W) Food Sci. Preserv., 31(4), 633-644 (2024)
PISSN: 3022-5477, eISSN: 3022-5485

Check for
Updates

Food Science and Preservation
https://doi.org/10.11002/fsp.2024.31.4.633

Research Article

Fermentation and quality characteristics of ALE beer with the
addition of Muscat Bailey A grape

MBA Z& FJof| = ALE

IJHXOI HEFE ajl

=
=T — %II EN

Sanghyuk Lee', Kyu-Taek Choi’, Jun-Su Choi*’, Jong-Hyeon Lee’, Sae-Byuk Lee™*

OLAIS' - ZfEH’ - £Z4P3 - OF3F - O

ﬁ OPEN ACCESS

Citation: Lee SH, Choi KT, Choi
JS, Lee JH, Lee SB. Fermentation
and quality characteristics of ALE
beer with the addition of Muscat
Bailey A grape. Food Sci.
Preserv., 31(4), 633-644 (2024)

Received: July 11, 2024
Revised: July 30, 2024
Accepted: August 05, 2024

*Corresponding author
Sae-Byuk Lee

Tel: +82-53-950-7749
E-mail: Isbyuck@knu.ac.kr

Copyright © 2024 The Korean
Society of Food Preservation.
This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License
(http://creativecommons.org/license
s/by-nc/4.0) which permits
unrestricted non-commercial use,
distribution, and reproduction in
any medium, provided the
original work is properly cited.

https://www.ekosfop.or.kr

'Department of Venture and Start Up, Korea Agriculture Technology Promotion Agency, Suwon 16506, Korea
School of Food Science and Biotechnology, Kyungpook National University, Daegu 41566, Korea
JInstitute of Fermentation Biotechnology, Kyungpook National University, Daegu 41566, Korea

T 5
A EZ eI,

BREAERIEE WM, Pt SZEEt YEYEFEITL
Abstract This study investigated the fermentation characteristics and quality attributes of ale beer
brewed with MBA grapes to enhance the diversity of Korean domestic ale beers. The grapes were
added to the wort in two forms: must and juice, at ratios of 10% and 20%. The results showed
that while ale beer with 20% grape addition began fermentation a day later, all samples completed
fermentation well on the sixth day. Increasing MBA grape content lowered the pH and increased
total acidity and malic acid content without significantly affecting the sour taste. Higher grape
addition also decreased the beer’s IBU and bitterness scores in sensory evaluation. The addition of
must addition enhanced redness due to anthocyanins, significantly increasing color intensity and
EBC value of ale beer. Ale beer with the addition of must exhibited higher antioxidant capacities
in total phenolic compound content, DPPH radical scavenging, and FRAP activities compared to
that with the addition of juice. Sensory evaluation indicated that ale beer with 20% juice addition
was preferred for its color, aroma, sweetness, body, and overall preference. The addition of MBA

must improved antioxidant capacity, but ale beer with 20% juice had superior sensory qualities.
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S
glzo]

HEe A AAH R 7P

wol FHEolX 1 2ulElt AYRS SREM, BE Fxl
A7t AR sle] SABES A2

35S AIARE 7194 4,00087 w4 xERE]of BRE o] 53t 2
22 ST B Ao] HAo|thJung} Chung, 2017; Koh, 2005). 25 4HHEQl w30
FxHL 1516 EU9] WILL(Reinheitsgebot)0] FHEHA FPE 9T, Sejutete] Wzt
Ao g2 EPE Al7I= 18769 T o]F dEOERE =9jd AoE ¥#A QUrt(eong T,
2015). 20230 A A AR TEH, U FFAY FEE 20229 7% oF 9% 97 o, of
719 FRIAPIA AR = WS (41.6%)2F 314 4] 453(40.0%)7F A9 oF 81.6%F AA|skL Q)
shet AEFFO U 57 5°] UHAE AA|ekaL Qltk(National Tax Service, 2023).
Ut As 201449 49 7HEE Al weh AR @S AR AA M E @] A2 L gl
7t 7Fs iR om, ofof whet ok AJitol] At A5 W49 lager BFY) WSETE of e}t At
A oA BAatol= S5 WA ale BFY) W59] AJ4to] Eojubal tk(Jung} Chung, 2017).
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ALE beer with addition of MBA grape

AAEE A% Saccharomyces cerevisiaeZ WAA |+ ale
ERQ] W= st GOl S pastorianus® TAAT|=
lager B¢ W30} H|wolo] JiAORE 2 FFE &, 7
Sk o, SRR ], 183 Rl wet ket B A
d H32E s F e ACE A Yo H(Sung Lee,
2017), =sHolA = AR 7|54E gt 553 WEE
Nst7] f1gt o] F7kskal Atk(Hyeun 5, 2012; Jungd}
Chung, 2017; Kim &, 2013; Roh &, 2019).

