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TEEHER NENAN S YEIHTNEY
Abstract In this study, makgeolli was prepared by adding hops under various processing conditions
to investigate its quality characteristics. Recently, studies on makgeolli incorporating various
ingredients have been actively conducted. Two types of hops were used, and experiments were
conducted under various treatments and concentrations. Makgeolli was produced using water, rice,
glucoamylase, and Saccharomyces cerevisiae Safale WB06 and two hop varieties (Saaz hop and
Hongchen hop). Fermentation involved a primary stage at 25°C for 6 days, a secondary stage at
35°C for 3 days and aging at 10°C for 24 h. Treatments A and C showed the highest levels of
soluble solids (up to 18.90 °Brix) and reducing sugars (up to 20.65%). Alcohol content showed no
consistent trend. No significant differences were found in pH, total acidity, or amino acid content
among treatments. Various free sugars and organic acids were detected, reflecting complex
fermentation dynamics. Differences in sugar composition and aroma-related characteristics were
observed depending on hop variety, with Saaz hop contributing to a more balanced fermentation
profile, while Hongchen hop tended to increase reducing sugar content and impart distinctive
aromatic properties. These results suggest that hop addition can enhance sugar content and sensory
qualities in makgeolli. Through this study, it is expected that makgeolli with distinctive flavor and
aroma can be produced using hops.
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1. MZ

[ —

5z e & 292 2020 12,4694 &, 20219 15,8047 2, 20224 15,6774
2, 2023 14,6887 ©d, 20249 14,7347 2] FE& st AAFOZ Q77 A= FAlolth
(KATI, 2026). 22| = ga 2y 5ot Y2 5E o8 G2, otv|il, §74t 59 9t J2a}
AAE S TR Eo] Mt 3 F49| 2345 o|FA EI(Song %, 2015), Tt =9} o)
Ay gu vleb] B% Yrolu] ARl glutamic acid, lysine, leucine 5-& -0l JU77t B354
Ahajof Fojste F71ARS 245 dia 9 ARYARE AEs] thal BT QIeK(Kim 5, 2013b).
olo] wa}t 7]9(Kim 5, 2013b), ofZUoKPark 5, 2016), L:H|Z](Lee 5, 2013a), H]u} Guj
(Choi 5, 2013), Al EH(Kim 5, 2024) 5 et AwE L83 2rae 9] A7 s
Y=L Sl= FAlo

2 6-12 m7HA] AU AT Cannabaceae)d] &5t THARY S24 28 AlE0|2t YE4E
o|al Y7t A7t HdE ARZo|F FHIE 33-35°Cof|A & Atiil HiEo] ltk(Ha 5, 2023;
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Jung, 2015). &2 = H30] g g AREEIL Eo|H AF
o] 22 &S RGO R 8Y ol &9 ARgolH 2 A&
A AR LALASHL § 2= WAZE U A28 HIlE
o} Atk(ung, 2015). -2 Fufjx= A|sfstal 110|e} of2 ks
Fojste & Ao o] QU= a-acid, -acid®] o]}
RS 53 24 50| £ o7 Hsle| W9 g 29k
TSI ot2rl= oA QAo A FrEHE AoE dTHA 9l
et 0] g Ao WA O o2 YeiA
TH(Jung¥} Chung, 2017; Kwon, 2023). o] & 73t &9k
= o-acidofl= FEE(humulone), F-F-E-E(cohumulone), °ff
EF-EE(adhumulone)O] ™ o-acid> W5=0] 25t3} 7 Fo] &
oFlA oh= EAJof] F42Q1 gAo]n &5t 2H O] A X o
2 AREHGY 4EA ckJungd} Chung, 2017). a-Acid=
3= 2] Al9f iso-a-acidC.& 0]/d3} H= A F2E5 Ho
M iso-o-acidi= W AT} # Sy EAIE J/d5to
W AR LT FAO YIS vHT L EEA U HET
10 mg o EH AF B0l £2 IFS T IHA
9)& Hrt olg} iso-o-acids 1Y P4 Aol st g &
A4S 74X 1 ke EEo] YTKChoi, 2024; Jung, 2015). &
9] oil A2 monoterpene, sesquiterpene] AJE-o] LA 3l
on AAZS] F4] A ket A/de] l= xanthohumol
T & F52 T3 Ith(Kwon, 2023). {7t ofyz} ofzrh=
essential oilof|A S EE 1y BI1E0] 9]0, floral, citrus9)
o}Z2 0}l geraniolZ} linalool®] 7]Q15}aL herbal, spicy2] o=
U= 5.9 AFSHE9Ql humulened} caryophyllene©] 7]18Hc Al
H11E]o] QlthKovacevic and Kac, 2001; Moon, 2016; Sakamoto
and Konings, 2003).

Uep B ATolAE HE F R F9l il 5E o

N

=

Aejo] A71sle] chert %4 249 el Az )
£ AL oaEE AZE T B 542 dehtn ] aH0
2 FHH Polo] B4 M shael Aue] 7HsAS v
9 At cloke whdel AlE e Agskuat sk

2. g % diH

2.1. 8g & 5 FoF 8tZ2/9 A=

= IR oY Alx S Fig 13 2ok &5 A7t
44 ARE Ao AR HEE dm= B(Samkwang,
Gyeongju, Korea), 1= W3 | 20| AMEEE= Saccharomyces
cerevisiae SafAle WB06 (Fermentis Co., Rians, France)2 A}
SSFATH(Kim 5, 2025). BF &2 WHHA] HiSF7](SI-600R,
JEIO Tech Co. Ltd., Daejeon, Korea)E AR5} 150 rpmof|
A 28°CE F-A|5}al Yeast Peptone Dextrose (YPD) broth
(BD Integrated Diagnostic Solutions, Sparks, MD, USA) HjA]
oA 1.0 x 10’ CFU/mL o} wiF=ld AFo] ARttt
(Kim 5, 2025). &2 5202 W3R A2 A] AHESH= Saaz
hop (Yakima Chief Hops Inc., Yakima, WA, USA)%} =1 &
ol 3-8 (Hongchen hop, Hid healing farm, Hongchen,
Korea)Z &2 thH] 0.05%, 0.1%, 02%% =2 Z+ZF 23
St & v W S5 5 ol 1LAl(gose) ABMUE T
2 295 77 {8l FH 0.2%, HAaR2= 48] A 0.05%
= ZPsiqitt. A2 S 2= Fof 7ZEsHA of2d A2 F 24]
b5t A Al B 1A B9 & E71E ZXsHItHKim
, 2025). 1FRRE ARl Qe & wiZ1E W s SA
7|(Electric steam-generator, Pyeonghwa Machinery Co. Ltd.,
Deagu, Korea)ol| 5057t A § 1087t E50|7]& Adsia

