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SUMMARY

I. Title

Characterization of anthocyanin and development of functional foods

containing anthocyanin in black soybean

II. Objectives and Significance

Soybean seeds are one of the most important sources of protein and oil in
the world, and it has been known a potential roles in the prevention and
treatment of chronic diseases, most notably cancer, osteoporosis, and heart
disease. Especially over the past few years, anthocyanin which Iis
contained on seed coat of black soybean has been demonstrated to exert
potentially anti—oxidative and bioavailability effects including anti—
cardiovascular disease and cancer—preventive effects in humans. So, the
soybean components has been emphasized to improve food—processing
quality and biological activity for the processed soybean products such as
soymilk and various edible ingredients as well as for the traditional
soy—foods in now. The major objectives of this report are (1)
understanding of genetic and environmental variations of anthocyanin
contents in black soybean varieties, (2) development of anthocyanin—based
functional foodstuff by establishing optimal extraction and purification
conditions to concentrate anthocyanin pigments from black soybean, (3)
verification  of  pharmaceutical effects such as  antioxidative,
anticarcinogenic and other various beneficial effects of the anthocyanin
extracts as well as evaluation of oral toxicity, and (4) development of

nondestructive and rapid analysis methods by using NIRS to quantify



anthocyanin contents in black soybean.

Ill. Major Results and Discussions

1. Genetic and environmental variations of anthocyanin contents in

black soybean

Anthocyanin contents of black soybean were analyzed for development of
superior breeding lines with high anthocyanin contents. Total 1,042
blacksoybean germplasm collected through the whole south Korea were
analyzed with HPLC. It were detected C3G(Cyanidin—3—Glucoside),
D3G(Delphinidin—3—glucoside), and Pt3G(Petunidin—3—Glucoside) as main
anthocyanin pigments and each pigment contents were significantly different
according to genotypes. C3G content showed the highest value in all
materials and its variation was also wide, whereas D3G and Pt3G were not
detected in 4 and 24 genotypes. Mean value of C3G, D3G, and Pt3G
contents were 8.81, 1.78 and 0.79 mg/g, respectively. Consequently total
anthocyanin content of collections were ranged 0.54~23.45mg/g and
average of content was 11.67mg/g. Also total anthocyanin contents were
higher in seed coat as maturation period were longer from flowering stage
and seed weight were more heavy. Anthocyanin content in seed coat was
different according to location, genotypes and seeding time, so it can be
concluded that anthocyanin content was effected by environmetal and
genetic variation.

The correlations between color index and anthocyanin content were
analyzed. L(lightness) and b(yellowness) values were correlated negatively
with D3G, C3G and total anthocyanin content while a(redness) value was
correlated negatively with C3G content. The correlations between climatic

factors and anthocyanin content were analyzed. Anthocyanin content was



correlated negatively with mean temperature and accumulated temperature
whereas mean daily temperature range showed positive correlation. We
could conclude that the area in which mean temperature was low and
daily temperature range was high is good for production of high

anthocyanin containing black soybean.

2. Nondestructive and rapid analysis methods by NIRS to quantify

anthocyanin contents

Near infrared reflectance spectroscopy (NIRS) is a rapid and accurate
analytical method for determining the composition of agricultural products
and feeds. This study was conducted to measure anthocyanin contents in
black colored soybean by using NIRS system. Total 300 seed coat of
black colored soybean samples previously analyzed by HPLC were
scanned by NIRS and over 250 samples were selected for calibration and
validation equation. A calibration equation calculated by MPLS(modified
partial least squares) regression technique was developed in which the
coefficient of determination for anthocyanin pigment C3G, D3G and Pt3G
content was 0.952, 0.936, and 0.833, respectively. Each calibration equation
was applied to wvalidation set that was performed with the remaining
samples not included in the calibration set, which showed high positive
correlation both in C3G and D3G content file. In case Pt3G, the prediction
model was needed more accuracy because of low R” value in validation
set. This results demonstrate that the developed NIRS equation can be
practically used as a rapid screening method for quantification of C3G and

D3G contents in black colored soybean.

3. Pharmaceutical effects and oral toxicity of anthocyanin extracts



Anthocyanin pigments in soybean seed coat were D3G(Delphinidin—
3—glucoside), C3G(Cyanidin—3—glucoside) and Pt3G (Petunidin—3—glucoside),
which have been known potential roles in the prevention and treatment of
chronic diseases. Effects of anthocyanin to human cancer cells was
analyzed by MTT assay after anthocyanin pigments treated on leukemia
(Jurkat—T) and adenocarsinoma (MCF—=7) cells. It showed decrement of
cell numbers as anthocyanin concentration is increasing. ECso range of
anthocyanin concentrations were 100~250 ug/mL and 100~250 ug/mL in
Jurkat—T and MCF—7 cell, respectively. D3G showed higher cytotoxicity
than other pigments in Jurkat—T cell whereas activity of C3G was high
in MCF—=7 cell. And SOD activity and inhibition of nitrogen dioxide
production by anthocyanin extracts treatment were also showed the
biological activity. It is believed that supplementation of human diets with
soybean anthocyanin markedly reduces human cancer mortality rates.

This study was also conducted to assess the toxicity of anthocyanin
extracts from black soybean seed coats via oral administration in a mice
feeding test. The final anthocyanin—containing products induced signs of
toxicity on mortality in the 4—week feeding test. The incidence of clinical
signs and changes in body and organ weight were also not observed in
all anthocyanin—treated groups as compared with the control groups. In
hematology analysis, RBC indices concluding MCV, MCH, and MCHC and
WBC differential counting such a NEU, LYM, MONO, EOS, and BASO
evidenced no significant differences between the anthocyanin treatment
and control groups. The biochemical parameters in serum analysis — ALT,
AST, BUN, Crea efc.— were also not significantly altered in those groups.
Absolute and relative organ weights were not increased after 4 weeks of
treatment with anthocyanin extracts in mice. In conclusion, anthocyanin

extracts from the black soybean has biological activity without any toxic



effects, which also suggests that the consumption of soy containing
anthocyanin products may be a good source for health and medical

supplies.

4. Development of anthocyanin—based functional foodstuff

We analyzed the anthocyanin contents of black soybean crude extracts
derived using a countercurrent system and to compare the effects of
stabilizers(B3—cyclodextrin, maltodextrin) and sugars(sucrose, maltose) on
the color deterioration of the anthocyanin. When the extraction process
was kept at 100C for 120~180 min, only C3G (cyanidin—3—glucoside) was
detected in the water extract. The C3G contents in the water extracts
acquired at 8C, 60C, and 80C were 2.38 ppm, 1.73 ppm, and 1.73 ppm,
respectively. Sucrose and maltose retarded color deterioration of the crude
pigment extract by the countercurrent method with methanol. Finally, the
additions of maltodextrin or B—cyclodextrin did not retard thermal color
deterioration of the black soybean crude pigment extract.

Quality of anthocyanin extract yogurt on during storage was analyzed.
To strengthen the usage of anthocyanin extract, the yogurt containing
skim milk powder and anthocyanin was fermented by Streptococcus
thermophilus and Lactobacillus plantarum.. Control group was yogurt
containing only skim milk 15.4 % and experimental groups were replaced
the part of skim milk, 0.5 %, 1 % and 1.5 % with anthocyanin extract.
The amount of lactic acid were increased according to the amount of
anthocyanin extract during fermentation and the viscosity was also
increased, too. The more the addition of anthocyanin extract to yogurt by
Streptococcus thermophilus and Lactobacillus plantarum was increased the
sensory properties, such as fragrance, texture and overall preference. This

experiment suggest that it is desirable to add anthocyanin extract 0.5 %



or less than 1 % to the yogurt and further research for the selection of
lactic acid bacteria and for adequate proportion of skim milk powder vs.
anthocyanin extract is needed.

Also, quality characteristics of muffin added anthocyanin extract was
analyzed. Anthocyanin extract was used in muffin production at different
concentrations ranging from 0 to 50%. The lightness value of muffins
decreased, however, the yellowness value increased with increasing
amounts of anthocyanin extract. The bulk of the muffins was generally
reduced by the addition of anthocyanin extract. At the 10% concentration,
hardness and viscosity were similar to the control, and there were no
changes in springiness or cohesiveness. For the sensory evaluation,
parameters such as appearance, color, texture, taste, and overall
acceptability increased significantly from the control at the 10%
concentration of anthocyanin, but flavor increased with increasing amounts
of anthocyanin extract. Based on these results and the sensory evaluation
specifically, the optimal of anthocyanin added to the muffins was the 10%

concentration.
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B Chu et al, 2002; Chung et al, 2004). “12]al SHEAjohde] 4L F5
(¥} 2003), /‘ﬂoo‘—’F(Jung et al 1996), A A%E, AuiA A (Kim ef al, 2005), 3=
Al71(Jung et al,, 1996, B, 2003) ol 938l & vt} AT EAs= 9+
EAlobd M| & cyanidin, pelargonidin, petunidin %2 delphinidin &©¢] 2+
7} 80%, 8.0%, 7.4%, 4.3% o™, &l ] v]&-& 85%, 0%, 3.4% 2 10.9%
o] ATH(Oh, 2001). o]} o] thekgh Fofell A A7) o] FoAH ol = &35t
I HAZFAA FEAob] gy AEES S0 ZBadh wnf REES A3

A VR T

O FEAJobel o] A5 7hd
Anthocyanin F&°l #3F A7 2= ofg SvlE ARESte] AT L=
o] QFEAo S 354k Bav} 9lom, Cho 7(2003)34 Chung “5(2004) QHEA]o}

2 cyanidinAl9] chrysanthemine &% &0l o} 23%o)| 2-83}7] 8-o]3}ttal 313
om, &Fd FIFE T+ UAEA = HA 2= AIZEe] AFA 2=
Aol Wshs Aaert ual Stk AT SFEAlobd M40 kA 3]

stE oJAlstofof st o] FIF=
714 EeEolE, E2 T
(Yang et al, 1982)¢] H.1Y
I oG Re Al adr & AL

A& malic acidZ7} 7FE @37 331, thE- O 2 tartaric acid, citric acid,

;g

4=
+ flavylium ring®

=5 5Y 2L IR, =5, pH, 5% ol 5
o,
=
succinic acid, malonic acid 28] 3L ascorbic acid 59 3% JLo] HilyH

At (Lee et al, 2000). Oh 5(2005)& ¥ = Fujol|A FE3F QtEAJoldol| FA]
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=
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Table 1. No. of black soybeans according to collection sites

Year Gyeonggi Gangwon Chungbuk Chungnam Jeonbuk Jeonnam Kyeongbuk Kyeongnam

2006 51 74 32 8 23 26 28 26
2007 73 87 36 28 67 66 64 50
2008 101 30 6 8 7 4 2 4
Total 225 191 74 44 97 96 94 80
Year Jeju Busan Daegu Incheon Daejeon Cultivar Br(lei%céing China obsli?\t/ed Total
2006 2 2 0 3 1 0 0 0 21 300
2007 5) 3 3 5 5 0 0 0 4 500
2008 0 0 4 1 2 11 34 2 28 244
Total 7 5 7 9 8 11 34 2 53 1,044
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Table 2. Condition of anthocyanin analysis by HPLC

Parameter Condition
Germplasm Environmental variation
Instrument AcquityTM UPLC Agilent 1100
Wavelength UV 590nm 590nm
detector
Mobile phase D.W. : MeOH : TFA D.W.: MeOH : formic acid
75.8 1 24.0 : 0.2 75 120 :5
Flow rate 0.5ml/min 0.85ml/min
Sample injection volume 1ul 20ul
Oven temperature 35C 35C
Acquity ™ BEH . M
Column SHIELD RP18 Atlantis ™ dc18

X
1.7/m*21>100mm (4.6x 150 mmy 3¢m)

Table 3. Estimated linear regression equations on anthocyanin analysis

Coefficient of
determination

3,040X — 4,110 R* = 0.9994

Anthocyanin pigment Regression

Dephinidin—3—Glucose y

Germplasm Cyanidin—3—Glucose y = 1,960X + 1020 R? = 0.9999
Petionidin—3—Glucose y = 1,030X + 138 R* = 0.9996
Dephinidin—3—Glucose y = 35.2140X — 2.1565 R* = 0.9999

Environmental o 5

o Cyanidin—3—Glucose y = 48.6323X + 7.9522 R” = 0.9999
variation
Petionidin—3—Glucose v = 55.4087X + 13.0678 R* = 0.9999




2. AAF AEAoMd FF9 A&-uAAEY 7le AL

NIRSE ol &3 AZFed Bye w4 FHd€d fFHA959 NR
spectrume & & AHFA S FE3te]oF sk}, NIRS spectrum = 7FA%

A A9 g9 (400 — 2,500 nm)el A T3 B FA FEE 2=A0d 5
o, 38 ¢tEAe}IQ C3G, D3G ¥ Pt3G2 HPLC #4]9} vlul #2435}
o HAZFAE st 49 o]8% 7|71+ NIRSystem model 6500

(Foss NIRSystems)©] At A2 94 spectrumS 4714 318 WS

&) 124 2 & noise?t biasE &3UTh 4 8 (math treatment) = 1x}7]
MG o] 83 1, 4, 4, 1(1st derivative, 4 nm gap, 4 points smooth, and 1

pont second smooth) &7, 1, 10, 10, 1 =3} 22} v]E& o] 83 2, 4, 4, 1
23 32, 10, 10, 1 =12 ARE8IQlH A2 E spectrum2 3] 4 &

Foto] A S AAEAY. A4S Step up, Step wise, 2] 32 MPLS
(Modified Partial Least Squares)¥ = AF-&-3te] H&2AS Ab=sision, 24

H AFAS AS v B4 & HAHo] HEFAS =&
3. AAZ AEAoId f%59 in vitro ¥4

7} BAAE

AF 1kgs 80% wighE 1500 War 347F AeA B¢ F 100um
ey oz o 7sGit). A s AheHet & sz Ay ol
Aol wpatulabgl FEAIRE F5T F AUtk ol F AEE AW T
T 3 BHASEA tEAMT FF B AgEdt. FE AlsE
73.93gel o,  Almel  QtEAlebd  FFS HPLCE  E43% 2}
Cyanidin—3—glucoside ¥ HEH Ao 1 =2 2.2%°|UT}

U A



1) Superoxide dismutase (SOD) assay
SOD &4 nitroblue tetrazolium (NBT) W& Al
= gkdEo] 560 nmollA &35 HH SOD= o] Whe&

2 ZE27) *l FEMO

A st} a4 Wk buffer (50 mM sodium phosphate (pH 7.8), 3 mM

xanthine, 0.75 mM NBT, 3 mM EDTA)e] 50 ul®] A|EFEES H7bsta
HES A7}, 6

0.1 mg/ml®] xanthine oxidaseE F7}sle] A4l 304&7F Ht
mM CuClL2 Qo] uhsS ZAX7| 1 QAR ste] Ap=ols
Ao FFEE SAF o dAikshsS superoxide anion AAEZR I

shalt.