597 22 AFAQ W Pibaso] Wol, F, B 0]
o] WRE FRold A= dRF R, T o 37k
oA W3 FRA] YD FAES H7Isto] B9 W54 &
A 2opEL AFFS Ad A2 Bl WEE Adetes
-2o] o]ojx| 1 Qlth(Martinez 5, 2017b; Nardini®} Garaguso,
2020; Siesto 5, 2023). JEZ] O F TItalian grape ale(IGA)O]
ghe A= FE LS} 201580 7EEleH, o=
W b A BEES Wole] 400 ofal2 A/lajo] Az
ZFE W3tth(Mastrangelo 5, 2023). X of+= vitamin, mineral,
carbohydrate, edible fiber, phytochemical®} Zr2 JFAEE
o] ZH3H 8=} 9low, E3] anthocyanin, flavanol,
flavonol, resveratrol 2] ¥AISHEZ o] Ef FH4lo) H|oko] o}
T 2Rt A0 A rhXia 5, 2010). Polyphenol 43
RES uFolA AR YA, BRO|E B4, olsfsty B4,

=
F 5ol Hojete] W FzolA oS F3

A7 717 i,
o}7] wj&o], carotenoid®} polyphenol 5°] thaf ShHd &

A3} 0] A7l we A B4} AN 24
Z7H 71998 4= uti R EA Qltk(Baigts-Allende 5,
2021; Leni 5, 2023). <ol A AuiE1 Qs djHE x&
= FZg& Ex EZFo0| ol Vitis labrusca O|AY, Tx V.
vinifera®} V. labruscas WSt 2552 H AYY 8 £
= FE umsto] Abwt e, g, A, ofan, 2,
T 9 5ol wof FrgoRL Ragdel 4UgoR ¥
o] o] &% 11 QItH(Choi 5, 2020; Lee2} Kim, 2006). HHH, =
Y Ex E= 2 5149l Muscat Bailey AMMBA)= 0]=3£9]
Bailey?} §-3%91 Muscat HamburgES WH|S}o] FHE0(A] &
FTOE B Al 2k E5 H] & GE X3 Mo E 2l
o T AL T EBF B VY 948 FRANL
A dokal A QIth(Choi &, 2020).

oA BiE WE B AFE AMEY, 3] fANRS
83 AR W (Lee 5, 2020), AEF5Z 082l ale W
(Jung®} Chung, 2017), 18|21 & (Hyeun 5, 2012; Lee 5,
2017; Park =, 2019), T0KYang S, 2017), B3} 22E
(Yom, 2008), €517 FE&(Kim 5, 2023), AHHEGES
(Roh 5, 2019) 5 Z& AEE T FARE F7leto] B3
o) 54 S48 Yolws A7} BuET Uk 0|5 Y28
s Ee Wol tiA] 9o & A4, 191 7154 A3t
£ A% Fg AR 5o A19A4 gloH, IGAS} o] x|

034

Sohd S Ariete WiFe] s g MM 5 Qe
A= A9 olFAA g2 AAot.

m2hA & AtolAs S A 718 3T A
SIS A5l A F2E MBA R F52 HR FHiSH HE
2 Hriete] WiFe] sz FA P 7Is4E ARl AL
=4 ale B0 N 7hs/dE LotHalA} 59T, ol &
8 4t FibEe] A= GBI Folt B4 s =
Al A Ede] 7]ofskaiat shiH.

2. Mg % diH

2.1. 43 Mg ¥ AME ZT

H oA WE 7 E ) Saccharomyces cerevisiae
Safale S-04(Safale S-04, Fermentis, Marquette-lez-Lille, France)
£ AM&SHiT), 5 HlF2 YPD AAEIA|(1.0% yeast extract,
2.0% peptone, 2.0% dextrose)S AR&-5}0] 30°COJ|A] 150 rpm,
24417 S A Wit & 94&2)71(22k PLUS, Hanil
Co., SUPRA Daejeon, Korea)E ©]-8-5l0] ¥41E2](4,973 xg,
10 min)3t FA1Z Aol AL83}3ct Botgo] A8 wWop
Pale Ale Malt(Weyermann® Specialty Malts, Bamberg,
Germany), &2 UK East Kent Golding(Hopunion U.K. Ltd.,
Tunbridge Wells, UK)S AME-5}3T W30 Hr7le T
20199 A& FHAbo| A AullE Muscat bailey A(MBA) 2352
g3ttt

2.2 YT HE

W3 k2= Brewing classic styleso] 7]<%H English pale
dle P YU AR wgslel AT Zainasheft and
Palmer, 2007). 2, 3.6 kg©] E.4] WolZ 9.5 LO] 225(75.7°C)
o} geto] 45kt 70°COlN FSREE AR, ofF
3.8 L] Q495°C)E Floto] mAC] BEEHE AHek
o Yot 229 F ololE E5) WohE AT 16 LY &
T(80°C)2F 62 g9 &2 A7hstelon, & BEE FE517] ¢
stel 100°Col 2217t 59 7heih the, 252 Wakstol
BE 92t WolEZ AxsAtt. Zr= AlFH, A4 2 o
7, 293} W7 00 WASH] 918 200 myLe] potassium
metabisulfite(K:$:09 8 A7H %, SAZE HAT F Astel
Ao AMESIGIT:. Zke H7F FHjof e W] S g}l
st7] {Isto] Tk, Zhf, A7F E3HE grape mustt ok & 2}
Foto] T, 7, NE AASH] YHES (4,973 xg, 10 min)
2 grape juice® 247} oo A7Iaict. o, muste}
juice H7P10] T2 Tol2 Tolakr] SAskel 10%S} 20%¢]
WgE wolso] WS, XS B/l oF oF log 6
CFUmLY] 27| #5 Y71 Yol A4 L' A oiu] 5%(v/v)
9] ale-§ B X Safale S-045 H]Ys}o] Wopso] HEsHom,
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20°CoflA 67t HaE APttt Ta Fa ¥, HF9
carbonation -F-o17] Yol glucose(2.57 g/L)yE H7}o¥ L
o, doj o3t AkekE |7] s Aol HARE AJEolA &
AFBK15°C, 1447hE APt TsdAE ATt 5 UFE
A5k

