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<Abstract>

Change of Carotenoids and comparison of
Antioxidant activity by fermentation of Citrus

Kombucha

WEI XINGRU

Department of Food Science and Nutrition
Graduate school
Jeju National University

Supervised by Professor Sung-Soo Park

Kombucha is a tea containing sugar fermented by symbiosis of yeast and
acetate bacteria for about 14 days. Kombucha's ingredients contain organic
acids (mainly acetic, gluconic and glucuronic acid) and tea polyphenols,
which have beneficial effects on health. Citrus is rich in vitamins, citric
acids, carotenoids, fiber, flavonoids and other phenols. There are also many
mineral ingredients such as calcium, potassium and magnesium. Although
citrus differs greatly in the proportion of pulp and pulp depending on
species, the fruit, which has been almost discarded as waste, contains high
physiological activations such as essence oil, carotenoid and flavonoid,
cellulose, pectin and limonoid. In this study, the change of B-cryptoxanthin
(B-CX) content by fermentation was measured and compared by adding

citrus liquid and peel citrus to the Kombucha, respectively, and the study



was carried out for use in food development and health food processing.

DPPH, ABTS radical scavenging assay was performed to evaluate the
antioxidant activity. The results showed that the antioxidant capability of
each concentration (100 pg/ml, 200 pg/ml, and 300 ug/ml) of the specimen
is increased, whereas the antioxidant activity Kombucha (CK= Citrus
Kombucha) is significantly increased compared to the period before
fermentation, whereas the Peel Citrus Kombucha (PCK= Peel Citrus
Kombucha) is reduced. After CK fermentation, Total phenolic content was
significantly increased after CK fermentation than before CK fermentation,
and the phenol content was higher than that of PCK and citrus stock
solution. Thus, CK's antioxidant capability has been confirmed higher than

PCK's.

The B-Cryptoxanthin (B-CX) content was measured by using HPLC. The
result of the change in [(B-CX before and after CK fermentation is
approximately 3.6 times higher for CK after fermentation. For PCKs, the
number after fermentation increases 2.4 times before fermentation. It has

been shown to increase the content of carotenoids due to fermentation.

Lutein content before and after fermentation of Lutein adopted Kombucha
decreased to nearly 8 times and [B-Carotene content was decreased by 1.2
times before and after B-Carotene adopted Kombucha fermentation. Lutein
content before Kombucha fermentation with Lutein and B-Carotene was
8.89ug/m¢ and completely disappeared after fermentation B-Carotene content
1s reduced by 1.2 times the same ratio as B-Carotene adopted Kombucha.
It is thought that there is a possibility of bioconversion due to the
decrease of Lutein and [-Carotene content and the increase of B-CX

content by Kombucha fermentation.

In conclusion, Fermented Citrus Kombucha can be considered as a good

_Vi_



source of biologically active compounds because it has a high antioxidant
capacity and a marked increase in carotenoid content. Based on this, it is
suggested that it can be used as a raw material for food development and

health food processing that can exert a health effect.
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List of Abbreviations

Abbreviation Full name

CK Citrus Kombucha

PCK Peel Citrus Konbucha

HPLC High Performance Liquid Chromatography
FDA Food and Drug Administration
MTBE methyl tert-butyl ether

B-CX B-Cryptoxanthin

Ga. xylinus Gluconoacetobacter xylinus

Ga. medellinesis Gluconoacetobacter medellinensis
G. oxydans Gluconobacter oxydans

DPPH 1, 1 - diphenyl - 2-picrylhydrazyl

ABTS 2, 2'—azino-bis-3-ethylbenzothiazoline-6-sulfonic acid
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B-Cryptoxanthin

L N N
HO

Vitamin A

Figure 1. Chemical structures of B-Cryptoxanthin and Vitamin A.



D tzel o

d FFA gl AHg ® 3F T Gluconoacetobacter xylinus (Ga.
xylinus), Gluconoacetobacter medellinensis (Ga. medellinensis), Gluconobacter
oxydans (G. oxydans)® 3r=ru] A EHEME (KCCM)oA EoFytol o] 8313
o} wjx|e] AEo 2 Polypepton (Wako Pure Chemicals Ind. Ltd., Osaka,
Japan)®} Mannitol (Daejung Chemicals & Metals co., Ltd, Gyeonggi-do,
Korea), Yeast Extract, Peptone, Glucose®} MgSO4 (Biosesang Co., Ltd,
Gyeonggi-do, Korea)= A|F 2|ALol A F-]isto] ARE3EGith. Table 1o whe} wi
AE 2= YA 30mLol ZHzFe] 3 single colonyS ¥ il Ga. xylinust 1
F v %¥3tal Ga. medellinensis® G. oxydans® 48A17F wjoksl 5 A E 7]
(Aventi J-E, Beckman coulter, California, USA)E ©]&3}o] sjIdAS Ei
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Table 1. Medium condition for 3 fungus.

