 0.9

Total Anthocyanin 997.7 1043.5 390.2 183.9
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BHAT B Aow wol EAoPo] H
o mebd olsh g AAS s Slste]l QrEAlehde] HEHS BAQ

=
ZAs A o852 ascorbic acid®} L FAS H WS tH(Fig 2—33). ESR A3}

o WEW, 0.05 umol C3GE AF34A AAEA o] ascorbic acid 1.0 umold} 7

To

53t o] Ay C3GY 45 AtA AT o] ascorbic aciddel] H]sle] <k
)

Ascorbic acid

N

|1
u.ﬂ||r|"‘""‘|.l/"‘|lr“‘“ 0.0 pmol

C3G -
erﬂ:l]]wlhm 0.02 pmol

'F-HL"""‘-'.'MM
0.05 pmol

Wl‘naﬁﬁ»pﬁ'ﬁ!q 0.05 pmol

W“nf’*“\w 0.08 umol
Mwﬁ".wl 0.10 pumol

Figure 2—33. ESR spectra of TAN radical after light illumination of a TMPO—methylene

blue solution as affected by cyanidin 3—glucoside and ascorbic acid

- 107 -



Table 5. Effects of cyanidin 3—glucoside and ascorbic acid on the rubrene oxidation

induced by signlet oxygen in a micro—emulsion system of HoOn/MoOs*~

0 min 40 min % Inhibition
Control 0.631 0.042
1.0 mmol C3G 0.642 0.260 35.15%
2.5 mmol Ascorbic Acid 0.625 0.253 37.35%

o] 8t cyanidin 3—glucoside®] D53} 2k AAGAES 384 or Fry A3} Ak
93} rubrene AFsPA] A4 BR1E AF} 1.0 mmol cyanidin 3—glucoside’} 2.5 mmol
ascorbic acid®} FL3F 453 Aka AATH ASS Qe o)Al olshd C3GY]

A o] ascorbic aicdel] H|E}e] 2.50] A3k A oJulsle], §9] ESR Ay} A5 ot e
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A 3 AFIA] — FEA P AFIARA] R A

A1 A dATA=s

27], o, MF= 2424 Au Y=, mlo]it ot s Hel, B3k R el A
T3t} Riboflavin® sodium azide (NaNs3)= Sigma Co. 9} Shinyo Co. oA Zt
T8t AF@el ol&siglen, FHAY ARvEIHIE A% Amberlite
XAD—-7 (particle size 20—60 mesh) Sigma Co. oA Y3+ t}. Acetonitrile,
water, phosphoric acid, acetic acid™= HPLCE(J.T. Bakers) 2.2 T43}o] Ao o]

g39m 1 9 Ake =E AFolqrh

L

2ol 23 QEAloble 5 2 4

tsh w5e) EAlohd e Kim HB (2003)% Yoon IM 5 (1998)¢] W& w
o et ol 32, AT

4

AFX o0 == HFE 40 g& 1% HCl—-methanol 400 mL¥} £3%sta 4TC A
= H

g2 A of wE AR P #7014 L Ak FEES e

= ELRRY
d ARvEIYT S o] &3 Yoon IM G (1998)9] WS WEsle] AAE oFEA]
o}

oldS At FaZAY (2.5 cm x 30 cm)S Amberlite XAD—7 & & &t 3k
Z34 1000 mLE B4ES A3, 1% HCl-methanolo] =2 0] EE w29

F L AL FEE 2 g2 A FYEAT 33 THS 1000 mLE AFESEY 9
G712 v &2 Ax 58 APoaRE AAS ¥, 1% HCl-methanolS Z#FHA|

Ao F2E MAE BE GZAZAT 1% HCl-methanol® €53 SFEAJolY &
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ZHL 38—40TCoA 7ZFLsF38)o
7 AAE AA orEAlOILS A}

A A =dol Mo Ak e Ul EA4 shelAe] iz A

ol riboflavin® #3) ¥ d=3AEA AAAQ sodium azided] Eao <

i
LN
ot
2

=
—n
N
N
2

w0 2 w7189t (EdTech 2007, Kristensen % 2001, Huang 5 2004).

53} acetonitrile®] &) (1 : 9, v/v)ol riboflaving 10 ppm T =7} H == &

A 7132 5 mLA 50 mL viald]l Wil AFAE Bojulth Vials 8A]7HEQH
Fluorescent waterproof light7} 2 X% 4C light box (Figure 3—1)°] Yo =34k

A2Z WA Z T riboflavin® %S UV/Visible spectrophotometerE AF£3e] 440
nmme TF==2 =A3¥t (Huang 5 2006).

