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ABSTRACT

This study investigated the fermentation and quality characteristics of Makgeolli produced from different wheat cultivars using
Saccharomyces cerevisiae Y263 yeast. The wheat cultivars used for brewing analysis were imported wheat (IW), Geumgang
(GG), Wooju (W), Saegeumgang (SGG), Hojoong (HJ), Baekchal (BC), Joa (JA), Goso (GS), Baekgang (BG), Jogyung (JG),
Arijinheuk (ARJH), Hwanggeumal (HGA), and Jeonju-432ho (JJ-432). Among the raw wheat flour varieties, IW and SGG had
the highest carbohydrate content, while HGA had the highest protein content. The fermentation results showed that the low
amylose BC exhibited faster CO, production. The alcohol content ranged from 13.97% to 17.67%, with HGA Makgeolli
showing the lowest value and the highest total acid (1.41%) and volatile acid (791.93 mg/L) contents. The volatile acid content
was higher in the Makgeolli made from HGA. By contrast, BC and SGG Makgeolli exhibited a higher sugar content. Organic
acid analysis showed that lactic and acetic acids dominated the acid profile, and high lactic and acetic acids levels in HGA
Makgeolli. Free amino acid analysis revealed leucine and phenylalanine as the dominant bitter-tasting amino acids, with the
highest levels in HGA and the lowest in BC Makgeolli. Volatile aroma compounds, analyzed using an electronic nose and
confirmed by discriminant function analysis, identified ethyl acetate, ethyl octanoate, and ethyl hexanoate as the key contributors
to the sweet and fruity notes differentiating the samples. The sensory evaluation using the Rate-All-That-Apply (RATA) showed
that the Makgeolli made from SGG and BC had higher scores in flavor and overall acceptability, associated with a nutty flavor,
umami, sweetness, and yogurt flavor, whereas HGA was perceived as having viscosity and Chalky mouthfeel with a low
preference. Overall, this study provides comprehensive insights into the influence of wheat cultivar differences on
physicochemical, sensory, and aromatic properties of wheat Makgeolli, offering a foundation for the development of optimized
brewing using domestic wheat varieties.
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Table 1. Physicochemical characteristics of wheat flour with different cultivars

Moisture™™? (%) Carbohydrate™ (%) Crude protein™ (%) Crude fat™ (%) Crude ash™ (%)
wh 12.61£0.19%%) 76.93+0.13% 9.04+0.128 0.93+0.06® 0.38+0.01°
GG 13.06£0.19® 74.26+0.22" 10.99+0.01° 1.06+0.03° 0.47+0.02¢
wJ 12.68+0.17" 76.24+0.22° 9.07+0.018 1.19+0.08° 0.66+0.01°
SGG 12.98+0.30%° 77.33+0.36° 8.100.04' 1.04+0.03° 0.43£0.01°
HI 11.83+0.20° 75.60+0.23% 10.68+0.15° 1.26£0.10™ 0.46+0.02¢
BC 12.6840.55" 74.80+0.568 10.97+0.01° 0.93+0.07% 0.46+0.01¢
JA 13.26+0.14° 76.10£0.07% 9.28+0.01" 0.89+0.07°" 0.35+0.018
GS 13.22+0.42° 76.5140.48> 8.94+0.03" 0.88+0.06°" 0.32+0.01"
BG 12.5240.27% 75.05+0.33% 10.94+0.06° 0.82:+0.05° 0.50+0.02°
JG 12.43+0.32¢ 75.55+0.37° 9.98+0.00° 1.3420.09° 0.53+0.01°

ARJH 12.37+0.48° 75.67+0.47% 10.40+0.03¢ 1.03+0.04% 0.38+0.04"
HGA 12.70+0.10" 70.65%0.09' 14.75£0.03" 1.22+0.01° 0.5040.01°¢
11-432 12.78+0.10" 74.99+0.148 10.700.03° 1.03+0.04 0.37+0.01%
p-value 0.000 <0.0001 <0.0001 <0.0001 <0.0001

D IW, Imported wheat; GG, Geumgang; WI, Wooju; SGG, Saegeumgang; HJ, Hojoong; BC, Baekchal; JA, Joa; GS, Goso; BG, Baekgang;
JG, Jogyung; ARJH, Arijinheuk; HGA, Hwanggeumal, 1J-432, Jeonju-432ho.

2 ™ significantly differ at p<0.001.

