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Abstract

Sweet potato-malt worts were prepared by using sweet potato paste of Shinyulmi and Shinjami as the main adjunct,
enzymes, malt, hop, and water. We brewed low-malt beers of the lager- or ale-type by using these worts and inoculating
bottom and top fermenting yeast, respectively. Moreover, the componential and functional characteristics of the resulting
beers were evaluated. During saccharification of sweet potato, the addition of an enzyme agent containing a-amylase caused
an improvement in filterability and an increase of total sugar. The sugar content of sweet potato-malt wort which was pre-
pared by the addition of 0.1% enzyme agent containing a-amylase and a three-step infusion procedure was 13.5 °Brix
adequate for beer brewing. The polyphenol and anthocyanin contents of Shinjami beer were increased with increasing content
of the paste, and also increased DPPH and ABTS radical scavenging activities. But in Shinyulmi beer it were decreased.
A strong correlation was obserbed between antioxidave activities and polyphenol and anthocyanin contents of sweet potato
beers. In all lager- and ale-type low-malt beers using 41.6% of Shinjami pastes, sensory attributes very similar to those
of 100% malt beer were obtained and they were very good as they had unique red color.

Key words: sweet potato, sweet potato beer, low-malt beer, beer-like beverage, antioxidative activity
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He FF3 Yol A2, 2%, B3} pH, 2314, 2],
sobg | o] WrHE Exo) £F, WA 2GR
T BE UK 2%, o, 571, wh AR 27)
3 L hop 2 W) o) fAT RA6 JL
w2t Hardwick WA 1995, Gerhauser C 2005). W= 2.5~13%
)9 g ket AREHL e B RES
3~6%9] o&-ES st lom(Bamforth CW 2002), AlA|
oA 714 Bo] Aw|ElE mae] $RE i, oY, WAy,
LERPE So|tHAlcazar 5 2002). Mot 22 dIAE TR
9] light-to-moderate 2xH|= Tl &, H]elql B, £7]&, 43t
AE EPHE, olghs, Alo]A ., prebiotic A2 Foll sH
Q17+ AZ}e|| =22 & 47} e m(Bamforth CW 2009, So-
hrabvandi 5 2010), ¥ 3+, F=dH] X Fayh A8
# Ase) 37, FRAS K3k WA A3, FIGEE
a3k, Xuf A3 F3F 5 AT AR =S E 5 U
2o] ¥r& A th(Sohrabnandi S 2012, Gémes 5 2016).

wio} o] ool AHEEE ReR o] FRol wet wae} W
9 A&y Fu7F MlRitia A EEY, A AREe=
= S5 ARol, A4 dEEe & SeeEs 22
2), A 9 19| "ot Fo] 2 AMEIL glon, T
HAGE= A9 ARRE I YA Y Tsukamoto S 2009, Taylor
T 2013). S AR o]9o A HES FURE ARES)
of MEE AXF AT A2+ Lt HE(Han & Wei
2007, Han & Zhang 2007)3} Z+A}F A -E(Tsukamoto 5 2009)
AHg A7} i) B, RURE A9 BARS AL
9, W AT A7715A D FIHRE RA” 7t
UL, AFO EAS A4E o e By oyl Ao B3}
9 SAE A0 63 ARIB|E ol 47b gle.