A =Elo A o] AF3akA] WAL W3 riboflavin EAJstel A HEA ] AT
ok 2AAQ sodium azide®] w3l o3 74ttt (EdTech 2007, Huang &
2004). =°l riboflavin (0, 0.2 mM)& &3 A17]3L 2 mL¥ 50 mL vialel YL HZ
Xt VialS 0, 30, 605t 919}
Y 4C light boxel ¥ AFTIAALRE TAANZT dFTFAE AAA

Y3 1% 0.1 N HCl 0.2 mL¥} 3 mM
FeCls 0.2 mLS z#E2 Yo WAMAZTE Sodium azide® &2 UV/Visible

spectrophotometer® AF&£3}o] 325 nme SF == SAHIAT.

fiu
o
it
o]
W
A,
w
@
e
&
fo
4
it
E
e
o
it
=
=
il
=)
0,

sodium azide (20 mM) 2mL& FAH| =

10 ppm3¥} 200 ppm FEE o] 50 mL viald] 5 mLA Ei AAE EBold

4C light boxolA 12A1ZF &t FHA SFEAopI S #a s F46th dE
Alobd o] sFeEe UV/Visible spectrophotometer® 520 nmol A9 &F == <13
omn ojuf QtEAJolde] WAL 915 0.2 mLe] 1% HCl-methanols #7}83ith.
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Figure 3—1. Light box for singlet oxygen generation

=)
EAobd el Qb mA= FEFs thedt 22 Mo R HUiesith
(1) B7149 A=
WE D72 grinder® w3 3 @7 F9 65%0] P8k sucrose (0.047
mole)®} riboflavin (10 ppm)< ¥ 2] tube (2.8 cm x 15.5 cm)ol 2.5 g A =9
o FATE e fy e 47 25T, 60C water bathell 0, 1, 2 AJZHsSE Yol =}
AFE Adg A 7S sk ofw Wk systemoll ZFeiAE WO e A}

AFS st WUt He d35 S 23 cover (Figure 3—2)8 A&t &

e

)

3l sucrose WAl glucose®} fructoseES Z+ZF 0.047 mole® 7)o H7}sle] L3+

o R A& o] ARE o] &5t

) D7 A 2] StEAoI & FA

71 A o] FEAJol &S Ahmed 5 (2004)¢] WS FAHI FAEA
1 N HCI (5 mL),

(2

o (DA Alzg E718S 4C FAdare A 203 23 %, 0.
acidified ethanol (25 mL, 95% ethanol : 1.5 N HCI = 85 : 15, v/v), ethanol (20
mL)& SAHE Fel5o2 4 5 Whatman 9%% (No. 1)&2 o3}s}3ith
o] e 38~40C MFFHE7Z 2021 &vlE A AL 5 mL volumetric flask® &

o
=l
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Figure 3—2. Apparatus for strawberry jam manufacturing with singlet oxygen

generation

7] ethanol® A 83+ % syringe (micro syringe; Hamilton Co.) 2 o33}l HPLCO
F38Fe] BA819 Y (Kim HB 2003). Symmetry Cis A% (4.6 mm x 240 mm,
Waters)o] &zd g HPLCE Al&3l o &= water : acetonitrile : acetic
acid : phosphoric acid (81.7:8.4:8.4:1.5, v/v/v/v)< AF&3}9] 0.5 mL/ mind &=
9 FRow 538 nmollA o FFERE FEAoPIS Al B FEAo}
deo] Aake g&=Fo07 ZA3E standard curve (pelargonidin—3—glucose, mg/g =
0.2x10°X + 4.7786, R*=0.9990; cyanidin—3—glucose, mg/g = 0.6x10°X — 37.799,
R’=0.9995)% o]-&3rh.

5. M5 QEEAJold o] AdF3qbael gk HPAE A

¥} riboflavin® EAJatel A WHEZ AF iAol o8k BF QFEAJol ]
s Artsilvh. W FolA FET FEAeR (1000 ppm)ES = =<l
riboflavin (0, 10 ppm) HE+ sodium azide (0, 1000 ppm)E =¢] 50 mL vialol
3L akAE EoYe F 4T light box (1700 lux)oll Al 8AIZF E<F FHA] <k

W,
<

o A

1‘%]
Exjolde] #a A& A Y tdxza Alss U2 x2S Ads]Fole
HOEE ARs 28] wbhstes Rtk SPEAlopde] RS UV/Visible
spectrophotometer® 520 nmol| 419l &F == &2l&g o oju ¢tEAJolIe] WAl

S ¢a) 0.5 mLY 1% HCl-methanolS #7138+t
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6. A HFM AxHg F AEAoPd] hgA
(D) W53 Az 9 =% 54 H7}

HFHL Kim MY$ Chun SSo W (2000)% Frarsko] Alxsigivk. =A
(model No. 31BL92; Waring, Japan) 2 ™FE5 323+ Zo} & Aol 248 AHz
AE AAT & A", I, 2 AGS 2474 wF5 FFY 65%, 80%, 90%, =+
100%°l 3lE3l= 1.89 M, 2.34 M, 2.63 M, T+ 2.92 M| F=& ¥a1 25°C, 60°C,

= 90°CollM 3—4)3F 7hEatH A HERS AlxsGiT kel ozl AxtE wt
Fom wEg Az dad o] 50%° sFets v A, 2=, H
HE Arrete] A HEAS ST ojw 3o AR 1F wEAe A

FAo Ar= A2oA Viscotester (VT—04; Rion Co., LTD., Tokyo, Japan)=
Rotor No. 3& o]&ste] A3, F28%H pHe 247 AdHd F7 S4A
(HA—300; Precisa Instruments AG, CH—Dietikon, Switzerland) ¢} pH meter (P25;
iSTEK Inc., Korea)® A3} t}.