1
D
o
=
=5
lo
(AURN )

2) Nitric Oxide(NO) assay

A E 723 0] RAW 264.7 AEE AHE3H T AE(5 x 10° cells/ml)
= 12 well plateol 4] 18A]7F wikst 3 AJ&<¢} LPS(lipopolysaccharide,
Sigma)& A @lslar, 48A)17F 3 NO2] <43k A=A 2l nitriteE Griess W

How ZA3AT. 71 F 5% phosphoric acidell &&l%¥ 1% sulfanilic acid
2} 0.1% Naphthylethylene diamine dihydrochloride® &#o= 233+
Griess A|°F 100 ul& 5% A& Z3ato] 37TColA 303 A 233t
THEE THFEAE o83t 540 nmelA FASERAL, NaNOE ©] &%
AolX F=E ALt

=5
N
g

3) ¥ a7 £4
Escherichia col{ KCTC 2571), Staphylococcus aureus(KCTC 1916),
Candida albicans(KCTC 7965), Aspergillus niger(KCTC6906)2] 47}A]
g Agsiel BF BNE BANAT. WA APEE AAAIA 1-22
A EE7t 0.8 %HE dHuA Tnle] F47F 10°° AE
pore AT A T TG FRAAS AFD

st ®] Qo] #5%k % 50ule] A&, erythromycin, amphotericin

(positive control)S Z+7}e] Uuk(paper disk)oll HAl Z wjx] ol x|A}3}

H odﬂl""



& w712 30~37CollA 3~4Y 5t vl FHEdS
of FAHE Fyd A7](A74)E millimeterd = SAH3F] YERNS]

4) F44 %7t

JurKat T M|2Z(T cell leukaemia, KCLB 40152, St=r M| 2523, 54 9
Y A EF) MCF—7 Al¥(Adenocarsinoma, KCLB 3002, 3t=A| X2
RS AEF) wEE ol&ste] A=A dE AxE 54 HEES
Al ANdEdES Agstar AES wjsto]l AL viabilityE A8kl o,
AAEE ZFAH7] 98 wHezE MTT assays o|&3klth. MTT
(3—(4,5—dimetylthiazol—2—yl) 2,5—diphenyltetrazolium bromide)+* ©3219] 7]
AR AAxe] mEIZEZoL o] TFaAd o] Mdstal hH A
formazang AT FHL& AEZANAE WSOl dojux] gowm=z 9
formazan®] A= WA EF S o] &3t

MAE S JurKat—T A3EF MCF—7 AXE RPMI1640 ®jA|10%
Fetal bovine serum (FBS), 1% penicillin—streptomycing #7}ste] 37°C,
5% CO, 1AM wjation tha oAM= A skl
@O A1 ARE 100 mg/ml(10%, w/v) %= DMSOo =3t A ssEs
Ao Aeled sxe 200~100082 FH]s] FAT).
* Jurkat TAXE2} MCF=7AX94 DMSOE 0.5% SZ=7FA MX=/do] ¢l
= 7102 24 9drtH(Plochemann K,2007). waba] 2+ Al Zwlch 22 Al 5.9
Hasel 22 ko] DMSOE Agdte] Ax5AHdads #zsi.
@ MTT(3—(4,5—Dimethylthiazol—2—yl)—2,5—diphenyltetrazolium bromide A]2F
2 PBS(pH 7.4)°] 1mg/ml %% =<2 ¥ 0.2 um syringr filer® filtration

o 5 el 9 Basksivh

A, AlxAEY SAHS vda Aol ofste] Fy = A

JurKatT A3E<} MCF—7 AlXE 96 well plate] 1X1047)/well 32 #

e o



ZzZyolwelld] A HEAE TR AH2ldh & 7247 FoF thA] mf ket

AA=d Ag7igtelad $ AA viAY 1/105¥ = oz MTT &< (1
mg/ml in PBS)S Yol

@ 37°C, 5% CO» W71 4A13F WH-EAI 21

® MCF-7 AxE9] 3% vjFNs 2% AAsaL ZH welldl DMSOE 100 ul
A g3 AEY P formazanes Z3AIZITh Jurkat T AEZe 749 1.7ml
tubeo] T3l 5,000 rpmelA 5 YAl Ete] W GFAE A A F F
cell pellete]l DMSOZE 7}38}e] =<},

® 540nmo| 4] ELISA reader® &F¥d=& 43}

4. TEAES T AEA M 54 B}

7}, FAAE

ARZ SEA I §59 in vitro A0 o] &H ARE AHEeIT

. A1E €
1) Alg@A

942 o] &3l anthocyanin® w3 % 45 wkE A3A] SAWEE @
a7 fE dASd, @RS AAE 2AH T AAF 55 Fok
TR 82 (No observed adverse effect level, NOAEL)S F-3F0 2 4]

anthocyanin®] gt o+dA S FA5}3I),
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3= w9 =y
FHYT 6 [sovolumetric 2D,
) 10” cells/ul
(total erythrocyte count : RB Flow cytometry method
RN s JdL Optical absorbance
(hemoglobin concentration : HG & method
3| n}E F 2] E %] (hematocrit : HCT) % Calculated
Hd 45 &4
(mean cell volume : MC) L Calculated
P AT A EZF2NE Calculated
(mean cell hemoglobin : MCH P& acwiate
i AdT FEISE2HFE
(mean cell hemoglobin concentration g/dL Calculated
MCHC
Isovolumetric 2D
/\_L]— 1 3 )
g A~ (platelet : PLT) 0 cells/ul Flow cvtometry method
Fy 34 10° cells/ul, Flow cytometry,
(total leucocyte count WBC) Optical lobularity
HHQ?H“H%(WBC differential countin
A 324w (neutrophils @ NET
- %}i?(lymphocytes : LYM) o Flow cytometry,
— @33 (monocytes : MONO) ¢ Peroxidase stain
— A5 A WE T (eosinophils @ EOS
— 47]3A M (basophils : BASO)

6) @%/\gﬂ_fﬂ-ﬂ 74/\]_

A GLPYI 9l fmto] 9 B2l o)gjste] YARTA QA Foig
A AANA AR B e ALgstel AT Z, AN AR

2](3000 rpm, 10%)3 3 HHS FEste NABIsHEA7](7080,
HITACHI, Japan)E& °]&3ld] vt IdH5ES SAHSAT
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el

oejd ol ol g A

(alanine aminotransferase : ALT)
of=utE| o] E ofn| 7| ol g a
(aspartate aminotransferase : AST)
okzkelel 3 AvERA] p—Nitrophenylphosphate
(alkaline phosphatase : ALP) substrate method

ol 9 A& A (blood urea nitrogen : BUN)mg/dLUrease—GLDH

U/L  |JSCC method (UV Kinetic)

U/L  |JSCC method

F#o}E]d (creatinine : Crea) mg/dl}Jaffe

ZH ] F9 (total bilirubin : T—Bili) mg/dlJVanadate oxidation method

Cholesterol oxidase
HDAOS method
COD—HDAOS method

(Glycerol blanking)

ZZ 9 ~H =(total cholesterol : T—Chol)mg/dl]

EgZg Al gto] = (triglycerides @ TG) mg/dL]

— AlZF(heart), 7F(liver), A& (kidney — Lt./Rt.), B]&(spleen), ¥ (lung)
a1 3H(testis—Lt./Rt.), FA&(ovary — Lt./Rt.), H 323 Epididymus—Lt./Rt.)
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Zdlo]== A %}sFe] Hematoxylin &
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fie)
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Eosin(H&E)

Ak okdel 7]

52
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— WAL B AFETRA

2. Atz FAAE
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=~

A4

52

A}, s

a

X

3 Levene's test=

S o

one way ANOVA test

o
=]

sttt 1 o

A

[e)
A

o

)

Dunnett's t—test

EAohd #3373 A2 84 F7h
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=81 30 ml (Mg 60%)0l Wi AL/ ol A 24

S syringe®} syringe filter(Nylon 66 syringe
filter 13 mm, 0.45 rm) sto] o gk thy HustHA A RE ARESES
t}. Standard: polyphenolsA}(Sandnes, Norway)olA 943+ cyanidin—3—
glucoside(C3G), delphinidin—3—glucoside(D3G), petunidin—3—glucoside (Pt3G)
S AHESIATE &% AR+ EF  whatman Nod 2 o338} 3.5 brixZ
7

7+t 5% (Vacuum Evaporator, Eyela, Japan)3dt & 2o AF8-3}3it}.

(1}) Counter Current 3%
AAF £9]Z Laboratory Blender(Waring Laboratory, Chicago, USA)el
A Zo] 155 mle] B8 Yw 1 A7t A2 EuE Y

e

-

BN o

]
F=3te] Ml H 2O+ counter current system®Z FEIIGTH %
CAA FE381% o, 52 Whatman No. 4 = o33t

3.5 brix® Y FF8te] ¢ael Bast Alg= ARgeqlt)

o

H

&rjet  ZHzte] & Hojl
HPLC(Agilent LC 1200, Santa Clara, USA)® =43} o,
Table 4%} #t},

of

9%

ot
o

S|
A

A
EN
By

4) Az 2A

A SALE A FEES o] FHEA @ AzE N AFE s
(dia. 32 mm in. X H150 m)ell 10 ml& o] 8C<] ¥+ AMa(MMa-Lgte
0.44, agk 1.38, bt —0.62), 80Ce] xF MF(LES 0.63, a%t 2.37, bak
0.47) 2 60Ce] E= MIH(LGES 2.82, adk 4.06, bat 0.63) 0.2 7]E & A
A3t spectrphotometer(d—3500d, Minolta, Tokyo, Japan)E& ©]-&3}¢]
Hunter's value 91 L(Lightness), a(Redness), b(Yellowness)#tS =743} t}.

_



U Ak 434 B

D) 7pel o3t Axs s}
=

Anthocyanin 24 FE9] A BAFS A et A FEUH
of o3t Z} AR XFEES round flaskel] 50ml & EF35la IFd73
& 2% ¥ oil bath(471, Buchi, Switzerland) & ©]4-3}o] 7143}t v
ge FE=NE syringe?} syringe filter(Nylon 66 syringe filter 13mm,
0.45micrometer) S ©]83}o] o33l o} 208 312418} cap test tubed] Z+
ZF 10ml A g3 483 & E4S Fdsqdn. b Ao gk HgstA
o] a35 W&s] sh] sl Blad 7R 100ToA 0-180%3T 7+
e 22 AAste] AT W= 7t F SA] ice bathol] WA s}
of WA WS FRAZG L Agd 25 ¥ AxERe ﬂ*—ﬂE

°] 9%%@3(0.21\1 KCI : 0.2N HCl) (25:67)3} pH 4.5 &%
acetate : 1IN HCI : water)(100:6o:9o)£ o]-gsto] Ad

526nmell A FFEE SAT T th3 o] A oste] AXtsaith

DI = A ,ul.0/(A pH 1.0 — A,y 4.5)

A ,g1.0 = Absorbance at 525nm at pH 1.0

Apn 4.5 = Absorbance at 52bnm at pH 4.5

A =gk AAFA (Minolta—3500d) & ©]-83ke] Hunter's L, a, b #t 2% e
Art.

2) 3o 4%
M FEMo] A obAFA W3l= sucrose(Junsei Chemical Co, Osaka,

Japan)@r maltose(Junsei Chemical Co, Osaka, Japan)S A Aste] AL

%«
Fool A% vu7t 47 1%, 10% H%% Arkske] wgae Axs.



ool pHE 3.00.8 %XA3ta 100TCo A 0~18087 =<t 713 & DI

oFA 3}o]l o]8F+= B—cyclodextrin(Junsei Chemical Co, Osaka,
Japan), maltodextrin(Junsei Chemical Co, Osaka, Japan)S 1%%} 5%2] 5%
= 747} 37hske] 100°Cell A 1807k 7kt & DI Wists FAste] QtEA
ofle] 7t HHdE ZASHATH

. SAA=



Table 4. HPLC conditions

for anthocyanin pigments analysis

Column

wavelength

Mobile phase

Flow rate

Sample size

Tosoh Bioscience TSKgel'™" ODS — 120T

(5pm 150 X 4.6 mm)
UV — wvisible 530nm

lange scanning: 200 ~ 900
H20 : Methanol : Formic Acid
(78 1 17 : 5 v/v/v)

1.0ml/min
2.0ul




6. FEAlORI A7 WEH A

7). SFEE] Az

1) ¢EAobd e 5

Counter currentd] ¢]3+ 323 Wl og AHI Zulo|A] StEAoIUS =33}
gom, FEFE2 L#ko] 80AE olE uf 71+ etE 3l
2) SAAEF

HEFE Axs] f& A #FEs 2714 o 2 F(Lactobacillus

plantarum, Streptococcus thermophilus)¥ @714 5 3 & (Bifidobacterium
brevis, Bifidobacterium longum, Bifidobacterium lactis)®] #5% T2 3A}L

Cell Biotechol|A] #ckuto} A& 3}<it).

4) 8FEES Ax
StEAJOlY @ F2E A& gt HAH9 A5 HAASH] sl EA

10g, ¥ 50mlel ZF P AYES 0.0004% H &2 92T A 1087 714 A3}

3
EAlobd @72ES Az M A9 ¢ A3 2714 AFlA
d QTEE Azt sbeeilont RE P AT e Alx
W, 714 dFeke] el R QtEAbd 8 FEES AF Brbssiglth

w2} 4] Lactobacillus plantarum, Streptococcus thermophilus®} ©] + &+



AAQAE W pH, BE £ AAFe Ake] AAES FALE] el wEo
5 gol B+ T gom, 10 mlE Hslo

0.0IN Phenolpthalein €No =z AA33 3, pH(Orion 3 Star, Thermo

electron corporation)& 57433t

2) Aits 24
A Mgl 1 gol B 494 9 me EF Bast] 100w

AdstA s Astlvh. Z2He A 1mlE  plateol] Xﬂufé‘}i MRS
agar(Difco Laboratories, Detroit, MI, USA)uj XS Ko &3+3 T 40T o
A 24 A1 7F v oFEtdtt. H A% colonyE g9 colony forming units(CFU/g) &
et SA S 3 3] vHRARE AASte] Hdgie 2 YEhAT

3) A%
wagvt 95E QFEEES A2 4 Brookfield viscometer(Model LV
DV—E, Brookfield Co., USA)E o] &3} /‘L%Oﬂf\i spindle No.5, 3|A &%

714 WstE 543517 8l AsE A9 FHst 2ol (deionized
water) = 5 v 323t 3 187 EE50] 31 4C, 12,000rpmol 4] 10&3F 9
A Byttt Aol A5 NS Sep—Pak C18 catridge(Waters Co.)oll =3}
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Instrument ; Vitamin Analyzer

Column : uBondapak C18(300mm x 3.9mm)
Detector :UV930 (210nm)

Mobile phase : 10mM KH;PO4(pH2.32 with H3PO,)
Flow rate : 0.6ul/min

Injection vol.: 10ul

Column temperature : 20T

Sample temperature : 20C

H

5)
EAJoldo] 0.5%, 1.0%, 1.5% A7t N85S MaFAIE Hunter value
= 439t 7S E50 2 o83 (L : 13.93, a : 0.57, b : 3.56)

Spectrophotomer (CD—3500d, Minolta, Japan)® 2138}itc}.

—HN‘ r‘r‘ 1z

6) ¥ AL

Larh 95y QF2Ed ARS 10% Yol & s A7]a 4TCHA
247ZF B - Jhd el st st ASE ety S 158 S HAA e ®
A (color), 3w (flavor), BH(taste), A1%H(sour tase) H A 2Ql 7] S % (overall

preference)d] sl HA 1 A, H3 5 Ao 5 WA HrtHo 2 Hrbslt}.