 Values are meanS.D. (n=3). Different letters within a column indicates significantly difference at p<0.05.
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Fig. 1. CO, emission and fermentation efficiency by weight analysis. IW, Imported wheat; GG, Geumgang; WI, Wooju; SGG,
Saegeumgang; HJ, Hojoong, BC, Baekchal, JA, Joa; GS, Goso; BG, Baekgang; ]G, Jogyung, ARIH, Arijinheuk; HGA,

Hwanggeumal; 1J-432, Jeonju-432ho.
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Table 2. Physicochemical characteristics of Makgeolli fermented using different wheat cultivars

Alcohol ™™ Soluble solids™ . Total acid™ Volatile acid™
(%) (°Brix) pH (%, citric acid) (mg/L, acetic acid)
wh 17.93+0.21% 14.17+0.00¢ 3.97+0.13° 0.77+0.008 554.73+1.36°
GG 16.70£0.12¢ 15.30+0.00° 3.80+0.01° 0.98+0.01¢ 387.87+1.63'
WI 16.37+0.12¢ 14.90£0.00% 3.82+0.12% 0.95+0.02° 553.2046.16%
SGG 15.33£0.06" 15.93+0.06° 3.78+0.03% 1.04£0.01° 760.73+10.51°
HJ 17.2340.12° 14.97+0.06* 3.88+0.11% 0.91+0.01° 522.73+14.09'
BC 15.87+0.06° 15.90+0.15° 3.86£0.06™ 0.79+0.018 542.67+4.15%
JA 15.03£0.15¢ 15.97+0.06° 3.77+0.04% 0.99£0.01¢ 494.13+6.99%"
GS 14.03£0.10" 15.10£0.12% 3.64+0.04°" 1.20+0.01° 524.00:£52.49°
BG 15.27+0.10% 15.10+0.06% 3.82+0.04>¢ 0.95+0.00° 358.40+22.33
JG 15.900.06° 14.80+0.06° 3.83+0.04™ 0.92+0.01¢ 524.33+8.91°
ARJH 15.43+0.12f 14.40+0.12° 3.77+0.03% 1.19+0.01° 677.67+6.18°
HGA 13.87+0.12" 17.67+0.00° 3.62+0.02f 1.41+0.01° 791.93+11.68"
11-432 13.97+0.06" 15.30+0.00° 3.7240.09% 1.07+0.01° 476.93+4.50"
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

D IW, Imported wheat; GG, Geumgang; WI, Wooju; SGG, Saegeumgang; HJ, Hojoong; BC, Baekchal; JA, Joa; GS, Goso; BG,
Baekgang; JG, Jogyung; ARJH, Arijinheuk; HGA, Hwanggeumal; 1J-432, Jeonju-432ho.

2) ex

significantly differ at p<0.001.

» Values are meantS.D. (n=3). Different letters within a column indicates significantly difference at p<0.05.
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Table 3. Sugar contents of Makgeolli fermented using different wheat cultivars
Reducing sugars™* Fructose™" Glucose™ Maltose™
(%, g/100 mL) (mg/100 mL) (mg/100 mL) (mg/100 mL)
wh 0.44+0.01% 40.02+9.88% 78.07+7.56' 46.85+2.61°
GG 0.44-+0.028 43.62+6.74% 143.05+3.23 65.73+7.57°
WI 1.2240.06° 40.76+1.58% 968.94+7.48¢ 66.69+3.57°
SGG 3.52+0.04° 61.40+£21.23" 2,314.04+20.49° 71.0247.48°
HIJ 0.19+0.09" 22.83+3.83" 174.90£16.51 61.51+1.75™
BC 3.07+0.24° 71.75+3.96® 1,855.00+8.30¢ 85.75+1.07°
JA 3.15+0.26" 58.68+3.98° 2,054.03+8.08° 89.89+0.87°
GS 1.74£0.21¢ 73.0244.86™ 1,185.42+4.72° 49.46+2.79°
BG 0.91£0.07° 45.60+7.82¢ 930.88+4.41" 53.69+16.76%
JG 0.78+0.02° 78.20+3.98° 945912 81" 86.12+2.10°
ARJH 0.10+0.06" 11.50+3.528 214.9143.231 50.11+7.26°
HGA 3.31+0.15% 37.57+1.05% 2,229.41+12.98° 91.98+1.06°
11-432 1.13+0.02° 32.49+5.26 1,114.00+4.26" 65.73+5.63°
p-value <0.0001 <0.0001 <0.0001 <0.0001

D IW, Imported wheat; GG, Geumgang; WJ, Wooju; SGG, Saegeumgang; HJ, Hojoong; BC, Backchal; JA, Joa; GS, Goso; BG,
Baekgang; )G, Jogyung; ARJH, Arijinheuk; HGA, Hwanggeumal; 1J-432, Jeonju-432ho.

