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Quality characteristics of kombucha made with saccharified rice solution

Dae-Hyoung Lee"*, Jae-Soon Seo', Bok-Eum Shin’, Yong Seon Lee', and Chang Hui Cho'
'Gyeong gi-do Agricultural Research Extension Services

Abstract In this study, kombucha was prepared using saccharified rice solution to assess this possible means of increasing
rice consumption. Chucheong rice yielded the highest starch content (80.40+1.33%) when used to produce saccharified rice
solution. The resultant saccharified rice solution showed the highest 10.42 °Brix at 90 min of saccharification. Chamdream
rice yielded the highest acidity at 0.38%, and Kawaji No.l yielded the lowest at 0.24%. Organic acid analysis on the 15th
day of fermenting kombucha made with different rice varieties indicated an acetic acid content of 111.70+1.09 ppm in
Chamdream, and 46.86+1.00 ppm in Dongjinchal. Comparison of enzymes used in saccharified rice kombucha
fermentation revealed that a-amylase resulted in the highest acidity (1.06%), and B-amylase yielded the lowest acidity
(0.58%). Kombucha with green tea yielded the highest acidity (1.09%), and kombucha with rooibos tea yielded the lowest
(0.37%). Polyphenol analysis indicated that the amount of polyphenol increased the most (1,623.75 ppm to 3,989.00 ppm)
on day 0 of fermentation with green tea. Organic acid analysis revealed that the acetic acid content of kombucha
supplemented with green tea increased from 172.89 ppm on day 0 of fermentation to 2,649.11 ppm on day 15. Kombucha
with 2.0% added alcohol had the highest acidity (1.32%), and kombucha with 0.5% alcohol had the lowest (0.97%). Taken
together, these results confirm that it is possible to make kombucha using saccharified rice solutions.
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Table 1. Proximate analysis of rice varieties and saccharification solution analysis

Saccharification solution

. _ Moisture Ash Crude protein Crude lipid Carbohydrate - -
Rice varieties (%) (%) (%) (%) (%) Soluble solid  Reducing sugar
(°Brix) (mg/L)
Chamdream 13.57£0.60  0.35+0.02¢ 5.65+£0.20° 0.40+0.02" 80.08+0.89° 10.13+0.12* 63.48+0.25"
Boramchan 13.16+0.52° 0.42+0.02° 7.06+0.15° 0.38+0.01° 79.98+0.70° 9.82+0.14° 57.65+0.18°
Chuchung 12.40£0.75° 0.29+0.01¢ 6.62+0.56° 0.29+0.01° 80.40+1.33° 10.42+0.21* 65.07+0.06"
Kawaji No.1 14.15+0.85 0.36+0.03° 8.18+0.19" 0.410.06° 76.90+1.13 9.36+0.10° 61.30+0.25°
Dongjinchal 14.56+0.62* 0.48+0.02* 7.15+0.15° 1.0440.06* 76.77+0.85° 9.30+0.20° 59.20+0.19

DEach value is expressed as meantSD (n=3).

YMeans with different superscripts within a column are significantly different at p<0.05 by a Duncan’s multiple range test.
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Fig. 1. Characteristics of kombucha using saccharified solution
by rice variety. @: Chamdream, O: Boramchan, ¥: Chuchung, A

Kawaji No.1, l: Dongjinchal. Each value is expressed as mean
(n=3).

o]&A Zﬂzﬁ 2 FFE IS ol gate] Az FHA
UE 159 ASE Fig 13 Vel mE AT LA s
& At Gas] AaRen o)F 7AE heel Aelrt
W7l A=) oAl Adslale] zAdxtolo oA G oxydans

&7 F7F S7HEE ARk Apolr AF e AzdEn HF
15Ul F=go] 038%2 7P #3kon] 7hbA] 1571 0.24%%
7P Skt ol A2 A" HAE ol e FRAk
0.13% A} =apol] fapels H7beia Az FHAke] Ad
=2l 023%HETHE T2 AASGT oA AEve HUsiA v
© FAb vls) Agsiel S o] 83k FHAL T olgel thE
AEEC] Bol Fe AS B A AN FFS vRl Aow



458 =2 Z 88| X] A 54 WA 4 F (2022)

Table 2. Analysis of kombucha organic acid using saccharified solution by rice varieties