23 YFo g 54 24

wzo| W B4 RN WA 39 A9 URE AT T,
AR (4,973 g, 10 min)s}o] DL 4F5He w40 o831
o}, pH £42 pH meter(MP225K, Mettler-Toledo, Schwerzenbach,
Switzerland)E ©|-&5to] SA3IT. 4 £42 AOAC ®
FAFHOZ Z7gsto] ZAlk 3lgFo 2 FHABHITHAOAC, 2000).
78 1R 242 FHAYEA(N-1o, ATAGO Co., Kyoto,
Japan)E o]-&53irt. ST 3 S 3,5-dinitrosalicylic acid
(DNS) AJ9FS ARg-sto] v A 07 Z7st3ItH(Choi 5,
2023). =, A%5H 0.3 mLo]| DNS A|¢F | mLE d7lot B=
oA 58 HAIY &, SR 7T mLE F7Ieke] 938k
A(UV-1700, Shimadzu Co., Kyoto, Japan)S AR&-5}%] 550
oA SFEE S LT EEFACRRE AT
TFE bsilth. 43S g Woks A FREAA
ol whet X3PsFAcH(National Tax Service Liquors License
Support Center, 2014). =, QA1 22]3t TG ML mess cylinder
£ AHgsto] A5 100 mLE flasko] £}, o] S/
30 mLE ARE3F0] mess cylinders A5t A% g4 &
A ST 1% S/ & S5/ 70 mLo| 7 30 mLE
rkelol 2 B F, 150N 2HAR olgelo] 2751
O @4 MSte BF el de HEAS 44T v
2 H4% F BE BE ASUS ol8stel YPD 1AM
S 0k 30°ColA 48417 59 B 5 FAE colony
2 Assisich

2.4. 2e/8 & I/ 24

S8 U 87)AF 2L HPLC(Model Prominence, Shimadzu
Co.)E ol-8sto] B4t Al 243s] 2]4510] membrane
filter(Millex-HV 0.45 um, Millipore Co, Burlington, MA,
USA)= oAIR] & EAsIGth 2T 240l ARE column
L Sugar-Pak 1(96.5x300 nm)S ARES}EI, O]FAR 50
mg/L Ca-ethylenediaminetetraacetic acid(Ca-EDTA)E ARE5
9.0, injection volume 10 pL, flow rate 0.5 mL/min, column
oven?] &L= 90°CE AAsto] AL THLee, 2023). 7|4k
EAo] AFEH columne PL Hi-Plex H(97.7x300 nm)E AR
1AL, °lFARE 0.005 M sulfuric acidE AREsIY oM,
injection volume 10 pL, flow rate 0.6 mL/min, column oven
9] 2w 65°CE A5t HE3HAtHWon 5, 2024).

https://www.ekosfop.or.kr

2.5 M 24

W20l hue?} intensity= EFGEAE 0]-8510] 420 nm,
520 nnollA] A20] FHEE 2T b Atelo] 2%
t}. Hue ZF2 420 nm%} 520 nmoj|A] =43t SF 9] Hlg
(420/520 nm)E JERHQI oM, intensity -2 420 nme} 520
oA &% =] F(420+520 nm)C.E LFER I
(Choi &, 2020). Hunter’s color valuex ¥& WAlgo g HY
3} colorimeter(CM-3600A, Konica Minolta, Osaka, Japan)S
o]-g3lo] FEE U= L(lightness), ZMS YEHY= a
(redness), M-S UEFH+= b(yellowness) g+ =753t
European Brewery Convention(EBC) 2 SH42 H70]
Z23E BFFEAE o]8ste] 7IAE AAT WFAIRY &
FEE S0, 430 nmollA &3t FFEo 258 Fot
o] AAelAtH(SeatonT} Cantrell, 1993).

2.6, 24 4

0] 2200 Righy?} Bethune(1955)2] B U5 #3
sto] S5ttt &, 50 mL Y4EE tubeo] W AR 10
mL, 6 M hydrochloric acid 0.5 mL, iso-octane 20 mL2 4-&

=, 20°COllA] 130 rpmO.E 1587F S93t A5 H4lET
(4,973 xg, 3 min)5}}Tt. £5 iso-octaneS RO FE d}o]

YAEHSE A5 iso-octaneSS HFFTAE 0|85t 275
oA SFEE S o, S4E FFE0 50 53 g
o7 20k ARESIYT). 289 W9l bitterness unit (IBU)Z
#7)5F3t

