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Abstract The study investigated the pH, acidity, soluble solids, total sugar,
polyphenol, flavonoid, anthocyanin content, 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging, and color of kombucha with a variety of added fruit peels
during the fermentation process. Pear, grape, plum, orange, apple, and golden kiwi
peels were added during fermentation. The pH showed a decrease, while an
increase in acidity was observed. An increase in soluble solids, which was higher
in most experimental groups than the control group, was also observed. A decrease
in total sugar was observed over time. However, an increase was observed in
reducing sugar. On Day 0, higher total sugar and reducing sugar were detected
in the peel addition group compared with the control group. The antioxidant
capacity of polyphenol, flavonoid, anthocyanins, and DPPH radicals scavenging
increased with fermentation and was higher in all addition groups, except for pear,
compared with the control group. Except for grapes and plums containing high
levels of anthocyanins, an increase in the L-value was observed over time, and an
increase in the a-value of grapes and plums was also observed (p<0.05). The
possible utilization of inedible fruit peel in kombucha was shown. Applying
inedible fruit peels to kombucha is proposed to increase antioxidant content and
modulate color and pH.
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1. ME

FH M kombucha)= & & Ao SCOBY(symbiotic culture of bacteria and
yeast)?} A=S 7okl AF2oA 6-109 TaAA AEthReiss, 1994; Villarreal-Soto
%, 2018; Watawana 5, 2015). & 2,0008 A FEotA|o} & O ZEE FJolr|o} F&
4 o5 oz mA 2857 i Hartmann 5, 2000; Sreeramulu <, 2000; Watawana
5, 2015).

SCOBY+ &2 ZANFT YW/ B4R 2 o]Fo]d symbiotic culture®|tHJayabalan G,
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2014; Kaashyap 5, 2021; Marsh 5, 2014). &8 %
Acetobacter xylinum 5°l 2JeiA 4 cellulose film
(Blanc, 1996; Chawla %, 2009; Laavanya 5, 2021)°]
bacteria®} yeast”} 014 gel ¥ I (pellicle)o] &
A= thSreeramulu 5, 2000).

an MEEo| 9% invertase’} AgE Tl o
2 7I5EstH(Koschwanez 5, 2011; Reiss, 1994).
olE go] HRE AX gIZE @ ¥ 2A0R Hth 2
At 2 S 0]83519 gluconic, glucuronic, acetic
9 lactic acids 2= 7142 A5t 1IR3t Fv|9} 715
A& HofdttHJayabalan 5, 2014; Leal 5, 2018). 354+
o] g E(Battikh 5, 2012; Sreeramulu 5, 2000), 3
AFSHChu®}t Chen, 20062t &4d(Jayabalan 5, 2011;
Srihari &, 2013)%= HIElot.

A AA FRA A s 20218 71202 9F 3% 44
o] Yolm 203097 ABH BFES 15.6%= o=t
(Grand View Research, 2022). =4 FHAa= 347149
oAl 20189 AlZtetA AL, 2021d0]= t7[FolAE A
ES EA6K9) g 7199 20209 miE2 2059 HofA
20219 4079 €922 A 100%°l 7he A4S Rt
(Ha, 2022).

A2 7] B9 dhsat v|7H] £9] Aoy A= Ud
ot 739 giFSHHassimotto &, 2005; Saravanani}
Parimelazhagen, 2014), 1 P¥E(Saravanan®} Parimelazhagan,
2014)% F(Saravanand} Parimelazhagan, 2014;
Sharma <, 2006)7} ®H1=9ich 8L ojojA3y
(EL-Samahy &, 2009), W(Alves &, 2020), SF2E
(Sengul %, 2012), AZ(Ramteke 5, 2020) 5ol A7I5}
of A%, 7154 2 FvE FHAF

ghro] Thd AYATAR 20059 2% 5,290 HollAl 2019
g 4% 1,8799 9o wWid 23] F7HHYoon 5,
2021). Ruiz-Torralba(2018)°]] W= 52F 9] Ht
H|7FA] H9l= oF 16%0]th. 3 B4t F7to] what B]7}H4]
599 Ay N9 F7PF #8€nh. AF(Fawole &,
2012)2} b Ehiowemwenguan 5, 2014) AZ9] &
A& 7183 QARX(Hegazy?t Ibrahium, 2012)2}F Akt
(Wolfe 5, 2003) AE9] Fitsl Atz HIEI

X219 AL snake furit(Zubaidah 5, 2019), red

Q.

