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Fermentation characteristics of yakju containing different
amounts of steam-cooked Jerusalem artichoke (Helianthus
tuberosus L.)
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Abstract Jerusalem artichoke (JA, Helianthus tuberosus L.) has a great potential to
enhance the quality of yakju due to the plentiful inulin content which is functional
and indigestible carbohydrate in human. In this study, the optimal preparation
conditions such as the added amount and steam treatment of JA were investigated
to improve the quality of yakju. As the amount of JA added to yakju increased,
alcohol production decreased, whereas fermentation was performed well when the
steam-cooked JA was added to yakju. The pH and total acidity of yakju decreased
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Yakju with different Jerusalem artichoke preparation

L)AL, ofu) Al 9 ZFE A SFu|AE Sof o5 ok
9] F4o| 2" HKang &
AFA
o

, 2015). WEpA, oFFe] F4
< FIA7] st WA ol9o AR (Kim 5,

2022), FF8KKim} Jin, 2017), §H(Hur &, 2008),
ZEum E, 2019) & 2% 7|54 AEo] 395 tioFst

HA=E H7tste A+=0] Eol HiEi gl
NRAAA Helianthus tuberosus L.)= EotH|E]717F €
AR E2A Syt A= A wet THA, 544, &
A, A, AT 528 B w8k sfHE]S thd
A A1ZOItHKim¥ Hwang, 2022a). HAIZAS] /4821
olEd(inulin)& WAsH thFAEA D-fructose’} 8-2,
1 2gto g o]FojA 9loH fructose T D-glucose
SshUE 2olfle 25 7HAIH, HAAR xR FHY 75%
£ XAJ3HKalyani Nair 5, 2010; Shin 5, 2012). o=
o] FofEHA A= HARAE olsd oo &
WA Bed EE5Z TRk ol @9 24(Yang
5. 2015), FASHMu &, 2021), HYZE(Barszcz 5,
2016), prebiotics B%5(Li &, 2015) 5 tIst 715A4l0]
HE T glo] ANt A7 541% AAEA FETL 9
o} A A E59 gt F wiZo] BoE HI stk A
Ho A3 7 B 7R FHE 7HeEe] MdEL
A2 (Jung¥t Shin, 2017), LA E(Guo &, 2018), 7]
5, 2019), du|=(Kim¥} Hwang, 2022a), #+
(Wahyono 5, 2016), 217] H€](Lee2} Yoo, 2022), A=
(Kim¥} Hwang, 2022b), & A2HA|AC]A(Kim 5, 2014),
71" (Hwang, 2021) & I HAZAE 0|3t
heFet ZRS ARl iRt AE7F s o] 231 Qi
HRGAE TR olgst7] YsiAe clede HhdTt
A &9 B (fructose) 2= Ffisto] nlgEC] dF2
Hgo o] &F & U=EF Ffof gt 2 AFHZ oA
Aol A AR 1EE oF s BAkE fRt HE AKE
A ol&H & UEA RAFSH] fi5to], oY Edjaa
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olEH9| 7EeES SHAIZI7] At A7t 2 8st
oh gRbdo® IR MEVIpESES AR YA
7], amylose/amylopectin®] &, 234 ALk, amylase
Ao, 7+g2A T TRt 8910 s PFS H= Ao
B =] 9l oH(Kayisu®} Hood, 1979; Snow?} O'Dea,
1981; Wursch &, 1986), &, &, 71%, &%, #HE<
SAL} 42 7HAAYE oIl W, AR7IEsleo] IA
37kttt HaElo] QltKLee, 2006; Lee®t Yang, 2020).
£ I5< TR HAAE 7HEA st 53t 7t
Ee| 80| 22} o]&do] fructooligosaccharide®}
Zo] g 2 4 d9E EojEttd, o9 74k
e 4 32 ACE 7dE). siAR, RE SAAEE
0}71 = 7t93H7 Y EE 5 42 AskE EEYed
W71 gZol(Kim 5, 2011), 71843 71548< 25
”}J— 14 4= A= 4 71l it d+= Zasith
Teba & AFolAe HAAAE A7 13 s
Mst7] fsto], SHAAALS] SAF A7t oFFo] FH
U A= FFE RAFSHIAL 5H3loH, 7154 FAE A5k
714 g W9 QtellA o8 £ U= HA 9 HARA A
7FFE Z2ARIIA Sl 2 S S5l AR 7t
o2 oko] A ¥y 3L SHEstaAt sieith
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2. Mz H Yy