2) ex

significantly differ at p<0.001.

» Values are meantS.D. (n=3). Different letters within a column indicates significantly difference at p<0.05.
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Table 4. Organic acid contents of Makgeolli fermented using different wheat cultivars

HoFA oF BAEREAERS

Organic acids (mg/100 mL)

. PE LT
Acetic acid

. . o kK
Citric acid

. . W gk
Succinic acid

Formic acid Malic acid™"? Lactic acid™
wh 20.28+7.13%9) 47.76+18.15% 414.49+4 46
GG 0.00+0.00¢ 77.52£11.13% 591.35+3.09"
WJ 28.28+7.95%° 88.48+9.03% 564.82+1.30¢
SGG 12.03+2.39>¢ 30.5443.49° 599.97+4.70°
HJ 37.89+5.84% 98.96+18.33° 501.49+1.53!
BC 35.56+61.60°° 129.28+15.03" 487.3745.59
JA 6.18+5.35% 21.83+4.83% 598.66+3.69°
GS 9.93+8.66™ 68.15+22.46% 738.17+0.64°
BG 43.15£2.08" 81.29+8.33% 605.16+3.59°
JG 22.6342.26™ 83.95+8.14% 534.63+0.80"
ARJH 14.40+3.80"° 27.27+23.94°" 694.80+0.87°
HGA 0.00+0.00¢ 97.64+9.70° 767.02+10.65
11432 0.00+0.00¢ 0.00+0.008 638.97+2.18¢
p-value 0.050 <0.0001 <0.0001

77.75+2.00" 0.00+0.00¢ 116.32424.48"
77.1442.52f 0.00+0.00° 164.69+21.79*
105.3342.67° 244.82+49.07° 0.000.00°
122.42+1.80° 0.00+0.00¢ 83.02+7.09%¢
94.6241.10¢ 134.55+117.45° 51.24488.75¢
120.57+9.72° 350.36+5.78° 0.000.00°
95.02+1.20° 0.00:0.00¢ 103.3742.25°
91.44+2.13% 0.00:£0.00¢ 121.67+32.59®
92.94+3.13¢ 191.67+£27.47% 0.00+0.00¢
94.22+3.94¢ 0.00+0.00¢ 162.71£12.08%
114.21£0.91° 0.00+0.00¢ 104.75+10.04¢
123.5243.92° 238.65+6.23" 0.00+0.00°
85.95:+0.96° 0.00+0.00¢ 97.61+4.36%
<0.0001 <0.0001 <0.0001

D Iw, Imported wheat; GG, Geumgang; WI, Wooju; SGG, Saegeumgang; HJ, Hojoong; BC, Baekchal, JA, Joa; GS, Goso; BG,
Baekgang; )G, Jogyung; ARJH, Arijinheuk; HGA, Hwanggeumal; 1J-432, Jeonju-432ho.

2 ™" significantly differ at p<0.001.

» Values are meantS.D. (n=3). Different letters within a column indicates significantly difference at p<0.05.
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AE-E-2 discrimination powergte] 0.900 o]/g<l AL A

B3} o™ ethyl acetate, ethyl octanoate, ethyl hexanoate,
isobutanol, ethyl 2-methylbutyrate2 1% 21 tHTable 6).
53] 3] sl Apolol] 7P =A 7oAk RS ethyl
acetate oM, 1AE A3 HAr}t P L areadk
(2,999,044.54) = VERa, WAR Az he| vt /g v
< B 317,745.99% UEteth 7 HAR 2 JF%s &
ethyl octancater= TUERZ A3 Ao FHolgkel
4,806.562.2 YElton, g A3 wbde|o M HAigk
1 1,648.232.% UEITE Al M) 2 ethyl hexanoate= 2t

Table S. Free amino acid of Makgeolli of different wheat cultivars

Free amino acids (pg/mL)

Aspartic acid”™™? Glutamic acid™” Glycine™ Alanine™ Valine™
wb 292.92425.27% 595.84+15.84" 212.14+11.41® 550.49+18.08%% 273.65+19.74°
GG 344.62+4.00 859.83+12.59* 230.53+8.72° 655.05+16.63° 397.49+17.07°
WJ 311.81425.72% 622.15+9.06%" 196.00+:6.65 511.50+7.18% 295.26+5.93%
SGG 324.24+10.06% 711.96+10.41" 175.26+5.04% 531.96+6.78%" 293.22+6.53%
HJ 316.79+12.23% 751.36+31.41° 209.48+7.61% 550.34+18.11°% 328.03+13.91%
BC 309.73+2.33% 640.04+9.228 186.63+2.28% 482.8443 98" 215.95+2.36
JA 434.66+25.97° 827.5146.72% 131.08+13.39° 736.40+4.13° 352.69+5.40%
GS 436.68+17.04° 885.39421.47° 210.85+16.55% 701.74427.36% 383.00+31.81%
BG 369.61+13.48° 810.33+19.79¢ 224.79+15.85° 562.46+23.74°%F 328.41+34.35%