AlA 78 ZAE9] sF2l Iul(lpomoea batatas (L.) Lam)
£ 94 BeslE gRUoRA 4, He) 5o 2ol g
Se)uet e AgAgols(Pak 5 2014), WEhEl Cof B-7}
28, ¢tEAoI, EFHE, detd, Ao, A2 YA
T, 28 59 3FYe2A uFute] 754 0] ElEHA
(Yoshimoto M 2001) AZ}7)5A1&9] AXEA 1Fute] 7}
A7k AEA QAU B3] hE Aol S ke FHash
Sl AT Afol 5 o] ATHPark 5 2011), AL}
AiHLee 5 1999), 3}t EIHLim 5 2013), 7% R37])%
(Choi - 2009), 4Rt &3HJu 5 2011), @2 454 &
THMatsui 5 2002) 5°] o] BiiF o] St} BtERS
AT Qs PATTOR AET} olokE, HHE 5ol 3
AR 9 A7 EA SR ARE ARgE ] gtow, Faadt
£ 2= 2A|(Peto 5 19802 HFH7] 71 #1-& A]&(Solo-
mons & Bulux 1997)2.2 & A Qlch
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BEA IFUE ARG A 9 TEE B2 T sEoA
stz wigol aute] A& dol Wrke 2de S5
7FssHA s, AL R E Gt SUtske AEE T
SHA| (ot BAaA) AR WSS EAAE #7F AuE
Aol glon, M3t o, 7)54o] the B Bk A=
Y] AREA AFu7E ks g £k Qo AAR
Sameshima & Nakashima(1998)= Z7PJ|Al7F, B2 w3tu},
AunTnt 5 ReRs A4t 27 Basso] Fi
2 WAy B9, Wb Rl F3a ZuR ehel, hEjohd
o] R AR WEE 3HL AT, AOIER
(www.satsuma.co.jp) ol A AFE3tste] A S4HE2 Hrfstal
Qltt. 183 Fo= B F o] (www.coedobrewery.com)ol| A=
Mol B9 nyntE 2RTOE AxSL o|AE B
Au2 ARgatel ofolz} WFe] F7F IS Y HEES )
ahalol 199841 492 E X SAFER Bofskn qIcHMini
white paper of sweet potato 2008).
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L(B-glucanase”} 8 4, cellulase &4 &-5), AMG 300L(glu-
coamylase, B-amylase &4 3H7)2 NovozymesAHBagsvaerd,
Denmark) A|&-2, WolE A| =& Pilsner malt(Weyermann, Ger-
many), bitter hop(Tettnang, Yakima Chief Inc, USA), aroma hop
(Cascade, Yakima Chief Inc, USA)= H|o]AZ2HE 145}
o ARSI, WM A28 a9l saflager 34/70(lager yeast,
Saccharomyces cerevisiae)?} safale s-04(ale yeast, Saccharomyces
cerevisiae)= LesaffreA{Marcg-en-Baroeul, France) A|&& T

dste] ARgSHa

2. IO} HOIAE MZ

AT TP 238 SAlste] 2 EHe] oL
3] A7 05 2353 120CoA 158 5
slo] ARG AAT T o] Mol AE Az Az
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3. 170t 2ty 3 T0f-aHot Shsleiol A=

a o gote) 9l yitul-wol ghahol(a1tul wWolkE) 2
Nakajima 5{(2000)<] ¥#eof &3to] Az}t T3l o] o
B JhAdst GEE Foled APE aLAE Adst
7] §1gt 2t g3 A2 ohgat 2ol skgitt &, 500 mL
Abzh ZakAa ol 13n) Hlo]AE 80 g, & 250 mL, AR
(0.03~0.5%)5 H7FetaL 55CoA 1A7F BEGAIZ] &, 20
&<t Toyo No.l TR 2 A ofm}ste] ol G, pH 5
< S5ttt

Jtat-diol st Ao Hgt B4 FEE B
Aske] ohgat o] ARSIk 500 mL 4HzE ZekAFof 1
Jrut Ho]AE 80 g, & 250 mL, BAN 480L(0.1, 0.5%)% H7}
sto] 55Col|l A 1AIZE 59t ¥H-3-A1Z1 &, Wo} 75 gt & 150
mLE thA] H7E8ka 55°ColA] 158, 65TColA 408, 70T
A 308 Zot &x1A 07 712 A|7| = three step infusion ¥
2 g3luhe-S slAth AR 2 308 59 A4 st |
H - tab-iolR-g A1, b ZhAbe] 4= 75T ] 242 50
mLE AupAste] 21 WolE-S, 2H Mol ZhAte] ThA] 2
4 50 mLE Aubgste] 3W Wolg-S 247t 15E 5t of2st
o] ¢2ict Control 1-2 Mo} 155 gof 400 mLe] & #7}s}t
o], Control 2= Ttu}l Fo|AE 80 g, Mo} 75 gof & 400
mLE F7tste] &P o2 7heste] F3lsigrt

4. 170} HYI2 eejst o0 W3Rl kX

TFuf w3 QFR(10 L size)E Y3t T uk-wo} g5iol A
zZ0] Y7 v Table 13} Zch Al&0] Ho]AEo| 50T
252 Hrlala, Ho]AE Q] 0.1%9] algsl= BAN 480LS
Zkzy A7bske] 55Tl A 6087 AAaN-3-S AlA Iqtut o