2.1. SXZIAF EUF 479 HE ME ¥ A8 #AF

oFE ARE Yo AR A2 202094 WAFE FF
(Hwaseong, Korea)& 7ot AR&ottt. +5-2 @535t
TR A AYAEE G7F 300 SP o9 HBFS(Soyulgok,
Songhak Gokja, Kwangju, Korea) A&, F=x
24 = AT A4(Samjung Water Co., Ltd., Ulsan,
Korea)g Ysto] ARSI & Ao AR AR &
- oFpg o7 wgBlo] Q4% Saccharomyces cerevisiae
KMBL7001(KACC 93363P)& ol-&st3th. HAH A= 73
5 ARAA F9HY A s7HelA AR Ae st
FAUEE E£U3fete] oFF AR ARESHATE HHAAA
AzED Az, EHX]7T-X]— 100 kgoﬂ S5 500 LE
7¥sto] mRafRt thg ojifste] TP ES AASL E2 HA|

A E2EE -70C00A 395 5 EC& T, AR RS 5
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AAZ7]|(Industrial Vacuum Freeze Dryer, SFDTS10K,
Samwon ENG, Incheon, Korea)°l4] 0.05 mbar ©]5}=
AEHS & o2 52AZX(25C, 72 hr)stich

2.2 HA[ZAre] el =2 & 9fF9 HZE
HAHATE H7HE g AlRsh] g AA s HIsA
ot SAA(Hu|e}t 3 WAo R, FAA Y= AE ol
F3 9 7S B A AR dRETE 91 10
0T, 4083 +=3st3loH, 158 52 591 7,
Bttt HAIAAF H7F k9] AlZ= 20 LY R
Q272 SARE I 4,000 g2 Y AlgoA=
HPAAA B gkFo] 5, 10, 20%7}F HES HATA B
O

7Felgitt. 19 thZ, 5 400 gt & 6 LE VIRt H 42
ulg] vjFst S cerevisiae KMBL70012 & Y& tiy]
5%(w/w)2 FEot3oH, 20Co4 847t HEE st
Aot Ha7F TRE €92 4C, 4,973 xg= 1087 94
E3(Supra 22K, Hanil Science Industrial Co., Seoul,
Korea)dt &, 92 A5HS SHFTE 23] AHT filter
paper(No.2, Advantec Co. Ltd., Tokyo, Japan)Z <3}
Sko] oFFE ARESHGITH

2.3. gfX|2xf EUF OfF9] HE J[Zt F 0/3/51% £4 24

HAGAZ AR o] R 7|7 F olgetd £
298 39 FFE 4T, 4,973 xg= 1087 A&

T A2 A5 AERE ARSI YT T
5-dinitrosalicylic acid(DNS)¥& ®H-8o}o] | TF
Hoj| mhe} 24549 tHAhmed, 2004). =, Al& 0.3 mLo]
DNS AlF 1 mLE F7Iste] 95COlA 583t S v
ALoA B T FFRFE 7 mU7t HES FES U, &
SFEA(UV-1601, Shimazu)E ©]-85H9 550 nmof|A]
FrE F01glom, A7) BlE o]8ste] I glucose)
< BEEHE ARESto] ARt #ESA 02 R E SHT o

& kIt 43 S TAIY FREA 8= ©
g-oto] A5t National Tax Service Liquors License
Support Center, 2014). YAE3E AR5 15CA HA
gt &, 100 mL HIAEZAT] FHolo] F7 ETAIAE &
712 15 mLe] SRR 23] AlAe & AR A} H o
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AAEHATE W 8712 3§ F5Foke] 70 mL7t HH

- o
F72 343k ol7lo] 2R W7 100 mL P4

AHEE o]g5te] 15CE HAYste] 43E TS S5
t}. pHE pH meter(SevenEasy S20, Mettler Toledo,
OH, USA)E ©]&sto] 45k, F4t Hg& A= 10
mLE $3M7]+= g Q3 0.1 N NaOH(Duksan, Ansan,
Korea)?] 4H|FE ZHAklactic acid)o& FHAFsISIc
(Kang &, 2015). oFu]icAlzE 0.1 N NaOHO.Z ZF3}et
3 o719 formaldehyde solution(Junsei Chemical Co.,
Ltd., Tokyo, Japan) 5 mLE 7Foto] f-8€ AH, 0.1 N
NaOH #8402 HAsto] ZFTA(glycine)o2 T4t
st9tHKang 5, 2015).