N
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raspberry2} blackthorn(Ulusoy2} Tamer, 2019), 12
I blackberry®} red goji berry(Akarca, 2022) 75 &
& Al AR a7t S7HE AR g A B8 A
ojofgt Axolt. qioF njghg AAE S8tttk M ot 3
I} 7154 3R] SR ofye}, SAE A7) AulE
2 A A AAef §AH] Agto] 7] e & dAFolA=
S Y& SRS BT AE 7= AESH] Hdl
A HR F pH, 4k, 7HA 197, $9, &9, &9
=, S olE, tEAJobd 9%, DPPH(2,2-diphenyl-
1-picrylhydrazyl) &2 &7 9 MEE ZARGH

2. Mg % diH

21 A& M2

SCOBY®} F#Ak= Y-Biotic(Y-biotic Co., Ltd., Seoul,
Korea)ollA] Ftufiotqitt. S412(Ceylon Tea, Ahmad Tea
Ltd., Ras Al Khaimah, UAE), A%(Samyang Co., Ltd.,
Ulsan, Korea), Wl(Pyrus pyrifolia), E=(Vitis vinifera),
A(Prunus salicing), @A (Citurs sinensis), A+
(Malus domestica)®} ZE7\N(Actinidia chinensis)=

AlEollA Fafste] AR

22 &g AZX

g s 60ColA 4AZF AE(SOF-150, JS
Research Inc., Gongju, Korea) & =4 7](WSG-9100,
Joong San Co., Ltd., Seoul, Korea)Z E4J3ict. ¥}
7}25 ziploc(Thai griptech Co., Ltd., Bangkok,
Thailand)oll Yol 983t & -20C YAL(R-B63AM, LG
Electronics Inc., Seoul, Korea)ol A& A|7FA] H 519
HSogi 5, 2013).

2.3 E2Af HZE

= 1.0 L& #A7] ZE(P-5580TP, Zhongshan Xinhao
Electric Co., Ltd., Zhongshan, China)olA 80C7}A] &
At A 6 go] @71 EW(DP-5580TP, Zhongshan
Xinhao Electric Co., Ltd., Zhongshan, China)& Y1l
1583 98 SX5 TESTE §4F 395 mLet A% 50 g&
Clear Laboratory Bottle(BWK Life Sciences, Mainz,
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Germany)°llAl 411 4131 & SCOBY 25 g &4+ 30
mLE F7Ietginh HEE H9 25To)A 1297t HjeFsto]
275 AZHH(Neffe-Skocinska &, 2017). Ag+=
HEE X7 A Axd H 10 g& H7BI¥HTable 1).

2.4 pH =&

A& 20 mLE 100 mL B]A] Eo} pH meter(Strarter
3100, Ohaus Instrument Co., Ltd., NJ, USAZ ¥& 0¥
FE 129704 v 39 7HH 02 =35t tHKo &, 2017).

2.5. M =F

A& 108 34 10 mLE Petri dish(SPL Co., Ltd.,
Pocheon, Korea)ol ¥i 1%(v/v) phenolphthalein
(Daejung Chemicals & Metals Co., Ltd., Daegu,
Korea) A|A%E 2-312 43t} Burette ©]-&5}od
0.1N NaOH(Samchun Pure Chemical Co., Ltd.,
Pyeongtaek, Korea)E #7}5to] pH 8.37H4] &g 59Lt.
NaOH 4H[g=Z offf Ao tifisto] 4= (%)E | HKo
5, 2017).

AL (%) =
0.IN NaOH 4|2 x NaOH 97} x
0.006 x 3AuZ
Al &=HmL)

x 100

26. J7I84 187 5

FA(Master Refractometer, Atago Co., Ltd.,
Tokyo, Japan)Z 20T Al&E &35} °Brix® YEFHR
t{Kwon 5, 2012).

