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SUMMARY

1. Screening of raw material for natural pigment Anthocyanins extraction

Total Anthocyanin contents, Total Polyphenol contents, Total Flavonoid contents and
bioactivies of Bokbunja, mulberry, purple-fleshed potato and red-fleshed potato were
analyzed for screening of raw material. Bokbunja had higher values of Total Anthocyanin
contents, Total Polyphenol contents, Total Flavonoid contents, SOD-like activity, hydroxyl
radical scavenging activity, hydrogen peroxide scavenging activity and elastase inhibitory
activity than mulberry in berries. Red-fleshed potato had higher values of Total
Anthocyanin contents, Total Polyphenol contents, Total Flavonoid contents, DPPH radical
scavenging activity, SOD-like activity, hydroxyl radical scavenging activity and hydrogen

peroxide scavenging activity than purple-fleshed potato in color potatoes.

2. Development of optimal ethanol extraction conditions of natural pigment

Anthocyanins

RSM(Response Surface Methodology) was carried out for the process optimization of
Anthocyanin ethanol extraction from Bokbunja and red-fleshed potato. The ranges of
independent variables selected from the preliminary experiments results. Interesting ranges
of independent variables were sample to ethanol ratio 10-20%, extraction temperature 30-7
0C, and extraction time 1-5 hr, respectively. As a result, proposed optimal extraction
conditions from Bokbunja were 11.71% of sample to ethanol ratio, 30C of extraction
temperature, and 1 hr of extraction time, respectively. In above optimal extraction
conditions, Total Anthocyanin contents from Bokbunja was 052 mg/100 g. The proposed
optimal extraction conditions from red-fleshed potato were 20% of sample to ethanol ratio,
50C of extraction temperature, and 5 hr of extraction time, respectively. In above optimal
extraction conditions, Total Anthocyanin contents from red-fleshed potato was 0.22 mg/100

g.

3. Optimal extraction conditions for set up experiment

Mulberry extract conditions were extraction temperature 40T, extraction time 3 hr,
concentration of CA or ASM 1.0%, ethanol 30% and the sample to solvent ratio 1:10 (w/v),
respectively, in order to make comparison of extraction efficiency between citric acid(CA)
and acidic sodium metaphosphate(ASM) as pH adjusters. Absorption rate value of
Anthocyanins in ASM had higher than that in CA, and pH increased slightly increased
during extraction. Optimal extraction time was 3 hr for maximizing Anthocyanin

absorbance with fixing the extraction temperature, sample to solvent ratio in the sample



conditions. Anthocyanin absorbance rate of mulberry was 117.80% at 30% ethanol
concentration with fixing the sample to solvent ratio, concentration of ASM, extraction
temperature and extraction time. Mulberry Anthocyanin absorbance rate was the highest
value 123.73% in 0.7% of ASM with fixing the sample to solvent ratio, concentration of

ethanol, extraction temperature and extraction time.

4. Optimal enzyme treatment condition

The pectinase enzyme, Pectinex Ultra SP-L(PEC) or Novozym 33095(NOV) was treated
to Bokbunja, mulberry, purple-fleshed potato and red-fleshed potato extracts in order to
raise yield, phytochemical concentrations and bioactive properties. RSM was employed to
obtain the optimal enzyme treatment conditions from Bokbunja, mulberry, purple—fleshed
potato and red-fleshed potato extracts. Ranges of independent variables selected from the
preliminary experiments were enzyme concentration 0.5-1.5 mL/100 L(PEC) or 0.05-0.25
mL/L(NOV) and enzyme reaction temperature and time 20-607C (both PEC and NOV) and
2-8 hr(PEC) or 60-120 min(NOV), respectively. Pectinex Ultra SP-L treatment had higher
values of yield, Total Polyphenol contents, Total Flavonoid contents, Total Anthocyanin
contents, DPPH radical scavenging activity and SOD-like activity than Novozym 33095

treatment in all samples.

5. Stabilization technologies of natural pigment Anthocyanins

RT of Bokbunja byproduct Anthocyanin was very similar to that of standard
material(Cyanidin-3-glucoside, C3G) based on HPLC analysis. Therefore, it was confirmed
that C3G is the major component of Bokbunja byproduct Anthocyanin. For the stability of
Anthocyanin during long term heat treatment, it was found to stabilize at the low pH (pH
3 or less) condition. Also, added sugars(fructose, maltose, sucrose, glucose, galactose) in

Bokbunja byproduct Anthocyanin showed different stability depending on the added ratio.

6. Optimal isolation condition from Bokbunja byproducts

For the optimal isolation process of Anthocyanin from Bokbunja byproduct extracts, MCX
SPE cartridge, HP-20 and Amberlite XAD-7 as sorbents were used with pH adjuster of
ethanol(60-90%), HCl or TFA(0.1-1.0%). The yield, color value and Total Anthocyanin
contents evaluated as response variables. Regardless of sorbents, HCl worked better than
TFA as a pH adjuster for all response variables, which was worthwhile to be used for the

recovery of Anthocyanin under optimal isolation conditions.



7. Comparison of the isolated Anthocyanin functionality according to the

concentration of citric acid

The Anthocyanin, as a food additive, isolated from Bokbunja byproducts extracts using
citric acid as a pH adjuster. In the range of citric acid from 0 to 1.0%(w/v) into a 60%
ethanol, optimum concentration of citric acid was 0.7%(w/v) which had the highest Total
Anthocyanin contents as well as bio-activities. Total Anthocyanin content(9.59 mg/100 g)
with 0.7% citric acid was about 5898-86.16% compared to that with HCI or TFA.

However, citric acid is preferred to use for Anthocyanin pigment isolation owing to safety.

8. Analysis of the prototype according to the reuse of the extractant

Antho-Red KR(140416) extracted with a third recovery solvent was the highest values
than the Antho-Red KR(140305) extracted with new solvent, and Antho-Red KR(140418)
extracted with quaternary recovery solvent was lowest value based on bioactivities, color
value and Total Anthocyanin contents. Thus, the reuse of the extractant up to third
recovery was effective to extract Anthocyanin. To analyze the volatile components of
extraction in SPME using GC-MS, 46-68 kinds of volatile components were identified

based on the sample. The off-flavor components were not identified in volatile components.

9. Analysis of the prototype produced in accordance with the type of enzyme used
during the extraction

Based on bioactivities, color value and Total Anthocyanin contents of the manufactured
prototype, Antho-Red(140430) with Pectinex SP-L were higher values than that with
Novozym 33095. To analyze the volatile components of the prototype extracted with
enzyme, the extraction of volatile components in SPME and analyzed using GC-MS. 39-50
kinds of volatile components were identified according to the sample, The off-flavor

components were not 1dentified in volatile components.

10. Various application tests of natural pigment Anthocyanins

The Anthocyanin from Bokbunja byproduct applied to the pickled ginger, it was showed
that color and salt adhesion similar to the extracted pigment from cochineal. Preparing a
muffin for baking application test, it was confirmed that the red color expressed and
maintained after cooking. In experiments on squid jinmichae, Anthocyanin from Bokbunja
byproduct showed the similar color and salt adhesion to the other natural pigment mixture
formulation(mixture formulation like gardenia yellow pigment, red yeast rice pigment,

kaoliang pigment etc.).

- 10 -
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R1 Anthocyanidin R1 R2 R3 MW
Pelargonidin H OH H 271
Cyanidin OH OH 287
Delphinidin OH OH OH 303
Peonidin OCHj3; OH H 304
Petunidin OCHj3; OH OH 307
Malvidin OCHs OH OCHs 331

Fig. 1. Anthocyanidin®] 7]z 2wl g

v}, Anthocyanin® =8 5A

- vl Eo & 835 A% non-hydroxyl solventell &= &7 %] ¢k 540 35

- pH W3to] ¢ 73 A4 AAS 7Hxa =, A pH 9 Gl A= flavylium
salt® EA8H, pH7F S7ksbd Az7 A3 go] X th7} pH 4750 ol2d Fajo g w3}
.

- Anthocyanine A A= F5o], dild gdF 2 92 flavonoid M4 53 A3
H AEE EAetdA BReoz bASHA EAE 4 AT, AFe] A LA
= quinoidal anhydrobase FEH|Z EA]3to] RS X qk w9 Sk g

- gAhkst &% 2 m WMo Qo] shEE Al YRE=EA o] &H.

- Adg o«] T A kol by e o A gk tisl o a sk Q)

- sk kst @S VA AL oA AEY A% VIS FEAIRL
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- Anthocyanin®| t# gF5o A= 7154 AEE] JEe] &3] oA =],
S 5 Ay Ffole AYE L AFE AYdAM EFAER Aot Ha A2
-y ZFEo slAaAe & 7FAo] Hlud = wo] =l FAEe FEHS =
27] Y= AN 2 a{ IR TleA AR st B2 FTUtA 54
2AEZ2 A E & & J=E AAZAS o] viAFojoF & A,

- ol AFEE 3 Q= Anthocyanin] HAMAE dFEE = &t I, &
AFNEES o Fakstel A =W FAUA 29Ut wlg =8 Aoz JgE.

- HAAL dEe 53 AEEA HEIEAZF ulg- =of #d FUMEe] Y= Sk A
ol F7F A5 U 2 Fd AFE] HAS Vg + IdS A,

- U 71 AEL A MAHoRE FHo] 45t FAAAEH S Aoz 4
AE ol A=k, 53] ‘made in Korea’®] 4% AA=E o] vjg =7] wjo MAAGOZ
o] 7.

- A dHEEo] o oFEFL Y AL 98550 FAUA 2= v Ese] AA
g ot 1F5EY HAMA AEIS B dFFo] Ve AoE Agd

t}, ot

- 29 & BYUFFR (Moraceae)oll &8t Y=l Y- (Morus alba 1..)°] @vl2A] 5
ARE 69o] Ax Ao Mol AL = (33 AS ERE o =) F 3
- 2008 Ly AfuiH A2 1029.7ha, Y] AA=E 3244F o % 20073 A wiH A 744.1ha
thH] 38.2%, AAF=E 2050 WiH] 58.3% F7FstA . W 2009d %= ot AAb=ES 5613
E, oY Ak 2819 o2 HAd% gid] AaksFo] 73.0% Mg EA FXAH S
FAY. 29+ 10 ha d9HA T FAALS0] 5000402 13(2,8504), 7H=(2,200) &
o] Hlste] 1AES ZEolH, uAwlF7E 2008 % 3,248 oA 20092 5198 2 F
7}k .

- 20099 dA A= A= o] AAEZEo]= Table 29 2.

Table 2. A= A= ¢ Aik=F
A 2007 2008 2009
T | WAMa) | ANFEke) | BA(ha) | Ak | WAha) | AAFT(ke)
Al 744.1 2,050,007 1,029.7 3,244,469 1,544.4 5,613,529
o - 0.23 200 0.3 - 0.5 2,000
o1 - - 0.8 25 - -
3} - - 18.0 - 25.0 6,000
7] 30.7 20,010 37.3 45,000 59.7 64,060
AR 3.2 1,000 3.8 3,400 14.8 1,152
=5 1 975 1.7 2,600 75 12,100
=4 10.37 6,600 19.1 2,230 25.8 21,510
A5 511 1,869,660 674.4 2,911,360 962.5 4,206,435
A 143.9 115,092 165.6 195,754 282.2 1,132,838
5 28.9 32,000 91.8 53,350 132.5 115,604
A 14.8 4,470 16.8 30,750 279 45,830
e - - - - 6.0 6,000
(3 20003 %= #FAFAZA A3, sHFAAES)
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B AFg3 BEAE= 598 %(Wanju-gun, Jeollabuk-do, Korea)ol X +<atda, A

HAAH(AS, $9)= SAAA T e, eve Ad GFolM st S ATl
AFESEETE AR AlE 1 g2 60% ethanol 200 mL9} 7 sonicator(VC 601, Sonics &

Materials Inc., Newtown, CT., USA)E o]&3}o] 40TelA 1 AlF FE351] A|52 ALE-3FS T

2. FA F= 249 AFEA G801, 25, A3

# A ethanol & Z7lol| 93] HEA2 S99l 60% ethanols A= o &vl ¥]&(%)o] w
gt 2ot FE2=(C) 2 FEARM o) Wt 230 21 FE2E8 A RE ARSI

# % ethanol % & & A AE SAFEAY S A& ethanol F3& 78l
ek 202 Al ZHAEA AE of &) H]&(X) 10-20%, FEF2%(X2) 30-70T, FE=AITHXs)
1-5 hr& vl er Aesion, 72t aclo] g 2 Table 59 #t. 7zt Sy =
TS 7HAR st -1 7 1 W99 7} code values ZEE FEstte] FA A A E el
2t 15 7o ® dA s tH(Table 6).

B ARAA WEEHEEAS 913 o] E| A2 ofg ek 2

N
>

ar

A+ AKX + A, + AN+ AXX, + AKX+ AKX +
A X+ AKX + AgX]

A71A, X+ SHHTEA Xi(KE o &1 vE) Xo(FE25), Xs(F=A11holH, Y& &
W= (Y,) 2 Total Anthocyanin $F&Fel] thdh gholal, Ais o
A4 8ls fs)] wFSEHEMYES AFES

o] HAgE ko] EAHEA, o] A thE 3]

AL EAREALE SAS 9.3(SAS Institute Inc., Cary, NC, USA)
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Table 5. Factors and levels of experiment for ethanol extraction of Bokbunja.

Fact Svmbol Levels
actors ymbo | 0 I
Ratio of sample to solvent (%) X 10 15 20
Extraction temperature (C) X5 30 50 70
Extraction time (hr) X3 1 3 5




Table 6. Central composite design for ethanol extraction of Bokbumja and its dependent

variables.
Fxperiment Hatlo of fxtraction Extraction time
number Xl X2 X3 sample to temp?rature (hr)
solvent (%) (C)
1 0 -1 1 15 30 5
- 0 1 -1 15 70 1
3 0 0 0 15 50 3
) 0 |l -1 15 30 1
5 -1 0 1 10 50 5
6 -1 -1 0 10 30 5
/ b 0 -1 10 50 1
8 0 0 0 15 50 3
9 1 1 0 20 70 )
0 o0 0 15 50 5
H ! 0 -1 20 50 1
12 1 0 1 20 = ;
0 ! 1 0 20 30 3
14 0 1 1 15 70 -
15 -1 1 0 10 70 5
Y F= dAHY AIAA (=80, A=A A)

2 A3olA AnthocyaninAl AL F5 Al F&FFES A% FE534
A A e FTAEA A E(central composite design)S AFE3FH o,
MINITAB statistical softwareg AF&3}%Th ol ethanol & =712
25 16-44%, ASM(X2)2 056-0.84% % A3FALE ol ZHHIFES
1oz Hzslste] FAFAAGH wet At =3 ol =
Uk 22y JAdMAage] 8ol EFolmE Anthocyanin &% %(520nm)et  Total
Anthocyanin $#o =2 A3t UwA] FE2dRX s o &9 H &, FEAL, FE2E)S

SELE
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Table 7. AnthocyaninAl 1AM A FE221 A H

Levels
Independent variables Symbol
-14 -1 0 1 14
Ethanol concentration(%) Xy 16 20 30 40 44
ASM concentration(%) Xy 0.56 0.6 0.7 0.8 0.84
Table 8. AnthocyaninAl HAM A FE23 A7

Experiment X, X, Ethanol concentration ASM concentration

number (%) (%)

1 -1 -1 20 0.6

2 1 -1 40 0.6

3 -1 1 20 0.8

4 1 1 40 0.8

5 -14 0 16 0.7

6 14 0 44 0.7

7 0 -14 30 0.56

8 0 14 30 0.84

9 0 0 30 0.7

10 0 0 30 0.7

11 0 0 30 0.7

12 0 0 30 0.7

13 0 0 30 0.7

AA s o, o] F 87}A|= factorial experimentso]™ 57FA AdE& o

[e)
) =
FE 3437 93 zero-—point testso]tHTable 8).
4. AA F& 349 AddA (24hAHE)

2 Ao M= HA ethanol 5 T8 93] F58 FEES AREE ot & 4 Aks)
A S 98] Novozyme AHBagsvaerd, Denmark)®] Pectinex Ultra SP-1(9,500 pectinase
unit/mL)¥} Novozym 33095(10,000 pectin transeliminase unit/mL)Z &4 X8 E& 3}% L,

t}2 4000 rpmo.= 15 #7F A8 st e AS AdY. Pectinex Ultra SP-L¥} Novozym
33095 g5 e AHAES A A7) Y8 ethyl ether : n-hexane (1:6, v/v)& 4oz A =23k

- 28 -



S AF3)AF=7](BUCHI rotavapor R-124 and BUCHI water bath B-480, Flawil,
Switzerland) 2 40Tl Al 20 Brix7}#] 553 & 524 7Ax8te] AJ5=2 AFE-3FY T

B3z o, A9 2 TGS o] &3 HAH g4 AT T gt AFddAAE FAFAEAE
(central composite design)< AF83F 2™ Pectinex Ultra SP-L¥ Novozym 330952] manual
ol HA activity BUE FvTHgo 2 AU Pectinex Ultra SP-Lell thak 2912 Al 7}
A ZA Alzel] tdk 455 (X;) 05-1.5 mL/100 L, 5 %(Xs) 20-60T, HESAI7HX3) 2-8
AIZbS Fugrgog Aot om 7 gle] dgk =2 Table 99 2Tl Novozym 33095

st 8% Al ZHAEA AR i a4FE(Xy) 0.05-025 mL/L, ¥FS&=%(X2) 20-607T,
WS- A1 7HXs) 60-120 & Sv Tz At om 7k afld gk =52 Table 113 2t}

7}

TEs MR sfe] -1 7 1 Wl 7 code values ZEE Hustste] F4

A + A X+ AKX+ AX, + A XX, + A XX+ AKX, + AXE + AXE + A X

o714, X+ SHHTEAN X(E255E), Xo(Whe&5%E), Xs(Wh&Al ol Y& F57(Yn)
2 48(Y1), Total Polyphenol $F=F(Ys), Total Flavonoid $F=(Y3), Total Anthocyanin %
(Y4), DPPH radical 245 (Y5), SOD-like &4 5 (Yg)oll gt grola, Aie FAASToIH &4
A T4 HAstE 918 & EHEA W (response  surface methodology, RSM)& A}-&-3F
om 7p Qzte] £ Wl WE &4 AY FAY HAHIE fste] EAHEA, oA thE I
=42 2 drEFHEAH T SAUHE ol&sAL EAEA S SAS 9.3(SAS Institute
Inc., Cary, NC, USA)S ©]&3}%

Table 9. Factors and levels of experiment for Pectinex Ultra SP-L enzyme treatment of

Bokbunja extracts.

Code value
Factors Symbol
-1 0 1
Concentration of Pectinex Ultra

X1 05 1.0 15

SP-L (mL/100 L)
Reaction temperature (C) Xo 20 40 60
Reaction time (hr) X3 2 5 8
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Table 10. Central composite design for Pectinex Ultra SP-L enzyme treatment of Bokbunja

extracts and its dependent variables.

Concentration of

Experiment X, X, X:  enzymatic activity Reaction D Beaction
number temperature (C) time (hr)
(mL/100 L)

1 0 -1 1 1.0 20 8

2 0 1 -1 1.0 60 2

3 0 0 0 1.0 40 5

4 0 -1 -1 1.0 20 2

5 -1 0 0.5 40 8

6 -1 -1 0 0.5 20 5

7 -1 0 -1 0.5 40 2

8 0 0 0 1.0 40 5

9 1 1 0 1.5 60 5

10 0 0 0 1.0 40 5

11 1 0 -1 1.5 40 2

12 1 0 1 1.5 40 8

13 1 -1 0 1.5 20 5

14 0 1 1 1.0 60 8

15 -1 1 0 0.5 60 5

Table 11. Factors and levels of experiment for Novozym 33095 enzyme treatment of

Bokbunja extracts.

Code value

Factors Symbol

-1 0 1
Concentration of Novozym 33095
X3 0.05 0.15 0.25
(mL/L)

Reaction temperature (C) Xo 20 40 60
Reaction time (min) X3 60 90 120
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Table 12. Central composite design for Novozym 33095 enzyme treatment of Bokbunja

extracts and its dependent variables.

Concentration of

Experiment 1 X, X, enzymatic activity Reaction o 'Reactio.n
number (mL/L) temperature (C) time (min)
1 0 -1 1 0.15 20 120
2 0 -1 0.15 60 60
3 0 0 0 0.15 40 90
4 0 -1 -1 0.15 20 60
5 -1 0 0.05 40 120
6 -1 -1 0 0.05 20 90
7 -1 0 -1 0.05 40 60
8 0 0 0 0.15 40 90
9 1 1 0 0.25 60 90
10 0 0 0 0.15 40 90
11 1 0 -1 0.25 40 60
12 1 0 1 0.25 40 120
13 1 -1 0 0.25 20 90
14 0 1 1 0.15 60 120
15 -1 1 0 0.05 60 90

Ao
(95%, uj et
80, 95%°ltt. FExAL HEAE div] 10Mfe] FE &

T N

%<t shaking g+

AnthocyaninZl HAM A= pHZF W 7oA AAE WHs= Miholmg pHE AL
2 ZAsFE ¥ f7] 4 citric acid, acetic acid, lactic acid, butyric acid, palmitic acid,
oxalic acid, tartaric acid 5)& FH7}ste] FE35= FAHol F& o|Fi Arh. AFHITEZA
o MAMALE Axdt= Aol 2 AFNTY FZxoln=E st frib FAAE M F=

= =
Aoz Jdy] ¢eZ Citric Acid(Food Grade)E AF&3Fith T3 dubz o=z

rob

PN
T

o

&0l

- 31 -



A EA 7SROk dy] AFEHI Qe AFEZRAEAQ] F3QAAYE  FolAXE metal ion
chelation, =43, dlaldo] w9 Iy S4F#E o2 e 7 AAALE & I 855

BHeta e 25 A UERIAUE S (Acidic Sodium Metaphosphate, A =H] dlo}o] (52),
ol

Shar)e 1.0% F8doAe] pH7E 2022 F7]|3kHt He gFozr pHE 2EE F Q&
buffer 52| o gHFIAHHE FHolt Fr|ArrgFoltt. F7]4kQ1 citric Acidete] +& &

g2 maelr] lste] FH A0 AL8aa

ER28 gfu] 10u)e] FEEE H7Este] 50Tl A shakingdtH A 179A|F B9t F&381a
Whatman No.l o322 &2 A3 & T2 IALE YA A28 FEE1E AFESHY
=]

W FE - ojehel &

i
N

&bk o) 108 o) FEEviE Hrksted 30, 50, 70, 90Tl A 3A17F E<F shakingd §

Whatman No.l o322 F2l o33t & IO JALE A A2 FZ8uES AL83lo] 23
HHE 3% - ojste] FEAS EA AT

218 AAMAZA &getr] 9ot FEE&ue HEEAE dib] 1089 0.7% shEFe] Citric
acid(Food grade, < =7)7} 7‘47}51 30%(w/w) FE9 A8 FEF05%, U4 elolx,
1)& Abgetgon FEXRUL AL &35 2EHdd s FE7|(RAA )| HEAS F
H27] & o] &3ste] F4 0}1 50C A 3’\]@ Eob Wyl F33 F pore size Sume JE
e 271E o] &3ste] &2l oA H Jo FAES Al s4d &ulE AH&ste] 23]
F=o¥t 40L &% AFAZFTFFH7I(MM-0750A, vgddgZd, 3st=)E o] 835l
20Brix7} %% ¥ =3 ¥ Whatman No.l oZAE o] &3t F3 o743 sF54S A
AT}

o{
[NV 2= )
o o Jr N op

o pH 2 7FEA el mE Ao b A7

EEAE w5 pH R 7tdA el gk A S glstr] flske] Macllvaine €5 4 &
Argstel pHE 20, 30, 40, 50, 60, 70, 80, 9.0, 10002 ZAsAT}. 2 pHE 2 25}
TE5NE HIbste] HETEFE 1% 78IS AxsH L 7 FE8HE 10mLY cap test tubedl
wol 50, 70, 100TC 9] &=TZBW-20G, =)ol 073074 7FEAH el & A7l & Ao &
st= SA skt
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o @R H7F 2 AR, AT g Al kA #Tt

TR AP HEA w599 A2 AT vX = Y Feletr] f1ete] pH
3.09 ALt - ARIMMIEF SFHE AMEste] 1% w59 MAh FE&HSE Az 7
&of fructose, maltose, sucrose, glucose, galactoseE 2} 0.1%, 0.5%, 1.0% % 7tslA . 2h2t
9] Al8E EEA} Anthocyanin® H oS3l 513nmolA FHEE A3 5 25T A=
I 4TCe WAae] 25 EoF BystHA F3FLo WstE SAst] ARV T MY A

qe Brrssin.

A & co-pigment®ZA] tannic acid, caffeic acid,
chlorogenic acid, hydrobenzoic acidg A€sta M F%9] 1, 5 10, 20, 4087} H =5 H7}
3] pH 3.09 F+dAE - A2JAAYEHF dF Ao A copigmente] FEol| thak FAFS FASH
H, Z7te] AEE 25T A2 4T WA 25 &<t BastdA FaEe WstsE 54
sto] AG717F T Mo AL S FUEsEAT

Anthocyanin® %% AAS =d &
=

7. BBz o 2 BBl Anthocyanin® &% Ea A A A3 AA
BoAF o] Apg3l BE A8 A= 3 o2 (Gochang-gun, Jeollabuk—-do, Korea)ol| A A &1k
S Ao HAFH T g3 Algdon HEZU BE HA4F(Gwangju, Korea)oll A #) &1k
A L s 5 dAEg A g3 FEFsta G2 FAES A REE AFESHA
: F e

e el o3l ?%%——g A Z 3} 3
CX(Mixed Cation Exchange) SPE cartridge(6 mL, Waters Corp., Milford, MA)E ©]-&
Zéxﬂ%:— cartridge®ll 3z T/FTE &EAIA A9 EeES AL AR 12 mLe &9
WEl 5, Al 33k SRTE TSk AR Rt #7IAl, BlEFE A opn At S Al
skl MAE 7] 98 pH =2AE £33 ethanol 24 mL=% oE/\VJ T ARE ARESH
ot HP-20(Iontec Corp., Seongnam, Korea)¥} Amberliter XAD-7(Sigma Chemical Co.,St.
Louis, USA)< Yoon 5(Yoon and Lee, 1979)3 Kim 5(Kim and Kim, 2003)2] WS W
FAA AFEsFA T Glass open column(2.5 cm id. X 25 cm)S sorbent® %13}l sea sand
E flotdl®= FEsH ¥ol FAE E4A7IA FxF s 28 34 SRTFEA A
A FA EEES AAS by AlE 30 mLE loading dtAth A5 FRet #7214k vS3
A ot sl Fo AAE A 3 TRTE ST F pH 2EAE X3S ethanol 250
mLEX §FA17 ¥ F55t] ARE AMEsES
< ©]&3% Anthocyanin® HZA FEAA AIEAAE QAP (full factorial
design)S AF&3F o, MCX SPE cartridge, HP-20 2 Amberlite XAD-7< sorbent® A}
£33t (Fig. 9). o)w] 818 F 7}x]2A] HCl %3 TFA(Trifluoroacetic acid)®] & %=(X))
0.1-1.0%¢°} ethanol®] &%(X2) 60-90%E SH|TFHo= AHstHorw, 7zt acld digt &
Z

O

gt
=

l

Table 13, 159} #t}. 7 SHPAFE =55 7 EES -1, 0, 199 7+ code valueE 2zt
L= Rggsle] oAl wet 9 Fro® g3t (Table 14, 16).



= AN vhE

R

=]

RS 9

ol

o] 2}r}a 8] A 4L ofefs} 2t
V=A ,+A, X, +A,X,+A,X X, +A,X+A.X5

AW T2 Xi(HCl =+ TFA %), Xo(ethanol %)oY, Y& TH5HTFZE

EEApuko A 2] 4 A| g Anthocyanin®] &(Y1), A 7HYs) % Total Anthocyanin &3 (Y3)oll

gk grolar, Aie 3 AAFelth EE A T HASE H8] HERHEAHEES AFEEA

o Hsle] W& ] 8A 3 HAASE skl EAREA], o] A thaks] A =
SAS

o FANHES o]&st¥ TATA S 9.3(SAS Institute Inc.,

1 W= MCK Carridge
-Emmw

MCX SPE cartridge HP-20 - Amberlite XAD-7

Fig. 9. Appearances of the sorbent for Anthocyanin isolation from Bokbunja
byproduct extracts.

Table 13. Factors and levels of experiment for Anthocyanin isolation from ZBokbunja

byproduct extracts.

Code value
Factors Symbol
-1 0 1
Concentration of HCI1 (%) X1 0.1 0.55 1.0
Concentration of ethanol (%) X, 60 75 90




Table 14. Full factorial design for Anthocyanin isolation from Bokbunja byproduct

extracts by sorbent according to HCI and ethanol concentrations.

Experiment X, X, Concentration of HCI Concentration of ethanol
number (%) (%)
1 -1 -1 0.1 60
2 -1 0 0.1 75
3 -1 1 0.1 90
4 0 -1 0.55 60
5 0 0 0.55 75
6 0 1 0.55 90
7 1 -1 1.0 60
8 1 0 1.0 75
9 1 1 1.0 90

Table 15. Factors and levels of experiment for Anthocyanin isolation from ZBokbunja

byproduct extracts.

Code value
Factors Symbol
-1 0 1
Concentration of TFA (%) X1 0.1 0.55 1.0
Concentration of ethanol (%) X, 60 75 90
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Table 16. Full factorial design for Anthocyanin isolation from Bokbunja byproduct extracts

by sorbent according to TFA and ethanol concentrations.