FF9 sucrose (1.46 M), =¥ (0.5%), 18] 3 riboflavin (0.2 mM)<S ¥ F¢

tube (2.8 cm x 15.5 cm)dll 2 ¢ A FAUTh FAFE 42 FE#2 90C water
bathell 0, 0.5, 1, 2, 3 A[ZHEt €of zpddF2 st 2| HEHS HEQlh ol

=
HhS systemoll Zhe A= o] S AAFS Adstal Wt HeE dFsS §
25 coverE ARE3FATE E3F sucrose WAl glucose®t fructose GA] AE (0.8%)
¥ riboflaving Bl FUg WP R HE 5o A|RE o] &3l

Ao Ao QbEAlobd &S Ahmed 5 (2004)9] WS FAste] F5}3



o} Yol A AFT HFAL 4T JFaoA 20870 23 3 0.1 N HCI (5 mL),
acidified ethanol (25 mL, 95% ethanol : 1.5 N HCIl = 85 : 15, v/v), ethanol (20
ML #AHE Ya feRoR e § Whaman @34 (No. DE ol a5,

oMo 38~40C AFFTH7|2 2087 &vlE A ASIL 5 mL volumetric flask® %

=

7] ethanol® A -&3F ¥ syringe (micro syringe; Hamilton Co.)2 o] ¥}3}o] HPLC
F9ste] tEAOPI S BA59 T (Manhita 5 2006). Atlantis dCis A% (4.6 mm
x 250 mm, Waters)o] 2% & HPLCE AM&3slglon 7]&7] &0 Al~8gS A}
43}t &l AT acetonitrile (100)]al 81 Bi= acetonitrile (2.5) : formic acid

(5) 1 & (92.5)9 &3&m& Table 3—1% o] &7 F o™ 538 nmoll A &%

ki
2
i
>,
(o3
o
ue

[o

S AT WFA tEAode] ARFS FEFom AT
standard curve (cyanidin—3,5—diglucose, peak area = 22.16 x ppm — 25.93,
R*=0.9970; delphinidin—3—glucose, peak area = 83.75 x ppm + 323.4, R*=0.9690;
malvidin—3,5—diglucose, peak area = 76.70 x ppm — 25.17, R*=0.9960;
cyanidin—3—glucose, peak area = 153.3 x ppm + 17.37, R*=0.9990;

malvidin—3—glucose, peak area = 86.72 x ppm — 15.76, R*=0.9910)Z o] 8-3}¢ o},

Table 3—1. Gradient program for anthocyanin determination

. . Flow rate
Time (min) ) Solvent A Solvent B
(mL/min)
0 0.8 0 100
10 0.5 20 80
40 0.5 100 0

FTAAZE 29 40 gollA F=E3 9, F7IAF E A FEES 31.23 £ 0.15 go]
0

5 gollA & F {FI1ES AAG A2 A QFEAJoII L 0.18 +



0.04 goldaL ol TAAZ 219 0.28%°]3th. Kim HB (2003)& 2tlE E%4

el 22X 0.3% — 0.9%2 AEAPIS 3ot Bl
SAAZ WMF 40 gl FET E, F7IF R A FEES 2880 £ 0

TANZE MF] 72%3th o] FEE 0.5 gollA T R IS AlASIAL d2 A

H StEAlOIIE 475.0 mg/kg ©] Tt Hwang IK and Ahn SY (1975)& | F¢] ¢t

i
1)
o
(@]
(@)
—
o
=
—+
af
o
lo,
ot
ot
oo
=2
s
=

29, v/ivellA 8l EAfste] 8AIZFEF A7t
riboflavin (10 ppm)9 #3l= Figure 3—3% Zt}. 10 ppm9 riboflavine 440 nmoll
A 00.349] FREE H3lou 8AbESE BlE Zo|E T 0.142 FAE3IT o] A2
o] ZEA3IA A riboflavine] ®#3IMEHASS 2 WSt} riboflavin® #3& Furuya

5(1984)0] B3 HeEmrl wmE Z7|dAe =¥ F7|9A9 two—phase

e

mechanism< wWsth 18} singlet oxygen quencher?l sodium azide”} &4 ZA)
S 8AIZE ZARE HES-Eo| A 9] riboflavin®] &F == 0.16°]0o1 8A|7HY] %
ARAIZHE9F sodium azideZ} Al e AR FH =] wlE] W ke Bt o
o] Eastell A riboflavin® #alel T artart Stk g3 1o