]
219 SAS Program 8.02 AFE3}% 2™ Duncan's multiple range

testol] o8] Al87F F9 FFEL 5% (p<0.05)04 AZSAT

f
)
dr
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E2ES straight dough methodol] €]3ted Algk 1 71(50g),
fr(15g)ell premix &% 216g ¥ = 70gs Eol uwkalo]
AL A zxsFA L 7]E Al formulas Table 63 2T}, UPT’J_E] ANz 494

)
systeml 2 F=39 1 7 EE3 AEH 9 brixe 3

S SAsAT. U S48 F 10%5-E H7FstHA «n)dd s A A
ZE 80% 7HA 7hsetalov 5] et vro R 75Tt d A s "ol
10-50% W2 ZA4edorn, Ay LS & 5SS National
Co(USA)9] mixer® HF=3s}ith W= dulg 5 Ao 2/3 A Fo} 4
A AAAA] (MP-927MB, LG HA}) ato] 180°Cell A 2047t baking
skt

il
%)
ofo



Table 5. Materials of preparation of cup cake premix

Materials Place of purchase or maker Time of purchase

Wheat flour o] kA 20074 10€¥
Sugar (purity 99.0%) A LD AF 2007 7€
Instant dry yeast 98.9% A D A 20073 9¢¥

Corn oil A DA G 20071 10¢

Salt A as 2007 10¢

Liquified sugar A D A 2007 12¢¥
Egg ntE TA T

Vanilla flavor Ak AL 2007 10¥

Cheese mixed power

Seo Kang Dairy & Food Co., Ltd.

2007 1249

Baking powder A DA G 2007 12¢
Skim milk e 5 Z=A 79
Glucose powder AFoFA} 20073 10¥

Yogurt powder

Seo Kang Dairy & Food Co., Ltd.

2007 1249

Rye powder

s e e S e R

2008 14

Squash powder

A (5

2008 2¢

Black sesame powder

E-mhE 237

[0}

2008 3¢




Table 6. Baking formula based on wheat flour weight

Preparation of Muffin
Ingredients C |CVl1|CV2|CV3 | CB [CB1 CZB CB3 | CS CIS CZS (;S
quantity (g)
Corn oil 75| 75 | 75 | 75 | 75 | 75 |75 | 75 | 75 |75|75| 75
Salt 5 5 5 5 5 5 5 5 515|565
Skimmed milk powder 35 35 35 35 35 1 35|35 35 |35(35(35] 35
Powder of glucose 5 5 5 5 5 5 5 5 515|515
Powder of cheese 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 |50|50] 50
Egg(7)) 3] 3 3] 3 3131313 |3[3[3/|3
Low gluten flour 450 | 405 | 360 | 315 | 400 | 360 |315|275|350|405(360|315
Baking powder 6 6 6 6 6 6 6 6 6 |6|6]| 6
Vanilla 10 | 10 | 10 | 10
anthocyanin extract 45 | 90 | 135 40 [135| 275140 |45]90|135
Powder of black sesame seed 50 | 50 | 50 | 50
Powder of squash 50 | 50|50 50
Sorbitol 40 | 40 | 40 | 40 | 40 | 40 | 40| 40 | 40
ks 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40
AR 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10
maltitol 2 2 2 2 2 2 2 2 2

C : Muffin with powder of vanilla

CV1: Muffin with powder of vanilla and anthocyanin extract 10%

CV2: Muffin with powder of vanilla and anthocyanin extract 20%

CV3: Muffin with powder of vanilla and anthocyanin extract 30%

CB: Muffin with powder of black sesame seed

CB1: Muffin with powder of black sesame seed and anthocyanin extract 10%
CB2: Muffin with powder of black sesame seed and anthocyanin extract 30%
CB3: Muffin with powder of black sesame seed and anthocyanin extract 50%
CS; Muffin with powder of squash

CS1: Muffin with powder of sqash and anthocyanin extract 10%

CS2: Muffin with powder of sqash and anthocyanin extract 20%

CS3: Muffin with powder of sqash and anthocyanin extract 30%
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ol Hyl9} HAE bakingdt thS 1 A =
goplon, Fiue= FA o R S48, Axg H AJoriy
Alg), 3 (cc)E SAsEA o|2FH HA A (cc/g)E AHESF3ATE Volume
index ¥ uniformity+= AACC 10-91 " (AACC 1992)& o] &3l Z435IA
t}.

Volume index® W¥ 73 FHE JAHOE YERH”
A AYE Alms A 3 s o 2o F4la AL A Hol&
=4 % %f‘f}@l 308 vd Yeldldch Uniformitys AlZ2 22 o)
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£ F3}lo] Spectrophotometer(Minolta CR—3500d,
5), a(AA%E), b(FAME)FHS 3 3] v S50 S

W ool E&E Wye] 1, a, b kS 96.86, —0.07, 2.02 o]}

A0 =

HAdol FAZE baking 1 AIRE & H ALY WFE FdI A7)
(5x5x3cm) = ZE} Texture analyzer(TA—XT2, Stable Micro Systems Co.,
UK)E AFg3sted 54339, Force—time 349  Texture profile
analysis(TPA)E parameter =58 B2 A (springness), 534 (cohesiveness),
A4 (gumminess), 7 %= (hardness), 234 (chewiness)sS AF=3}311, o] &
E SHof o] &3t &4FuH plungerv= A& 35 mmo| S W, pretest speed
5.0 mm/sec, test speed 0.5mm/sec, post test speed 10mm/sec, distance
10mm, trigger force 20g 0.5 mm/sec® £E=Z 10 mm7tA] GF3st] =A 3}
AT,



WeaAbd o w THA o FE skl AFE S S AP EAe A
getal zt 53 Ao tiste] whEstel FHAIZ] $ Z7ho] A tER Alxd
wAe] ofy, A, & gk, A3 dRkARl Vs kol tieto] 1(thdks] dpu
thoell A 5(tes] Frh)7hx o] 45 Abgste] B7bstes skl
5) TA &4

=4 248 SAS(Statistical Analysis System, Version 6) =74 package
2 #4492 Duncan Y9l S5 (Duncan's multiple test)S AF-&-3}1S]
t}.
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A2d A7 3 29 R uF
1. ARF fAAge) GEAchd §% R #7Wo] 4

7t AAF FAAY GEAID T Fr}

oAl AR fAde] A % 7% 2
BFE FAALE T 1,042F0] FHsR o 14F0] B ETel AL 5
< FEHol ¥ 1,0328% 88t

A3k = Ak ALY 1,032F9
= 8

F QtEAOMI SRS Ht 11.67, HOakS 2 -4/\%}0 0.54mg/gS
wnelow 9 EXFTFE 10~16mg/g WH7F 3715 0% 7P WokaL, 5~
10mg/g 359%, 15~20mg/g 200, 0~5mg 72%°]At}. Cyanidin—3—Glucose
chloride™= H+ 8.81, W 21.35, HA 42 0.54mg/gl = YEltom AFH
EYE= 5~10mg/g HY7F 378F 02 71 =941, 10~15mg/g 3035, 0~
5mg/g 251%, 15~20mg/g 98Fo|A 2™ 20mg/g ©1d2 2F =2 F AEA}
g Ak Ao m QEEAlob FF FolA F FEAoRT FhEk

O

= 9sko] 7bd 2 AR Yelgtl Joo 5(2004) So] F orEA o

£ 3.32~16.67mg/ge]er B wldle] M7 ¢ YA, o= ¢ v
&t FHAAY S ?é‘l‘%mﬂ Axel dasEm 53] 20.0mg/ge]l Wi A}
[e)

I“

Dephinidin—3—Glucose chloride™= H+F 1.78, 2] 5.86mg/gl. & & QEA]
opd ol wiA= T]ofu|Eo] mmg o yewth E IR FHF
BEXE4E 0~6mg/eg WY 7F A 1,032 % 941F0]%931, 5~10mg /g H 9]
£ 3Fol%a, AEHA @S FAAYE 88F°] Utk Petionidin—3-
Glucose chloridex= H+t 0.79, H ] 4.33mg/gl. & & QtEA]obd ﬂa‘coﬂ H]
= P 7PE AE Aow yewt E R FHF BESTE 0~5mg

o7} 894F 019, AZE R U GAAALE 138F0|L} H AE‘r.

o\
o

i



S $E 2@ AAE 1A we g
2006 300 300 294 6 5) 299
2007 500 498 496 1 0 496
2008 244 244 237 7 0 237

Al 1044 1042 1,027 14 5 1,032

E 8. 53 FAAAY SHEA oI

ok

K

SFEAlobd Sk (mg/g)
Total

nd” 0~5 5~1010~1515~20 20< Min. Max. Mean

Total 1,032 0 72 359 371 200 30 0.54 23.6511.37
C3G 1,032 0 251 378 303 98 2 0.54 21.35 8.81
D3G 1,032 88 941 3 0 0 0 nd ©5.86 1.78
Pt3G 1,032 138 894 0 0 0 0 nd 4.33 0.79

C3G : Cyanidin—3—Glucose chloride; D3G : Dephinidin—3—Glucose chloride, Pt3G : Petionidin
—3—Glucose chloride
1) not detected
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A, 891~5¢ 1747, 89 6~10¥ 6875, 8¢ 1
Met7lel we FAxd e FEAlobd H ok
ol M7t =&TF B2 A4S HEo sy
6~8€10¥¢> 8Y1~6YU> 7¥26~31> 7¥25¢ v
Cyanidin—3—Glucose chloride®™ & FEAJobd ghaka} e A gFoldl
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of T B bl &Skt
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A8 AL A4 d=71(Re) 3= 1H 29 o
FAR e el A A%7](R6)E 99 99HE 109 28U 7kA] BEESA
o]Fo % 10¢ 1~1090l 347807 7}4 &
3014, 10€11~20% 88%, 9€ 09~204 454, 10¥21~314 9 o] AT},
Ay A7l whe tEAlold 7 WolE £43% dyb= % 109 %
ok iEle] e FAAAEY] T bEACI HaEe
Nek 14.7>10€11~20¢ 718} 13.6>10€ 1~10¢¥ 708} 11.6>9¥€21~30¢ 7l
3} 90.8>999~20Y M3} 9.2mg/go 2 109 28U7kA] $28o] %
S A3k et} 33 Cyanidin—3—Glucose chloride®= 728 7 3Fo] ) o
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el A7)zt F3e B UEhdiA ek
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1
109 11~20¢ 2204, 109821 ~30Y 914, 9¥ 30 o]#o] 344 &gt}
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7.12-7.25

7.26-7.31 8.1-8.5 8.6-8.10
Heb|(d.e)

8.11-8.13

a9 L ASE £8%5 RE

9.09-9.20

9.21-9.30 10.01-10.10 10.11-10.20
d2[H48=7|(R6, E.9)

10.21-10.28

oY 2. AYA 4% SRS

A
kel




9. Ask7]e me QrEalehd

et

= ol (9] - mg/g)

N g 71 )
7.12~7.25 7.26~7.31 8.1~85 8.6~8.10 8.11~13

Total 8.9£4.00 10.5%3.75 13.4%£4.04 14.0£4.26 15.3£4.85
C3G 6.1£3.28 7.7£3.62 10.9%£4.10 11.4£4.00 12.6%x4.42
D3G 1.9£1.05 2.0x1.18 1.7£0.92 1.7£0.77 1.7£0.81
Pt3G 0.8£0.69 0.9£0.70  0.8£0.70 1.0£0.71 1.1£0.60

C3G : Cyanidin—3—Glucose chloride; D3G : Dephinidin—3—Glucose chloride, Pt3G : Petionidin
—3—Glucose chloride

* 10, A A S0 2 QtEAobd

L)

2 o] (9] mg/g)
R 6 (2.9)
9.09~9.20 9.21~9.30 10.1~10.10 10.11~10.20 10.21~10.28

Total 9.2£4.04 9.8+£3.79 11.6%x4.59 13.6+3.67 14.7%£3.04
C3G 6.8+3.58 6.9£3.39 8.9+4.30 11.6%+3.77 13.3+2.54
D3G 1.56+£0.08 1.9£1.03 1.9+1.12 1.5£0.85 1.0£0.95
Pt3G 0.9£0.70 1.0£0.77  0.8+£0.63 0.5£0.51 0.4%0.27

C3G : Cyanidin—3—Glucose chloride; D3G : Dephinidin—3—Glucose chloride, Pt3G : Petionidin
—3—Glucose chloride
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8.29-9.30 10.01-10.10 0.11-10.20 10.21-10.28 11.01-11.04
=71(8.2)
a4 3w FHTT ¥
3E 11 8718 bEAlobd ghaF o] (9] : me/g)
R 7 (£.9)
8.29~9.30 10.1~10.10 10.11~10.20 10.21~10.31 11.1~11.4
Total 8.9£3.64 9.9%£4.07 12.4£3.86 14.7+x4.14 13.9£3.13
C3G 6.2+3.16 7.2+3.69 9.6+3.98 12.1+3.77 13.1%£2.40
D3G 1.8£0.93 1.9£1.15 1.9£1.01 1.8%£0.84 0.5%0.47
Pt3G 0.9£0.71 0.9£0.72 0.9%£0.69 0.8+0.58 0.3%£0.40




48]0 o}

.

_foT

—

10

o

yolA Tt 11

=<

= u
=

;OT

o] 119 1~4¢ 13.9, 1€ 11~20¢

14.7+4.14mg/g 2.2 7} wWekal, 1 o

Cyanidin—3—Glucose chloride®] 74 -$-l

wokth ey

7V
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51-60 61.65 66-70 1-75 76-80 81-85 86-97
(o)

2 o] 2~ PN >~ B3
O 4 TudeE ST £X

5]

12. S5 de] M FEAo

L)

& Woj (9 - mg/g)

5% 5 (L)

51~-60 61~65 66~70 71~75 76~80 81~35 86017

Total 9.9£3.00 10.3£3.95 9.8+3.99 10.6+4.41 12.6+4.16 13.4+4.15 14.5+4.66
C3G 7.243.30 7.6+£3.78 7.2+£3.78 7.944.13 9.7+£4.16 10.6+4.21 11.9+4.20
D3G 1.8%£1.00 1.7£0.98 1.7£1.08 1.9£1.13 2.0£0.98 1.9+£1.03 1.8%+0.85
Pt3G 0.8+0.80 1.0£0.71 0.9£0.77 0.8%£0.71 0.94+0.58 0.8+£0.63 0.9%0.63
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200
Ko
- 150
E’E
K100
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ok
50
) D
55-10.0 10.1- 151- 201- 251- 30.1- 35.1—  40.1- 45.00/4
15.0 20.0 25.0 30.0 35.0 40.0 45.0
22 = (g)
a9 5 AL F4A0) BE
¥ 13. 2AF0 & etEAold &k o) (2] : mg/g)

THF(g/1008)

5.5~10.0 101~150 15.1~20.0 20.1~250 25.1~30.0 30.1~35.0 35.1~40.0 40.1~450 45.1°)%

Total 10.0+3

.18 10.744.06 10.3%3.28 10.944.05 10.844.60 11.944.66 15.744.01 14.6+3.05 17.844.12