Experiment X, X, Concentration of TFA Concentration of ethanol
number (%) (%)
1 -1 -1 0.1 60
2 -1 0 0.1 75
3 -1 1 0.1 90
4 0 -1 0.55 60
5) 0 0 0.55 75
6 0 1 0.55 90
7 1 -1 1.0 60
8 1 0 1.0 75
9 1 1 1.0 90

8. Citric acid& ©]&3%F 2| AA T4

EE ko 2 B8 Anthocyanin w2 A A A pH ZAAZ AE¥ HCIZ TFAE W A38l7]
el A& 753 714k citric acidE o]&3te] B A A stk H A ethanol &% A
2 HA g4k Ay FAA et AFRE FEES HP-20 sorbentol] & A7l & gzbE

Anthocyaning £%3}7] §8f &&A| =4 60% ethanolS AF83F L, pH ZAA 2 citric acid
=0, 04, 07 2 1.0%(w/v)o.2 FEE5 Egste] AAES AU

R AAARE FR7E Amndotel () AFWE A0 T AR BFE 50T
a S T2, SD04+= 20134
£ B EAulol 93, SDOTS 2013 1090] 53 @ 25E ¥RAvke]glu,
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B Ao AREE BE AANAE FHIIHQD AmRlcloto](F)o A ATk Flo
Fig. 109} 22 Az A ofs) Arkd AAFold. F5 Al ARSE &riE 3lsto] AL
lel wet A4t & E AF&$ Antho-Red KR(140305), 1xF 3l4&wi& ARE-3
Antho-Red KR(140403), 2#}+ 3]5& & AF-&3F Antho-Red KR(140409), 32} 348w & A&
& Antho-Red KR(140416) “12]iL 42 3|8 & AF&3F Antho-Red KR(140418)7+# & 571
of AAFES ANER ARSSHAT

11, 3426 F70 e AAEEe] Aggdd v

Ao AREE HEAE HdAMLE F
Fig. 113 22 Az A o8] Ak AlA|Fo]
T3 Pectinex SP-L &4 %5 A}&3 Antho-Red KR(140430) Plantase PLCE A}-83t
Antho-Red KR(140512), Plantase MAXE AF&3 Antho-Red KR(140515) 1831 AMG 300L
=2 A}83F Antho-Red KR(140521)7+A] & 4719 AlAES A 22 AL8314

EEEEE EEREE
240 HEXEH 5ol & 29 240 HEXEH 5ol & 89
zs= 75-_‘,'{95% o) E9l = =3 IEF= 75—_‘,‘{95% UIA2) Fel = =g

SO0 = EArer
4 HE(SERS ThH] 05

Sojo| ZEX Soisto Myt =
rpm) (50°C, 3 hr, 300 rpm)

(50°C, 3 hr, 300 r

L= D = 1p * 4ea membrane filter2 O 3} L&D = 1py * 4ea membrane filter2 O I}
e uEss
(60°C, 65~70 mmHg) (60°C, 65~70 mmHg)
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2RE 2R2E
(In(160°C), Out(~80°C), 16,000 rpm) (In{160°C), Out(~80°C), 16,000 rpm)
AR AIH|E
Fig. 10. Manufacturing process of Fig. 11. Manufacturing process of
Anthocyanin-based pigment prototypes Anthocyanin-based pigment prototypes
produced by extraction solvent reusing produced according to the type of
from Bokbunja byproduct. enzyme from Bokbunja byproduct.
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12. Solid phase microextraction (SPME)

ANz 3y Fr|HES FE3517] $181A solid phase microextraion(SPME)S o] 83}
SPME fiber:= 50/30 um divinylbenzene/carboxen/polydimethyl siloxane= AF&3IA T A&
g< 20 mL headspace vialol] 23l teflon cap o2 FE3sFtE 40Col A 30 &%+ Wx]s}t
FAeo] =EA7l & SPME fibers 1 cm =&A17 30 # &9 Al59 3)oA 7]
ERAAT. fibers GCO injector port(200TC)o] w=FA|7]aL, 1 & ZoF @A A F
duplicate® 21 A] &} 91t}

13. Gas chromatography-mass spectrometry (GC-MS)

Algel I g EL Agilent 6890N GC/Agilent 5973 mass  selective
detector(MSD)(Agilent Co., Palo Alto, CA, USA)E Apg&3sle] SAHEATE  Columne
DB-5ms(60 m length x 0.25 mm id. x 0.25um film thickness : J& W Scientific, Folsom,
CA, USA)®} DB-wax(60 m length x 025 mm id x 0.25 pm film thickness : J] & W

Scientific, Folsom, CA, USA)E AF&3} 3L, oven &%+ 40ColA 5 #3F #2138 & 200C 7+
A 5C/ming £&x=2 F=2A1A 20 &7 %X]?'F} 1Tt Injector2%%+ 200C, detector2>X+ 25

0ColRd o carrier gasZE heliumS AFE39 12 48 1 mL/mine] ¢t} lonization voltage
= 70 eV 28] BAT BExpEke] W9 (m/z)= 33735002 ste] EA5EA . A4S duplicate
2 Akt

7}. Total polyphenol $H=# =74

Total polyphenol %<2 Folin-DenisH(Cho et al, 2005)< ¢F7F Wy st &A=,
F=5 2 mLol 2% NaxCOs& 2 mLe 7Fst < /\1201]/\1 3 &3 HbgA
Folin-ciocalteu$ ¢ 0.4 mL< 7}she] A4 30
3t} Total polyphenol %S 317] $8] E+E2 2 tannic aad% o] &3}
Ao mHE ks T Th

1}, Total flavonoid 3= =4

Total flavonoid $+#<2 Cha S (Cha et al, 2007)2] "W¥el ol& F=
AINO3)38% 1 mL¢ 1M potassium acetate €< 0.1 mLE H7}sta, &
A7tetAth AlEAS A LoA 40 B v A7l F 415 nmolA] FFEE =AU o]
Total Flavonoid¥d#S F3l7] 913 ZFEZZ = querceting o] &3t At x-A =
o =Ry FHE T3



t}. DPPH radical 24 % =%

DPPH radical 42715+ Blois(Blois, 1958)¢] Wl 9l A& 1 mLE A@#ol ¥
95%(v/v) ethyl alcohol 4 mlL< 7tste] HAEFEANES Azt o &He 02 mM
2,2—-diphenyl-1 picrylhydrazyl(DPPH)-&<} 1.0 mLE Y1 2o 3087 ¥kA71 & UV.
visible spectrophotometer(OPTIZEN POP, Mecasys Co., Ltd. Daejeon, Korea)E ©]-8 3}
517 nmoll A EFEES =AY Rz AR Al ZHFE o] 85t T3 wrHo g 4
gotAa 7+ Azl gk Atz DPPH radical 475 (%)2 ol A& o] &34 7
REEava=g

PPH adical 225 (%) = (1— ‘2,) x 100
o] 7] A, A : Absorbance of sample
B : Absorbance of blank
2}, SOD-like A5
SOD-like &4 5 Mrklund®} Gudrun® %W (Marklund and Gudrun, 1974)S 335}

AbgsERth dA-AFES] Alg 02 mlL, Tris-HCl buffer(50 mM Trls(hydroxymethyl)

=
[e)
10 mM EDTA, pH 852 ®4) 3 mL, 7.2 mM pyrogallol 0.2 mLE& % 7}3}

aminomethane +

o] 25ColA 10&7F whg-A17]a 1 N HCl, 1 mLE 7}ste] wbg-& AAA A} whg-of 5 2h3)
H pyrogallol®] 42 420 nmolA] STHFE=E =459 o SOD-like A T2 Ala 8949 Zj
Jbrel AT Abole] FREe] Ao]Z MESR e SOD-like B 5L ol 2

% o g3l AL

SOD —like &35 (%) = (1 — %) % 100
o714, A : Absorbance of sample

B : Absorbance of blank

v} Hydroxyl radical &A%

Hydroxyl radical 2752 Halliwell 5 (Halliwell et al, 1987)2] o] u}2} Fenton W%
of 9]3 2-deoxyriose’} hydroxyl radicalol ¢]8] 4F3}¥ o] malonaldehyde® W3¥ 3
chromagen< 4 o}~ AEE ZAses WHE o83t 28 mM 2-deoxy-D-ribose2}t 1.4
mM H.O.E &3+ 10 mM potassium phosphate buffer(pH 7.4) €A &ol] FHFol =<l
2+ 7o) Al: 9} premix ¥ EDTA/FeClo(100 uM EDTA pH 7.0, 20 uM FeCl)E #H7}sle]

Zu-g ol 20 mL7F HA 3 T 37CAA 4 AzgFser wrE A AT 10% trichloroacetic
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acid(TCA)Z WH3$-S FXA7]3L 1% thiobarbituronic acid (TBA)%} 2+ &3t3te] 95T A 20
°

=
7 REEAIZL & Ao A WYZhete] 532 nmoll A FEFEE SASATH B2 AlEE BHE A
F o] sdd HAES HESAL dEx2Te AR Uil SFHTFE ol&ete] FYs hHoew
TA3F . 2 A5 W3 hydroxyl radical 27 5(%)2 ofgfe] A& o] &3te] AAksIA T

Hydroxyl radical ~As (%) = (1 — ’é ZB;) 100

: Absorbance of sample (4 hr)

: Absorbance of blank (4 hr)

A

B : Absorbance of sample (0 time)
C

D : Absorbance of blank (0 time)

v}, Hydrogen peroxide A&7 %

Choi 5(Choi et al, 2002)2] WS W &3} hydrogen peroxide 27 %5S =43t 96
well micro plated] PBS 100 pL, &9 =9 A& 20 uLe ¥ 1 mM H.O.E5 718kl 5
7+ 9% g 1.25 nM ABTS 30 pL¢} PBS ] =9l 1 w/mL peroxidase, 30 uLE #7}3}
o] 37CelA 10 ®3F ¥-gA1Z F 405 nmoll A &3 =5 =43At

Hydrogen peroxide>~1% (%) = (1 — %) x 100

o7]4, A : Absorbance of sample
B : Absorbance of blank

A}, Elastase A3 &4 %

Park(Park, 1997)¢] ®H S oF7F W slo] elastase A3 TS SAHSIAT Al5E 02
M Tris—Cl buffer(pH 8.0)% /]’—‘4 H—’Foﬂ whg} 8] A4 &}32(1071000 pg/mL), A" Al& 20 plel
0.2 M Tris-Cl buffer(pH 8.0) 200 uyLE 7}3+F t}<, 0.8 mM N-succinyl-(Ala);-p-nitroanilide
20 LA F7bskAch ﬂ*‘”i?}%L ThAl 25Col Al 10 3F v ket th, 1.0 ug/mLe] porcine
pancreatic elastase(PPE)S 20 plL® H7Fstich HF3E3EL2 thA] 25ColA 20 &7F v i3tk
T, W3 eZ 9hgE& FAAZIAL 405 nmoll A FEFEE FAsAT R oEE Alsdll F

Fre ke macl #4e 24990,
Elastase 48] 24 (%) = (1 — “4) =100

o 7|4, A : Absorbance of sample
B : Absorbance of blank
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o}. Total Anthocyanin 3%

Total Anthocyanin %2 Hosseinian S (Hosseinian et al, 2008)2] pH differential
method®l] W} SA43stA T 28 55 05 mLol 0.025 M potassium chloride buffer(pH 1.0)%}
0.4 M sodium acetate buffer(pH 45)& 7}ste] HEH3E 5 mL= g v 510 nm R 700
nmel] A HE-S- o o] gadx=s 4zt =A% Yr. Total  Anthocyaning SheF
cyanidin-3-glucoside®] =& F A5 (e=26900 M 'em HE o] g3to] th&9o Ao wa A&
t}.

. } X X DX
ZQEA O 3 mg/100g) = 4 MEVX D100
o] 7] A, A(absorbance value) = (Asio nm - A700 nm)pr 10 — (A510 nm — A700 nm)pH 45
MW (molecular weight of cyanidin—3-glucoside) : 449.2
D : Dilution ratio of sample
¢(cyanidin-3-glucoside molar absorbance) : 26,900 M lem™!

V : Final volume of sample (mL)

ol
ol
Q
o
ofp
—
(@]
3B
i)
&
o O 1=
S
>,
ofo
ol
ol

oox ot o

AXx10

Color value (E 10%, 1em) = B

o714, A : Absorbance of sample
B : Weight of sample (g)
15. & AIA €
EA AL SAS 9.3(SAS Institute Inc., Cary, NC, USA) program= ©] &3t o FHAHE
[e]
o

2 (ANOVA)3 & p<0.05 <=4 Duncan's multiple range testZ 3ato] gl 7+H9]
HAE AT
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A 3 A, A Ax

1. AnthocyaninZl] A 4o] 54

BRA ot AU, £9) 9ES B eurl BEART AMato] o Aezt
Ae SHARTE g AAavt A vEbs L, AP Bepd AlSS fla $dS HeA
AE< th’iEHFig 12). 60% ethanol$ 01%8}04 2FEES AxAS u, g 20t
b A ARE el en R, 39, A9 £o2 UEEtH(Fig. 13). 2FEES &
A8k A7} total OJEMOJ e %fx}ﬂ 0.12 mg/100 go.& 74 =4 vebuta, 21(0.09

mg/100 g), €4(0.06 mg/100 g) ¥ A4 (0.06 mg/100 g) =2 EFTE
Hunter’s color®] L#2 WEE YElH, agta S Z(-a)oll A A =(+a)e] A9S 2v]s}
3, bt A Z(-b)ollA FAZ=(+h)e] AYUS ondti(Lee and Shin, 2006). Hunter value
o] H-& M (redness, a)@toll A= EE2H(7253), 21](68.03), &4(65.47), A4 (50.73) =02 = A
UER o™ 5% ol Al frel kel 7t UERS tH(Table 17).

¥ =3kt E & R 24 phenolic hydroxyl7]E 7FA L = 39 oA 3w &2 Z(Giacosa
and Filiberti, 1996) ¢t A9} dAkslz8S = FQa3dH

[e) 1l
diow dHA dthi(Mang,
2007). Total polyphenol $F#2 EE 217} 825 mg/gl & tE A8 L] H|3] 5% FFoAM
oHoz =7 yHetsterw, 249((G.64 mg/g), A9 (3.74 mg/g), 29 (3.83 mg/g) tol|l Aol

Holx] ¥kt

HEFY dFUA ZetH ol =FK(flavonoids) = ANy Y, FAE S dE EAstE A
How ek A Ut e AR dHA Ak EHExol= Fol= FAksta et &4
A 2SS 7HA Aol By wjEo] ZgtRxol=x g3F el 3E 7 A (antipromoter) & 2}
|3ty = 2H4.42 mg/ml), 2.t1(3.08

T St (Mang, 2007). Total flavonoid $F&elM = &5
mg/ml), 29247 mg/ml), A49(2.26 mg/ml) o2 AlgE 7t 5
el o (Table 18).

DPPH radical 22752 574 WHo] teksta 1 =7 Fof H2 7HE ®ol ARSI 9
= sty =4 Wy 5 sluoltl. DPPH free radicale 9P 3HA] S AejoA He A S
w =, kst o 4 oS AFwow AUy oz bdu =Ml DPPH radical
2 Astdn olygh delE ol&sto] A4 Wstel] o3k itstH s S48 tH(Hong et al,
2010). Total polyphenol &=} Total Flavonoid $t&Fol Al E-&Ezle} o t)7t Aej7k#Fel x4 7}
el w3 o =A YeRg AW, DPPH radical 2275914 90| 57.90%= 7W =A 4
Btstom 29 5055%% EA yUEhy REAH11.76%)9 2T (34.17%) 9 5% FEAl A e
Aol & BT

SOD(superoxide dismutase) superoxide(O? )& A AH| ] AR FAAA F= 1=

X

FEAA Frog 7ol 7t

>

superoxide©l] & = zZkE @AHolu w3t AAAA A3LE ZAofE HloldE g E
e F As Ao® BuHi vhi(Kuramoto, 1992). SOD-like &4 A= HEA7}
1.10% = 71 =4 YeEh oy 21(0.88%), A (0.66%), 23(0.88%)3} 5% FFollA 24

zfol & Hol#| 2 SktH(Table 19).
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Hydroxyl radical 2743 hydrogen peroxide ZAHs < JIHAH(R0.52%, 88.40%)<F <.t
(73.45%, 76.65%)7F 2+ (14.09%, 35.65%)3 &4 (21.78%, 40.47%)Htt 953 =A YHEDS
™ elastase A& AT 29 (5.97%)F T (4.69%)°] HFEAH4.26%)H 2.T](2.88%)°l H] 3}
o] =7 YesitH(Table 20).

Hydroxyl radical(-OH)¥} #& &4 A4 9} free radicalS Al X o TAA Ero DNAUr M
A, Aol AhsA Aals A 74 EdAWol e} AAA ol ds Ftetal H% 5 Fxlst=
S HdHA Zo] #HoJsitia B aix Al 9lth(Jeong, 2005). Hydrogen per0X1de(HgOg)L ¥
A e ATAR AFS AT ’%‘% Zo "dow FEAs7|%= 3l Hydrogen peroxide AHA)|
o] EAL AW AMExus T3 F Qi FFol2 wkgste] Aol Zgh hydroxyl
radicals AAst7] W&o AAAdA AA7F L3l Hydrogen perox1de G
hydrogen peroxideE peroxidase®| 2ld| &3 AAEAZ APIA 7= HAEE S IHKim et
al, 2011). Elastaset= &ztd, 2841, o]4aFAl, dd 5o 712547
ZheEsl e Sulsts gl AR gy w3 8 A3 2329 &
elasting &3fate] 35 WyxAe 2% 72 2%
= 842 48A AdH(Lee et al, 1999).
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&4 ®
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Bokburnjfa Mulberry

Purple-fleshed potato Red-fleshed potato

Fig. 12. Appearance of Bokbunja, mulberry, purple-fleshed potato and
red-fleshed potato.
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Bokbunja Mulberry

Purple-fleshed potato  Red-fleshed potato

Fig. 13. Appearance of 60% ethanol extract appearance from Bokbunja, mulberry,

purple—fleshed potato and red-fleshed potato.

Table 17. Total Anthocyanin contents and Hunter value of 609 ethanol extract from

Bokbunja, mulberry, purple-fleshed potato and red-fleshed potato.

Total Anthocyanin
contents (mg/100 g)

Hunter value

L a b
Bokbunja 0.12+0.001° 45.49£0.01°  7253+0.01"°  39.81+0.09"
Mulberry 0.09+0.000" 42.40£0.08°  68.03+0.02"  23.04£0.10°
Purple-fleshed potato 0.06+0.004° 56.55+0.21"  65.47+0.21° -14.70£0.17"
Red-fleshed potato 0.06+0.002° 67.03£0.09°  50.73x0.32"  31.78+0.53"
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Table 18. Total polyphenol contents and Total Flavonoid contents of 60% ethanol extract
from Bokbunja, mulberry, purple-fleshed potato and red-fleshed potato.

Total polyphenol Total flavonoid

contents (mg/g) contents (mg/ml)
Bokbunja 8.25+0.04° 4.42+0.01°
Mulberry 5.64+1.40 3.08+0.11°
Purple-fleshed potato 3.74+0.05" 2.26+0.00"
Red-fleshed potato 3.83+0.05 2.47+0.04°

Table 19. DPPH radical scavenging activity and SOD-like activity of 60% ethanol extract
from Bokbunja, mulberry, purple-fleshed potato and red-fleshed potato.

DPPH radical

) . SOD-like activity (%)
scavenging activity (%)

Bokbunja 11.76+0.34 1.10+0.93"
Mulberry 34.17+2.59° 0.88+0.00™
Purple-fleshed potato 50.55+0.01" 0.66+0.31™°
Red-fleshed potato 57.90+0.40% 0.88+0.62N°
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Table 20. Antioxidative activities of 60% ethanol extract from ZBokbunja, mulberry,

purple-fleshed potato and red-fleshed potato.

Hydroxyl radical Hydrogen peroxide
yAaroRy varogen b Elastase inhibitory

scavenging activity scavenging activity o
activity (%)

(%) (%)
Bokbunja 80.52+0.73" 88.40+0.09° 4.26+0.01°
Mulberry 73.45£0.59" 76.65+0.78" 2.88+0.14¢
Purple—fleshed potato 14.09+1.56" 35.65+1.25" 5.97+0.02*
Red-fleshed potato 21.78+1.42° 40.47+8.63" 4.69+0.01

2. AnthocyaninZl A4 HA == 34 /E
7}, BRAe] HA ethanol % &4 /M

8oz Alm o &uiHl&(10-20%), FE>%(30-70TC), FFA1ZH1-5 hr)ol o
A F&E°] Total Anthocyanin &3S #2418 A3 Table 217 2ol 2 239
T2 Ad Ho A Total Anthocyanin %2 9+ 0.29-057 mg/100 g & e
o &ujnl& 15%(w/v), FE2% 30C, F= 1 hrollA 057 mg/100 g2 714

AT
SH e <tellA] Alg o &uiRlE, FEZE, FEALA mE EEA FEFEo] Total
Anthocyanin & v A& A= 3t A3}:= Table 229+ #t}. Total Anthocyanin
el mAl= QjloREeE FELELE, AR O &viHlE, FEAL £o8 IS A= A
8

Q0] 5% WA Fo4 Ao E mLh

] 9919 FFo| tdte] LW 4ol Total Anthocyanin & #S o =317] 93 o] x}r}a)
AFAA e FAAFE AAE A= Table 237 -t} Total Anthocyanin 3ol td}o]

13

o Arh a5 %

12
1
=
o)
Lo
e
B
s
ook
tot

A (linear), ©]ztthal3] A (quadratic) 2 12}3] 7 (cross

product)®] 719d=E HA3I A3 (Table 24) Total Anthocyanin $F#e] 7] == U=xjr}sls]
7, olxa 37 R w3 A o2 yEh o o] xrkeks| A2 d A A A A9 total
regressione 5% WolA FolAd xtolE H

Alg ° funl g, FE2E FEA 2 522 FE5E9 Total Anthocyanin 3ol
= GEs dhgrHBEAH o R FA% A= Fig. 149 2t} ethanol FE3FANA F&
AR FE2%(Fig. 14-A, B, O A5 W &vj¥]&(Fig. 14-D, E, F)ol I3 A

= A
Be e d oy, FE2ke As o S vEeRd g&FHol ¥ A7 e t(Fig.
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14-G, H, D). ethanol FE=&4 2 SrFJol A9 w1 (response mean) Ft 0.41 mg/100
golATh Als o §winl g, FE2E, FEAL WE HEA9 Total Anthocyanin &3S
WS- EA S Ay duby oz = 7t tersE S7bele 4SS e

WAk, w3 Total Anthocyanin  §H&F

e
r
H
N
AL
L
1y
iy
>
°
oy
_{
d

al
(Fig. 15) A4 ethanold% 2412 A8 o €90]& 11.71%, FE5=
w7} H A ethanoldE 272 1 wo] Total Anthocyanin &%

= A

o

Table 21. Central composite design for ethanol extracts from Bokbunja and its total

anthocaynin contents.

Experiment X, X, X, Total Anthocyanin contents
number (mg/100 g)
1 0 -1 1 0.56+0.002
2 0 1 -1 0.29+0.002
3 0 0 0 0.45+0.001
4 0 -1 -1 0.57+0.005
5 -1 0 1 0.36+0.004
6 -1 -1 0 0.44+0.002
7 -1 0 -1 0.35+0.006
8 0 0 0 0.41+0.002
9 1 1 0 0.34+0.000
10 0 0 0 0.45+0.004
11 1 0 -1 0.38+0.000
12 1 0 1 0.46+0.005
13 1 -1 0 0.31+0.001
14 0 1 1 0.39+0.006
15 -1 1 0 0.36+0.001

X;: Ratio of sample to solvent (%), Xs: Extraction temperature (C), X3 Extraction time (hr)
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Table 22. Analysis of variance for the effects of three variables on Total Anthocyanin

contents of ethanol extracts from Bokbunja.

Factors F value Pr > F

Ratio of sample to solvent (%) 3.81 0.0184
Extraction temperature (C) 6.28 0.0019
Extraction time (hr) 1.62 0.2079

Table 23. Regression coefficients of second degree polynomials for Total Anthocyanin

contents of ethanol extracts from Bokbunja.

Parameters Estimate
Intercept 0.341
X" 0.064
Xy” -0.008
X5” -0.078
X#Xy -0.003
XXy 0.000
Xo*Xo 0.000
X3xXy 0.002
X5+ Xo 0.001
X5#X3 0.005

UX,: Ratio of sample to solvent (%), 2Xs: Extraction temperature (C), >Xs Extraction time (hr)
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Table 24. Determination coefficients and probability of second degree polynomials for Total
Anthocyanin contents of ethanol extracts from Bokbunja.

Regressions R F value Pr > F

Linear 0.38 8.04 0.0010

Quadratic 0.22 4.68 0.0123

Cross product 0.07 1.55 0.2330
Total regress 0.68 476 0.0018
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Fig. 14. Contour plot for Total Anthocyanin contents (mg/100 g) of ethanol
extracts from Bokbunja.
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Ratio of Extraction Extraction
sample to solvent temperature time

Hi 1.0 1.0 1.0

D cur [-0.6585] [-1.0] [-1.0]
0.86785 | q -1.0 -1.0 -1.0

Optimal

Total anthocyanin ||
contents

Targ: 0.5700
y = 0.5211
d = 0.86785

Fig. 15. Response optimization for multi-response surface of ethanol extracts

from Bokbunja.

A 7HA @9le 2 AR o fuH g FESE, FEA WE §9 FEFE9 Total
Anthocyanin &< 243 23 Table 259 2th 2 Ao Su|dd 3 A3 HolA
Total Anthocyanin 2ol WY+ 0.15-024 mg/l100 go & Yehyi, A5 o L&

=A1ZF 5 hroll A4l 024 mg/100 g2 71 =k},

[e]

20%(w/v), &% 50T,

Fulgte] ot A Al®m = T FEEo] Total
Anthocyanin 3o 1= AEE BAF 243 A3 Table 263 -t} Total

e} O~

o

ko] MR QoloRl 2ZLTL A o2 IS A= A&

=

nthocyanin

o Ao, Al 7HA 8¢ BEF 5 X
ol FEWM49l Total Anthocyanin &3& o537 f1gh o xt}ad
ALker A3b= Table 273 2t} Total Anthocyanin &l ts}o]
o] x}t} k3] ] A Ao A o] Ax}r}at3] A (linear), ©]&Ft}hak3] 7] (quadratic) 2 wx}3] 7] (cross
product)®] 719 =5 A% A3 (Table 28) Total Anthocyanin $H#e] 7|ojEv& 23|,
A7l B olxdI] Y] o2 yEwkon olxnatd| A AFAE HA A Y

total regression< 5% WA F9A ZolE HolA ettt

AlE d Sl &, FE259 FEA 2 9 FEE9 Total Anthocyanin 3ol
A= GdFS bR HEAHoR A% A¥= Fig. 167 2t} ethanol 3 4oNA F=
AZbRoE 525 (Fig. 16-A, B, OY Al ol &wv]&(Fig. 16-D, E, F)d| 93-S A
W= e o 7 o, FE2Es AR o vinEd Hl2d 9IS BEA(Fig. 16-G,
H, I). ethanolF& 342 Eulddore] ¥ (response mean) < 0.19 mg/100 go] )
o AlR O §H] &, FEE, FEAIL U2 399 Total Anthocyanin & %S HHg-3H
A3 Ay dnbg oz A7 o fujn]&o] ¥, FEAL AFE SUEE AEFS YERY
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O 2 M Tk (desirability
A3 (Fig. 17) #7
5 hred wi7h 34

vt w3k Total Anthocyanin 333 thEnkSEH e 3
function)& ©o]&3to] FHEHFES VM AE 12 1 TF
ethanolF#% 72 Als o £viH]& 20%, F=<% 5

ethanolF % Z71 22 0.22 mg/100 go & o =%t}

Table 25. Central composite design for ethanol extract of Anthocyanin from red-fleshed

potato and its total anthocaynin contents.

Experiment X, X, X, Total Anthocyanin contents
number (mg/100 g)
1 0 -1 1 0.20+0.005
2 0 1 -1 0.16+0.005
3 0 0 0 0.20+0.000
4 0 -1 -1 0.19+0.001
5 -1 0 1 0.15+0.007
6 -1 -1 0 0.22%0.002
7 -1 0 -1 0.17+0.001
8 0 0 0 0.20+0.002
9 1 1 0 0.17+0.001
10 0 0 0 0.16+0.002
11 1 0 -1 0.22+0.000
12 1 0 1 0.24+0.005
13 1 -1 0 0.15+0.000
14 0 1 1 0.18+0.001
15 -1 1 0 0.18+0.001

X1: Ratio of sample to solvent (%), Xo: Temperature (C), X3 Time (hr)
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Table 26. Analysis of variance for the effects of three variables on Total Anthocyanin

contents of ethanol extracted Anthocyanin from red-fleshed potato.

Factors F value Pr > F

Ratio of sample to solvent (%6) 1.98 0.1195
Extraction temperature (C) 2.44 0.0651
Extraction time (hr) 0.64 0.6379

Table 27. Analysis of variance for the effects of three variables on Total Anthocyanin

contents of ethanol extracted Anthocyanin from red-fleshed potato.

Parameters Estimate
Intercept 0.312
X;" -0.012
X5” 0.000
X" -0.021
X#Xy 0.000
XXy 0.000
Xo*Xo 0.000
Xg#Xy 0.001
X5 X0 0.000
X5 X3 0.001

UXy: Ratio of sample to solvent (%), “Xs: Temperature (C), *Xs Time (hr)
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Table 28. Determination coefficients and probability of second degree polynomials for Total

Anthocyanin contents of ethanol extracted Anthocyanin from red-fleshed potato.

Regressions R F value Pr > F
Linear 0.11 1.83 0.1591
Quadratic 0.05 0.89 0.4549
Cross product 0.12 2.04 0.1261
Total regress 0.29 1.59 0.1571
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Fig. 16. Contour plot for Total Anthocyanin contents (mg/100 g) of ethanol
extracted Anthocyanin from red-fleshed potato.
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Ratio of Extraction Extraction
sample to solvent temperature time

Optimal ., 1.0 1.0 1.0

D Cur [1.0] [0.4130] [1,0000]
0.78223 |4 -1.0 -1.0 -1.0

Total anthocyanin
contents

Targ: 0.240
y =0.2182
d = 0.78229

|
Fig. 17. Response optimization for multi-response surface of ethanol extracted

Anthocyanin from red-fleshed potato.
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il wADe Hlwd A, CA1.0%) AHE Al 117.78%°] A 7F ASM(1.0%)
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Table 29. CAS} ASM9| EgtH]&ol wWE tpefFst =58l

A& No. 2% Q)

Alg 1 1% CA+30% Ethanol
A& 2 1% CA+50% Ethanol
A& 3 1% CA+70% Ethanol
A& 4 0.5% ASM+30% Ethanol
Alg 4-1 0.5% ASM+50% Ethanol
A& 4-2 0.5% ASM+70% Ethanol
A& 5 1% ASM+30% Ethanol
A& 5-1 1% ASM+50% Ethanol
A= 52 1% ASM+70% Ethanol
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3] ¥ Anthocyanin &3%%
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Anthocyanin ¥4 %52 A3 Axe vy 2o}

o

=2

e oy

il

Mulberry 10g, Liquid 100ml (30% Ethanol+ASM), 40°C, 3hour

0 hr 3hr . 0 hr 3hr Ohe ihr
Testset |ASM conc.(3] variation (%)
520nm Brix pH

4 03 3741 4257 113.25 g g 278 286

B 06 3.677 4182 11401 & 4 284 274

C 0.7 3.274 4051 123.73 9 9 2.50 2.56

¥ k! 3.636 4374 12030 g ¢ 240 248

E 09 4,307 4813 11175 g g 234 238

F 10 3825 4413 11537 g ] 228 232
£.000
7.000
£6.000

Abs (520nm)

n
10

4307 | 3825
4813 4413

ASM concentration (%)

Fig. 22. ASM & #o] w& 9. rt] Anthocyanin &3 %, pH, Brix ®3} 18 =

bgE FEXUWRA /81 v]E&, ethanol &
(05-1.0%)°] w2 <t Anthocyanin®| 3
o}, ASM #o] 09% ol 4dlAE pH7F 234 olate] 2+ = ethanol}
719 dEQd ASMIe &3t &aA dF EEIS YERY Y A35ts B2 sgFow
A= At kA, CAE(ASM 0.7% =)ol A 12373% = 7HE =A SAHEN S g2lsto
A ASME] gF2 0.7% = A4 sA tHFig. 22).

g FERE, FEANMNES 1S A ASM s
T Hgge AAHoT ZFrlee AESS Hola

> 12
o
o fT
)
X
-

1
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Coded levels *|#] ]
e A2, Total Anthocyanin %2

(Table 30).

Table 30. 2. t] Anthocyanin % =2] &3 %% Total Anthocyanin

2 or 328 FY=

(520nm) ¢} Total Anthocyanin $t= 2

3} 2k

= O

jr/]_,E_
=

AnLE 7|07 SAA] 7.69%A 867% YA

Experiment X, X, Abs of Mulberry extract Total Anthocyanin
number (520nm) (%, dry weight)
1 -1 -1 0.497 7.96
2 1 -1 0.511 8.19
3 -1 1 0.502 8.04
4 1 1 0.522 8.37
5 -14 0 0.430 7.69
6 14 0 0.535 8.57
7 0 -1.4 0.510 8.17
8 0 14 0.525 8.41
9 0 0 0.536 8.59
10 0 0 0.533 8.54
11 0 0 0.540 8.65
12 0 0 0.539 8.64
13 0 0 0.541 8.67
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Table 31. 2] Anthocyanin =+ 2| pH2} Hunter value

Hunter value

Experiment X X oH
number L a b
1 -1 -1 2.50 44.59 65.92 46.66
2 1 -1 291 41.52 66.84 35.61
3 -1 1 2.31 44.81 66.55 48.10
4 1 1 2.72 40.03 66.57 40.45
5 -14 0 242 46.44 65.24 45.28
6 14 0 291 37.63 65.69 40.93
7 0 -14 2.74 42.43 66.66 42.22
8 0 14 243 42.97 67.39 44.30
9 0 0 2.55 44.34 67.34 42.05
10 0 0 2.60 43.81 67.28 42.08
11 0 0 2.58 43.68 67.25 42.05
12 0 0 2.58 43.78 67.28 42.05
13 0 0 2.60 43.77 67.23 42.10

137FA] 2 8o] 3t &3 % chromatogram¥ F&% AFZS Fig. 23% Fig. 24 YeERH S}
1.0

Abs
(o B REM . N - I B B

.I‘. \

0.0 —

A0 s00 550 &00 &50
Wiwavelength (rm}

Fig. 23. 2Y] Anthocyanin F%% 2| &34 % chromatogram
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Fig. 24. 2] Anthocyanin F+&% A}z
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Table 32. Estimated Regression Coefficients for Anthocyanin (%)

Term Coef SE Coef T P
Constant 8.61849 0.04766 180.828 0.000
X, 0.22626 0.03787 5.974 0.001
X, 0.07525 0.03787 1.987 0.087
XX -0.2649 0.04100 -6.463 0.000
XX -0.18333 0.04100 ~4472 0.003
XX 0.02500 0.05329 0.469 0.653

Y Ethanol Concentration (%)

? ASM Concentration (%)

RSMol| w& 28-S F8s Z23E MINITABS.Z =7 Aals Zi= Table 329 7o)
Ao, o]F vtE S 23] A Al ofElef o] AA A

e

tocyanincontent (%) = 8.6184940.22626 X +0.07525X,-0.26496 X7-0.18333.X, + 0.02500.X, X,

271 RSM A#= niglo 2 Ax 18 Z(Surface Plot)E 1¥ Z¥+= Fig. 259 #t}.

Surface Plot of Anthocyanin {(%6) vs ASM Conc.(26]), Ethanol Conc.{%4)

2.5 2

Anth i ‘T
nthocyanin [(30) - |

7B -

Tkt

ASM Conc.[ %)

0.0
1.4 1.0

e S

o0
Ethanol Conc.(%0])

1.0 3.4

Fig. 25. Surface Plot of Anthocyanin (%) vs ASM Conc.(%), Ethanol Conc.(%)
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MINITABS ©o]&3 EAxg ZA3, HZYZHA(optimum condition)< ethanol FE+

34.578%, ASM9] & 0.7368% % AAEqon HZA FAda <1438 Ax Anthocyanin
S 8.6736(%, dry weight) 2 <1 HJQow, AAEANA dFHoAA= X FAS 4

g ge 5 st
w2234l AA8 BYe AT NGRS FIUNSFBEAA BeE Aol o239
om 2% w4 ¥ A3 Fig. 263 2ok
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2 v 50.0 kg, ASM 2.4 kg(0.7%), 95% =574 158.0 kg(30%), A4 339.6 kg °] A4
Aho AEslom FEde] gk £4 A= vay 2o

Table 33. AW ot] 2Zee] 2477

Hunter value

Brix pH Abs (520nm)
L a b
12 2.61 0.422 4572 65.21 31.30
A Ao e A3 g Al AsA e B4 A3 (Brix, pH, Hunter value)® #A}HA =

AL ot} Anthocyanin F&59 $3%5(0422)+= AdAoM e &3% ZA3(0.533)e] 79.17%
AE2 =A% (Table 33). o= A3 Ao 2T 7_‘—}% T BES A FAsAA F
AAI}E A WbH AFALA] 2] FAMEL o3 Al HEH &4 HY] 9t FEYY
A FAEAT] WE o2 AR AnthocyaninAl HAM Ao diFALE A stE SsiA =
Az Aget FrtAF 7 2% Aow Alm T

o

Anthocyanin® & A& £z 2 AAE Hx=E2 A5 dFE KeyChem-Flash(MPLC)

ZE31 FractionS w383l Hsh=

Systeme  ©°]&3te] AdAAdo] = +FH A0S
Anthocyanin Targete] ojt]e] $x|stx J=x] dolRs IS APt o & w5
dite] E3E Sample & 7Atsted, 94 Column &2 &35, A5 &9 HFE =4
ofbq F AEs WA EHEH] 91 2dES Jdkem, 05 g o Al 2 mLe TRTE ¥
slAsle] AeS st B4 21 2 A= Table 349 2t}

Table 34. 2¢] Anthocyanin F&& 9 A& 3 =7

Column YMC - DispoPack AT ODS-25 : 12 ¢g

Eluent MeOH, Water (Gradient)

Flow rate 10ml/min

Temperature A2

Detection UV (254nm), Monitor (380nm)

Injection 2 mL
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0.0567107

.l 3 131415 617 isfio po | /1

/ -50
0.04- / a0
(.03 / 70
0.02- /

-E0
001 7 _50
04 / -40
-0.014 / -30

002- -0
003 // -10
00400445 =" ; I I ; I -0

0.0285645 10 20 30 40 50 58.7966

Time/min

Al

Fig. 27. &Y %+ chromatogram

g gdRres AZtsE EHe ol Table 359 #o] 2-3¥ tubeollA] EFHEFHAoH,
Anthocyanin?} 2 7}A] Edo] 3 == 77H2 o Table 367 #©] 13-20 tubedl| Al &
A= AS 9T 5 AAHFig. 27).

