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Physicochemical Characteristics and Biological Activities of Makgeolli
Supplemented with the Fruit of Akebia quinata during Fermentation
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Abstract We investigated the characteristics and biological activity of makgeolli supplemented with different levels (0%,
1%, 3%, 5%, and 7%) of Akebia quinata fruit during fermentation. Our results showed that supplementation with Akebia
quinata fruit led to an increase in the acidity level, amino acid concentration, alcohol content, and total sugar level.
Makgeolli supplemented with 7% Akebia quinata fruit showed the highest total sensory score. Supplementation with
Akebia quinata fruit resulted in a significant increase in the antioxidant activity and nitric oxide inhibitory activity. Further,
makgeolli supplemented with Akebia quinata fruit showed anticancer activity against DU145, HeLa, MCF-7, and U87cells,
and significantly enhanced antibacterial activity against Shigella flexneri. Our results indicate that Akebia quinata fruit
represents an effective natural additive for enhancing the biological activities of makgeolli.
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Fig. 1. Changes in pH of makgeolli added control, 1, 3, 5, and 7%
of Akebia quinata during fermentation period. Values are mean
+standard deviations of triplicate determination. Different
superscript letters indicate significant differences (p<0.05).
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Fig. 2. Changes in acidity of makgeolli added control, 1, 3, 5, and
7% of Akebia quinata during fermentation period. Values are
meantstandard deviations of triplicate determination. Different
superscript letters indicate significant differences (p<0.05).
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Fig. 3. Changes in amino acid of makgeolli added control, 1, 3, 5,
and 7% of Akebia quinata during fermentation period. Values are
meantstandard deviations of triplicate determination. Different
superscript letters indicate significant differences (p<0.05).
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Fig. 4. Changes in alcohol of makgeolli added control, 1, 3, 5, and
7% of Akebia quinata during fermentation period. Values are
meantstandard deviations of triplicate determination. Different
superscript letters indicate significant differences (p<0.05).
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Fig. 5. Changes in total sugar of makgeolli added control, 1, 3, 5,
and 7% of Akebia quinata during fermentation period. Values are
meantstandard deviations of triplicate determination. Different
superscript letters indicate significant differences (p<0.05).
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2020 PEZAME 6.6x107 CFUML, &8 H7FE 1%)4=
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13x10° CFU/mL, &8 A7 3%el4E 5.7x10° CFU/mL, &8 L 54x10° CFU/mL, 28 A7kt 1%A1= 8.2x10* CFU/mL, 2.
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2o 93 g0 XA AT u]*a} AES BATH35). & CFUML, 28 H7k* 1%A4= 9.0x10"° CFU/mL, 28 7kt
29 g ddfo] =] Wi THol9} ER 9| njgEe] FE 3%l A &= 8.1x10‘° CFU/mL, 28 7} 5%o)4E 8.0x10"
S s FEAIA 0B Hr) sy 2E57) EUkEE CFUmL, 2 & A7 7%A4E 5.1x10"° CFU/mLe.2 YreRst
Aoz ®olt} o} o]F IE RUFE AAF| Aste] HEF g 209 tix
TolME 1.6x107 CFU/ML, &5 7 1%+ 8.7x107 CFU/

O HJ| wi|e g2 s mL, ©& A7KE 3%olAE 4.4x10° CFU/mL , ©& A7 5%
S EFUE Hukste] Alze de]e] BE F RS ¥g) oM 4.0x10° CFU/ML, &8 7K 7%lA+ 9.5x10° CEU/mL

£ =43 A3E Table 20 UeRIIH. &+ Zl? T Ztol| A o2 et iz BHuh o2 HrKE gdele] F2Y4t

Table 1. Changes in microbial cell counts of makgeolli added 0, 1, 3, 5 and 7% of Akebia quinata during fermentation period (CFU/mL)