N

¢

ot

Ingredients

~

Steamed rice Amylase
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Aging

(0.1% based on

(wash, soaking,
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~
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Fig. 1. Schematic diagram of the makgeolli production process with different hop addition treatments. Treatment A, removal of hops
after steaming with rice; Treatment B, addition of hops on the 0 day of fermentation, followed by removal on the 3 day; Treatment
C, addition of hops during maturation at 10°C, with removal after 24 h

716

https://doi.org/10.11002/fsp.2026.33.4.715



Food Sci. Preserv., 33(4) (2026)

Wzysto] grae] Ao ARESFHTHKIm -5, 2025). FaEol
IFHS 93 aFE oiH] 150% ZheE S H EAAR
Nulookzyme R400 (Glucoamylase, Bision Corporation,
Seongnam, Korea)E 1549 tiH] 0.1% F7IAtHKim 5,
2025). WA H O & AR = FF tH] 1%E FUskL wHst
thKim 5, 2025). & H7Iet 9Hdel= 25°CoA 6 51t
A3 T 35°Co A 3Y Bt HHESAL 10°Co)A] 197F %45}
gtk Kim 5(2022)9] @150 wer zg Gmo] H4 4
L= 28-33°CE YA Qo] 34-43°CE 112 Wrast At
L2 Yo BAHT FAFE F7Nto] 1L LE TS
AW § B AVl P PEOR ARSI o
Acid2 WZolL} o] 317 2 7] ebAet ol 2o
A 9] 4Eol Lok Ao B o] 9lof(Choi, 2024), F
A ol SARste] WiF A2 Al9f ApH] I w3 &
A< AZ § 929 Az Ao & AAste] A AE A
Pttt A2 BeF C= ] 342 A=Fsto] a-acid?t ©14
SH= e Al I &2 2ol Easta] Fof 9
£ 2 @71 8l a0 Aol F5 TSkl Ta 39 A
2 AAT A= B Eavt 2 & Fof Sl ¥ @71 A
3 10°C &7/d ) &2 FAUSkL 24417 Fo] F-2 A|ATE A2
CE Agsto] & A=) A71E 2este] &5 A7IRt 2 A
Zo] At H7] 24L& AAsHArt

2.2 Z9 20/88 % xanthohumol 5&

9] AR Kwon (2023)9] o E 45t &
9] AmARL BAE AR 0.5 g¥ 509 mL methanol (Fisher
Scientific Korea Ltd., Seoul, Korea), 91 mL water, 0.17 mL
88% formic acid (Sigma-Aldrich, Missouri, St. Louis, USA)
& 20 mLE 1AZF 59t wRkste] &9 & 0.2 um
nylon filter (Whatman, Maidstone, UK)Z o3} & AR8-5}3itt.
HEEAL HEYY ICE4 (International Calibration Extract
4, Labor Veritas, Zurich, Switzerland) 1,000 mg& A&& &
o} 1,000 mL AF ZTATo] €3, methanolS AFE-5FA
1,000 mg/Lo] F|EE EZGHS AZIIT, FEEUHL 20°C
WAl BRShEA 43 2ol 84ste] AL B4
Z7A& HPLC (Waters 2695, Milford, Massachusetts, USA)
£ o]&35l9lom B8 AHL Lachrom C18-AQ (4.6 mm x
250 mm, HITACHI, Kyoto, Japan)E AR&5}3ct. o] 54
25 mM sodium perchlorate (Sigma-Aldrich), 2.5 mM perchloric
acid (Sigma-Aldrich), 50-90% acetonitrile (Mallinckrodt Baker
Inc., Phillipsburg, USA), 90% methanol (Sigma-Aldrich)<
ol-gste] 71&7] &2 WA o FA5IGIT). Flow rate= 0.65
mL/min, column oven?] &+ 35°C, injection volume 10 pL,
UV 328 nmol|A| A&t

5-9] xanthohumol2 Kwon (2023)9] B0 & ZX5}3tt.

https://www.ekosfop.or.kr

Xanthohumol £4-2 E4H & A]& 1 g9 10 mL ethanol
(Fisher Scientific Ltd.)& ¥ 1A7F 59t &% & 0.2 um
nylon filter (Whatman)Z o3} & A}gslch ZEEZA2
xanthohumol from hop (Sigma-Aldrich) 5 mg& ethanol2 =
o] 500 mg/L7} HEE EFEHS A| 2519 Xanthohumol
E4 2L UPLC (Nexera X2, Shimadzu, Kyoto, Japan)S
o] 835}, B8 columnC & Kinetex XB.C-18 100 A (150
x 2.1 mm, 1.7 ym, Phenomenex Inc., California, USA)& A}
L3519t 0] ZAR 0.1% acetic acid in water, 0.1% acetic
acid in acetonitrile (Fisher Scientific Ltd.)E 0]-&5}o] 7]&7]
|9 FAoE EFsiith. 452 0.3 mL/min, 28 &9
2= 28°C, injection volume 3 pL, UV 370 nmo]|A] H&5}

At

2.3. pHE} S & ofOj A StE FE

pHE} F4H] 79 Kim 5(2022)7} Kim 5(2025)°] W2
2 243}9ct. pH meter (Thermo Fisher Scientific Inc.,
Waltham, Massachusetts, USA)E 0]-&35}o] pHE &332
o ZAHS AJE 10,000 uLE 0.1 N NaOH (Sigma-Aldrich) &
HBZ ARGl pH 7.07HA] 371+ H AREEHE 0.1 N
NaOH9] AH|E %S ZAKacetic acid)O& THA510] total
acid (%, w/v)Z HA|SFITE ofm|i Al $HeFS] AL Kwon
(2023)9] W o2 Z74oIth. opv|ieAt T2 AR 10,000
uLol 0.1 N NaOH 895 ol pH 82714 A3t & F4
formalin (Sigma-Aldrich) €9 5,000 uLE 4& 5 S-25 Ak
& =35l AFREHE 0.1 N NaOHY] %2 glycine2 2 3
Aboto] HAJSFETH(Kwon, 2023).