Ao} mubde] EA 54 493

=

Table 1. Formula for the preperation of hopped sweet
potato-malt wort

Concentration of sweet potato paste

Sweet potato paste (%)" 0 316 416 516
Sweet potato paste (g) - 580 780 960
1 50°C water (mL) - 1,960 2,580 3,200
BAN 480L (mL)” - 0.58 078 096
Malt (g) 1,860 1,280 1,080 900
2™ 50T water (mL) 8,000 6,040 5420 4,800
Hop Lager 4/0.7  4/07  4/07 407

(g 1"2" ddiion)  Ale 1.1 611 611 611

Sparging water (mL) 2,000 2,000 2,000 2,000

D 94 is the substitution rate of sweet potato paste for malt.
? The volumes of BAN 480L are 0.1% of sweet potato paste used,
respectively.

stolS Alzstgich o] atup Fatlo] Wole} 22 245
7¥8kaL, Ab7)8t three step infusiont] © 2 @3} A]7] T2, o

Hato] 1 tmp-wolE-g At ofaf Zhatef 75T 4=
£ 2upgstar, ofafsto] 22; WolgE A QAL thA] o it 3¢
Atell 55 23} AupAstal, of kste] 3w WolES ARITh

1,2, 341 anb-wolsS E3ste] dojzl 2g3tole] &
(A 4 g oY 6 9 12 FH7IstL 608 7HEEE &, thA
@A 0.7 g ol L1 & 22 H7I8te] 1027t 7HE8HA
ot A7 daE 2GRS 0~5Cof WA|sho] a1 ol
S JAAAA AAS HEgFzg Aqtak-ol Tz oot
Ao Adct BA WF= o] T FsloNo| saflager 34/70 7.5
g(9x10° cel/mL)S £, Z L33+ 10T A 1087 BHE
AR ohg, 1ColA] 3097 23 & - /08¢t oY W
L safale S-04 5 g(6x10° cel/mL)E A, & {35}, 25T
A S5UZF TAAIX] ok, 1CoA 1597 23 & | - <4038}
S tHTsukamoto 5 2009, Yom HC 2008).

5. TTOLM0} sl W DT WFO| ME HA

DpohuF gelolat npnh W] HE BAL T4
F5 B A (NTS liquors license support center 2008) 2 &l
& BCOJ 5= 4 H(BCOJ 2004)] Z4gH o] whet 243}
Qom, agup W= A7E Sekiae] 12 Fo| WEE F
sto] o2 wha fupeo] S 7]X] oS wj7hA| st
Z F83| EE tha, Toyo No. 1 IR =2 A3}steo] AES Al
A% AE AEE AMESIT S-S DNSH(Miller GL
1959), % Z2|9|%& TS Slinkard & Singleton(1977)2] ¥4,
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FEAlOPT FF Lee 5(2005)3} Bae 5(2012)¢] o=
AT A== AR (600-UV, Yasuda Seiki Co., Japan)
£ ol-&sto] S48+ 01, Hunter system®] 3 A=2]¢1 B
Z(lightness)Q] LZk, M =(redness) @l agl, 3 = (yellowness)
ol bZrS &A3Ith ol ARESH EFTH(standard plate) 2]
A= [=100.02 a=—0.01, b=0.030]1 T}

6. gitst g9l "It
Ao} W9 DPPH o AAEA-E 0.15 mM DPPH
1 mLoj| F=d Ali £ 0.1 mLA-& EFste] 37Tl A 30
5¢F vk8-A171 &, 517 nm (UV-1601, Shimazu, Japan)of| 4]
g 52 AXSFSTHBlios MS 1958).
S gt 74%“‘5‘% Halvorsen 5(2002)9] WHo 7
7}0}9:11:}. Z, 1 mM9] AAPH®} 2.5 mM2] ABTSE &35},
68°C water bathol 4 205 o] ¥FS-A17] HAA|Z] TFE, OD
(734 nm)7} 0.6500] FZ=Z 0.15 M NaCl-0.1 M potassium
phosphate buffer(pH 7.4)2 ZA3}lo] ABTS &N AR5t
T} 2 A2 20 ULt ABTS 89 980 LS 3kste] oAl
oA 37C, 1082 59F Wke-A|7] T8 734 nmoj|A] ODE &3
skat, A 5= AArStETh DPPH 2 ABTS 2tojz-2 2zt
o 0% £AT 4 G AR BE HCu TG,
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7. BU