7.

rlr
o
ShiA
o

N

0.4

—@— 0 ppm NaN3
—O— 200 ppm NaN3

Riboflavin (10 ppm, at 440 nm)
o
N

00 1 1 1
0 2 4 6 8
time (h)

Figure 3—3. Riboflavin changes during storage under light at 4C
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(2) Sodium azide®] #3E &3 T 2l

U3} riboflavin  EAstol A AF L] A Q12 AT 2AAS
sodium azide®] 3= H7}8Ftt (Figure 3—4). Riboflavin 84S WS R F
T sodium azideE ¥AE W sodium azidex A325nmolA] 0.59¢9 FFE=E HIYO
U IAZE Ble &2 Fol= 0.54 FE R AAaslth 28y riboflaving WA @
& &9 sodium azide® FHET W& RoJFE Tk oyl W gl o]
+ riboflavino] ¥ EA|stel A AFIAE HASA AL, sodium azideZ7} EF ik
RoFEh ugbaA B FAA oA riboflavin® light7}
a

o FapstHQl WA Ajxwle] A mdR 3

5 aAste FAEASS 8
ZA5E ¥ systeme A F AL

12]]
I

Hl =

~ -

GE e, tEAol ] MAAS Hrletr] A dFTFats T A

I»

rlo

A&kl A riboflaving H74ek A|~glo® AA s

1.0
B Riboflavin - 0 mi

=08 Riboflavin - 0.2 mM
™
g
- ! . I
'g 05
g
=
k-]
]
03

00 - : :

0 30 &0
lllumination time (min)

Figure 3—4. Sodium azide degradation

3. Fsletdom AHE AdFFatr EAS A FEAJoPIL] F3)

o] EANS}eI A riboflavinel 93] AAH dFFatanrt over F& FAE
EAlohde] Ralo] vXt J@e Figure 3-59 2tk ©r]e] ekEAobd 200 ppm
& e AR 520 nmoll Ao FHEE 048001 AR 1243F Fojl= 0.302

%
2 grastgith ol erlelA FEF AEAlohde] AFAA o8 RafHo]
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A5 ALL st} Inami 5(1996)2 elderberryoll A F53F StEA P IS X F

A AFPS A$ 20-50% st tta Bausith A & tEAohd e 33

SH o MAT AFFaknol o Baluv o An 4Fe] WA, W, dYa %
NES 0T 5 Qonz hEAolde] AFFrd dd S 4 A =
Aol WS Ao) nEA nGF AFL AF A% L AEFA) FAH AW

04 |

02 |

Anthocyanin (520 nm)

0.0 . .

Time (hr)

Figure 3—5. Anthocyanin degradation upon storage under light at 4C

4. 271 Az Al FEAobA ] HEA
(1) E7]°] AkEA oI 24

2714 85 Bl FiE AdEA o S 0.017%°1%1eH, HPLCE &
25 otE Ao d o] AL Figure 3—63 . =7]9 ¢tEAolI -2 pelargonidin—
3—glucose (168.01 + 0.268 ppm, 98.68%)2} cyanidin—3—glucose (2.24 + 0.007 ppm,
1.31%)°199e ol ttE AFZ3 (Ebeling and Montgomery 1990, Silva &
2002, Manhita 5 2006)¢t FAFSEQITE E7]e] QFEAoIE FE2 C3 9A

glucose”} A3® T2 Ao=z dg d4H A Yt} (Andersen 5 2004).
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“oltage(m'
4345

B
65.37)

4730
2853

11.14] A C D

-0
o.oo 10.00 20.00 20.00 40.00 5000
Timelmini

Figure 3—6. HPLC chromatogram of strawberry anthocyanins
(A: cyanidin—3—glucose, B: pelargonidin—3—glucose,

C: pelargonidin—3—rutinose, D: pelargonidin—3—acetylglucose)

(2) @718 Az 27t dsFatae] o3 @] tEAobd ] Fafol vA= JF
L 25Cek 60ColM B7A8E vtEs Y T dTPadn

of digh tEAJop <HEAL Figure 3-7¥ Etrh @r]el] 71 w@e] diH

O

7)o sucroseE #H7}3]

pelargonidin—3—glucose TFHFE 25Co|A E7| WL vt = oX7Fe] B4 EoF G4
Q1 zFo] flo] dAs e, 1y 60Tl A M-S Tr=+= 2A17F F<F pelargonidin—3—
glucose®] & 195.27 ppmoll A 132.32 ppm 2. & 7FA S} pelargonidin—3—glucose
o] 32.3%7} ®a At} Cyanidin—3—glucose GA| 25ColA 2A17F F<F AL wHs