Tube Start End
2 0.3 2.3
3 2.3 4.3

Table 36. Anthocyanin %3 7+

Tube Start End

13 22.31 24.31

14 24.31 26.31

15 26.31 28.31

16 28.31 30.32

17 30.32 32.32

18 32.32 34.32

19 34.32 36.32

20 36.32 38.32
A7 AYE B JAA] e o9 @& AdE 3 Anthocyanin F-& 7 7YS & T 4
At F AR g MR Ao 24 JhsAo] Eoern=E S RIS E Ade & oy ol
g Zo=w FdEy, F OHA F7He HAA= FE A3 EHE YeA= Prep-LCel
Particle size’} & 1875 Columne ©]&3te] eS8 Eol= WHS AES &2 oA

o A= ALoE FAHAT
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3. AnthocyaninZ] HAMAe] HA gaihAHeE 34 M

B Ado = HA ethanol —I—% FAo wEl 60% ethanolS AF&3le] Alg o] &
13.16%(w/v), F=2% 30C % F=A17F 1 hroll 93] ethanol FE2ES A Z3F FE2E9
F& 9 g EA e FUME Y8l Pectinex Ultra SP-L¥ Novozym 330955 X 7Fste] &
A FHA FAHAS JNEsk.

7}F. Pectinex Ultra SP-L<S ©]-&3 8% H4 a4 AHy TA
(1) & % gty

NovozymesAtoll 93 A Pectinex Ultra SP-L& Aspergillus aculeatus® &%
af AEE g ARl RS 24 AAR, HAEHE Ve sAle AER L
o ok AE AlEES Zafshr] el REF A A FE ARESE & ]‘jr

Pectinex Ultra SP-L<] %(0.5-1.5 mL/100 L), ¥F&2%(20-60C) ¥ HEGA|ZH2-8 hr)ell

2 B E2 FE5E29 48, Total Polyphenol $+%F, Total Flavonoid ¥, Total Anthocyanin
ste¥ DPPH radical 2745 % SOD-like 8455 #2413 23+ Table 373 23kt

Pectinex Ultra SP-L& o] &3t B&x} FE5829 84 A A &2 404-6.36% HAZ
Ebstth. Total polyphenol 3] Z-¢ Fx2] Aol 825 mg/gel=l, & Aol TA4A
gl Fujdy 3 AP HAAM HE 6.30-12.34 mg/g=E YEMSTE &4 AP 27 uEf
F2g]e] ¥l Total Polyphenol &&e] SA Yel7|= ATk qA=Z FA g vls] =4 o}
E}skt}. Total flavonoid $h=Fe] 749 Fx8] Al 442 mg/mLelal, &4 el Sndey
F AN W9 3.19-497 mg/mLE YESE=H, FA el vld] Total Flavonoid &%
o] Ae F7FslAl 2o} Pectinex Ultra SP-L A g7} @34 o]# @2 Ao= HYTE Total
Anthocyanin %2 A% FA7 Ao+ 0.12 mg/100 ¢ oA+ 2 Ao a3 En
49 7 23 HeolA Total Anthocyanin o] Hel= 0.32-0.95 mg/100 g= YERY b
A5 Hl3] Pectinex Ultra SP-L A7} &34 o2 }elyttl DPPH radical 47 52 —’?—
A A= 11.76% o] oy &2 Al 33.10-65.17% %2 et SOD-like &4 52 A
FA42 Al 1.10% o], a4ax8] Al 825-38.32% %2 &Aool AA F718te] Pectinex Ultra
SP-L A&7} vi-¢- 2342 S & 5 AUk

ol
= 7t

mm N

4 L

\
o\-(‘ HE ;{111

- 66 -



Table 37. Central composite design for Pectinex Ultra SP-L enzyme treatment from Bokbunja

extracts and its dependent variables.

Coded levels of

variable Responses

Total Total Total DPPH radical

radica
X < < Yield polyphenol flavonoid Anthocyanin ) SOD-like

scavengin

: ’ S (%) contents contents contents o mne activity (%)

activity (%)

(mg/g) (mg/mL) (mg/100 g)

0 -1 1 636 8.81+0.01° 4.97+0.21° 0.57+0.009" 33.10+4.49* 9.03+0.65"
0 1 -1 493 9.96+0.04" 4.17+0.22"% 0.63+0.019¢ 51.52+4.09¢ 8.77+0.65
0 0 0 577 8.51+0.02" 4.27+0.61" 0.37+0.009k 48.83+1.06% 8.25+1.75'
0 -1 -1 52 8.49+0.03' 3.79+0.24° 0.43+0.010i 51.39+2.85¢ 9.16+0.46°"
-1 0 1 59 9.49+0.02° 4.26+0.52"4 0.32+0.0051 49.50+0.18% 10.32+0.09°
-1 -1 0 509 7.89+0.03" 3.92+0.16% 0.72+0.018b 55.27+2.70° 12.90+0.61"
-1 0 -1 605 8.44+0.03¢ 4.09+0.21% 0.49+0.022h 51.14+2.49¢ 38.32+0.56"
0 0 0 618 12.34+0.02° 4.45+0.47° 0.48+0.002h 42.74+1.54' 9.03+0.65"
1 1 0 455 8.08+0.01' 3.90+0.14% 0.66+0.001c 56.52+2.00¢ 10.19+0.82¢
0 0 0 632 8.36+0.01" 4.38+0.42™ 0.36+0.001k 46.23+1.62¢ 851+0.65"
1 0 -1 466 7.47+0.00" 4.17+0.10>% 0.95+0.030a 61.16+2.91° 8.90+1.20"
1 0 1 532 6.33+0.00™ 3.19+0.17" 0.41+0.004j 60.27+1.52" 9.68+0.46"
1 -1 0 58 7.94+0.00’ 4.02+0.31°% 0.55+0.013g 52.14+3.91¢ 8.26+0.29"
0 1 1 4.04 6.30+0.00™ 3.34+0.11" 0.49+0.015h 65.17+2.23* 12.00+0.80°
-1 1 0 434 9.38+0.14¢ 4.48+0.04° 0.60+0.013¢ 49.50+1.59% 10.32+0.27¢

X Concentration of Pectinex Ultra SP-L (mL/100 L), X Reaction temperature (C), X3 Reaction time (hr)
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(2) ol Ar}hats] =124
TS QoA EAwE, WEEe REEAZEY wmE R FEES &, Total
Polyphenol $+%, Total Flavonoid $+%F, Total Anthocyanin $F%, DPPH radical &A% %

SOD-like %*é‘%‘oﬂ nxe= AeE 4F £48 A= Table 387 #t}.
Tl ek ZE7F 7 A5 RESARE, EATE SO
% WelAl e xtelE YERUSlITE Total polyphenol &

=3 u
o, Al 7k 8.9 E5F 5 o
Aom, GaFh VLR o7 YEYL WEREE AT 7

3 k=i

7Fe] o gko] 7} =5
a4 5% ol A f-2lAdzte]E e AT} Total flavonoid &#Fol A& WHS-A] 7ho]
of WL wwHrTt giFo] Z HoE EEOH A 7}X] 9l BT 5% uWellA {+e]/dxto]
Bt} Total Anthocyanin $H#Foll &S 1] Ly
Jo% TOoR YW A 7HA 89 EF

93\'7}.

A2 ade] o sty F4M420 424, Total Polyphenol ¥, Total Flavonoid &3,
Total Anthocyanin ¥ %, DPPH radical 24% % SOD-like &% dS38t7] 93 o]zt
37 =d 4 9 ﬂﬂﬁl#i AZFgE A3 Table 39¢F 2tk g F&wW g g o] xirhad
sl = Aol e] danaks] A, ol xthEks| A B wxks] A o] Vo =E A s th(Table 40)
TE&Y TdEes dAHIFE A, olxuEsy B wAs|A Fo=®  uewomn, Total
Polyphenol $%9] 7| o|xt}hah3] ], nxbsly] @ dxtas]y] o8 vEwth Total
flavonoid &9 ¢ wzks|H, dxorers] ], o|xthEs] ] =S =2, Total Anthocyanin 33
< ozt A, dahad A 9 wAkdY o & yeyth DPPH radical 2759 7% w
2k 7], AxeEs|7] g o2 d 7] o' Yol e en, SOD-like &4 59 7]
L dAHRE A, WA R oolAuddI ] o R YEuith ofxthakE A A A A
Ao A9 total regressions EF 5% ool A FeolA olE H AT
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Table 38. Analysis of variance for the effects of three variables on yield, Total
Polyphenol contents, Total Flavonoid contents, Total Anthocyanin contents and

antioxidative activities of Pectinex Ultra SP-L enzyme treatments from Bokbunja

extracts.
DPPH
Total Total Total ] )
) ) ) radical SOD-like
Factors  Yield polyphenol flavonoid Anthocyanin . o
scavenging activity
contents contents contents o
activity
F
3.45 3.16 3.42 8.48 5.92 10.87
value
X1
Prob>F  0.0266 0.0363 0.0277 <.0001 0.0026 <.0001
F
21.8 1.97 472 5.20 3.49 0.84
value
X3
Prob>F <.0001 0.1383 0.0076 0.0022 0.0261 0.5156
F
5.07 3.49 5.97 7.83 3.24 8.34
value
X3
Prob>F  0.0055 0.0256 0.0025 0.0001 0.0333 0.0004

Xi: Concentration of Pectinex Ultra SP-L (mL/100 L), X Reaction temperature (), X3 Reaction time
(hr)
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Table 39. Regression coefficients of second degree polynomials for yield, Total Polyphenol

contents, Total Flavonoid contents, Total Anthocyanin contents and antioxidative activities of

Pectinex Ultra SP-L enzyme treatments from Bokbunja extracts.

Estimate
Para Total Total Total DPPH radical _
meters Yield polyphenol flavonoid Anthocyanin scavenging S;:E;il‘ie
contents contents contents activity
Intercept  0.700 -2.892 -0.065 1.067 109.635 70.878
X" 2.794 9.301 3.000 -0.769 -55.136 =72.745
X5 0.174 0.216 0.069 -0.021 -0.945 0.354
Xs” 0.462 1.847 0.757 0.058 -9.359 -10.543
X1#X1 -1.570 -3.733 -0.862 0.479 25.268 17.769
Xo#X) -0.014 -0.034 -0.017 0.006 0.254 0.113
Xo# Xy -0.002 -0.001 0.000 0.000 0.003 -0.007
Xg#X 0.127 -0.364 0.192 -0.062 0.125 4.796
Xg#Xo -0.008 -0.017 -0.008 -0.001 0.133 0.014
X3#X3 -0.023 -0.096 -0.025 0.002 0.361 0.418

YX1: Concentration of Pectinex Ultra SP-L (mL/100 L), X Reaction temperature (C), ®Xs' Reaction time (hr)
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Table 40. Determination coefficients and probability of second degree polynomials for
yield, Total Polyphenol contents, Total Flavonoid contents, Total Anthocyanin contents

and antioxidative activities of Pectinex Ultra SP-L enzyme treatments from Bokbunja

extracts.
Regressions Linear Quadratic Cross product  Total regress
R’ 0.37 0.31 0.15 0.83
Yield F value 14.78 12.40 6.01 11.07
Prob>F <.0001 <.0001 0.0043 <.0001
R’ 0.17 0.20 0.19 0.56
Total
polyphenol F value 2.55 2.98 2.78 2.77
contents
Prob>F 0.0847 0.0557 0.0676 0.0276
R’ 0.11 0.10 0.42 0.63
Total
flavonoid F value 1.94 1.75 7.46 3.71
contents
Prob>F 0.1561 0.1899 0.0015 0.0070
R’ 0.23 0.24 0.18 0.65
Total
Anthocyanin F value 7.89 8.07 6.01 7.32
contents
Prob>F 0.0004 0.0003 0.0021 <.0001
R’ 0.22 0.19 0.31 0.73
DPPH radical
scavenging F value 542 475 757 5.92
activity
Prob>F 0.0068 0.0116 0.0014 0.0005
R* 0.28 0.19 0.27 0.75
SOD-like
o F value 7.47 5.14 7.13 6.58
activity
Prob>F 0.0015 0.0085 0.0019 0.0002
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SOD-like &4 %ol wA| &
o] Whgewntt o] & 43S A Avk(Fig. 33-A, B, C), ‘?IS/\]Z_W/} a4
H| %3}l 1 (Fig. 33-D, E, F), 4% %7} Wk o]
H(Fig. 33-G, H, I). $H1|geAel ut
3 REGA] JO] #S4 = SOD-like &4 %5
= % 050 mL/100 L, Wrg2% 2067C % wH-gAIZF 200 hr & o &
T 3059 %= ASEHAL, o= FAH T A9 278311 F=o|

EAhTE, W59 UkSA|7bo] & HEZ FEE9] 8 Total Polyphenol %, Total
Flavonoid $F#, Total Anthocyanin §+%, DPPH radical 22745 % SOD-like &4 %52 tsyt
LxHe HAAPH o2 wkE < (desirability function)E ©]-&3sle] EEHEWFEY 7HEX
£ 12 51 TFH o= Jas 23 (Fig. 34) HA 2448 21L& 5455 050 mL/100
, Hhg=5% 54.66C % ¥EgAIZE 2.00 hre] Z=7o|glom o|uje] 4& Total Polyphenol %+,
Total Flavonoid %, Total Anthocyanin &%, DPPH radical 24 % % SOD-like &4 52
Zy7} 536%, 9.26 mg/g, 4.26 mg/mL, 0.56 mg/100 g, 49.21% % 28.76% o|%3 Hwk4<l 1tk
=% (overall desirability)= 0.54% YERYE

A Ale] 5540 ot
]

[0 ¥ 2 rlo Y
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1}, Pectinex Ultra SP-L& o] &3 2t]9 A a4 g A

(1) =& % st

o

AR 7HA QRloEAN FAEE, Pk WEAt] WE Qv FEE9 &, Total
Polyphenol 3¥F#, Total Flavonoid %, Total Anthocyanin $F%, DPPH radical &~H&s %
SOD-like &4 5& #4138 A¥+= Table 417 7&%\‘4

2t & Pectinex Ultra SP-L A& std<s wWo] +&& 574-11.59% HHAE HEewon &

oo

2%% 054 mL/100 L, ¥H&2% 20T B wkg-A[7F 2 hr-°4 Z0A 10.73%2 HA S 2
=8

Total polyphenol 3F&Fe] A A7 Alo= 564 mg/gol=t], B A A FAd 9
Fuldd F3 Ag A HEE 426-592 mg/gE YERNTH 4% %= 050 mL/100 L, ¥k
S&%E 28817C, WHSAIZF 422 hrd W 590 mg/gl® HAFS BHomw ol FAe Al¢
105% ol At

Total flavonoid 3¢ 45 42 Alel 3.08 mg/mlo]lRAiL, E4aAe Engde 3 A
FAel Aol M= 297-364 mg/mlE YERYT 4% % 1.03 mL/100 L, ¥&2% 60T, W
S AI7F 564 hred Wl 358 mg/mlz2 HA S BHgon, o= YA A9 116% F3olAth

Total Anthocyanin &9 745 Fx2 Ald+= 0.09 mg/100 gol B33t o) & 239
FaAg e Fndy 33 Ag Ho A Total Anthocyanin 352 H = 0.28-0.71 mg/100 g
2 Yelgt. 24%% 050 mL/100 L, ¥F52% 23.39C 2 9H-&A|7F 2,65 hre] A A] 0.71
mg/100 gl & HAAXZS o T8 A9 Total Anthocyanin $F#e] 789% =50 At}

DPPH radical &A% A2 Aol 3417% ot a2 Al 38.83-52.62%= LHEFS:
o 4% % 055 mL/100 L, HF-g-=% 34.02TC % HE§AIZF 2 hro] oA 52.62%= Z 2 3k
= Bolow FAe A9 1564% FFol At

SOD-like &5 45 FA4Z Al 0.88%A o, a4aA2 Al 1445-22.32% % UERT. &
2F5% 1.00 mL/100 L, ¥H-8=% 32.82T % WESAIZE 8 hre] 7oA 21.20%= & A gke] 1}
Ebtom Fxe Al 2410% ol
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Table 41. Central composite design for Pectinex Ultra SP-L enzyme treatment from

mulberry extracts and its dependent variables.

Coded levels

of variable Responses
Total Total Total DPPH
< < Yield  polyphenol flavonoid Anthocyanin radical SOD-like
' ’ ’ (%) contents contents contents scavenging activity (%)
(mg/g) (mg/ml) (mg/100 g)  activity (%)

0 -1 1 989  467+0.13%" 3.05+0.10™® 0.63+0.035™  52.50+2.29° 21.54+1.08a
0 1 -1 574  474+0.13° 3.43+0.05™¢  0.37+0.015"  45.99+1.27¢ 16.26+0.58¢g
0 0 0 897  592+0.32° 350+0.16™  0.68+0.042°  52.00+0.52ab  18.45+1.11ef
. 18.71+0.74cd
0 -1 -1 952 5152047 3.17+0.25 0.71+0.066°  52.25+0.52a ; cde
-1 0 1 1716 513017 3.21+0.15% 0.48+0.060°  47.86+356cd  19.48+0.37bcd
" e 19.35+0.55bcd

-1 -1 0 940 551+041™%*  339+0.24™%  065+0.093" 51.00+1.23abc ©

e
-1 0 -1 930 579+0.63" 3.23+0.31%f 0.59+0.038°  52.13+0.34ab  20.25+0.73b
0 0 0 898 4.26+0.03' 3.2240.02%"  0.33+0.046™"  4823+3.38cd  19.61+0.55bc
1 1 0 755 571032 344+0.01™  0.28+0.021" 46.97+5.16d  14.45+0.50h
o . _ 49.25+0.83ab

0 0 0 878 574+0.14™ 3.64+0.21° 0.58+0.044° 4 BC 993240712
1 0 -1 88 538+£0.04°%  328+0.30°%"  0.38+0.031% 4874+2.31bcd  19.61+0.55bc
1 0 1 861 535+0.20% 3.22+0.16""  0.35+0.017®  51.87+1.76ab  18.19+0.75f
1 -1 0 872  438+0.03" 2.97+0.26™ 0.41+0.002°  52.62+3.17a  18.58+0.20def
0 1 1 1159  4.26+0.04 3.44+0.04™9  0.31£0.019""  40.09+326e  20.00+0.36b
-1 1 0 742 548+0.32"%  359+0,02% 0.30+0.004" 38.83+3.62¢ 18.19+1.11f

Xi: Concentration of Pectinex Ultra SP-L (mL/100 L), Xs: Reaction temperature (C), X3 Reaction time

(hr)
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Table 42. Analysis of variance for the effects of three variables on yield, Total Polyphenol

contents, Total Flavonoid contents, Total Anthocyanin contents and antioxidative activities

of Pectinex Ultra SP-L enzyme treatments from mulberry extracts.

Total Total Total DPPH radical SOD-lik
-like
Factors  Yield polyphenol flavonoid Anthocyanin scavenging vit
activi
contents contents contents activity v
F value 141 3.62 2.02 9.35 2.62 2.69
X1
Prob>F  0.2677 0.0143 0.1133 <.0001 0.0654 0.0607
F value 5.7 3.26 6.99 19.36 14.49 4.49
Xo
Prob>F  0.0032 0.0226 0.0003 <.0001 <.0001 0.0094
F value 5.37 2.05 2.54 1.27 2.04 0.72
X3
Prob>F  0.0042 0.1089 0.0572 0.3006 0.1278 0.5876

Xi: Concentration of Pectinex Ultra SP-L (mL/100 L), Xo: Reaction temperature (C), X3 Reaction time (hr)

Table 43. Regression coefficients of second degree polynomials for yield, Total Polyphenol

contents, Total Flavonoid contents, Total Anthocyanin contents and antioxidative activities

of Pectinex Ultra SP-L enzyme treatments from mulberry extracts.

Estimate
Para Total Total Total DPPH radical _
meters Yield polyphenol flavonoid Anthocyanin scavenging Si]tjivilf;e
contents contents contents activity
Intercept  14.380 6.894 2.809 0.855 56.391 11.498
X" 3.090 -4.816 0.225 0.262 -9.986 10.789
X" -0.174 0.043 0.005 -0.006 0.229 0.271
X5” -1.338 0.081 0.139 -0.037 -0.867 -0.273
XixX;p  -2.680 1.331 -0.293 -0.350 -0.057 -4.450
XoxX 0.020 0.034 0.007 0.005 0.163 -0.074
Xo# Xy 0.000 -0.001 0.000 0.000 -0.006 -0.003
X3#X) 0.315 0.104 -0.007 0.014 1.236 -0.108
X3#Xo 0.023 0.000 0.001 0.000 -0.026 0.004
X3#X3 0.027 -0.025 -0.063 0.001 0.037 0.041

PX,: Concentration of Pectinex Ultra

(hr)

SP-L (mL/100 L), “Xs Reaction temperature (C), *Xs:
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Table 44. Determination coefficients and probability of second degree polynomials for
yield, Total Polyphenol contents, Total Flavonoid contents, Total Anthocyanin contents

and antioxidative activities of Pectinex Ultra SP-L enzyme treatments from mulberry

extracts.
Regressions Linear Quadratic Cross product  Total regress
R’ 0.21 0.08 0.33 0.62
Yield F value 3.61 1.36 5.86 3.61
Prob>F 0.3110 0.2823 0.0048 0.0080
R 0.10 0.24 0.11 0.46
Total
polyphenol F value 2.24 513 2.43 3.26
contents
Prob>F 0.1008 0.0048 0.0820 0.0055
R® 0.38 0.14 0.03 0.55
Total
flavonoid F value 9.78 3.59 0.86 474
contents
Prob>F <.0001 0.0231 0.4721 0.0004
R’ 0.63 0.09 0.04 0.76
Total
Anthocyanin F value 31.26 4.65 1.98 12.63
contents
Prob>F <.0001 0.0077 0.1356 <.0001
R’ 0.59 0.07 0.11 0.77
DPPH radical
scavenging F value 17.18 2.16 3.13 7.49
activity
Prob>F <.0001 0.1240 0.0488 <.0001
R 0.33 0.21 0.05 0.59
SOD-like
o F value 547 3.52 0.74 3.25
activity
Prob>F 0.0065 0.0338 0.5380 0.0136
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% (overall desirability)= 0.78°] 1t}
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Ao 22 58, Total

t}. Pectinex Ultra SP-L&
Al ZEol] =
hocyanin $F%, DPPH radical 2% %

(1) & % gitsadA
oAl 7HA] Q2o gx FAhFE WL WS
Polyphenol 3t%, Total Flavonoid %, Total Ant
SOD-like 8455 #2413t A3 += Table 459} #tt}.
X}Oﬂ Pectinex Ultra SP-L & 39S W &2 026-267% HAAZ YE o, a4
% 147 mL/100 L, WFg% 20.03C 2 HFS-AIZF 763 hre] ZAoA 267%%E HAY#HS H
o] A5 FAHE Alel& 374 mg/gold e, 2 AgolA aiA e
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o 405 mg/glo® HAZS BAoH, o= FAY A9 108%
g 3 A
32 20T, Hb

o]
AN .
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ng 3 AP A]e
60C, HF-S-AlZF 2 hrd

oq. y_ /\13‘44

a5 A
647“01]1\1/] HOlE= 244-959 mg/ml= YESTH 4% % 073 mL/100 L, ¥
H, ol&= FA g
eIty =)
o] W9l 0.08-0.19 mg/100 go & 1}
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Aol 226 mg/mlol L, FAaA 2 e
N o] 424% =30

o oo o

o
ol At
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Table 45. Central composite design for Pectinex Ultra SP-L enzyme treatment from

purple—fleshed potato extracts and its dependent variables.

Coded
levels of Responses
variable
Total Total Total DPPH radical
radica.
Yield polyphenol flavonoid Anthocyanin ) SOD-like
X1 Xy X3 scavenging o
(%) contents contents contents dvity (96) activity (%)
activi
(mg/g) (mg/ml) (mg/100 g) v
0 -1 1 171 3.50+0.23" 9.59+9.85 0.15+0.028° 31.06£4.74> 7.93+0.53"
0 1 -1 210 3.41+0.01" 2.66+0.02 0.14+0.007% 36.70+4.88° 8.69+0.53""
0 0 0 237 3.12+0.01¢ 2.65+0.04 0.15+0.010° 28.44+2.46°% 9.57+0.36°*
0 -1 -1 147 3.14+0.00° 2.82+0.07 0.16+0.009" 30.43+4.92% 8.56+0.71%"
-1 0 1 153 3.24+0.02% 7.95+7.45 0.10+0.006' 28.67+8.13%% 10.20+0.18"
-1 -1 0 210 3.49+0.02" 3.08+0.10" 0.19+0.006* 28.31+1.93%% 7.93+0.18"
-1 0 -1 204 4.08+0.06 3.16+0.14" 0.13+0.005% 28.93+5.29° 8.19+0.53"
0 0 0 181 3.09+0.20° 2.80+0.20" 0.11+0.001%" 26.56+3.00°% 10.71+0.18"
1 1 0 02 4.07+0.18° 3.17+0.15" 0.08+0.001 36.71+2.40" 6.93+0.53"
0 0 0 221 3.06+0.05" 2.82+0.10 0.13+0.008' 24.93+2.13° 7.56+0.36™
1 0 -1 192 3.16+0.06% 2.86+0.07" 0.10+0.005" 36.97+1.15" 9.32+0.71%"
1 0 1 267 3.34+0.18™ 2.75+0.05" 0.08+0.000’ 35.59+0.61*" 9.07+0.71°"
1 -1 0 233 3.07+0.12" 2.81+0.16" 0.10+0.007™ 31.85+4.48" 9.95+(.89"
0 1 1 145 2.37+0.01" 2.44+0.01° 0.12+0.004 24.67+4.96° 10.20£0.89"
11 0 170 2.69+0.01% 2.65+0.21" 0.15+0.004° 25.43+1.06% 12.47+0.18°

Xi: Concentration of Pectinex Ultra SP-L (mL/100 L), Xs: Reaction temperature (C), X3 Reaction time (hr)
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Table 46. Analysis of variance for the effects of three variables on yield, Total Polyphenol

contents, Total Flavonoid contents, Total Anthocyanin contents and antioxidative activities

of Pectinex Ultra SP-L enzyme treatments from purple-fleshed potato extracts.

DPPH
Total Total Total . )
) ) ) radical SOD-like
Factors  Yield polyphenol flavonoid Anthocyanin ] o
scavenging activity
contents contents contents o
activity
F value 3.05 10.95 1.35 20.44 5.63 9.44
Xi
Prob>F 0.0410 <.0001 0.2702 <.0001 0.0033 0.0002
F value 5.89 10.78 2.72 9.73 2.14 9.51
X
Prob>F  0.0027 <.0001 0.0450 <.0001 0.1133 0.0002
F value 1.62 7.78 5.86 3.57 3.43 1.97
X3
Prob>F 0.2086 0.0006 0.0010 0.0152 0.0274 0.1387

X;: Concentration of Pectinex Ultra SP-L (mL/100 L), Xs: Reaction temperature (C), X3 Reaction time (hr)
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Table 47. Regression coefficients of second degree polynomials for yield, Total
Polyphenol contents, Total Flavonoid contents, Total Anthocyanin contents and
antioxidative activities of Pectinex Ultra SP-L enzyme treatments from purple-fleshed

potato extracts.

Estimate
Para Total Total Total DPPH radical .
meters Yield polyphenol flavonoid Anthocyanin scavenging Si?ivil‘f;e
contents contents contents activity
Intercept -0.761 6.134 -0.865 0.232 41.848 0.366
X, 1.273 -4.961 2.080 0.086 -22.400 7.015
X5 0.136 -0.009 0.043 -0.005 -0.130 0.199
X5” -0.066 -0.067 0.8%4 0.002 -1.604 0.441
XXy -0.350 1.176 -0.052 -0.080 11.515 0.777
Xa#Xy -0.042 0.045 0.020 0.000 0.194 -0.189
XoxXs -0.001 0.000 0.000 0.000 0.003 0.000
X5xX] 0.210 0.168 -0.816 0.002 -0.186 -0.379
Xa#kXo -0.004 -0.006 -0.029 0.000 -0.053 0.009
X3%X3 0.000 0.008 0.159 -0.001 0.336 -0.031

PX1: Concentration of Pectinex Ultra SP-L (mL/100 L), “Xs: Reaction temperature (C), X5 Reaction time
(hr)

- 99 -



Table 48. Determination coefficients and probability of second degree polynomials for
vield, Total Polyphenol contents, Total Flavonoid contents, Total Anthocyanin contents
and antioxidative activities of Pectinex Ultra SP-L  enzyme treatments from

purple-fleshed potato extracts.

Regressions Linear Quadratic Cross product Total regress
R 0.13 0.17 0.29 0.58
Yield F value 2.02 2.69 4.66 3.12
Prob>F 0.1440 0.0737 0.0126 0.0163
2
Total R 0.10 0.12 0.55 0.78
polyphenol F value 3.00 3.70 16.34 7.68
contents Prob>F 0.0546 0.0289 <0001 <0001
R® 0.23 0.07 0.16 0.46
Total flavonoid
F value 4.89 1.45 3.45 3.26
contents
Prob>F 0.0061 0.2460 0.0268 0.0056
2
Total R 0.55 0.24 0.01 0.80
Anthocyanin F value 31.31 13.97 0.37 15.22
contents Prob>F <0001 <0001 0.7759 <0001
DPPH radical R 0.34 0.16 0.14 0.64
scavenging F value 6.35 2.93 2.65 3.98
activity Prob>F 0.0034 0.0585 0.0767 0.0049
R 0.14 0.02 0.54 0.70
SOD-like
o F value 3.16 0.39 12.18 5.24
activity
Prob>F 0.0474 0.7611 <.0001 0.001
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2}, Pectinex Ultra SP-L& o]|&3 9] H4 a4
1) =& 4 FitstaA
oAl 7A gRlewAM FAhwk, WERet WA wmE &9 FE= &, Total
Polyphenol 3¥F#, Total Flavonoid %, Total Anthocyanin $F%, DPPH radical &~H&s %
SOD-like &4 & 43 Z¥+= Table 499 2okt
%9+ Pectinex Ultra SP-L A 2] 8t& W &2 1.98-317% WA= Uetwton, a4
% 150 mL/100 L, ¥H-8g=% 60C % 7--gAIZF 569 hro] ZolA 3.09%= HA s HA
E1r.
Total polyphenol 3F&Fe] 749 38l AlolE 3.83 mg/goel=d, 2 Ador FiaAa Y
nge 31 AP Wl 3.15-433 mg/g2 YERST 24F% 1.50 mL/100 L, ®F
u 433 mg/gl® HAFHS HIoH o= FAHTF A 113%
Alell 247 mg/mlel AL, EaA o] Frjg 73k A
0.50 mL/100 L, ¥H&=2% 20T, Ht
19] 126% ol At
Aol g4A

60C, ¥F3-A17F 8 hrdd
2=

o oo o

==
ol AT
Total flavonoid &< 7 A2
g 7“011*14 W= 263-3.22 mg/mlE UETH &
A2 2 hrd o 311 mg/ml= HA s BASH, o= FAg e
Total Anthocyanin %< 749 FA2 Alel& 0.06 mg/100 g ol & 4
glo] Tujde 7+ AF HolA Total Anthocyanin %2 W9+ 0.15-0.25 mg/100g = }E}
Utk @4%% 050 mL/100 L, ¥F-8=% 3765C % ¥-5-A17F 8 hre] 27194 0.25 mg/100 g
o7 HAFS B o FHE A9 Total Anthocyanin $FaFe] 417% ~<=o| Atk
DPPH radical *74 & FAY AlE 57.90% Fout EAHE Al 2806-51.49% = HEFL
o §4F% 150 mL/100 L, ¥F-8=% 60C % HESAIZE 8 hre] 7oA 4844% =2 H A 3k<
Haom T Aol 84% ol AT
SOD-like &4%59 74 Al 0.88% %A gaAg Al 567-1599%= YEST &
0.50 mL/100 L, ¥+&2% 21.80TC % WESAIZF 225 hro] &7 oA 1599%= A Fko]
Al 1817% Tl Atk

,_04]/]’, a

45 A

R

e o FA 7
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Table 49. Central composite design for Pectinex Ultra SP-L enzyme treatment from

red-fleshed potato extracts and its dependent variables.