24. =9 228 515

Gt g 49| 739 Kwon (2023)F Kim 5(2025)
o oz 2Asielth YECBrino A9 248 FEA
Digital refractometer (PR101, ATAGO®, Tokyo, Japan)S A}
&5t 24519 tt. 3¥UE-2 DNS (Dinitrosalicylic acid)H-&
ol-gsta] ZASIE AlRE SRR AT F, SAe Al
291 200 uLo] DNS A1%F 600 uLE ol B BolA 52 5
oF B2 o, A20A A% & F7S 4,200 uLE EiL &
3l5l9ict. o]% B3 A|(Cary 3500 UV-Vis spectrophotometer,
Agilent Technologies, Santa Clara, CA, USA)S A}8-3}o]
550 oA GHEE E40) BULE Z9eAct BT F
2 glucose (Sigma-Aldrich) ¥ AFAS ZHdsto] gheld
TF (%)= AL

2.5 2AT=20 LI 512t EX

LT HLA FF 59 A9 Kim 5(2022)% Kim 5
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(2025)9] o2 S die FFE FF EtLd
o Al& 100 mLe} F5F 50 mLE &3t & FFok5ich 100
mL HAAE ] 90 mL7HA] SFHS W2 F SFHFFE 100
mLE A8l Eglele] &FL EA7|(Digital Alcohol
Meter DA-155, Kyoto Electronics Manufacturing Co., Ltd.,
Japan)& o§9) ZSATt. FLY FFS LT FF 2%
of AH§T FRA 30 mLE AG3le] ZFSAT. FHA
phenolphthalein (Sigma-Aldrich Co.) €& 2-3 W& 7|5t
¥ 0.01 N NaOHE ©o]-g5to] A-gHl o2 We uj7bx] 275}
< H &29 g giteto] mg/L (ppm) EHE LHER AT

2.6. 2[5 24

SelT B4 A9 Kwon 2023)9] W02 249,
R 24 S post column HHE o] &3to] HPLCR 3
Attt AR o3H0.2 um, Millipore Co., Burlington,
Massachusetts, USA) & AR8-5}9 . Column®] 7% Supelco
sil LC-NH, (25 cm x 4.6 mm, Bellefonte, Pennsylvania, USA)
£ A5 o] ZAFC 2= 75% acetonitrile (Mallinckrodt
Baker Inc.)E ARESIh B4 242 84 1 mL/min, Z¥
QB 2% 35°C, YL 10 pL2 A3}t Detector= RI
detector (2414, Waters Co.)Z HZ3}c}

2.7. S7/A 24

714 249 73 Kwon (2023)3} Kim 5(2025)2] ®H
o2 Z7sloirt. K714 B4 post column B o]-8-51o
HPLC (LC-20A, Shimadzu Co.)& £A43}9t} Alg= o}
(0.2 um, Millipore) & A}R25ch AHO 7L TSKgel
ODS-100V (5 pm, 4.6 mm ID x 250 mm, Tosoh Co., Tokyo,
Japan)g ARESHATHKIM &, 2025) o532+ 8 mM
perchloric acid (Sigma Chemical Co., St. Louis, Missouri,
USA)YE ARE5IIT, HFE-EMOF = (0.2 mM bromothymol
blue (Sigma Chemical Co.), 15 mM Na,HPO, (Sigma Chemical
Co.), 7 mM NaOH (Samchun Pure Chemical., Pyeongtaek,
Korea)E 2315t &3} SujoA] 9ESAIZ] & UV 440 nmof|A|
A2AT. 942 oA} W8 BE | mLmin, 49
QE 2T+ 40°C, HHS 89 2% 25°C, FYFZ 10 uL=
B4e A,

2.8 HxE 24

AR £49) 3% Kang $(2020)2] EE WFalo] 1
Sieich. T o] 4 B4E 919 AR 99 5 mLE 20 mL
Hio]2H(Ls-Phs-Psck GmbH, Langerwehe, Germany)ol] @2
5 40°Co|A] 20E7F 500 rpmO.Z WHISFYL). o]% HXFH
(Neracles Neo electronic nose, Alpha Mos, Toulouse, France)

718

2 olgsjo] 2aith A2 BAIE T A columno] 3
Z+=] Heracles E-nose (MTX-5 and MTX-1701)E AR5}
o, FIDE ©]&3lo] #A&3}Ic). Injection®] 749 syringe type
oF AY 2&F 25°CE |AH AJHfoll Al ZE head pressure
1.0 psiZ FUstH.0oH, EA A] injector pressure= 1.0 psi,
detector pressure= 39.0 psiz S}ATE B4 40 7|0k &=
g4 4= Kovat’s index library (Alpha MOS)E ©]-&-5}0]
HE peak®] dEe AT AAR AlAH] 23
AroChemBase (Alpha MOS) gto]E&|2]& o]-83] 7+ A|79)
F71ol T T8 ARES BHFoE EASITh B4 A
2]+ Alpha MOS softwares AMEolo] THEEAH(discriminant
function analysis)© & UERHSIT]

2.9. EHA=/

£ Aol A2 A BAA Fo4 AF Kim 5(2025)
9] HPHS o] 85l9irt. L& J;WL SPSS (Version 26.0, SPSS,
Chicago, IL, USA) Z2 132 A}835iqith RE Al 33
733 3t Wat £ FEHH(Mean + SD)E e 7}
A& 7H fo1d AL EAHEA(ANOVAYE d¥stglor &
a7} Qe Bl dojAEs tha %% (Duncan’s multiple
range test)y2 p < 0.05 £FoA AR 7HY 899l Afo|&
A7gsto] westith F9 1ndE 9 xanthohumol ] 73-¢-
SHEE ttestE PSR

1. £9 20/&E2 2 xanthohumol 2/&f

S| & ATE Table 10] Uetglch &= 71et
oA rgEe] AEHA Y= ALE FRIFSI
CAcide WET WEo] galt @ s WE A A
humulone©] isohumulone©. 2 o]Aj3} EHA A4S T &
o] oligel gzl wizo] a7} & E] wzo] qolg B
Sttt 424 QIth(Choi, 2024).

W] LS. g acido] o] HolEle HEAOE adhumulone,
cohumulone, humulone 5°] H1E o] QJthKwon, 2023).
Adhumulone ThZ iso-a-acidof| H|3] © %2 24 7|5
HY 7540l Qttay HiE o]l ©w(Jaskula &, 2008),
cohumulone:> %= pHE} 49t SA O Qs o] 457} 2 o]
FolA wH7kE Fole © F8% JROE HiEol gt
(Choi, 2024). Humulone> W& ol IHYollA dof 5]
isohumulone O 2 o] o= A W0] 0k Y= ZHos &
24 QItK(Schindler 5, 2019). Cohumulone®] 79 &4 FojjA
= 3.51%5 YEMA O W Saaz hopoll A= 0.98%% && FoJ
ok 3uff oJA} =2 A o7 EQIE AT} Humulone} adhumulone

https://doi.org/10.11002/fsp.2026.33.4.715
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Table 1. o-Acid and -acid compositions and xanthohumol contents of hops used in makgeolli production

Type Cohumulone Humulone + Total Colupulone Lupulone + Total B-acid/ Xanthohumol
(%) adhumulone a-acid (%) adlupulone B-acid a-acid (ppm)
() (%) ) (%)
Saaz hop 0.98 = 001"  6.36 + 0.03 7.34 + 0.03 1.88 + 0.01 2.51 + 0.01 439 + 0.02 0.60 + 0.00 227.22 + 16.07
Hongchen hop 3.51 + 0.05 8.57 + 0.10 12.08 £ 0.14 391 + 0.05 1.55 + 0.02 5.46 + 0.07 0.45 £ 0.00 447.75 £ 75.63
1p)? -95.000 -37.968 -56.564 -75.537 79.599 -27.611 88.605 -3.820
(0.000)™" (0.000)™ (0.000)™ (0.000)™" (0.000)™" (0.000)™" (0.000)™ 0.019)

DAll values are mean + SD (n = 3).