24, TP H7} FFEY FH £Y £4
242 20T 8zt

PAAE W kel 71
&%, 2t 329 &9 o

4,973 x g2 1087 94E

N
1o

ARE Fsto] 4T,

IR L]
o1gSteT. T L 7 BFS 145 A Teohe

I - (HPLC, Prominence, Shimadzu Co., Kyoto,
Japan)& AR&Sto] EASHTH fET #4€ column
Sugar-Pak I column(6.5%300 mm, Waters, Milford,
MA, USA)E 0]8€3t9°H, flow rates= 0.5 mL/min,
column oven 2&X+ 90T, o842 0.001 M Ca-
ethylenediaminetetraacetic acid(Ca-EDTA, Sigma
Chemical Co., St. Louis, MO, USA) bufferg AR5t
o}, §714F 48 column PL Hi-Plex H column(7.7
x300 mm, Agilent Technologies, Santa Clara, CA,
USA)Z o]835t92H flow ratest 0.6 mL/min, column
oven 65C, o542 0.005 M sulfuric acid(Duksan,
Ansan, Korea)Z 3I3ith. 4883 f74H2 245 HE
7](RID-10A, Shimadzu Co., Kyoto, Japan)& Ar&-5}o]
Aot 9y f74F BE8As A &, BA%
peak area® ZAJSt AFA 0 R HFoIHHLee 5, 2019).
op|leAkE 6 N HClE 7hste] A4 ZdstolA] 110T, 24
AIZb &% 7HeEslE AR 7FeEslES amino acid

autoanalyzer(Hitachi, L-8900 Model, Tokyo, Japan)
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2 B30 24 AFES [8%0] ofu|i Al FEEI
retention time¥} B o}, TFS peak®] HEOZ FHAL
SlHTHWeng, 2014). Fusel oil, HEHS, gdstol= U 3]
9 RS Z5EH ARE 045 gm membrane
filter® o33t H, gas chromatograph(6890N, Agilent
Technologies Inc., Santa Clara, CA, USA)2} FID A&
7|(Agilent Technologies Inc.)& ©|-&3lo] EA5IITH
(Wee =, 2018). ColumnCl 2% HP-FFAP(0.25 mm X
30 m, Agilent Technologies Inc.)& A&} 3L column
22E 60CHE min)olA 210C7H] £ 6TH $244
sttt Injector 2%+ 190T, carrier gase Hy2 & AR
5}, split ratio= 100:1, flow ratex 30 mL/min°]$}
Oom detector 2%+ 200C0|Uc}. ZF 0]329] 32 HE
E£9] retention timed} H|WoIH 1, FF W79 HE O
2 Akt

25 Bz
OFF0] Ts AR H - oFo] Wt O E St &
SAAR] et e w2 7
A 168 s 371 71E 4
WHAFH(double blind test) 2.2
=M% 9 ATt 2 S 7 3
o 78 Ao JFsieict. 2 A9 s
gty A& Aol Y3 (Institutional Review Board,
IRB)9] 419] & 51HE(2020-0075)F ot Astict.

2.6. &2/

= TlolE= 33] o} W s Xt & Ak
HaHmean)¥} FEHAHSD)Z YERNQIAL Statistic Analysis
System(9.4, SAS Institute Inc., Cary, Nc, USA)S o]&
sto] HH+ EEHAE BASIAT SAA = 2AREA
(ANOVA)o. 2 AAEt9om, 89oA H|WE Duncan's
FolA HSsHh