Coded
levels of Responses
variable
Total Total Total DPPH radical
radica
< X X Yield polyphenol flavonoid Anthocyanin ) SOD-like
2 scavengin
boar s (%) contents contents contents it g(;) activity (%)
activi
(mg/g) (mg/ml) (mg/100 g) voe
0 -1 1 218 3.48+0.06¢ 2.88+0.09¢% 0.19+0.004 44.61+0.75" 13.48+0.53
0 1 -1 255 3.52+0.21¢ 2.84+0.12def 0.21+0.013" 42.47+2.71™ 13.10%0.00"
0 0 0 274 3.34+0.07°" 2.63+0.05" 0.15+0.018" 40.47+2.37° 14.74+0.18"
0 -1 -1 270 3.48+0.12¢ 3.00+0.16™ 0.18+0.039% 38.58+4.33°% 14.99+0.18"
-1 0 1 239 3.46+0.01% 2.76+0.06°" 0.25+0.005° 38.70+4.87°% 12.47+0.18°
-1 -1 0 264 3.87+0.10° 3.00+0.07™ 0.17+0.016% 42.47+4.48" 13.98+0.53%
-1 0 -1 206 3.31+0.01" 2.88+0.06°% 0.21+0.004> 40.59+3.26° 12.47+0.18°
0 0 0 27 3.57+0.09¢ 3.22+0.19° 0.23+0.012% 29.68+4.57" 13.48+0.53%
1 1 0 317 3.29+0.14 2.97+0.24"1 0.15+0.010° 38.60+0.08%% 15.11+0.36"
0 0 0 317 3.44+0.17% 2.81+0.09°™ 0.23+0.007% 35.84+0.10° 9.19+0.18'
1 0 -1 198 3.15+0.02% 2.71+0.09"™" 0.23+0.030™" 37.08+4.70% 12.47+0.18°
1 0 1 274 4.33+0.09 3.06+0.14 0.23+0.011™" 37.58+3.99% 14.36+0.36°
1 -1 0 274 3.90+0.13° 2.91+0.12"% 0.16+0.017" 40.23+0.11¢ 11.21+1.25"
0 1 1 231 4.09+0.03" 2.77+0.05°" 0.18+0.009% 51.49+3.00° 15.99+0.18"
-1 1 0 256 3.28+0.03" 2.67+0.06%" 0.16+0.005" 28.06+1.57" 5.67+0.18

X;: Concentration of Pectinex Ultra SP-L (mL/100 L), X5 Reaction temperature (C), X3 Reaction time (hr)
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Table 50. Analysis of variance for the effects of three variables on yield, Total Polyphenol

contents, Total Flavonoid contents, Total Anthocyanin contents and antioxidative activities

of Pectinex Ultra SP-L enzyme treatments from red-fleshed potato extracts.

DPPH
Total Total Total ] )
) i . radical SOD-like
Factors  Yield polyphenol flavonoid Anthocyanin ] o
scavenging activity
contents contents contents o
activity
F value 2.46 2.54 3.43 0.45 1.96 10.83
X1
Prob>F 0.0789 0.0721 0.0182 0.7704 0.1224 <.0001
F value 0.84 1.18 2.38 10.19 3.52 9.05
X
Prob>F 0.5150 0.3504 0.0706 <.0001 0.0162 0.0002
F value 754 6.17 1.88 5.86 4.16 3.60
X3
Prob>F  0.0007 0.0021 0.1359 0.001 0.0074 0.0229

Xi: Concentration of Pectinex Ultra SP-L (mL/100 L), Xo: Reaction temperature (C), Xs: Reaction time (hr)
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Table 51. Regression coefficients of second degree polynomials for yield, Total
Polyphenol contents, Total Flavonoid contents, Total Anthocyanin contents and
antioxidative activities of Pectinex Ultra SP-L enzyme treatments from red—fleshed

potato extracts.

Estimate
Para Total Total Total DPPH radical .
meters Yield polyphenol flavonoid Anthocyanin scavenging Si?ivil‘f;e
contents contents contents activity
Intercept  1.854 5.084 3.699 0.043 72.221 28.828
X, 0.383 -0.882 -0.622 0.044 1.324 -1.952
X5 -0.020 -0.036 -0.016 0.009 -1.196 -0.468
X5” 0.416 -0.280 -0.060 -0.019 -5.944 —2.784
XXy -0.503 0.113 -0.039 -0.010 —7.588 -4.852
Xo#X) 0.013 0.000 0.010 0.000 0.319 0.306
XoxXs 0.000 0.000 0.000 0.000 0.010 0.001
X5xX] 0.072 0.172 0.079 -0.006 0.399 0.316
Xa#kXo 0.001 0.002 0.000 0.000 0.012 0.018
X3%X3 -0.050 0.009 -0.003 0.003 0.562 0.187

PX1: Concentration of Pectinex Ultra SP-L (mL/100 L), “Xs: Reaction temperature (C), X5 Reaction time
(hr)
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Table 52. Determination coefficients and probability of second degree polynomials for

yield, Total Polyphenol contents, Total Flavonoid contents, Total Anthocyanin contents

and antioxidative activities of Pectinex Ultra SP-L enzyme treatments from red-fleshed

potato extracts.

Regressions Linear Quadratic Cross product Total regress
R 0.09 0.50 0.08 0.66
Yield F value 1.67 9.64 1.48 4.26
Prob>F 0.2064 0.0004 0.2503 0.0033
2
Total R 0.34 0.04 0.21 0.59
polyphenol F value 5.59 0.64 3.44 3.22
contents Prob>F 0.0060 0.5999 0.0363 0.0140
R® 0.12 0.01 0.22 0.35
Total flavonoid
F value 2.15 0.13 3.98 2.09
contents
Prob>F 0.1115 0.9413 0.0153 0.0579
2
Total R 0.00 0.61 0.04 0.65
Anthocyanin F value 0.14 20.36 1.48 7.33
contents Prob>F 0.9372 <0001 0.2366 <0001
2
DPPH radical R 0.06 0.33 0.09 0.48
scavenging F value 1.30 7.50 2.03 3.61
activity Prob>F 0.2896 0.0005 0.1274 0.0029
R 0.13 0.18 0.44 0.75
SOD-like
o F value 3.37 473 11.77 6.62
activity
Prob>F 0.0390 0.0119 0.0001 0.0002
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S5t A YER o (Fig. 54-G, H, ). Sv]g o2 wks-H
g7t gtom Wk Alfko] A= SOD-like €450 o
A aiaAdgznoeR §4%% 050 mL/100L, ¥ %
& 9] SOD-like &5 15.99% =2 oS5 At
Zo FEHE9 44, Total Polyphenol 3%, Total
nthocyanin $%, DPPH radical 27% % SOD-like @45 tswt
2ZM " gh4=(desirability function)E ©]g3le] FHEWHFE] 715 H
g 12 ¥ TPAHoRE whed A3 (Fig. 55) A ZaAE 232 4% % 1.50 mL/100
L, WFS-2% 5044C 2 ¥F3A)ZF 698 hre] 70| e ojue] 4=8& Total Polyphenol =,
Total Flavonoid $F#, Total Anthocyanin &%, DPPH radical 274 % % SOD-like &4 52
Z+zy 2.89%, 3.98 mg/g, 3.01 mg/ml, 0.19 mg/100g, 40.27% = 1543%°] N3 Al kL%
(overall desirability)+ 0.67%t}.
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Fig. 49. Contour plot for vyield (%) of red-fleshed potato Anthocyanin by
Pectinex Ultra SP-L enzyme treatment.
(Concentration of Pectinex Ultra SP-L, A: 0.5 mL/100 L, B: 1.0 mL/100 L, C:

1.5 mL/100 L; Reaction temperature, D: 20C, E: 40C, F: 60C; Reaction time, G:
2 hr, H: 5 hr, I: 8 hr)
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Fig. 53. Contour plot for DPPH radical scavenging activity (%) of red-fleshed
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Fig. 54. Contour plot for SOD-like activity (%) of red-fleshed potato
Anthocyanin by Pectinex Ultra SP-L enzyme treatment.
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Fig. 55. Response optimization for multi-response surface of red-fleshed potato

extracts by Pectinex Ultra SP-L enzyme treatment.
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NovozymesAtell 213 Novozym 33095% Aspergillus aculeatus®y Aspergillus nigerol A
Aojx]i= Ale] HNA §AF pectin lyase® 2 3Ht},

Novozym 330954 %=(0.05-0.25 mL/L), W85 (20-60TC)%} WA 7H60-120 min)ol] W&
A FEEC 4, Total Polyphenol %, Total Flavonoid $+%F, Total Anthocyanin
2 DPPH radical /\ﬂ 1 SOD-like 35“3%2 23 A3+= Table 533 29ttt}

Novozym 33095< o] &3t Hix FE2E9 a4 A Al &2 385-6.01% WHE YES:
t}. Total polyphenol $F#Fe]l 79 F-A & Alol= 825 mg/golA+=d, B AdoA i e
Tujgde F7 AdHoe W= 7.24-11.79 mg/g®E UEY EBEA FEHE] Novozym
330952 A& 7F tha @Al AL & ¢ UdAY Total flavonoid H#Ee] ¢ A2 Al
442 mg/mLelRa, a4 Tvdy 3k Ao HE = 3.36-498 mg/mLE e}
W Ao 2 Hol Novozym 33095 #1#] 7} Total Flavonoid $FH#S ta S7FA 71 A% 2371 §l
A 9318 o] A" AL o4 F At Total Anthocyanin 3FEF 9 73 - T2 Al

= 0.12 mg/100 gol oy B Ado] gihxge Tndd 3+ A3 HolA F Anthocyanin
Sheko] M= 041-0.82 mg/100 go & YEFY & Anthocyanin 3o i EBE2 F& A
Novozym 33095 *|g] EJJJ} =2 AS ¢ 4 AdY DPPH radical 2A%52 F3g A
11.76%0° A &4 ﬂﬂl T 39.74-59.38% = YEFow SOD-like 4% A FAHZ A
1.10%0°1 4 @a42A8 § 811-17.16%= EFY Novozym 33095 &4 A &lddl 93] &4do] =LA
s7hte A & AT

o
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Table 53. Central composite design for Novozym 33095 enzyme treatment

extracts and its dependent variables.

from Bokbunja

Coded
levels of Responses
variable

) Total Total Total )

Yiel ) ) DPPH radical .
% X X d polyphenol flavonoid Anthocyanin . SOD-like

< scavengin
b %) contents contents contents it g((yg) activity (%)
activi

° (mg/g) (mg/ml) (mg/100 g) v
0 -1 1 445 8.91+0.01% 3.82+().32% 0.62+0.010" 56.53+3.06™ 12.64+0.98%
0 1 -1 508 9.59+0.01° 4.26+0.40>4 0.75+0.029" 46.25+3.34%" 10.06+0.64"
0 0 0 523 9.93+0.01° 3.86+0.42°% 0.41+0.013" 47.26+5.83% 10.06+0.64"
0 -1 -1 538 9.67+0.00" 4.01+0.47°% 0.57+0.020% 50.26+2.66% 17.16+0.34
-1 0 1 502 11.05+0.02° 4.33+0.50™ 0.67+0.035¢ 45.50+2.98%" 13.16+0.24%
-1 -1 0 601 8.08+0.01' 3.47+0.40™ 0.71+0.028° 55.65+3.23% 14.71+0.23"
-1 0 -1 582  10.08+0.00% 3.99+(.38"4 0.63+0.011 53.64+1.80™ 11.09+0.63°"
0 0 0 478 10.28+0.00" 4.46+0.14" 0.65+0.009% 45.24+1.92° 9.03+0.65°
1 1 0 3% 9.17+0.01% 4.10+0.22>4 0.64+0.015%" 47 A8+4.45% 14.58+0.32%
0 0 0 521 9.12+0.01% 3.95+0.43°% 0.56+0.020¢ 48.61+3.91% 14.19+0.13%
1 0 -1 438 11.79+0.00° 4.98+0.20° 0.74+0.042" 39.74+3.65" 8.11+5.22°
1 0 1 515 7.24+0.00' 3.36+0.42¢ 0.57+0.031¢ 59.38+4.19° 9.67+1.55"
1 -1 0 421 8.62+0.35" 3.58+0.21¢ 0.82+0.014° 55.75+4.04%° 14.96+0.96"
0 1 1 38 11.34+0.22° 4.90+0.34° 0.80+0.032° 42.86+1.01" 16.51+0.58"
-1 1 0 482 8.65+0.71" 3.36+0.30% 0.63+0.027 58.29+5.20"" 14.06+0.42%

X;: Concentration of Novozym (mL/L), Xs2: Reaction Temperature (C), X3 Reaction Time (min)
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Table 54. Analysis of variance for the effects of three variables on yield, Total Polyphenol

contents, Total Flavonoid contents, Total Anthocyanin contents and antioxidative activities

of Novozym 33095 enzyme treatment from Bokbunja extracts.

DPPH
Total Total Total ] )
) ) ) radical SOD-like
Factors  Yield polyphenol flavonoid Anthocyanin ] o
scavenging activity
contents contents contents o
activity
F value 14.64 8.47 4.10 2.92 10.04 0.53
X3
Prob>F  <.0001 0.0004 0.0139 0.0350 0.0001 0.7173
F value 7.36 4.57 2.26 3.72 5.53 9.95
X
Prob>F  0.0008 0.0087 0.0990 0.0126 0.0036 0.0001
F value 6.45 11.90 478 1.89 8.51 4.45
X3
Prob>F  0.0017 <.0001 0.0072 0.1348 0.0004 0.0099

Xi: Concentration of Novozym (mL/L), X2 Reaction Temperature (C), X3 Reaction Time (min)

Table 55. Regression coefficients of second degree polynomials for yield, Total Polyphenol

contents, Total Flavonoid contents, Total Anthocyanin contents and antioxidative activities

of Novozym 33095 enzyme treatment from Bokbunja extracts.

Estimate
Para Total Total Total DPPH radical ,
meters Yield polyphenol flavonoid Anthocyanin scavenging SOD'*'hke

contents contents contents activity activity

Intercept ~ 7.699 10.695 5.078 1.177 67.667 36.423
X;" -22.625 54.956 20.806 0.313 -284.856 -3.225
Xy 0.052 0.059 0.006 -0.017 -0.245 -1.150
X" -0.020 -0.135 -0.062 -0.007 0.153 -0.046
XX 3.958 -49.229 -21.271 6.278 392.146 -4.938

Xox X 0.118 -0.003 0.078 -0.013 -1.364 0.033

XoxXo -0.001 -0.002 0.000 0.000 0.008 0.009
X3#X 0.131 -0.460 -0.163 -0.017 2.315 -0.042

X3 Xo 0.000 0.001 0.000 0.000 -0.004 0.005
X3*#X3 0.000 0.001 0.000 0.000 -0.002 -0.001

UX1: Concentration of Novozym (mL/L), ?Xs: Reaction Temperature (C),
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Table 56. Determination coefficients and probability of second degree polynomials for
yield, Total Polyphenol contents, Total Flavonoid contents, Total Anthocyanin contents

and antioxidative activities of Novozym 33095 enzyme treatment from Bokbunja extracts.

Regressions Linear Quadratic Cross product Total regress
R? 0.58 0.09 0.15 0.83
Yield F value 22.58 3.49 5.97 10.68
Prob>F <.0001 0.0347 0.0045 <.0001
2
Total R 0.11 0.23 0.42 0.76
polyphenol F value 3.22 6.45 12.02 7.23
contents Prob>F 0.0444 0.0031 0.0001 0.0001
R 0.13 0.21 0.28 0.61
Total flavonoid
F value 2.15 3.54 4.71 3.47
contents
Prob>F 0.1262 0.0334 0.0120 0.0099
2
Total R 0.02 0.32 0.08 0.43
Anthocyanin F value 0.50 6.63 1.68 2.94
contents Prob>F 0.6860 0.0012 0.1886 0.0105
2
DPPH radical R 0.18 0.17 0.41 0.76
scavenging F value 493 476 11.20 6.96
activity Prob>F 0.0101 0.0116 0.0002 0.0002
R’ 0.08 0.38 0.23 0.69
SOD-like
o F value 1.72 8.25 5.10 5.02
activity
Prob>F 0.1945 0.0009 0.0088 0.0013
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Fig. 56. Contour plot for yield (%) of Bokbunja Anthocyanin by Novozym 33095
enzyme treatment.

(Conc. of Novozym 33095, A: 0.05 mL/L, B: 0.15 mL/L, C: 0.25 mL/L; Reaction
temperature, D: 20C, E: 40C, F: 60C; Reaction time, G: 60 min, H: 90 min,, I:
120 min)
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Fig. 57. Contour plot for Total Polyphenol contents (mg/g) of Novozym 33095
enzyme treatment from Bokbunja extracts.

(Conc. of Novozym 33095, A: 0.05 mL/L, B: 0.15 mL/L, C: 0.25 mL/L; Reaction
temperature, D: 20C, E: 40C, F: 60C; Reaction time, G: 60 min, H: 90 min,, I:
120 min)
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Fig. 58. Contour plot for Total Flavonoid contents (mg/mL) of Novozym 33095
enzyme treatment from Bokbunja extracts.

(Conc. of Novozym 33095, A: 0.05 mL/L, B: 0.15 mL/L, C: 0.25 mL/L; Reaction
temperature, D: 20C, E: 40C, F: 60C; Reaction time, G: 60 min, H: 90 min,, I:
120 min)
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Fig. 59. Contour plot for Total Anthocyanin contents (mg/100 g) of Novozym
33095 enzyme treatment from Bokbunja extracts.

(Conc. of Novozym 33095, A: 0.05 mL/L, B: 0.15 mL/L, C: 0.25 mL/L; Reaction
temperature, D: 20C, E: 40C, F: 60C; Reaction time, G: 60 min, H: 90 min,, I:
120 min)

- 135 -



(A)

/|
\s
.

60
105 105 105
E £ 52 = 55
51
£ £ £
@ @ 50 @
E w E w E 90| 50
] ] i =
= c E
] =] =]
£ £ -]
& 54 ® 45 & /_\
& 5 £ 5 £ 55 a5
57
l7 50 40— |
60 60 e 60
20 30 40 50 60 20 30 40 50 60 20 30 40 50 60
Reaction temperature (°C) Reaction temperature (°C) Reaction temperature (°C)

120 120 120 45
\g) ® \(\:

48
E 5 E E
] ] ]
E w0 Ew 1 E w0
£ £ g2l s
= = c
(=} o =}
b b+ b+
8 55 5 51 i 2 Pl
& 75 £ 7 e T LS
50
\\ 1
\ 42— &0
50 60 50 I\ AR
0.05 0.10 0.15 020 025 0.05 0.10 015 0.20 028 0.05 010 015 020 025
Concentration of Novozym 33095 (mL/L) Concentration of Novozym 33095 (mL/L) Concentration of Novozym 33095 (mlL/L)
60 T— 60 7 60
60 /(G) 54 50 W (H) 45 @
50 =7

@
a
@
3
=

s

@
3

L—/dﬁ
55

60
52
54 56 65

20 20 20
008 010 015 020 025 005 010 015 020 025 005 010 015 020 025

Concentration of Novozym 33095 (mL/L) Concentration of Novozym 33095 (mL/L) Concentration of Novozym 33095 (mL/L)

w
3

Reaction temperature (°C)
=

Reaction temperature (°C)
&

Reaction temperature (°C)

Fig. 60. Contour plot for DPPH radical scavenging activity (%) of Novozym
33095 enzyme treatment from Bokbunja extracts.

(Conc. of Novozym 33095, A: 0.05 mL/L, B: 0.15 mL/L, C: 0.25 mL/L; Reaction
temperature, D: 20C, E: 40C, F: 60C; Reaction time, G: 60 min, H: 90 min,, I:
120 min)
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Fig. 61. Contour plot for SOD-like activity (%) of Novozym 33095 enzyme
treatment from Bokbunja extracts.

(Conc. of Novozym 33095, A: 0.05 mL/L, B: 0.15 mL/L, C: 0.25 mL/L; Reaction
temperature, D: 20C, E: 40C, F: 60C; Reaction time, G: 60 min, H: 90 min,, I:
120 min)
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p'ljma U [ 01'983] [ I1"30] [ ]l'%]
ur -0.3 -1. -1.
0.65664 [ o 1D - =i
Yield
Targ: 6.010 ﬁr‘\““‘{"&—“;
vy = 56120

d=0.82772

Total polyphenol

contents
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v = 4 1353
d = 0.52547

Total anthocyanin
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v = 0.6499
d = 0.59502
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y = Sasets ks V
d = 0.54300 \_»
SOD-like B T wige || RS e ]
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vy = 16.9121
d = 0.97294

Fig. 62. Response optimization for multi-response surface of Novozym 33095

enzyme treatment from Bokbunja extracts.
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vE. Novozym 33095% o] &3 ete A i Az A4

(1) =& % st

o

oo

AM 7HA] QRIeEA GA4aFE, vt HEEAIZe mE oY FEEC 4§, Total
Polyphenol 3¥F#, Total Flavonoid %, Total Anthocyanin $F%, DPPH radical &~H&s %
SOD-like &4 5& #2413 27+ Table 572 #9ktt

2YE Novozym 33095 A2 3tAS W +&2 364-848% W Z YElgon, §4hF%
0.05 mL/L, ¥F$2% 20C % ¥F-SAIZF 120 mine] Z oA 784% = #H A 3kS H At

Total polyphenol $F=ke]l 749 F-xg] Alol= 564 mg/geledl, B Ador FiaA2] 9
e T3 AP A9 MHL 412-657 mg/g= YEWTH £4F % 0.05 mL/L, 9=

T 59.79TC, HFS-AIZF 61.18 min¥d W 657 mg/gl® HAFFS HIoH o= FAHY A9
116% F=<o| it}
Total flavonoid &< 49 FA 2 Alel 3.08 mg/mlolSlil, a4xgle] Fngsy 3+ A

3 o A 2] t“ﬁﬂ 2.92-3.69 mg/ml= YENT. 4% 5% 025 mL/L, ¥H52% 20T, "S54
ZF 120 min¥® W 3.64 mg/ml= HA S BASH, o= FA 2 A9 118% Fwoldtt

Total Anthocyanin &&2] 4% FA2 Ao+ 0.09 mg/100 gelAov & Ao g4
o] Fudy 7k Ae HoA Total Anthocyanin %9 ¥W9l+= 0.36-0.61 mg/100 gl &
Bl 84% % 025 mL/L, ¥b&=2% 5742TC %2 HESA]7F 60 mine] A4 0.61 mg/100

go % HAD}S BAom FHP Al Total Anthocyanin %2 678/) T ol
DPPH radical £2A%< #48 Ad+ 34.17% 9o @48 A 41.46-59.00% = e

t}. Ei%b’—_ 0.24 mL/L, WF&&% 5843C = wH-3-A17t 66.45 hre izjoﬂﬁ 59.0% = &A%
S BAom AT A9 173% FEol At

SOD-like &4%2 A4 FAg Al 088%A o, &4x8 Al 1560-23.36% = LERSIT &
2%F% 005 mL/L, 9% 4860C % WFg-AIZF 11657 mine] 27 olA 22.29% = # & Fho]
R om A A1) 2533% o] At
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Table 57. Central composite design for Novozym 33095 enzyme treatment from mulberry extracts

and its dependent variables.

Coded
levels of Responses
variable
Total ) Total )

. Total flavonoid . DPPH radical .

Yield polyphenol Anthocyanin ) SOD-like
X: Xy X3 contents scavenging o

(%) contents (me/ml) contents vty (%) activity (%)

mg/m activity (%o
(mg/g) (mg/100g)

0 -1 1 735 5.98+0.36¢% 3.48+0.11%° 0.47+0.072% 56.52+1.64% 18.32+0.17°
0 1 -1 741 6.44+0.61" 3.32+0.31°% 0.52+0.084 54.77+3.40™ 18.83+1.65%
0 0 0 732 5.67+0.25% 3.66+0.10°" 0.40+0.012° 43.22+4.83" 18.45+0.38°
0 -1 -1 848 5.56+0.56" 3.15+0.37% 0.43+0.023% 52.27+2.677% 15.60+2.59"
-1 0 1 768 5.77+0.36° 3.22+(.38° 0.36+0.022° 52.52+3.39Pcd 23.36+0.76°
-1 -1 0 646 5.48+0.15" 3.27+0.14°% 0.56+0.047% 53.13+1.04™¢ 18.32+0.20°
-1 0 -1 681 6.22+0.18™ 3.69+0.09° 0.58+0.039° 54.64+0.32%" 19.61+0.92¢4
0 0 0 689 4.70+0.09% 2.92+0.04" 0.52+0.006™ 59.00+5.43° 19.10+0.19%
1 1 0 623 6.57+0.91° 3.44+0.04™4 0.58+0.058° 54.87+4.57" 18.96+1.83%
0 0 0 719 5.43+0.18" 3.45+0.10™4 0.56+0.048" 48.48+5.15" 20.77+1.09™
1 0 -1 717 6.11+0.07 3.45+0.42% 0.61+0.071° 58.40+0.41° 20.00+0.36°
1 0 1 438 5.35+0.21" 3.39+0.09>¢ 0.41+0.032° 49.37+1.78% 19.74+0.37°%
1 -1 0 638 6.09+0.38d 3.51+0.25™° 0.52+0.048> 51.75+0.87°% 21.54+1.08"
0 1 1 364 4.12+0.03" 3.07+0.00" 0.43+0.027% 52.87+2.82" 20.13+0.55™¢
-1 1 0 728 5.40+0.15" 3.22+0.10°% 0.59+0.039* 41.46+4.14" 18.19+1.48°

Xi: Concentration of Novozym (mL/L), Xs: Reaction Temperature (C), X3 Reaction Time (min)
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TS QrollA EAEE, WEZEe WhEAIZEY] wE oY FEECS &, Total
Polyphenol st=F Total Flavonoid $F#F, Total Anthocyanin ¥ %, DPPH radical A~Hs

SOD-like & oboﬂ A= ARE 2AF £4 3 A3 Table 583 7t

T 9GS HAE Qo7 WS ATte] b o FA%E WL o7 eyt
oAl 7R 29l B 5% diel A FejAakelE el lvk Total polyphenol 3F&F 2 ¥E-E-A
I, SRR, GAFE $O08 UEWI E4AFEE AQe 7 7 adle] tiEl] 5% el A
el datel & YERITE Total flavonoid EFaFell e ¥H-SAI ] ko] 71 a3 Hbg2 %,
BATE £Oo82 YR oy A 7HA 89 EF 5% WldlA el xfel 7t yrERA] @Skt
Total Anthocyanin & A4S nxE= Q910 2EE, HEE2

5
B2 JEE A ko] 7 ZloH
T o= yERga REg AR tisfi ARk 5% el Al {ejAdAkolE HERUIQL
aAGANME EhERTE 7P Zow WA HhEE R 5ol 2 R
5% WelA f24 zkol7F YERST SOD-like 8452 WHEAIZE S4hF%, HHS%E TO2
ekt ar, Al 7EA aQlel A B 5% Woll A ol datel & Bl

2] 219 Fo Uiste] FE5HM 420 428, Total Polyphenol &%, Total Flavonoid &%
Total Anthocyanin $t%F, DPPH radical 245 % SOD-like &4 52 o=
gslA A | AATE ALS A= Table 599 2o 3k FEH5HAS] digk o] xfv}at
3 Ao o] Axtr}ald] 7 (linear), ©]xv}a 3] 7 (quadratic) % wx}3] 7] (cross product)
71 =5 HAstAH.(Table 60)

T&Y TldEe dATIE ], wzs]d] " ojxnEksl4] £o®  JER o, Total
Polyphenol $%9] 7|k w37, dxiopats]q] @ o|xthats]y] ¢o 8 eyt Total
flavonoid & Zlodx=E  wak3]A, olxnEsy] B dAHIII+ +£o®, Total
Anthocyanin 339 7]k daudrs] ], o|xuhddy] B wxdq] Fo® UERTh
DPPH radical 22759 4% mx}3]7, o|xthas]7] = X33y o= 7|27t vE
% om, SOD-like €459 7lolme o|xudts] 7], dxotaks]+ 3 w37 so = YErsk
ot} ol uats] A A AeAl HA A9 total regression= Total Flavonoid %S A< s}
i B 5% ool A freA ApolE H AT
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L
=
N
)
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Table 58. Analysis of variance for the effects of three variables on yield, Total Polyphenol

contents, Total Flavonoid contents, Total Anthocyanin contents and antioxidative activities

of Novozym 33095 enzyme treatment from mulberry extracts.

Total Total Total DPPH radical SOD-like
Factors  Yield polyphenol flavonoid Anthocyanin scav§nging activity
contents contents contents activity

F value 580 2.21 1.41 1.84 3.30 3.86
. Prob>F  0.0029 0.1046 0.2522 0.1434 0.0213 0.0106
F value  3.93 4.04 1.76 1.74 2.90 3.40
X2 Prob>F  0.0163 0.0147 0.1583 0.1631 0.0358 0.0188
F value 1044 6.19 2.17 8.22 3.06 4.33
v Prob>F <.0001 0.0021 0.0929 <.0001 0.0291 0.0060

X;: Concentration of Novozym (mL/L), Xo: Reaction Temperature (C), X3 Reaction Time (min)

Table 59. Regression coefficients of second degree polynomials for yield, Total Polyphenol

contents, Total Flavonoid contents, Total Anthocyanin contents and antioxidative activities

of Novozym 33095 enzyme treatment from mulberry extracts.

Estimate
Para Total Total Total DPPH radical )
meters Yield polyphenol flavonoid Anthocyanin scavenging Silt)ivilf;e
contents contents contents activity
Intercept  -1.054 4.989 2.970 0.212 81.075 5.617
X" 38.550 -13.069 -5.488 -1.750 -1.704 9.229
X5 0.125 0.061 0.036 0.001 -0.152 0.378
Xs” 0.110 0.013 0.003 0.010 -0.578 0.084
X1#X -37.792 47.458 9.889 4.889 -15.361 113514
XoxX -0.121 0.068 -0.002 0.005 1.848 -0.306
XoxXo 0.000 0.000 0.000 0.000 0.001 -0.003
Xg#X -0.305 -0.026 0.034 0.001 -0.576 -0.334
X3#Xs -0.001 -0.001 0.000 0.000 -0.003 -0.001
X5¥X3 0.000 0.000 0.000 0.000 0.004 0.000

UX1: Concentration of Novozym (mL/L), ?Xo:

Reaction Temperature (C),
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Table 60. Determination coefficients and probability of second degree polynomials for
yield, Total Polyphenol contents, Total Flavonoid contents, Total Anthocyanin contents

and antioxidative activities of Novozym 33095 enzyme treatment from mulberry extracts.

Regressions Linear Quadratic Cross product Total regress
R? 0.47 0.04 0.25 0.75
Yield F value 12.50 0.95 6.66 6.70
Prob>F <.0001 0.1935 <.0001 <.0001
2
Total R 0.21 0.13 0.29 0.63
polyphenol F value 3.80 2.33 5.15 3.76
contents Prob>F 0.0264 0.1048 0.0084 0.0065
R 0.07 0.08 0.15 0.29
Total flavonoid
F value 1.17 1.26 2.40 1.61
contents
Prob>F 0.3362 0.3045 0.0848 0.1517
2
Total R 0.30 0.21 0.05 0.56
Anthocyanin F value 7.99 5.59 1.28 4.95
contents Prob>F 0.0003 0.0031 0.2959 0.0003
2
DPPH radical R 0.1042 0.1257 0.1917 0.4216
scavenging F value 2.1 2.54 3.87 2.84
activity Prob>F 0.1175 0.0725 0.0173 0.0129
R’ 0.16 0.25 0.12 0.53
SOD-like
o F value 3.87 6.05 3.00 4.31
activity
Prob>F 0.0172 0.0020 0.0438 0.0008
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Fig. 63. Contour plot for yield (%) of mulberry Anthocyanin by Novozym 33095
enzyme treatment.