IG 362.40+3.39° 740.62+3.88°F 94.69+1.30" 591.34+1.10% 281.17+0.93°
ARJH 333.38+1.68% 745.37+7.70° 170.51£10.07¢ 597.38+14.69° 371.10+22.43%
HGA 425.36+8.05° 879.20+53.76" 111.28430.21° 699.96+109.69% 356.55+43.75
11-432 442.96+8.07* 932.42+18.17* 125.5242.16° 740.96+12.56" 399.96+11.87°
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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Table 5. Continued

HE - AN - HA

HoFA oF BAEREAERS

Free amino acids (pug/mL)

. e
Leucine

Phenylalanine™”

B-Amino isobutyric acid™

Ornithine™

e
Arginine

Proline™

wh 649.64+18.22"
GG 1,088.48+24.30"
WiJ 729.53+5.02¢f
SGG 844.52+6.01%f
HJ 863.53+28.18°"
BC 689.89+5.68"
JA 1,070.45+5.61%¢
GS  1,062.28+40.04™¢
BG 923.84+34.68°

IG 932.19+0.42°%

ARJH  1,044.54+25.75%¢
HGA  1,571.67+446.90°
JJ-432 1,220.14+22.50°

p-value <0.0001

491.30+38.15°
761.85+46.45™
594.82+7.36"
489.56+5.65°
638.88+33.01
413.09+4.26°
722.3248.16"
747.52+84.12"
606.16+65.40¢
592.90+0.71¢
641.30+53.23%
829.34113.02°
828.43+16.63"
<0.0001

245.95429.08°
586.40+72.49
545.40+10.39®
309.02+4.57°
508.28+62.55%
332.3543.67°
582.98+15.06™
514.08+131.71%
457.08+128.53°
463.79+1.64°
489.69+102.08"
626.67+89.06
639.84+12.63°
<0.0001

280.06+5.13°
442.01+6.94
374.57+0.91°
395.85+2.36"
382.45+17.21°
403.63+2.73%
461.23+1.22%
397.44+7.86"
498.36+3.97"
428.24+0.90™
397.29+5.76"
24521+185.88°
459.55+8.62°
0.000

407.0249.21°
448.30+5.08"
384.58+1.98°
244.94+1.32°
392.85+16.79"
408.07+2.69°
357.22+2.66°
344.09+4.26°
349.29+3.23¢
405.10+2.31%
404.30+2.23%
396.74+33.64
406.75+8.51°
<0.0001

652.9149.00°
786.66+5.97°
513.66+61.67"
672.49+8.06%
657.87+24.27%
636.98+11.56°
485.12426.72°
848.46+6.18°
707.08+5.58%
501.89+10.02
732.3043.65°
497.52+11.85"
408.87+66.46¢
<0.0001

D IW, Imported wheat; GG, Geumgang; WI, Wooju; SGG, Saegeumgang; HJ, Hojoong; BC, Baekchal; JA, Joa; GS, Goso; BG,

Baekgang; JG, Jogyung; ARJH, Arijinheuk; HGA, Hwanggeumal; 1J-432, Jeonju-432ho.

2) ex

significantly differ at p<0.001.
» Values are meantS.D. (n=3). Different letters within a column indicates significantly difference at p<0.05.
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Fig. 2. Discriminant function analysis (DFA) plot of aroma patterns of Makgeolli of different wheat cultivars. IW, Imported
wheat; GG, Geumgang;, WIJ, Wooju; SGG, Saegeumgang; HJ, Hojoong; BC, Baekchal; JA, Joa; GS, Goso; BG, Baekgang; JG,
Jogyung; ARJH, Arijinheuk; HGA, Hwanggeumal; JJ-432, Jeonju-432ho.
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Table 6. Volatile compounds of Makgeolli of different wheat cultivars identified detected by electronic nose (area)