C3G 7.6+£3.55 8.5+4.15 7.5+3.16 7.9+3.89 8.1+4.38 9.3%4.17 13.1+386 12.5+3.14 15.7+4.30

D3G 1.4%0.98 1.3%£1.14 1.9%11.2 2.1£0.96 2.0£1.01 2.0+1.02 1.9+0.71 1.6+£0.91 1.7+0.84

Pt3G 1.0£0.83 0.8+0.80 0.9£0.78 0.9£0.60 0.740.52 0.7+0.54 0.7£0.46 0.5+0.40 0.5+0.24
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GBS001~005 GBS200701 IT177797/3A3% 5
GBS006~014 GBS200702 IT177797/8.- A &) 9
GBS015~016 GBS200703 IT177797/%%F A 2l 2
GBS017~020 GBS200704 IT177797/73 5 A 4
GBS021~022 GBS200705 IT177797/83 A &) 2
GBS023~030 GBS200706 WO AH/IT1I77797 8
GBS031~033 GBS200707 B2 /A5 A 3
GBS034~036 GBS200708 B2 /3 d A 2 3
GBS037~038 GBS200709 AEAWA/NT177797 2
GBS039~040 GBS200710 735 A 2/ 8kd A 2
GBS041~041 GBS200711 R R VAE RS 1
GBS042~043 GBS200712 sld A 2 /22 A 2 2
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315 . 20084 Fy Al 4 A3 (Fs T4 55 )
Aoy dHEH T e s ] i) =R
F2 1 GS0701—1 IT177797/3A3% 52
F2 2 GS0701-2 " 101
F2 3 GS0701-3 " 102
F2 4 GS0701—4 " 121
F2 5 GS0701-5 " 40
F2 6 GS0702—-1 IT177797/8.2-A) 44
F2 7 GS0702—2 " 56
F2 8 GS0702-3 " 158
F2 9 GS0702—4 " 38
F2 10 GS0702-5 " 96
F2 11 GS0702—6 " 59
F2 12 GS0702—7 " 26
F2 13 GS0702-8 " 67
F2 14 GS0702—-9 " 91
F2 15 GS0703—-1 IT177797/% %A 88
F2 16 GS0703—2 " 84
F2 17 GS0704—1 IT177797/73 57 2 75
F2 18 GS0704—-2 " 86
F2 19 GS0704—3 " 75
F2 20 GS0704—4 73
F2 21 GS0705-1 IT177797/3+3 A ) 69
F2 22 GS0705—-2 " 25
F2 23 GS0706—1 BeAH/IT177797 79
F2 24 GS0706—2 " 32
F2 25 GS0706—3 " 39
F2 26 GS0706—4 " 61
F2 27 GS0706—5 " 42
F2 28 GS0706—6 " 124
F2 29 GS0706—7 " 82
F2 30 GS0706—8 " 43
F2 31 GS0707-1 HaA /A5 A 66
F2 32 GS0707—2 " 66
F2 33 GS0707-3 " 95
F2 34 GS0708—1 B2A /384 A 2l 127
F2 35 GS0708—2 " 98
F2 36 GS0708-3 " 112
F2 37 GS0709-1 AL WA/NT177797 100
F2 38 GS0709-2 " 91
F2 39 GS0710-1 35 A 2/8H3 A 2l 70
F2 40 GS0710—2 " 61
F2 41 GS0711-1 A5 A /x5 A 2 68
F2 42 GS0712—-1 BHAd A /2 A 2 75
F2 43 GS0712-2 " 92
A 3249




3 16. 2008 Sl A3 (20073 49 A2 2-8)
Al AdHHT WHH T SnA: /Sl THT
F1 1 GS0801 A A}3%./354 25
F1 2 GS0802 JA3%/537 3
F1 3 GS0803 TS/ A3 S 1
F1 4 GS0804 kS o) /354 3
F1 5 GS0805 S5 5/515 8
F1 6 GS0806 kS o) /537 3
F1 7 GS0807 HEAH/AHA3E 8
F1 8 GS0808 B2 2H/345 1
F1 9 GS0809 K22 2/354 4
F1 10 GS0810 HeA /515 1
F1 11 GS0811 345/354 1
F1 12 GS0812 354/8.-2 7 2
F1 13 GS0813 354/% 735 9
F1 14 GS0814 515/%.-27 7 2
F1 15 GS0815 515/354 1
F1 16 GS0816 537/5.2 A 2 4
F1 17 GS0817 537/354 6
g 82
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¥ 17. A9 2 gF7]o g FFE N~ 714
O oA+
v o= m HEF7 HAv2 AHAMALE duz XA T
oo e (9.9) (C) (C) (C) (A1 ZH) (mm)
5.15 23.0 1,524 10.0 355 1,239
AdZAAZ  5.30 29.8 1,440 10.4 351 2440
6.15 22.3 1010 10.9 353 968
5.15 22.3 1561 10.8 395 1,127
2 2 F  5.30 292.1 1512 11.1 395 1,016
6.15 21.5 1,401 11.6 395 1,011
5.15 21.4 1,662 11.4 450 1,061
= 5 = 5.30 21.2 1,541 11.9 452 983
6.15 20.6 1,442 12.2 439 886
O oAk
T = m HFT7 HAUE AR dux dRANF A5
=Y Al ZF mm
oo (g.9) (C) (C) (CT) (AIZH) ( )
5.15 24.3 1,723 9.4 340 638
AEAARFE  5.30 24.0 1,601 9.4 316 625
6.15 23.5 1,424 9.7 305 505
5.15 23.5 1,780 9.6 366 631
4 = F  5.30 23.3 1,675 9.7 353 616
6.15 22.8 1,473 10.0 372 500
5.15 22.9 1,787 9.8 373 618
= x5 F 530 22.7 1,711 10.0 388 569
6.15 22.2 1,596 10.4 385 456
O
v = w FE7 BTVl AE dux dxAF BFF
woe T (g (C) (C) (C) (A 7H) (mm)
5.15 25.4 1,807 8.5 511 735
dEAAT  5.30 24.7 1,808 8.9 497 685
6.15 24.2 1,606 9.1 431 641
5.15 24.5 1,928 9.1 571 763
2 2 =2 5.30 24.1 1,888 9.6 563 740
6.15 23.3 1,739 9.7 500 736
5.15 24.0 2,003 9.5 576 792
= 54 7 5.30 23.6 1,951 9.8 571 782
6.15 22.7 1,825 10.1 528 745
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E 18, A we F5E 9EU0t 5595 Uy we
O A=A
= T Y 3571 (4.Y9) Ao da(d) Y5 (g)
5.15 66 28.1a
dEFHAF 5.30 63 28.9a
6.15 60 28.6a
E iy 63 28.5b
5.15 70 32.0a
2 2 Z 5.30 67 32.2a
6.15 65 29.7a
3 IS 67 31.3a
5.15 77 28.1a
= A F 5.30 73 29.6a

6.15 70 27.3a

3 s 73 28.3b

O o 4t

= 5 3 3571(4.Y) AesrQda(Y) N (g)

5.15 68 30.0a

AEAAF 5.30 66 31.4a

6.15 59 28.8a

& by 65 30.0a

5.15 75 28.8a

A 2 F 5.30 71 31.9a

6.15 62 27.5a

& I 69 29.4a

5.15 76 29.9a

R 5.30 75 27.8a

6.15 72 27.6a

e iy 74 28.4a

O % F

F T4 357 (E.Y) A da(d) W (g)

5.15 71 31.8a

AdEH1AZ 5.30 73 32.1a

6.15 66 30.2a

3 ki 70 31.4a

5.15 84 32.6a

A 2 F 5.30 81 31.5ab

6.15 77 30.5b

3 iy 81 31.5a

5.15 83 32.2a

5 A F 5.30 83 31.5a

6.15 80 29.9a

bz -+ 82 31.2a

tMeans followed by common letter are not significantly different 5% level by LSD.
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Ao & FFH 1F7|7F T3 A% (Hunter's value)

357 (4.Y) L a b
5.15 18.98 -0.21 -1.16
5.30 18.27 -0.16 -1.18
6.15 18.04 -0.26 —1.24
et 18.43 -0.21 -1.19
5.15 21.15 -0.23 -0.83
5.30 21.86 —0.43 -1.25
6.15 21.14 —0.26 -1.03
Rk 21.38 -0.31 -1.04
5.15 21.13 —0.37 —0.79
5.30 22.21 -0.41 —0.82
6.15 22.00 -0.31 -1.01
Ht 21.78 —0.36 —0.87
O o At
=T 9 3F7EY) L a b
5.15 18.13 -0.15 —0.79
- - 5.30 18.64 -0.13 —-0.89
dEAAT 6.15 18.83 —0.12 ~0.85
Hat 18.53 —-0.13 —0.84
5.15 20.06 -0.16 —0.02
5.30 22.06 —-0.03 —-0.20
6.15 21.96 -0.18 —0.67
Hat 21.36 -0.12 —-0.30
5.15 23.00 —-0.39 -0.11
5.30 22.44 -0.29 —0.45
6.15 22.41 -0.30 —-0.70
Hat 22.62 —-0.33 —0.42
3% 7] (4.4d) L a b
5.15 20.80 —-0.16 —-0.61
5.30 20.25 -0.13 —0.84
6.15 20.11 —0.07 —0.69
Hat 20.39 -0.12 -0.71
5.15 24.39 0.06 0.87
5.30 24.55 -0.22 0.03
6.15 23.33 —0.38 —-0.81
HLt 24.09 -0.18 0.03
5.15 28.09 —0.44 1.65
5.30 27.17 -0.15 1.60
6.15 25.62 —-0.16 1.00
HLt 26.96 —0.25 1.42
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¥ 20, A Fol| 2 FFE IF717 AdEAJob = (mg/g)
O 49 A
& & W IF7(d.d) D3G(A) C3G(B) Total(A+B+Pt3G))
5.15 2.78a 8.70a 12.86a
YEAAF 5.30 3.00a 9.17a 13.16a
6.15 2.86a 10.73a 14.77a
3 Eis 2.88a 9.53a 13.60a
5.15 2.67a 10.25a 13.89a
2 = F 5.30 2.16a 8.14b 10.72b
6.15 2.33a 9.90a 12.86a
3 iy 2.39b 9.43a 12.49a
5.15 0.79a 2.70a 3.67a
s A F 5.30 0.71a 2.46a 3.35b
6.15 0.72a 2.44a 3.32b
3 iy 0.74c 2.53b 3.45b
O o 2k
T % %EU1(dd)  D3GA) C3G(B) Total(A+B+Pt3G))
5.15 2.38a 6.31a 9.18a
JEAAF 5.30 2.63a 7.30a 10.57a
6.15 2.51a 7.49a 10.34a
e iy 2.51a 7.03a 10.03a
5.15 2.30a 7.13a 10.11a
A 2 Z 5.30 1.77a 6.78a 9.03a
6.15 2.15a 8.23a 10.50a
3 i 2.07b 7.38a 9.88a
5.15 0.68a 2.32b 3.18b
s A F 5.30 0.99a 2.58ab 3.74ab
6.15 1.35b 3.11a 4.68a
4 ki 1.01c 2.67b 3.87b
O
= T W 9F7(E.Y) D3G(A) C3G(B) Total(A+B+Pt3G))
5.15 2.70a 6.69a 9.82a
JEzAAF 5.30 2.73a 8.28a 11.98a
6.15 2.57a 8.37a 11.55a
3 2.67a 7.78a 11.12a
5.15 2.10a 6.50a 8.64a
A = F 5.30 2.06a 6.70a 9.47a
6.15 2.11a 7.22a 9.61a
3t 2.09b 6.81a 9.24b
5.15 0.73a 2.07a 2.87a
R 5.30 0.65a 2.29a 3.20a
6.15 0.73a 2.36a 3.3b5a
3 0.70c 2.24b 3.14c¢

tMeans followed by common letter are not significantly different 5% level by LSD.
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=5

21. =3 Hunter ¥} SEA ol dakuto] AratatA

D3G C3G Total
L -0.7071" —0.6262" -0.6618™"
a 0.1507" —0.4685% —0.3881+
b —0.5341" —-0.5413" —-0.5500"
1+, *x . Significantly different at 0.05, 0,01 provability level, respectively
& 22, FF FAEAI FF 713 B BA A
¥ T 8 dex 3 A 4 ARAF DA
dFHAAT HAUlE y=—1.397x+44.823 0.5876% —0.76%
AL y=—0.005x+19.803 0.5313° —0.73x
o A y= 1.773x— 5.403 0.5625% 0.75%
o F A5 y=—0.002x+12.374 0.0077" —-0.09™
4 A T AT y=—1.468x+44.357 0.6501" -0.81"
Arre= y=—0.007x+21.595 0.4986" -0.71"
o w y= 1.733x— 7.025 0.6755" 0.82"
o A5 y=—0.009x+14.443 0.1942" —0.44"
SR A R h y=—0.139x+ 6.589 0.0911™ —-0.30™
QA= y=—0.001x+ 5.761 0.2252" —0.47™
o w2} y= 0.066x+ 2.783 0.0165™ 0.13™
o A y=—0.004x+ 5.274 0.3447™ —-0.59™
t*, #x o Significantly different at 0.05, 0.01 provability level, ns : not significant
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2. ARF AEA oM FF9 AF Ho| Ve
7t HAART FIE o18F AdEA oM #Fel NIRS HZF4 24

HAAT A9 3008 S tdeR qtEAlobd & HPLCE ©]&-38k
A3 AR (13Pd &, 2006) s Wol7t 24 YElgton o)d He
NIRSE o] &3l StEAoLY &k XS Fhell glo] fFelstAl 283 + 3l
ATH C3GE FAAYo] 3.25~ 57.01mg/ge]l Wo] Z& yehfglown
D3G¢F Pt3GE ZH2 0 ~ 11.98mg/g, 0 ~ 10.41mg/ge] WolE HATt =
Aol C3G7F v FHrHol ANeH, FHAd e+ D3G Ex=
Pt3G7F 23 ¥ A% JYATH

AARZ F9Z NIRSE ©]€3to] NIR B (1,100~2,500 nm)ol A ~HE

He Teklth Fig. 62 NIRSel Yehd AAFT $39 2FER] FolA
A, Ao B FaAE ek Zlelth el A B upel o] Wo] Fo] Y
A vebgted o] AL ZF 2dER ] uido] dAsHA] e Ak 3 a9l
o] & 4 Ut} wEbA] wErM e UAAE 91Ete] NIRS ®#A4o= A& 3
A Hm 2 ANAME 12 2 22 v 58 5% FAYE 7Y & A%

A& 2T

A AR NIRS 45 flsted 247 F9= vhslisted 100 mesh?]
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Fig. 6. Spectra(log 1/R) of black soybean seed coats scanned by NIRS

Table 23. Calibration parameters according to wavelength gap for
anthocyanin content analysis by NIRS in black soybean

Calibration set
C3G(mg/g) D3G(mg/g) Pt3G(mg/g)
R* Mean SEC R® Mean SEC R* Mean SEC
1, 4,4,1]0.952 23.7 251 0.895 545 0.70 0.778 3.19 0.56

Math

treatment

1, 6, 6, 1]0.943 23.9 2.60 0.923 5.47 0.64 0.814 3.34 0.57
1, 10, 10, 110.946 23.9 2.69 0.936 5.47 0.56 0.833 3.41 0.60

* Math treatment a, b, ¢, d: a = derivative function; b = gap; ¢ =s mooth;
d = second smooth

#+ R = squared coefficient of multiple determination in calibration;
SEC = standard error of calibration
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Table 24. Calibration parameters according to derivative function for
anthocyanin content analysis by NIRS in black soybean

Math

Calibration set

C3G(mg/g) D3G(mg/g) Pt3G(mg/g)
treatment
R* Mean SEC R? Mean  SEC R* Mean SEC
1,10, 10, 1 0.946 23.9 2.69 0.936 5.47 0.56 0.833 3.41 0.60
2,10, 10,1 0.942 24.0 2.77 0.894 5.45 0.70 0.815 3.23  0.53
3,10, 10,1 0.883 24.2 3.21 0.818 550 0.66 0.782 3.31 0.67