Ga. xylinus'¢}

Ga. medellinensis? ¥l #]

G. oxydans® Hj A

Polypepton 5.0g

Yeast Extract 5.0g Yeast Extract 5.0g
Peptone 3.0g Glucose 5.0g
Mannitol 25.0g MgSO4.7H20 1.0g
Distilled water 1.0L Distilled water 1.0L

1 Ga. xylinus: Gluconoacetobacter xylinus

2 Ga. medellinensis: Gluconoacetobacter medellinensis

3 G. oxydans: Gluconobacter oxydans




AN A FHA Axdds AvsAk (FAAE, AL, ), A" ([C]

ALAD, Me, g=h)s AREelen 2 AFA S AFA vEdA

1023 ¢tk A9 90gs ¥ wwd § =i

200mLE HolFi #F HEFS 93 30CLSE @7 225 A8 Erh 3mL
Ga. medellinensis, 2mL G. oxydans, Ga. xylinus®|™ Ga. xylinus®] fungus+=
AR 2em AEE g YolFa HEsle] 26T w7l A 149%F WE ST
A4 e T g S5 wde ABE AAL AT oA w Y

319 tH(Figure. 3).

a9

Ao A g S 18000xg= 1027F 94 8 & ASAE

o]
ZH #4912 (Millipore, Toyo Roshi Kaisha, Ltd, Japan) ©]-&3}
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Water 900mL +
green tea (3pack)~

< [ 100°C, 10min- ]

[ Dissolve 90g of Sugar+ ]

"\

200mL Citrus Juice +

Green tee 70OmL
infusion and cool
down below 30°C-

1 piece Ga. xylinus,

-z
"

3mL Ga. edellinensis,

Incubator J \_m G. oxydans+ y

(26°C 14days)-

Figure 2. A flow diagram for Citrus Kombucha.
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Water 900mL +

green tea (3pack)-

<
-

P

100°C, 10mine ]

b

[ Dissolve 90g of Sugar- ]

Green tee 700mL

infusion and cool

down below 30°C+ s ~
200mL Peel Citrus Juice

= 1 piece Ga. xylinus,

M

imL Ga. medellinensis,

2mL Q. oxydans+
Incubator . J

(26°C l4days)«

Figure 3. A flow diagram for Peel Citrus Kombucha.
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Figure 4. Samples of Citrus Kombucha and Peel Citrus Kombucha beverage.
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3) Lutein d7t¥ F53F, B-Carotene #7e HF5AF Lutein 2 B-Carotene %

b B e

B Ago|A AFE¥ Lutein, B-Carotenet Sigma Aldrich (Sigma Aldrich, St.

Louis, Missouri, USA) A% AF-&3F0t}.

A1F (Lutein H7Fe 45320, B1F (B-Carotene H7FE FHx0), C1&

—_

(Lutein ¥ B-Carotene #7+¥ F53}) Figure 5.0 Wz} TF4 900mLS &<
Hol 52k B 34S 1087 Atk A% 90gE ¥ wutd oA 2EE
700mLel A, B, CZ&° w2} ZF 100mg Lutein, 1g B-Carotene, 100mg Lutein

9} 1g B-CaroteneE YolTi o7 HITS f3l 30CL =0 7 225 29

¢

+t}. 3mL Ga. medellinensis, 2mL G. oxydans, Ga. xylinus®]™ Ga. xylinus$]
fungusE AME 2cm AE=Z 2l 2olF i HESIY 26T w7 Al 14U W

#aha,
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Water 900mL + green
tea(3pack)

M

—

1007, 10min ]

N

Dissolve 90g of

Sugar
A B C
\ - .
Lutein B-Carotene | Lutein & B-Carotene
. Gfeen tee 700mL 100mg | 1g 100mg & 1g
infusion and cool down )
below 307 oY T4 S
<« | +1 piece Ga. xylinus, 3mL Ga. m
. edellinensis, 2mL G. oxydans
\ S
Incubator

(26 14days)