Akebia quinata (%)
Day
0 1 3 5 7
1 9.2x10%* 9.7x10* 7.5%x10% 8.6x10% 1.0x10%
3 1.1x10'" 1.5x10"* 1.6x10'* 1.9x10"® 2.1x10"
5 2.8x10"? 2.6x10"® 7.6x10'% 2.4x10"? 2.0x10'%
8 1.3x10' 1.6x10'% 2.0x10'® 2.5x10'® 3.0x10'%
11 5.3x10% 9.6x10% 4.2x10% 3.4x10% 3.9x10%
14 7.2x10% 24x10% 1.2x10% 1.2x10” 6.7x10%
17 1.5x10% 1.6x10 8.5x10% 1.3x10% 2.2x10%
20 6.6x10™ 1.3x10% 5.7x10™ 1.3x10% 1.7x10%

Values are meantstandard deviations of triplicate determination, Different superscripts in a column are significant differences (p<0.05)

Table 2. Changes in mold colony counts of makgeolli added 0, 1, 3, 5 and 7% of Akebia quinata during fermentation period (CFU/mL)

Akebia quinata (%)
Day
0 1 3 5 7
1 5.4x10% 8.2x10%° 9.8x10* 7.3%x10% 8.2x10%P
3 1.5x10% 4.3x10%* 6.4x10 1.6x10% 4.6x10%*
5 2.4x10"? 9.0x10' 8.1x10'%* 8.0x10'% 5.2x10'%
8 5.8x10™ 2.5%10'% 3.1x10'% 3.8x10'% 1.7x10Me
11 5.8x10% 2.7x10'% 3.1x10' 8.4x10% 6.6x10%
14 6.2x10% 1.8x10'% 1.5x10'% 1.2x10'% 6.2x10%
17 5.8x10% 1.1x10% 1.3x10% 1.9x10” 2.5%10%
20 1.6x107 8.7x10™ 4.4x10% 4.0x10%* 9.5%10%

Values are meantstandard deviations of triplicate determination, Different superscripts in a column are significant differences (p<0.05)
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Fig. 7. Free radical scavanging activity of makgeolli added
control, 1, 3, 5, and 7% of Akebia quinata. Values are
meantstandard deviations of triplicate determination. Different
superscripts in a column are significant differences (»p<0.05).
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Fig. 8. No level of makgeolli added control, 1, 3, 5, and 7% of
Akebia quinata. Values are meantstandard deviations of triplicate
determination. Different superscripts in a column are significant
differences (p<0.05).
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Fig. 9. Cell viability of makgeolli added control, 1, 3, 5, and 7% of Akebia quinata. (A) prostate cancer cell (Dul45 cell), (B) human cervial
cancer cell (HeLa cell), (C) human breast cancer cell (MCF-7 cell), and (D) human glioblastoma cell (U87 cell). Values are mean+tstandard
deviations of triplicate determination. Different superscripts in a column are significant differences (p<0.05).
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Table 3. Antimicrobial effect of makgeolli added 0, 1, 3, 5 and 7% of Akebia quinata

Akebia quinata (%)
different strains
0 1 3 5 7

S. flexneri 1.07£0.06 1.20+0.00* 1.20+0.00* 1.20+0.00* 1.20+0.00*
K. pneumoniae 1.00+0.00* 1.00+0.00* 1.00£0.00* 1.00+0.00* 1.03£0.06*
B. subtilis 1.07+0.06° 1.17£0.06" 1.30+0.00* 1.30+0.00* 1.30+0.00*
E. coli 1.10£0.00° 1.17+0.06™ 1.20+0.00* 1.200.00* 1.20+0.00*
Sal. enterica 1.10£0.00° 1.17+0.06™ 1.20+0.00* 1.200.00* 1.20+0.00*
B. cereus 1.07£0.06° 1.17+0.06™ 1.17+0.06® 1.17+0.06® 1.30+0.00*

Values are mean+standard deviations of triplicate determination. Different superscripts in a column are significant differences (p<0.05).
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