Table 25. Calibration and cross validation parameters by MPLS regression
for anthocyanin contents in black soybean

Math
treatment

C3G

D3G

Pt3G

Calibration Validation

Calibration Validation

Calibration Validation

R* SEC r* SEP

R? r*  SEP

R* SEC r®* SEP

1,4, 4, 1

1, 10, 10, 1

0.952 2.51 0.897 3.86

0.946 2.69 0.905 3.70

0.895 0.70 0.817 0.99

0.936 0.56 0.849 0.91

0.778 0.56 0.503 1.30

0.833 0.60 0.658 1.06

*SEP @ Standard error of prediction in validation



Table 26. Calibration parameters for anthocyanin
NIRS using black soybean seed—coat powder

content analysis by

Calibration set

Math
4 C3G(mg/g) D3G(mg/g) Pt3G(mg/g)
treatment
R®* Mean SEC R* Mean  SEC R* Mean SEC
1,4, 4,1]0963 246 2.36 0.926 541 059 0.624 3.29 0.80
2.4, 4,110950 245 269 0911 541  0.66 0.723 3.56 0.89
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Fig. 7. Correlation plot for anthocyanin pigments contents, NIRS data vs.
laboratory data of the calibration set in black soybean. (Unit : mg/g)
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Table 27. Anthocyanin contents of black soybean germplasm

Anthocyanin content(mg/g)

No. of sample

Min. Mean Max.
HPLC 496 0.54 10.97 22.85
NIRS 496 0.01 10.49 22.63

1st derivative 2nd derivative

Fig. 8. Spectra of black soybean seed coats scanned by NIRS through
math treatment
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Table 28. Calibration parameters according to regression analysis and
math treatment for anthocyanin content by NIRS using whole black
soybean seed

Regre. Math treatment Mean SEC R?
1.4.4.1 10.55 1.91 0.808
1.10.10.1 10.62 2.05 0.781
MPLS 2.4.4.1 10.57 2.32 0.720
2.10.10.1 10.54 1.97 0.793
1.4.4.1 10.54 2.12 0.768
1.10.10.1 10.60 2.19 0.751
PLS 2.4.4.1 10.62 2.39 0.678
2.10.10.1 10.57 2.12 0.759

— Math treatment a, b, ¢, d: a = derivative function; b = gap; ¢ =s mooth;
d = second smooth; SEC = standard error of calibration; R® = squared
coefficient of multiple determination in calibration;

Table 29. Calibration and cross validation parameters by MPLS regression
for anthocyanin contents using whole black soybean seed

Math Calibration Validation
treatment SEC R2 SEP 2

1.4.4.1 1.9075 0.8078 2.1776 0.7521
1.10.10.1 2.0504 0.7809 2.2545 0.7375
2.10.10.1 1.9711 0.7931 2.2496 0.7327

*SEP : Standard error of prediction in validation
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laboratory data of the calibration set by black soybean whole seed
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Table 30. Calibration and cross validation parameters according to
regression and math treatment for anthocyanin contents using whole black
soybean seed

Regre. tré\gtartr?e.nt Pigment Mean SEC RSQ SECV 1-VR
D3G 1.9796  0.7204 0.5065 0.7678  0.4402

1.4.4.1 C3G 7.973 1.7575 0.8287 1.9913 0.7823

Pt3G 0.6685 0.3589 0.0369 0.3607 0.0273

D3G 1.9684 0.7618 0.4474 0.8055 0.3824

1.10.10.1 C3G 7.9959  1.7782 0.8249 1.9421 0.7932

Pt3G 0.7004 0.3755 0.1884 0.3965 0.0938

MPLS D3G 2.006 0.7602 0.4861 0.8936  0.2892
2.4.4.1 C3G 8.0924  2.2786 0.7159 2.5833 0.6383

Pt3G 0.6679 0.357 0.0369 0.3605 0.0209

D3G 1.9905 0.6768 0.5789 0.7678  0.4582

2.10.10.1 C3G 8.0021  1.7811 0.8242  2.049 0.7697

Pt3G 0.6952  0.3567 0.2309 0.3864 0.0963

D3G 1.9719 0.7175 0.5078 0.7571 0.4531

1.4.4.1 C3G 8.0644 1.871 0.8062 2.1169 0.7547

Pt3G 0.6679  0.3553 0.0464  0.357 0.0399

D3G 1.9898 0.768 0.4405 0.8108 0.3772

1.10.10.1 C3G 8.0198  1.9212 0.792 2.0697 0.7611

PLS Pt3G 0.693 0.3786 0.1323 0.3889 0.0828

D3G 2.0082  0.7503 0.4971 0.8963  0.282

2441 C3G 8.0912  2.2447 0.7256  2.5399 0.6519
Pt3G 0.6679  0.3593 0.0249 0.3607 0.0198

D3G 1.99 0.6923 0.5419 0.7704 0.4336

2.10.10.1 C3G 8.0093  1.8899 0.8017 2.1234 0.7522
Pt3G 0.6961  0.3639 0.2115 0.3876  0.1047
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Table 31. SOD activity by anthocyanin (unit @ % inhibition)

1 2 Mean S.D
Vit. C 0.01% 91 94 92 0.7
Anthoeyanin  0-01% 43 41 42 1.5
—extract 0.05% 67 66 66 0.3
0.1% 89 94 91 3.8
0.5% 100 100 100 0.2
120% -
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Fig 10. SOD activity by anthocyanin extracts
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Fig. 11. Nitrite standard curve (y=0.081X + 0.0282)

Table 32. Effect of NO production inhibition by anthocyanin (ug/ml)

1 2 Mean S.D
Control 3.93 3.80 3.86 0.09
LPS + DMSO 8.12 8.31 8.22 0.13
LPS + extract 0.001% 7.81 7.07 7.44 0.52
LPS + extract 0.01% 7.44 6.77 7.10 0.48
LPS + extract 0.02% 6.33 6.27 6.30 0.04
LPS + EGCG 0.001% 7.44 7.20 7.32 0.17
LPS + EGCG 0.002% 6.52 6.33 6.43 0.13

x* EGCG ' epigallocatechin—3—gallate



9.00

o
<
w@

[=] o o o o o
< e Qo 9 Q <
[ oo m el

(/B 7 Juonanpoid o

1.00

0.00

Fig. 12. Effect of NO production inhibition by anthocyanin

- 91



o ¥7Y 23 £4

4719l Ald#S wldE F erythromycin, amphotericin  B(positive
control) T& At FHAFT & LAAT FrdAd> aA el &
dd FHdl A7) (A7%4)E millimeterd 912 73t YERY ST

Table 332 S. aureus, E. coli, C. albicans, A. nigerdl UWl3le] soy
powderE Z2t 0.1%, 1.0%, 5.0%, 10% A&3t3l& Wel I=t=S DDTo
ol FAZ Yetdl Aol olF ZZ; el wisto] Apxlew kit
(Fig. 13). &9t adolA ®i= nps} go], Adad dEAMd FE82 S
aureus, E. coli, C. albicans, A. niger®l| WalA 10%2] LA %=
Holx| gFgkth. &Aksid S vEhU= datag SFEAJoP O]l YERA 745l 3
AT BHE dodet ARHAo Y # AddMs O a3 E & F
ol Zlo] FEAJol FE=o] 7f3te] FAHA eF2 Bl ofy™ QFEA o}
ol e e oAl AA el s 5 F o 2 d77F A

oo} & o).
3. g4 W7}

Jurkat T A XZZ 96 well plated] 10* 7/well L2 F3}a1 24X 7F =,
ME e AMES FEEE A ste] 7241 st et MTT
assay = o] &3 AFTAEHES A5 o 1 Ay Table 34 2 Fig. 15

s o,

—
ey

i

=
a

H
X
e
K
=

CF—7 AIXE 3Y47t vt & MTT assays &3l AlE
=4 aE #ES A3 Jurkat T MEAA ST HaLske] FEA|
obd M4 R gk EHow AEFE HoAIZT EC50 == P3G

A% 125 ug/mL HE¢F 250 ug/mL &% AFellal, D3GY A% 100
ug/mLE%E9 125 ug/mL 5% Alo] gto =z #&E ),



Table 33. Antimicrobial activity by DDT (Disk Diffusion Test)

(Unit : mm)
S. aureus E. coll C. albicans A. niger
P.C* 10.0% 32 12 29 15
10.0% NEP NE NE NE
5.0% NE NE NE NE
SP
1% NE NE NE NE
0.1% NE NE NE NE

®P.C: Positive control(Z. coli, S. aureus: Erythromycin, C. albicans, A. niger:

Amphotericin B)
"NE: No effect
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Fig. 13. Appearance of antimicrobial activity by DDT
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Table 34. Anthocyanin—induced cytotoxicity on Jurkat T cell

Sample Control 1 2 Average SD %AV

DMSO 0.1% 0.724 0.756 0.740 0.023 100

100ug/ml  0.619 0.672 0.646 0.037 87
Pt3G  125ug/ml  0.401 0.410 0.406 0.006 55
250ug/ml  0.254 0.260 0.257 0.004 35
100ug/ml  0.489 0.500 0.495 0.008 67
C3G  125ug/ml 0.424 0.441 0.433 0.012 58
250ug/ml  0.297 0.297 0.297 0.007 40
100ug/ml  0.474 0.484 0.479 0.007 65
D3G  125ug/ml 0.304 0.347 0.326 0.030 44
250ug/ml  0.154 0.208 0.181 0.038 24
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Fig. 14. Anthocyanin—induced cytotoxicity on human leukemia cells
#1:Petunidin—3—glucoside; #2:Cyanidin—3—glucoside; #3:Delphinidin—3—glucoside



Table 35. Anthocyanin—induced cytotoxicity on MCF—7

Sample Conc. 1 2 Average SD %AV
0.1% 0.426 0.407 0.417 0.013 100

DMS0 0.5% 0.417 0.398 0.408 0.013 100
100ug/ml  0.355 0.316 0.336 0.028 81

Pt3G  250ug/ml 0.281 0.261 0.271 0.014 65
500ug/ml  0.192 0.215 0.204 0.016 50
100ug/ml  0.388 0.350 0.369 0.027 89

C3G 250ug/ml  0.177 0.144 0.161 0.023 39
500ug/ml  0.168 0.127 0.148 0.029 36
100ug/ml  0.407 0.361 0.384 0.033 92

D3G 250ug/ml  0.264 0.240 0.252 0.017 61
500ug/ml  0.115 0.123 0.119 0.006 29

MCF-7
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Fig. 15. Anthocyanin—induced cytotoxicity on human adenocarsinoma cells.
#1:Petunidin—3—glucoside; #2:Cyanidin—3—glucoside; # 3:Delphinidin—3—glucoside
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Table 36. Change in body weights of male mice after single
treatment with anthocyanin (5,000 mg/kg, p.o).

Group 1D 0 day lday  Sdays  Bdays 14 days
Male 1M EX N 3166 3739 3955 968
Control 1002 3263 3037 3440 3531 3622
11103 3221 3079 3451 £ £
11,104 32n4 3084 3536 3675 e
11105 it 3028 3la 343 36268
106 s 831 332 353768 36.04
Mean 3217 3054 3460 3605 3740
5D 1.00 0.78 1.69 209 155
Male 201 T 3145 3512 36.94 40.44
Anthocyanin M0z EFREH] 3141 35483 3759 40.07
5,000 mgiks M0 3231 Tz 3393 3528 36.19
per oral 204 32m 3036 3419 Y £
ZMI05 it 20 56 3333 3704 3220
206 3127 2879 2807 30,06 34

Mean 3218 3038 3358 3568 3704
5D 0.76 1.05 238 286 2568

| ] 6 6 [ ]
P value 09850 0.7750 04140 08060 06730

Table 37. Change in body weights of male mice after single
treatment with anthocyanin (5,000 mg/kg, p.o).

1D 0 day lday  3days Edays lddays
Female 1F01 AL 257 3025 3171 3220
Control 1F02 2693 2507 27 2080 3T
1F03 2679 2394 26.55 2765 3023
1F04 2581 2381 26.05 2712 2050
1F05 2576 2413 2600 2212 x50
1F06 25 2318 714 71 2857
Mean 2635 2431 27461 2840 3022
5D 1.00 092 157 184 156
Female 2F01 2787 2505 2866 3007 31353
Anthocyanin 2F02 2714 2424 723 &7 306
5,000 mgikg IF03 2668 2536 8.5 3277 3257
per oral IF04 2598 2241 2662 2663 ]
2F03 2574 2487 2755 243 2866
2FDé 2481 2134 2535 2642 2692
Mean 2634 2385 2732 2885 1947
SD 1.04 1.60 123 236 224
n [ [ G [ G
P value 09930 05550 07250 08400 05290




Table 38. Change in body weights of male mice during
4 weeks treatment with anthocyanin (1,000 mg/kg, p.o).

Crouap 1D 0 week 1week 2weeks Jweeks Jweeks
Iale 1101 3347 3574 35358 3582 36883
Control 1,102 31480 3584 3780 3801 387
11,103 3157 352 3432 3559 354
11104 3217 3182 3573 38.51 3648
1,105 318 3416 3585 3848 3ET7a
11,106 3038 3178 34.06 3516 367
Mean 3218 3406 3553 3656 3715
SD 1.05 192 129 138 133
Ilale im0l 3375 35 36.88 3748 3835
Anthocyanin an02 3164 3578 3556 3505 3T
1,000 mgfkg 203 3152 3752 3134 3534 3524
per oral n04 3197 34.40 36.44 50 3564
2nI035 3153 o7 3482 359 3783
206 3065 3200 3356 3583 3754
RMean 3218 3403 3493 3585 3703
SD 1.06 1.60 1.74 085 127
n 6 6 6 6 6
p value 1.0000 04150 05120 03100 08790

Table 39. Change in body weights of male mice during
4 weeks treatment with anthocyanin (1,000 mg/kg, p.o).

ID 0 week 1 week 2weeks 3weeks 4weeks
Female 1FO1 27.51 2824 3059 30.23 320
Contral 1F02 27.41 2765 2842 3099 3145
1F03 .12 2693 2762 27.09 .17
1F04 26.11 2058 2TES 2805 30.41
1F03 2564 2503 2665 26.08 2838
1FD& 2532 2445 24.31 24 .68 2545
Mean 2635 2715 2757 2815 2938
sD 091 211 207 235 243
Female 2F0 2758 20 2034 2043 2070
Anthocranin 2F02 2727 2808 3072 2920 3132
1,000 mgilkg 2F03 26.51 25098 2678 2777 2375
per oral 2F04 26.04 26.14 2583 25.58 26.73
2F05 2547 2538 2689 27.07 2774
2F06 2528 2400 2387 27 28 29 46
Mean 2636 2658 2724 2812 2900
5D 093 1.61 246 155 1.62
n 6 6 6 6 6
p value 09950 06140 08040 09770 0.7590
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o gy Al

F7 ] A9 izt vl Foltol A HCT(p<0.05)= F7Fstglom, ¢F
7o A= Differential Counting®l 2] Neutrophil®] %7} thz-ol vl&l Z7}
(p<0.05)3k3det. 12}, olH 3k Wl w7 AEd HE Wl &ate] 9l
I AdE Ao WstE Bolx| ol AldE A g 545 on= gl
v Ao ®E FAEJATH(Table 40, 41).

2. gy AR

SRR PR RE AN B A ] FoT Wbk BEEA

¥kt Table 42, 43).