2.7. gitsts 24

uize] FAISYs AL 919 2154 S5, 22-diphenyl-
1-picryl-hydrazyl(DPPH) 2}t]Z 45, ferric ion reducing
antioxidant power(FRAP) 84S =435}t WF9 ZH=
3 SFRE9] 2 Folin-DenistS 23510 B4 7ot
TH(Amerine¥} Ough, 1980). =, A|& 2 mLo]| 50% phenol
reagent(Folin-Ciocalteu phenol reagent, Junsei Chemical Co.,
Ltd., Tokyo, Japan) 2 mLE 7I5t T}2, 382 59 AL0)4 =
A3t & 10% Na,CO3(DUKSAN, Ansan, Korea) 2 mLE %7}
Sto] 1A17E ¢ A0 A4 BHEAIR] &, B3 F=AE
ol-gsta] 700 nmof|A SAHE FFEE 85I 2, tannic
acid(Daejung Chemicals & Metals Co., Ltd, Siheung, Korea)
RETACE FHEA IRME S Aleisith HEo
DPPH 2tz &7% 42 A5 349 95 Alg 50
uLE 96 well plateo] ¥ ¥, 150 pLe 0.1 mM DPPH
solution(4 mg DPPH/100 mL 50% EtOH)S 713t &, AL
9] Ao 1087 HES-AJZ] TF2, multi label counter(Victor3,
Perkin Elmer, Waltharm, MA, USA)E ©]|-&5}9] 517 nmOj|A]
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ALE beer with addition of MBA grape

245 TFLE o|85l% 2™, DPPH radical scavenging
activity (%) = 100 - [(OD of sample / OD of control) x 100]
Alog FALE ALk BFERZLE ascorbic acid
(Daejung Chemicals & Metals Co., Ltd)E AR5}0H,
control2 ethanol-& AR&oFo] 245} th(Blois, 1958). W39]
FRAP E4-2 Benzie?}t Strain(1996)2] A ollA Eid w4y
2 9= wgstel 24start. 5, A4 B4 wF A=
25 uLE 96 well plated]] Y- &, pH 3.6°02 ZAE 300 mM
acetate buffer(Sodium acetate trihydrate, Daejung Chemicals
& Metals Co., Ltd), 10 mM 2.4,6-tripyridiyl-S-triazine(Sigma
Chemical Co., St. Louis, MO, USA)2} 20 mM ferric chloride
(Sigma Chemical Co.)E 10:1:1(v/v/v) B|&& A3} 37°C
220 A 1587 ofu|Hk-S-A]17] 175 pLe] mixture solution
< H7poto] A9 FAoA 308 B SREAIFT o]F
multi label counterE ©]-8-514 590 nmoJ| A S =S 751
ot FRAP &4 242 3 EEEHEL troloxE ARESHIL
™, &9+ trolox equivalent mM(TE mM)Z YERH ST

2.8 E5Tf

30| sre HeB7E ol S5 BEHTL 4
E5E oot 19 o R & Ao A WY &
g AAs] At F, TR AAE Aol diste] M, F
B, 0, A1, Hielzy, 6], WA 9 B9 7)o
Hetol 74 HEoz Uehiglom, 7S Erhye 14
(19 duchow Hg ST B a7e BEAE
. AYTE-3-2]41 9] 9] ¥ 3] (Institutional Review Board,
IRB)S] 770l wt 4S8 T3t & SAME(KNU-2019-
b s

Bl

2.9 &H 24
RE 47 Ak 35 o)y 98 24elel HEEEEAR
RN, 7 AIRT 2] R914S Aa] 919 SAS B
] 2] (Statistical Analysis System, SAS Institute Inc., Cary,
USA)E ©]-&3 #4HEA4(ANOVA)T Duncan®| THEH A4
Z(Duncan’s multiple range test, p<0.05)2 0]-85}o] {994
oIt 8Q1E719] A3HdS Pearson?] AFHA|<>(Pearson’s

correlation coefficient)E 0]-&5f0] 894 HA5HIT

1. MBA BEZ ZU} ale Y9l 8l5 E4

Z 2 9] Fdtof|= TSt anthocyanin A G| AEE0| &
o] 3rfElo] Jlow, UHIY F macerationof 2]sf u]oA]
SEHE TR JEE2 Y M, &, 9 5o AetFog

636

FF= "AA Hh(Amr 5, 2022; Shi 5, 2023). & 0] A
+ MBA Z:9] X7} Fejo] wE ale B3| FEZ H|WSH|
lste] 1, 2], A7} o7 must FE|L}E o] F AIATE juice
o] FHIE 22 10%2} 20%2] HlEE H7isto] TR s XIgst
et ¥a Y F MBA k. 37} ale WO B, Y,
A=<, pH, $4F, GFE I BSE Fig. 19] UESIth
MBA ZL & 37I5HA] oF2 ale W5o] A 7] G%7f 11.8
°Brix3 2™, 10%2] must?} juiceE A7}5t ale W= 12.1
°Brix, 20%2] must®} juices 7}t ale WF= 12.3-12.5
°Brix9] 7] G =& YEMIATE 20%2] muste} juiceE A7}
Sk ale W7F o2 A[gof| HIsto] Wart 25 =A AAE
UATE 29 2} o] % HE AP oA FR7E SESHA o] oA
HEE 2FA7 6Y o= 5.3-5.8 °BrixE UERHQITH 3
% 24 2%, 2Eol Wil vt Bl Yol 2ol
o, hRF= 6.3%, 10% E=E F7I5t ale W= 6.7-7.1%,
20%9] X-E A7I5E ale WFE 7.9-8.2%2] 3HYdo] A&
At 20%9] musto} juiceE F7Iet ale WEE= THE AIE L
Hjsto] o] A adh] ARBOH, BE F2 A
ot BE AT DU TFo| 027-0.46%S thehifol
R B2 HaAl A0E I Bdtee R
2} 10% must®} juiceS A715E ale WFe} 219 AL Wa
19 2H5E Aeta9] Fgol 2A S7FsH2H, 20% muste}
juice® B ale W] A9 a2 ARe 23H 27
St7] AlZlsks Aog ERlEo] 20% must®} juices H7HeE
ale ol4 WA} ORF AT A TSI

