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Quality and Antioxidant Effects of the Korean Traditional Rice Wine
Makgeolli Supplemented with Codium fragile during Fermentation

Eun Bi Jun'?, Man-Seok Choi'? and Shin Young Park'2*

Nnstitute of Marine Industry, Gyeongsang National University, Tongyeong 53064, Korea
2Department of Seafood and Aquaculture Science, Gyeongsang National University, Tongyeong 53064, Korea

This study investigated the physicochemical, microbiological, antioxidant, and sensory characteristics of Makgeolli
supplemented with 10, 20, and 30% Codium fragile (Cf) during an 8-day fermentation period. The pH and acidity on
day 0 were lower in Makgeolli supplemented with Cf (pH 3.55-3.65, acidity 0.26-0.29%) than in the unsupplemented
Makgeolli (control) (pH 3.72, acidity 0.23%). The pH and acidity of Cf Makgeolli on day 8 were 3.08-3.12 and
0.67-0.75%, respectively. The sugar content increased steadily until day 4 (8.1-8.5 Brix) and then decreased steadily
(6.5-6.8 Brix). The alcohol content increased steadily until day 8 (13.2-14.3%). The pH decreased, acidity increased,
and alcohol content increased significantly (all P<0.05), with stepwise increases in fermentation time and Cf concen-
trations. The lactic acid bacteria counts were 9.28-9.37 log versus 8.18 log in the control. The DPPH (1,1-diphenyl-
2-picrylhydrazyl) and ABTS [2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)] radical scavenging activities
were higher in Cf Makgeolli (DPPH 74.63-84.64%, ABTS 51.01-64.79%) than in the control (DPPH 30.97%, ABTS
21.21%). Makgeolli supplemented with 10 and 20% Cf had the highest taste, smell, and overall acceptance scores.
This study suggests that Makgeolli supplemented with 10 and 20% Cf could be developed due to its good physico-
chemical and microbiological characteristics, including high antioxidant properties and good consumer acceptance.
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Nuugluimuus rice (400 g) |

Wash |

]

Soaking in water (12 hr) |

]

Heating {100°C, 50 min) |

¥

Cooling (room temp.) |

| Dehydration (1 hr) |

Distilled water 100 mL
Cadram fagtic 100 g

homogenization
‘Water 300 mL ‘Water 800 mL ‘Water 800 ml
Kapr 80 g Kaji 80 g Kai 80 g
Codrom Fagile 40 g Codum fragide 30 g Codium Fagde 120 g
¥
| Mixing |
Fermentation at 25°C for 7 days

| Filtering and Boitling |

Fig. 1. A flow diagram for the preparation of Makgeolli supple-
mented with Codium fragile.
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mLE F5}o] 500 mL AHZH-Eef 0] £71 ths, o] vl AAd™
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QAIZEE oF 204 Ho))7} HH SR/E FAISHL, SFE 30
mLE B3ste] B 24d o] 100 mL7H| A8 shic
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USA)E petri dishol| 7+ 4 atA &3t & 37°CollA] 24-48 417k
S HIRE & St E Atk Akt lactobacilli
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s AAE AlQet B AR 30kE 0 = Xgstglon, 5
Az = 3-8 SPSS version 12.0 software (SPSS Inc., Chi-
cago, IL, USA)°J| 4] one-way ANOVA % Duncan’s multiple
range testE AHE-5F0] P<0.0590 4] §-21/dS Z2AF8H Tt

uhg 14 ol YA E L 97)AE BRAEA S0 B
= S ] o] ubAE] o] AR WIS o 4 gl
Qolo|n] o512 A4 T of| A EEFA] 0 F A E o] 1) @‘1]94
U gL o] &3 4 9l 2 a3 A ®AJHo]ch(Jeong et
2006). 2tepd ] o] Y A3 E WA 0| pHE 2 }