Figure 5. A flow diagram for Lutein adopted Kombucha and B-Carotene

adopted Kombucha and Lutein and B-Carotene adopted Kombucha.
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Figure 6. Samples of Lutein adopted Kombucha and B-Carotene adopted

Kombucha and Lutein and B-Carotene adopted Kombucha beverage.
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(1) DPPH &HZ &A% 54

DPPH radical scavenging®] 2§ 71%2 &Akst 4o bk 24 gzl
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DPPH radical®] %7 &4-& Wei & Shibamoto[59]¢] B i1 & &&3to] o5}
2ol AFgark. AEE 99% dlerEol FHol 74z HF w100, 200, 300 n
g/mL7} 3 A|Z3%F 0.2 mM 1, 1-diphenyl - 2-picrylhydrazyl (DPPH, Sigma
Aldrich, St. Louis, Missouri, USA) &< 700uL& 7}t &3 & Aol A
20+ 7F ¥F-3-A171 % microplate reader (Versa Max, Orleans, Louisiana, USA)Z
Abgatel 517 nmel A &3 = = 545kt positive control®A L-ascorbic
acid (Sigma Aldrich, St. Louis, Missouri, USA)S §Y3% L& AL&3to] o
= A EEQY FHVME Y FEERE AP A

r—LI

7z} A&l DPPH free radical 22752 th9 2o oA AlLtetglom &
A2 33 Qe T

rm

DPPH radical scavenging activity(%) = [1 — (A8 FFE=/NE9 T3
)] x 100

(2) ABTS #dZ A5 573

ABTS @tz ko]l (ABTS)S &4 Heoz v AAF B49 421354
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H7hg,

wes) S g S
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ABTS radical®] &7 &4 Eil

5[611¢]
74mM 2, 2'-azino-bis—3-ethylbenzothiazoline-6-sulfonic acid (ABTS, Sigma
Aldrich, St. Louis, Missouri, USA)¥} 2.6mM potassium persulphateE 12A]7F
Askel ABTS ol2& d4 Azl & o &= 735mMeiA
SHTE YA AIRE 99% et =of
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QbAoA 3073T
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FAG %
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Alzel ABTS free radical 22752 th9] Aol ofAste] Aliteiglon
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OE
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ABTS radical scavenging activity(%) =
5)] x 100
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71998 = Qv 252 SHNLE AASY Atstd EdCREH A
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M

& Bxdozd i, did Xd o nAs 2 JFS EAF6e7].

ool Ao A% FelsEd £§A £r Asdge] welst: mhel 47
49 4EAEE RuHArHes] mebd Eedm Yo B FEES 4E

Zg¥E S Folin-Denis WH[69]S o] &3te] =433t 108] 34 A&
500uL, Folin&Giocalteu’s phenol reagent (Sigma Aldrich, St. Louis, Missouri,
USA) 100uL, 15% sodium carbonate &< 400uLE& TAU= 23, 33k 5
SFho A 1A1ZF WX & microplate reader (Versa Max, Orleans, Louisiana,
USA) Ab&3dte] 725 nmelA SAsdv. & ZZtExcol= g 42 Gallic
acid (Sigma Aldrich, St. Louis, Missouri, USA)Z o] &3] #AA3 T4 0

2 gL Austel 38 Wk
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2) HPLC #4]

HPLC #2418 Waters 2998 tho] 2= ojdo] #HZE7]7F &2 F Waters 2690/5E
Alliance Ats HEZ 2 F3 5o Empowerd HlolE +3 AZE o (Waters,

Milford, Massachusetts, USA)& #] o] ¥ it}

Empower3 X213 ALE3to] B-Cryptoxanthin +241%712 Kyong-Cheol
Ko &[70]1¢] ®Hel we} Table 13 2t} o]s/F2 HPLC-grade methanol,
water, methyl tert-butyl ether (MTBE)Z AFg&3tgien 02um PTFE
membrane filter (Merck Millipore Ltd., Tullagreen, Carrigtwohill, Ireland)®= <]
&t AFE-3FTE Lutein and B-Carotene w4 %712 Magdalena Krajewska's
[711¢] WS F74stal Table 2% 2t} ©]&/%2 HPLC-grade methanol,
ammonium acetateE AFE3t¥9 2™ 02um PTFE membrane filter (Merck
Millipore Ltd., Tullagreen, Carrigtwohill, Ireland)® o] ¥}3sta1 A&t TH A&

FJHFE 20uLol™, 445nmel A FF =S =As ).
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Table 2. HPLC condition for B-Cryptoxanthin.