pHE a3 5 4, 3, whd HEA o o)gEaty
FAY 5ol FFES vA= 802N YFEY SR ARt
20l 4 WH3lo] Fasitta A UthWee 5, 2018). pH
o] AL, 229 710 EolgSE 2= Yo EAste 77
K9] 3o et pHF Eobd 20% KES H7KE ale WO
A9, 3923948 UEtom, 10% ZE2 H7)5t ale W20
pHE 4.13-4.148 UER} 52 H7lshA] G2 tj27(4.25)
Bk pHE UeRgltp<005). 410 A%, olg} it
T X% Mol soldeE Tol S5t 20% XS
7Fst ale WA 0.26-0.27%, 10% EEE Z7}5 ale W30
A 0.23-0.24%E UEto] X H7loHA] g2 diR
(0.20%)Htt &2 s YER ATH(p<0.05). A¥HA Q1 @3
9] pH W9 3.8-46 L& LA 9lom(Siebert?} Lynn,
2007), & 27| pH7} 3A AASITE S48 S cell
autolysiso]| 93} 0.171%F &71stcty HaE HE QIth(Meier-
Domberg 5, 2017). & AtolA e L8 29 A7HA] pH7F
2 o]F Ml5d WAE RSO, B4 €A 22 A
S Z7RIEEP e 92 9SS B, 95 AR
54 % Ho}E9] pH+ mashing, boiling 52 AXH 224
wobA ¥ta 27] dA ol 5.3 Ys UEE 497t go

)
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Fig. 1. Changes in the soluble solid (A), reducing sugar (B), viable cell count (C), pH (D), total acidity (E), and ethanol content (F)
of ale beers with addition of different concentrations of MBA grape must and juice during fermentation. C, wort only; M10, wort
with addition of 10% grape must; M20, wort with addition of 20% grape must; J10, wort with addition of 10% grape juice; J20,

wort with addition of 20% grape juice

of, BF aRL Bolge] pHyt 53562 1) ol Ate B
4oz olgdlel WES UPSH] Ukn Husel St

(MacWilliam, 1975). & oA 20% E=E 75 ale o
F9] 27] wart A A" A Xk Hrtof wet pH7L Hot
A ol o] BRIt ASske H ARto] AY Ao #
gt A3 AT 24 23, 9k, Y, ] 23t
DRI 2 20% must®} juiceS H71e ale W3 AJF T A
27] ¢3S AdE e AS FRIslen, Havt
TaEE AAC Z=E ¥A o2 diRTolM M w2
4.1%, TT=E 715 ale WFoJA & H7Fo| whe} 4.8-
5.3%9] LF-Zo] Y= AThp<0.05).

3.2. RE(8 & R/ gE
g7t £28 MBA Z% Y7} ale B39 f2|g3) 4714
S BT ATE Table 10] YERQILE faig 24 2

I}, BE A ROA glucose= AEE A P} O, fructose™ UH
§ 32 gFo] gRlEo] RS Fo] Wa I o]&
< AT 4 YUtk Maltose?] H-, MBA & ¥§7P°W

https://www.ekosfop.or.kr

0}O_

oko. )2 oA] 7HE =2 1.24 mg/mL7} BRIE Qo Zx
710 W} maltose?] §HgFo] WA 3HQ1E] 9t} Maltose=
2719] glucose?t AHE OFREA Wobg THNE B2 F
7 e SkRe Yl oty g A Qltk(Meneses 5,
2002). sAIgE, AR WEE FFske B Fol= olFdFA
maltose F ThH= @391 glucose?} fructose”} HA Tra 7} ﬂ
o, oS BRIt 24T T maltose®] Halrh AoE

Aro] B 1% Hf Qlth(Meneses &, 2002). & Ao A= 7<47]-

iEﬁ] ZA51= glucose} fructose”} maltoseH T 2412
2 ARY AR Hojxt}, WioA 2 WA= |74t
oo

2 citric, acetic, lactic, pyruvic, malic, succinic acid 5°] 3l
o, I8E wpigoRRE feb I ST, e A
o] tAaHg 5 WAEo] HEAoR Wo) ARk LU EE
Zratol| #odgtth(Cioch-Skoneczny 5., 2023a; Cioch-Skoneczny
2, 2003b). §714F B4 A3 MBA ZE9| H7}o] gold
FE I 9 9 3741 malic acid 30| 715130

lactic acid &=k2 7+A5F9th E3H MBA ZLE H7)35h ale
WA 2FET} 97 =2 succinic acid 3RS YERNQITH
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ALE beer with addition of MBA grape