Fermentation Citric acid Malic acid Succinic acid Lactic acid Acetic acid Total acid
period (day) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
ch 0.00+0.00*" 0.00+0.00 292.97£9.47* 0.00+0.00 111.70+£1.09° 404.67
B 0.00+0.00 0.00+0.00 295.51+£8.98* 0.00+0.00 72.18+3.87° 409.86
0 CH 0.00+0.00 0.00+0.00 289.71+8.13° 0.00+0.00 82.00£1.67° 407.62
K 0.00+0.00 0.00+0.00 304.61£9.80* 0.00+0.00 54.25+3.38¢ 397.27
D 0.00+0.00 0.00+0.00 254.87+9.33° 0.00+0.00 46.86+1.00° 301.73
C 88.98+8.70¢ 112.05+8.12° 570.77+1.55* 0.00+0.00 197.99+6.37° 969.79
B 92.89+2.14° 131.84+6.62* 560.70+3.18° 0.00+0.00 145.69+10.04° 931.12
15 CH 87.69+7.43¢ 95.23+6.54° 567.20+7.52° 0.00+0.00 136.57+5.95° 886.69
K 105.95£10.64°  55.72+0.98°  510.64+9.76° 0.00:0.00 72.04£7.77¢ 74435
D 123.794+2.30° 57.45+7.14¢ 520.52+10.05¢ 0.00+0.00 94.29+6.45° 796.05

"Chamdream=C, Boramchan=B, Chuchung=CH, Kawaji No.1=K, Dongjinchal =D

PEach value is expressed as mean+SD (n=3).

YMeans with different superscripts within a column are significantly different at »<0.05 by a Duncan’s multiple range test.

Table 3. Characteristics of saccharified rice by enzyme treatment

Soluble solid Reducing sugar Free sugar
Enzyme treatment Ty
(°Brix) (mg/L) Glucose (mg/mL) Maltose (mg/mL)
B-amylase 6.72+0.14°D? 47.20+£1.25¢ 10.11£1.25° 43.24+1.51*°
a-amylase 9.87+0.17° 62.41+1.14° 19.49+0.15* 42.26+1.12°
Glucoamylase 8.12+0.15° 52.52+1.41° 15.34+0.97° 40.24+1.26"

DEach value is expressed as mean+SD (n=3).

IMeans with different superscripts within a column are significantly different at p<0.05 by a Duncan’s multiple range test.
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Fig. 2. Characteristics of kombucha using rice saccharified

solution for enzyme treatment. @: B-amylase, O: a-amylase, ¥:
Glucoamylase. Each value is expressed as mean (n=3).
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Table 4. Characteristics of kombucha fermentation by varieties of tea

o . . Free sugar Polyphenol
Tea varicties Total acidity =~ Soluble solid Reducing sugar

(%) (“Brix) (mg/L) Glucose Maltose 0 day 15 day

(mg/mL) (mg/mL) (ppm) (ppm)
Green tea 1.09+0.19*"?  8.12+0.07 54.54+0.45° 13.12+0.12* 34.15£0.35"  1,623.75+14.18" 2,989.00+28.10°
Corn silk tea 0.85+0.07° 7.04+0.14° 41.07+0.90° 10.25+1.14° 30.24+0.64°  1,265.00£3.44  2,836.67+£37.53"
Solomon’s Seal tea 0.54+0.04° 5.30+0.24¢ 35.13+0.36° 7.14+0.54° 25.20+£0.85  1,552.25+13.27° 1,628.17+11.43"
Burdock root tea 0.83+0.05" 6.55+£0.11° 40.90+0.19° 9.31+0.65" 29.25+1.05°  1,271.5843.22¢  2,831.75+39.40°
Sicklepod tea 0.44+0.02¢ 3.18+0.15° 18.53+0.29¢ 5.90+0.61¢ 16.17£1.12¢  1,248.58+5.86°  2,282.92+22.49¢
Rooibos tea 0.37+0.06° 2.82+0.18" 14.65+0.27° 3.25+0.11° 10.22+0.24°  1,369.58+3.00°  2,077.00+10.16°

YEach value is expressed as mean+SD (n=3).

IMeans with different superscripts within a column are significantly different at p<0.05 by a Duncan’s multiple range test.

Table 5. Analysis of organic acids of kombucha by varieties of tea

Fermentation Citric acid Malic acid Succinic acid Lactic acid Acetic acid Total acid
period (day) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
G 0.00+0.00 0.00+0.00 191.98+5.53* 0.00+0.00 172.89+£1.99* 364.87
C 0.00+0.00 0.00+0.00 191.36+3.17* 0.00+0.00 159.77+4.02° 351.13
0 SS 0.00+0.00 0.00+0.00 174.93+1.13° 0.00+£0.00 145.08+8.09° 320.01
B 0.00+0.00 0.00+0.00 121.88+16.22¢ 0.00+0.00 153.48+2.09" 275.36
S 0.00+0.00 0.00+0.00 156.42+12.73¢ 0.00+0.00 148.52+2.55° 304.94
R 0.00+0.00 0.00+0.00 170.06+6.39° 0.00+0.00 154.15+6.50° 324.21
G 197.16+0.58" 311.61+£13.79° 278.99+9.77° 0.00+0.00 2649.11+5.36° 3436.87
C 199.02+1.97* 329.09+9.76" 258.65+2.54 0.00+£0.00 2472.5145.62° 3259.27
s SS 173.06+3.02° 337.95+8.42"° 367.86£1.56" 0.00+0.00 1401.43+7.63¢ 2280.30
B 174.34+7 .41° 377.65+8.86 295.49+6.23¢ 0.00+0.00 1825.114+8.35¢ 2672.59
S 180.25+5.58° 269.71£3.26° 315.71+£5.97° 0.00+0.00 1036.44+8.95 1802.11
R 181.90+8.10° 238.63£6.81° 383.30+9.64 0.00+0.00 1073.05+8.96° 1876.88

"Green tea =G, Corn silk tea=C, Solomon’s Seal tea = SS, Burdock root tea =B, Sicklepod tea=S, Rooibos tea=R

PEach value is expressed as mean+SD (n=3).