O 2 83U =3 A3k= Table 17} At &2 215 H2F 1.4
7h-2-3.7201 9131 10%, 20% B 30% H7Foll A= 242} 3.65,
3.56 W 3.552 A7l H|s|A] H7te] pH7F Wkeh v
& 227 A7} 30% A7HEe] pH7} 3,172 713 wrepo.n] 37t
A7}ko] ol d4E pH7F F2 A 07 (P<0.05) TAS HS)
o} W E 2R RE FAS] AR AL ubE 7]7he] At
o] wke} A H A=) 2ke 0 2 9 7] Ak} ek -20] AAE
17 wWjo]cH(Shin et al., 2004). T 427, 627 9 827
ol A7F 10%8} 20% H7HE Aol o] 014 Aol §19Le.
(P>0.05) Ha7|7to] wh pHe ARtA S T A35H 8
A7kA] G0l o & 7FAEFATHP<0.05). WrtR 2o 7 Tt
St E55(Park and Lee, 2002)2] pH= 3.26-3.49 o], A|%
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= ubA 2] 9] pHE 3.40-3.772 A (Lee et al., 2011) Hzpr4 e

O] pH7} thax & sHolXl st vl =Rt A okE yrEkRleh A7t
A7hego] S7VeE uhd el Q] pHYL WolA] = A4S a7t
% 7ol d-d 2+ aAET nAE] WA 02 ]lste]
o] 72| §-7]4ko] A A =] 91 7] W] o] ch(Park and Cho, 2005).

Aziad el o) @ 2|5 RE WE SO A E 2Y (Mo
8U7t =43t ATh= Table 13} 2ot g A% Az Myt
o4 0.26-0.29%°] 3L W& 244 F438] F7lskiTt o]
b o &2 Zrtete] 2% i 8UA)| 0.67-0.75%S e )
Ok F7F 10%2}F 20% 7 Akel9] §-94] Zpol= gl
(P>0.05). Park et al. (2016)2] o}2 1] o}& A7}at ubA o 2]
st I E 27] G5 o] % AA 3] S7she B Ealew
HE 644 0.60-0.72%E UEFHSIT o= 2 AE ] Ao}
FrAReRIcE A 8UA, A7 30% 79 Ates H2 F
A7HEo] tztoll HlsiAl oF 1419 F715 H ik uhe
O A F A== WA 27] 353 ol AA 3] F7tskltt
(P<0.05). o]+= W&ol 374 obu| ‘e A 47} pHO| 5t |t
= k2285 5131 7] wlEo]th(Kim et al., 2008). S 71tol|
HI3l A7+ 10%, 20% 2 30% 7] AR 7} 9k o ] pH ¥
3}e} AME o] 312 v] waf) B pHE 7HAskal Abe = Z7)5)
L RO AAS Heth Abe s uhg 27)o] 97 9] &
74to] =& pojait wa vt Jat XY= HA Aol a1
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o\ 7] A7} G 3.7 Brixo| ™ A 7F Hrpte 7t
7+377,3.5 9 3.5 Brix & -9-2]%] z}o|= ¢19THP>0.05). W&
297 F2 3] Z7H6.8-7.2 Brix)s}o] o]=ulAz| o] dmel &
5o Qe Bl =lo] F48] Sl A& Helch
Cho et al. (2012)%] A 1tupe A28 whbd e daof ofs)
R 197 G a7t 348 S71eE 5 o] iR S7)7t
A KA 3] F7FsHTt. o= 2 A+ ATkt T Uit ek
7} 7ol A7} 30% H7krol vls Gt Weron, A7t
10%2} 20% H7Ht Abo] 9] f-2] 2 Zfoli= g1 THP>0.05). W
T 4RI Y= A A3 2715100, B3] H7F30% A7)
ol A= a0 A ol HlshA] 248 714] F7FsEGiTh |
7 8YUA ol = 6.5-6.8 Brix= 52|24 & & 743514 th(P<0.05).
Fe7t adhs B3 @3t amylase 2-8-C. = A2 do] B
o7 FafHut sl are] gokdol da 7AE 94 7
A WAzt Rl ol whet g ghg HAstA| Ee o4
£ Skl =0l 7| Hrl(Jin et al., 2008).
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Table 1. Changes of pH and acidity (%) in the Makgeolli supplemented with Codium fragile during fermentation

Fermentation time (day)