(Conc. of Novozym 33095, A: 0.05 mL/L, B: 0.15 mL/L, C: 0.25 mL/L; Reaction
temperature, D: 20C, E: 40C, F: 60C; Reaction time, G: 60 min, H: 90 min,, I:
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Fig. 67. Contour plot for DPPH radical scavenging activity (%) of Novozym
33095 enzyme treatment from mulberry extracts.

(Conc. of Novozym 33095, A: 0.05 mL/L, B: 0.15 mL/L, C: 0.25 mL/L; Reaction
temperature, D: 20C, E: 40C, F: 60C; Reaction time, G: 60 min, H: 90 min,, I:
120 min)
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Fig. 68. Contour plot for SOD-like activity (%) of Novozym 33095 enzyme
treatment from mulberry extracts.

(Conc. of Novozym 33095, A: 0.05 mL/L, B: 0.15 mL/L, C: 0.25 mL/L; Reaction
temperature, D: 20C, E: 40C, F: 60C; Reaction time, G: 60 min, H: 90 min,, I:
120 min)
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Conc. Of Reaction Reaction

Ot I Novozym 33095 temperature time
pté)ma c:HI [}'E:] [O ;'?a':}' 31 [- 01931 5]
r - .
0.82110 o -1.0 -1.0 -1.0
Yield
Targ‘ 8.480
= 7.6490

d = 0.80585

Total polyphenol
contents

Targ: 6.570
= B6.5700
d = 1.0000

Total flavonoid
contents

Targ: 3.690
= 3.4566
d = 0.70453

Total anthocyanin
contents

Targ: 0.610
= 0.5614
d = 0.84308

DPPH radical
scavenging activity

Targ 59.0
= 58.1808
= 0.85372

SOD-like
activity

Targ 23.360
= 20. 7766
= 067132

Fig. 69. Response optimization for multi-response surface of Novozym 33095
enzyme treatment from mulberry extracts.
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Table 61.

Central

composite design for Novozym 33095 enzyme treatment from

purple—fleshed potato extracts and its dependent variables.

Coded
levels of Responses
variable
Total Total Total DPPH radical
radica
% X X Yield polyphenol flavonoid Anthocyanin . SOD-like
: scavengin
b (%) contents contents contents ivit g(o/g) activity (%)
activity
(mg/g) (mg/ml) (mg/100g) °
0 -1 1 211 2.67+0.15% 2.61+0.12° 0.14+0.004¢ 28.44+2.81" 7.68+0.53
0 1 -1 263 3.45+0.36" 2.85+0.06" 0.15+0.006° 32.33+0.83° 6.93+0.53
0 0 0 217 2.67+0.14“ 2.62+0.14" 0.11+0.001" 31.57+2.61° 8.94+0.18"
0 -1 -1 4.07 3.19+0.50™" 2.95+0.14" 0.08+0.005" 40.34+2.90° 5.04+1.42°
-1 0 1 245 2.57+0.03 2.57+0.01° 0.17+0.008" 39.34+1.49° 8.94+0.18"
-1 -1 0 492 2.17+0.59¢ 2.70+0.10° 0.08+0.010" 25.56+1.248 5.54+0.36%
-1 0 -1 35 1.99+0.13" 2.50+0.05" 0.09+0.0022 31.20+2.08° 8.82+0.36"
0 0 0 371 2.53+(.32% 2.52+0.02" 0.11+0.001" 36.59+0.61¢ 6.93+0.18™
1 1 0 245 2.69+0.04 2.58+0.01" 0.13+0.004° 38.84+0.79° 8.06+0.36"
0 0 0 137 2.99+0.03™ 2.69+0.06" 0.160.006" 42.98+1.64° 6.80+0.71%
1 0 -1 209 3.45+0.34° 292+0.11" 0.11+0.002° 48.49+0.90° 6.05+0.71%
1 0 1 272 3.11+0.38%" 8.88+8.37" 0.08+0.000" 39.10£0.08° 479+1.07°
1 -1 0 142 3.08+0.47" 2.81+0.21° 0.13+0.015° 33.34+0.59° 8.06+0.71™
0 1 1 233 1.15+0.21% 2.35+0.10° 0.09+0.0032 20.43+0.32" 6.80+1.42°
-1 1 0 131 3.36+0.30%" 2.63+0.12° 0.15+0.007% 24.93+2.48° 14.48+0.53"

Xi: Concentration of Novozym (mL/L), X2 Reaction Temperature (C), X3 Reaction Time (min)
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Table 62. Analysis of variance for the effects of three variables on yield, Total Polyphenol

contents, Total Flavonoid contents, Total Anthocyanin contents and antioxidative activities

of Novozym 33095 enzyme treatment from purple-fleshed potato extracts.

DPPH
Total Total Total ] .
) ) ) radical SOD-like
Factors  Yield polyphenol flavonoid Anthocyanin ] o
scavenging activity
contents contents contents o
activity
F value 10.61 2.59 422 9.71 6.77 11.05
X4
Prob>F <.0001 0.0682 0.0068 <.0001 0.0013 <.0001
F value 10.89 2.46 0.51 12.07 5.96 9.97
Xo
Prob>F <.0001 0.0782 0.7300 <.0001 0.0025 0.0001
F value 3.64 3.17 3.63 16.21 3.85 2.85
X3
Prob>F  0.0220 0.0359 0.0141 <.0001 0.0177 0.0507

X;: Concentration of Novozym (mL/L), Xs: Reaction Temperature (C), X3 Reaction Time (min)

Table 63. Regression coefficients of second degree polynomials for yield, Total Polyphenol

contents, Total Flavonoid contents, Total Anthocyanin contents and antioxidative activities

of Novozym 33095 enzyme treatment from purple-fleshed potato extracts.

Estimate
Para Total Total Total DPPH radical ,
meters Yield polyphenol flavonoid Anthocyanin scavenging Sac():ivil‘zie
contents contents contents activity
Intercept  15.839 -2.069 12.023 -0.362 8.795 ~14.438
X, -41.000 13.631 -58.933 1.221 107.788 11.369
X, -0.192 0.100 0.150 0.006 1.368 0.239
X" -0.115 0.047 -0.212 0.006 -0.105 0.353
Xy#X 1.292 13.292 79.944 -0.333 138.479 100.792
Xo#X 0.580 -0.198 -0.020 -0.008 0.768 -1.118
Xo# X 0.000 0.000 -0.002 0.000 -0.019 0.001
Xa#X 0.144 -0.077 0.491 -0.009 -1.463 -0.116
XX 0.001 -0.001 0.000 0.000 0.000 -0.001
X3%X3 0.000 0.000 0.001 0.000 0.001 -0.002

UX,: Concentration of Novozym (mL/L), X5 Reaction Temperature (C), X5 Reaction Time (min)
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Table 64. Determination coefficients and probability of second degree polynomials for
yield, Total Polyphenol contents, Total Flavonoid contents, Total Anthocyanin contents
and antioxidative activities of Novozym 33095 enzyme treatment from purple-fleshed

potato extracts.

Regressions Linear Quadratic Cross product  Total regress
R? 0.29 0.02 0.45 0.76
Yield F value 791 0.54 12.52 6.99
Prob>F 0.0011 0.6579 <0001 0.0002
2
Cotal R 0.24 0.02 0.27 0.52
polyphenol F value 3.35 0.23 3.70 2.43
contents Prob>F 0.0397 0.8755 0.0287 0.0474
2
ol R 0.15 0.12 0.15 0.42
flavonoid F value 3.07 2.37 291 2.79
contents Prob>F 0.0403 0.0869 0.0480 0.0142
2
ol R 0.12 0.03 0.56 0.71
Anthocyanin F value 485 115 92.99 9.43
contents Prob>F 0.0063 0.3417 <0001 <0001
2
DPPH sadical R 0.34 0.30 0.11 0.75
scavenging F value 9.04 7.90 2.77 6.57
activity Prob>F 0.0006 0.0011 0.0681 0.0002
R 0.34 0.16 0.28 0.78
SOD-like
- F value 10.33 492 8.48 7.91
activity
Prob>F 0.0003 0.0102 0.0008 <0001
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Fig. 70. Contour plot for yield (%) of purple-fleshed potato Anthocyanin by
Novozym 33095 enzyme treatment.

(Conc. of Novozym 33095, A: 0.05 mL/L, B: 0.15 mL/L, C: 0.25 mL/L; Reaction
temperature, D: 20C, E: 40C, F: 60C; Reaction time, G: 60 min, H: 90 min,, I:
120 min)
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Fig. 71. Contour plot for Total Polyphenol contents (mg/g) of Novozym 33095
enzyme treatment from purple-fleshed potato extracts.

(Conc. of Novozym 33095, A: 0.05 mL/L, B: 0.15 mL/L, C: 0.25 mL/L; Reaction
temperature, D: 20C, E: 40C, F: 60C; Reaction time, G: 60 min, H: 90 min,, I:
120 min)
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Fig. 72. Contour plot for Total Flavonoid contents (mg/mL) of Novozym 33095
enzyme treatment from purple-fleshed potato extracts.

(Conc. of Novozym 33095, A: 0.05 mL/L, B: 0.15 mL/L, C: 0.25 mL/L; Reaction
temperature, D: 20C, E: 40C, F: 60C; Reaction time, G: 60 min, H: 90 min,, I:
120 min)
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Fig. 75. Contour plot for SOD-like activity (%) of Novozym 33095 enzyme
treatment from purple—fleshed potato extracts.

(Conc. of Novozym 33095, A: 0.05 mL/L, B: 0.15 mL/L, C: 0.25 mL/L; Reaction
temperature, D: 20C, E: 40C, F: 60C; Reaction time, G: 60 min, H: 90 min,, I:
120 min)
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Fig. 76. Response optimization for multi-response surface of Novozym 33095

enzyme treatment from purple-fleshed potato extracts.
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0.25 mL/L, ¥F$2% 50.39C 2 WES-A|ZF 120 min®] ZdA 255% = A ¢S Bt

Total polyphenol eF=Fe]l 749 F-3g] Alol= 3.83 mg/geledl, & AdoA F4A2 9
Tvde 3 A A mHt 436-8.04 mg/g= YEIGY. &4F% 0.15 mL/L, ¥Hg&
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AIZE 60 min¥ W 566 mg/ml= HA S BAom, o= FAHE A9 229% G0 At

Total Anthocyanin %2 749 32 Ald+= 0.06 mg/100 golR o} H As o §ihxg
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Table 65. Central composite design for Novozym 33095 enzyme treatment from red-fleshed

potato extracts and its dependent variables.

Coded

levels of Responses

variable

Total Total Total DPPH radical
radi
% X X Yield polyphenol flavonoid Anthocyanin a- @ SOD-like
: scavengin
P (%) contents contents contents o sine activity (%)
activity (%)
(mg/g) (mg/ml) (mg/100g)

0 -1 1 169 6.52+0.16" 4.62+0.14% 0.14+0.050% 4561+1.80" 19.48+0.73°
0 1 -1 179  6.99+0.09" 5.66+0.10° 0.11+0.001" 33.96+1.13" 17.93+0.75"
0 0 0 22 7.82+0.14° 5.24+0.15" 0.11+0.002' 51.63+0.37" 19.35+0.55%
0 -1 -1 1.83 6.91+0.15°% 4.74+0.01° 0.13%0.000° 44.87+1.03" 18.31+2.39°"
-1 0 1 203 5.25+0.53' 3.26+0.15' 0.11+0.002¢ 60.40+0.28" 22.06+0.02°
-1 -1 0 215 5.08+0.30" 3.37+0.14' 0.09+0.001™ 57.13+3.49" 18.19+1.11%
-1 0 -1 207 8.04+0.13° 5.35+0.17 0.11+0.001 38.48+1.16" 17.16+0.39%
0 0 0 190 6.59+0.27°" 4.39+0.16° 0.16%0.001" 51.25+0.88" 20.39+0.19%
1 1 0 19 6.11+0.182 4.16+0.06" 0.11+0.010" 57.15+1.11° 17.42+0.75%
0 0 0 228 6.74+0.49%" 4.44+0.26% 0.10+0.004%" 57.90+1.83" 20.77+1.82™
1 0 -1 158 7.13+0.24" 4.44+0.20% 0.16+0.003" 52.76+1.61" 19.22+0.37%f
1 0 1 272 5.89+0.41%" 3.57+0.14" 0.08+0.004' 62.28+0.97° 18.44+1.47°"
1 -1 0 159 4.36+0.11! 3.41+0.14" 0.17+0.002" 54.38+1.03" 20.13+0.55%
0 1 1 177 7.28+0.39" 4.22+0.14" 0.20+0.006° 51.89+2.49" 20.13+0.18%
-1 1 0 161 5.64+0.12" 3.79+0.06° 0.14+0.005% 36.33+3.29" 21.68+0.17"

X1: Concentration of Novozym (mL/L), Xz Reaction Temperature (), X3 Reaction Time (min)
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Table 66. Analysis of variance for the effects of three variables on yield, Total Polyphenol
contents, Total Flavonoid contents, Total Anthocyanin contents and antioxidative activities

of Novozym 33095 enzyme treatment from red-fleshed potato extracts.

Total Total Total DPPH radical SOD-like
Factors  Yield polyphenol flavonoid Anthocyanin scav§nging activity
contents contents contents activity
F value 866 6.84 14.26 7.04 19.58 11.28
Xl Prob>F  0.0003 0.0012 <.0001 0.0003 <.0001 <.0001
F value 9.44 4.78 453 6.92 21.41 6.30
Xz Prob>F  0.0002 0.0072 0.0091 0.0003 <.0001 0.0019
F value 742 552 17.80 413 25.16 9.66
v Prob>F  0.0008 0.0037 <.0001 0.0076 <.0001 0.0002

X;: Concentration of Novozym (mL/L), Xo: Reaction Temperature (C), X3 Reaction Time (min)
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Table 67. Regression coefficients of second degree polynomials for yield, Total
Polyphenol contents, Total Flavonoid contents, Total Anthocyanin contents and

antioxidative activities of Novozym 33095 enzyme treatment from red-fleshed potato

extracts.
Estimate
Para Total Total Total DPPH radical .
meters Yield polyphenol flavonoid Anthocyanin scavenging Si]t)ivilf;e
contents contents contents activity
Intercept  2.264 11.589 5.678 0.116 15.223 0.459
X;" -13.500 13.250 13.925 1.608 -87.825 77.150
X,” 0.043 0.113 0.089 -0.004 -0.053 0.192
X5” -0.003 -0.164 -0.070 -0.001 0.805 0.218
X1#X1 0.417 -104.979 -83.313 -1.167 352.646 -27.854
XXy 0.113 0.149 0.042 -0.014 2.946 -0.775
Xo* X -0.001 -0.002 0.000 0.000 -0.015 -0.001
XX 0.098 0.129 0.102 -0.007 -1.033 -0.474
X3#Xo 0.000 0.000 -0.001 0.000 0.007 0.000
X3#X3 0.000 0.001 0.000 0.000 -0.004 -0.001

UX,: Concentration of Novozym (mL/L), X, Reaction Temperature (C),
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Table 68. Determination coefficients and probability of second degree polynomials for
yvield, Total Polyphenol contents, Total Flavonoid contents, Total Anthocyanin contents

and antioxidative activities of Novozym 33095 enzyme treatment from red-fleshed potato

extracts.
Regressions Linear Quadratic Cross product  Total regress
R’ 0.08 0.29 0.40 0.77
Yield F value 2.37 8.34 11.62 7.44
Prob>F 0.1012 0.0009 0.0001 <.0001
2
Total R 0.22 0.47 0.07 0.76
polyphenol F value 6.15 13.27 1.93 7.11
contents Prob>F 0.0039 <0001 0.1573 0.0001
2
Total R 0.37 0.39 0.11 0.87
flavonoid F value 18.84 19.87 5.40 14.70
contents Prob>T <0001 <0001 0.0069 <0001
2
Total R 0.05 0.10 0.40 0.55
Anthocyanin F value 1.19 2.58 10.26 4.68
contents Prob>F 0.3285 0.0692 <0001 0.0004
DPPH radical R’ 0.48 0.21 0.23 0.91
scavenging F value 37.04 16.32 17.73 23.70
activity Prob>F <0001 <0001 <0001 <0001
R’ 0.24 0.07 0.47 0.77
SOD-like
o F value 6.85 2.02 13.60 7.49
activity
Prob>F 0.0023 0.1439 <.0001 <.0001
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Table 70. A && F=F4 ol 93 H&4 FAbs 55 vl
No.  Ethanol conc. (%) Abs (513nm) Anthocyanin Soluble solid (%)
content (mg/100g)
1 0 1.215 3.31+0.11 0.627
2 10 1.260 6.35+0.08 0.612
3 20 1.380 7.05+0.07 0.589
4 30 1.531 8.11+0.10 0.595
5 40 1.458 7.65+0.17 0.598
6 50 1.459 7.46+0.06 0.605
7 60 1.434 7.35+0.13 0.558
8 70 1.405 7.36+0.07 0.513
9 80 1.326 6.82+0.09 0.507

10 95 1.128 4.22+0.14 0.397
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AnthocyaninZ] Ao FZo 714 de AMEHa & AexdAs ot
(citric acid, acetic acid, lactic acid, butyric acid, palmitic acid, oxalic acid, tartaric acid &
TAME AFH7HERA ARl &olstar ST HFY ForF daglowA 7HAc]
fr714kel Citric acidolvt. o] ¢k Hlulslr] ko] AFAZ7bg okl el ARESH I Q)
ZAA A FAAAA FAAE of2EHH, B4, o] we A $FAE, o]
s, AL 5 vdd s89s Bt de s A HERRIMMYE F(Acidic sodium
metaphosphate, A =H]dlofo](F), FF=r) o e pH7F 1.8208% f7)2kHtt 3
< FFoRx pHE 4T 4 U buffer 0] Holum ey Hojdt F7]<l

Aol 22 {7]4FQ1 Citric acid9}9] AWHAH RS vl st A3t= Table 71| YEF AT

2

o rlr
o} rx ol
S a i v

S

>

o
LA ST
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Table 71. Citric Acid(CA)¢} Acidic Sodium Metaphosphate(ASM)2¢] H] 1L

Items Citric Acid Acidic Sodium Metaphosphate

Citric Acid occurs as colorless, )
White crystals. granules. or

Appearance transparent crystals. granules. or
granule powder

lumps, or as a white powder

Formula CsHgO7 (NaPOz)n
pH(1% sol.) 2.1-2.3 1.8-2.2
Arsenic(ppm) > 4 > 4
Lead(ppm) > 4 > 4

P205(%) - 68-76

Chelating value - 380-420

Citric acid(CA)¢} Acidic sodium metaphosphate(ASM)<S Al-g&3le] 7z} Shefy E R xjubo)
FZ& 542 Table 720 Yetidtt. 7 2tezdA49] s A3t =220 BExq)
gy 10W) S, AS58 FETH 30%(w/w), FEE 50T, FEAIZE 3AIo2 F A

%
Aoz solAE AFe fAstgon, A
&

b | L
4949 513mmol Aol FHEE FFol $e5E vaAgow ol 4Pl ArkFig.

- 186 -



Anthocyanin 32 A=A A9 o] =545 vy Aoz JIEAE Edoy + Al=s
25 07% steolAd CAE #H7EsE FE=E4 1010 mg/100g, ASM=S FH71st FE5 o A

1056 mg/100g .= 7}4 F&o] =3+ (Fig. 89).

7184 1YE FFS CARTH ASME AHESHAS u Gel met megoR Frhgol =
&2 B ol ASMe| o &Y, A, Aud, $5 o] f714kel CARY &
s} o] 7] W o= Az HrhFig. 90).

oy AE mgow AF AT U AAY L WY, EEYS weste] BRA o
EAohd AL FEA AEEAE 07% FFoR A A 4 A Aoz Rt
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Table 72. Atz kol o3 HEx FAlE F5& vl

No. A;s;\f[y regtgaAtor oH Abs Anthocyanin content Soluble solid

(513nm) (mg/100g) (%)

(%) (%)

1 0.0 - 417 1.547 3.13+£0.12 0.587
2 0.1 - 4.01 1.624 5.93+0.15 0.716
3 0.2 - 3.73 1.656 8.02+0.13 0.807
4 0.3 - 3.44 1.675 8.24+0.05 0.888
5) 0.4 - 3.14 1.864 8.47+0.09 1.078
6 0.5 - 2.94 1.917 9.85+0.09 1.202
7 0.6 - 2.85 1.916 10.06+0.09 1.437
8 0.7 - 2.70 2.017 10.56+0.19 1.504
9 0.8 - 2.61 2.168 9.83+0.04 1.711
10 0.9 - 2.95 2.289 9.78+0.07 1.919
11 1.0 - 2.44 2.287 9.16+0.06 1.938
12 - 0.0 423 1.464 3.13+0.12 0.562
13 - 0.1 3.86 1.576 5.25+0.09 0.692
14 - 0.2 3.59 1.605 6.89+0.11 0.724
15 - 0.3 3.48 1.708 7.86+0.15 0.879
16 - 0.4 3.37 1.727 8.17+0.09 0.776
17 - 0.5 3.26 1.878 8.47+0.11 1.081
18 - 0.6 3.22 1.832 9.63+0.08 1.216
19 - 0.7 3.20 1.927 10.10+0.06 1.362
20 - 0.8 3.16 1.859 9.12+0.12 1.442
21 - 0.9 3.13 1.978 9.05+0.06 1.559

22 - 1.0 3.12 1.960 8.15+0.07 1.576
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QurHon FAYRS FEA Azt AolAFF, A5t WeFE FEHJAE FAYR
e Fhevn 9eA gtk AW, ASH AR L EF meh 1 adke Aol gomw
B AR FEAI FHY5 hE BEA Anthocyanindl HANLS FEEHL

Table 73 e AT

FEANDY FEIFE AYsla FEXAS SEAY b 10819 FE8v, 30%(w/w)
FETFY T 07% FHF AEREA, S0CE st A¥E WPt

13] FEA FEAIT 75 AdEFTa3E2d 513nmal 419 F3 =9 Anthocyanin 3
2 T7bstd ey gl Aol A= gFgkem 3THAITE AlololAE AN FEEES YERAT
(Fig. 91). o]+ H5&x Ags 42 2 A58 A5s Agsdornz ojn] bz 2 2544
HAdigte] fFaAE WAYIE 9 o]y FEANSE EYE FaAdRe FEde 2 2971 ¢l

== on| g

T 23] FEAAE A FEEES UEUOT FEAZE A o]lFdde= HF
Anthocyanin®] total %S F3H
92).

) Abs (513nm) Anthocyanin content (mg/kg)
o

1st ext. 2nd ext. Total Ist ext. 2nd ext. Total
1 1 1.406 0.431 1.837 56.910 16.532 73.442
2 2 1.748 0.370 2.118 60.784 11.956 72.740
3 3 1.707 0.315 2.022 65.627 10.620 76.247
4 4 1.680 0.301 1.981 65.560 10.053 75.613
5 5 1.847 0.291 2.138 65.359 10.086 75.446
6 6 1.801 0.284 2.085 68.198 10.754 78.952
7 7 1.794 0.266 2.060 65.159 9.431 74.590
8 8 1.841 0.271 2.112 71.772 8.884 80.656
9 9 1.891 0.273 2.164 73.442 6.947 80.388

- 190 -



Extraction Time (hy)

Fig. 91. &4

=
B £
= ol
a4 3

100.6G0

90.G40
80.0G0
70.000
60.000 -
50.000 -
40.000 -
10.000 -
0.000 -

(By/Bw) Juisauoo uuelioyuy

Extraction Time (hr)

Anthocyanin $FH=F H] 1l

o up2

Fig. 92. =4

- 191 -



il
A
N

4

=

o

BK

-

o

o]/

ERIER

S

Aow gy dafA Ak

74°] e AT

£, 30%(w/w)

F%

101} 2]

]

g]}\

e 0.7% 3

&

N~
oy

|

el

(Fig. 94), Anthocyanin % < A] 42.449 mg/kgol A 57.678 mg/kg o &

3} A

w3l tH(Fig. 95).

A
Ho

"
o
N
o

—_
fite)

N
o%

TR
~o

|
o

A

B

.z_._u
)
el
N

A
Ho

A
Ho

)

™

CEED

AEA]

=Y

How o

e

Bty

o

- 192 -



S50l @@ Hed RuE F2E W

Abs (513nm)

Temp Anthocyanin content (mg/kg)
> o) Ist ext. 2nd ext. Total Ist ext. 2nd ext. Total
1 30 1.374 0.254 1.628 37.506 4.943 42.449
2 50 1.358 0.342 1.700 40.845 8.917 49.763
3 70 1.528 0.251 1.779 40.372 7.076 47.448
4 90 2.000 0.535 2.535 50.364 7.314 57.678
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A g =5

ot Hoto] FEEvis 5
hu] 1081 e] 30%(w/w) &= (F-71%4FQ1 Citric acid, 714kl
sodium metaphosphate), &% 50C, FEAIZF 3A1, F23 4 232 HE AA
st on Aol FEZ2S vfgo R pilot scale?] AH|E o] &3}o] lab scaleoll ] &&3}
H] a5k o

AL §F 2H 2 2 (AAAD] B FAES FEE BANE olF3te] 23

g F=
£

=
Ae 3

HHE gk 259§ pore size 5ume] JFEAEH 2705 ol &dte] FO o#Hd H T If
we] A A EE 571 (MM-0750A, maeed, st=)S o] &skel #F 60Brix7t S =5 w59

% lab scaleoll Aol &3 vlwdk A3= Table 759 Table 76°] e AT}

lab scaled]l A9 FEEd W3 F TFE=E 1.70001921 pilot scaled]l e & FFEE=
187302 < =A SAHHAL oE &Fo] AX FEVE o)Esd HU ag&Ho=

AnthocyaninZl ALV} F5H Aoz Al dC
w3k Total Anthocyanin & S A] lab scaleol A= 49.763 mg/kg®] 3L pilot scaledl] A

49.495 mg/kgo. &2 frALeE A¥E YERY ST

Hunter’'s color valueo] 2]} pilotoll A A ZH FEEL labolA AxH FEHEo v

a(redness)®} b(yvellowness) 2% Z7lstgon o= dAA| 2 MErro =71

Tt B4 E=A 239 pilotoll A AlRE FEEo] Soroww

AtH(Fig. 98).
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Table 75. lab scale¥} pilot scale A &H#2} FAHE FZE2] pH, Brix, Abs, Anthocyanin
content H] 3l

Test Abs (513nm) Anthocyanin content (mg/kg)
pH Brix
scale
1st ext. 2nd ext. Total 1st ext. 2nd ext. Total
Lab 2.77 10 1.358 0.342 1.700 40.845 8.917 49.763
Pilot 2.84 10 1.534 0.339 1.873 41.881 7.615 49.495

Table 76. lab scale®} pilot scale A &2+ F-AHE %9 Hunter's color value H] il

Hunter’s color value

L a b
Lab 53.98 52.50 20.40
Pilot 50.25 56.27 23.75

=245 =

L ]
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(AR EE 078, 308 EXtOH. 507, 3hr) x 251

: 3

o 1
(5um = 10 7 ZFIE2|XKZ2ae 220>

L 1

A =
=

Fig. 97. 5&#} HAlE9 % &5 TAHL (pilot scale)
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7v. B2 Anthocyanin 44 2429 24

Anthocyanine 7tE 21 & 2 31 Sola A FAo] o]z rhekd Mg w
b MAR FAHLCERR) GALE EEI AT AAAY tFe AEACAA 600F o]/l
WAL 1 9l Anthocyanine EF SFEAJolY W wjdA] 24 flavilium(2-phenylbenzopyrilim)
o] 7]E %o hydroxyl group®=+ methoxy groupe] &% o] U= 25 7FA 12 AH(Fig.
100).

R1 Anthocyanidin R1 R2 R3 MW
Pelargonidin H OH H 271
Cyanidin OH OH H 287

Delphinidin OH OH OH 303

Peonidin OCH3 OH H 304

Petunidin OCHs OH OH 307
Malvidin OCHj3 OH OCHs 331

Fig. 100. SFEAJo}U R o] 72 B wj A

5=} Anthocyanin] A5 FAEQ Cyanidin—-3-glucoside(C3G) ¢+
Cyanidin—3-rutinoside(C3R)2] H]&9o] 31 ALz FAHo AFHorw FZHo FHsivtn &
HA4 gtk olE syl ¢3le]  Anthocyanin EF 5 2 (Cyanidin-3-glucoside, Sigma

Aldrich, USA)¥} E&28F 55 2 5598 FAld 248t dAst=xE AT
Anthocyanin®] #2412 HPLCE ©]£3}9] solvent gradient W o2 #4131t Column<
YMC-Pack ODS-A(4.6+250mm)E A&t on, HPLC #4%72 Table 783 #th.
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Table 78. ¥-&24} Anthocyanin HPLC #41 %71

HPLC Waters e2695

Column YMC-Pack ODS-A (4.6%250mm, s-5um, 12mm)
Flow rate 1ml/min

UV Wavelength 520nm

Temperature 30T

Injection 2ul

3 (Cyanidin—3-glucoside)& 10ug/ml®] TE=2 MeOH £33t 0.45um syringe filter=
Q3 BE2EE F=de 50mg/mle] T2 MeOH £33te] 0.45um syringe filter2 ©]
&= A, B, C& 0.45um syringe filter2 o33 % HPLC® #4133t}
Anthocyanin £+ =52 (C3G)Y RTE= 10476F-° 2 HEH F=do] RT+ 106738 °0=
- FALeRA S E A oW (Fig. 101), H&A0 =55 A, B, C4 RT 9A 7217 10.682+,
10668+, 10680 o= ZwwEd ¥ w9 FAFSHA S EAHFig. 102). oo A3z Hi
ZH8F Anthocyanin 9 4] Cyanidin-3-glucoside”} =2 Anthocyanin &2 S A 4 AA

o},
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Fig. 101. Anthocyanin

3T

FE=E24(C3G) B9 w299 HPLC chromatogram

- 201 -




wm] Sample A

Ll . | | i RS A T T R e T S e T S S T T

R

MRS mAREY TERRY = T T BRI m T T TYTTTT T MO L AL AL AL 0 TTTTTETTTITTrTITY
LR T E i L1 R R AR A R AT R A L =R 1 A e 2 L [ I
s

25K
|

Bse
(‘—_
=
T

of Sample B

7.
Piiiadibii
5
S

=
¥

L=

T ) T A R T R T R T R R T A R T R R A T R ™ R ™ R R R R T R R " A
Ut

] Sample €

22 Anthocyanin A4 49 pH 3 7k A 2ol thgh bEAdS &elstr] 9kl pHE
2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 80, 9.0, 1002 =A3I}t. 2 pHEZ B-EZ4H Anthocyanin
AMAaE H7bsle] HEeE 1% TE&HE AXSAL 72 F8A4ES 10mLY cap test tubel

50, 70, 100TC9] &F2FxBW-20G, d=)olA 0730274 7tax8E Azl & dAA<Q
o] WslE olr 7] FA 1<kt color mape FEl=E Al st th(Fig. 103).

AnthocyaninA] Ao 71 & EAQ e pH AHoA e A deio] £& Zlow
FRAENeH pH7F FE&F5E L2oA FAZE 7FEA 2 E stod®: A3 ®iste a4 F5s
gttt o= HEAEtol A FE3

B odh
ox 2 2

= SExHd st Anthocyanin A A A9l ol stk FdA]S v pH
ANA A AS YERAT wEbA HT EAA Ha e 55 2 AYE, 93F 5 pHIF v
g el ThEalEe ¢dE7] 2 ADHD ' 7heAdol E=ra 4Rl A dAAR
FALFEZNLE gAT & Je T2 Ahdoz &8 = 95 Fo=E AlrdYy
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Fig. 103. ¥ 29 Anthocyanin ¢ A4 ¢] color map

FF H77F BEAE Anthocyanin A A A 4o Ao A 7|7k v X =
st7] flste] pH 3.08 A4 - QUMb UHER 5 A& AFEete] 1% w=9 MAi
Zelgar 7 4=8H9 fructose, maltose, sucrose, glucose, galactoseE 2+ 0.1%,
A7bed ek Z47ke] Al E  Anthocyanin® HUlEF34< 513nmollA FHFEE AT F
25°Ce] A= 4T Wae 25Et RystdA FHEe WatE FAgte AF7 T
A o] b S Hrbel T

25T 2] Ao M 257+ A A7V F, HEAH Anthocyanin A Ao ZF FF7F 0.1%
A7l = Maltose?t H7HeE Al87F 8ol & AS=E FRIHNL 05% H7HA =
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Glucose7t H7Fe AlE7F vlad 53dom 1.0% H7FAlol & Sucrose’t H7bd A&7}
orgAlo]l -3 HAow Cﬂ-c»]oir/}(Flg 104).

el
o995
—_ 0920
E 5. ge —s—Cantral
- 0.20 —a— Fructose O 10
b= oS = —de— b altose O 10
-& .70 Sucrose O L1075
0.65 ———Glucose 0.10%
OG0 ! T —a——aalactose O 107
Oclay 2clays 1Oodays l1ddays
Storage days (in R.T., 25°C)
1.00
095
E s —— e |
rﬁ 0.85 .
E o.20 —— Fructose 0509
o 075 —a— Maltose 0507
.& Q.70 Sucrose 0507
065 ———Glucose O 507
o.co ' —s— Galactose 0.50%
Oday Bdays 10days lidclays
Storage days (in R.T., 25°C)
100
095
E oo —— Coantrol
S o=as |
= os=0 —m— Fructose 1. 007
- ovs | — —be—PMaltose 1 007
-& o 7o Sucrose 1 0075
0G5 { —r—Glucose 1 .00
0.&0 —a— Galactose 1000
Cclay 2clays 1Locdays Lddays
Storage days (in R.T., 25°C)
Fig. 104. 3F7F ®7Fg B84 Anthocyanin A4 49 b4 v (25T)

o

olgst g3+ 4T WA 253re] A7 &, HEA8 Anthocyanin 1 12 4 9]
st adet = E]r‘ﬂ‘ii‘;}. =, 2 F7F 01% H7MA el = Maltose’t 371
AJm7F b Adol £ AoR AT 05% HI7FAll= GlucoseZt H7Hd A|57F ¥]aLF
et em 1.0% H7MAlel= Sucrose’t H7FE AlE7F A0 ¢ Aow AT
(Fig. 105).