Instrument Waters 2690 Separation module
ZORBAX Eclipse Plus C18
Column
(4.6 x 250mm, 5-Micron)
Flow rate 1 mL/min
Column temperature 35T
Injection volume 20ul

Detector

Waters 2998 PDA (data acquisition:

200~550 nm, chromatogram: 445 nm)

A solvent = MeOH : H20 : MTBE

9% :1:4
Mobile phase
B solvent = MeOH : H20 : MTBE =
25 71 4
Gradient table Time (min) A (%) B (%)
20 100 0
32 0 100
37 0 100
42 100 0
45 100 0
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Table 3. HPLC condition for Lutein and B-Carotene.

Instrument Waters 2690  Separation module
ZORBAX Eclipse Plus CI18
Column
(4.6 x 250mm, 5-Micron)
Flow rate 1 mL/min
Column temperature | 35T
Injection volume 20ul

Detector

Waters 2998 PDA (data acquisition: 200~

550 nm, chromatogram: 445 nm)

Mobile phase

A solvent = MeOH @ Ammonium acetate

70 30
B solvent = MeOH = 100

Gradient table

Time (min) A (%)
0 5
1 50
20 30
25 0
32 0

B (%)
25
50
70
100
100
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Hl 8] A|Bg o FHIFFo R thxste] P A AT}
DPPH &tz &A% &4 Table 4.914 YERH AT
BE Ag5Ee] v%d¥ (100pg/mL, 200ug/mL, 300ug/mL)el we} DPPH 2hv]Zt

aASHol Frbshgom, CKe wael we P48 5ol s wd)

Ascorbic acid H]3] F X 300ug/mLel A DPPH #ttlZt A7%5Ho] & wgkx|ut
% 100pg/mL, 200ug/mLol A @A A =2 F2tkst A4S Yebyt. 48 9

oo 7+E ZAAw nlF] =o s B4 7R3 QAT Ascorbic acid H] 3l

B Ago= ZF Al5 2 ABTS radical scavenging acitivityS Ascorbic acid

uje Amgole] RAEOR sl WA AT

ABTS #tZ+ &27% &4 Table 5.914 YeE ATt
DPPH @tz 2A%3 Zof RE AgEo] = (100pg/mL, 200pg/mL, 300u

g/mL)ell wteh ABTS #tdZ &7e®o] S7bsal CKe Haol wet 413 &
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—

UEtstth CK 2& $¢9F PCK ¥E A3 & g 4drt Ascorbic acid Hla &%
AR g8 See] ke AFS ek g dde gE g4Aw v

o

DPPH #dZ 2AF dHe =24 veweow 4 9o ABTS oz 4

=

A% B4 o3le Pasts Ao ey

=3}

3) Total polyphenol $t% =74 23}

Total polyphenol & =74 Z3}+= Table 6.914 YEY AT}

H52gh HlEdgs Bl e 99 ZEHs 92 20.75ng/mL, e g ARt
Z2 s S 4228ug/mLE AY =S S xpA e gl
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Table 4. DPPH radical scavenging acitivity.

Sample
& % (ug/mL)
DPPH
100 200 300
radical
scavenging
activity (%)
EFFA HEgd 26.43+1.35' 47.47+3.21¢ 68.23+3.07
dEFRA HES 47.10+5.657 72.20+5.90" 83.20+3.55°
AAF5A dad 43.50+4.12¢ 7857+4.57 88.03+1.56
AAFHA das 41.00+4.28¢ 66.47+6.22 81.13+4.29°
g 30.07+5.08° 57.70+4.42° 76.67+4.44
HERA 24.63+5.06' 44.27+4.289 58.83+4.51¢
Ascorbic acid 33.77+0.67° 58.63+0.95° 90.93+0.06°

Values are means =+

significant differences among samples determined by Duncan’s multiple range

test (p<0.05).
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Table 5. ABTS radical

scavenging acitivity.