W 3=2] BU(Bitter Unit, 22302 542 F=/F-24FHNTS
liquors license support center 2008)2] & o]&3lHch =,
20C W3 10 mL, 6N HCI 0.5 mL, ©]4&<% 20 mLE &35}
I, 250 rpmo 2 AgsHHA 152 F<t vk A H ) of7] 9
3,000 rpmefl A 3EZE FAEZE AT F, olasHo] =
ZolA 1 mLE F3to] 275 nmoflA] ODE S45t] Hh32
2ol A4t

BU = 50 x A

Aeh 59l s 9 ojsheldl 208 e YR sl
o2 s of=H(IE Lk P ¥
8] AAkE AXsle] WFo] o] Wl oFstch 17, vi$ 45t
o 708 el WAL, Belo (kA =

o 89} QU 1 o] o -:4—%% 0z
2 ok 4 2-38] o] nhAlA) o T,
oFtct 14, W et THO 2, Heigre H% s} 13,
we sith 7Ho2 ASEOR, A, THE, A A

A EFFET A
Z 5)o goto g wAste] mfo Ut 14, e =} 74
o Z AHAAAQ 7|ZxE THA EZES AL 7AsH

Atk 7 g B
o Qe A7) BrRgEel oet 18

Bk 18] AAskgen, s
SREE R

9. 84 24

woh 9 mo}dol gatele] GEn
B, wFoh WFE 28] FRote] Y2 8
g B7HE 28] e Zste] PR BEANE A4S
stk B3 FoldS AAsH] Slsl SPSS T4 ==
(Statistical Package for the Social Science, Ver. 12.0, SPSS Inc.
Chicago, LIL, USA)& |83t EAHEA(ANOVA)S gt
S A& 7+ AF9] 75 Duncan's multiple range test2 W] xl

B3 THp<0.05).
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AH BF0| CE 70 g@Efo| EF &M

all RURE 10E AR 3t
93] @Ao] WAste] oIS oA slar o o] A
AUtk ol A A Ao FFE BaAE
of ooligk 9l g, 3| ks SAsIGlt) &, A18m] Fo]
AEo] BAN 480L, VISCOZYME L, AMG 300L-& Z+z} 0.03,
0.05, 0.1. 0.5%= A7}5}1 B2 A|A Ho]jX AIM= Table 29}
Zth BAN 480L9] 79 H7heo] F7igtol what of dsgat
D7 Z715FaL AMG 300L-2 0.05% o]A4+e] H7tof Al o
ouah_]— =7} 271819 .o, VISCOZYME Lo Ao &

T2 STt wE AdF F=o| Frtanrt A9 ¢l

giu}. BAN 480L 0.1%%2} 0.5% A 2]7Lol|A] thzTto] H]8] o
Fol| 247+ 21, 57%, FF2 22 89, 131% F7ste] ofatyd 3
A g 57 axh 7P $9ken, atak-wol gkl 7|
é% ¥ EAA 2= a-amylase EAA|Q] BAN 480L0] Agst

ASIT} pHE controlit A 9 B3t k& YEHH L,
2 3 7P Fo] F7Fehel whet ot RolR|= A Bt

mO

foi o

2 O} WE QRS QI3 DTORMO} SEjolo] FIE

Tnhujo} gotol A|xo] A3 Ha FES APt
Table 37} & 27HE itk A1gm] Ho]AEe] BAN 480L
< 247F 0.1, 05% A Gl thxT 20] B3] ooy
wo] 22} 25, 33% F7HSHAT, FFL 42 9% BTk 15%
Zrastgeh o lEke BAN 480L 0.1% X 2] 77} 446.5 mLZ
0.5% A ZFE} 285 mL Fglo), @7} 13.5 °Brix2 =
oL, W FEE 93 A WE P eyt o] 2
}2RE o|Fe) wyn} WE AxE 93t nFulHo} Pt
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Table 2. Effects of enzyme treatment on the improve-
ment of filterability and increase of sugar content in mashed
sweet potato (Shinyulmi)