A5 @el ek Ad dgsglon, w4 AR L%k 60T FG 2.6

©

ppm

Cemeroglu 5 (1994)2 A7 F2 AR A 7M92 57t Zold42 Ao EA o}
Hol 4ty Byt "@r]E o83ty JEAES wE A
pelargonidin—3—glucose?] W& kg o=z Qs 2 Fe FHo] Aty = A2 #

oA Uttt (Adams and Ongley 1973).
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3

Pelargonidin-3-glucose
(ppm in strawberry)
8

8

—0—-25C
—0-60T

Cyanidin-3-glucose
(ppm in strawberry)
N

|

——-25C
—0—60C

Time (h)

Figure 3—7. Effects of processing temperature on the stability of anthocyanin in

strawberry jam made with sucrose under light

Z7]e glucoseE F71ste] ATdAakA EA1ske] 25T 60ColA
D7 e QFEACIY sk WStE HoFrh 25ToA B8-S

W] 7} Al 7ko] F718kol Wl pelargonidin—3—glucose®} cyanidin—3—glucose:= 2F7F
Z7 kA, 28y, 60C Y AFZLEoA= A FZA o] ZE7Fee] whe} pelargonidin
—3—glucose®} cyanidin—3—glucoses ZFA3dte] 719 2X7F & Z}Z} AL fFo

87.5%, 92.7%°] Yt}

A %<

300 4

240

®
S
)
ir

N
=]

Pelargonidin-3-glucose
(ppm in strawberry)
Cyanidin-3-glucose

(ppm in strawberry)

25T 1+

—e—25T

60 |

—0—60T —0—60T

Time (h) Time (h)

Figure 3— 8. Effects of processing temperature on the stability of anthocyanin in

strawberry jam made with glucose under light
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©
ol
gi:
>
B
I

Astell fructoseE 7k 25T 60ColA 7S wHE W 7}

OFE Aot d o] ¢ A S Figure 3—9¢ o] sucroseE H713S uf ¢}

12
>
)
=2
k=)
i

o

g

240 | .//Q/.
o 3
0N —~ —_
8 .\i/. g g
58180 | S8
@B 1 o8
£5 c\(}\( s O\Q\{-
== T T E
&' )y SE ¥
T > Q
e . oe
o o —e-25C 1 —e-25C
—0—60C —0-60C
0 L 0 .
0 1 2 0 1 2
Time (h) Time (h)

Figure 3—9. Effects of processing temperature on the stability of anthocyanin in

strawberry jam made with fructose under light

Pelargonidin—3—glucose ¢} cyanidin—3—glucose= E7]9l fructoseE Y11 25C oA
s wE AF ARl Sl whet AT ikl el HlalA kARl o
60Co = 2 o] 743}l pelargonidin—3—glucoses 24.3%7}, cyanidin—3—
glucoses= 18.3%7} A&t th

o5 Avbe WAL AXT W W] FEAhIE HeAE AFFizel o

59
of FHF Byl e AFL ATIE BRPAAEL 1 A} 2 Frhsd et
AES AE L% Aol AFPze] A3 Aol AP E 1T Bast

(3) dFrta A E7lol H7kd 7o Sl whE B7] dEAehd] A

=3 A A &) ol 7)o sucrose, glucose, fructoseE 27 H7bsle] 60C o
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A 271 e A PEAlobd ] Mg Figure 3—-103 Zt

300

240

180

120

(ppm in strawberry)

—@— Sucrose —@— Sucrose

—0— Glucose tr —O—Glucose
—aA— Fructose —a— Fructose

Pelargonidin-3-glucose
Cyanidin-3-glucose
(ppm in strawberry)

D
o

0 L 0 L
0 1 2 0 1 2
Time (h) Time (h)

Figure 3—10. Effects of sugars on the anthocyanin contents during manufacturing

strawberry jam at 60 °C

AFFabzdl o@ @y tEAole] Baj AL&d Fo] TRl wAgle] B
$191.01} riboflaving}t Hel o)8) EEAAI} BEolR A% (FFAAIZE 047D e o
O e o] FRd w2 x

2 Y1 d=FFAAE TE A ZE 9 pelargonidin—3—glucose ] S z+zb 195.27,
9

E
il
ad
b3t
S

. & sucrose, glucose, fructose

.99, 144.22 ppm, cyanidin—3—glucose®] 32 Z+7} 2.69, 2.05, 2,03 ppm©] AT},
Oo|A L FVIA AFA AFET FO FTRIF AT AL o5 QFEAJobd o] &
AgAR dFE VHAFS BHosva & 5 v =, fructoseB U= glucose”t,
glucose B.TF= sucrose’} 27| AE3AkA40] 93t ¢tEAJold Y EsiES oA 513t}
S o] whgo] o)ato] AFFstkao] o7k QFEAolI Y] EE
Z AgAsty] FEHo g 7]|Qld Aoz AZtHET} Glucoset sucrose o
Tk & 247 1.4 x 10° M 's 7! and 2.5 x 10' M 's™! (Egorov and
Krasnovsky 1986) 2.2 ®.i1¥ u} gl
Table 3—23= 60Cel o] YA 7hEAI 72 QFEAop o] ZhERF Abo o] ¥k
AL Ko},
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Table 3—2. Regression analysis between anthocyanin content and heating time of

strawberry jam with different sugars under light

. 1
Regression parameters "

Anthocyanin Sugar

a b R?