Sample
& = (ug/mL)
ABTS
100 200 300
radical
scavenging
activity (%)
FeEEsa dad 24.37+1.10" 47.13+0.35" 73.4%0.38"
dEFTA HEy 36.53+2.18° 61.87+0.93° 96.57+0.06
AAFHA dad 38.20+3.65° 56.17+1.50° 93.87+0.12?
AAFHA das 25.20+0.95" 42.83+0.644 75.53+0.64"
ey 42.90+1.54¢ 596.77+1.40° 76.83+0.47"
g At 59.60+1.06¢ 78.37+1.72" 96.17+0.15
Ascorbic acid 41.03+1.80¢ 57.30+1.47° 96.73+0.15

Values are means = SD of three independent experiments; Letters indicate

significant differences among samples determined by Duncan’s multiple range

test (p<0.05).
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Table 6. Total phenolic content.

Sample Total phenolic content(ug/mL)
e F5a dE A 898 + 0.05°
e Fha dE F 35.75 + 0.32°
Ad A F5A A 19.07 + 0.24°
AE e w58 F 1896 + 0.31¢
e A 20.75 = 0.64°
e A 42.28 + 0.37°

Values are means = SD of three independent experiments; Letters indicate

significant differences among samples determined by Duncan’s multiple range

test (p<0.05).
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100

DPPH radical scavenging activity(%)

N 100pg/mL
N 200pg/mL
W 300pg/mL

ZIEEN PEBEEN ZUBEN ZUBEN ZIRY  LEPR Ascorbicxd
¥a®  gasz  ¥sd  gas

Figure 7. DPPH radical scavenging acitivity. Values are means * SD of three
independent experiments; Letters indicate significant differences among

samples determined by Duncan’s multiple range test (p<0.05).
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ABTS radical scavenging activity(%)
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W 200ug/mL
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Figure 8. ABTS radical scavenging acitivity. Values are means = SD of three
independent experiments; Letters indicate significant differences among

samples determined by Duncan’s multiple range test (p<0.05).
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Total phenolic content (pg,/mL)
a5

35
30
25
20 d d
M Total phenolic content

15

10

ZEEEA ZIIEA ZEEEA UEEEN  LEEY
CEI - S N £

Figure 9. Total phenolic content. Values are means * SD of three independent
experiments; Letters indicate significant differences among samples determined

by Duncan’s multiple range test (p<0.05).
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2. HPLCE o] &3te] w3 wE ZF AJ59 B-Cryptoxanthin

HPLCE AHgdte] Ame] amvteagle 3

1) Standard B-cryptoxanthin &%

o

-

shel o,

W+ =

0.30]
020
<
0.10]
0.00] N &
N A A N A A A A A A A N A A A A N AN
000 200 400 600 8.00 1000 1200 1400 16.00 18.00 2000 22.00 24.00 26.00 28.00 30.00 32.00 3400 36.00 38.00 40.00 42.00 44.00
Minutes
Name Retention | Purity1 Purity1 Area % Area | Height Int Peak
Time Angle Threshold Type Type
1| cryptoxan | 19.344 0.161 0.278 9104976 | 100.00 358494 | VWV Found
thin

Figure 10. HPLC chromatograms of standard B-Cryptoxanthin.
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N

2) a5 $E&d B-cryptoxanthin &

.

0.0127
00101
] D
0,008 >
] o
20.006*: Y
0.0041
0.002]
0.000]
‘ 7 — T T T — T 7 ‘
0.00 5.00 10.00 15.00 20.00 2500 30.00 35.00 40.00 45.00
Mnutes
Name Retention | Purity1 Purity1 Area % Area | Height Int Peak
Time Angle Threshold Type Type
1| Peak 19.929 10.996 1.456 63578 100.00 2572 BB Found

Figure 11. HPLC chromatograms of Citrus Kombucha fermented O day.
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3) AEFFA $E& % B-cryptoxanthin &

0.0707
0.0607
0.0507
0.0407

o}

< 0.0301

-19.227

0.0207
" JJ”LA_A«,
0.0007

U U U U U U UGN
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00

= Peak1

Minutes
Name Retention | Purity1 Purity1 Area % Area | Height Int Peak
Time Angle Threshold Type Type
1| Peak 19.227 1.980 3.378 227111 100.00 9840 BB Found

Figure 12. HPLC chromatograms of Citrus Kombucha fermented 14 days.
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) AAREEEA

Wk g A B-cryptoxanthin &%

0.0207
0.015]
o

< 0.010]
0.005]
0.0007

U rrorgrrrproor U oo g i

000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 24.00 26.00 28.00

Minutes

Name Retention | Purity1 Purity1 Area % Area | Height Int Peak

Time Angle Threshold Type Type

1| Peak 18.919 1.187 4.600 51907 100.00 2202 BB Found

Figure 13. HPLC chromatograms of Peel Citrus Kombucha fermented O day.
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5 AAREFHEA 35 B-cryptoxanthin 3%