Conc.  Filtrate Brix pH Total sugar
(%) (mL) (g/100 mL)
Control 0 119.0+54Y  4.1+0.1 5.61£0.00 4.35+0.53
003 127.042.9 8.040.1 5.58+0.01 7.65+0.04
BAN 005 137325 85+0.1 559+0.01 8.13+1.47
AB0L 0] 1443442  8.5:0.1 5.62+0.01 823020
05 186321 87402 557+0.01 10.04+134
003 96043 3.7+0.1 548+0.01 2.60+0.07
VISCOz. 005 1177421  48£0.0 536+0.00 3.850.67
YMEL 05 1227821 48+01 533003 4.25+0.63
05 125321 49401 5.07+0.01 4.82+0.09
003 937442 41401 5.62+0.00 3.01+0.07
AMG 005 1280433 56202 558£0.00 5370.12
300L 01 1243449 58401 559000 5.56+0.45
05 163770 6.6:0.1 553+0.00 6.40+0.63

D All values are mean+S.D. Mixed sweet potato paste with 250 mL
water and then saccharified for 1 hour at 55TC.

o A Zojl= BAN 480L 0.1%Z A4t}

3. 2t 170r WFEO| M=

A1gle} AAho] Ho|AE ] Hrkwre glste] mnl-
Wol T3 oFslol-g A|F5F3l A saflager 34/702 HE35
Ta, s4A7 A a7t B9 F8 542 Table 49
Zth 4E Coedo breweryol| A AAFSH 1tul @222l Coedo

Ao} mpmtu o] F2 A 495

Beinaka(Asagiri Y 1997)2 th272 v @wstdo}y. mtu} B3
of w3} phE Tut Hobe] F7bee) Wt BjaTal
Coedo Beniaka®} H|528F 25202 7FASHH L, A= 3}
7 A9 glo] &, Mol 100% 2HA H(AE&m] 0%
BT e RS Btk BUTE Rpe] Hlako] 37
2ol w2t S71eke 32 YEtH 1AL, Coedo Beniaka(257.4
mg/ 100 mU)2h kol Botch S04, §2) ofulizg) 2
£ 3Pt Hrleo] Z7kael wet R TR A& oo
2 3A ZASE A, 41.6% A7 A Coedo Beniaka®} H]
228 2k Urehgte 92 ofulier) Aao) ere Wz 2
2o At Ao] He g, 1|, AF A Foll 9F=
u)d 4= 9] © = 2(Schildbach R 1987), 115tn} & 7}gko| 7}
aholl mat gl Zrashs AL MR A Aes A
7.

BU 2k 100% b7 iZ(10.7) 50k k2, Alxho] w2
(18.4~18.8)0] 4] Coedo Beniaka(19.8)2} 7] ¢] Z-&
ou, A1gv] Wrr A7) W BU o] £ AL A
Apu| 35-0) &ute] 7|1% Ao FZEch dEE W A
43 @)20] G Coedo Beniaka®th WeEo L}, oyt 27|
F(A7} 47, 4499 7] Ze sxom wEeA L0 g
o, Alen| Mol 9 atnf Hrleke] Skl wet
o7k At AYS B¢t MELE Coedo Beniaka®} H]a
32 wf L gho] =of ¥iatom, 4l&n] W= bko] o} gl
A& JehhI AAn) maelAE Axn] W] %
7¥aol wet agke] Z7kstel AAo] Aalde o 4 ALk

4. O DT0F HFEO| R

Agu|oh A1) ol AEQ] HrlES delste] Tl
wo} Yotol Axska, AE safale S48 HES] W,
%4470 oY DA WFe] BA EAS Table 59 2tk

A RRRLE D DI TR ECE R B T

Table 3. Changes of the filtrate volume of sweet potato-malt wort prepared by three step infusion method (Shinyulmi)

1™ wort 2% wort 34 wort Total
30 min (mL)”  °Brix 15 min (mL)  °Brix 15 min (mL)  °Brix Filtrate (mL) °Brix
Control 1% 75.549.59 16.3£0.5 87.0+8.0 13.5£0.3 47.0£10.0 8.1+0.1 209.5+18.0 13.120.3
Control 2 252.0+18.0 13.620.1 55.0+3.0 9.8+0.1 49.04.0 53402 356.0+27.0 12.620.3
BAN 0.1%  252.0+12.0 15.120.2 106.06.0 10.0+0.1 88.549.5 6.5+0.1 446.5+30.5 13.5+0.3
4BO0L 05%  350.0+26.0 13.6£0.2 72.0£13.0 10.9+0.1 53.047.0 6.3+0.1 475.0£12.0 10.7+0.4

" The volume of filtrates were obtained by spontaneously filtering through Toyo No.1 filter paper for 15 and 30 min, respectively.