Table 1. Composition of kombucha

27 &8 5%

Glucose(Sigma Aldrich Co., Saint Louis, MO, USA)
49 0-100 pg/mLE spectrophotometer(Genesys 10
UV, Thermo Scientific, Inc., Waltham, MA, USA) 480
nmIA £74519] standard curveE TEAT. HH5H
5|43t A& 1 mLE 15 mL conical tube(SPL Life
Science Co., Ltd., Pocheon, Korea)o| ¥ 95%(v/v)
sulfuric acid(Daejung Chemicals & Metals Co., Ltd.,
Daegu, Korea) 3 mLE H7FsE & 187 Aol =+t
AL9] water bath(BW-20G, Jeio Tech Co., Ltd.,
Daejon, Korea)ol do] 43l & 90%(v/v) phenol
(Daejung Chemicals & Metals Co., Ltd., Daegu,
Korea) 50 uLE 91 AUt A0 3087t = $ 480
nmolA 78 FBEE AATFAA ] ddsto] T A
(%)& YErHth(Salari 5, 2019).

28 =88 5

A& 1 mLE 15 mL conical tube©] €1 DNS(3,5-
dinitro salicylic acid) reagent 1 mLE #7}ct. Water
bath 100COJlA 587t i & =204 At S/TE
Ho] 8§ mLE BA5}A spectrophotometer 540 nmOjlA]
4= E =43k Glucose standard curve® ©]-8-5}0]
LY FFHWLE YEtHAung?t Eun, 2021).

2.9 EH= g 5%

PipetZ 108 345 A& 0.1 mLE 15 mL conical
tube®l] ¥ 10%(v/v) Folin-Ciocalteau reagent(Sigma
Aldrich Co., Saint Louis, MO, USA) 0.75 mLE A7}
ot AL0A 1087 3= & 2%(w/v) sodium carbonate
(Daejung Chemical & Metals Co., Ltd., Siheung,

Ingredient Control Korean pear Grape Plum Orange Apple Golden kiwifruit
SCOBY (g) 25 25 25 25 25 25 25
Kombucha (mL) 30 30 30 30 30 30 30
Sugar (g) 50 50 50 50 50 50 50
Black tea (mL) 3% 3% 39% 3% 3% 3% 395
Fruit peel (g) 0 10 10 10 10 10 10
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Korea) 0.75 mLE E3Ith FAoA 458 =& &
spectrophotometer 765 nmolA &JEE ZAJct
Gallic acid(Sigma Aldrich Co., Saint Louis, MO, USA)
standard curveE ©o|-&sto] Ed]HE THWE FAIF
tHLu &, 2011).

210, ZapE0/C 52 =X

A& 48] 314N 0.5 mL, 10%w/v) aluminum choride
(Junsei Chemical Co., Ltd., Tokyo, Japan) 0.1 mL, 1M
potassium acetate(Lugen Sci. Co., Ltd., Seoul, Korea)
0.1 22228 mLE 15 mL conical tube©] 211 410]
FAeh A2o4 3087F WASE & spectrophotometer
415 nmoIA SF=E 29t Quercetin(Sigma Aldrich
Co., Saint Louis, MO, USA) standard curve® ©|-&5}%
flavonoid $F(%) 02 EAFHShahbazi 5, 2018).

2.11. SHEAIOIH &% 55

H|# o] 0.2M potassium chloride(Junsei Chemical
Co., Ltd., Tokyo, Japan) 125 mL%} 0.2M hydrochloric
acid(Daejung Chemicals & Metals Co., Ltd., Daegu,
Korea) 375 mLE %319 pH 1.0 buffer solution®&
23 1M sodium actate(Daejung Chemicals & Metals
Co., Ltd., Daegu, Korea) 400 mL, 1M hydrochloric
acid 240 mL®} F5F< 360 mL= pH 4.5 buffer
solutions FF=th. A& 0.5 mL7} ©7] conical tube
o Z+2+9] buffer solutions W= ¥ 5122} 700 nme]l
A FFEE 451, ol Ao tidste] FEAOR
FFE A (Ulusoy?t Tamer, 2019).

A x MW x Df x 1,000
e x [
A = (Ais12 = Aizo0) of pH 1.0 buffer solution -
(Azs512 = Az700) of pH 4.5 buffer solution
MW = Molecular weight (449.2 for cyanidin-3-

glucoside)

SUEAlOP AF =

Df = Dilution factor
e = Absorbance coefficient (26,900)

324

7 = Path length of cuvette (1 cm)

2.12. DPPH Btz A5 Z&

Methanol(Samchun Pure Chemical Co., Ltd.,
Pyeongtaek, Korea) 99.5%(v/v)2 408] 343t A|& 0.5
mLE 15 mL conical tube®] ¥ 0.1 mM DPPH &9
1.5 mL(Alfa Aesar, Inc., Tewksbury, MA, USA)E A7}
sttt A9 FAlo] 2087 = & spectrophotometer
517 nmollA AT SFEE AUk FAE= A= 34
A Al eSS ARSIl Zb2be] S EE ot Al
st 245 (%) TR HKaewkod &, 2019).