0.14]
0.12]
0.10]
0081

< 0.06]
0041 ©

o
002] P’L =
N
000 A

A U U U UG
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00

Minutes
Name Retention | Purity1 Purity1 Area % Area | Height Int Peak
Time Angle Threshold Type Type
1| Peak 21.375 2.232 16.335 118689 100.00 4903 BB Found

Figure 14. HPLC chromatograms of Peel Citrus Kombucha fermented 14 days.
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2 (ug/me)

B-cryptoxanthin

Figure 15. Changes in B-Cryptoxanthin content by fermentation.
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3. HPLCE o]&3te] & wE 7} A5 Lutein R p-Carotene & 74

2 3}

1) Standard Lutein ¢+

3.007
2,507
2.007

D

<<1.501

1.00]

0.501

0.007
AN U N U T U U U U U U
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 24.00 2600 2800 30.00 3200
Minutes

Name | Retention Purity1 Purity1 Area % Area Height Int Type Peak
Time Angle Threshold Type

N

lutein 28.796 16.129 15.381 55996233 100.00 | 3251077 | VV Found

Figure 16. HPLC chromatograms of standard Lutein.
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2) Lutein #H7le F4%x ¥ &4 Lutein %

0.12]

0.10]

20.00/Z

0.08]
o
<c0.06]

0.04]

0.02]

0.00]
—— T T T T T T T T

0.00 200 400 6.00 800 1000 1200 14.00 1600 1800 20.00 2200 24.00 2600 28.00 30.00 3200
Minutes

Name | Retention Purity1 Purity1 Area % Area Height Int Type Peak
Time Angle Threshold Type

N

peak 28.862 0.185 13.169 1022124 100.00 | 126379 | BB Found

Figure 17. HPLC chromatograms of Lutein adopted Kombucha fermented 0O

day.
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3) Lutein #7719 452 &29% Lutein &%

0.081

0.067

20041

28.835

0.021

O.O(TM

T T L AL L e B B B
000 200 400 600 800 1000 1200 1400 16.00 1800 20.00 2200 2400 26.00 2800 30.00 32.0

JA\

Minutes
Name | Retentio Purity1 Purity1 Area % Area Height Int Peak
n Time Angle Threshold Type Type
1| peak 28.835 0.880 90.000 129466 100.00 18215 | BB Found

Figure 18. HPLC chromatograms of Lutein adopted Kombucha fermented 14

days.
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4) Standard B-Carotene &%

250]
2.0&;
1.5&;

oD
<C

1.0¢

0.5&;

0001

000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 %600 2800 3000 R

Mnutes

Nam | Retention | Purity1 Purity1 Area % Height Int Peak
e Time Angle Threshol Area Type Type
d

N

peak 2.333 6.163 7.716 | 64108674 | 100.00 2558464 | BB Found

Figure 19. HPLC chromatograms of standard B-Carotene.
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5) B-Carotene ¥7Fe &5 237 B-Carotene $F=F

0.08
0.06]
oD
<<(0.04
0.021
000 ——— &
R R R e e
000 200 400 600 800 1000 1200 1400 16.00 1800 20.00 2200 24.00 26.00 28.00 30.00 32.00
Mnutes
Name Retention Purity1 Purity1 Area % Area | Height Int Peak
Time Angle Threshold Type Type
1| peak 2.334 7.394 9.445 2747926 100.00 | 86156 | Bb Found

Figure 20. HPLC chromatograms of B-Carotene adopted Kombucha fermented
0 day.
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6) B-Carotene 719 FH-2 w3 % B-Carotene ¥

0.067

0.041
oD
<C
0.02
0.001 /
T T T T T [ T T T [ T T T[T [ T T T [ T T[T T T [ T T [ T T [ T T [ T [ T T [ T T T T T T
000 2 d ! 800 1000 1200 14.00 16.00 18.00 20.00 2200 2400 26.00 2800 30.00 32.0C
Minutes
Name Retention Purity1 Purity1 Area % Area | Height Int Peak
Time Angle Threshold Type Type
1| peak 2.260 17.012 9.471 2382011 100.00 | 65946 | Bb Found

Figure 21. HPLC chromatograms of B-Carotene adopted Kombucha fermented
14 days.
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7) Lutein®} B-Carotene 3 7Fe 5% 234 Lutein ¥ B-Carotene 33