Ok, 2ol B Alse el ofg Ao ARert ksl e Alzto]l A
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Abs (513nm)

1.00
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0.25
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075
.70
065
0.0

Abs (513nm)

Fig. 105. 977} 79 EE2}4 Anthocyanin 3 A4

Oclay Zclays 1O0clays

Oclay Zclays 1oclays

1aclays=

1adclays

—— o ntrol

—am— Fructose O.10%:
—e— Mlaltose © 107
Sucrose 0.10%:
Glueose O 100

e Galactose O.107:

Storage davs (in Refrigerator, 4°C)

—— Control

—— Fructose O 507
e faltoze 0507
Sucrose 0507

e Glucose O.50%:

—m— Galactose 0507

Storage days (in Refrigerator, 4°C)

Oday Sdays 1 0clays

d1dclays

——Control

—— Fructose 1. 009
—e— faltose 1 00%
Sucrose 1 OO0
— G lucose 1 005

—a— Galactose 1L.007

Storage days (in Refrigerator, 4°C)
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AnthocyaninA] A Ao EorA AL flavilium Ho)= Fxo] 7|13 pH, 2%, 97, &

of ol& &S W=t} Anthocyanin® copigmentations A

dojp= AA A, acylation® Anthocyaninol| Al dojiup= #
o

= 1
2 A Afolol A doju= EAFAT e w Ys 5 dth(Fig. 106).

2023 copigment %
Anthocyaniniﬂ Tt =
A A7, 18a A2 T

; Intermolecular ,
Self -association Metal complexation

copigmentaion
w0 ¢ My -

— —_—, Moy
—y — amm?  a—

Intrgmofeculgr Aglycone Sugar  Copigment Acid
copigmentation

—

Fig. 106. Anthocyanin®| copigmentation 2 35374

> ¢ T 2

Anthocyanin®] +x4 tHAAS =Y F I+ copiment=A WIFE #H=4HF2] tannic acid,
z9] 1, 5 1087} Hx==
Lo e FFes ARgH

Lo WstE Ao}

caffeic acid, chlorogenic acid, hydrobenzoic acidE AE®3s}al A A
A7reked pH 3.09] A4k - At lHER ¢hF Nl copigment®] &
H, Aze] AlsE 25T 423 4T WHare] 2575t HastdA 53
of A7 T Ao ABAEAE HIEeslh

25T A2olA 2571 AA7I7F &, BEAE Anthocyanin A A A Aol 72 Weks

Fo ol =395 Anthocyanin®] A% dAALES Eolv E¥E HoFa doH

chlorogenic acid®] & 37} 7} £3kS W caffeic acid, tannic acid, hydrobenzoic acid®]
2 2397t dSo] &AF At (Fig. 107).
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a9s
a90
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a7s
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a.&65

Abs (513nm)

—_—r— T

— = Tannic acid {1)

= Caltlfeic aad (1)

—* Chlorogenic acid (X1)
== Hydrobenzoic acid (X1}
— ¥ Hydrobenzaoic acid ({10)

a.60

Oday Sdays 10days 14adays

100
ass5
.90 -
a.85
aJ.80
azr7zs
a.70 -
a.65 -

Abs (513nm)

Storage days {(in R.T., 25°C)

— T

— 88— Tannic acid (X5)

—# Caffeic acid (X5)

— Chlorogenic acid (X5}
=== Hydrobenzoic acid (X5}
;'5::‘;’"“ Hydrobenzoic acid (X10)

Q.60

Oday Idays 10days ladays

100 -
a95
a.so

Q.85 -
a.s80
a.75
Q.70 -
a.6%

Abs (313nm)

Storage day=s {in R.T., 25°C)

——sTD

—=— Tannic acid ({10)

— Caffeic acid (10

—— Chlorogenic acid (X10}
—— Hydrobenzoic acid ({10)
”’%’@‘k Hydrobenzoic acid (10)

Q.60

Oday Adays 10days l4adays

Fig. 107. W= A=A+

olgldt gy G
Anthocyanin A 4 9]
A7tEol E&4E Ui

Storage days (in R.T.. 257C)

Azbe]l wWE 4T WAmoA 2%7ke] AR F, OB
=

g8t matel $AE ANE G F 2 s )

=

=2 g9= HYgoy 1 ol mn kg 2™ chlorogenic acid?)
Wb oA Egon} AubHom 4T YWHHAA RE WEE HmAlR H7F A BA] =

F3E vl v (Fig. 108).
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Fig. 108. "
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Oday 3days 10days

l4days

Storage days (in Refrigerator, 4°C)

aday 2days 10days

—— g

=i Tannic acid (X5)

i Caffeic acid (X5)

=== Chlormgenic acid X5}
—#— Hydrobenzoic acid (X5)

= Hydrobenz=oic acid (10}

lAadays

Storage days (in Refrigeratorn. 4°C)

Oday 3days 10days

—— g T

=~ Tannic acid {X10)

—i— Caffeic acid (X10}

—— Chlorogenic acid (X10)
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l4adays

Storage days (in Refrigerator. 4°C)
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3 +22(Gochang-gun, Jeollabuk—do, Korea)oll A A|-& %+
2 ZA5F 5 dFE A goy, BExH BE 943 (Gwangju, Korea)oll A A& ik
B = Sl Fe BAE S A B2 AMESY. EExe

& 13.16%(w/v), =% 30T, F=A17F 1
hr)¥ 24 84 A8 ZH(Pectinex Ultra SP-L9 ®% 0.5 mL/100 L, ¥ % 54.49TC,
=S Alxd 5 AAd AR&si AA Al FHAZ Amberlite

=
XAD-7& A8l on &% Anthocyaning 1% HCIE FE33 95% ethanol® &%3to] A

4

54.49C, WHEAIZF 2 hro &

ot
i
E
o
>,

ethanol %3} 2™ ethanol % A HAFEZUA A5 tf &y
& 13.16%(w/v), =25 30T, F=A17¢ <
1113} 2t} ethanol &+ sorbent?] Amberlite XAD-7% 1%

A EEAA et tHFig. 112). e AA & sAAZXSFAL HEA FAE
slo3 o

o
E
(o]
f
o2
p‘L
32
[
o
t
o
>

Lo
an
@

H stA vebsttH(Fig. 113).

Bokbunja byproduct A Bokbunja byproduct B

Fig. 109. Appearance of Bokbunja byproduct A and B.
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Bokbunya byproduct A Bokbunyja byproduct B

Fig. 110. Appearance of Bokbunja byproduct A and B after treated Pectinex
Ultra SP-L.

-

" " e ——
s -
L ———— e
- _ — -

Bokburnya byproduct A Bokburya byproduct B

-

L
EF

Fig. 111. Appearance of Bokbumja byproduct A and B before purification by
Amberlite XAD-7
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Bokburya byproduct A Bokbunja byproduct B

Fig. 112. Appearance of Bokbunja byproduct A and B after purification by
Amberlite XAD-7.

Bokbunja byproduct A Bokbunja byproduct B

Fig. 113. Appearance of Bokbunja byproduct A and B after freeze drying.

o
ot
o,
=

El

BR ko] k)

rok

SRR ERTE Ea0

i

2k A9t BE A sk #AolA ZF gAY AA &S 549 2= Table 79¢
2t} ethanol % FA7MA = HEA4 Be] F8&°] =9
Ast A3 Z+2F 0.11%9F 0.07% %2 B2 H A7) o T
22 A9 BE Ae dE G EE&AYH raw sample)d HA FE TGl o]
ethanol %3t Al & (extracted with EtOH) ¥ Amberlite XAD-7 sorbentZ s
Al & (purified sample)2] Al GAIZ Al5& dof BEA]o AL&3F T

- 211 -



EEAE Aol A HEAUS GA| o] wel Total Anthocyanin ¥ %, DPPH radical 47
5, SOD-like €45, hydrogen peroxide 2~ 5°] S7tst 23S B A2 Y Total Flavonoid
S ol A X“ﬂoﬂ olaf 1 o] A= Ao ® e THTable 80). Hi=x B 74

% Total Anthocyanin $F%, Total Flavonoid &% 2 Total Flavonoid & @ol ¢JojAwt A |
o 9l ZF7lste AS EM#F’% DPPH radical 4745, hydroxyl radical &~4% % hydrogen
peroxide A~7%52] 49 ethanol F= 3 A 55 AAUS W], dXo] tha #A2de= Aoz
E}yktH(Table 81).

A A9 BE W aLa , UE AEHY uw SOD-like FA4 TS 93 BE A &k
oA EBEzuF Aol datslE Aol A UElal, AAl Tol: DPPH radical 2A%
SOD-like &4 %5, hydroxyl radical 2~7%, hydrogen peroxide A7 2 elastase A3 &4
o 57FA A &l dolA © A JErsth weba, BEAE A AA & B2 kst
gdo] BEAE B Bty A vEks7] wiitol Anthocyanin® #2] AAE A AlREA H
AR AE ARESk Blo] vbghA siobal Ab R E A

2!

H

ir&

Table 79. Yield of Bokbunja byproduct AV and B? by isolation step.
(%)

Bokbunja byproduct AV Bokbunja byproduct B?

Raw sample 100.00 100.00
Extracted with EtOH 25.19 73.14
Pectinex Ultra SP-L enzyme treatment 19.04 30.79
Purified sample 0.11 0.07

VA Compressed byproduct.
B Centrifuged byproduct.
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Table 80. Total Anthocyanin contents, Total Polyphenol contents, Total Flavonoid
contents, antioxidative activities and elastase inhibitory activity of Bokbunja byproduct

AV by isolation step.

Total
o DPPH Hydroxyl Hydrogen
Anthocya Total Total ] ) ) ) Elastase
] . radical SOD-like radical peroxide o
nin polypheno  flavonoid . o ) ) inhibitory
scavengin activity scavengin scavengin .
contents I contents contents tivit (%) fivit fivit activity
g activity 6 g activity g activity
(mg/100 (ng/g) (ug/mL) (%)
e HerE Hem (%) (%) (%)
g)
R
awl 0.39+0.001 6.94+0.23 2.23#0.10 7351+1.81 46.62+0.66 65.46+0.54 78.85+0.64 8.81+2.11
sample
Extracted
ith
I;:é)H 0.35+0.003 8.02+0.01  2.01+0.02 74.78+0.13 51.10+1.19 76.29+0.15 84.28+0.21 5.79+6.47
sample
Purified
) 6.75+£0.001 797£353 1.19+0.14 84.55+0.08 61.82+1.13 73.37+0.99 92.73+0.05 9.72+2.54
sample

VA Compressed byproduct.

Table 80. Total Anthocyanin contents, Total Polyphenol contents, Total Flavonoid contents,
antioxidative activities and elastase inhibitory activity of Bokbunja byproduct BY by

isolation step.

Total

DPPH Hydroxyl Hydrogen
Anthocya Total Total ] . ) . ) Elastase
. . radical SOD-like radical peroxide .
nin polypheno  flavonoid . . . . inhibitory
scavengin activity scavengin scavengin o
contents 1 contents contents fivit %) Hivit divit activity
g activity o g activity g activity
(mg/100 (ng/g) (ug/mL) (%)
e Heve Hem %) (%) (%)
g)
Raw
) 0.23+0.007 1.85%0.78 150+0.19 1.85+0.78 57.64+*1.88 50.55+0.34 40.65+2.52 5.16+£5.57
sample
Extracted
ith
I;:é)H 0.64+0.001 7.49+0.10 2.13+x0.00 57.33£0.02 48.62+058 68.02+0.42 83.90+0.75 0.91+1.29
sample
Purified
) 6.67£0.001 14.83+£0.77 2.35£0.03 44.59+1.90 42.65£0.60 61.61£1.92 77.58+0.40 7.90+0.89
sample

VB Compressed byproduct.
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t}. MCX SPE cartridgeE ©] 83t Anthocyanin® 2% &8 AA &A
(1) <3

EE2HEo 2 ¥ Anthocyanines 2] A A|37] ¢ sorbent®4 MCX SPE cartridgeES A}

&5} a1, pH ZAAZ= HCl = TFAS 5%(01-1.0%)¢2 S&A =2+ ethanole] F%
(60-90%)8 =HHTE sl HA FHEAATAS A AdFHAE st MCX(Mixed
cation eXChange)L ol w3y I & Z(reversed phase adsorption)®] F+ 7}A] WlAY S
S o] g3l 1A F=Z(solid phase extraction, SPE) ¥ o & Q3= E24S 83 4 9
=2 gt} MCX SPE cartridge®] %ol ugh7]o= ol Aee E7o] F2=a, H=FA4
Zol= A Edo] FaH FASE =, Fr18 el o5 H=A Fxol FFE 489
23 EE e Aol BoABRE A EATS &A1 7 Joh(Sim et al, 2008). &= A
A= ethanol?t HWEHE 59 AR&o] K ko] 9ltk(Noela et al, 2015 Noelia et al, 2009; Hanzhi
et al, 2015; He and Giusti, 2011a).

pH ZZAZ A€¥ HCI¥ TFAYE Anthocyanin 249 <HAAS 98] AL&F ).
Anthocyanine pHoll 2|&] +Z7F W3atr] ujiFo] A W3yl wAsh=d), dubyg oz A uj
Aolal Q7D wf HMS yEbATH(Chol, 2004). w2 pHelA A4 =
flavylium ionell gt Zo= ® ¥ i ¢l oh(Cooper-Diver, 2001). 273 2 A3
= &&=+ ethanol, MIEE, T7FF T°l doH, 1 F S4I F& SHAA s o
A FAF A= F2 ethanole] #Wol o]&5 1 dvh(Kim et al, 2014).

w2l A4 A¥ Anthocyanin®] 23S H ks wi(Fig. 114), pH x4 A= HClE AH&aS 7
- ethanol 75% ZxolA Aol 7174 XAl vEFEEth Ethanol 60% 714 HCl 0.1%%& Al
L3RS w HF2Mo] 71 Adom HCIl 0.55%< 1%+ Y5k Al YEFSE T Ethanol 90% =
Ao A= HCIY s% 7o wep Mol 3ls)#] = 73{*9‘ HAth pH 24A 2 TFAE AME3s}
RS 4§ ethanol 60% Xt} ethanol 90% 7oAl o] f AstA YErWth HCIZF TFAS
el W, HClS AbEste] el AA s o %%’3‘1}01 o Zstser, HCIY s%7F 1%,
ethanol®] & %7} 75% Y HoAMol 71 kA YERS T

HUE—H
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1% HCl 1% TFA

Fig. 114. Appearances of purified Anthocyanin from Bokbunja byproduct extracts
by MCX SPE cartridge depending on acidulant, HCl (A) or TFA (B), and

ethanol concentrations.

(2) &, M7} 2 Total Anthocyanin &%

T 74 8o w2 A HCl B+ TFAY %9 ethanol® wXo] wE AHAl¥ Anthocyaning
&, 47} 2 Total Anthocyanin &#-5 ZASH A3 = Table 829 2T}

pH ZAAZA4 HClE AH&839S 45 Age] gngde F3t APHAAYg FES
54.50-63.47% =, HCI 1%, ethanol 60%<] 7oAl 7Fg =kl A7k 0.274-0.996(E 10%, 1
cm) HHZ HCl 1%, ethanol 75% =74 7Fg =9om, Total Anthocyanin a2
5.00-19.77 mg/100 go. 2 HCl 1%, ethanol 75% Z 7oA 7} =A e ¥vbdo] TFAS
ALE3EA S A &2 54.24-63.39% % TFA 1%, ethanol 60% Z7A 7H =ka, M7=

0.295-0.813(E 10%, 1 cm)® TFA 1%, ethanol 75%°]4], Total Anthocyanin 3% %<&
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5.62-16.01 mg/100 g HeI = TFA 1%, ethanol 75%°l 4] 7}4 =& =S YEFU AT

EAA Anthocyaninﬂ &, A7F 2 Total Anthocyanin %S A3 A3 pH =4
A=A HCle] TFA Bu oA vetwon w%=7F 1% 4 o E3doldar, &&A=A
ethanol®] H%+%& 60-75% oA 71 £ AFHE AU

Table 82. Full factorial design for purified Anthocyanin from Bokbunja byproduct extracts
by MCX SPE cartridge and its dependent variables.

Coded
levels of Responses

variable

HCl TFA
Total Total
X1 X2 Yield Color value Anthocyanin  Yield Color value Anthocyanin
(%) (E 10%, 1 cm) contents (%) (E 10%, 1 cm) contents
(mg/100 g) (mg/100 g)

-1 -1 6340 0.274+0.001 5.00£0.06 63.24 0.295+0.003 5.62£0.33
-1 0 5764 0.557+0.001 15.35+0.19 57.50 0.566+0.001 11.39+0.81
-1 1 5450 0.593+0.003 10.95%0.03 54.24 0.439+0.001 8.74+0.71
0 -1 6336 0.612+0.001 10.45+0.06 62.91 0.758+0.003 13.63£0.16
0 0 5783 0.824+0.003 17.43+0.22 57.15 0.575+0.001 11.21+0.55
0 1 5487 0.712+0.001 17.53+0.14 54.43 0.585+0.001 10.86+0.58
1 -1 6347 0.574+0.001 10.03+0.66 63.39 0.698+0.005 12.32+0.32
1 0 5768 0.996+0.003 19.77+0.81 57.73 0.813+0.003 16.01+0.52
1 1 5503 0.705+0.001 17.33+0.07 54.59 0.594+0.001 11.06+0.73
Xi: Concentration of HCl or TFA (%), X2 Concentration of ethanol (%)

GEEEEEEERE
Zul < oto A HCI T+ TFAS =9 ethanoliﬂ FEo] wE AAFE Anthocyanin®

4, M7} 2 Anthocyanin $F&Fol] W] X] &=
A=A HCIS AFEa A9 58 X

% W3HT}E ethanol®] 5%
¥ &, M7} 2 Total Anthocyanin $F&oll Al 5%

= AeE BA 2

o=

A7 2 Total Anthocyanm
W3yt o 2 Aoz eyt HCle
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A3+ Table 837 %t} pH %=
23S HC1Y
559} ethanol &%=
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AZA TFAS AHES 29 &0 0oJA TFA =R} ethanol 5% Wa7t ¥ 2 9
w3, A7k} Total Anthocyanin ¥ A+ ethanol F=Xt TFA % W37t ¢ & o
& mom, e Q9lo] 5% olWolA e Aol7t YEFSLTE Anthocyanin 249 A A
Al 7be 2 A kS SlE) pH 2AAE HCloluw #714hs H7beted, dubd o
Anthocyanin M4 pH7F WS w 5 & 438ttt &4# A 9lch(Fuleki and Francis,
1968; Jackman et al, 1987).

A Q9o o dste] FTEHWS =&, M7F 2 Total Anthocyanin g#S o =3}7]
93k O]X}E}ELQ?’%#ﬁ”—J s|AATE AL A3 Table 849 2k &, A7t 2 Total
Anthocyanin 3ol thsto] o] xprhahs] 7] = d 2ol o Ak} s| 7], oAk E| 4] B w237
o] 71ex=5 A% A7 (Table 85) pH =HAZA HCIE A& }2}; e 8, A7 2
Total Anthocyanin 3#¢] 79w R% dxirhas]q], o)xrtads]d] 2 wx3dd #o=2
Byt om o] x}thaks| A A A A A A Y total regression’= —Cr 5% ol A 9
ZpolE HAtE TFAS AFE319 S 49 &Y Total Anthocyanin $F#Fe] 7o) == U A}l
37, olautars] 7] R w37 o w2, MTLY Yok AT T, w3 9 oo At
37 oz yehytow olxulds|F Al AgA HANA Y total regressione BT 5%

ool A 2178 Aol Bt

O
HU
2 )

Table 83. Analysis of variance for the effects of three variables on yield, color value and

Total Anthocyanin contents of purified Anthocyanin from Bokbunja byproduct extracts
by MCX SPE cartridge.

HCl TFA
Factors
X1 Xz X1 X2
F value 11.82 10461.50 11.44 5198.87
Yield
Pr>F 0.0007 <.0001 0.0008 <.0001
F value 34.86 38.74 19.76 51
Color value
Pr>F <.0001 <.0001 <.0001 0.0083
Total Anthocyanin F value 59.17 154.76 14.78 6.79
contents Pr>F <.0001 <.0001 <.0001 0.0022

X1 Concentration of HCl or TFA (%), X5 Concentration of ethanol (%)
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Table 84. Regression coefficients of second degree polynomials for yield, color value and
Total Anthocyanin contents of purified Anthocyanin from Bokbunja byproduct extracts by
MCX SPE cartridge.

Estimate
HCl TFA
Parameters Total Total
Yield Color value Anthocyani Yield Color value Anthocyani
n contents n contents
Intercept 114.467 -5.937 -143.064 113.253 -2.079 -99.198
X1 -0.679 1.338 13.350 -1.833 1.373 22.889
X2 -1.222 0.163 3.952 -1.189 0.063 1.746
X1#X -0.329 -0.452 -10.206 1.407 -0.353 -5.150
X1#Xo 0.017 -0.007 0.050 0.007 -0.009 -0.162
Xo*Xo 0.006 -0.001 -0.025 0.006 0.000 -0.011

X;: Concentration of HCl or TFA (%), X2 Concentration of ethanol (%)
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Table 85. Determination coefficients and probability of second degree polynomials for yield,
color value and Total Anthocyanin contents of purified Anthocyanin from Bokbunja
byproduct extracts by MCX SPE cartridge.

HCI TFA
Regress
: drat C Total drat C Total
ions Linear Quz'a ra ross ota Linear Qué ra 0SS ota
ic product regress ic product regress
R* 0.9656 0.0335 0.0005 0.9996 0.9676 0.0315 0.0001 0.9992

Yield F value 1516890  526.75 14.42 6281.13  7567.57  246.59 1.31 3125.93

Pr>F <.0001 <.0001  0.0025  <.0001 <0001  <.0001 0.274 <.0001

R 0.5181 0.3663 0.0265 0.9108 0.5551 0.1320 0.0764 0.7635
Color
F value 61.02 43.14 6.25 4291 24.65 5.86 6.79 13.56
value
Pr>F <.0001 <.0001 0.0208 <.0001 <.0001 0.0095 0.0165 <.0001
Total R 0.5855 0.3803 0.0024 0.9682 0.4537 0.2140 0.0701 0.7378
Anthocy
. F value 193.57 125.75 1.59 128.04 18.17 8.57 5.61 11.82
anin
contents

Pr>F <.0001 <0001  0.2219 <0001  <.0001 0.0019 0.0275  <.0001

X;: Concentration of HCl or TFA (%), X3 Concentration of ethanol (%)
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(4) AAlEed A4 3}
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rir
;%

o

FA°l 5% ethanol® F%=o] W& AA ¥ Anthocyanin® F&9| 7| X+= g3k
FHEgHor B3 AyE Fig. 115-A, B} #Zt}h BE o= glucose, fructose
9} citric acid, malic acid, succinic acid 52 #7]4ko] th=F SHFEo A+=d, &
Abslal Fe BEiAtdbe]l =% Al F=FEo| X% Anthocyanin &9 & JEE0] B9l
=3 A Aot 1 % uronic acid®] 7 Anthocyanin H.t} =& stgFo g EA 3Tt H I
3} tH(He and Giusti, 2011b). webA], %%& % Anthocyanin® %5 ®o|7] 935t 4

Aol dQ3stH(Kim et al, 2014). Anthocyanin A& AAA &2 HCl &= TFAY %
HUpe ethanoliﬂ o F3S o ethanol F=7F Yol wel &0 FUtsleE Ao
2 Yetwt A" Anthocyanin®] &S WHSRHEA S A3 HCl 0.52%, ethanol 60.00%
d o 6345%= dSHAaL, HAE TFAS 4 -FolA+= TFA 1.00%, ethanol 60.00%% o
63.35% = o =5 AT},

A7te] WX = FeS BA3e A3 HCIF ethanole] s=o] wE W3H(Fig. 115-C)olA=
T oaglo] FASHA A= = s ¢ T dRem TFA9 ethanol®] sk wE W3
(Fig. 115-D)ellAl+= TFAS ¥% ®stol] gt g3Fdo] of & o= yeyth. HCIY
ethanol &%= W3slol] w& A7to]l X2 2712 HCI 0.87%, ehtanol 77.58% < w 0.91(E 10%,
1 ecm® =5 A1, TFAS 2% TFA 1.00%, ethanol 68.16% ¥ w 0.73(E 10%, 1 cm)®
of 5= At

AA ¥ Anthocyanin® Total Anthocyanin o] m X+ S A3 Ay HClY
ethanol®] %o W& W3 (Fig. 115-E)¢} TFA$} ethanol®] F%2 W3HFig. 115-F)cl A
5 5 aclel ARl d3Fe vixle Ado® dewth HCIY 4% H4 o= HC
0.80%, ethanol 84.34%<Y w| “gA]¥ Anthocyanin®] Total Anthocyanin =<2 19.77 mg/100
g o2 d=FHAa, TFAS 4%+ TFA 1.00%, ethanol 66.58% 4 w 16.01 mg/100 g o=
of| 5= At
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HCl =+ TFAY F%E9} ethanole] %o W& AAl¥ Anthocyanin®] &, A7} 2 Total
Anthocyanin 3S Thaib-gRHe HAsWH o 2N vk 45 o] &sto] THUTES] 7t
12 3 T¥How Ads 23 pH =47 HCIY 74 -9-(Fig. 116-A) H# A A
HCl 0.97%, ethanol 69.53%¢] Zdo|domm ojuje] =& M7} 2 Total Anthocyanin
Z+7} 59.52%, 0.86(E 10%, 1 cm) % 17.47 mg/100 golAq L ZREE Q] 5=+ 0.74 ©]
. TFAI M 9] (Fig. 116-B) 4 A =712 TFA 1.00% ethanol 60.00%<] Z=710]%] o™
o] &, A7} % Total Anthocyanin %32 27 63.35%, 0.76(E 10%, 1 cm) % 1354
mg/100 gol L ARl vk 0.89 o] AT

rlo rflo
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Fig. 115. Contour plot for yield (%), color value (E 10%, 1 cm) and Total
Anthocyanin contents (mg/100 g) of purified Anthocyanin from Bokbunja
byproduct extracts by MCX SPE cartridge. (A, B : yield, C, D : color value, E,
F @ Total Anthocyanin contents)
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Optimal
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07410 |,

Yield
Targ: 63470
y = 535201

d = 0.58290

Color value
Targ: 0,990
y = 0.8587
d=0.627%0

Total anthocyanin
contents

Targ: 19770
y = 174687
d = 0.64524

Fig. 116.
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d=09%39

Color value
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Total anthocyanin
contents

Targ: 16,010
y= 135439
d = 0.77601

Response optimization for multi-response

(B)

Concentration Concentration

of TFA of ethanol
1.0 1.0
(1.0) [-1.0]
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o

surface of purified

Anthocyanin from Bokbunja byproduct extracts by MCX SPE cartridge. (A :
HCIl, B : TFA)
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2}, HP-20 cartridgeE ©]-&3F Anthocyanin® 27 #|
(1) <9

Anthocyanin G A &Aoo HP-20 cartridgeE sorbent® AF&3t31 F 7FA 29102 pH
ZAAZA HCl == TFA 9 §%(0.1-1.0%)° &EFAZA] ethanol® &%X(60-90%)° u}zh
A ¥ Anthocyanin®] <38 AR Fig. 1173 #Zt} Iontec Abell o3k HP-202 high
porous type #3FHARA vitaminf, FAEZ, steroidZl, enzyme 5 Z+E %’&i}@“‘é%@
o F&, &g, AA FE AFEEI QT HP*ZOg euolowm HE o FAaA A FE &
ol A1 ODS-A gel % Sephadex LH-20 Bt} & #& 3 A3 S-S Biithes A+4 947

243L(Son and Choi, 2013), &%} B7] w59 & @ u@AA vdA AAE 9% LA
Aol SP-207, SP-700 R SP-80Xt =2 F&S Atk 7237 tk(Son and
Choi, 2013). T=3F F& A= HP-20 A& Aol F= ethanol ¥ W&o &A= AFEHTHL
B 3150 9l th(Stephen, 1998; Ikuo et al, 2002; Chen et al, 2006; Chang et al, 2005).

#2]¥ Anthocyanin® A4S H S wl, HCIS AFE33S 4% ethanol 60%°lA &4

o] 7k A3Al YEsE S, ethanol 75% ZAolA 90% Hoh 2 ¢ A3 H242 yE
t}. Ethanol 60% ¥ &= HCIY F%7F Yol el me} H2Mo] Falx= AS & + ATt
TFAE AF83F9 S 74 -$-ol+ ethanol 75%¢F 90% Z 7oA 743k E2MS YelU =4, TFA

0.1% Z71o) A= ethanol X #A GOl Al A&7 v =8t =302 eI, ethanol 60%
1A= TFAY %7 motdel met F24o] Asixl= AS ¢ + Ak HCIZ TFA
2 nlueE w, Awrz o HCle] TFA Ht} H2Mo] s 912 Rt ethanol 60% 2314 =
TFA®] H-24o] Zetdal, HP-20 cartridge®] -9 HCI®] X7} 0.1%, ethanol® &X7f
75% 4 W HF2Ao] 7HE WA dEru
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0.1% HCI

1% HCl 1% TFA

Fig. 117. Appearances of purified Anthocyanin from Bokbunja byproduct extracts
by HP-20 cartridge depending on acidulant, HCl (A) or TFA (B), and ethanol

concentrations.

(2) &, M7} 2 Total Anthocyanin &%

T 74 8o w2 A HCl B+ TFAY %9 ethanol® wXo] wE AHAl¥ Anthocyaning
&, M7 9 Total Anthocyanin &#-S ZAMSH A= Table 862 2Tt HCIY 7 -f-ol &
2 Ay Fuygy 3k AFHEoA e &2 25.08-7093% M= HCl 0.55%, ethanol
60%2] A 7Hd E=kom A7t 0438-2.155(E 10%, 1 cm)® HCI 0.55%, ethanol 75%
o] AN 7 =2 FS Bt Total Anthocyanin $H#2 5.13-1654 mg/100 ¢ HY =
HClI 1.00%, ethanol 90%¢] Z7olA 7Hd =tk wbHe TFA®S Afole T&2
26.61-59.36% = TFA 1%, ethanol 60%°lAl 7} =kom, A7k= 0.402-0.885(E 10%, 1 cm)
2 TFA 0.1%, ethanol 90%-¢°l 4], Total Anthocyanin ¥ =<2 4.87-16.96 mg/100 g2 HS=

- 224 -



TFA 0.1%, ethanol 90%°lA 7Hd =< =S el A
A3t ot ¢f2lo A HP-202. % Anthocyanin +2] A A &< 554% % 0.001% Xt} =LA
E}lv}(Son and Choi, 2013a; Son and Choi, 2013b) ¥ A3 o] FZ3Ad o8& F&d
HP-20< ©] &3t Anthocyaning 8] @ A sl= Ao x4 ot AztEt}.

AA Y Anthocyanin® <&, 27} % Total Anthocyanin %< S}
Al HClo] TFAR Y §-FstA Uetyon A =49 ethanold &
F EFS AYRE dAuh

Table 86. Full factorial design for purified Anthocyanin from Bokbunja byproduct extracts
by HP-20 cartridge and its dependent variables.