DPPH &z AAS(%) =
SARO 4T - Age TP
AR L=

x 100

213 Mz =%

A7 55 cm@ =°] 1.2 cm Petri dish(Doowon
Meidite. Co., Ltd., Yongin, Korea)ol| F54} 4 mLE
= ARPAIA(CR-20, Konica Minolta, Inc., Tokyo,
Japan)E ol&sto] St M= YE Uehfs 1
AN S Y= agld FHEE YE= bt & UEt
WHCho &, 20006).

2.14. &A=/

274 ZAile= SPSS program(ver. 26.0, SPSS Inc.,
Chicago, IL, USA)E o]-85to] H4F EA(ANOVAXS oH%1
o} 594 ZJo|7} Y= 4% DuncanZ ©]-8sto] p(0.05

Szl 994 A5 st

3. 2at { uH

3.1. pH

FRA pHe vAES ZA3 BEsietd Bist 4 wg
A9 AN®7F FHHur 5, 2014; Malbasa 5, 2008).
9§ & pH+ Table 29} Zo] Day 0, pH 3.08-3.44°]4
Day 12, pH 2.40-2.812 A3 Hp<0.05). uJ=o]

oJsfl JAH acetic acid4 gluconic acide} &2 7714t

https://doi.org/10.11002/kifp.2023.30.2.321
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Table 2. pH of kombucha with fruit peels during fermentation at 25°C

Day Control Korean pear Grape Plum Orange Apple Golden kiwifruit
0 3.08+0.04%M9  3.15+0,02% 3.15+0.01% 3.08+0.04% 3.44+0.02" 3.33+0.32% 3.29+0.03%
3 2.99+0.04% 3.09:0.01%® 3.08+0.02% 2.86+0.01™ 3.28+0.04" 3.13+0.01% 3.05:0.01%
6 2.64+0.03 2.84+0.02% 2.82+0.02% 2.72+0.01F 2.91+0.02% 2.76+0.02> 2.92+0.01%
9 2.52+0.02" 2.70+0.02% 2.70£0.01% 2.630.01% 2.810.01% 2.66+0.02% 2.89+0.01%
12 2.40+0.01% 2.49+0.01% 2.49+0.01% 2.44+0.02° 2.63+0.02% 2.44+0.01% 2.8140.02

DAl values are presented as meantSD (n=5).
22 Means within a row not followed by the same letter are significantly different (p¢0.05).

¥ \eans within a column not followed by the same letter are significantly different (p¢0.05).

of 93 pH’l A4S ACSZ JAXH, Sreeramulu 5
(2000), Tanticharakunsiri $(2020) 12|11 Aung¥}
Eun(2021)9] 2ot ARSI,

Day 12, 10.2-13.2 °Brix(Table 42 Z7Hp<0.05)3}%
o A¥7 xR 2 FdS BoloH, A |
B} 22 84 A& 850 7Iske ZoE Bt
(Zhou 5, 2019).

3.2 A
A SRS FHALY 5535 gt &) g9 v|Xth
(Leal & 2018) g 5 A F714KSreeramulu &,

2000)°] 234 Day 0, 1.2-1.4914 Day 12, 8.9-20.3%
(Table 3)2 27519 Sreeramulu S(2000), Tanticharakunsiri

5(2020) 182 Aung¥} Eun(2021) FARRE 4

OJL—E_

2“1 pH(Table 2) 49t FRF3I3Th AHFo] A7t

34 58

Day 0, 9.78-10.86°4 Day 12, 5.97-7.48%(Table
5)E 71—/\01.@1}:_1:1]
714 AAHZubaidah 5, 2019)5F A
oAz}, Zahid 5(2022)9 A4AE 2AE TJr‘”’@’é

cellulose &

A E%e Z7 71 = Zolg wE o]

ugEo] G

&3t SCOBYE’J

< A7 H

P 52(p<0.05) A2 i, AHOmerd} Matjafri, 2013)  RFET 94tk F Fo] &2 Z& W (Maurer 5,
< 'JE—'C?]Herng 5, 2007)E &2 A% H=(ung 5, 201902 FY R GE dAFEY 2AY A4 UE
20060)9] Ao 7]9lske Aoz Hold % THp<0.05).