0.0601
0.0507] ~
[Ye)
0.0407 ~
25
=0.0307 '
S =
0.0207 g
0.0107 F/Z&w
0.0007 AR

Ly By By R
000 200 400 600 800 10.00 1200 14.00 1600 18.00 2000 2200 2400 26.00 28.00 30.00 32.00

Minutes
Name Retention Purity1 Purity1 Area % Area Height Int Peak
Time Angle Threshold Type Type
1 | carotin 2.257 10.845 6.686 | 1611864 86.63 57097 BB Found
2 | lutein 28.457 4.936 0.740 248773 13.37 9965 BB Found

Figure 22. HPLC chromatograms of Lutein and B-Carotene adopted
Kombucha fermented 0 day.
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8) Lutein¥} B-Carotene #7}e FH A 2& 3 Lutein @ B-Carotene $F%

0.067

2.9

0.0H
oD

A

0.021

0.00

T T T O A A P A L AR A S S SR SR
000 200 400 600 800 1000 1200 1400 16.00 18.00 2000 2200 2400 26.00 28.00 30.00 3200

Minutes
Name Retention Purity1 Purity1 Area % Area | Height Int Peak
Time Angle Threshold Type Type
1| peak 2.311 7.055 9.613 1302491 100.00 | 70017 | Bb Found

Figure 23. HPLC chromatograms of Lutein and B-Carotene adopted
Kombucha fermented 14 days.
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2t 0 2|sff Lutein G p-Carotene EEF HHSHug/mé)

100
85.73 Lutein E7HE SR
(EEH
80 74.31 _
W Lutein BIE S84
(EEZ)
50 B-Carotense EZLE S84
(EEH
40.6
40 385 B [-Carotene E7HE F825
(EEZ)
Lutein & B-Carotens EZE
2 SRR (EEH
89
4.6 B Lutein & [(-Carotene &7
) .
0 _ 2% (2EE)
Lutein 22 f-Carotene &

Figure 24. Changes in Lutein and B-Carotene content by fermentation.

_46_



7+ FH 2 (CK=Citrus Kombucha) & o] ugt d4tsl s8o] F7)sk= Wk
Hol| A& 7+= F3 3+ (PCK=Peel Citrus Kombucha) 4% 23

fol
o
=
R
ot
<
Lo

ug/mLel A DPPH 2tz &AAGHo| & vk 9h 5% 100ug/mL, 200pg/mLell
A AASH =2 kst A4S dEiET e A e g vE =&
gaksl A4S 7FA 2 A WE Ascorbic acidoll WA= #atdl o] e A
o2 w3tk ABTS #H# 275 CK ¥a $of PCK ©& A3 7+
AR Ascorbic acid M8 w=¥HE A3t T o] vl=%t AEkE vEvd 3
# 992 e gAnt vlel DPPH @t &71% e v=A yesion,
e el ABTS #tHz 275 @] 23y Hashs A2 YEsth o
=] AFEE 4= 99 DPPH #Hdztat €8] ABTSE &4 (peroxidase,
myoglobin) ¥+ 3138} &4 (o|qbsbdgt, BeikzbE, ABAP) GO 93] 2o zs
A ete] Abgstofof st RE=A] {7] &S AR&SEo{of sk DPPHS = &
g ABTS= =3 #718wE =5 A8 5 7] wizol hydrophilic E+&
lipophilic Al%9] A &tz 27 s8& SAL 5 ks A2l v
Axz Hol A, F dHEgdFo CK Ha Ay} nuse CK &Ha

Fol dAA3] F7tstd o, PCKe Ha ddut) =2 dsdads Ix A v
e AT EYdE FEe 4227ug/mlE Ald =2 FES YEhdla
=S oF 427 A Eol dE RExEHoUTH AE FR we AE FiEd

A oAA Aol o277, 5 &7, 7HA, A, %, <, e, BEET], A

rr

l

CK 2ol o3 7t2Ewmel=e] M3l HPLCE F3 S48t v 2

P
25 9tk CK 2E A3 3o B-Cryptoxanthin %2 2+ 1.4pg/mL,

_47_



50ug/mL. PCK W& A3 %9 B-Cryptoxanthin %S 7z} 1.1ug/mL, 2.6u
g/mL. CKe} PCK7} &8 o]%o] B-cryptoxanthin $#e] =% 7€t CK
2y FHEU PCK 28 & F7Feo] o A2 A2 & 7d ol essential
compound (essential oil)7} =A3}=H|, ©] essential oilo] A [74]& 71A] 1L