DValues in the #(p) row represent Student's t-test statistics, with p-values shown in parentheses.

¥'p < 0.05, “p < 0.01, ™'p < 0.001.

hop®] 7%~ 6.36%5 LEtHo] B3 Fo] of 1.3H] &2 Zos
AU F a-acid®] F¢ TH F2 12.08%, Saaz hop<
7.34%% YEHo] 4 oA H &2 gk Tkl 9l
+ AC0E ISt web TH FS ARSI &%
Saaz hopETh 7FSHA @ & & ZoE 7 HTh

B-Acid> a-acido] H|sf B|=/do]1L WE ApH] Alof] S/JC
& X@EA F3f o)t offtkal HirEo] QUtk(Choi,
2024). o|2|3t £4 wjZo W04 &7} QtE o} dmjo] o
3RS A9 FA] Z3itt. B-Acid a-acid Hoh= 1Al
e FFaT7F ok LA JTHChoi, 2024). B-AcidS
22 adlupulone, colupulone, lupulone 51} Z+-2 SiStE2 +
g=lo] Slth. Adlupulone M- W2 X AA 5L (MIC)E
M A gkt §37} Zeitta B s QIrkLi 5, 2023).
Colupulone} lupulone2 B-S[O|EZA] o -3} 7}H Y7
7t 900 BAOIE o] 49 Aelerd BU2 487 % 3
= A07 BHEKLI &, 2023). Colupulone®d] 739 T4 &
oM 3.91%5 YWY Saaz hopQ] 7% 1.88%E et
ol 33 Fo] oF 28 A& =& 20 & ZRIFQIt}. Lupulone
3} adlupulone F+ 24 &3t #-2 & FolA 1.55%, Saaz
hopOll A 2.51%2 YEFY Saaz hopoll Al F 1.68] =& ZCo=E
et & B-acid2 B & 5.46%, Saaz hop 439%% &
A Fo] oF 28] &2 A0 & IE|YT}. Nesvadba 5(2022)
o] B0 oJ5hd ofZu} FEL & g-acid7} 2.87-9.68%F Lt
B om Cibaka 5(2015)9] 3¢ 7Y HE2 F5& ofZn}
Fuc 54 o] tejH 27 ehddn Busigonz of
2o} 5AY AL8T 4 9e A0 AzEn. geby 5 §
© Saaz hopRErt SFEAIF %2 Aolet AZHL

9] xanthohumol &%F ZIE Table 1°] YERHAT
Xanthohumol2 pernylation®l chalcone T3 FE 0 5}
hop®] & AXFTE 5 0.1-1%F AT Frr B2 Fo] A4
st 53] oAERA FAFRY, et B Ao A8 50l
TS B3 A A Utk (Lee 5, 2010). T4 Saaz

T

https://www.ekosfop.or.kr

hop?] xanthohumol 39| Y &4 Fo|A] 447.75 mg/L,
Saaz hopo Al 22722 mg/LZ 915 o] T4 FojA ¢ &2
xanthohumol-& 7}A| 11 Q= A0 & OIF Ut} Kwon (2023)
of ol T2 cascade §2) B9 BFEA YA 0.02%2
HEEH RO Saaz hopd 7% 0.46-0.61%, Centennial 9]
A9 065.071%S UehitkT BIstlnh B3 B2 AHgS
Al =A Saaz hopol ¥]3] xanthohumol2] 5

= goed

3.2. pH, Ft & Ofo[AF B3

&% 7K wEE9] pH, F4L ofmlieAt I AE
Table 20| Ueb ]It ©22|9] pHE TaIY F &4 %
£ ¥+ = 388 ARET o2 A== oY 7HA &
714k 57 E sEof IA FFE etk HiEo] Qo
(Choi 5, 2013; Kim 5, 2013a). & 7|3t =hdg] pHY
749 3.48-4.20 Atol9] kS UEHUgIEE & SR AE 24
o] wtebA] pHE 20 & AfolE YEhA] o= Ao &
ettt FES &2 H7Igh wrdeoA] gi=Et ot
2 pHE U= 202 gRIFIH. 11 5 SB0.10] 7HF
2 pHE YEHICH SB0.27} 7 @2 pHE UEi=
Aoz gRIFItt. Choi 5(2013)9] Hilof w2 Hlu} Huj
S /i 910 A9 pHE 3914058 etk 78}
A Park 5(016)9] A of2HokE F7le Bl pHs
3493742 ekl §8 H7RE Sl o vhelh v
5% pHE UEhlle Zoz Sl=inh

wFeo] FAF e WE B HA Fo Ao Al
e 27] e 755 sh= 712 840]n ofof whet
g Md AxE o ¢ e $8% 840thKim 5,
2013b). S= J7IRE 9229 B8 & S/ AL 24
A FARE di2TeE 2 AolE UEA] o= AR gely
Aot T= H7ieE wEE 9] F4hZ 0.25-0.38%9] g2 UHEH]
ATt HCO0.05004 7Hg 22 A4S HER 1.2 HA0.2004]
M w2 4= UEidle AS g5 Kim 5(2013b)

i
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Table 2. Quality characteristics of makgeolli added with hops