multiple range test2 @=0.05

3. Zat Y

3.1. HXZAEZ Y2 T 05518 EY

3.1.1. Es 7|7t mE Jt8d nYE s
HAEA H7bF D SAAE fRel e o] 7R84
IPE W= Fig 1(A)9F 2t JHAAA A7Fgel ozt
Az3t oFFE BWsIE o, a0 A} 27|7HA 11y
2 6.0-11.0 °Brix¥ o™, SHA7AL9] M7t vt
of 7}/ 13 Eo] EA S AR 19 Aolle +5
FHHoI7F AR G0l met, HAHQ 7M1 E
o] 16.8-20.2 °Brix® §43] 37I5lth. A5 ¢ -
Ok A|ZoA HE Bajas 9 wg vjPEPo R AEEH
01 2 UABET 849 Fgdoln, i Hofjet dIE
59 I8 s Hrhlee 5, 2002). & 2-3Y0
% :@iEﬂ D73t FAo w7 1R FAste
o, T8 AAQI 8Y Aol= 9.0-12.0 °BrixE HA|AAY]
71kl vldlste] 718/ 1 @Eol EA I, gt
AL 20% 7S] B, 7R PR A Al

ﬁoo

12 16

(A)24 (B) ©>°
20 — i
% S ./ ® 12
m = / _
3;16 § /‘ \ =10
s 8 /@ Control 0 S5 fg’ o i < 6
s = NS5 4 S10 e 3 AAY ) 4

47 4 NS10 820 . -~ g o o | A

o L2 Ns20, o 0 e N
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Fig. 1. Changes in soluble solid (A), reducing sugar (B) and alcohol (C) contents of yakju depending on the added amounts (5,
10, and 20%) and pretreatment conditions (steamed (S) and non-steamed (NS)) of Jerusalem artichoke during the fermentation.
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= o, o= HAAAL 8 AdE2I inulin
A 1B=] Tl ¥ vIAE A= ARE.
SHH, HAAA FE2E82 F7ket] A|xd A9(Kimdt
Hwang, 2021)¢} A2](Kim¥ Hwang, 2022b)9] E4E
/d v T AFoIA T H7Ege] vlFste] S7teke At
£ B3lon, & AoA: AR Hrhgo] =obio
e} 7R ARl SV AL HAEA] e 35

o oIF AU % ATk FAHY fo) B AR
horFe /184 HYEE WasiAE A, UE YA
27 7484 TR 8L A HF 7FY TR BEA

HAAAE Hbet FRUSCIE SAAE o HAUAE
715t OFE(SC)o| vls) AAjA o R =2 718 TFES

EAH(Fig. 1(4)). ol= HAHAE SAA L] et =

il

|

AeAstol QRS Fof WARe] 0|5 FEE 4B
2o] 3718 7o Aaett
3.1.2. &g 7120 mE 2tHT HEl

AR B 8 SR o] w2 ofe] W)

7+ 39 ¥sk= Fig. 1(B)9F 2ok SRR A7k
e oo Sl HIkE H WSS o, HE 0Y AojlA
HALA 20%S F7Fet LEFSC20, USC0)904 7H
LT, AR FHTFLA ZFE Wl wE 1-2Y
Aol A= & HFE|7E 7HE = HAA FRTRIA
S38olo] ofgt MEES7F 7MY Wol dojion, A%
A A7vgo] S7VdeE YT S BA UEhd &
g7 7P A2 AR 20%5 7HE 2F(SC20,
USC20)°llA 2T ol 7Hg AA yebyteh. ehddol
7P =2 FAC] ZER o] %, K ofFFolA ST 2
_1_7]. 14.1:4.1;]\}011] g zg /\]x—lo] 8 ;(].01]1: xﬂzz‘ﬂ- ne
ofFollA] SHdE Fgo] 0.57-1.12%= BRI=|% L, =7t
A} 20%E A7KeE ool 7HY W fho] ZESHIT
FAAY F7o] wE HAHAR B o] ST ok
< WSS o, 09 A= SAAYE HAAAR W2 <F
FSO7F F5A4 A=gt HAAAZ W F(USC)oll Hlsh
oF 1.4919] =2 ST TS UEHSIth Andersson &
(2022)2 EA % HA T A Jerusalem artichoke)d] 7
§ £84 Alxd bR o] &4 UshvH E3], HE
A2 ol vl B-glucan H HE o] B, AlZ £33
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;\ﬂg_/\ﬂg ;G;‘d— /\ 1% 9__,_19_