Table 1. Free sugar and organic acid contents of ale beers with addition of different concentrations of MBA grape must and juice

after fermentation

Sample”  Free sugar content (mg/mL) Organic acid content (mg/mL)

Sucrose Maltose Glucose Fructose Malic acid Succinic acid  Lactic acid Acetic acid
C ND? 1.2420.00° ND 0.08+0.01¢ 0.69+0.00° 0.53+0.00° 0.36+0.00° 0.21+0.01*
M10 ND 1.05£0.01° ND 0.13+0.00° 0.90+0.01° 0.70£0.00° 0.27+0.00° 0.03+0.01°
M20 0.13+0.017  0.85+0.00° ND 0.25+0.01° 1.38+0.01° 0.72+0.00° 0.16+0.01° 0.02+0.00°
J10 0.09+0.01° 0.86+0.01° ND 0.23+0.01° 0.96+0.00° 0.760.00° 0.26+0.01° 0.01+0.01°
120 0.15+0.00 0.63%0.00¢ ND 0.57+0.00° 1.41£0.01° 0.6620.00° 0.15+0.00° ND

UC, wort only; M10, wort with addition of 10% grape must; M20, wort with addition of 20% grape must; J10, wort with addition of 10% grape

juice; J20, wort with addition of 20% grape juice.
IND, not detected.
DAl values are mean+SD (n=3).

“Different superscript letters (“) within the same column indicate significant differences (p<0.05).

aue TEIY F glucose?} 53 5] ethanol& A2tsto]
acetic acid=2 ZZFA|ZITt G AY7|% 5PH(Moktaduzzaman
5, 2015), 2 A= EEE H7I6HA] 2 ale WA
B} AP LHTH oF7t =2 acetic acid7} EQ1E ik

33 ME 2 20t £4

979 e 2 wolg} FORRE F2TE polyphenol
EAE9] Aglo] ool JFE wrom, Mo whet ligh yellow
(2-4 EBC), golden(6-18 EBC), amber(20-30 EBC), dark stout
(70-140 EBC) 502 JLEE]oJAtH(Cioch-Skoneczny 5., 2023b).
Polyphenol &5 YR2HE 7|57 = spA9, & F7T
F, 72T 9 AL 5 dF 3 g8 & dFS wroH,
o] JE=29] oo wet TS By o]Qo W0 9,
ot A%, @), 2% 5 #5d SA4E Folste g It
(Veljovic &, 2015). WF0] &9k g ZoA FZEH=
trans®} cis@ Q] isocohumulone, isohumulone, isoadhumulone
S AA7HA] iso-u-acid=5E [EohH, AH]F o] 2|44
o= Fofuf=d Fat ol ot Atslo] ofs £xd 4 et
(Caballero 5, 2012; Vanderhaegen 5, 2006). & Ao A=
MBA ZT= H7P7} W0] Sy 5 WEo] Ao ol o
SRS t| X=X dolH 7] Ydlo] Hunter’s color valueS H|Z3)
o] hue®} intensity k2 785t o™, W3O M FAof o]
|5 EBCYLE S5kl 3, MBA & 3710 o5 ¥
syel Ao} wie] sk 7h0] ARUAS Yobu A sisih

MBA ZE 7lo] 2 ale W50 W 3 F W=
Hunter’s color valueE &3t Z3}5 Table 20] YERJIT
BEE Ustil= LatE Z2E J7IsHA] &2 ti27129} juice
£ A7Ieh ale WO A= FaIY S & W A
gotot, mustg F7IS ale Wol|lAfs HE7L P HA]
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1 5 & HIgle] FAENLH, o> Favt JPE4E
274 S7FHIAL b3 HR7E APEHA AAaskrtal B
ISHEE MBA ZEQRIO F EAE XARRE Choi &
(2002)9] G0 wEH, MBA 9912 g %7] Lgto] 27
ZHassto] AAs| F7FSHAAL, agts R Aol A4 F7tst
FoH, bt e SV F7tettrE A48 Hagittal
HIsk9ch B AFAE juices H7FSH ale YFHTE EE
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MBA 2}Q19] Mt W3lel B3t o2 Ueile A &<l
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Z9 H|WolS ), X=9] H7lgo] EoldaE A4st
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Table 2. Changes in Hunter’s color values of ale beers with addition of different concentrations of MBA grape must and juice during

fermentation
Color Day Sample”
C M10 M20 J10 320

L 0 57.59:0.097449 56.65+0.06* 55.86£0.01°F 56.79+0.02% 56.06+0.02

(lightness) 58.56:£0.01% 55.1240.01% 52.81:£0.02% 57.37:0.00° 54.88£0.01
2 58.22:0.02° 54.93+0.01° 51.02+0.01% 56.85+0.01° 55.71+0.03%
3 58.14£0.01 54.24+0.01°° 52.05£0.01 57.11£0.02°® 56.80+0.01*C
4 58.70+0.12** 53.36+0.01°° 50.07+0.01 56.91+0.07° 55.77+0.08%
5 58.29:0.22%* 53.25+0.02™ 46.80+0.05¢" 55.18+0.02°° 53.89+0.05
6 57.58+0.01% 52.47+0.012° 49.42+0.02™ 57.09+0.04°" 56.14+0.03"¢