Type Treatment Hop Name Sugar Reducing Alcohol Volatile pH Total acid Amino acid
content (°Brix) sugar content acid (Acetic acid, (Glycine,
%) %) %) (mg/L) %0) /100 mL)
Saaz hop AV 0.05 SA0.05 18.90 + 2031 + 5.00 + 20027 £  3.67 + 029 + 0.02 +
S 0.007% 0.22%® 0.00 3.26° 0.02°% 0.07%® 0.01°
0.1 SAO0.1 18.17 + 19.08 + 533 & 25267 £  3.53 & 033 + 0.02 +
0.06° 0.65% 0.06' 12.22° 0.08% 0.08% 0.00®
0.2 SA02  17.20 + 1831 + 6.60 + 20933 +  4.06 + 029 + 0.02 +
0.00" 0.64%feh 0.00° 5.03* 0.23%® 0.05% 0.00®
B 0.05 SB0.05  17.20 + 18.51 + 570 + 17133 £ 3.64 030 0.02 +
0.00" 0.91°%" 0.008 12.70¢ 0.23%% 0.06™ 0.00™
0.1 SBO0.1 17.00 + 18.16 + 6.00 + 21133 + 420 + 033 + 0.02 +
0.00¢ 0.30¢fe 0.00° 7.020f 0.22° 0.10® 0.00®
0.2 SB0.2  16.00 + 1742 + 6.10 + 22627 + 348 + 030 + 0.02 +
0.00' 0.60¢" 0.00° 3.72%% 0.02° 0.06® 0.00®
C 0.05 SC0.05  16.13 + 17.89 + 540 + 22533 £  3.90 + 029 + 0.02 +
0.06 0.30¢feh 0.00' 3.06°% 0.29%¢ 0.05%® 0.00®
0.1 SCo.1 1620 + 17.66 + 5.60 + 22733+  3.63 % 030 + 0.02 +
0.00' .27 0.06" 20.82°% 0.06°% 0.05% 0.00®
0.2 SC0.2 17.40 + 19.49 + 463 + 16733 £  3.67 030 + 0.02 +
0.00° 0.71% 0.00™ 4.168 0.02%% 0.11% 0.00®
Hongchen hop A 0.05 HA0.05 16.60 + 17.58 + 6.80 + 24333 + 357 + 032 + 0.03 +
(H) 0.00" 0.30%" 0.00° 7.57% 0.11°% 0.07" 0.01°
0.1 HAO0.1 1527 + 16.74 + 480 + 202.00 +  3.62 + 0.28 + 0.02 +
0.06° 0.09 0.00' 6.93" 0.11¢% 0.01% 0.01®
0.2 HA0.2 1570 + 17.00 + 493 + 20193 £ 3.61 + 038 + 0.02 +
0.00™ 0.501 0.06 9.19" 0.06°* 0.02* 0.00®
B 0.05 HB0.05 16.60 + 18.63 + 480 + 12067 +  3.87 + 0.26 + 0.03 +
0.00" 0.20%%f 0.00' 9.45h 0.23%4 0.01% 0.01*
0.1 HBO.I  17.90 + 18.85 + 440 + 131.00 £  3.54 + 029 + 0.03 +
0.00° 0.39%% 0.17" 1.00" 0.04% 0.04® 0.01*
0.2 HB02 1610 % 17.30 + 6.97 + 24933 +  3.85 + 033 + 0.02 +
0.00™ 0.32" 0.03° 22.74° 0.50°d 0.06™ 0.00™
C 0.05 HC0.05 15.60 + 1825 + 570 + 18133 £ 373 « 025 + 0.02 +
0.00" 0.250%feh 0.008 1.158 0.16%% 0.04° 0.00®
0.1 HCO.1  17.90 + 2025 + 6.60 + 230.00 +  3.54 + 032 + 0.02 +
0.00¢ 0.32% 0.00° 13.86% 0.01% 0.06® 0.00®
0.2 HC02  18.70 + 20.65 + 6.40 + 20400 £ 3.54 + 031 + 0.03 +
0.00° 1.69° 0.00° 5.29" 0.04% 0.05% 0.01*
- Control 0.0 CON 16.07 + 18.00 = 5.10 & 208.13 +  3.59 + 0.26 + 0.02 +
0.06 0.54dfehi 0.00/ 19.06°" 0.05%% 0.06® 0.00®

DA, removal of hops after steaming with rice; B, addition of hops on the 0 day of fermentation, followed by removal on the 3 day; C, addition
of hops during maturation at 10°C, with removal after 24 h.

YAll values are mean = SD (n = 3).

Means with different superscript letters (*") in the same column are significantly different at p < 0.05 by Duncan’s multiple range test.

o) A9 71915 W71 HATOIA 027-034%2 F4k0] el 041-046%= et B Q7= Kim 5201367 #1532t
Hl910 Ying 5(2013)9] 29 & A7k e 24 ARS Yehs Aow FelEgl.
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o] v AR Al das AEEHE AT 92 75

=2

AU BedkE Bof a4, od g 3o, AW 2o 84
Soll Es=H ofn|iAto] FHE I opw| Ak WFES]
YYo= o]& d ester?} fusel oil 59 7] &Y A+EE
& ANE ¢ Sle 8% dRoltal HilEo] Qi Ejt &
of AA%S Foista Il HUE Aol €50l 3
ot A4S Hoh L A IAIRE FRoA 4 Sl Ee]
A Bo] St 9ol ofr|icAto] EA ERlEThY K
ASFFTHKimY} Yi, 2010; Jung 5, 2018; Lee 5, 2021; Im

web ofulicAl ke TS} 2 Aol LA g A
o shIEglch E8 A2 2ot FO Aol WAE
o4el Aol7t AL Ao Ve & W/ e of
o] A SRS 0.02-0.03 g/100 mLE UEHY+= 20 F 30lg]
9tk Lee 5(20130)9) 08 A7t B ofuliire] A9
0.15-0.31%% YEhj= AL 915191 Kim¥} Yi(2010)2]
A9 WAz o] mE = WA oflAle 0.52-
0.62%z UEht 3 H7HeE 9elo) ofjieAle s e g
Aejo] v vh G ol AtES YehlE AL Helslg
o} £ Ago]A ofuliAte HA] AT AL HEE HAA
O AR Bl HAT Aokl Gujd Helrk 9 olol
A7) b3 e 2o AL Aof ol|iitEst e Aow
A7,

3.3 S Y S

& Jrieh whde] o) geet 3kl AFME Table 20 UE}
Holth. & H7iet g9 49 & THoAE £ AolE
UERA] QRtAIe A 240 webA g tiz7et 2 A}
olE U= AL gRlstrt t27(16.07 °Brix) 2t W2
gEE Yetfie A 242 A AT dioldd £3] A7
H AL 15.27-18.90 °Brix, X2 B9 A% Yl 16.10-
17.90 °Brix, 2] C2] Z¢ FE+ 15.60-18.70 °Brix&E &<l
Holth & F79 AY 240 wgt & AolE YEhfE Ao
2 RIF ATt AT & ol vlH|ot Y WiskelA] ¢
= A0g AUt JeonTt Lee(2011)9] -5 EFH|2] 3
7} @td8] 9 gl 6.8-7.5 °Brixs® UEYOH Lee &
(2013a)9] A% AFHE Hrit 4429 Frs 11.33-
11.73 °Brixg& YEtfo] && H7Ish vae s tE wde]d
Hof 2 FEE 7T Q= A0 R RIS =] F¢-
Atubet Hlgt BRFS UEA ot Al 2 Alx WY 5
9] theFgt 24 Yaff FEY Afol7t YEhhE A0 E AlRH
t}. Kim 5(2025)2] 9d3to] w2 2 99 x}of|A] 15 °Brix
7t i e E Alxotgloy ol #59] JFETT 54 &
£of oJgf HEo] Eofjx]o] BAHE Bl gt Ao = HstY

https://www.ekosfop.or.kr

%
o BUG ol H2Te 2 Aol
BEI, ol F= WBlet FARE HFS tehiolh 7
o BUFE ehl AL FHEH A A 282 A8