Sucrose -31.48 198.28 0.97

Pelargonidin—-3-glucose Glucose -10.20 157.47 0.53
Fructose -17.54 143.04 0.99

Sucrose -0.22 2.76 0.75

Cyanidin—-3-glucose Glucose -0.07 2.05 0.99
Fructose -0.18 2.01 0.98

Y Anthocyanin content (ppm) = a x heating time (h) +b, R% correlation coefficient

UM AFE miep o] =] QtEAJold 2 AT EAA AbE AREe] ST

g2 745 o 7 A 7l WE pelargonidin—3—glucose®} cyanidin—3—glucose
o] Zra&L (3]AAMY 71€7], a)& sucrose’t H7bE B ANA Z}7t 31.48% /

hel  0.22% / h= 7P #skth olol HI3] glucosed Ab&stel B4 Axguf
AdZFGatrol 9 tEAOMIS E3= 7Hd =3tk Park SJ & (1994)2 =74

Z Al A7V G TR wel FEAhH ] JEFS TR 39S H sucrose
7F glucosedll M3 FEAJobde] HyL£erh Avhal ®Waldte] 2 A8 A5
ok Eg ofe] AFtelA HrbE 7o FRVF FEAlobd Y ThE £& A T <%
Ao dake m ATt B (Meschter 1953, Cemeroglu 5 1994)% #} gJom 71 o]

[1

x2

O_u

5 92 TZ2A ring? SFH AT carbonyl activityZ} ©F27] W& (Meschter 1953)

oW EF J1F F& A F el Bl EAolUY RaE HAaY] )

& (Meschter 1953, Cemeroglu 5 1994, Viguera 5 1998)2 Ao 2 W13} t}.

5. V)% QFEAlobI el AF ko] Bat ehgy
(1) M5 FEAJobI] 24

m ol Ffre bEAlebde] 242 Figure 3-113 . w59 <tEAohde
cyanidin—3,5—diglucose (103.51% 33.9 ppm, 21.8%), delphinidin—3—glucose (123.2 *+
1.4 ppm, 25.9%), malvidin 3,5—diglucose (116.5 =+ 0.2 ppm, 24.5%),

cyanidin—3—glucose (16.13 £ 0.4 ppm, 3.4%), malvidin—3—glucose (46.5 ppm * 2.5,
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9.9%), unknowns (68.8 * 2.5 ppm, 14.5%)°]1 2™ ©¢]= Hwang IK and Ahn SY
(1975)9] A9} fFAFgE Aol o g2 tha gt

Fbsorbance(mibs)
61.24

47 83

34.43)

1
21.03]
7.63 l
14.35

= (-
! ‘}
G
Nl
o Y R N P

1832 o 2625 032

5.7

10.38

Figure 3—11. HPLC chromatogram of wild vine anthocyanins (1; unknown, 2;
cyanidin—3,5—diglucose, 3; unknown, 4; delphinidin—3—glucose, 5;
malvidin—3,5—diglucose, 6; cyanidin—3—glucose, 7; unknown, &;

unknown, 9; malvidin—3—glucose)

(2) MF FEAobI ] AFaikae] gk kA

o] EAstol A riboflavinell o3 HH® dTFAARTF W FAAM FEE AFEA
ofde] Fafel WA= @& Figure 3—129F 2ty #F9] ¢tEAJold 1000 ppme
ek Aol 8Ne W riboflavine] A EAEE g, BRE S8k E T
riboflavin®t EA8k= 8-, W3} riboflavin 5 fl= d-¢=
7veich e EA4] ofF-of #AGle] riboflavine] A A S AHg- 8AIF & <t

EAlol el 2-3%% E3]E Qo Wt riboflavine] A &4

]
o
o
2
frt
>
o
o
e
rlo

BAIZE & °F 20%7F WaH AT g o]¢F FAdd =Y % sodium azideZ} &
Qe w FEAoPIL Faj7p A Ax o] AA QFEAloIAS] 10%W &3 = ATt o]
v 4Tt HF kEA Y BalE HX S v sl Elderberry?] SHE
Alopbd FEES FAlo ZANAS w ¢tEAJoldo] 20-50% EaE Ao FAx
Aol BeaE kEA ok s S71skih (Inami 1996).
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90

—&—light + antho + ribo
—O—dark+ antho + ribo
—a— light + antho
—4— dark + antho
——light + antho + ribo + MaM3

8[’] 1 1 1
0 2 4 6 8
Time (hr)