3.3 7188 132 3.5, 2tAE

7184 TS A S0 olole LE §7]83} 7] FAFL f7) Lol =r] B AES|E AT Yol
=9 gFoltHZubaidah &, 2019). Day 0, 8.8-9.8014 &l &2 & = 3= Bolth. 7 W+, olFF 17
Table 3. Total acid (%) of kombucha with fruit peels during fermentation at 25C
Day Control Korean pear Grape Plum Orange Apple Golden kiwifruit
0 1.3£0,25"CD29 1 3+0,18%¢ 1.4+0.28"% 1.4+0.29 1.3+0.224%¢ 1.2¢0.13%¢ 1.2¢0.01%

3 2.5¢0.31%% 2.740.31% 2.940.22% 5.240.29" 2.4+0.24> 2.30£0.31% 3.0£0.64%

6 5.0£0.27% 4.5¢0.36™ 5.6+0.30% 6.740.31% 3.240.307 3.540.255 5.640.29%

9 8.0:0.30% 8.8:0.29" 9.3t0.31 13.4£0.39°® 4.440.27® 9.2+0.30° 12.240.58%

12 12.540.38% 165.9+0.60% 17.5£0.38% 20.3:0.47 8.9:0.407 18.4+0.30% 18.610.53%

YAIl values are presented as mean£SD (n=5).

22 BMeans within a row not followed by the same letter are significantly different (p¢0.05).

9 eMeans within a column not followed by the same letter are significantly different (p¢0.05).
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Table 4. Total soluble solid (°Brix) of kombucha with fruit peels during fermentation at 25°C

Day Control Korean pear Grape Plum Orange Apple Golden kiwifruit
0 8.8£0.17%"9  92+0.00% 9.240.09% 9.24¢0.09% 9.840.09* 9.4+0.09% 9.0£0.15>

3 9.4+0.09™ 9.7+0.09™ 10.140.09% 9.6+0.00° 10.5+0.18% 10.3£0.17%¢ 9.6£0.09%

6 9.840.17" 10.24¢0.17% 10.4+0.00% 9.9+0.09% 10.8£0.17% 11.9+0.09" 9.840.156%

9 10.240.15% 11.140.09% 11.1£0.09 10.2+0.15% 11.9+0.30%° 12.740.17% 10.0£0.15%

12 10.740.17% 12.0£0.09 12.2+0.09% 10.440.157 12.740.30% 13.24¢0.15" 10.2+0.15%
DAll values are presented as meantSD (n=5).

" C\eans within a row not followed by the same letter are significantly different (p¢0.05).

2

% \eans within a column not followed by the same letter are significantly different (¢0.05).

Table 5. Total sugar (%) of kombucha with fruit peels during fermentation at 25°C

Day Control Korean pear Grape Plum Orange Apple Golden kiwifruit
0 9.7840.17%"29  10.10+0.22% 10.82+0.25" 10.26+0.26%° 10.86+0.26"° 10.7540.12" 10.5140.25%

3 9.94+0.17% 10.39+0.29" 11.27+0.24" 10.45+0.33%  11.13#0.23 10.96+0.22% 10.58+0.25%

6 8.29+0.34F 8.46+0.23%F¢ 9.5140.40" 8.60+0.189%° 9.04+0.32% 8.76+0.33® 8.68+0.29%

9 6.42+0.20™ 6.74+0.34% 7.90+0.35" 6.87+0.30% 7.71+0.5178 7.50+0.56% 6.86£0.31%

12 5.97+0.27% 6.55+0.21% 7.48+0.27% 6.77+0.26% 7.25+0.43% 7.12+0.33% 6.66£0.37%™

DAl values are presented as mean+SD (n=5).
22 BMeans within a row not followed by the same letter are significantly different (p¢0.05).