BRI AT, SHAIRE Saaz hopFt A2 A 271& AHESIIE We
18.31-20.31%F UEHHo] A2 A 2719 B¢ & S5l w=t
Zpol & UEHRIH. A2l B 75 17.30-18.85% Ato]9] &+l
T et o HE Col A% 17.66-20.65%F YEIY+=
Ao BRIE|T). A2 C PUS ol o T 2718 A
HE Et 2L BUFE A WA AZY 5 UL A
o2 AZHE Jeond} Lee (2011)9] 3% EFH|Z] M7 oH2
29 BUF 3% of5te] gHS ehf00 Ying S(2013)
o] A B WIe orelel BATE 3% olstel e e
ol &5 7Rt HHade v w2 S99 7L e
20 & ZRIF Yt G2 2] Az A B3 S AX
£ AR F3t amylase B4 AES AX TGO E Hof
Hot 2oE feg2 aio] 9o EF-ZT} oAStRtAE A
gote WAUES 7HH RT3 ¥R &L w2 AWES 7t
A2 ok B Eo] QIok(Kim¥} Yi, 2010; Shin 5, 2016).
BRE @AYol FHSHL 20-30°Co] TR 2EoA Aol
st 2 AoM= 5= H7IoHA 41 AR &2l 2
Tk ARESte] GUES Alojet AL A= Qlste] ARt oy
A gARE AAA R AYstA] oot ghdTo] Wol SE A
o7 AZEIthBang 5, 2012; Kim 5, 2022; Lee 5, 1990).
ESE aAA 9 glucoamylase?] 218 X4 2T = 50-55°CO]
7] 2ol 2 YRS APstA =HH HEY Eofjrt SelA
A= o] AT Fgol A Uehd 2o E B2 HBai &,
1991).

3.4. T2 Y FYM Y

& Hrist o] ¢Fe gt Bt SF
Table 20 YERSITE & H7ist 9] B¢ & 79
Ae 2 AolE UeRA] AT A2l 240 wheta] g3
T gl 270 Jolg Uetf= AR QI EE
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19.29%8 e gLov] 1t 7t 259 71l
SAEl] SRS HE 1564-1848%8 Lol
Tt S]] ATS UL 4.40-697% LFER]o] o}
Agfso] vle] @A 5] W2 IS TS U= Ao
QS AL AEUA B0 LEEW AES 9T 4
HAUES BB AR HTLEo] YoH, Gl
35 oA Ao 2o Ay} §4AF $4H0=R
3ASH= o7 HiEo] Qlck(Hirasawa 5, 2007; Hu 5,
2005; Phanm3} Wright, 2008). Takagi (2008)+= o}d| Al §}
o] B0l AEF A kg ThalE o] f/go] AjtE o] &3
< 95Aagd 22 dael s 54| gito] AAE o] 9
e o] 4aT 4 vk Biskgi: ARE 1120 9
oA BEsH| Qs & 54 SGHAHSPs) AAtol| o|AE S
AHoz FafjstA = ogE B4l A2 5 Sl= oluA
2 g A ehicks Baslo] glckPiper, 1995)
4 2% B0 7heH g vio] RebgsiAw A%
Z/go] Holxltkar ZRIE|Qlom 36°C o]/gof A= ofg-Eo] 2
3k A5l 2Rgo] FoxIthal HalE] o] Qltk(Park 5, 1989). 5HA]
oA 12 das 2R Al APAoR JIFe A
Pt Haso] gor RHel s AN &
B QA B s} BRiE 9% MRS 27
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i mo
4z oo fob = o

—

¢

g
4

Hl

el
o

AP Fe A0 7
2 BAFL L 5%

Ao 2= datite A4l 34 AAEUZ Aer A%
€t

Im 5(2012)°] waw 2ol FEik2 i 24t
A 711E Aol sidhito] &2 TS UElE A2 4R
U 54 5 2AMEEe} o] ol dart A= As YEr
£ Zojgtal Rk S Jeong 5(2013)0] w2 &9
71340 A g2 JRoR T FRE Yg g Az ¥
A 22 E3FE ol B daolM e Bde IAT 2.
7k Al Easkoint. 32 ARt Hde] 9] A9 & FR0IA
= 2 AolE YEHA AT A 2ol mEbA At
2 Hj2et 2 Aolg UEE 2E IRl 32 4
7kt ehdEls ti274208.13 mg/L)E T HiF-E =2 FEAt
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mg/LE Uehfio] 7P W2 $dit 32 A2 B, 7MY &2
FIAL SFF2 AF] AA UE= AL SISk Im &
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(2012)9] 7% 7<) Fefoll o a9 $jdito] 88.3-
103.2 ppm= UERH O™ Park 5(2017)2] Ao T2 ¥
HEAL 3 9l 58.53-88.20 mg/LE HI1E|o] glo] E AlF
T o2 AFE Uede AL gRlskylth Kim 5(2025)9]
=7o] oot 35°ColA HEE Myt whEeofA] w2 3
A SRS Uetiglon] arof weh Zolrt A et A
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Table 3. Free sugar contents of makgeolli added with hops

Type Treatment Hop content Name Free Sugars (g/100 mL)
@ Glycerol Fructose Glucose Sucrose Maltose
Saaz hop AV 0.05 SA0.05 0.79 + 0.032"  0.03 + 0.00°*  17.74 + 0.05° NDY 0.14 + 0.01°
® 0.1 SAO0.1 0.73 + 0.10% 0.03 + 0.00°*"  17.04 + 0.06° ND 0.13 + 0.00%
0.2 SA0.2 0.84 + 0.01° 0.03 + 0.00° 14.87 + 0.13" ND 0.11 + 0.0
B 0.05 SB0.05 0.73 + 0.02 0.03 + 0.00°% 15.15 + 0.06¢ ND 0.14 £ 0.00°
0.1 SBO.1 0.78 + 0.01% 0.04 + 0.00"¢ 14.79 + 0.03' ND 0.13 + 0.00°
0.2 SB0.2 0.79 + 0.00® 0.02 £+ 0.00° 13.94 + 0.02 ND 0.12 + 0.00¢
C 0.05 $C0.05 0.72 + 0.01¢ 0.03 = 0.00°*"  14.33 £ 0.13' ND 0.11 + 0.00"
0.1 SCO.1 0.80 + 0.00® 0.03 + 0.00°*"  13.69 + 0.06' ND 0.12 + 0.00"
0.2 SC0.2 0.78 + 0.01° 0.02 + 0.00° 16.52 + 0.07° ND 0.13 + 0.00¢
Hongchen hop A 0.05 HAO0.05 0.82 + 0.00® 0.03 + 0.02°F 1397 + 0.05* ND 0.13 + 0.01%
* 0.1 HAO.1 0.80 + 0.01° 0.03 + 0.02°F 12.85 + 0.06" ND 0.11 + 0.00'
0.2 HA0.2 0.78 + 0.02° 0.04 £ 0.00" 13.21 £ 0.06™ ND 0.11 + 0.01%
B 0.05 HB0.05 0.65 = 0.01° 0.03 + 0.00°% 16.11 = 0.11° ND 0.15 + 0.00°
0.1 HBO.1 0.59 + 0.00" 0.03 £ 0.00°% 17.29 + 0.06° ND 0.13 + 0.00°
0.2 HBO.2 0.82 + 0.01® 0.05 + 0.00° 13.34 + 0.10™ ND 0.11 + 0.00'
C 0.05 HC0.05 0.82 + 0.06® 0.04 = 0.01® 13.33 = 0.10™ ND 0.10 + 0.00’
0.1 HCO.1 0.83 + 0.00% 0.03 + 0.00%" 17.23 + 0.12° ND 0.14 + 0.00*
0.2 HC0.2 0.84 + 0.00* 0.03 + 0.00%" 17.92 + 0.05° ND 0.15 + 0.00%
- Control 0.0 CON 0.79 + 0.00® 0.03 + 0.00°% 14.96 + 0.08" ND 0.12 + 0.00®