!

= AN A 2] % 2 AUy Foe fo@

H =
sl #2E 2] FktH(Table 44, 45).
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Table 40. Hematology in male mice after 4 weeks
treatment with anthoc yanin.

onimmal FEBC  HGE  HCT FBC Indires TLT
D lof fgidly (%) MCV  MCH MCHC  (x0f
cellsfp (L) (g (2idl)  cellsfpl)
11401 271 142 420 475 181 36.6 1154
1102 227 152 400 4z.4 1£.4 380 1244
105 2.41 152 433 51.5 1£.1 351 1162
104 7.50 140 398 50.5 17.7 351 578
105 - - - - - - -
106 2.08 144 401 495 173 36.0 751
Ivlean 227 146 411 495 180 36.2 D56
sSD. 031 06 15 16 03 12 302
N 5 5 5 5 5 5 5
2101 SES 162 465 525 123 340 54
2M02 021 152 450 425 16.5 338 974
W03 769 147 421 54.5 191 345 £52
W04 £.70 152 450 51.7 175 338 1166
W05 - - B, B} _ _ _
06 298 160 430 475 178 37.2 1447
Tvlean 260 155 443 * 511 7% 340 o7
SD. 0.59 06 18 25 10 14 542
i 5 5 5 5 5 5 5
p valie 02000 00520 00140 03100 06660 01650 08710
Azl WBIC; WBC Differential Counting (%)
D =0y Ly MONO  EOS BASO
cells/p
101 254 15 T35 36 3B 01
102 288 144 T25 4 i T3 03
1IWI03 3.22 27 Zla 38 23 01
104 2.44 163 a%.0 47 23 0.4
105 - - - - - -

1 IWI0A 329 118 T45 4.0 a2 03
TuTean 287 11.8 T42 41 T0 0z
5.0 038 37 4.6 05 1.4 01
M 5 5 5 5 5 5
2101 467 107 ) 473 23 0.1
2102 341 =} 2B 41 31 0o
203 4.50 143 T8 4.4 21 02
2104 251 11.1 T2 48 A6 01

205
206 270 321 558 f.4 a1 01
Ivlean 3.56 1564 T42 48 46 01
s3.D. 1.00 o4 111 na 22 01
M 5 5 5 5 5 5
p owalue 01900 04250 0.9240 01920 0010 00730
-, hiot detected dued to hemolysis.

Sigrificant differences as cormpared with cortrol (:p=005, **:p=0.01)
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Table 41. Hematology in female mice after 4 weeks
treatment with anthocyanin.

snima FEC  HOB HCT FBC Indices FLT
D ix10*  (gidl) (%) WOV WCH MMCHC  (x0f
cellsiyl) Ly (gt (zidly cellsfl)

1F01 108 148 320 474 123 324 492
1F02 o.1a 166 478 522 121 347 623
1F0Z - - - - - - -
1F04 151 142 419 425 17z 36.1 1152
1F05 251 16.2 420 417 124 324 1284
1F0& 208 1489 40.4 0.0 185 369 1028

Ivlean 237 153 420 40 2 122 369 029
sD. 0.5% 10 38 18 0z 14 332
B 5 5 5 5 5 5 5
2F01 26T 1568 453 522 120 34.5 HEE
2F02 926 159 466 0.4 172 342 569
2F03 T.64 157 423 308 182 337 652
2F04 - - - - - - -
2F05 274 17.0 458 324 19.5 372 53
2F0& - - - - - - -
Ivlean 238 16.1 450 315 182 349 723
5.0 068 0.6 1.9 1.0 1.0 1.6 120
v 4 4 4 4 4 4 4

p walue 06330 02520 0.1820 00740 09910 01000  0.3040

P— W‘E.E: WEC Differential Counting (%)
=10 gEpr LyM MONO  EOS  BASD
cellsipl )
1F0l 249 65 835 36 50 01
1F02 202 65 250 21 52 01
1F03 ) ) ] ) ) ]
1F04 240 133 44 47 63 03
1F05 174 93 733 6.1 102 0l
IF06 09 101 723 31 129 01
Bean 192 01 770 30 23 01
sD. 062 28 63 15 37 01
N 5 5 5 5 5 5
JFOL 411 169 632 472 20 03
JFO2 690 110 230 30 10 01

ZF03 4.44 133 .7 33 18 0.2
ZFo4 - - -
2F05 1.60 185 652 55 19 0.7

2F0é - - - - - -
Ilean 426 149 * 724 4.5 6.4 0.4
S0 217 34 2.0 12 3.4 0z
H 4 4 4 4 4 4
p wvalue 00520 00270 032880 05520 04650 0.1130
-, ot detected dued to hemolysis.

Significant differences as compared with control (*:p=0.05, **p=0.01)
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Table 42. Biochemistry in male mice after 4 weeks treatment with
anthocyanin.
Lriral | ALT &5T &P  BON  Crea  T-Bili  T-Chdl TO

Hrop ID (UL) (UL (UL (wghl) (rwgdl) (mgdl) (mgidl)  (mgidl)

Mlale 101 521 =04 1279 310 0.a7 015 156 139

Control 1102 337 48 14645 23 0.54 0.14 133 3

103 337 02 1633 350 0.52 0.10 134 127

104 341 228 186.1 437 0.al 012 123 40

1805 39 I ™4 I 1584 368 0.47 0.16 181 151

1Iv10& 1042 THa " 1960 308 0.48 018 134 126

Mean 53.6 T0.2 163.0 34.3 0.52 0.14 144 110

5.D. 277 14.1 25.1 5.6 0.12 0.03 21 42

M ale 201 50.4 1 271 228 0.48 0.16 235 1al

Anthocyanit 202 467 407 18973 B3 0.60 019 172 124
1,000 mgfke 203 B3.8 461 1456 a7 0.55 023 156 101
pet oral 204 52 ] 1780 451 0.42 0.20 146 120

AWI0S 477 427 283 3687 0.60 015 152 126

2068 327 353 Bda 263 033 0.09 123 143

Mean S6.050 53350 128822 30867 0508 0170 164000 129167
5D 21559 22454 48360 7626 0101 D049 3IB2ST 20586
n (] 3] [ 1] 1] 1] [ [

pvalue 08690 01500 01550 03980 09180 02460 02780 03500

Table 43. Biochemistry in female mice after 4 weeks treatment with
anthocyanin

Aniral ALT &5T LLP BUN Cred T-Bii  T-Chal TG

Sroup ID (UML) () (UM)  (wgdl) (mgdl) (mghl) (ragl)  (mghll)
Female 1F01 312 15 326 6.7 0.64 0.06 110 5
Control 1F02 254 595 1250 188 0.44 0.05 94 15
1F03 582 5909 1208 330 0.47 003 =1 25
1F04 26.5 574 102 271 0.50 0.o7 08 137
1F05 286 201 2472 252 037 0.11 106 147
1F06 289 ) 2708 355 0.38 0.0 B2 25
Mean 32.8 08.2 151.1 " 280 0.50 0.06 a5 38
5.D. 12.7 12.0 90.8 "D 0.10 0.03 12 47
Female 2F01 26.5 56.4 1726 324 05 0.o7 102 187
Anthocyanin 2F02 360 452 1285 150 0.52 0.06 140 65
1,000 mg'kg 2F03 157 541 1834 471 033 0.04 110 12
per oral 2F04 da B2 1225 150 0.52 0.08 120 15
2F05 522 549 1218 325 0.47 0.03 o1 25
2F0& 36.5 523 1109 271 0.50 0.o7 A 27

Mean 45483 59350 139983 28217 0473 0055 108.167 85167
5D 17259 14831 30266 12204 0073 0016 19904 S6.986

n 6 6 i1 i} 6 1] 6 6
pvalue 01780 02850 07830 09300 08970 05280 0.1900 09270
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Table 44. Absolute organ weight in male mice after 4 weeks treatment
with anthocyanin

Croup ) HE 7t NEEh NEE) JEE) 15 SIEBEH SI13E =8 NE 6
[Male 101 0072 1331 0.226 0227 0111 0119 0037 0035 0.050 0.154 n17e
Control 1102 0.091 1.560 0.265 0298 0.129 0.135 003 0036 0051 0.179 0220
1103 0116 1.404 0.243 0254 0118 0.123 0041 0042 003E 0.155 0198
11104 0025 1382 0.269 0262 0.131 0.134 0036 0044 0034 0.156 0320
1105 0.117 1608 0.300 0.303 0121 0.131 0035 0034 0043 0.162 0225
1106 0051 1442 0228 0234 0.11a 0128 0035 0,040 0083 0.143 0163
Mean 0094 1463 0255 0263 0121 0.128 0037 0039 0048 0139 0201
5D 0019 0098 0028 0032 0.008 0.006 0002 0.004 0011 0013 0025
[Male 01 007 1.440 0219 021 0.09g 0.093 0041 0033 0016 0.144 nz21e
Anthocyatin ZM02 0.0 1360 0227 0244 0115 0.120 0036 0033 0034 0.157 0195
1,000 mgfke 03 0.107 1331 0224 0217 0110 0114 0041 003 0067 0.123 01s
prer oral 04 0072 1.564 n02le 0320 0.123 0.127 0042 0044 0028 0.166 019
05 0028 1582 0334 0259 0.126 0.127 0040 0045 0.047 0.144 0185
04 0075 1444 0.270 0274 0.1 0.125 0035 0030 ooz 0.153 04z
Mean 0085 1452 0232 0238 0116 0.118 0039 0037 0034 0148 0233
5D 0013 0105 0.020 0026 0010 0013 0003 0006 0021 0015 D088

n [ [ [ [ [ [ [ [ 6 [ [

p value 03440 08550 00270 01650 03210 0.1130 02250 07110 01630 01820 04160

Group D HIE 2t MEEh MER) JEED JET) FUEEN SIET) g4 ME i
Ilale 1M01 0205 3932 0644 0646 0.318 0.339 0.105 0.100 0142 043 0507
Control 1M02 021 4296 0730 0221 0335 0.3v2 nao7 009 0140 0493 0DA0G

103 0348 4217 070 0763 0334 0.369 0123 0126 0114 0446 0595

104 0254 4124 nana n7a2 0.301 0.400 0107 0131 0.101 D466 0457

1M05 0320 4393 0820 0328 0.331 0.358 0.0% 0093 0145 043 0415

106 0220 4082 0645 0662 0338 0.357 0099 0113 0178 0405 0467

Mean 0268 4174 0729 0.750 0346 0366 0.106 0.110 0137 0454 0574

sSD 0055 D164 0075 0078 0027 0.020 0010 0016 0027 0030 0072

Il ale 201 0217 3953 0401 05 0.269 0255 0113 0091 0044 0395 0598
Anthooyatin anaoz 0242 3R 0439 0487 0324 033z 0101 0093 0096 0442 0540
1,000 mgkg 2003 0334 4118 0698 0676 0.343 0.355 0128 012z 0209 03383 0595
pet oral 04 0210 4557 0629 06 03 0.3v0 0142 0148 00z 0434 057
205 0239 4305 0437 0705 0343 0346 0109 0142 012 0392 0503

2NI0A 0213 4110 0769 0786 0344 .35 0100 0085 0034 043 1.173

Mean 0243 4145 0662 04679 0330 0337 0112 0107 0099 0422 0665

sSD 0047 D259 0061 0069 0032 0.041 0011 0019 0064 0039 0251

n 6 6 6 6 6 6 6 6 6 6 6

p value 04100 08220 0.J230 01250 03790 01530 03390 07350 02110 01360 04170
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Table 45. Absolute organ weight in female mice after 4 weeks treatment
with anthocyanin.

Group 1D HIE 2 NEEH NEE) YaEh U2 gA uE ]
Female 1F0L 0120 1.345 0175 0.192 0.008 0.007 0.063 0.138 0.182
Control 1F02 0110 1.368 0181 0.194 0.008 0.008 0.071 0.134 0.167

1F03 0.087 1118 0155 0163 0.0035 0.005 0.056 0132 0153
1F04 0143 1311 0153 0.156 0.009 001 0071 0123 0191
1F0a 0.126 1.23 0.162 0.167 0.008 oz 0.057 0.134 0178
1F0é 0087 0861 0151 0.156 0.00% 0.00& 0.056 0.106 0153
Mean 0114 1.206 0.163 0172 0.008 0.009 0.062 0.128 0171
SD 0020 0192 0012 0018 0.001 0003 0.007 0012 0015
Female 2F01 0102 1.246 0143 0.168 0.005 0.005 0034 0127 0129
Anthocyanin 2F02 0089 1431 0154 0.157 0.007 0.008 0064 0111 0.1%a
1,000 mg'ke 2F03 0023 0933 0.163 0172 0.008 0ol 0075 0112 0.159
pet oral 2F04 0123 0283 0158 018 0.007 0ol 0054 0.102 0.160
2F05 0.0EE 104 0174 0.177 0.006 0.007 0.044 0.108 0.204
2F06 0102 1235 0143 0.167 0.005 0.005 0055 0.137 0177
Mean 0.098 1.093 0.159 0.170 0.006 0.008 0.054 0.116 0.179
5D 0015 0166 0010 0008 0.001 0.002 0014 0013 0018
n [ 6 6 6 6 6 [ 6 6

P value 01480 03030 05540 08700 01040 04920 02520 0.1370 04100

Crroup i} H| & 2t SEED HEE WAaE) Ha3 =M EEy H
Female 1F01 0385 4788 0434 0623 0oz nnzz 0243 0469 0583
Cuotrol 1F02 0375 4322 0559 0.630 nn1e nn1e 0216 0510 0591

1F03 0.492 4.508 0.533 0.536 0031 n.03e 0244 0.423 0457
1F04 0471 4593 0403 D624 0.030 0043 0213 0.500 0663
1F03 0336 3523 0A12 0632 0033 0033 0229 0434 0634
1F0f 0.415 4392 0.594 0625 0028 0.031 0227 0466 0423
Mean 0415 4354 0597 0.623 0.028 0032 0230 0467 0.626
SD 0055 0439 0034 0048 0.005 0.009 0014 0035 0033
Female 2F01 0.340 4698 0588 0.599 0027 0031 0244 0424 0.710
Anthocyanin 2F02 0338 3957 0663 0.700 0033 0041 0303 0436 0647
1,000 mgfkg 2F03 0.481 3456 0A12 0705 0027 0.03e nzn 0359 0426
pet oral 2F04 0382 4514 0755 0.762 0026 0.030 0.1m 0462 0885
2E05 0357 4317 0.500 0534 0oz 0oLz 0.192 0479 0419
2F06 0374 4175 0402 0.630 0024 0.039 0208 0444 0484
Mean 0378 4153 0622 0.667 0.026 0031 0225 D445 0.695
SD 0053 0469 0084 0070 0.005 0.008 0.044 0.030 0.099
n 6 6 i 6 6 1] 6 i i

p value 02630 04600 05200 02230 04110 08210 08150 02630  0.1360
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Table 46. Histological findings in mice after 4—weeks treatment
with anthocyanin

Male Female
Dose 0 1,000 0 1,000
mg/kg  mg/kg | mg/kg mglkg
Focal hepatocyte degeneration 0/6 1/6V 0/6 0/6
Liver
Focal cellular infiltration 0/6 0/6 1/6 1/6
Lung | Mild interstitial pneumonia 1/6 2/6 0/6 0/6

Y Values: number of clinical signed animals/number of tested animals .
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5. FEX14F A7IEd BE UEA D IFTH M P B}
7t AAF GEAlod 33