§ RegA) BEra w1

319} Lee(2006) 2R 44, 714, Wue} 78

2o] 2 AR/l R 9 o] Hle) FdHeE
a7

TEo||A 48.6-99.2%F AAF] Lo =2} 5 Ho A7
s

ahglo] AgHelo] Hls) AETe Balgo] & Aol
O3 BASYT £ Q7o) AnoAE F7 A4S 8Y

o] g e FoA HAAAE A7 o SA
A2 5 o HAGAR W o B8 v w2 A
Btk SA AE HAGAR B o B, HAG
A o] 727 golsiA SAAEE A o= HiA]
AR Bl ofo] Hlsl, a7} o§sl] 4l TddREo
Zgto] Hot Ha&Lrt Wy AR Holw, Fg AR
2a 8 Apofl T4 AT E HAGAR W oFFoA Al
Aog 32 odd ool I ArkFig. 1(B)).
3.1.3. &g 7|2 ME YT Y s
HAGAL 71 R SAAE] fell e ofFe] wav|
P8 E3-E W3kE Fig. 1(C)o UerSleth. =73 7t
Foll mt A3t oFFE ¥lasAS wl, SRR F7HEel
SIS HF 432 T2 e, B ol M
=2 HAAA F47HOIA 15.1%, SHAZAE 20% H7F
s /‘]%J (SCZO USCZO)OHH 13.5-13.9%% *2 d3-&
Foll whE SRR F7F oL
H] Wl ul, SAF A=E HAFA:
(SO &2 o] FSARE HAHA R U
(USC)2t vlaLste] &g 7]7to] ZBatgte] whet &
Fol wokoH, ¥ T A 84 Adle 2HF
0.3-0.4%9] &3 F 2polE UEtHigiH. ole HAH
9] SAAE = A9 inulin®] 7HESE fEste] B4
H LGS 82Ql S cerevisiase KMBL7001°] &2
a0 o]gsl] &2 =9 IS YT Ao= Hol
o, 7FHA AP E ¢ S| Wel A SAskeinh

(]

HJ W

o rlo Hu

o 19 ym —l
foox AN rlo Lo

ON
12
|o

3.1.4. E& 7120 mME pH HE}
AR A L S 7o) U2 o] WA

24 pHe) WS Fig. 249 2 SIS A7kl

812 oFF9] pHE Ta 02 A 6.34-6.62014 5 &73°]
3l

o Qs WA 1Y Aoll= 4.35-4.48,

o)

F= AR
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Fig. 2. Changes in pH (A) and total acid content (B) of yakju depending on the added amounts (5, 10, and 20%) and pretreatment
conditions (steamed (S) and non-steamed (NS)) of Jerusalem artichoke during the fermentation.

F= Bk HAHA FEEE AR AH(Kimdt
Hwang, 2021), A2(Kim¥} Hwang, 2022b), & AHA]
AolA(Kim &, 2014)9] FEEY A= HF7HFo] 5
7tetol whet A|E9] pH7F Hashs A2 t Hald B
Atk FAAE FFo g AR F7F 9] pHE
H WIS ), W8 0Y Aol SARE HHAFAR W o=
(SO9 pH7} F54F Aget HAPAR Bl F(USC)Y]
pHETH &F 0 Aoj&= 0.24-0.48 EkoH, Brart A3y
EHA AAH o Hasto] HE F= AFQ 8Y A=
SA AEgt oFF9] pHIF 54 HAGAR B okl
o 0.26-0.40 &A1 UesthFig. 2(A)). ol SAA 27}
HAAAL ZAol] Q= of|ieAbS BojAlA HE F ARy
Q1 AF Aol RS v Aoz AlmErh Zor 5(2022)
of =1, gt S o2 Ao g5l o, ¥
A 2] opjoll A 7H} =2 pHEK6.47)0] YEFELL, 7ItA"
A5 T i F pHEH6.32)0] UERRThaL B st
At