Relative retention (%)

Figure 3—12. Anthocyanin degradation upon storage under light at 4C

6. 74 AxTol e dEAobde] AgadLd] B R
(1) &8 Az 219 &4
FA AxE AT A Ax2AS FETHF
a1, Aol A9l pHE H7letdth.
O @ EF7F A Beld S0 nAE 9%
e ol AP} HE A AL WFF FES pHE 0.45+0.07 dPas,
w5 F7Fske] 90°Coll A

ol
off
b
2
B
o
b

i
v

Zstel 333

ARVAA A", 59, AF3S At MR GRE 2E s Frhskeon
[e3]

HES Folg Wk gtk MEAAMY AR S v 9

=4
k
ot
b
rlr
A
ot
o
e
N
)
e
i
N
X
ilieA
_0|L
2,
=
i
A,
4t
o)
o
l
o
rlr
il
ofl
tlo
i)
N
N
_O|L
£
0,

= HEA Hl&] FolsHA (p<0.05) Yo} 7148 2417 & 47 1
t}. Hyvonen L3} Torma R (1983a)x AYS HUlste] 9E w@r|Alo] dwr) 3+

S A7bsto] s 27U AERY Eokvhal Bl
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o] EA ] pHE H7be dEF9 719 ko] BAgle] =5 pH 3.6-3.8 Y=
o 5HA th2A ekgkom (p>0.05), o]t WLFoly oudS Hrtste @rjAs
AzZHS w Aol pH7F =2 Zdd A (Kim MY¥ Chun SS 2000, Park MK

2007)% T3 Lol

25
20
w
T 15t
=
==
."u_';
(w]
2 1.0t
=
05 —&—Sucrose 65%
’ —=—Glucose G5%
—&—Fructose 65%
0.0 ! .
0 1 2 3
Heating time (hr)

Figure 3—13. Effects of 1.89 M of sugars on the viscosity (dPa‘s) of wild vine

jam manufactured at 90°C
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ki
fu
Y
N
-~
ol
o
s
©
o
o
O
=2
2
B~
>,

N

b 7HdetHA S WEAS W = Figure 3—149F v wF49 A=
T 7FEAIRbO]l MRS oAl FUFeHAL (p<0.05), AT TR =555
ol3H A 30} (p<0.05) Chen TSE}F Joslyn MA (1967a, 1967b)2] A9} 7+& 7 ko]
Atk oA Mo HEFY {FHAFE HEFolF

(Chen TS Joslyn MA 1967a) AE3%7} old4E Ag o] wWolx]7] wio]
th 292 M 22 AgS FH7bske] 90°CollA 3A17HEel 7FE3 mEAae] Ar=
2.9 dPa s® 7V H%a FrEo] 50%8 AdE7IAe] A

=
S 2000) 9 Wi frAFSF] W FAO] HE V|EE oo yhgo] 2,92 ME& MFAe] T
s =4
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7F 9lo] 3.6—3.82] WA (p>0.05).

—8—G5% sucrose
—(—80% sucrose
——90% sucrose
—&— 100 % sucrose

Viscosity (d Pa.s)
(=]

Heating time (hr)

Figure 3—14. Effects of sucrose concentration on the viscosity (dPa's) of wild

vine jam manufactured at 90°C

@ 7tE2=7F MFAY =4 S A= dF

7}

Figure 3—15+= Ag$ 4

2
7 4N sl HEAS AxYS W FES wolFth MTAd HEE
hg ol BAglel Thd Azl FAESE Frolshl E7Hh (p<0.05). 90°Col A
Fgstel WE MRS 25°Cek 60°CAA AHhstel WE Al va flA %
S R3] ol o] Fof
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kst Az wRAe pHE 7HEewet 7FAAIRe] #AIgle] BT pH 3
H9IE froleh zbolg ®olA ekttt (p>0.05). 9 AFAE aejste] A wFA
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Viscosity (d Pa.s)
(%]

1 F —8— 100% sucrose, 25C
—C—100% sucrose, 60C
—&— 100% sucrose, 90C

U L L L
0 1 2 3 4
Heating time (hr)

Figure 3—15. Effects of heating temperature on the viscosity (dPa's) of wild vine

jam manufactured with 2.92 M sucrose

@ F3} Aol A A HEo] A= IF
Fo] A7tgs dxa R4 50%% 2 AY wFAe] AT wE A=
= Figure 3—163 2tk AAY (Figure 3—16—A) W58 AzolA 0, 1, 2, 3 A3
Fere] 7kl w2 HEi= 747} 0.70, 1.35, 1.40, 1.50 dPa s oz w54 (0.70,
2.50, 2.55, 3.00 dPa-s)ol Hla] wj$- skekom AZEG (Figure 3—16—B), A3
(Figure 3-16—C) MF Al E W F&& BIAh webd A wFAe] v
ot7] el ARS Hrhetol AdY, Ax=d, Add wFAS A3
o A" R Ak 7FE 1Rk ] Soteglon off O £k E3lo