Properties Codium fragile
0 2 4 6 8
Control’ 3.7240.022A234 3.40+0.02%® 3.3140.02%¢ 3.2640.02%° 3.2140.01%F
oH 10% 3.65+0.03 3.3140.02%8 3.2240.02¢ 3.2140.01%¢ 3.1240.01°P
20% 3.56+0.02* 3.2940.01 3.2240.01%¢ 3.1740.03¢ 3.1120.02°P
30% 3.55+0.01* 3.174£0.01® 3.174£0.018 3.14£0.01<C 3.0840.01<°
Control’ 0.23+0.02023 0.3240.02<« 0.43£0.01® 0.47+0.02 0.54£0.01*
Acidity (%) 10% 0.27+0.01°° 0.51£0.02¢ 0.62+0.01%8 0.64+0.00°8 0.67+0.04%
20% 0.26+0.02°P 0.53+0.01C 0.63+0.01°8 0.66+0.0130A 0.67+0.03%
30% 0.29+0.01%F 0.58+0.02° 0.65+0.023C 0.68+0.03% 0.7510.013A

!Control is non-added Codium fragile. *Values are mean+standard deviations of triplicate determination. *Different superscript in a column
(a-e) are significant differences (P<0.05). “Different superscript in a row (A-E) are significant differences (P<0.05).

Table 2. Changes in sugar contents (Brix) in the Makgeolli supplemented with Codium fragile during fermentation

Fermentation time (day)

Properties Codium fragile

0 2 4 6 8
Control’ 3.740.13E234 6.2+0.2°° 7.820.0%A 6.7+0.2"8 6.40.1¢
Brix 10% 3.7£0.1%° 6.8£0.1°8 8.1£0.1%% 6.8+0.1%8 6.5£0.0°C
20% 3.5£0.1%F 6.9£0.1°C 8.2+0.1%% 7.1£0.1%8 6.5£0.1°P
30% 3.5+0.0%F 7.2+0.1%C 8.5+0.1%* 7.320.1%8 6.8+0.1%°

'Control is non-added Codium fragile. *Values are mean+standard deviations of triplicate determination. *Different superscript in a column
(a, b, ¢) are significant differences (P<0.05). *Different superscript in a row (A-E) are significant differences (P<0.05).
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UFE ek oo FAE AAsk=d Fa% 84 F
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U o318 gHefo] Z7}8}o](Choi et al., 2013), W& 4204 8.1-
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upele] v 8917k 24 AT S@40] WShs Table 4
o Pt} F@ae] ol AuEH B A% 569578
log CFU/MMLO| 3 A7} 247123t A2k 71 Afole] F
23t 2foli= Ho|x] GRkrh(P>0.05). W 444 9.32-10.31
log CFU/MLE X= Alddtol A b2 S717}F Uehston
Park et al. (2016)%] o}=Yols 75k ubde| o) A S
M uE 40H) 7P A Ueh o= & A ATtel §ARSH

Table 3. Changes of alcohol contents (%) in the Makgeolli supple-
mented with Codium fragile during fermentation

. Codium Fermentation time (day)
Properties fragile 0 . .
Control'  4.6+0.2°C2%4  7.6+0.1%¢  12.3+0.3*
10% 4.8+0.1%¢ 8.120.2°8  13.2+0.3*
Alcohol
20% 4.5+0.3*¢ 8.6+0.2°8  13.31£0.2%A
30% 5.3+0.2%¢ 9.3£0.3%®  14.3+0.3*A

of A 8Y o] SR W H7F Wb Aol A St d |
log 018} 714(8.28-9.15)7} aEI i, o] = olol = =g
ol 10% o252 sotglof wheh ZAMgte] Aol 7191
3t A0 & Az HtH(Jeon and Lee, 2011). 2Ha vpx|uldo] 8
R, 7k W7hE Al12) F40] S0l H Aol Q= Ao B
o} 7} H7lekoll whE YWt 9] Sut4s Bl & 9=

H| 2 2] ook & 4= Ui
F o

b e] o] W 8U S At fARFS2] )= Table 5
9o} 7o}, w5t 213 4.72-5.43 log CFU/MLE 7} A3 9] 5-9]
S