Coded
levels of Responses
variable
HCI TFA
Total Total

X1 X2 Yield Color value Anthocyanin  Yield Color value Anthocyanin

(%) (E 10%, 1 cm) contents (%) (E 10%, 1 cm) contents

(mg/100 g) (mg/100 g)

-1 -1 6645 0.449+0.003 5.61+0.24 4417 0.547+0.003 10.81+0.22
-1 0 2996 0.584+0.003 14.09£0.23 37.31 0.659£0.001 12.40+0.14
-1 1 2802 1.591+0.003 14.93+1.07 26.61 0.885+0.005 16.96+0.06
0 -1 7093 0.576+0.003 5.13+0.13 56.82 0.402+0.003 7.18+0.31
0 0 2590 2.155+0.003 15.60+0.60 31.90 0.836+0.003 4.87+0.39
0 1 36.24 1.278+0.003 11.43+0.23 36.81 0.585=0.006 11.18+0.06
1 -1 66.70 0.438+0.003 5.42+0.00 59.36 0.419+0.001 7.33+0.05
1 0 3138 1.853+0.008 13.68+0.59 37.84 0.625+0.001 11.63+0.04
1 1 2508 1.884+0.005 16.54£0.74 42.05 0.516+0.003 9.67+0.52

X;: Concentration of HCI or TFA (%), X5 Concentration of ethanol (%)
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(3) ol Arha )7 34

Zule <tol A HCl =& TFAC %9 ethanol® F%ol w2 A Al¥ Anthocyanin®
&, M7 9 Anthocyanin &l v+ AES #4F 243 Z3}= Table 873 #t} pH %=
AAZA HCIE AHE3 S T, AM7F 2 Total Anthocyanin 39 7%= 9&FS HCl &
L W3HY ethanol v% W37l of & o2 yewkon, &3 Total Anthocyanin &

ethanol =% 5% o|WolA 24 Zol7F Yk, M7= HCl %9 ethanol 5% 25
ol A e Atol7t YERG T pH ZAEAZ TFAE A&std s o, F&3 A7te=
ethanol &%= W stel] tfst d&Fo] A YEFA T Total Anthocyanin 352 TFA % W3}
of tigt 3ol ¥ =ZA YErYa, F&, AM7F E Total Anthocyanin oA TFA F%<f
ethanol &% EF 5% ool 974 zbol7} vrERytt
Al 2lel FFdd gty FHEAFA &, M7 @ Total Anthocyanin 3&s o 53}17]
S R A R R R _]-7474]—’?3 AlLke A3s= Table 883 ot &, A7} 2 Total
Anthocyanin 3ol theto] o] x}thals] 7 =d 2 ol o] Axe}aksl ], o2 thaks] 7] 9 b3 7
o] 7= HAT A3 (Table 89) pH 2dA =4 HCl @ TFAS AH&3AS o 2% 8,
A7F B Total Anthocyanin $&e] 71 =7 AAthars] 7], o|Avheksl7] B wA3|4] co=
UElsrom  olxtals| 7 ard A A HA- A Y total regressionS EF 5% ool A
o) ztolE H

Table 87. Analysis of variance for the effects of three variables on yield, color value and
Total Anthocyanin contents of purified Anthocyanin from Bokbunja byproduct extracts by
HP-20 cartridge.

HCI TFA
Factors
Xl X2 Xl X2
F value 1.19 161.57 5.67 22.69
Yield

Pr>F 0.3556 <.0001 0.0118 <.0001

F value 3.29 15.02 8.00 15.82

Color value

Pr>F 0.0408 <.0001 0.001 <.0001

Total Anthocyanin F value 1.50 85.65 14.78 6.79
contents Pr>F 0.2435 <.0001 <.0001 0.0022

X;: Concentration of HCl or TFA (%), X3 Concentration of ethanol (%)
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Table 83. Regression coefficients of second degree polynomials for yield, color value and

Total Anthocyanin contents of purified Anthocyanin from Bokbunja byproduct extracts

by HP-20 cartridge.

Estimate
HCI TFA
Parameters Total Total
Yield Color value Anthocyani Yield Color value Anthocyani
n contents n contents
Intercept 613.108 -13.589 -119.741 290.438 -3.758 -59.198
X3 25.185 0.835 -10.015 14.214 0.468 22.889
Xo -14.425 0.360 3.335 -6.362 0.110 1.746
X#X1 -15.267 -1.004 4.900 -3.062 0.004 -5.150
X1#Xo -0.118 0.011 0.067 0.009 -0.009 -0.162
Xo#Xo 0.088 -0.002 -0.020 0.038 -0.001 -0.011

Xi: Concentration of HCl or TFA (%), X, Concentration of ethanol (%)
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Table 89. Determination coefficients and probability of second degree polynomials for yield,
color value and Total Anthocyanin contents of purified Anthocyanin from Bokbunja

byproduct extracts by HP-20 cartridge.

HC1 TFA
Regressions ) ) Cross Total ) ) Cross Total
Linear Quadratic Linear Quadratic
product regress product regress
R® 0.7134 0.2617 0.0008 09760 0.7154 0.1610 0.0000  0.8764
Yield F value 178.31 65.41 0.41 97.57 34.72 7.81 0.00 17.01
Pr>F <.0001 <.0001 05323 <.0001 <.0001 0.0067 09684  <.0001
R 0.5685 0.1474 0.0059  0.7218 0.4972 0.1956 0.0652  0.7580
Color
F value 21.45 5.56 0.45 10.90 21.58 8.49 5.66 13.16
value
Pr>F <.0001 0.0115 05102 <.0001 <.0001 0.0020 0.0270  <.0001
Total R* 0.6689 0.2494 0.0045 09229 0.4537 0.2140 0.0701 0.7378
Anthocy
) F value 91.05 33.95 1.24 50.25 18.17 8.57 5.61 11.82
anin
contents -, o <0001 <0001 02788 <0001 <.0001 00019 00275 <.0001

Xi: Concentration of HCl or TFA (%), X2 Concentration of ethanol (%)
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(
o

FE9 ethanol®] F %o W& AAl¥ Anthocyanin® & "X+ 94
Wl g EAMo 7 BA3 Ay Anthocyanin A A&l A HCIH ethanold] %o weE
= HCI9 #% HEu+= ethanol? Fxo] 9&&S 2ol w3 ethanol?
sV USFE Fgo] e S Wtk TFAS ethanol ¥=9 W3H(Fig. 118-B)olA &
TFA®S] FX ¢} ethanol®] %7} FAFSHAl &S mX™, TFAS X7} Y, ethanol®] &
T =& T80 FUIst= AeS HAY. ZAE Anthocyanin® F&S W W A
g A3 HCI 0.59%, ethanol 60% 9 w7F HZ xxdo=® 70.12%= oFH At v TFA9
7499l TFA 1.0%, ethanol 60%<Y wj 58.37%% ¢
A ¥ Anthocyanin®] A 7}oll v x| = J&&FS A3 23 HCIY ethanole] s wh& ¥
sh(Fig. 118-C)ollAd= F f]lo] M7lel FALeHA F&Fe vA= As & F A HCl
ethanol®] #%7} %=& uf 477t Eolx& AEFS Btk TFAS ethanol®] F=of] wWE
sh(Fig. 118-D)ellA %= F+ &8Rlo] fFAMSHAl 93-S X ™, TFAS %7} Sil ethanol 5%
7F =5 w A7 S7rek Tk HAd 2712 HCl 0.88%, ehtanol 84.03% 4 o 1.93(E 10%, 1
cm)Z 9 ZE A, TFAS oA = TFA 0.10%, ethanol 83.32%Y wl 0.84%2 o &% At}
AAE  Anthocyanin®] Total Anthocyanin o] wm] X d3ks B3 Az HClH
ethanol®] %o W& W3l(Fig. 118-E)°l A+ ethanol® %7} 9ol 1 HCIO 5%
o} A#glo] ethanol %7} w5 w Total Anthocyanin 3F#°] EHtth TFASF ethanol®] ¥
Lo w®Wsk(Fig. 118-F)olA = dF=Hol FANG ZAo= yeywsd, TFAS &7 v
ethanol 5%=7} 75% ©]4< Wl Total Anthocyanin $t&o] =4 YEelyth. H2 =748 HCI
1.00%, ethanol 83.12%% wl 16.26 mg/100 g2 =, TFA 1.00%, ethanol 66.99% ¥ uw] 14.75
mg/100 g& & o =%tk

0,

%3 oo
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HCl =+ TFAY F%E9} ethanole] %o W& AAl¥ Anthocyanin®] &, A7} 2 Total
Anthocyanin 3%& tsRt&EA e HAstYH oA W s o] fsto] FEMFE] T
S 12 T3 TgHo= wost A3 pH 2AA7F HCISY H-$(Fig. 119-A) H#3 AA|
HCI 1.00%, ethanol 67.18%<2] Zo|¢lom™ ojuwe] =& M7} 2 Total Anthocyanin
2y 7y 43.65%, 1.26(E 10%, 1 cm) % 11.13 mg/100 gol 3 AREH <l %= 0.479]
. TFAI M 9] (Fig. 119-B) 4 A =712 TFA 0.95% ethanol 70.10%<] Z=710]%] o
o] &g, A7} 9 Total Anthocyanin a2 27} 44.12%, 0.60(E 10%, 1 cm) 2 14.86
mg/100 gol il A2l &= 0.58°] At
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Fig. 118. Contour plot for yield (%), color value(E 10%, 1 cm) and Total
Anthocyanin contents (mg/100 g) of purified Anthocyanin from Bokbunja
byproducts extracts by HP-20. (A, B : yield, C, D : color value, E, F : Total

Anthocyanin contents)
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(A)

Concentration  Concentration

‘ of HCl of ethanol
o 8 ol (ol
ur -
047214 191 -1 -1.0
Yield
Targ: 0330 B e~ N | L. (—
y = 436516
d = 0140609
Color value /
Targ: 21580 | ____ R ik
y = 1.2628 /v‘“
d = 0.49165
Total anthocyanin
contents
Targ 1654000 ________ - [..-:
g1 | |
d=052715
Fig. 119. Response

Optamal Hi
Cur

058083 |

(E)

Concentration Concentration

of TFA

1.0
(0.8902)
-1.0

of ethanol

1.0
(-0.3266]
-1.0

Yield
Targ: 59.360
y= 41175
d = 054309

Color value
Targ: 0.6850
y = (.59
d = 0.40435

Total anthocyanin
contents

Targ: 16,010
y= 14,8638
d = 0.69094

optimization for multi-response

surface

of purified

Anthocyanin from Bokbunja byproduct extracts by HP-20 cartridge. (A : HCl, B

: TFA)
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ul. Amberlite XAD-75 ©]-83%F Anthocyanin® #& A A &4

(1) <19

Anthocyanin A A& Ao 4 Amberlite XAD-75 sorbent® A&t F+ 714 8o % pH
ZHAZA HCl E== TFA 9 $%(0.1-1.0%)2 &&= A=A ethanol®] &%(60-90%)°l whet
A ¥ Anthocyanin® 38 A}z Fig. 1203 #t}. Sigma Akl 2] Amberlite XAD-7
=2 &Y =& EETL *‘—ETZJO]Uﬂ *4‘5—’17“ At FF0] bt FEAOEFEH FE o]
, T Bl A7 sEe A, 14, 3FE A AMEEE LA FER At FE 4
EF7Fgolv AEFA L AleE Fokd ]%5]“’4, & EA =+ ethanol R HlEE Fo] AREHT
(Francois et al, 1992; Yuko et al, 2000; Michael et al, 2003; Andreas et al, 2000).

w2l¥l Anthocyanin®] A4S HW o2 A5E°] A3 F24S Yelhd Fe dls] HCIS
A&3FaL ethanol &%7F 60% 9 Wl H24o] AWl Ve on, HCIY sX27F ol
oel Heo] o oﬂo}ﬂl Uelsth dA g o2 HCl Rue TFAZF 524
TFA 0.55%, ethanol 75% ¥ wf &H-2o] 713 X8kA eyt

It rlo

(A) (B)

0.1% HCl 0.1% TFA

0.55% HCI

1% HCl 1% TFA

Fig. 120. Appearances of purified Anthocyanin from Bokbunja byproduct extracts
by Amberlite XAD-7 cartridge depending on acidulant, HCI (A) or TFA (B),

and ethanol concentrations.
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(2) &, M7} 2 Total Anthocyanin $F=F

T 7R Qo2 A HCl =& TFAS %9} ethanold] %o W& A A% Anthocyanin®
&, A7} 2 Total Anthocyanin 35S FAFSH A3 Table 903 2t}

HCle] Aol= & Ade Srdg 3 dddoe &2 1696-63.09%= HCI 0.1%,
ethanol 60%°] ZA 7} =gom A7k= 0.453-4.305(E 10% 1 cm) H91= HCI 0.55%,
ethanol 60%°] x4 714 =& S HATH Total Anthocyanin 3% 4.32-31.67
mg/100 go=2 HCI 0.1%, ethanol 90%2] Z71olA 7} =St} HbHo] TFAS A g-ol&= &
< 2392-50.86%= TFA 0.1%, ethanol 60%°lA 7+4 =kom A7k= 1.020-2.187(E 10%, 1
cm) HY = TFA 055%, ethanol 75%¢°l A, Total Anthocyanin $F#< 10.08-21.52 mg/100 g
9= TFA 0.55%, ethanol 75%°14 7F¢ %2 gk YERUATH

AAE Anthocyanin® F&, M7} 2 Total Anthocyanin %S 243 Ay pH 2 A
A HCle] TFAR Y ¢3tA yetwton &A1 249 ethanol®] T2+ 7
T A94E Ak
Table 90. Full factorial design for purified Anthocyanin from Bokbunja byproduct extracts
by Amberlite XAD-7 cartridge and its dependent variables.

Coded
levels of Responses
variable
HCl TFA
Total Total
X1 X2 Yield Color value Anthocyanin  Yield Color value Anthocyanin
(%) (E 10%, 1 cm) contents (%) (E 10%, 1 cm) contents
(mg/100 g) (mg/100 g)
-1 -1 63.09 0.758+0.003 6.78£0.27 50.86 1.042+0.003 10.34+0.24
-1 0 2536 2.180+0.008 20.14+0.13 27.38 1.482+0.003 14.62+0.68
-1 1 1712 3.224+0.008 31.67+0.06 23.92 1.965+0.039 20.04+£1.12
0 -1 5226 4.305+0.005 5.65+0.17 41.70 1.260+0.003 12.37+0.22
0 0 2525 3.162+0.003 28.52+0.09 24.78 2.187+0.003 21.52+0.26
0 1 1696 2.469+0.005 22.90£0.65 34.87 1.020£0.003 10.08+0.09
1 -1 62.04 0.453+0.003 4.32+0.06 36.34 1.240+0.026 11.43+0.21
1 0 2516 2.969+0.003 26.36+0.72 30.75 1.562+0.028 15.15+0.47
1 1 17.30 3.445+0.003 30.13+0.37 31.37 1.776+0.023 16.78+0.46

Xi: Concentration of HCl or TFA (%), X, Concentration of ethanol (%)
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(3) ol Arha )7 34

Zule <tol A HCl =& TFAC %9 ethanol® F%ol w2 A Al¥ Anthocyanin®
&, M7} ¥ Anthocyanin &l v X &= AES EAaF A3 A= Table 913 #t} pH %
AAZA HCIE AFES A9 & % Total Anthocyanin & ol ]i]% 3 3F-S ethanold] &
T W37 HCIY v % ®stit & Ao 2 yvestia, A7te] 49 TFASY 5% Wsirh g3kol

t] A YEyth Ethanol®] ¥%+% & % Total Anthocyanin %L%kﬂ]/ﬂ 5% ol ¢
A ZFolE Btk pH Z2AAZ2A TFAE AH&3F 49= 48, M7F 2 Total Anthocyanin
& E5F ethanol®] % W37t TFAS % W3Rt & AS=Z YEW I, ethanol &%
5% o] el A WTJH Afol & E—}\AT;]_

28] Q92le] 5o tste] FE5W &, M7 9 Total Anthocyanin $F&S o =35}7]
s O]i}‘:}@ﬁﬂ%’d 19l ﬁ?ﬂﬁ]ﬁg AAkg A= Table 929 2t &, 471 % Total
Anthocyanin ol theto] o] x}rhats] 7| = 2 ol & Axr}ats] 7], o|xthaks] 7] 9 3] 7
o] 7l9dxE& AAT A} (Table 93), pH =HAEA HCIE At&stds W &3 Total
Anthocyanin 339 7|ole= dxthaks] 7, ojxtheks| 7 9 wAkS| ] o yeuion, A

7k 7l me olxntats] A, Aok B w3 o8 UER T o] xhukEks] 7] =] A
A3 HAAN A total regressione &, A7} 2 Total Anthocyanin $F& X5 5% ©] ol
A el ZfolE HAth TFAE AHEetdls W 789 7ld=7F dAnas] 4, u 3]
2 oolxtteEksl A o' UEwow, M7l o= o|xuEks]y], dAad]y] B w3
7 o2 eSS, Total Anthocyanin $FsFe] 7o 2= dxvhets] 4, o|xvtas]# 2 uxk
3|9 £oz vt} ol xrialE A2 A HAAo| A9 total regressione &, M7}
2 Total Anthocyanin &% 25 5% o|lolA FA *ol& HA

Table 91. Analysis of variance for the effects of three variables on yield, color value and
Total Anthocyanin contents of purified Anthocyanin from Bokbunja byproduct extracts by
Amberlite XAD-7 cartridge.

HCl1 TFA
Factors
X X, X X,
F value 2.20 258.68 757 32.46
Yield

Pr>F 0.1404 <.0001 0.0042 <.0001

F value 2.58 2.31 0.35 4.83

Color value

Pr>F 0.0810 0.1056 0.7876 0.0104

Total Anthocyanin F Value 022 7637 046 512
contents Pr>F 0.8831 <.0001 0.7111 0.0081

Xi: Concentration of HCl or TFA (%), X2 Concentration of ethanol (%)
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Table 92. Regression coefficients of second degree polynomials for yield, color value and

Total Anthocyanin contents of purified Anthocyanin from Bokbunja byproduct extracts

by Amberlite XAD-7 cartridge.

Estimate
HCl TFA
Parameters Total Total
Yield Color value Anthocyanin Yield Color value Anthocyanin
contents contents
Intercept  457.067 -8.729 -232.418 315.786 -8.857 -89.522
X1 -22.943 4.994 -6.495 -60.515 0.987 11.114
Xo -10.006 0.248 6.136 -6.794 0.261 2.623
XX 17.391 -5.633 4.335 -1.712 0.110 0.343
X%Xo 0.046 0.020 0.034 0.814 -0.014 -0.161
XoxXo 0.057 -0.001 -0.036 0.039 -0.002 -0.016

Xi: Concentration of HCl or TFA (%), X, Concentration of ethanol (%)
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Table 93. Determination coefficients and probability of second degree polynomials for yield,

color value and Total Anthocyanin contents of purified Anthocyanin from Bokbunja

byproduct extracts by Amberlite XAD-7 cartridge.

HCI TFA
Regressions . Quadrat  Cross Total . Quadrat  Cross Total
Linear . Linear )

ic product regress ic product regress
R 08680 01168 00001 09849 04236 02647 02025  0.8908
Yield F value 34483 46.40 010 15651 2326 1454 2224 1957
Pr>F <0001 <0001 07590  <.0001  <.0001  0.0006 00005  <.0001
R 01795 02229 00055 04079 01866 01945 00280  0.4092

Color
F value 318 395 0.19 2.89 3.32 3.46 1.00 291

value
Pr>F 00620 00349 06636 0038 00560 00504 03295  0.0378
Cotal R 07814 01346 00002 09162 02016 01883 00347  0.4246

Anthocy
: F value 9795 1688 0.05 4594 368 3.44 127 3.10

anin

contents  , g <0001 <0001 08195 <0001 00427 00512 02733  0.0300

Xi: Concentration of HCl or TFA (%), X2 Concentration of ethanol (%)
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HCl =+ TFA®9 %%} ethanol® T %ol W& AA¥ Anthocyanin®] 8ol "X+ g3k

on ?_%Eﬂl‘i—’ﬁ.‘?jg X% ZAy+= Fig. 121-A, B9} Zt}. Anthocyanin 7 A3 7 ol A

i TFA®] TRt ethanol®l FXko] dFS ¥ Ao yeiylth pH 2dA2A

HCl9 5% H3le} &4 & ethanol % W3l @2 AA ¥ Anthocyanin® &< ws$ 3%

W A% 243 HCI 0.10%, ethanol 60% ¢ w7t 2 o= 60.79%= o=k HbH
TFAS] Z$-olA & TFA 0.10%, ethanol 60%Y W 48.96%= o= %] 31t}

A A E Anthocyanin®| A 7)o v 2= d&¢S B3 23 HCIYF ethanol®] wXo] wE
sh(Fig. 121-C)olA = HClO 5% ®stel digh d3Fge] o & A& & + Addemn, TFAS
ethanol®] wXo] W& W3 (Fig. 121-D)ol A= ethanol®] %= W3le] sl JFHo] ¢ &=
Aoz yelsth HCIF ethanol 5% W3lo] wE A A ¥ Anthocyanin®] 2712 % _%Zj%
HCI 0.55%, ehtanol 88.59% ¢ uf 381= o|SHH At HbH TFAS 4 folA = TFA 0.10%,
ethanol 80.69% % ™ 1.80°.% o Z5 it}

A A" Anthocyanin®] Total Anthocyanin $Fafol vX&= J3S #A3 23 Fig. 121-E,
Fol o HCl £+ TFAS §$EZHTE ethanol®] s%o J&S v Aoz eyt

A z702 HCI 1.00%, ethanol 87.23% %Y d “d#|¥ Anthocyanin®] Total Anthocyanin 3=
£ 2971 mg/100 go & o =5 tt v TFAS 79+ TFA 0.10%, ethanol 81.52% < wj
18.11 mg/100 go. & o =5 At}
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HCl =+ TFAY F%E9} ethanole] %o W& AAl¥ Anthocyanin®] &, A7} 2 Total
Anthocyanin 358 ThaRbexdH e FHAsH oz S 345 o835t THHFES] 7}
12 53 TFHe= dAdst A7 pH =&A7F HCIQI 25 (Fig. 122-A) 2 A A
HCl 0.56%, ethanol 68.17%2] Zzo|¢lom™ ojuwe] =& M7} 2 Total Anthocyanin
w2 Z}7} 35.14%, 3.19(E 10%, 1 cm) % 1759 mg/100 go] il ARk4Ql w%+= 0.52 ©]
t}. TFAol A ¢ (Fig. 122-B) #A AA 227112 TFA 0.10% ethanol 69.28% 2] Z710] 3] 0.
wjo] 48 A7} 2 Total Anthocyanin %2 Z+7} 33.99%, 1.57(E 10%, 1 cm) % 1564
mg/100 g o] AHrAQl wHE = 045 ol At
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Fig. 121. Contour plot for yield (%), color value (E 10%, 1 cm) and Total
Anthocyanin contents (mg/100 g) of purified Anthocyanin from Bokbunja
byproduct extracts by Amberlite XAD-7. (A, B : yield, C, D : color value, E, F

: Total Anthocyanin contents)
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(A) (B)

Concentration  Concentration Concentration Concentration
. of HCl of ethanol . of TFA of ethanol
Opt;)mal 0 [05'1%7] [nlzig%] Omfl)mal 0 [l'%l [Ulég 6)
ur ' U ur -l -0.381
05225 1] 10 -1.0 0828 1o 10 1.0
Yield \ Yield
Targ 63090 |~ | __~| Targ: 50,860
y = %1408 EEE T S s e
d = 0.40647 d = 0.39449 T \_,

Color value Color value
{.-.—.—. ——:'."'L'.f: - [.\.-

Targ: 43050 / Targ: 2.1870
y= 316883 y = 1569
d=071403 d = 0.47966

Total anthocyanin Total anthocyanin
contents contents /\

Targ: 31,670 law | el . Targ: 21.520
= 17,5681 y = 15,6438
d = 049108 d = 048991

Fig. 122. Response optimization for multi-response surface of purified
Anthocyanin from Bokbunja byproduct extracts by Amberlite XAD-7 cartridge.
(A : HCI, B : TFA)

7. Citric acid®] F=°] wz} 2] A A 3 Anthocyanin® 7|4 #®]L

AFAMETA A vgF AdMAE HYgF dds BAF e B oMY A &
o ethanol T+ WEEE FEoto] Aozl Maiga Bojso] 9l7] wiwol, o A3 elA
HCl =+ TFAZS Alg3ste] 22 AAE Anthocyanin MAS 2 EHA7MEEA o] &3l 44
SFAA S agldtojolditl. welA HCl = TFAY A A=A 28715 3 f7]4F citric

acidE pH ZHAZ AE-3F9] Anthocyanins 2] 4] 3}
BAuHS AR st HH ethanol % ZAME o &) vl & 1316%(w/v), FE SR
30C, FE=A12 1 hnd ¥4 24 A8 =4 (Pectinex Ultra SP-L¢] 5% 05 mL/100 L, ¥+-&
2% 5449C, ¥H$-A7F 2hr)ol & AFRH FEFES HP-20 sorbent% o] &3} Anthocyamn

e



g AA tATE AAES &% A EEAEZA 60% ethanolS AFE3F AL, citric acid(CA)
T2 0, 04%, 0.7%, 1.0%(w/v)2 ZA3}o] citric acid®] ®%=°] we} phytochemical %t

ml

=]
U
=
(¢}
o
A%
A

: gikstgA 9 7leAdE Bl 48]l Citric acide= WA7F §laL =71 =

o AR EEA ARSEY i 59 At FWA ol&H1 dow,

Anthocyanin MAE otA 3 sle] MA FEE F7HAZItt L By 7| = 39t (Park et al, 2004;

Lee et al, 1996; Hong et al, 2002). %3+ ascorbic acid, acetic acid % lactic acid X.t} citric acid

£ AHESle W o] =1 EYds 9ol =4 yEuita ¥ i(Jeong and Seo, 2009)

H vk 9le] HCl 2 TFA WA A2 A citric acid®] AFg2 A gsirhal 2o,

ANBgEe 18R % =2 Ay (Table 94), citric acid H7}HFo] BE4E 13
S BT 3 nFEE o] AR BHA UewedH ols AlRE
ALES AXAZIA il F55 HHE S83507] ol ved 4342

FAth pHOl QoA = citric acidE H7F8HA] &S CA 0%+ 6.85= FTA o 7M7) o™ citric

acidg 04% o4 #H7tetd S uf pH 352 AA FZaste] GA =] 23S YR A

Citric acid®] s %ol w2} Ha1A A 3 Anthocyanin® Total Polyphenol 3t#3} Total

Flavonoid & %2 Table 959 %t} Total polyphenol &%l 4% CA 0.7%7} 2.71 mg/mL<S

2 7Fd =% CA 1.0%, CA 0% % CA 04% o2 YeEt Total flavonoid $FH&% CA

0.7%7} 0.38 mg/mLe=z 714 =dom CA 1.0%, CA 04%< CA 0% o= e Total

Polyphenol 3t&Fa} 22 ZeS H AT

ANmEe d1tstaAd S dlas]HH(Table 96), Total Polyphenol % % Total Flavonoid
sty o]l CA 0.7%7F =2 &S Y= dl, 53] hydroxyl radical 2245l SloA

02 Al5E579 Aozt A YeElE T DPPH radical 275l A+ CA 1.0%7F 77.90%%

7441%= JERG CA 0.7% Rtk o =4 YEbs

Citric acid®] T &xol wg} E2] A A 3 Anthocyanin®] A 7}2} Total Anthocyanin 3%

Table 972 2t} A7F= CA 0%7F 7HE wekar, CA 04%, 0.7% 2 1.0%+« H|s=3skAl YEr

t}. Total Anthocyanin %2 CA 0.7%7F 9.59 mg/100 g, CA 1.0%7} 9.29 mg/100 go =

E AEE HE =& FFS YER AT

o of 1o flo

s

O
b

rr

Ny
o
o
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Table 94. Analysis of dry matter and pH of purified Anthocyanin from Bokbunja

byproduct extracts depending on citric acid concentration.

Dry matter (%) pH
CA 0% 0.12£0.03 6.85+0.001
CA 0.4% 0.83+0.01 3.56+0.002
CA 0.7% 1.27%0.02 3.55+0.001
CA 1.0% 1.78+0.07 3.50+0.002
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Table 95. Analysis of Total Polyphenol contents and Total Flavonoid contents of

purified Anthocyanin from Bokbunja byproduct extracts depending on citric acid

concentration.
Total polyphenol contents Total flavonoid contents
(mg/mL) (mg/mL)
CA 0% 2.55+0.005 0.32+0.004
CA 04% 2.51+0.003 0.32+0.002
CA 0.7% 2.71+0.003 0.38+0.004
CA 1.0% 2.58+0.004 0.35+0.005

Table 96. Analysis of antioxidative and elastase inhibitory activities of purified

Anthocyanin from Bokbunja byproduct extracts depending on citric acid concentration.

. Hydroxyl
DPPH radical ) ) Elastase
i SOD-like radical o
scavenging o ] inhibitory
vty (%) activity (%) scavenging activity (%)
ac (0] 0
v activity (%)
CA 0% 71.41+0.09 36.23+0.07 24.83+0.15 9.49+0.08
CA 0.4% 69.07=0.1 37.03+0.13 26.09+0.17 10.76+0.12
CA 0.7% 74.41£0.11 42.54+0.20 66.78+0.27 17.41+0.02
CA 1.0% 77.90+0.12 41.76+0.15 49.55+0.26 16.41+0.02
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Table 97. Analysis of color value and Total Anthocyanin contents of purified Anthocyanin

from Bokbunja byproduct extracts depending on citric acid concentration.

Color value Total Anthocyanin contents
(E 10%, 1 cm) (mg/100 g)
CA 0% 1.134+0.013 8.41+0.09
CA 0.4% 1.221£0.004 8.76+0.03
CA 0.7% 1.237+0.002 9.59+0.01
CA 1.0% 1.239+0.002 9.29+0.01

8 HiAe] #E Al7]e] mE HiEAE Ao Adeed vl

1497 1089 #Z53 EEAapos Azxzst Haxet dd M SD049F SDO7S H] w4
sttt Ao EE F AlE BT 3 & AS mla, 7 AR ko] xpo]7F Holx &
UthH(Fig. 123). i el QoA 2ot Al e tH(Table 98).

SD04¢} SD07¢] Aggdds % 3l A¥ Total Polyphenol 3%, Total
Flavonoid &%, DPPH radical &7, SOD-like &4l5, hydroxyl radical 427 %, hydrogen
peroxide &A%, elastase A3l X359 771+ &&= %Eoﬂ A SD047F SDO7X.tF DPPH radical
275(62.24%, 56.31%), hydroxyl radical A7 %5(63.25%, 48.99%), elastase A3 AT
(12.03%, 8.04%)°] 37}A &&HoA v =2 &8 YetWal, SD07< Total Polyphenol 3
(744 mg/g, 11.22 mg/g), Total Flavonoid 3$F=(1.29 mg/g, 1.85 mg/g), SOD-like &A=
(20.11%, 24.28%), hydrogen peroxide %715 (28.78%, 53.74%)2] 47}A] &&o|A ¢ H& A
< YEMA T (Table 99, 100).

T AR A7LE BA% A3} SD047F 0.017(E 10%, 1lem)® 0.024(E 10%, 1cm)<! SDO7XH.
ot ozt Al yER o™ Total Anthocyanin el JojA %= SD04(0.235 mg/g)”f
SD07(1.270 mg/g)X.t} $tA Ltebwth(Table 101).

SDO7e] Awrx o g AglgdAdw M7t @ Total Anthocyanin 3FeFoll A =4 UEwton E3
Total Anthocyanin &#oll A= SD04¢ oF 68 A= = A e Ziii 2w, 1Yo HF3
BRzurR o 109 253 BEAUES o] 8319] AnthocyaninF] HAMAE FE31E= Aol

o whEA g Ao w AR
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SD0O4 SDO7/

Fig. 123. Appearance of extracted powders(SD04, SDO07) from ZBokbunja
byproduct.

Table 98. Moisture contents of extracted powders(SD04, SDO07) from Bokbunja
byproduct.

Moisture contents

(% wet basis)

SD04 0.94

SDO7 0.95

Table 99. Total polyphenol contents, Total Flavonoid contents and DPPH radical
scavenging activity of extracted powders(SD04, SD07) from Bokbunja byproduct.

Total polyphenol Total flavonoid DPPH radical
contents contents scavenging activity
(mg/ml) (mg/ml) (%)
SD04 7.44+0.01 1.29+0.01 62.24+0.12
SDO7 11.22+0.01 1.85+0.05 56.31+0.18
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Table 100. SOD-like activity, hydroxyl radical scavenging activity, hydrogen peroxide
scavenging activity and elastase inhibitory activity of extracted powders(SD04, SD07)
from Bokbunja byproduct.

Hydroxyl Hydrogen
) . . Elastase
SOD-like radical peroxide o
.. . . inhibitory
activity (%) scavenging scavenging o
.. . activity (%)
activity (%) activity (%)
SD04 20.11+0.18 63.25+0.18 28.78+0.06 12.03£0.10
SDO7 24.28+0.15 48.89+0.24 53.74+0.03 8.04+0.09

Table 101. Color value and Total Anthocyanin contents of extracted powders(SD04,
SDO07) from Bokbunja byproduct.

Color value Total Anthocyanin contents
(E 10%, lcm) (mg/g)

SD04 0.017 0.235+0.008

SDO7 0.024 1.270+£0.004

9. F=&ul o] AALEl wE AAFES Ay v

7F A2

S

EiEAER A AnthocyaninZ] H A A FF Al AFE-5 = ethanolS 2]
A 3pete] 57RO AAES AXSFATE ISR AR BT g A
525 1 _}017]' A (Fig. 124).