? Control 1: only malt 155 g.

3 Control 2: sweet potato 80 g+malt 75 g not added BAN 480L.

9 All values are meantS.D.
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Table 4. Componential characteristics of lager sweet potato beer according to the addition ratio of sweet potato paste

Sweet potato Shinyulmi Shinjami Lager
paste (%)" 0 316 416 51.6 316 416 51.6 Coedo Beniaka
°Brix 6.7£0.17 6.6£0.1 6.520.1 6.4+0.1 6.80.0 6.520.1 5.940.1 8.5+0.0
Specificity ~ 1.0059£0.0002 1.005420.0032 1.0017+0.0042 0.9975+0.0029 1.0094£0.0001 0.9990=0.0029 0.9978+0.0035 0.9873+0.0052

gravity
pH 4414004  4.40+0.02 4.33+0.04 4.27+0.02 4.46+0.02 4.45+0.02 4.39+0.02 4.35+0.04
Acidity (%) 0314002  0.23+0.00 0.24+0.01 0.24+0.01 0.25+0.01 0.26+0.01 0.29+0.01 0.25+0.02

Reducing sugar  285.6+143  306.143.1 308.3+3.1 30024186 29734892 31544158  3862+193 2574426
(mg/100 mL)

Total N 69.6+4.9 61.9+5.6 52.9+1.1 327413 61,018 48.041.5 448413 653433
(mg/100 mL)
Frec amino N 30.4£0.9 33.142.0 26.0:0.8 19.40.6 39.0+0.8 253+0.8 222407 245403
(mg/100 mL)
Bitterness unit  10.7+0.1 14.120.7 15.120.1 16.2:0.1 18.40.1 18.5:0.2 18.8+0.1 19.8£0.0
(BU)
Alcohol (%) 4.5:0.0 47200 4.4+0.1 4.120.1 43£0.1 4.1£0.1 41£0.1 6.310.1
Real extract (%)  4.8+0.1 4400 42400 3.9:0.1 4.440.1 42:0.0 41200 6.5:0.3
L 93.09:186  91.66:092  91.31£0.00 8930080  7475:299  64.05:1.92  5496£0.55  55.54+0.56
Color a  —033:000 —007£000 029000 036000  24.06:072  3845:231 44076220  0.06:0.00

b 17.64+0.00 24.55+0.98 24.28+0.97 22.63+0.23 12.57+0.13 11.34+0.23 9.02+0.18 87.47+0.88

D 94 is the substitution rate of sweet potato paste for malt.
2 All values are meantS.D. The strain was saflager 34/70 and enzyme was BAN 480L.

Table 5. Componential characteristics of ale sweet potato beer according to the addition ratio of sweet potato paste

Sweet potato Shinyulmi (%) Shinjami (%) Ale
paste (%) 0 316 416 516 316 416 516 Alestone
*Brix 6.8+0.17 6.9+0.3 7.1£0.1 6703 6.740.1 6.5+0.1 6.120.1 6.0£0.0

Specificity 1.0262+0.0038  1.0095+0.0001 1.0071+£0.0002 0.9886+0.0059 0.9995+0.0023 0.9981+0.0009 0.9900+0.0104 1.0053+0.0033
gravity
pH 4.24+0.04 4.23+0.02 4.18+0.02 4.16+0.02 4.33+0.04 4.31+0.03 4.26+0.03 4.67+0.00
Acidity (%) 0.25+0.01 0.24+0.02 0.25+0.01 0.25+0.02 0.25+0.00 0.26+0.01 0.27+0.00 0.25+0.03

Reducing sugar  341.6+10.2 36674147 374.6+7.5 383.743.8 36244109  364.6+73 368.3+3.7 253.842.5
(mg/100 mL)

Total N 447436 62.743.1 51.125.6 43.443.0 56.146.2 55.242.8 42.9+0.43 69.243.5
(mg/100 mL)