1
4 Z}ol= §1EHP>0.05). 3 444 7.95-8.20 log CFU/mL
2 323 3718k WA 8YA 72 8.18 log CFU/
, AZF 10%, 20% 2} 30% A7t 217+ 9.37,9.28 2 9.35
log CFUMLE #3471t BlsiA H 2t 7te] frikt7t
=7 YR THP<0.05). ikt Spaha2 F71 4 o2 o] &
slo] HALS ARSI Ao Fseo] Foltt AFE
LA AlatE AFEAI7]AL Aol A FSolu e ke AU
oAt S4= dAIst | yolsto] s st
A s 5 Z2Eo| 2 E A CER R e "
dEA ] AlsEo] Hold Ao EaL 9lo] 7154 4
& B AdEZA, oofE, =8 Al | AkRo| o|2717t
A ARG A7F AR B = AL Q= A ol (Jang, 2014). 2
o= ol thgor ARt Bavk Qo= A |
A2 & 58 ikt e] A 3ol Aol oA L 3t Lee et al.
(2011)°1] ofshd Urba] 02 Ao 5= urd e o= ¢F 9
log CFU/ML9| f-ihto] Qlet. 2 -] zatde] 59
At o= o) B} =9ttt} o] A7 %9 galactoarabinoxylan
So] A4 TRt SRR Wol ofatel Zejulolo g A
K] olak el o] ko] ZAlo] gobsicki AT,

2s S DPPH 2tz 47 &ds2l Ha}

2

¥ o

X 18
b gt to
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Table 4. Changes of total microbial cell counts (log CFU/mL) in
the Makgeolli supplemented with Codium fragile during fermenta-
tion

Fermentation time (day)

Properties Cf;diﬁ;g‘l
g 0 4 8
Control' 5.63+£0.20%¢234 9.18+0.06°* 7.27+0.088
Total 10% 5.78£0.10°¢  10.31+0.19** 9.15+0.03%8
microbial
cell counts 20%  5.78+0.042¢ 9.32+0.09* 8.28+0.06%®

30% 5.69+0.06°¢ 9.37+0.10* 9.09+0.08%®

!Control is non-added Codium fragile. *Values are mean+standard
deviations of triplicate determination. *Different superscript in a
column (a, b, ¢) are significant differences (P<0.05). *Different su-
perscript in a row (A, B, C) are significant differences (P<0.05).

!Control is non-added Codium fragile. *Values are mean+standard
deviations of triplicate determination. *Different superscript in a
column (a, b) are significant differences (P<0.05). “Different su-
perscript in a row (A, B, C) are significant differences (P<0.05).
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Fig. 2. DPPH free radical scavenging activity in the Makgeolli
supplemented with Codium fragile. DPPH, 1,1-diphenyl-2-picryl-
hydrazyl.
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Table 5. Changes of lactic acid cell counts (log CFU/mL) in the
Makgeolli supplemented with Codium fragile during fermentation

Codium Fermentation time (day)

fragile 0 4 8
Control' 4.60+0.08234 7.27+0.09%® 8.18+0.14%
Lacticacid 10%  4.72+0.15°  7.95:0.14%8 9.37+0.16%
cellcounts  20%  543+0.63°C  8.07+0.23%8 9.28+0.30°

30% 5.34+0.56°C  8.20+0.58%® 9.35+0.29%
!Control is non-added Codium fragile. *Values are mean+standard

Properties

deviations of triplicate determination. *Different superscript in a
column (a, b, ¢) are significant differences (P<0.05). *Different su-
perscript in a row (A, B, C) are significant differences (P<0.05).
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Fig. 3. ABTS free radical scavenging activity in the Makgeolli
supplemented with Codium fragile. ABTS, 2,2'-Azino-bis(3-eth-
ylbenzothiazoline-6-sulfonic acid) diammouium.
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Table 6. Sensory evaluation in the Makgeolli supplemented with Codium fragile during fermentation

Sensory evaluation

Codium fragile

Color Smell Taste Appearance Overall acceptability
Control 3.80+0.7923 4.30+1.16° 4.3040.82° 4.90+0.88° 4.50+1.51°
10% 5.50+1.082 4.90+0.74° 5.20+£0.63° 5.90+0.882 5.20+1.032
20% 5.40+0.972 5.30+1.06° 5.80+0.922 5.70+0.672 5.60+1.172
30% 3.9041.10° 4.10+1.10° 4.10+1.60° 5.70+0.952 4.10+1.60°

!Control is non-added Codium fragile. *Values are meantstandard deviations of triplicate determination. *Different superscripts in a column

(a, b, c¢) are significantly different (P<0.05).
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