DA, removal of hops after steaming with rice; B, addition of hops on the 0 day of fermentation, followed by removal on the 3 day; C, addition

of hops during maturation at 10°C, with removal after 24 h.
YAll values are mean = SD (n = 3).

Means with different superscript letters (*") in the same column are significantly different at p < 0.05 by Duncan’s multiple range test.

“Not dedected.

= A2 F I} Formic acid?] 3% 5.91-10.57 mg/100
mLE ZRIEAT. ZHFHY Saaz hops A7V B =2
TFS Yehflon, A7 ARtH= X BUY CE AT F
9 2 TS U skt F9 ol wE AH3ke
A= Aoz slolglgity. Malic acid= 20.01-60.49 mg/100
mLZ It A2 BE AQJotils 3F0| Saaz hopkE.
o &2 S YEIAT §9 FFFl 2 AFL gle
Ao |9t} Lactic acids 7.83-73.55 mg/100 mLE &}
A=Yt A2 BE AQJsty SHFEY Saaz hopS H7FE
BY B2 TS vEislen &9 o] Eobxlol wet
lactic acid o] 7F4AdH= ATES YEFY T Acetic acid=
17.21-54.34 mg/100 mLZ ERIF At TAGHTt Saaz hop
< A7K AS =2 TR YEgl oy A2 BE= A
AY CE AT B =2 TS UERHAAT F9 T

https://www.ekosfop.or.kr

e AL Qe Ao FIEQILt. Citric acid: 7.66-18.79
mg/100 mLE ERI= et FHERT Saaz hope 71 74
T £ TS UEHglen A7 ARt A BY CE A
23t AL =2 skS Yet Ut Succinic acid:= 60.08-
97.55 me/100 mL. FRISSTt HAIA F7LL AS
e 20 A Q1 gt qlof Tty 2345 o]Fof &
Q3% AJEon Ba F vdE s APErta B gl
THIm 5, 2012). Malic acid= 714t A REZE A9HS Y
= 7107 HiEo] 1, citric acide= HAZ] @R Fof A4
St pH 2 wkde] Fojof] Fg2Q0 242 LA 4o acetic
acid®] 9= ] Fujo] £4 &2 JFE F= AL

BHiEo] Qltk(Bang 5, 2016). Succinic acid®] F-- A|E2AL
25 Sof i Aol s BHH, lactic acidi= HiF
2 ZAikto] ofsf el defA Ith(Cho®t Joo, 2014;
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Table 4. Organic acid contents of makgeolli added with hops

Type Treatment Hop content Name Organic acid (mg/100 mL)
(%)
b Formic acid Malic acid Lactic acid  Acetic acid  Citric acid Succinic acid
Saaz hop AV 0.05 SA0.05 8.36 + 38.11 + 67.12 + 41.64 + 10.29 + 60.07 +
S) 0.367°1") 0.42°° 0.58° 0.42° 0.84%" 171"
0.1 SA0.1 8.29 + 54.51 + 3731 + 37.39 + 12.05 + 72.44 +
1.06°% 0.76¢ 0.60" 0.09% 1.48°% 1.4
0.2 SA0.2 9.58 + 56.13 + 15.56 + 5434 + 16.79 + 79.11 +
0.03% 0.18° 0.59 1.28" 0.40™ 0.85¢fe"
B 0.05 SB0.05 9.73 + 32.02 + 7130 + 2520 + 18.63 + 79.05 +
0.67°¢ 271 0.27° 0.431 0.61° 0.62°%"
0.1 SBO.1 930 + 37.01 + 53.81 + 32.07 + 17.28 + 80.48 +
0.50°f 0.78% 1.10¢ 0.08¢ 0.36® 1.60°
0.2 SB0.2 10.57 + 4223 + 4359 + 40.61 + 18.16 + 78.59 +
0.47® 1.24¢ 0.10° 1.48° 2.11° 1.117%h
C 0.05 SC0.05 11.08 + 39.34 + 23.79 + 44.05 + 17.37 + 79.86 +
1.13* 1.35¢ 021 1.64° 0.18% 0.44°
0.1 SC0.1 933 + 46.42 + 26.80 + 40.98 + 16.39 + 83.00 +
04400 0.92° 0.66%" 1.24¢ 2.52%¢ 1.17%
0.2 SC0.2 10.20 + 3537 + 2583 + 3342 + 1821 + 8437 +
0.87%° 2.13¢ 1.46" 1.108 2.46° 1.73¢
Hongchen hop A 0.05 HAO0.05 591 + 59.26 + 9.70 + 41.99 + 7.66 + 73.641.01
H) 0.44) 0.73* 0.134 0.58° 0.76"
0.1 HAO0.1 6.57 + 60.49 + 9.24 + 3223 + 9.83 + 8291 +
0.56" 0.52* 0.24' 0.42¢ 0.38&" 1.86%
0.2 HAO0.2 8.42 + 59.84 + 9.13 + 37.03 + 13.55 + 76.98 +
0.18°h 1.59° 0.15' 0.32¢ 2.25%¢ 0.80M
B 0.05 HBO0.05 7.60 + 21.77 + 73.55 + 17.21 + 13.05 + 69.54 +
0.85" 223 0.68* 0.18 0.28%" 1.11%
0.1 HBO.1 7.45 + 2001 + 66.48 + 23.67 % 14.88 + 67.50 +
0.97" 1.18! 0.61¢ 0.09 2.4]be 0.78'
0.2 HBO0.2 8.74 + 4021 + 66.61 + 2841 + 18.79 + 97.55 +
0.56%" 1.97% 0.44° 0.29" 1.83° 0.88"
c 0.05 HCO0.05 8.93 + 5451 + 1035 + 32.59 + 16.20 + 88.39 +
039°defe 0.63° 0.34 0.35¢ 0.41%¢ 0.38"
0.1 HCO0.1 7.92 + 46.85 + 7.83 + 3545 + 12.63 + 77.99 +
0.638" 1.49° 0.18™ 0.18" 0.56°" 1.15%0
0.2 HCO0.2 8.03 + 4852 + 8.70 + 37.59 + 13.59 + 81.04 +
0.33% 0.29° 0.81™ 0.35% 0.71% 2.05%
- Control 0.0 CON 9.77 + 37.00 + 26.99 + 38.53 + 15.88 + 76.76 +
1.20% 0.30%® 0.86¢ 1.39¢ 3.05% 0.521

DA, removal of hops after steaming with rice; B, addition of hops on the 0 day of fermentation, followed by removal on the 3 day; C, addition
of hops during maturation at 10°C, with removal after 24 h.