IMeans with different superscripts within a column are significantly different at »<0.05 by a Duncan’s multiple range test.

o

Wl mape] Hrhgel mE FRA wE HE Yo o|s)Et
A& ZAFSl] B w3kS th(data not shown). AFee 1]
b S7 85 o] STkke AR YEuith o7l =4t
= THF¥FE polyphenol “dite] T2l Aol YT HIX
o2 AzZtEm ojAo R Qg Alute] FIEE <Qlg A3
o] MAES S JAGt #F HSE doFHE 7ol

th=(Ko &, 2017) A2} FAFSHA

off X
lﬂ A

tlo r|

o

)

2
et

paigg s

%0 o 1

gIE It FFEXA 54

FRA FFe] A A 7= wEH (Silvia 5, 2018) ZARF
o] glucoseE gluconic acid’} /== S} ethanolZH-E] acetic
acid7} AAtE A @t B AYeMe RFS HEE F7I8A|
370l FHEANA AAH QD GG AAo] HA] AL} w]ek
317190 acetic acidE S33] AAkslr] fl3l] AFLZ AT 5
AE FGL YoM A¥Ho= Hriske WHS Adgich |
A LdIE H7t wEE AES I3 A= Table 637 Zt)
UFE A FRA ARA] BE 159 GRS 2.0% "7t
FRA AT 1.32%2 7P =3er €3E 05% H7F F
FA7F 0.97%= 7P 2ETh 7H8A ¥R (Brix)y ©$a 15Y
of ¢HE 0.5% A7t FFAPT 7P @2 835°Brix 4w Hith

AFE 2.0% HF7 FHAL 1042°BrixE 7P =S ek
OJAL FHARM A= FAKT] ethanol2FE] acetic

idE w=E oA 71 R ethanols F2 ARESAEA TS
Wol AR3A] ¢oh7] WEos Azt

olw AL 0.5% 7 FHAFS] HATL 4447+121 mglLE
eifiglen 89 4o = glucose”t 4.92+0.07 mg/LE,
maltose= 11.7620.07 mg/LE YRS} o] A &g 1.0%}
1.5%2 718 2219 glucoses 12.86+0.029F 15.19+0.05 mg/L
9} xpo]7} vh= WA maltose= 12.010.08, 11.67+0.17 mg/LZ Y]
5% A9E BAh oA AWl FHAlA AF APA F
F49 G oxydans7} glucose TRl alcoholS 71EZE ARE-8}7]9]
alcohol®] o] &% oA glucose AH]HT} alcoholS FH
F712F Aaks Eol A =AUk WHA aleohol O] 0.5%Z B
AT alcoholS 71-Z 3 FH-Fo f7I4t Aol v
HHH glucose &H|E B8 gluconic acidZ9] ko] Wl
Uy Aol dAE bl WE glucose®] FHEF Afol7t
Aoz AzHAT. Polyphenol ¥4 Aore &E 0dol H]
Iy 15900 05% 2RSS THE FRAE AYsal o
AT A vl FTEelA ol AL Fatel| EAlEE &
sl thiigsS F3l 7= JHIZS AATThe Jayabalan

i 2 ol flo rlo



pal

e EERER)

el

!

B

g 461

i

Table 6. Characteristics of kombucha fermentation according to the amount of alcohol added

Free sugar Polyphenol
‘A.ICOhOI Total acidity Soluble solid ~ Reducing sugar £ P
addition amount (%) (°Brix) (mg/L) Glucose Maltose 0 day 15 day
0,
*0) (mg/mL) (mg/mL) (ppm) (ppm)
0.5 0.97+0.10°? 8.35+0.08° 44.47+1.21°¢ 4.92+0.07 11.76£0.07  1,427.08+11.64* 3,558.08+11.52°
1.0 1.16£0.11° 9.94+0.11° 48.26+1.74° 12.86+0.02° 12.01£0.08*  1,386.67+11.38° 3,683.92+12.66°
1.5 1.17+0.08" 10.13+0.14° 51.20+0.96* 15.19+0.05* 11.67+0.17° 1,402.33£11.52" 3,731.33£12.50°
2.0 1.32+0.12° 10.42+0.10° 51.92+1.28" 15.20+0.03° 11.06£0.05°  1,446.67+14.35° 3,501.25+4.11¢

YEach value is expressed as mean£SD (n=3).

PMeans with different superscripts within a column are significantly different at p<0.05 by a Duncan’s multiple range test.
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