3.1.6. &g 7|Zi0| M2 Sit #st
oo 0] QoA F4F FFL WA WolA T
160

g
=
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N

—

TR e & FolE & gl A9 UIEZo|,
HE Aol A HRyEEE] osf XP=E= Al
27 AGE £ Q= 7IZAREHN o]8H
FAko] geFo] LR Ao AAFolA EF9 Atm
= 4 gA Ha, 4 ¢

k7t A E 1 Sl ACE JAS £ Qi =HA
7k 9 SAA 0] W2 o] Ha
Fig. 2(B)2t 2t =iAHA H7hgol whet Axgt =9
FARE EAGHE o, AR M7k BlFsto] SAE
7F S7retgl o, da S8 AIHQ 8Y AoA AAH 0w
0.39-0.73%2] TFS A}, Kim¥ Hwang(2021)°f o
29, AR FE22 ARG A9 ArE SHT 2
I}, HAGA 229 H7F6HA] 92 A= 0.08%9] At
£ YUela, HRAA 229 o] 25-100%= S7Fgtel
ot AT 0.11%914 0.21%2 Z71ehehy Bt
Park 5(2019)°] =W, HAAA B H7lote] da
2 AZsI= o, F71gel 9255 At A4 UE
o o] HAHA o] fARF 2o FETt e
gt Baseltt & Ao o IR F A
(@& eADo] mekE fAFA aRe] os B A4
o2 Qlsf HHRHAA} H7lgo] S7IEFE I ATt F
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HAHAR ¥l F(USC)Y FAtETH 0.17-0.23% RA
75 0], HAHAL] SAAE T} oF 0] A E HAAlT
L o7 AlgHh

3.2 HX[ZAE HZEEH OFFS £ £4
32.1. gag
HRAZAA A7b 9 SAA R0l ThE of o] fET o
2 Table 13 At} SHRAEAE H71stE 529 %2 inulin,
glucose, fructoseZ7t AEEH Yo, HAZA FH7H
Al glucosetro] AEE ot HADAL H7heo] whet A
Z3F o H| WSS ul, SAAA A7l SRS
ZEshs fed FFo] =4 YR inulin G4, =A7

3 g7egel %«7@#% 7 2350 AFHOE 3.71-

—'—ZH 0]—— Aspergillus mgeﬂ} EH|5k= inulinase®] 29J3
HAGA EEO inulino] 47 E3fjE Aow wWTEHG
(Poorna®t Kulkarni, 1995). 4 5ol W& 29 &
g s HusiglE o, SA A2E HAEAE A&
oF9] fEld2 BS54 HAGAR Y R BE 3
oA 2A SAECH, inulin®] B, SAA ] w2t
oF 1.48] Fx= A}o]7} Yebgth E3E glucose?t fructose
HA| FSAF HAAAR B2 oA FAF A2H =HA7

Ao] ofEH Tt A WETh SAA H7kto] AR
A7 Aol vls) JiA o= fructose Tl EA Y
Bt A2 HAAAL inulin®] 7HpEsfo] ofgt Ao =® Hel
ok E3, SAF AgE HARAR 9 o9 glucose?}
fructose o] FH o R 2 AL FApA A 5
inulin 7FrES|7} golsfd oz, AAFH fructose’t X
9] ¢FE Hgof o] &= ATty AlEHT} Bohm 5(2005)
of 2™, 135-195C 2LkojlA] o 60& &< AAHY
olzdE X 7Fdshd 20-100% Hx=9] fructan©] E5f%]
dom, inulin® A7} 11 BT AREO] £l di-D-
fructose dianhydrides?] 843& FLE3tttal Halot3tt.

3.2.2. |7\

OF9] §7]AH2 malic acid, succinic acid, lactic
acid, citric acid®|¥, succinic acide 47t &2 gt
= gzo] 29 ok R0z 7hAnr Fekgkyl He e Al
gt =2 4= Qltt. Citric acid, succinic acid, malic
acide= 829 TCA 3ZE 59 BAEL, lactic acidE
| FBAF A15lo] oJsf AJ/JEH, acetic acide G2 &
tlsto] = Atsto] oA THEolZItHLee &, 2015). Jung}
Shin(2017)°] WE2H, ARl 75 F714H citric
acid, malic acid, succinic acid®.2™, malic acid®]
Fo| 7P &%, 2O F citric acidgtal BRI}

Table 1. Free sugar contents of yakju depending on the added amounts (5, 10, and 20%) and pretreatment conditions (steamed

and non-steamed) of Jerusalem artichoke

JAP" content (%) Treatment Free sugar content (g/L)
Inulin Glucose Fructose
0 ND? 1.20£0.10° ND
5 Steamed 2.80£0.14%™ 0.05+0.00° 0.27:0.01f
Non-steamed 3.71:0.19° 0.1240.01° 0.81+0.04°
10 Steamed 5.310.11¢ 0.12+0.01¢ 1.0520.05¢
Non-steamed 7.430.15° 0.26£0.01° 1.24%0.06°
20 Steamed 10.95£0.22° 0.21+0.01° 1.550.08"
Non-steamed 14.86+0.30° 0.58+0.03° 2.65+0.13°

"JAP, Jerusalem artichoke powder.
IND, not detected.
IAll the data were expressed as meantSD (n=3).