MXT-5 MXT-1701
Ethyl acetate™ Ethyl octanoate™ Ethyl hexanoate™ Eﬂ;ﬁyﬁ;{;ﬂ? vl Ethyl acetate™ Isobutanol ™"
w" 9,465.03* 4,806.56" 5,524.76" 4,553.25% 441,779.48 87,663.97°
GG 1,2918.97* 4,605.83" 5,642.52° 5,659.18¢ 830,096.35¢ 75,015.09%
wJ 1,4210.26" 3,703.72° 4,860.12 2,907.91¢ 936,806.58" 69,598.37°
SGG 2,560.20¢ 3,469.71¢ 4,442 .61 12,328.23% 1,955,063.14¢ 101,694.28*
HJ 13,530.80° 4,025.94° 4,985.28° 3,938.10% 582,677.17 6,6871.81"
BC 8,460.03¢ 3,215.57¢ 6,321.26° 3,569.75° 317,745.99" 79,540.74
JA 0.00° 2,216.53" 3,760.68" 11,796.15° 2,089,630.09° 95,657.33
GS 2,964.02¢ 1,648.23¢ 2,918.00’ 6,932.51° 2,999,044.54° 85,935.58°
BG 11,947.11% 3,337.97¢ 4,687.75°% 4,791.74% 729,597.62" 67,468.88"
IG 12,475.12° 3,146.00° 4,484.25% 6,938.88" 1,247,218.30° 65,224.40"
ARJH 0.00° 2228.15° 4,045.83%" 6,343.73 2,314,835.06° 95,066.06°
HGA 0.00¢ 2,206.05" 3,658.521 3,777.58° 2,263,521.03° 57,231.148
11432 0.00* 2,710.06° 4,199.78" 12,299.30° 2,319,174.23 79,235.46"
DPY 0.938 0.972 0.962 0.941 0.997 0.958
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Y IW, Imported wheat; GG, Geumgang; WIJ, Wooju; SGG, Saegeumgang; HJ, Hojoong; BC, Baekchal; JA, Joa; GS, Goso; BG,
Baekgang; 1G, Jogyung; ARJH, Arijinheuk; HGA, Hwanggeumal; 1J-432, Jeonju-432ho.

2 ™" significantly differ at p<0.001.

 Values are mean (n=3). Different letters within a column indicates significantly difference at p<0.05.

9 Discrimination power.

2 Az A4e)7) 63212608 7P =30, naR Az 42 4674, 464305, AubA0l 7S oM e ZH2) 4,697,
g wbde] 7l 2,918.00°0.2 7H ko 45485 Jeh iAoz =2 A Hrhs wodth o)e
Ethyl acetate, ethyl octanoate, ethyl hexanoate= =4 2]l w2 Azt whde]e] vr lactic acid = Q13| 415t
93 3 A S Foldte o IR SRHER B o] A3, Y B glucose FFe] w30E MR Alx
%32 9 2m(Choi J 5 2023; Choi KT 5 2024), ¥ o)A gk ebdele] whto 2 Q) Akt ©ho] H]go] A-siA FA
T o] &5 Aol7F DFAE &3 A& 3t &R/l 234 ¥ A7R s EKLee Y T 2012). ¥, 54 AMESH
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7he 3, @, gt Ak Ql V1wl o] g5 dis) 9% 2l S9(e, HEE WS A, 259 dEoR

T2 FYPEAoT(Table 7), 2, &, vt FHX= Als FAHAKFig. 3).
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HE - AN - HA HORA oF RAHEAETS

Table 7. Consumer preference scores of Makgeolli of different wheat cultivars (n=86)

Appearance”? Aroma"™” Taste™ Overall liking
w" 5.70™% 4.69° 4.37% 4,320
GG 527" 5.66™ 4,12 4,384
WI 5.27% 551" 3.79% 3.92¢
SGG 570 5.69% 4.67° 4.69*
HIJ 4.81° 5.56% 430" 4.44%¢
BC 4.95¢ 4.74% 4.64° 454
JA 6.20° 5.88" 4.01° 429
GS 6.18° 5.56% 3.77¢ 4.02
BG 5.33% 5.30° 3.93% 3.93%
JG 5.54° 5.44" 3,95 4,18
ARJH 5.62° 5.26" 4,124 4,18
HGA 4.87° 5.26" 3.74¢ 3.83¢
11-432 5.79% 5.74° 426" 4.43%
p-value <0.0001 0.000 0.010 0.111

D IW, Imported wheat; GG, Geumgang; WI, Wooju; SGG, Saegeumgang; HJ, Hojoong; BC, Backchal; JA, Joa; GS, Goso; BG,
Baekgang; JG, Jogyung; ARJH, Arijinheuk; HGA, Hwanggeumal; 1J-432, Jeonju-432ho.

D" significantly differ at p<0.01, p<0.001.

» Values are mean (n=86). Different letters within a column indicates significantly difference at p<0.05.
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