a 0 -0.90+0.01°" 0.73+0.01%¢ 2.12+0.018* 0.14+0.012° 1.27+0.01°®

(redness) 1 -0.93£0.01F 1.79:0.00 5.26:0.00% 0.54+0.00 2.39:0.01%
2 -1.1120.01°¢ 3.22+0.015 8.22+0.00% 0.70+0.01%° 2.76£0.01°
3 -1.09+0.01¢ 3.70+0.00% 7.50+0.01°* 0.36+0.01™ 2.38+0.00%
4 -0.97+0.01% 4.46+0.00°" 9.62+0.00°* 0.80+0.01°° 2.87+0.01°¢
5 -0.98+0.01% 4.58+0.00" 12.37+0.02** 1.60+0.00°° 4.09£0.00°°
6 -0.82+0.01*F 4.43+0.01 9.18+0.00°* 0.76£0.01° 2.36+0.01%

b 0 15.25+0.02°° 15.87+0.05** 11.78+0.01°° 11.76£0.00° 10.55+0.01°°

(yellowness) 14.48+0.01° 12.4940.01 10.1620.01% 12.880.00°® 10.600.01°
2 11.88+0.01%" 9.90+£0.01¢¢ 7.23+0.01" 10.99+0.01°® 8.67+0.00%°
3 12.21£0.01°4 11.09+0.01™ 7.26+0.01 8.29+0.01%° 8.72+0.00™
4 13.18+0.02% 12.0240.00%® 8.67+0.01°F 10.85+0.01 9.36+0.01°°
5 13.31£0.05%* 12.38+0.01% 9.88+0.02% 12.760.00°% 11.89+0.01%°
6 12.97+0.01% 12.76+0.01°8 10.02+0.01°0 11.05+0.00% 9.45+0.01%

e, wort only; M10, wort with addition of 10% grape must; M20, wort with addition of 20% grape must; J10, wort with addition of 10% grape

juice; J20, wort with addition of 20% grape juice.
PAll values are meantSD (n=3).

IDifferent superscript letters within the same column indicate significant differences (p<0.05).
“Different superscript letters within the same row indicate significant differences (p<0.05).

5 gto] S7Fste WM, juice H7hgo] Eold45 ol &
A0k AFE YEWSIth W9 292 YEl= IBU= £
L9 Hrigo] S7FdeE Astloy, 2k H7 ol o
2tA= & Afo)7F E2A6tA] ghottt. Wo] 7 et ot 7t
o] AHIAE H|wst AIE Table 40 LYeERHITE. B2
209F2 hue®t FO] JHHAE YE S oM, intensity?} EBC
oh= 29 AAE UErS Mk 7H] AAIE Bl
oF9= W=, huet intensity, EBCS} 29 AHIAAE UEHY
2oH, intensitye} EBC 7t 9] AHHAE Ut ok
ET must, pulp, marcs 75t T thofst GRS 0|85}
WZE A7l Cioch-Skoneczny 5(2023b)9] It Zx}o]
w2, Metschnikowia pulcerrima MG970690°0.2 g A|7]
WRoMes ZEE H7FSHUS W, EBC o] HAastiARL
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Table 3. The color values and bitterness of ale beers with addition of different concentrations of MBA grape must and juice after

fermentation
Sample” Color values Bitterness (IBU)
Hue Intensity EBC unit

C 4.18+0.052) 0.60+0.00° 9.00+0.00° 24.73+0.18"
M10 2.24+0.01° 0.85+0.00° 11.87+0.01° 19.05+1.08°
M20 1.65+0.01¢ 0.99:£0.00° 12.50:£0.00° 17.37+0.98°

J10 3.11£0.00° 0.54+0.00° 8.35+0.00° 20.15+0.66°

120 2.21+0.01° 0.58+0.00¢ 7.82+0.01° 17.65+0.39¢

UC, wort only; M10, wort with addition of 10% grape must; M20, wort with addition of 20% grape must; J10, wort with addition of 10% grape

juice; J20, wort with addition of 20% grape juice.
YAll values are mean+SD (n=3).

Different superscript letters (*°) within the same column indicate significant differences (p<0.05).

Table 4. The comrelation coefficients between color values and bitterness unit of ale beers with addition of MBA grape after fermentation

Color values

Bitterness unit (IBU)

Hue Intensity EBC unit
Hue - -0.67439"™" -0.54192" 0.87721""
Intensity - 0.97049""" -0.64125"
EBC - -0.48349™
Bitterness -

Fhokk

Significant differences at ~p<0.1, ""p<0.01, and "**p<0.0001.