A A &= T S B, Antho-Red KR(140305)7F 7.17% = 7} =31, Antho-Red
KR(140418)7F 459% = 7} Al yeElskom v A 37019 A5+ 65% A== v =3 A o
E}ykth(Table 102). Total polyphenol ¥l A= Antho-Red KR(140416)7} 163.48 mg/go =
7F =7 YEE A, Antho-Red KR(140305)7F 130.12 mg/g, Antho-Red KR(140403)¢] 129.34
mg/g, Antho-Red KR(140409)7} 113.98 mg/g 12]3 Antho-Red KR(140418)°] 109.23 mg/g
2 Yerwtth Total flavonoid %% Antho-Red KR(140416)¢] 32.09 mg/gl = 7} =4
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el o Antho-Red KR(140418)°] 23.27 mg/g o & 7}7<P A Yelby . DPPH radical 4
M52 7d-$ Antho-Red KR(140416)°¢] 66.43% = 7} =A YHEeElY oW, 8 AaE52 H| 5235}
Al LreEbsEth Elastase A8] &4 %% Antho-Red KR(140416)°] 9.85%% 0.66%¢! Antho-Red
KR(140418)3} & #o]E H A tH(Table 103). M7}t Total Anthocyanin % =74 A3 % n#}
7R 2 g2 AlmE9 H]3] Antho-Red KR(140416)¢] 7F& =7 eI, Antho-Red
KR(140418)¢] 7Fg v Al el tH(Table 104).

F= & AR wWE AAEFEY AL A A3t M7 Total Anthocyanin
g =4 23Es TR AFEulZ FE3 Antho-Red KR(140305)%.th 32} 3|48 2
FE3% Antho-Red KR(140416)°] 7H& =7 Webskal, 42 38wz 553 Antho-Red
KR(140418)¢] 7} wHA ety wabs, 3= &l AARS Al 32k 3] F& w744 = AL A9
Adelgdd, M7 9 Total Anthocyanin el @3S WA A FAY 0% S7HA71= As &
T UARE 42 3] ARE Al A AT AA S gopA= AE Hop 3z IFEvE
&3 o= o ol 3Fgste] ARESHA AU FE= &l AAREe 2w ¢ S AT
9% Ao ARA

>
>_.\L -{oq.

i)
me ot
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Antho-Red KR Antho-Red KR Antho-Red KR
(140305) (140403) (140409)

New solvent 15t reusing solvent 2" redusing solvent

Antho-Red KR Antho-Red KR
(140416) (140418)
31 reusing solvent 4th reusing solvent

Fig. 124. Appearance of Anthocyanin-based pigment prototypes produced by

extraction solvent reusing from Bokbunja byproduct.
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Table 102. Moisture contents of Anthocyanin-based pigment prototypes produced by

extraction solvent reusing from Bokbunja byproduct.

Sample name (Lot No.) Moisture contents (%, wet basis)
Antho-Red KR (140305) 717
Antho-Red KR (140403) 6.41
Antho-Red KR (140409) 6.48
Antho-Red KR (140416) 6.55
Antho-Red KR (140418) 4.59

Table 103. Total polyphenol contents, Total Flavonoid contents, DPPH radical scavenging
activity and elastase inhibitory activity of Anthocyanin—-based pigment prototypes produced

by extraction solvent reusing from Bokbunja byproduct.

Total polyphenol Total flavonoid DPPH radical Elastase

Sample name . e
contents contents scavenging inhibitory

(Lot No.)
(mg/g, dry matter) (mg/g, dry matter) activity (%)  activity (%)

Antho—-Red KR

130.12 26.54 63.21 4.57
(140305)
Antho-Red KR
129.34 25.21 62.80 1.20
(140403)
Antho-Red KR
113.98 24.67 62.82 2.11
(140409)
Antho-Red KR
163.48 32.09 66.43 9.85
(140416)
Antho-Red KR
109.23 23.27 60.45 0.66

(140418)
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Table 104. Color value and Total Anthocyanin contents of Anthocyanin-based pigment

prototypes produced by extraction solvent reusing from Bokbunja byproduct.

Color value Total Anthocyanin contents
Sample name (Lot No.)

(E 10%, 1lcm) (mg/kg, dry matter)
Antho-Red KR (140305) 155.92 16.86
Antho-Red KR (140403) 141.30 15.00
Antho-Red KR (140409) 132.08 14.98
Antho-Red KR (140416) 184.01 20.53
Antho-Red KR (140418) 127.39 12.53

+
ol

A A B profile

FEEME AALESIA] Az AAFES] IR TS £A5 7] HEl SPMER FE38HaL
GC-MSE ©| &3 tHTable 1057107).

Antho-Red KR(140305)2 % 6971¢] 3= Aol A=A =d alcoholi 16€, esteri 9
%, aldehyde¥ 9%, ketone¥ 8%, acidi+ 6%, hydrocarbon 5%, phenol® 1%, 4 & 3}5F
T 1€ 2 & 3 gFE 1€ o2 eyt 7P & 93 WAS e 3 ES acetic
acid °]™ I Yo%+ 23-butanediol, 1,3-butanediol, dihydro-2(3H)-furanone, furfuranol,
3,5-octadien-2-one % 5-methyl-2-furaldehyde 59 o2 45}

Antho-Red KR(140403)> % 6270 3¢ Aol A=A 1 F alcoholi 14F,
aldehyde# 10%, esteri+ 9%, ketonei+ 9%, hydrocarbon 8% % acid¥# 6% o= YEST
7 2 93 WAS Yl 33E2 acetic acid oM I tFS 2 2 +F 2-cyclohexen—1-one,
2,3-butanediol, 1,3-butanediol, butyrolactone, 25-octadien-2-one % phenylethyl alcohol & 2]
To® FAHEA

Antho-Red KR(140409)> & 61709 23 Aol 4= A4, alcoholw7F 11T o= 713
woro ™ aldehydei 10%, ester 9%, ketonei 7%, hydrocarbon 6% % acidf 63 <o &
LEFsE . Antho-Red KR(140409)%= vw}3F7HAl & acetic acid®] ¥]= WAjo] 7p A7 yelbyt
o 23-butanediol, 1,3-butanediol, butyrolactone, benzeneethaol, 3,5-octadien-2-one %
5-methyl-2-furaldehyde =2 2 54 ¥t}

Antho-Red KR(140416)9] 7% & 687He] 324 A&el A= alcoholit 16%F,
aldehyde& 13%, ester# 9%, ketone# 8%, hydrocarbon 6%, acidi 6% % @A 3 3%

5 1% o7 Ugwu I F acetic acid® ¥z WAool 7} =i, 2 3-butanediol,
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’_4

1,3-butanediol, 5-methyl-2-furaldehyde, butyrolactone, phenylethyl alcohol 2
3,5-octadien-2-one 2o 2 FAH %A

Antho-Red KR(140418)& F 467 34 Aol sAHH v& Assd =AA Aol7t
et} alcoholi 7} 14%F 54 %231, aldehyded 9%, esteri+ 5%, ketone¥ 5%, acidf 5%
2 hydrocarbon 3% o2 UEestth ¥3 WAL tE AR5 vpIbR| 2 acetic acidZF 7F
2 F o™ 23-butanediol, 1,3-butanediol, butyrolactone, phenylethyl alcohol, formic acid %
2-acetylfruan 2 2 %4 % 2},
TE IV FAA EEE] olHE WAstE Aol UERUA ki, A A o=
RS wf o] HIF =AXA ol o]F RS AT F g7 wtel olH wE F7t

o

AsA] = Aol ndA S Aoz AdE

-

o m2
ML ol
X o
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Table 105. Volatile compounds

produced by extraction solvent reusing from Bokbunja byproduct by SPME.

identified from Anthocyanin-based pigment protopypes

Peak area”
Nc¢  RrY Compound name New 1% reusing 2™ reusing 3" reusing 4™ reusing
solvent solvent solvent solvent solvent
1 <1000 Ethyl acetate 175.47+49.25 133.1+2.76 198.5+24.47 223.42+18.73 -
2 <1000 2-Methyl-butanal 206.18+7.57 1495+22.25 155.04+47.23 219.88+16.83 -
3 <1000 3-Methyl butanal  211.65+20.84 156.19+4.75 582.35+306.94 164.47+11.07 -
4 <1000 Ethanol 1196.09+180.5 857+217.34 - 1136.83+196.81  593.44+151.19
5 1040 Chloroform - 55.12+1.94 - 199.05+78.11 175.3+96.55
6 1049 Toluene 354.93+36.99 100.11£18.1 130.05+46.73 94.94+5.59 -
7 1055 Unknown 136.75+27.74 137.52+14.42 99.95+40.18 141.06+39.95 80.18+26.6
8 1087 Hexanal - 25.83+3.35 - 114.65+1.31 267.01+41.58
9 1107 Unknown 139.32+5.63 - - - -
1 1136 3-Penten-2-one 193.96£14.99 191.64+41.61 177.65£65.64 251.5+89.58 -
11 1158 1-Penten-3-ol 1748.19+464.84 2715.92+201.15 1901.37+93 1643.31+80.8 913.81£21.3
Cyclohexene
12 1166 ) 829.89+84.34 308.26+15.37 389.87+61.33 299.55+3.7 -
oxide
13 1197 Heptanal - - - - 144.16£55.48
14 1204 Dodecane 305.9+264.9 536.49+339.08  583.95+291.57 852.94+15.02 886.72+89.16
15 1211 Isoamyl alcohol 278.85+20.45 71.56+9.66 115.2+38.35 92.74+28.02 -
1€ 1217 Unknown 332.1516.81 - 198.19+8.89 - -
17 1248 1-Pentanol 464.13+301.69 533.91+221.46 556.92+168.03 562.1+35.36 587.62+83.88
1& 1303 Octanal 389.72+105.71 - 429.1+£316.89 277.22+70.23 -
19 1304 Acetoin 365.92+14.74 311.3+26.45 409.95+217.54 257.19+15.28 250.27+20.19
20 1312 Unknown 105.52+38.75 - - - -
21 1317 Unknown 67.6+27.2 - - - -
(Z)-2-Penten-1-
22 1321 i 461.54+£120.36  899.23+115.91 - - 640.23+80.05
0
23 1351 1-Hexanol 711.92+338.68 - - 983.2+69.74 -
6-Methyl-5-hept
24 1355 121.33+3.92 115.31£5.66 155.7+14.33 158.66+9.79 126.95+3.29
en-2-one
25 1360 Ethyl lactate 286.8+2.17 656.8+13.96 529.1+23.91 854.69+10.53 552.43+17.68
2,4,6-Trimethyl
26 1375 L - - 97.77+34.8 97.26+1.35 -
pyridine
3-Ethoxy-1-prop
27 1392 i 353.54+34.55 603.65+62.1 707.91+10.54 743.41+63.97 335.47+0.13
ano
Dimethyl
28 1402 o 1386.6+£339.27 - - - -
trisulfide
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Table 106. Continued.
Peak area”
Nc Rr” Compound name New 1™ reusing 24 reusing 3 reusing 4" reusing
solvent solvent solvent solvent solvent
28 1407 Tetradecane 326.57+59.47 422 .89+24.45 463.41+65.42 621.57+£12.75 -
30 1413 Nonanal - 74.14+0.57 236.4+16.62 348.79+16.03 -
31 1421 2-Butoxy ethanol 81.17+£10.05 101.14+8.95 - 147.87+2.18 -
32 1447 Unknown 265.09+30.57 283.53144.34 211.37+23.04 233.13£9.02 136.6+11.17
33 1451 1-Octen-3-ol 96.21+7.14 - - - 193.54+33.9
2-Cyclohexen—1- 96107.51+7151
34 1455 - - - -
one 7.26
32 1457 Acetic acid 107781.74+33810.14  127386.16+27672.31  147091.85+92816  1049386+8865.99  106416.5+116.62
2-Cyclohexen-1-
36 1485 ) - - - 171.15+0.32 -
0
(E,E)-2,4-Heptadi
37 1479 560.6+164.02 - - - 436.73+79.75
enal
38 1490 Furfural 1512.21+14.22 1031.57+£20.59 1004.29+21.23 1281.49+45.4 723.37+6.14
39 1499 Unknown 173.16+15.9 123.44+13.87 - 128.97+20.23 317.66+349.65
2-Ethyl-1-hexan
40 1502 ) 316.52£117.25 227.31+£15.7 236.19+34.16 206.42+8.1 397.38+29.13
o
41 1511 2,4-Heptadienal 1055.07+403.87  791.48+195.99  1129.61+154.96 802.91+65.14 645.04+28.21
42 1520 2-Acetylfuran 837.01£262.98 742.71+138.08 1118.25+184.3  1008.72+225.08 981.05£89.61
43 1528 Formic acid 1222.99+46.73  1442.18+161.69  1563.36+51.38  1230.43+160.26  1200.93+59.01
44 1533 Pyrrole 137.23+49.39 - - - -
Ethyl 3-hydroxy
45 1539 194.95+29.31 290.19+34.93 334.28+27.89 282.68+25.52 -
butanoate
46 1562 2,3-Butanediol 70159.07+81.36  65510.94+1201.44 56574.77+1897.76  53087.85+1872.3  30287.32+419.86
47 1572 1-Octanol 314.94+57.71 477.63+5.49 41457+19.32 891.9+17.86 588.42+4.17
3,5-Octadien—2-0
48 1580 5432.66+69.99 6074.97+92.05 5757.35+11.45 5145.63+8.55 891.71+24.19
ne
49 1595 1,3-Butanediol 26415.53+113.12  24721.69+47831  21271.04+822.16  19998.88+623.66 10696.9+121.79
5-Methyl-2—-fural
50 1598 dehvd 2850.73+11.79  2329.39+£119.17 2160.84+162.24 11821.36+13992.18  712.04+81.03
ehyde
51 1603  5-Methyl furfural 2180.76£110.8  2164.37+265.13  1600.28+80.15  1565.44+212.17 763.27+29.86
4-Cyclopentene-1
52 1612 ) 534.64+699.93 158.13+7.75 - - -
,3—dione
53 1621 (E)-2-Octen-1-ol - - - 167.08+111.12 -
54 1634 Unknown 147.67+31.66 98.74£11.92 247.01+48.08 90.57£1.19 -
5z 1637 Unknown 127.04+1.33 202.08+75.2 203.64+27.07 437.24+230.07 101.28+13.55
56 1648 Butanoic acid 772.55+622.24 198.94+28.66 129.08+11.4 109.92+1.15 -
57 1673 Butyrolactone 15937.8+214.58 13853.17+200.29 12378.16£274.6 10124.12+161.03 4728.11+19.47
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Table 107. Continued.
Peak area”
Nc Rr” Compound name New 1™ reusing 24 reusing 3 reusing 4" reusing
solvent solvent solvent solvent solvent
58 1679 Acetophenone - - - 128.87+£23.04 -
59 1682 Furfuranol 10079.06£107.58 927.2+4.21 793.2+26.97 677.19+32.12 284.56+5.31
60 1697 Diethyl succinate  141.74+£49.07 422.7£21.91 355.25+72.03 789.86+88.79 85.53+1.48
61 1705 Unknown 398.85+10.42 450.27+4.94 395.82+8.06 346.62+19.44 -
4-Ethylbenzaldeh
62 1739 g 64.15+17.85 341.89+401.53 - 73.83+21.09 -
yde
63 1745 Unknown 354.74+51.34 361.84+19.13 309.53+32.17 286+61.12 -
2-Ethylhexyl-2-e
64 1758 956.92+857.01 135.93+12.18 51.71+2.8 61.85+5.06 -
thylhexanoate
6 1760 Undecenal - 138.82+46.17 71.47+13.02 84.69+7.73 -
(E,Z)-2,4-Decadie
66 1786 ! - - 148.86+£66.38 75.4+8.26 84.84+12.17
na
2-Phenylethyl
67 1821 230.22+50.46 227.94+28.21 405.51+37.2 401.32+3.93 97.93+15.58
formate
Ethyl-4-hydroxy
68 1825 2258.19+78.2  2478.98+165.61  1675.09+10.03 1575.01+44.1 436.66+1.84
butanoate
65 1848 Unknown - - 46.29+0.15 65.41+6.45 -
70 1867 Hexanoic acid 273.28+108.19 115.98+10.98 130.46+3.82 114.66£2.00 117.91+£20.4
71 1873 Phenol 161.68+41.27 - - - -
72 1893 Unknown 53.24+11.33 - - - -
1-(1-Butenyl)-cy
73 1902 - - 133.52+8.69 - -
clohexene
74 1908 Benzyl alcohol 99.38+21.65 168.29+21.49 162.02+25.15 170.76+18.82 86.61+2.2
75 1931 Unknown - - 132.28+21.64 - -
Butylated
76 1938 852.77+188.14 932.01+72.12 564.51+101.2 559.45+20.9 345.67+6.35
hydroxy toluene
Phenylethyl
77 1944 leohol 2623.89+13.2 5253.4+102.97  6604.95+43.01 74221427278  2380.41+83.32
alcoho
7€ 1961 Unknown 229.06+40.5 199.5+18.24 293.01+47.71 187.47£2.43 322.26+13.28
2-Ethyl-hexanoic
79 1970 . 265.76+£196.97 902.72+16.49 535.72+131.81  192.92+153.76 82.56+22
aci
2-F 1-1H-
80 2064 ormym Ry - - - 86.25+6.47 -
rrole
81 2070 DL-Pantolactone 97.34+0.53 99.13+2.84 127.5£23.86 117.91+7.15 -
82 2074 Unknown - - 149.48+24.14 - -
Ethyl-2-hydroxy
83 2200<  -3-phenylpropano 192.87+7.05 256.2£13.48 262.17+21.14 309.48+27.25 -
ate
Monoethyl
84 2200< i 21794+136.23  601.09£127.37  402.79+187.72  741.64+258.51 444.14+88.02
succinate
85 2200< Benzoic acid 248.23+19.55  534.35+188.33 393.2+126.45  1240.25+261.18  833.97+32.89
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10. 240 TR0l wE AAEFES] Agdd vl

F-2puko A AnthocyaninA] HA M F5 Al &0

3, ARE el Zpol7F RolX| ek kth(Fig. 125).

ANAEFES] 8 =F =4 23 Antho-Red KR(140430)¢] 452%= 7+ =4 YERSEaL,
-Red KR(140512), Antho-Red KR(140521), Antho-Red KR(140515) =S & UV}ERWE
(Table 108). Total polyphenol 3¥F=#3} Total Flavonoid &% =% Z3¥, Antho-Red
KR(140515)7} 162.04 mg/g¥ 31.84 mg/go = & =A YEFY I, Antho-Red KR(140521)9]
125.37 mg/g¥ 29.96 mg/go 2 7F4 A vEstE DPPH radical A&7 &9l A+, Antho-Red
KR(140530)¢] 66.14%= 7} =4 YEstal Antho-Red KR(140512)#  Antho-Red
KR(140521)°] 61.22%%} 63.37%= vz gkS B 9™, Antho-Red KR(140515)% 56.86% %
71 A UEbsith Elastase A3 &4 5% Antho-Red KR(140430)°] 8.84% = 7} =4
E}lskal, Antho-Red KR(140515)¢] 0.66% %= 7} A YElsktH(Table 109). 2 7Fe} Total
Anthocyanin & #oA %= Antho-Red KR(140430)¢] 7} =4 Yepdx gl A7l A=
Antho-Red KR(140512)¢], Total Anthocyanin 3% Antho-Red KR(140521)¢] 7} 2EA

El g tH(Table 110).

L FF dAA AFEEE 249 TR we Axd AAEESY AYUEd 54 A
A7} Total Anthocyanin st =74 ZA3E @M, AW 02 pectinex SP-LS A}
Antho-Red KR(140430)¢] =Al Yebt weba], SRz pHro)] A AnthocyaninAl % ¢4 4
Al & & gl A e S AR TS pectinex SP-L& AMSshE Zlo] niEA il AR H T
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Antho-Red KR Antho-Red KR
(14043230) (140512)
Pectinex SP-L Plantase PLC

Antho-Red KR Antho-Red KR
(140515) (140521)
Plantase MAX AMG 200L

Fig. 125. Appearance of Anthocyanin-based pigment prototypes produced
according to the type of enzyme from Bokbunja byproduct.
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Table 108. Moisture contents of Anthocyanin-based pigment prototypes produced

according to the type of enzyme from Bokbunja byproduct.

Sample name (Lot No.)

Moisture contents (%, wet basis)

Antho-Red KR (140430) 4.52
Antho-Red KR (140512) 4.46
Antho-Red KR (140515) 3.22
Antho-Red KR (140521) 3.48

Table 109. Total polyphenol contents, Total Flavonoid contents, DPPH radical scavenging
activity and elastase inhibitory activity of Anthocyanin-based pigment prototypes produced

according to the type of enzyme from Bokbunja byproduct.

Total polyphenol Total flavonoid DPPH radical Elastase

Sample name ) o
contents contents scavenging inhibitory

(Lot No.)
(mg/g, dry matter) (mg/g, dry matter)  activity(%) activity (%)

Antho-Red KR

142.17 2793 66.14 8.84
(140430)
Antho-Red KR
122.19 25.94 61.22 3.57
(140512)
Antho-Red KR
162.04 31.84 56.86 0.66
(140515)
Antho-Red KR
125.37 26.96 63.37 5.99
(140521)

Table 110. Color value and Total Anthocyanin contents of Anthocyanin-based pigment

prototypes produced according to the type of enzyme from Bokbunja byproduct.

Color value Total Anthocyanin contents
Sample name (Lot No.)

(E 10%, lcm) (mg/kg, dry matter)
Antho-Red KR (140430) 211.23 44.83
Antho-Red KR (140512) 184.21 39.44
Antho-Red KR (140515) 189.13 29.22
Antho-Red KR (140521) 224.37 28.16
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BBz A AnthocyaninAl HAM A F5 Al |
He 524 FRE GElste] Axd AAEFEY AEA
3lal GC-MSE o] &3 th(Table 1117112).

Antho-Red KR(140430)> <% 50719 3¢ Aol 545 A =0 alcoholi+ 15&, aldehyde
F 9%, ketone¥ 6%, hydrocarbon 5%, acid® 5& % esterid 4% &°=2 YEWT 714 &
Y32 \HAS el &S acetic acid olH 1 th& o 2= 23-butanediol, 1,3-butanediol,
butyrolactone, phenylethyl alcohol, 3,5-octadien-2-one % 1-penten-3-ol 59 o2 FAHY
Ak,

Antho-Red KR(140512)¢] 79 ZF 467019 3 Aol A=A, alcoholi+ 13F,
aldehydei 9%, ketone¥ 6%, hydrocarbon 5%, esteri+ 4% % acid&F 4% So= UESTH
Antho-Red KR(140512)% v}zb7FA| 2 acetic acid®] 33 W& o] 713 =Al deyton,
2,3-butanediol, 1,3-butanediol, butyrolactone, 3,5-octadien-2-one, 1-penten-3-ol %
(E,E)-24-heptadienal &< o2 A=A

Antho-Red KR(140515)%= & 46719 3¢ Aol A4 E+=d alcoholi+ 12, aldehyde
F 9%, ketoned 6, acid¥ 5%, hydrocarbon 4% % esteri 4% So= YERG
Antho-Red KR(140430) % Antho-Red KR(140512)3 % 3}A acetic acid, 2,3-butanediol,
1,3-butanediol, butyrolactone®] 3= W& o] =LA YEFE S ™ 1-penten-3-ol, 2,4-heptadienal
9 (Z)-2-penten-1-ol 52 o2 FAHEI

Antho-Red KR(140521)> % 397119 324 Aol &4 HA+=d alcoholi 123, aldehyde
7 <&, ketone¥ 5%, hydrocarbon 4%, acidi 4% % esteri 3% o2 eyt 714 2
3 HAS YHerd 3 ELS acetic acid o] I TS0 2 2 3-butanediol, 1,3-butanediol,
butyrolactone, formic acid, (Z)-2-penten-1-ol ¥ 1-penten-3-ol 59 o2 A%

A AR oA 5 olFHE WSk Aol UEhA ¥tka, AHA R Fe

ok W olHTF =AAA ot ol RS AT F 7] Wil olFH el Wi F7F #4
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Table 111. Volatile compounds

identified from Anthocyanin-based pigment prototypes

produced according to the type of enzyme from Bokbunja byproduct by SPME.

No RI” Compound name Peals area’
Pectinex SP-L Plantase PLC  Plantase MAX AMG 300L
1 <1000 Ethanol 262.53+24.6 490.2+118.84 223.3£5.75 312.69+3.6
2 1032 Chloroform 511.74+133.79 216.9+194.22 100.51£1.53 279.19+86.65
3 1041 Cyclohexene oxide - 233.8+82.97 - -
4 1056 Unknown 377.81+439.89 93.62+1.64 - 81.62+13.89
5 1089 Hexanal 231.83+103.95 272.12+60.73 280.35+45.38 240.84+45.08
6 1158 1-Penten-3-ol 1115.89+45.82 1197.46+62.02 1046.65+94.01 864.57+8.79
7 1197 Heptanal - 98.77+5.86 81.01+26.58 -
8 1204 Dodecane 435.65+137.79 541.2+224.68 538.06+53.29 620.74+121.09
9 1209 Isoamyl alcohol 171.92+26.37 - - -
10 1249 1-Pentanol 562.88+150.47 565.01+87.58 578.23+43.87 471+£9.55
11 1304 Acetoin 571.59+50.98 391.52+67.7 527.46+77.38 419.81+34.92
12 1317 Unknown 65.09+2.73 - - -
13 1321 (Z)-2-Penten-1-ol 870.44+248.57 988.54+246.79 908.45+98.63 956.62+278.79
14 1355  6-Methyl-5-hepten—2-one 214.7+£27.81 295.99+4.81 179.6+0.13 194.19+12.68
15 1360 Ethyl lactate 259.63+0.85 118.37£3.28 - -
16 1392 3-Ethoxy-1-propanol 297.93+7.66 258.01+1.96 135.52+4.07 101.69+5.57
17 1407 Tetradecane 344.33+55.3 321.11+35.47 322.11£16.74 338.35+13.88
18 1413 Nonanal 429.51+26.59 560.77+47.97 897.49+17.53 350.72+8.21
19 1420 2-Butoxy ethanol 260.31+35.47 105.19+12.06 107.65+£15.95 117.92+14.64
20 1447 Unknown 190.17+59.71 164.8+64.79 131.44+0.37 125.81+26.21
21 1455 Acetic acid 95766.31+4453.08  109220.67+373  87803.68+284.44  90958.5+393.4
22 1479 (E,E)-2,4-Heptadienal 758.26+575.27 1193.68+725.19  823.54+210.59 743.81+288.71
23 1485 2-Cyclohexen—1-ol 622.16x767.75 - - -
24 1490 Furfural 1059.09+28.75 276.9+32.35 261.09+8.58 120.84+10.35
25 1500 Pentadecane 117.05+28.16 - - -
26 1502 2-Ethyl-1-hexanol 282.16+48.2 335.13+29.4 326.32+36.44 359.13+23.75
27 1510 2,4-Heptadienal 532.18+8.24 534.58+54.26 934.69+634.04 485.58+6.52
28 1520 2-Acetylfuran 790.85+31.48 1058.29+77.68 745.79+848.84 711.21£7.58
29 1528 Formic acid 953.84+133.92 1070.56+30.23 714.44+6.7 1190.77+19.74
30 1561 2,3-Butanediol 46456.96+3287.81  47998.95+83.51  34549.86+483.75 31775.78+144.16
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Table 112. Continued.

b Peak area”

No RI Compound name

Pectinex SP-L Plantase PLC Plantase MAX AMG 300L
31 1572 1-Octanol 439.16+84.34 421.68+1.04 308.68+15.47 247 57+64.05
32 1579 3,5-Octadien-2-one 1204.91+203.01 1489.05+38.93 620.65+21.58 511.71+68.19
33 1595 1,3-Butanediol 17008.83£1303.66  18495.36£19.41 13513.36%£238.66 12448.85+280.53
34 1597 5-Methyl-2-furaldehyde 907.08+71.1 - 597.24+54.84 -
35 1603 5-Methyl furfural 808.61+89.81 607.46+7.8 631.12+75.78 366.82+33.95
36 1613 4-Cyclopentene-1,3-dione - 88.23+25.82 196.56+£36.27 -
37 1637 Unknown 259.39+101.58 462.14+54.91 248.04+32.25 171.6+0.63
38 1641 Unknown - - 108.18+15.29 -
39 1672 Butyrolactone 6970.58+£241.21 7500.99+44.1 4794.86£23.62 3593.84£133.01
40 1682 Furfuranol 491.91+23.52 317.79+8.31 262.5+13.6 107.36+8.23
41 1699 Diethyl succinate 156.06+27.24 128.7+17.47 215.49+46.23 -
42 1739 4-Ethylbenzaldehyde 114.75+22.09 94.61+11.61 105.54+6.65 89.16+1.25
43 1743 Unknown 121.27+£7.52 - 89.29+3.55 -

2-Ethylhexyl-2-ethylhexa
44 1758 - - 57.76+9.04 73.11+4.13
noate
45 1783 (E,Z)-2,4-Decadienal 74.74£17.19 139.46+47.29 - -
46 1825 Ethyl-4-hydroxybutanoate 780.78+101.54 1052.57+22.71 360.52+33.27 316.13+22.65
47 1867 Hexanoic acid 154.57+6.26 183.46+23.27 148.01+17.51 86.96+£27.22
48 1892 Unknown - - 56.58+21.83 -
49 1907 Benzyl alcohol 131.24+6.33 112.56£4.15 - -
50 1931 Unknown - 51.57+25.84 - -
51 1938 Butylatedhydroxytoluene 813.85+79.49 409.85+28.88 502.06+£29.07 466.42+19.5
52 1944 Phenylethyl alcohol 1236.58+116.36 786.9+6.09 327.32+62.37 329.8+3.27
53 1961 Unknown 261.19+29.37 256.31+21.73 221.4£10.14 185.61+6.51
54 1970 2-Ethyl-hexanoic acid 251£158.19 - 61.1+17.6 -
55 2070 DL-Pantolactone 81.55%4.43 - - -
2200 .
56 P Monoethyl succinate 402.87£7.31 295.39+1.29 291.21+64.39 199.25+30.75
2200 ) )

57 - Benzoic acid 733.82+128.26 467.77+15.03 337.14+168.97 175.59+105.27

D" Retention indices were determined on DB-wax using C10-C22 as external reference.

D : Peak area = area x 10" + standard deviation x 10*
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A 4 A. AnthocyaninZl A4 9] thekst 282
1. A7 Z=29)(Ginger pickling)oll ™3 2843

As 2 W slice ginger(150g), vinegar(100ml), water(70ml), salt(3g), sugar(50g), natural
color(3 type)

2.1 boiling (vinegar, water, salt, sugar)

22 wash & slice (ginger)

2 3 dyeing — Zhours

Sa x) 1 Cochineal Ext.

SA 27 @ Cochineal Ext.s
Gardenia Wellow

SA 23 Antocyaning
{Bokbunja byproduct B

Ay 2 3z o FFHo] 43k HAAA HAMAR IXIFENAE FHE ddEr] 2
ADHD % 7FeAdo]l =tia &e 584 JAMALZA AL&o] 7Ty Qlon B g8
o= A xAYd BEA BabEo| A FE3F AnthocyaninAl A AMAS AFE3le] #-AF3H
dE S Uedl= dAFoRE FTi3s] A& 7ted Aoz gl th(Fig. 126).
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Abstract

This study was pefommed 10 delenmine the purilication yizld, color valoe, mmd ol =nthocyanin contend of puri fed
anthocyaning from Sty byproducs b amalyrine the optimal conditions of puri Gestion processing by respomnses
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& 35%% andd 0.9 for TFA scililenl mespectively.
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Study for Optimal Extraction Processing Condition of Anthocyanin
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Albsiract

This study was perfbrmed (o defenming the il snthocy=mn contents, DPPH madical scavensine activity and $00-
like activity of edrecksd snhocymnine om Hotfanir for amlyveing optimal cnmdibons of eneoyme eatnsen by
e Airiace mhuhhgiﬁﬁ\hﬂ hesed on three Eclon, concenimtion of Pectmex Ll $P-1. reaction temper-
mhiee =l mwciion ime. The optimal emoyme (nsstoenl conditions of Pecimex Tlira 5P-L concentration, nesction
Empemtire, resction (ome and overall dedmbilny by analy=ss of multiple T sipface methodo ki with the
same waghed vahie of sach dependent verishle were (L5 mL/140 L, 2040, 2 hr =nd (43, regpecti valy, Tkl aniho-
oyanin conlend, DPPH rdical scavenging activity sl SOD-hke sctivity of shove oonditions wers 5.2 mu100 o

1. 7% ol 315w, repectively, Whils, e of ool were 1] mef 100 2 11 8% snd 1.1 % nepeciively.
Key wonls: fakfanya, extracied snihocyanin, eneyme, optimization, REM
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M7 & A EH 2E

TR E 3 S I IS R IS (- T D = TE D
1| A 74 = 3}
T4 Spray Dryer MD-005R ea 1 24,500,000 | 24,500,000
T4 | Ribbon Mixer | “"100Kg/hr ea 1 12,000,000 | 12,000,000
79 | Homo Mixer | ~100kg/hr ea 1 9,000,000 9,000,000
A 45,500,000
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