“=Different letters within the same column indicate a statistically significant difference (p¢0.05).
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HAGA H7FE 2 SA Aol mE o] R4t o
Table 20] YR Ict. SRR} F71Fo] o oFF=2]
7IA 2 vlastle o, AR AUl SR
= F7149 ol S7tekH. 59, citric acid®t oF
F9] 35 {71411 lactic acid®] ggol HAAA H7h
of Hl#lsto] =A UEtdt. A f570] ThE oFo
F71AF S vIwstiE W, S AP AR Alx
oFFollA = A HAIGARR Y oF9t vlulsto] 4
9 B {714 o] W AEE e ‘:} A
A d7F Aot HaRE AxsHE W, &
A7Vl W25 R4 ol %7}3}% 78"@‘*% Ho
(Kim¥} Hwang, 2021; Park 5, 2 3t
2%t 443 1Y fU14E ’%%’f ‘Eﬂ; S &R Kwon
5(2003)9] Aol 29 F
dojdes {714t ool u-’t\jl‘:h—’— HiFglon, & d
ToAE ARG SAA | w2t Al23 oFF=2 RF7)4E
gkgFo| ZFASE Ao 2 Holth

do rlo

>

N r_°£

[¢)

3.2.3. |lotn]i=At

BARR W W S0 U2 ool fejopli:
A QS Table 39 2tk AR W7hego] ujel Azt
oFEZ SRS W, HNLA ool FHE4E A
o ofu|icAle] Fafo] A% gadlgon], HAURE
20% 7K OFEol A ofmlizt ko] o] Zasheir

ol=F

ol

FAA f

o wEslae

| e S B} okeo) ofulieal
], 22} A" HAPAE e k29| of

chetd 8] $57 AR 02 o423 AT o
uliedb Qo] A Fastdrh. AAt SAzAe B
1:-10]

| &
JOIE71F7 AEES A=l Uit Worjaes A,
A

SR =3 5 4% 2B L2HUS 0, G 2o

a4 A QRS Eulsicta ‘-"EPEVG] Ao H(Griffaut &,
2007; Ledoigt &, 2006), SHAZAF FA] Ao Al HAH
A 5YSE Kunitz-typed @A BEojlg4 JA A=

A
o] R E|QtkBakku &, 2022). wEbA B oA Z2¢
A2l HAAAR Y 9] ofu]ih
A SA A oA HAGAR] HE T Beja
A AARIA} 28-E st PR Aol EAskE Td )
49 BAo] A= fEog AbrEh Song¥t Park
(2003)° W2, FF5A Loldu| 2 AR T e 7t S
]9} Bl wsto] opn| At gkko] 1168 oA 28] o] &5
3}‘:}3" H1E9loH, Shon 5(1990)9] AtollAE F5A
Ef7t ZAGH §5HL} ot Al gheo] oF 2w A wrt
HuEQle} el Reff AREQl ofn|ieAb 247t £
st or2 Yelli=d], glutamic acide ZH&Y, histidine,
phenylalanine, tryptophan, glycine, alanine, glutamine,

proline, serine, threonine2 @3 7Httal Laf4] )

tHBachmanov 5, 2016). & doxEs £3], 54 €A
HAE 10% H7Fet o] opn|icAt g F, ©otol] Hofst

Table 2. Organic acid contents of yakju depending on the added amounts (5, 10, and 20%) and pretreatment conditions (steamed

and non-steamed) of Jerusalem artichoke

JAP" content (%) Treatment Organic acid content (g/L)

Citric acid Succinic acid Lactic acid Acetic acid

0 1.5640.112% 0.57+0.04% 1.6740.12° 0.010.01®
5 Steamed 1.26£0.09" 0.35+0.02° 0.9440.07° 0.0140.01°

Non-steamed 1.94£0.14° 0.5440.04° 1.45£0.10° 0.02+0.01%*

10 Steamed 1.49£0.10° 0.4120.03 1.1120.08° 0.02+0.01%
Non-steamed 2.29+0.16° 0.64+0,04° 1.7140.12 0.03:0.01°

20 Steamed 1.85£0.13° 0.52+0.04° 1.39£0.10° 0.020.01®
Non-steamed 3.09+0.22° 0.8610.06° 2.310.16° 0.03t0.01°

UJAP, Jerusalem artichoke powder.
2l the data were expressed as meantSD (n=3).