SH(Veljovic &, 2015). A3xxof th5F -3 anthocyanin A
Fol Aa FA] Q19| FASHsol A2 FFE HAE= AR
A A 9loH(Choi 5, 2020), & HATLof|A= MBA Z&9] J
7¥7F W3] akstee] wAE T dotEirAt shgith
MBA L H7to| @E ale W3] Ful=4 35=, DPPH
2tt)Zd &7, FRAP @4 E43% Z3-E Fig. 20] YeHf
Atk A AgE 24 23 R 0 Aol 2= H7t
3 BE ale W34 770.1-799.5 mg/LE ZEE H7}siA] &
2 t21(748.0 mg/L)Et} FHlE4 3E gl 7K
& S STk E3 BE AP HaTE SEHE AF0NA
FHE4 E ol AR S, 20%2] musts: 3
75t ale WZ20]A] 842.5 mg/LE 7F &2 S UYEYY
t}. DPPH )7 2752 ¥a A ZE APFo)A 50.9-
51.8%E F9ZAQl Aol& UetA] okAlRt, Hart SaH
AZONA] 52.5-54.9%2 HE A|PFoA FoH oz 71619
o, 20%2] mustE A7 ale WA 7 =& AL U
ERfigith. Ta %7] W9 FRAP /42 mustE 713t ale
WZoA] 3.23-3.41 mM TE/LE XL E H76lA] L T
(3.15 mM TE/L)%} juiceE A7}5t ale M3F(3.15-3.21 mM
TE/L) Rt =7 gRl=lon, BE AIg oA gart 8%
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AloA FRAP &/g0] 7151l 53], 20% must®} juice
£ A1 ale E AJRToIN FRAP Z40] SolHo2 57}
sheict.

Wz oFZ TAEE phenolic compound®} FHAESIEA]S &4
5}o] H|W3F Pascoe2} Ames(2003)S] o] W=, catechin,
ferulic, vanillic, chlorogenic, p-coumaric acid’} WA= %] 0.
®), mashing o} Bo] LA Z7Htol F& Awlale 2o
A o ARES Tkl 7MY EA EIE AL, beer filtration
oA ZA FasiT7E B, At S04 o= Fe 3
EEo] AQ7I7E Foll= & Mt it HaE ek E2L
ABTS, FRAP 2/44& TAEE 24519 i, ¥38 374 o]
T kst &4go] F7FsH7L beer filtration TH7gofl A 34k}
/ol 2A ATt B, At 304 A ZA4ol
Y JEE o A7 Folle & MUt it B
H3it}. Prokupac E& EEF2 20%%} 30% H[E&EE H7161Y
lager W30] WFg EX-S AR Veljovic 5(2015)2] A+
OEd, 255 7RIS o, e 2gE 9%, DPPH
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https://doi.org/10.11002/fsp.2024.31.4.633



Food Sci. Preserv., 31(4) (2024)

(A) 1000 ®) o -
00 day ®6 day = b
-y a g e
E 800 [ dcd b bR pegbed beab ‘E 50
g 2
E o 40 I
[ c
3 600 g
g 830 |
: P
2 400 | g
g E 20 -
£ 9
5 20 B
= 200 f g
2 10 -
a 5
[=}
o U o L

C M10 M20

J10

J20

C M10 M20

a
cde b
A

J10

cd

)

J20

Ferric ion reducing antioxidant

© 4
d cd
3 -
o
w
-
=
g2t
g
3
o
o
1t
o U
C

a
bed
bed

M10 M20

bc

d cd
M
J10  J20

Fig. 2. Total phenolic compound (A), DPPH free radical scavenging activity (B), and ferric ion reducing antioxidant power (C) of
ale beers with addition of different concentrations of MBA grape must and juice before and after fermentation. C, wort only; M10,
wort with addition of 10% grape must; M20, wort with addition of 20% grape must; J10, wort with addition of 10% grape juice;
J20, wort with addition of 20% grape juice. Different letters on the bar indicate significant differences within the treatment (p<0.05).
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Table 5. Sensory evaluation of final ale beers with addition of different concentrations of MBA grape must and juice

Sample”  Color Flavor Sweetness Bitterness Sourness Body Aftertaste Carbonate Overall
preference
C 5.89+£1.567™) 4.74+1.05"  4.26+£1.28" 474128 479£1.40°  5.05+0.85"  4.79+0.92°  5.00£1.45"  5.32+1.29°
M10 5.05+0.85 4.95+1.51° 4.11+1.33° 4.37+1.83° 4.37+1.61° 4.42+1.30° 4.42+1.50° 4.74+1.69* 4.53+1.26"
M20 6.00£1.20"  5.26+1.19° 4.47+1.07° 4.21+1.78° 4.79+1.27° 5.21£1.27° 4.53+1.58" 4.79+0.85" 4.68+1.80°
J10 5.53+0.96" 5.05+1.27° 4.79+1.08° 4.59+1.75° 4.47+1.47° 4.84+1.38° 4.37£1.34° 4.74+1.94° 5.21£1.03*
J20 6.53+0.96" 5.58+0.90° 5.16+1.34° 4.26+2.00° 4.58+1.54° 5.37+1.12° 4.74%1.15° 5.11+£1.33* 5.74+1.59*

DC, wort only; M10, wort with addition of 10% grape must; M20, wort with addition of 20% grape must; J10, wort with addition of 10% grape
juice; J20, wort with addition of 20% grape juice.

YAll values are mean+SD (n=19).

*Different superscript letters (*°) within the same column indicate significant differences (p<0.05).
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