1) Hgks F3ol o3k FEAJobd 3

el 47 39142 RP-HPLCeA
delphinidin—3—glucoside(D3G), cyanidin—3—glucoside(C3G) 2 petunidin—3—glucoside
(Pt3G) =22 chromatogram®| YWEFS™, anthocyanin standard®] peak area
of ZA7te] gEEds sETlE dNste] 3914s Feisith AltkE D3G, C3G
2 Pt3Ge 347 A4 AGE D3G7F Y=-1948.x+ 6583(r°=0.974), C3G7}
Y=-5741.x+19525(r*=0.983), Pt3G7} Y=—3488 x+ 11783(r’=0.990)°]} 0.1, o]
£ AR HEFHor AREsT. HEkE FEol o3 HAT EAIIS
228 A3 C3Ge D3G7F AEH oW (Fig. 16), %2 D3G7} 0.57 ppm,
C3G7F 2.23 ppm®]1TH(Table 47). o] %2 Kim 5(2006)°] &418 %o
Hlel s v grEFold=dl, ol A2 &l AREA] HCl 59 2teo] 37ty

A ere Aheoz AbmEth

%

2) Counter Current Systemol|X =3+ QT2 FEAJoR sheF F s
Count current system= ©]-&3}o] 8ColA FE3 AT StEA oI
1709 chromatogram®] <% tH(Fig. 17). 7A=% peakZ standard9} H]
st v B2S s A3(Fig. 18) YERY chromatogram< C3GYS &
AATE o9 22 A= 60T 80CAME e Ao}, thet ¢tE
25
g

Mo 1

ob Faol #% £xol we theA Uehgie), 8TaA e tEAoh

o] 2.38 ppmel $1El W, 60T 80CAHE 1.73 ppmE ehlo] 55 &

7 goldel weh ehEAlolye) ebg Aol Wold e & 4 1ITh(Table 48).
oo} g ANE FFL W vlge FEeAE €369 DIGT AEH

J}
M counter current systemoA]+ C3GHWF EAE =], o] AL tEA]oI
g o

l-ﬂﬂ?‘ll-blﬂ

Y 1
= Ao A A P Aol & AL } Hu =5 A4 1 e
7} oAt B Ao Axz C3G7F D3G7F oA o] o7 Ayl
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DAD1 A, 5ig=520.4 Ref=360,100 (070213\DEF_LE 2007-02-12 11-31-5515AMPLE _1.0)
DAD1 A, Sig=520,4 Ref=360,100 (070Z1SDEF_LE 2007-02-12 11-31-651036.0)
DAD1 A, 5ig=520,4 Ref=360,100 (070213\DEF_LE 2007-02-12 11.31-55\036200F Fh.D)

[ [

7

K

Fig. 16. Comparison of HPLC chromatogram between standard(red) and

anthocyanin of black soybean(blue) extracted by metanol.

Table 47. Anthocyanin content by methanol extraction in black soybean

Anthocyanin RT Content
D3GY 7.002 0.57 ppm
C3G?Y 10.233 2.23 ppm
Pt3G” n.d.* n.d.?

) D3G; delphinidin-3-glucoside, 2 C3G; cyanidin-3-glucoside,
3 Pt3G; petunidin-3-glucoside, K n.d.; not detected.

- 110 —




DADA1 &, Sig=520,4 R=f=360,100 (J70213\DEF_LC 2007-02-12 11-31-55SBP_1-1.0)

Mo ]
00—
20
B0
a0
20|
o
20
40—
0 0
o 5 10 15 20 25 min
[a] [+]

Fig. 17. HPLC chromatogram of anthocyanin extracts by counter current
system at 8 C from black soybean.

() DAD1, 10.692 (67.9 mAU, - ) Ref=9.946 & 11.146 of SBP_1-1.D

*DADT, 10.275 (121 mAU, - ) Ref-5.688 & 14,356 of STAO0FFM.D
*DADT, 10,502 (57 .8 mAl, - ) Ref=0.046 & 11.146 of SBP_1-1.D

Ham |
120
100

80|

T T T T
200 250 300 350 400

T T T T T
450 500 550 600 850

nm

Fig. 18. Comparsion of Wave length between standard(red) and anthocyanin

extracts(blue) by counter current system at 8 C from black soybean.
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Table 48. Anthocyanin content by counter current system from black soybean

at different temperature

Anthocyanin content

Extraction
temp. D3G" C3G? Pt3GY
8T n.d.” 2.38 ppm n.d.?
60°C n.d.” 1.73 ppm n.d.?
80T n.d.* 1.73 ppm n.d?

Y D3G; delphinidin—3—glucoside, 2 C3G; cyanidin—3—glucoside,
Y Pt3G; petunidin—3—glucoside, Y n.d.; not detected.
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=, dal HAAT dEAotI A4 F D3GO o] C3GET & A=

counter current systemelA] D3G7} HE% A &2 g glox AztHEC

A, wes FE52 FrlgAe] w9 S ¥ counter current system
S 5 59 AAte] © ®ol Adu= o] oy HEs FEEE

Aol AR o8 = glomw A3F HATHRAL] tEAohd &8RS a1y
=]

counter current system F=0°] H|

ol ko] MjBtnE QrEAlbd MA FEo] g WHoR A
2 gAt 28y Kim(2006)58 wehe F3A] HCl 59 Alo] #H 7ty
H otEAJolU ] & 85 X ¥Y 4 v 3 8 Yo

. QHENok Ade] 99y

1) 7Fdel ofgh WAy

FZH Ao AL Chung(2004) 7 Kim(2003) 9] Aol Al A s A
A @25 Hunter value® =43 23, 3= Hunter value® data’} =
S AREE Bt Ba(Jung, 1996) 58 FxsH 7td A2 Al HAHE
o W MA AHAS FA 5T

7td 2xsh Agte] g 2FEES WA AxE ARES DI pHel w
2} QEEAJopd o] Mol Wiahi= A4S o] & slojth. =, cHdelA ek AN
S YERY, pH7EF S7HsHe] whel S AR FNo R Wt 5SS ©]
& A =™ pH

o~

g Aow dEAohd MATh shyjE|e] A sgtEe] e
SelA e FHE Flel S7ket Ak w

7ketel 100CAIA 1803t 7kdstgle el DI #lol S7hetet. F4l 4
of WskS Yl delta Egh 7F Alhat 7bd £ wldste] 7 A
ol F7bgel weh Lgke ofzb FAshan, bghe 7o Wsbh flal, aghe
FAA Ak Jung(1996) &2 B asich

e 2 ARl Ao wghEel 5 ARE] Like S7het

kel

wasrAor, delta EZf 7H Alzke] S7bgtel whep gt
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o] Kim 5(2006)9] Hieh= ANtEe AdS Yepddleh 5, v F5

oA 9] delta E¢ty} 7FE AlxEabe] AJaiAl= —0.993%2 99 2 FadAE
HTHTable 49). & 5= AEAORI & 60Tt 80TColA FE3F QtEAJoR
°] Hunter value®™ LS S7FSFal aghS oRF aslal, baks S7kekAY W
37k 9ll o, Delta Egke] 80 CollA = —0.82, 60ColA = 0.72& eyt
8ColM FE3 A5 9 Delta EF-> 0.89% F&F 257} US55 719 Azt
o] =2 FAAAE BT Table 50).

HELE F5 QFEAoR A4 A2} Wo]= Table 510419} o] tix
T 7FE AlREel wet 26% S7FeFQlaL, EIAAIREES p<0.05%2 TS
BT 7L 93k M Wolk= B—cyclodextrin % maltodextring 1% %}t
5% s ZFEE0 H7Fskal 100Co A 1803 71E3stslS wel DI #k
= 7t ARl mel foAd S BAoy tiERd e 7940 Aoz /I
1% 5% FH7F gl = oA kol & WEh Al skt 1y 1% H
b 2AIZEA] 7EE € Hlwgk of  EHA gnrh ok
Maltodextrin= &3 1%, 5% 7k 1he] g imol whE Apol= fllon
7HE Agbell mE Aol Ao, MAp Wolks ofF o Ad EId=
o3& Holx| &Skt

FEAJOFIL] Zhgol o MA} WMol HEE sucrose$t maltose® DIE
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Table 49. Comparison of Hunter's value of anthocyanin
by methanol extraction in black soybean

Heating Hunter's value
time

(Hour) L= ax* b dE+a
0 65.04 61.86 37.04
1 69.13 54.61 29.28

—0.993

2 72.31 47.42 27.24
3 74.71 40.02 27.35

Table 50. Hunter's value of anthocyanin from black soybean by counter
current system extraction at 8'C, 60°C and 80C

Heating 8C 60C 80C
time
(hour) L a b dExa L a b dExa L a b dEx*a

0 0.44 1.38 —0.62 2.82 4.06 —0.63 0.63 2.37 0.47
1 0.33 1.66 0.56 5.53 4.07 0.38 0.36 1.90 0.61
0.89 0.72 —0.82
2 0.57 2.47 0.98 4.88 5.96 3.71 0.27 1.67 0.47
3 1.06 2.29 1.77 4.67 4.45 3.44 0.31 1.79 0.54
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Table 51. Effect of heating time and stabilizers on degradation index of
anthocyanin with methanol extract

Heating time 0 1 hr 2 hr 3 hr

Control 1.2340.00°  1.3440.00°  1.48+0.01°  1.68+0.04°

1% 1.2140.00¢ 1.3240.00° 1.5240.03" 1.69+0.01°
B—Cyclodextrin
5% 1.27+0.01°¢ 1.3640.00° 1.5440.02° 1.58+0.02°

1% 1.23+0.00¢ 1.35%+0.01°¢ 1.62+0.01° 1.69+0.02°
Maltodextrin ,
5% 1.2340.00¢ 1.34%0.00° 1.5540.00" 1.65+0.01°

Superscript with the same letter in vertical of each sample is not significantly different(p<0.05).

Table 52. Effect of heating time and sugars on degradation index of
anthocyanin with methanol extract

Heating time 0 1 hr 2 hr 3 hr
Control 1.234£0.009  1.3440.00°  1.48+0.01° 1.6840.04%
1% 1.2340.00°  1.36+0.01°  1.60+0.03" 1.74+0.04%
Sucrose
10% 1.2540.00°  1.4340.01°  1.74+0.03" 2.00£0.05%
1% 1.2340.00°  1.36£0.00°  1.56+0.02" 1.72+40.02
Maltose

10% 1.2440.00°  1.36+0.01°  1.56+0.01° 1.7440.03

Superscript with the same letter in vertical of each sample is not significantly different(p<0.05).
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Table 53. Effect of heating time and stabilizers on degradation index of
anthocyanin by counter current system extraction in black soybean at
different temperatures

F value

Pr>F
Heating Extraction
time(a) temp.(b)

8T 60C 80T

K

0 lhr 2hr 3hr O 1hr 2hr 3hr O 1l hr 2hr 3hr

132 141 1.61 146 124 124 126 127 179 176 191 221 73.72 1749 7.47

Control c b a b a a a a b b ba a
+0.01°£0.00° £0.03" +£0.04"+0.03" £0.02" £0.01" +0.02" +0.17°+0.05" +£0.13™ +0.28" <0001** <.0001** 0.0002**

1 157 195 196 183 1.62 168 207 171 163 158 141 145 4913 853 18.16
8- % £0.05°+0.16" £0.09° £0.06" £0.06° =0.02° +0.08* £0.01° +0.04* £0.04* £0.02° +0.03" <.0001%* 0.0019%* <.0001**
cyclo

144 195 1.87 165 157 176 208 172 144 147 157 150 3341 157 34.05

dextrin 50,
® £0.02°+0.10° £0.11% £0.05° £0.03° =0.04° £0.06° £0.06° £0.02° £0.02° £0.05* +0.06™<.0001** 02309 <.0001**

1% 227 148 148 169 147 150 178 153 160 184 186 1.54 3.06 24.18 8.33

Malto ° 246" +1.54° £1.54° £1.79° £0.02° +0.03 +0.04° £0.01°£0.02° £0.33" +0.04 +0.06' 0.0505 <.0001%* 0.0001%*

dextri
X n50/ 1.71 135 1.51 178 145 147 153 155 156 147 166 1.69 4.73 3.61 8.89

® £0.28"£0.06° £0.05™ £0.05" £0.01° £0.01° +0.02° £0.05" £0.02°£0.01° £0.06" £0.06' 0.0113* 0.0450% <.0001%*

x % Significant at the p<0.05 and p<0.01, respectively, Superscript with the same letter in vertical
of each sample is not significantly different(p<0.05).
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Table 54. Effect of heating time and sugars on degradation index of
anthocyanin by counter current system extraction in black soybean at
different temperatures

F value
Pr>F

8T 60C 80T

Heating Extraction .

0 1lhr 2hr 3hr 0 1hr 2hr 3hr O 1 hr 2hr 3 hr |
time(a) temp.(b)

1% 197 1.55 1.55 1.65 1.57 152 1.53 159 1.67 196 1.83 1.83 27.8 1.81 13.94

® £0.15°40.06°+0.03°+0.01° £0.06" £0.02°£0.01° +0.04° +£0.03°+0.07°+0.04° 0.04 <.0001** 0.1876 <.0001**
Sucrose
140 0.82 153 147 146 148 144 150 153 171 170 170 192  0.56 1.07

10% ) , , . ) ,
® 10,05 £1.14° £0.00" £0.05" £0.04° £0.04°£0.08°+0.02°+0.02°+0.07°40.14° £0.14 0.1577 0.5783 0.4132

» 225 159 159 1.73 138 139 147 149 155 177 1.87 187 10413 5581  108.88
® 1£0.52°+0.05°+0.05°40.04° £0.05" +0.01°+£0.07+0.02° £0.04°+0.02°:0.03" £0.03 <.0001** <.0001** <.0001**

Maltose
10% 135 143 149 147 185 197 196 149 153 160 1.74 1.74 29.95 3.82 19.64

® £0.04°£0.01° £0.01°+0.04° £0.04™ £0.17°£0.04° £0.01°£0.02°+0.06°+0.11° £0.11 <.0001** 0.0385* <.0001%*

x % significant at the p<0.05 and p<0.01, respectively, Superscript with the same letter in vertical
of each sample is not significantly different(p<0.05).
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Table 54. Effects of additive anthocyanin on the yogurt pH during lactic
fermentation

Storage days

Samples 0 ) i .
st—control 4.36 4.34 4.28 4.23
st—B 4.27 4.39 4.21 4.22
st—C 4.29 4.22 4.19 4.19
st—D 4.20 4.30 4.19 4.25
Ip—control 4.44 4.38 4.35 4.35
Ip—B 4.37 4.31 4.26 4.32
Ip—C 4.44 4.28 4.25 4.29
Ip—D 4.38 4.24 4.23 4.27
stlp—control 4.29 4.27 4.36 4.31
stlp—B 4.32 4.25 4.30 4.28
stlp—C 4.25 4.24 4.23 4.37
stlp—D 4.24 4.25 4.29 4.25

st—control : whole milk + skim milk + Streptocuccus thermophilus

st—B : whole milk + skim milk + anthocyanin 9ml + Streptocuccus thermophilus

st—C : whole milk + skim milk + anthocyanin 12ml + Streptocuccus thermophilus
st—D : whole milk + skim milk + anthocyanin 15ml + Streptocuccus thermophilus
Ip—control : whole milk + skim milk + Lactobacillus plantarum