3)

1 BE dgRTt olof &5, g, L galactose”t
jEAo|tDimowo 5, 2021). Day 0°f] £33} Zo] A&
A7bo] R TR =911, Day 0, 0.95-2.25914 Day
12, 7.83-13.69%(Table 6)Z Z7Kp<0.05)3Fc}. H|ZHA
39l sucrose’t SHFQ! TEF} HFoz B E 7]
wj&ol2} oJ AR (Loncar 5, 2014; Siever &, 1995),
Aung® Eun(2021)9] Z3ke} FAFSHA

“*Means within a column not followed by the same letter are significantly different (p¢0.05).

36. E2/H= 33

FEAY EFHlE2 AU FE2EM(Coelho T,
2020), FAteksol 7|oote 8 Edo|th Hart Xgd
& Z7Vslo] Tanticharakunsiri 5(2020) ¥ Zubaidah
5(2019)9] Bt Aot} W3R 5 thearubigins’l B5%
Elo] ik}l /o] o w2 A2 BAR HA, u]gEofA]
U2 347t B EPHES A2 EAE Eofish] wE

Table 6. Reducing sugar (%) of kombucha with fruit peels during fermentation at 25C

Day Control Korean pear Grape Plum Orange Apple Golden kiwifruit
0 0.95:0.03%"%% 1,060,027 1.1410.03% 1.260.03% 1.35£0.04% 2.25:0.07% 1.67+0.07%

3 2.3410.07% 2.6610.06™ 3.1740.04% 3.3740.08" 2.210.06™ 2.67+0.06™ 3.2110.06%

6 8.75+0.19™ 8.15+0.11F 10.05£0.11B 10.56£0.11% 5.2040.12% 7.86+0.09 9.05+0.11%

9 11.2840.20™ 11.2310.22% 12.56£0.15% 12.8140.19" 6.70£0.197 10.31£0.21% 12.03+0.12%°

12 12.5840.27% 12.23+0.30 13.69+0.12" 13.16£0.10% 7.830.41% 11.680.23% 12.2040.14%

DAl values are presented as mean+SD (n=5).
2%C\eans within a row not followed by the same letter are significantly different (p¢0.05).
¥eMeans within a column not followed by the same letter are significantly different (p€0.05).
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olg} JAAHUlusoy?} Tamer, 2019). 3¢ wadoE=
HiE Aoty B A7 2FET =3 THTable 7).
A= Day 3904 §43] S7I1kF & A OE AlREH
EU=H(p0.05), w2 AF BEY EHE(lee 5,
2012)9) 92 B2 Ao Holh

3.7. E2tE0/E 3

EHo| B I E0 ot EA o= Hl=3}
FHE(Dwiputri®} Feroniasanti, 2019)% F549] 9 &

oA & AEoltiBhattacharya &, 2016). SCOBYY u]AY
Eo| ZYi&S Eoflote] St o|=E A (Dwiputri
9} Feroniasanti, 2019)5F=0] A|7to] Ad4=E &7}
(Table 8)5t3ict. EejHl=at Zo] AF Day 30914 &4
5] F71ekal oE AlsETh =3%TH(p<0.05).

2=/

3.8. SHEA[OFH 2rEf
AEAIOPH 2 g2 A2 e Z
to]

Soll Jlo, A} ot

ZT red onion, red

7|03tk Ayed &, 2016).

Mo W 7S Hrlst 2HA9] otEAJoldo] we A
(Ulusoy®?} Tamer, 201943 djFE9] A7t iz
B} =2 A%E Boh 119 QtEAJobd(Shehata &,
2020; Shim &, 1994) g A2t FLHA Ak, A2t
ZL 2 YERHTHp(0.05). Day 3914 A5t £29] 34
St 37h= E21E 0| E(Table 8) Wslel f-AFSH AL, Day
6B A7 ax(Table 9= PA¥EC] FEAOPI S &
(Ayed 5, 2016)3t Aoz HQIL}.