golA 12 <la wEavt @ FAyHdn B 5 vk

Lutein #7Fg F52 (A) 28 A3 9 Lutein %2 ZF 36.5ug/mL, 4.6p
g/mL. B-Carotene F7F¥ FH A B)Ea A3 Fo B-Carotene HFS 7}
85.7ug/mL, 74.3ug/mL. Lutein, B-Carotene®] H7le FH3 (C)9 @& A3} &
9] Lutein %S 7} 89ug/mL, Opg/mLe] il B-Carotene 3F#-2 ZF 50.3pg/mL,
40.6pg/mLo] At Lutein 3 7Hd F5%F, B-Carotene H7Fe FH2F9} Luteint
B-Carotene % 7}% A= 2g oA Lutein®t B-Carotene &#o] EF

=3
an
g, Had olate] J2E oo wE B AFA Hgo] B

Auk A a7E Qs HEHEEe] YR pFxo AR W3l B dx F FEAS
FAAE 7 ATH3T7]. o)de] Aol fHE FHA #E $+= B-Cryptoxanthin

HQL‘

Zo] =7ty =4 o= Lutein®t B-Carotene?] o] ZFolex Ay Ay
A7F dE Aoz ofAE™ Damaso Hornero-Méndez S[11]¢] =53 I X ¥ +=
Aol

|
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B AgE 7+ F52x (CK= Citrus Kombucha)9t 22 7 ZX A (PCK=
Peel Citrus Kombucha) W&ol 93] o]ststd EAS vlusty] ¢s] dikst 2
Jds HAAtRer, g A3 ¢ JEZEol=<2l B-cryptoxanthin (B-CX) & &

Lutein ¥ B-Carotene &% W3}t= HPLCE o|&3lo] =A3 L tf

1. 323 &4 58 =HolA DPPH, ABTS 2tz 2745 CKE 2 &
wet Zb % (100pg/mL, 200ug/mL, 300ug/ml) &4k3} S & o] Z7)sts
Hbdo] PCK 495 @ad 72 vx9 (100pug/mL, 200pg/mL, 300ug/mL) &
Absh sElo] EAShe Hae] wel FAkst o] AR FadteE Ao®E o
Elyith. DPPH o)z 27594 CKe PCKE Ascorbic acid B8l %% 300
pg/mLel Al v AAGS BHAAN,  F% 100ug/mL, 200ug/mLAA = @A

HA =& @aksl 248 yeskt ABTS 202 27458 A CK$ PCK

+ Ascorbic acid 4|3 FE=H=E dikst FEo] Hl=3 AdS Yyt F

ol

A3t 5 FelslE FPe wSetdl etk CK SR o8 $43 5ol
=

o

2. B-adERES] s HgHor =AH3r] 98 HPLC 48 A5t
B-ZHEZE Y retention timeS 19%Zo|tt CK W& 3 F9

~Cryptoxanthin %<& 7} 14pg/mL, 50ug/mLth PCK @& 3 39
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-Cryptoxanthin %2 Z+1.1pg/mL, 2.6ug/mLith. CKe} PCK7F @& ¢

3] B-Cryptoxanthin $F&o] 5% Z7p¥t}

3. Lutein®} B-Carotene?] &S HPLCE ©o]&3t9 A3t FH<A
retention time 288+ °]al B-Carotene retention time 2.3%°]! T}t Lutein
A7ke F5A 28 A9 $9] Lutein &% 7} 36.5ug/mL, 4.6pg/mLATH B
~Carotene H7td FHx ¥8 A3 $9 B-Carotene T2 7t 85.7ug/mlL,
74.3ng/mL 3}t Lutein®} B-Carotene H7td 8z W& #¥ %9 Lutein
sheke ZF 89ug/mL, Opg/mLe]il B-Carotene %S 7} 50.3pug/mL, 40.6u
g/mLAth ol wa wiFo M P27 Waty o] Lutein o] Wol 7

%31 B-Carotene?] &2 o A},

oA A3 gE FHAE AE e F5A s dEel we =2 dikst
, B AsdEs A wE § B-Cryptoxanthin §HeF

ol&= & ol Lutein¥} Carotene®] B-Cryptoxanthin® = A&
(bioconversion)®l o= FHHW ol Hlgo=w Zd FFA= 1 ZHE

WA S oo AFE AL W ARAFE Bl AR F AL AT
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