Ip—B : whole milk + skim milk + anthocyanin 9ml + Lactobacillus plantarum

Ip—C : whole milk + skim milk + anthocyanin 12ml + Lactobacillus plantarum

Ip—D : whole milk + skim milk + anthocyanin 15ml + Lactobacillus plantarum
stlp—control : whole milk + skim milk + Streptocuccus thermophilus + Lactobacillus plantarum
stlp—B : whole milk + skim milk + anthocyanin 9ml + Streptocuccus thermophilus + Lactobacillus plantarum
stlp—C : whole milk + skim milk + anthocyanin 12ml + Streptocuccus thermophilus + Lactobacillus plantarum
stlp—D : whole milk + skim milk + anthocyanin 15ml + Streptocuccus thermophilus + Lactobacillus plantarum
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Table 55. Effects of additive anthocyanin on the yogurt titratable acidity(TA)
during lactic fermentation

Storage days

Samples 0 ) | .
st—Control 1.259+0.030  1.352+0.811  1.421£0.066 1.586=%0.052
st—B 1.431+£0.001  1.342+0.033  1.455%0.018 1.617+0.008
st—C 1.341+£0.077  1.528%£0.055 1.619£0.013 1.719%+0.012
st—D 1.405+0.065  1.522+0.006 1.833%£0.135 1.912+0.008
Ip—Control 1.368+0.152  1.422+0.086 1.633%£0.054 1.753%0.034
Ip—B 1.297+£0.086  1.323£0.005 1.631%£0.008 1.667%+0.005
Ip—C 1.366£0.056  1.422+0.087  1.569%0.005 1.701%+0.008
Ip—D 1.422+0.064  1.423£0.035 1.686%0.002 1.733%+0.025
stlp—Control ~ 1.297+0.039  1.421£0.025 1.67£0.003 1.82240.003
stlp—B 1.444£0.057  1.521£0.033 1.761%0.023  1.866%0.002
stlp—C 1.555+0.002  1.620%£0.034 1.820%0.021  1.822%0.025
stlp—D 1.501+£0.1.8  1.621£0.004 1.630+0.052 1.960%0.017

* Samples are the same as Table 54.
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Table 56. Effects of additive anthocyanin on the yogurt hunter value during the
storage

Storage days

Samples 0 6
L a b L a b

st—control 93.02 —2.07 8.80 92.69 —-2.9 7.60
st—B 79.87 5.58 6.91 80.51 5.39 6.52
st—C 77.61 6.64 7.04 78.23 6.46 6.67
st—D 75.82 7.28 6.96 76.51 7.01 6.56
Ip—control 92.31 -2.13 7.10 92.97 —2.25 8.42
Ip—B 89.97 0.72 7.45 80.99 0.42 7.24
Ip—C 88.81 1.41 7.11 89.01 1.20 6.89
Ip—D 87.85 2.27 7.01 88.07 1.81 6.59
stlp—control ~ 93.60 —1.57 10.15 93.52 —1.86 9.68
stlp—B 89.41 1.48 7.51 89.61 0.77 7.48
stlp—C 88.57 1.91 7.37 88.88 1.71 7.16
stlp—D 87.56 2.56 6.79 87.84 2.21 6.38

* Samples are the same as Table 54.
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Table 57. Changes of viable cell count of yogurt prepared with skim milk powder
and anthocyanin on the yogurt hunter value during the storage

Viable cell counts (CFU/g)

Samples
0 2 4 6

st—Control 33x10° 30x10° 27x10° 37x10°
st—B 41x10° 61x10° 49x10° 57x10°
st—C 40x10° 91x10° 17x10° 92x10"°
st=D 10x10° 67x10° 35x10° 74x10"
Ip—Control 46x10° 14x10° 19x10° 20x10"
Ip—B 88x10° 7.7x10" 18x10° 27x10"°
Ip—C 37x107 69x10° 89x10° 96x10"
Ip—D 75x10° 14x10° 16x10° 17x10%
stlp—Control 17x107 42x10° 17x10° 18x10%
stlp—B 14x10° 52x10° 76x10" 86x10"
stlp—C 15x10° 62x10° 82x10" 82x10"°
stlp—D 15x10° 16x10° 63x10" 19x10"°

* Samples are the same as Table 54.
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Table 58. Viscosity of yogurt with skim milk powder and anthocyanin during

fermentation (unit : cP)
Samples Storage days
0 2 4 6
st—Control 12.57%£0.03 25.23+3.81 12.37£0.56 14.67£5.62
st—B 17.03%£4.92 19.30%4.11 22.67x7.69 32.30%£4.95
st—C 18.67x£0.29 22.50%x0.46 23.27%x1.33 28.97+4.34
st—=D 22.10%x4.43 22.33%x0.70 24.40%+0.35 25.48+3.97
Ip—Control 24.87x1.42 24.67+0.21 25.00%x2.80 25.53%0.88
Ip—B 25.90+2.21 26.80+2.37 28.93+4.35 30.20+2.88
Ip—C 25.27%£0.12 21.22%+1.08 25.65%+0.05 21.27%£0.08
Ip—D 21.24%0.06 21.42%+0.03 21.86%+0.02 21.73%£0.02
stlp—Control 21.92%£0.03 21.24%+0.02 23.27%x0.03 25.52%+2.03
stlp—B 21.41%£0.07 22.52%+1.03 23.67%x0.02 24.67x2.01
stlp—C 21.55%+2.02 23.26%+0.03 24.28%+0.02 26.82%+0.02
stlp—D 21.50%0.18 23.62%+1.40 25.63%+1.52 28.96+1.17

* Samples are the same as Table 54.

Table 59. Composition of some organic acids in yogurt added with anthocyanin
during lactic acid fermentation

Organic acid(Unit: mg/100mL)

Samples . SR .
Oxalic acid Tartaric acid Lactic acid
st—control 133.49 288.18 1163.28
st—B 93.81 327.08 1330.64
st—C 87.40 242.39 1056.60
st—D 105.94 290.85 1238.67
Ip—control 87.52 348.69 892.84
Ip—B 177.27 276.73 1070.75
Ip—C 98.72 271.13 1067.68
Ip—D 133.67 273.55 1119.00
stlp—control 89.89 262.01 1001.53
stlp—B 102.84 256.66 1028.94
stlp—C 115.59 302.06 1207.70
stlp—D 102.43 237.62 991.44

* Samples are the same as Table 54.
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Table 60. Sensory scores of the yogurt added anthocyanin after lactic fermentation

Samples Color Flavor Taste Texture Prce);feGrrjrlllce
st—control  4.5+0.83" 3.33+1.21™ 2.83+0.98" 3.91+0.80" 3.58+1.28™
st—B 3+1.26*  2.83+0.75" 1.75+0.75°  3+1.26° 2.66+1.2°
st—C 2.08+0.66° 2.334+0.81°  2+0.89*°  3.25+41.25" 2.66+1.03°
st=D 1.41+0.49" 2.2541.08" 1.91+1.56™ 2.83+1.16* 2.334+0.51"
Ip—control  4.5+0.83*  3.5+1.04”™  3+0.89"°  3.83+0.75™ 3.8340.75"
Ip—B 3.66+£1.03* 2.83+0.75" 2.334£1.03* 3.5+1.37° 3.16+0.98°
Ip—C 2.83+£0.98" 2.83+1.16" 1.83+0.75" 3.16+0.98" 2.5+1.04™
Ip—D 2.66+£1.03°  340.89° 3+1.09°  2.83%£1.47* 3.16+0.75°
stlp—control 4.16+0.98" 2.914+0.66" 3.25+0.61" 3.08+1.11™ 3.66+0.81"
stlp—B  4.08+0.66°  3+0.89" 340.63"  3.54+0.54"  3.540.54™
pstlp—C  2.91+0.66*  3+1.09°  2.58+1.35° 3.3340.81°  3+0.63°
stlp—D  2.7540.75"  34+1.09°  2.754+0.98" 3.66+0.81*  340.89°

Different superscripts in the same column indicate significant differences between groups
at p<0.05 by Duncan's multiple range test

* Samples are the same as Table 54.
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Fig. 190. Appearance of yogurt added anthocyanin after lactic fermentation
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Table 61. Chemical composition of wheat flour and rice powder

Contents(%)
Wheat flour Black sesame powder  Squash powder
Moisture 3.5 11.8 12.2
Lipid 0.9 9.4 6.8
Protein 12.6 7.8 8.2
Ash 0.4 0.2 0.29

Table 62. Hunter's color value of powder of raw material of muffin

Hunter's value
Samples

L value a value b value delta E

white flour 94.98 0.29 8.39 4.00
vanilla 81.93 2.88 30.13 5.97

black sesame seed 54.97 0.75 11.16 36.23
squash 75.88 7.05 48.78 14.93
anthocyanin extract 3.68 1.94 0.56 0.84

1) L=white; a=red; b=yellow
2) All data are mean value
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Table 63. Effect of Premix on physical characteristics of cupcake added
with different powder

Physical characteristics

Samples" | Volume Density? Weight Height  Width  Specific _ Height (cm)
(mL) (g) (cm)  (cm)  volume Max. Min.

C 130 0.75 98 8.0 6.5 1.33 7.0 5.0
Cv1 130 0.74 96 7.7 6.1 1.36 7.1 5.5
Cv2 125 0.80 100 7.8 6.1 2.96 7.0 4.8
Cv3 135 0.77 104 7.4 6.2 1.25 7.5 6.0
CB 185 0.52 96 7.4 7.0 1.93 5.0 6.5
CB1 175 0.51 88 6.8 6.2 1.99 7.0 5.0
CB2 180 0.53 94 7.0 6.0 2.00 6.5 6.5
CB3 180 0.45 80 7.0 6.3 1.92 5.0 6.5
CS 175 0.59 102 7.2 6.4 1.72 5.8 6.0
CS1 180 0.55 98 7.1 6.2 1.84 6.0 5.0
CS2 180 0.50 90 7.0 6.4 2.00 6.6 5.0
CS3 175 0.52 90 6.8 6.3 1.92 6.2 4.8

1) Refer to the legend in Table 6

2) Specific volume = Volume (mL)/Weight (g)
3) All volume are mean

4) Density is g/mL
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Table 64. Hunter's color value of cup cake added with different powder

Color values of crumb

Samplel)
L value a value b value delta E

C 77.61 3.34 41.11 5.97
CVvl 69.46 5.17 34.46 4.00
Cv2 61.44 8.28 29.18 9.04
CV3 59.29 6.11 25.65 9.54
CB 53.18 0.91 11.54 3.40
CB1 54.06 2.67 12.57 4.35
CB2 55.75 3.88 16.41 5.79
CB3 53.18 4.68 13.64 8.79
CS 76.83 5.22 50.00 6.04
CS1 73.29 7.01 45.53 8.41
CS2 68.42 9.26 44.74 8.70
CS3 67.78 7.93 40.25 8.47

L=white; black; a=red; b=yellow
URefer to the legend in Table 6
2 All data are mean value
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Table 65. Hunter's color value of cup cake added with different
cup cake premix

Color values of crust

Samplel)

L value a value b value delta E

C 65.38 15.43 47.21 51.19
CV1 55.61 18.92 45.31 36.25
Cvz2 53.22 17.23 39.83 48.40
CvV3 60.87 11.11 33.96 38.54
CB 32.59 19.25 45.21 33.83
CB1 30.56 18.98 43.15 47.79
CB2 32.47 20.26 49.77 29.60
CB3 25.57 21.01 42.62 18.69
CS 34.41 23.42 49.69 33.06
CS1 35.59 22.3 47.39 28.62
CS2 34.24 23.57 49.94 43.22
CS3 40.19 23.72 48.99 38.50

L=white, O0—black: +a=red, +b= yellow
URefer to the legend in Table 6
2)

All value are mean
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Table 66. Textural characteristics of cup cake added with different cup
cake premix

Samplel) Hardness Springeness Cohesiveness Gumminess  Chewiness
(g/s) (g/s) (g/s)

Control 527.1 1.45 0.74 390.32 565.19
CV1 559.8 0.93 0.69 388.49 362.85
CvV2 508.6 0.94 0.72 365.5 344.3
CvV3 539.7 0.91 0.74 397.07 359.74
CB 1079.2 0.84 0.55 942.37 593.87
CB1 984.8 0.85 0.54 527.54 450.52
CB2 848.1 1.03 0.61 520.71 537.37
CB3 830.1 0.93 0.58 478.49 445.95
CS 424.9 1.27 0.81 342.87 436.99
CS1 478.5 5.42 0.61 398.52 2,160.6
CS2 480.5 1.00 0.78 372.8 576.23
CS3 638.7 5.69 0.74 475.18 2,702.01

U Refer to the legend in Table 6
2)
All value are mean

Table 67. Proximate composition of cup cake added with different cup
cake premix

Proximate composition (%)
Energy

Samplesl)
Moisture Crude protein Crude fat Ash Carbohy (kcal)

—drate

C 21.55 6.98 18.71 1.32 51.44 402.07
CV1 16.41 6.72 16.19 1.21 59.46 410.43
CV2 17.52 6.86 15.06 1.20 59.36 400.32
CV3 15.40 6.76 16.24 1.29 60.30 413.20
CB 18.17 7.46 16.26 1.30 56.79 403.34
CB1 17.25 6.26 17.17 1.27 58.05 411.77
CB2 14.83 7.54 18.56 1.46 57.60 427.66
CB3 17.99 6.51 13.67 1.14 60.68 389.31
CS 18.02 6.30 14.75 1.07 59.86 397.39
CS1 15.98 7.19 15.15 1.17 60.51 407.15
CS2 20.28 7.13 17.40 1.26 53.93 395.40
CS3 18.99 6.64 15.51 1.26 57.69 392.78

U Refer to the legend in Table 6
2 All value are mean
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Table 68. Sensory characteristics of cup cake added with different cup
cake premix

Sensory characteristics

Samples"” Overall

Taste Flavor Appearance Texture acceptability
C 2.940.73° | 3.6+0.69™ 440.66° 340.66™ 2.740.48°
CV1 4.240.42° | 3.4+1.17° | 3.941.28" | 3.64£0.51* | 3.98+0.73°
CV2 4.040.66° | 3.7+0.67* | 3.940.99° 440.66 3.740.82°
CV3 3.940.16* | 3.7240.27* | 3.940.11* | 3.3+0.12" | 3.7+0.27°
CB 3.64£0.96" | 3.54£0.10* | 3.6+0.84* | 3.6+0.96" | 3.3£0.82°
CB1 4.140.36* | 3.1140.21" | 3.61£0.34"* | 3.61£0.31" | 3.9240.33"
CB2 4.0%0.66° 340.81° 3.6+1.34" | 3.6+0.51" | 3.9+0.73"
CB3 3.541.35" | 3.140.73" | 2.94£0.73" | 2.940.56" | 3.1£0.87™
CS 3.540.52" | 3.340.82" | 3.241.03" | 2.740.82" | 3.3£0.57™
CS1 4.04£0.81" | 3.74£0.94* | 3.540.52* | 3.7£0.82" | 3.6%0.84°
CS2 3.540.70* | 3.0+0.66° | 3.240.78% | 3.54£0.70® | 3.7+£0.48"
CS3 3.740.94" | 3.8+1.03" | 4.4+0.87" | 4.1+0.87* | 3.8+1.22°

The same rows with same superscript are not significantly different (p<0.05).
URefer to the legend in Table 6

2 ..
)values are meant standard deviation
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Fig. 20. Appearance of cup cake added with different cup cake premix
A @ squash; B : vanilla; C : black seasame seed
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