3.9. DPPH 2ijE AAS

FH71E A &4 oA L3kE ST HiE
sietET} Agsto] QPgstEct. 47 DPPHE At 3o 7]
52 2Hs] AAsor FAUT ETuEy) ShEko]
E9] F7M w2t a5k F715I3tHTable 10). 2801 A
Ae= Day 95 E|(Reiss, 1994) HiQ} AHFE A|Qlgt BE A

B7F HE2TET =90TH(p0.05). = %&8 Z2|H=(Table
7) % Z=Ee0]=(Table 8), 121l A E2|wlzo] AeHS
DPPH &75(Lee &, 2012)° 7115k A= HAlH,

cabbage

Table 7. Total phenolic contents (ug/mL) of kombucha with fruit peels during fermentation at 25C

Day Control Korean pear Grape Plum Orange Apple Golden kiwifruit
0 616.04+10.257"29 477.07413.31%  638.50+11.02%  672.37+6.26°  688.58t4.83%  716.09+18.31%  726.66+10.55"
3 638.50£10.97¢  489.20:8.73%  687.86:18.09°  767.97+12.06"  699.39:9.84™  73651:7.50%  743.95:5.85™
6 653.63+8.25™ 500.3747.42%  756.9245.23%  78227+13.80%°  705.04t7.57%  756.92¢551%  760.65+6.35%
9 668.28+8.50% 513.9415.19"  76857+553%  795.00:8.26"  711.76:10.15%  769.30+6.00%  775.665.38%
12 684.50£9.39% 529.08t9.507  774.22¢7.70%  818.66t7.44%  730.62+10.32%  777.34+4.90%  785.27+6.87%

DAl values are presented as mean+SD (n=5).
22 BMeans within a row not followed by the same letter are significantly different (p<0.05).
9 eMeans within a column not followed by the same letter are significantly different (p¢0.05).

Table 8. Total flavonoid contents (ug/mL) of kombucha with fruit peels during fermentation at 25°C

Plum

Orange

Apple

Golden kiwifruit

Day Control Korean pear Grape

0 38.70+1.26%"%%  36.2311.08% 34.07+1.29%
3 41.9241.04% 38.55+1.68™ 44.74+1.69™
6 43.84+0.81% 40.22+1.36™ 46.48+1.01™
9 45.730.82% 414441 20% 49.59+1,02%
12 46.99+1.15% 43.44+1.44% 51.1121.17%

41.83+1.53%
67.1811.75%
70.18+0.97*°
72.510.98"
74.87+1.54"

45.78t1.84°%
52.02+1.72%
54.02+1.58%
55.50+1.62%°
56.95+1.98“

51.05+1.93%
53.40+1.58%
B5.72+1.47%
57.131.54%
58.87+1.56%

36.9241.18%
38.99+1.67™
40.5342.017
43.18£1.12"
45.29+1.02%

YAIl values are presented as mean£SD (n=5).

2)

“CMeans within a row not followed by the same letter are significantly different (p<0.05).

9 eMeans within a column not followed by the same letter are significantly different (p¢0.05).
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Table 9. Total anthocyanins contents (mg/100L) of the kombucha with fruit peels during fermentation at 25°C

Day Control Korean pear Grape Plum Orange Apple Golden kiwifruit
0 ND"294) ND 31747.02"° 153+2.68™ 241.31% 18+2.30% ND
3 ND ND 2,12445 35" 37546.67% ND 1541.67% ND
6 ND ND 2,1236.77" 34316.66% ND 143.05% ND
9 140.27% ND 2,103+.98 32448 89 140.63% 1743.18% ND
12 110.07% ND 2,099+9.36" 31618.76% 110.17% 1744.78% ND

All values are presented as meantSD (n=5).

N

)
)
3)a—

“ND, not detected.

ACMeans within a row not followed by the same letter are significantly different (p<0.05).
*Means within a column not followed by the same letter are significantly different (p<0.05).

Table 10. DPPH radical scavenging activity (%) of kombucha with fruit peels during fermentation at 25°C

Day Control Korean pear Grape Plum Orange Apple Golden kiwifruit
0 85.6140.94%9029 76 80+1.26% 80.080.84™ 76.87+1.19% 83.76£0.90% 87.64+1.17% 85.49+1.31%
3 86.7411.41% 77.65£1.02% 80.42+0.65™ 79.64+1.03% 84.2110.0% 88.27+1.10% 86.1241.27%
6 87.44+0.90°° 78.08+0.65™ 87.960.73% 83.20+1.53% 86.72+0.58™ 89.19+0.28"®° 88.92+0.53"
9 88.0440.37% 80.29+0.38% 89.0240.33% 85.4240.33" 8867:0.23™ 89674031 89.46+0.345%
12 88.50+0.40% 81.530.62% 90.04+0.28" 86.880.52" 89.15+0.26 80.82+0.37 89.900.26"

Al values are presented as mean+SD (n=5).