Free amino N 20.1+1.4 36.2+1.4 25343.0 18.841.3 31.0£1.6 26.2+1.6 18.940.2 282414
(mg/100 mL)

Bitterness unit  23.5+0.0 25.140.4 27.6+0.1 28.2+40.1 19.241.1 244413 25.6+1.6 17.440.1

(BU)

Alcohol (%) 4340.0 47401 42+40.1 4.1%0.1 4340.1 4.140.0 4.040.0 4540.0

Real extract (%)  5.040.3 4.6+0.0 42402 4.1+0.0 42402 4.140.0 4.040.0 4540.0

L 8937179 80.9042.70  88.07+528  87.79+0.99  67.50£1.35  6140£0.61  55.59:0.56  73.35+0.73

Color a  099+0.02 0.74+0.01 1.06+0.00 111001 32.85:033  39.70+0.79  46.95:0.50  11.57+0.23

b 21.91+£1.10 22.96+0.00 24.51£0.00 26.19+0.26 14.55+0.15 14.90+0.15 15.10£0.15 58.99+0.59

D 9% is the substitution rate of sweet potato paste for malt.
2 All values are meantS.D. The strain was safale S-04 and enzyme was BAN 480L.
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Table 6. Contents of polyphenol and anthocyanin and antioxidative effects of lager and ale sweet potato beer according

to the addition ratio of sweet potato paste

Shinyulmi Shinjami Control
Sweet potato
paste (%)" 0 316 416 516 316 416 516 Coedo | stone
Beniaka
Total polyphenols ) 51 2 g00107 795603 741415 1851413 201825 2120618 2721404 -
(mg/100 mL)
Anthocyanin 3)
27.142.4 4304 46.9:14 -
(/100 mL) 0 0 0 0 7 37.440 6.9+ 0
Lager -
DPPH radical ) 0,15 330408 359422 378418 27402 25404 23402 44e01 D
(EC50, 1L)
ABTS radical o) 5 06 300418 365420 370414 152412  13.0608 11.8+12 140502 Y
(EC50, L)
Total polyphenols 0 00 060414 933475 813435 1784459 1973410 210.140.1 D 146,003
(mg/100 mL)
Anthocyanin 2)
4409 41720, 4432 -
(/100 mL) 0 0 0 0 30.4+0.9 740.8  53.443 0
c
DPPH radical )55 ) 6 264410 277408 308414 33402 29402 27404 -2 10.6+0.1
(EC50, 1L)
ABTS radical ) 100 261416 306412 310422 132408 115402  9.9+12 -2 29.2+0.1
(EC50, 1L)

D 94 is the substitution rate of sweet potato paste for malt.

2 All values are meantS.D.
9 not determined.
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Table 7. Sensory attributes of lager and ale sweet potato beer according to the addition ratio of sweet potato paste

Sweet potato Shinyulmi Shinjami
paste (%)" 31.6 41.6 516 316 41.6 51.6
Aroma 4,102 45402 3.940.2% 4.10.2" 4.0£0.2® 4.4+0.1*
Flavor 4.5+0.1% 4.2+0.2% 4.1£0.2% 4.0£0.1° 4.320.1° 4.10.1%
Lager Body 42403 4.3+0.1% 4.10.1® 3.740.2° 4.5+0.1° 4.5+0.4%
External appearance 3.440.4% 4.040.1° 3.540.4% 4.040.1° 5.1+0.4* 4.4+0.2°
Overall impression 4.440.2° 4.24+0.3%° 430,20 4.3+0.2" 4.9+0.2° 4.3+0.1°
Aroma 4.320.1" 4.5+0.1% 4.120.1° 4.3+0.2" 5.0+0.2" 4302
Flavor 4.0£02® 4.3+0.1° 4.120.1° 4.0£0.1% 4.5+0.3" 3.820.1¢
Ale Body 3.840.1% 4.4+0.2° 37402 3.740.2° 4.2+0.1°* 3.440.1°
External appearance 3.8+0.4 34204 3.540.2% 4.6+0.3" 4.7+0.2% 43401
Overall impression 4.5£0.2 4,604 3.940.2° 4.120.2% 4.5+0.2% 4.3+0.4%

D 94 is the substitution rate of sweet potato paste for malt.
2 All values are meantS.D.

3 Values with different superscripts within a raw were significantly different by Duncan's multiple range test (p<0.05).
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