b AIREe] FhRS R Aok Sk om ol Aue A7hE R AT P

N

St HAglo]l FLT el Ad HIbEFol 0% A 0.3%, 0.5%, 0.8%, 1.0%

WA Hles FoshA S7kske (p<0.05), 3A%F 7k 5 &
Blo] 0%¢ A" mEMe] AxE 150 dPa-soloy HAE Hrlgko] 1% AA
g W F4L 555 dPa sf] AEE Hth ol Hdd o A FAo] wolx] AA
B mEAo] Arryl 71388 on| st} Raphaelides SN 5 (1996)-& #El o] <3|
A FAo] ol 2™ Kar F and Arslan N (1999)& #d 9] 5%7} Fo}
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Figure 3—16. Effects of pectin on the viscosity of low sugars wild vine jam by
50% of the control when manufactured at 90°C for 3 hr, A:
sucrose—added jam, B: glucose—added jam, C: fructose—added jam
(@; control with 100% sugar and no pectin, O; 0% pectin, &; 0.3%
pectin, O ; 0.5% pectin, &5 0.8% pectin, X; 1.0% pectin)
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Figure 3—17. Content changes (A) and retention changes (B) of anthocyanins in

low sucrose—added wild vine jam during manufacturing under light

Table 3—3. Regression analysis between anthocyanin retention and illumination

time of low sucrose wild vine jam during manufacturing

. 1
Regression parameters )

Sugar Anthocyanin
a b R?
Cyanidin—-3,5-diglu _
cose 9.57 92.06 0.806
Delphlnldm—g—gluc _20 77 95 62 O 931
ose ) ) )
Malvidin-3,5-diglu _
Sucrose cose 13.00 93.79 0.917
Cyanidil’l—3—g1uCOS _20 94 98 25 O 956
e . . .
Malvidin—-3-glucos _
e 20.68 96.47 0.943

Y Anthocyanin retention (%) = a x illumination time (hr) + b, R = correlation

coefficient
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Figure 3—18. Content changes (A) and retention changes (B) of anthocyanins in

low glucose—added wild vine jam during manufacturing under light
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Table 3—4. Regression analysis between anthocyanin retention and illumination

time of low glucose wild vine jam during manufacturing

. 1
Regression parameters )

Sugar Anthocyanin (
a b R®
Cyanidin-3,5-diglu _
cose 13.08 99.80 0.795
Delphlnldln—s—gluc _17 24 90 37 O 866
ose ’ ’ ’
Glucose Malvidin=3,5=dighu 1 5 96.55 0.837
cose
Cyanidil’l—3—g1uCOS _14 85 90 60 O 829
e . . .
MalVidil’l—B—glLICOS _14 59 94 94 O 869
e . . :

Y Anthocyanin retention (%) = a x illumination time (hr) + b, R*> = correlation

coefficient
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Figure 3—19. Content changes (A) and retention changes (B) of anthocyanins in

low fructose—added wild vine jam during manufacturing under light
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Zt}. Cyanidin—3—glucose, delphinidin—3—glucose, malvidine—3—glucose?] £33l %=
(3| AAM9 71871, a)t 20.69%/h, 21.07%/h, 20.79%/h°]A 3 malvidin—3,5—
diglucose®} cyanidin—3,5—diglucose?] #3l&%E+= 22 14.09%/h 9 12.91%/h= ©}
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2 9FFE W vFACdAM vREAE monoglucoside  QFEA]obd T}
diglucoside SFEAJOIAS] Fal&E= ApolE HAY. HFS H7EsE HFER Qe
Alobd & Aoy e tEAohdR T dF3ataie) dig EalEErF o Zlow
diglucoside StEAJolHS] R &= x}o]E Ho|X]| Ut} Tinsley & (1960)2> E
Ldrn fdo] =T g tEAorIe EfELer Atk Basl o Elbeot
Schwartz (1996)% 3t EAA] JEAJop o] bFAJL Frolu} drfo] EA4d
R strha Stk ol H7bE 9ol FR7F BT tEAlolU] dFailaol

etk HgAdel dEFE MHEE £ HeEn.

Table 3—5. Regression analysis between anthocyanin retention and illumination

time of low fructose wild vine jam during manufacturing

. 1
Regression parameters )

Sugar Anthocyanin (
a b R?
Cyanidin—-3,5-diglu _
cose 12.91 96.35 0.860
Delphlnldm—s—gluc _21 07 92 58 O 915
ose : ’ :
Fructose Malvidin=3,5=digluc 1 gg 97.66 0.934
Cyanidin—-3-glucose -20.69 94.71 0.936
Malvidin—-3-glucose -20.69 96.40 0.946

Y Anthocyanin retention (%) = a x illumination time (hr) + b, R*> = correlation

coefficient
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