2%C\eans within a row not followed by the same letter are significantly different (p¢0.05).
¥eMeans within a column not followed by the same letter are significantly different (p€0.05).

3.10. 4&

FEAF AL ZejHE ¢ W=t Abuduaibifu
9} Tamer, 2019). @8 £ M WL thearubigins W3}
(Chu®t Chen &, 2000)°] wet A5} 2= A9t
L3S Zreltt. 59 XE9] =2 anthocyanins
(Table 92 132 #r4sHAIL agk> S7Hp0.05)% A2

3ol &=

2 HOItKTable 11).

4.

o]

OF
=

o, Tx, AR o#A|, Aol ZEFY AXL Ayt

Table 11. Hunter color value of the kombucha with fruit peels during fermentation at 25°C

FHAE] pH, A, 7HA 1B E, §9, ¥, E2v=

Day Control Korean pear Grape Plum Orange Apple Golden kiwifruit
L 0 48.9+0.63"% 49,110,653 47.70.43% 46.6+1.88% 49.20.46" 48.711.02% 49.310.34%

3 497402859 497+056%¢ 4284075 45.9+2 095 50.4+0.35" 49.2+0.34% 49 940 4345

6 50.6+0.4148 50.4+0.26"% 36.242.41% 45 542 40 51.00.27"* 49.9+0.38% 50.6+0.33%

9 50.9+0.29% 50.8+0.31% 35.3t0.81% 45.2+2.64%° 51.7+0.312% 50.5+0.34°% 51.0£0.31%

12 51.3#0.39% 51.1£0.20% 35.2+0.55™ 44,442 77 52.3:0.37% 50.8:0.48% 51.310.58%
a 0 0.740.12% 0.740.13% 3.240.18% 10.6:0.31% 0.0£0.14% 0.9¢0.25% 0.5£0.14%

3 0.5:0.17° 0.610.14> 12.6£0.62" 12.0£0.57% -0.410.177 1.240.24% 0.2+0.12%

6 0.410.07° 0.5£0.09™ 28.6+0.95* 12.4+0.30% -0.440.17 1.440.13% 0.0£0.11%

9 0.3:0.35° 0.410.09™ 25.5+0.46% 12.9:0.28% -0.6£0.16" 1.5£0.13% -0.240.12%

12 0.340.33™ 0.440.08> 24 540,95 13.3:0.31% -0.740.11% 1.84¢0.22% -0.340.10%
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(continued)
Day Control Korean pear Grape Plum Orange Apple Golden kiwifruit
b 0 6.410.43 5.740.73% 4.80.49% 4.140.73% 6.6£0.34 6.4£0.28 6.5:0.34"
3 5.9+0.45% 5.1:0.72% 1.6£0.35% 3.410.37™° 4.9:0.32® 5.6£0.46% 5.130.26
6 5.2+0.70 4.310.65% 0.210.27% 2.6£0.21™ 4.610.58% 5.2+0.33% 3.6£0.57%
9 3.9+0.42% 3.240.49% -0.30.19" 2.2+0.21% 414048 4.3+0.60 2.840.24"
12 3.740.13% 3.0£0.48% -0.610.29% 1.940.25 3.610.50™ 3.9:0.75% 2.540.45%

DAll values are presented as meantSD (n=5).

22 OMeans within a row not followed by the same letter are significantly different (p¢0.05).
¥eMeans within a column not followed by the same letter are significantly different (p€0.05).

ol
ol
9&‘#

ZgtH ot gtk QFEA|ob T,
%J}

DPPH &htjZr
=5 ARG BE AYTe izt Ea
of met pHe #4skl Aee S71HA. 7ML
FEE S7IBIAAL, HiF2e] Ag7} 1’415%1”‘% =AU
L2 A7to] AGSE FAPAT AL FUlet9t
Day 0014 3G &3> A4 F71to] dixaEe &3t
t}. ZEuLs, ZetEvo|s, QtEAlobd 9 DPPH oz

oo
091; AL

(4

AASS Wa ARe] get S, e A RE
H7hEe HA7ER A eRdeh Alzto] Aol whet

Anthocyanins®| &2 AHFeF L& Aoty L2 S7F
St AHFE X9 agh2 F7F6HTHP(0.05).
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