DAl values are mean = SD (n=3).

Means with different superscript letters (“™) in the same column are significantly different at p < 0.05 by Duncan’s multiple range test.

Hong¥} Ko, 1991; Kim 5, 2025). Kim 5(2013b)] % ™ acetic acid= 152.00 mg/100 mL, malic acid:= 32.00
succinic acid7} 2,630.00 mg/100 mLZ 7} =4 E91=] gl mg/100 mL, citric acid& 56.00 mg/100 mLE & RS
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ERf9ich Kim (2013a).4 349 succinic acid= 2,001.00
mg/100 mLE 7} 52 TS YERRIAL acetic acide=
131.00 mg/100 mL, malic a01d3= 26.00 mg/100 mL, citric
acid= 20.00 mg/100 mLE W2 &S YeifiYet 2 Ad2
o2 A8} 2ol succinic acid7t 7V} w2 THE IA—E]—LH.‘:.
A3 glston gt fr14tol drEel Aol 2 B
A 5] x3loA FAHARI FFol A& Ao= /\}E.%E}.

3.7. MAFE DfE

2 AR Y v 9] AAE A= Fig 200 YE
WAtk Al 1AHEH = 37 A&l UEhA] akten A 2
AME o= myrcene, limonene, butanoic acid’} &% It}
Al 3AMHEHO|=  ethyl 2-methylpropanoic acid,
benzeneacetaldehyde”} &% 01 A 4AHEHO|| = propanoic
acid, 2-methylpropanale] A&E Ut &2 A7ISE =
FAE EA(principal components analysis, PCA)& 53 &

) A% W L BASGc Sol4 et 79 T
B2 discrimination power (DP) ko] 0.95 oJAlo & FAH B
Ko Esjo] WETo] 2 3|arA FFr|AEl AL Bholatet)

PC 1(A 13487} PC 2(A| 25:A48)9] A-9-8-2 7} 65.954%,

acetate,

| 2 ]E_—J—]- EH_]_?-(control) 7\7ke-
Ao A9 2 0131/\1 propanoic acid, 2-methylpropanal®]
o] e Aor AZIEH propanoic acid®] I acidic,
pungent, rancid 5, 2-methylpropanal®] 32 banana, apple 5
o o] i A Utk Al 3AHEHO] SQloHA 2-
methylpropanoic acid®} benzeneacetaldehyde®} 7}4A YA
S HB0.2, SA0.2, SCO0.12 acidic, butter, cheese =3} cocoa,
floral, grassy 59 o] 7 ZOo=Z AZHc}. HA0.05=
ethyl acetateS} 93 A 3AHHS Ui A THE Az
27 acidic, fruity, orange 5-2] &o] 74 Zlo|gt A ZHrT}
Al 2AFEHo|| Q= AlE 2 HCO0.12 butanoic acid2} L4 3f
9lo] butter, cheese, sweaty 52| gFo] 733t Zojg} A=}
opreto g Al 2AREH| Ql= HC0.29 7
limonene®?} WAS}HA &0]%10] balsamic, etheral, fruity 5}
citrus, fiuity, orange 59| &Fo] 754 & AHolgt Azt= ) 9
o 2e AR W TH §L ol8ale] A2 1A% F U
2 v/ Yol urdelg Azel okt Gl 714wl

39 myrcene I

18.958%% UtEHfo] & 84.912%9] =2 A8-L8S Uehfgl £ AXT 5 Y AeE Y4H
Discrimination index = -0.1
70000
HCo0.2
Limonene
Myrcene
40000 |

PC2 - 18.96%

SA0.05

HA0.2
HCo.1 HC0.05 o sco.2
Butanoic acid o
0 -— SA0.1  SCO.05 HBO.05
= o | = Control
2-Methylpropanoic acid HAQ.1 -
SBO.1

-10000 | HBO.2 SBO.2 2-Methylpropanal

Ethyl acetate SA0.2 Benzeneacetaldehyde SBO-05 Propanoic acid
-20000 SC0.1

HA0.05
-80000 -40000 0 30000 60000 90000

PC1 - 65.95%

Fig. 2. PCA biplot of volatile aroma compounds in makgeolli added with hops. H, Hongchen hop; S, Saaz hop. A, removal of hops
after steaming with rice; B, addition of hops on the 0 day of fermentation, followed by followed by removal on the 3 day; C, addition
of hops during maturation at 10°C, with removal after 24 h. 0.05, Hop content 0.05%; 0.1, Hop content 0.1%; 0.2, Hop content 0.2%.

All Values are mean = SD (n = 3).
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4. 29

B Seleleld /g APt 9dE £ % dhfols]
S|ziE A7k Aol de olgd) £ Yge) ol
T2 HFE AXY 4 2ol FYE F SIUHE R A
Sfstar arm|e} of2nkE Fofgtthal A Stk & AtofA
L A7) 227 § 9E A Agelel Pl AL o
oI5 AZSNLA SI5ich F& BH B3 Saaz hop& A8
Fom Zo gFEo] A+ a-acid, p-acid & xanthohumol-S
=73t 237 &4 J0| Saaz hopEtt % a-acido] oF 1.6H] &
koo % pacide] 29 wl5T TS e AL s
o}, Xanthohumol &9 FL A Fo| Saaz hopBEtt <F
PIAE 52 A2 WG, D 549 49 FEE §
50 ARLo] 15.27 *Brix oS Uehglon Bl
T & 5 JERO] 16.74% oS U €3
ol vol BeTo] £ TES U 202 Tl
Sick. FAe] A9 BE ATl 300 melL olat] 7S
RSO pHe] 9 348420 Alo]2 et Ao 3
A=Qlom FAt ofp|ieAtEo] Fe- FoJHoRE F AolE
UEhA] b= AC= SIS {59 45 glucose”}
7P T2 IFE vEilen {714te] 4% succinic acid7}
M 22 S UEE oz SEolEQnh AT 24
59 & U3 A2 270 gt ok PolE 4 e
£ AZT ¢ S 20 BZEY. 2 AFE B Saaz hop
Ho} w2 7044 E3} xanthohumolZ 7H &4 && AMESH
o A FoRE Toig Alet g A
S Az¥ 5 U Aoz 47D
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