S dDjfferent letters within the same column indicate a statistically significant difference (p¢0.05).
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Table 3. Amino acid contents of yakju depending on the added amounts (5, 10, and 20%) and pretreatment conditions (steamed
and non-steamed) of Jerusalem artichoke

Amino acid JAP" content and treatment
it 0% 5% 10% 20%

Steamed Non-steamed Steamed Non-steamed Steamed Non-steamed
Aspartic acid 156.43+7.822%  98.16+4.91° 159.79+7.99" 69.50+3.48° 118.5445.93° 22.3041.12F 88.42+4.42°
Threonine 106.35¢5.32"  50.22+¢2.51°  90.23t4.51° 36.14+1.81° 75.59+3.78° 8.31+0.42" 46.45+2.32°
Serine 124.6616.23*  68.54:3.43° 100.4815.02° 42.8612.14F 83.5442.14° 10.70:0.54" 49.70£2.48"
Glutamic acid 341.36+17.07"  178.35¢8.92°  355.62+17.78"  136.72¢6.84°  258.12+12.91%  2552+1.28" 187.64+9.38°
Glycine 146.72+7.34%  86.5+4.33° 97.84+4.89° 19.83+0.99 191.13+9.56" 15.0620.75" 30.73+1.99F
Alanine 2329141165  1267+6.33°  20559+10.28°  94.00#4.70° 216.08:10.80°  49.77+2.49° 147.04+7.35°
Cystine 28.3+1.41" 16.57+0.83° 22.48+1.12¢ 8.98+0.45 25.53+1.28° 6.030.30° 13.80£0.69"
Valine 161.93:8.10"  70.83t3.54° 158.92+7.95 63.99+3.2° 110.6245.53° 25.49¢1.27F 97.80+4.89°
Methionine 5.19+0.26 ND? 4.1740.21° 1.32¢0.07° 3.2240.16° ND 3.2740.16°
Isoleucine 122.5546.13%  49.24+2 46" 113.4445 67° 43.64+2.18" 88.84+4.44¢ 18.85+0.94 68.17+3.41°
Leucine 23455+11.73%  77.66+3.88" 214.41£10.72°  78.60+3.93 279.41413.97"  25.78+1.29° 118.3945.92°
Tyrosine 97.00+4.85" 4323£2.16°  84.11+4.21° 32.2241.61° 72.21£3.61° 9.45+0.47° 44.28+2 21°
Phenylalanine 128.1646.41%8  53.08+2.65° 139.97+7.00" 39.74+1.99° 136.49+6.82" 10.9240.55° 55.84+2.79°
Lysine 66.16:3.31" 34.44+1.72° 51.48+2.57° 17.100.86° 54.4242.725 9.3810.47F 31.6141.58°
Histidine 72.83+3.64 37.03+1.85°  62.8543.14° 23.29+1.16" 53.29+2.66° 12174061 32.22¢1.61°
Arginine 165.46+¢8.27" 705443 53" 1245654623 433542 17¢ 91.74+4 59 11.25+0.56 44.24%2 21°
Proline 330.4716.52°  254.37+12.72° 337.48t16.87°  190.83t9.54°  512.16:25.61*  176.018.80°  244.54+12.23°
Total 2,5621.03+41.50" 1.315.5¢65.77¢ 2,323.39#60.17°  942.12+2511°  2,370.93:86.51° 436.98£11.85°  1,313.16455.66°

1
2)
3)

JJAP, Jerusalem artichoke powder.
)All the data were expressed as meantSD (n=3).
ACDifferent letters within the same row indicate a statistically significant difference (p¢0.05).

I

IND, not detected.

+ ofu| A1 glycine, alanine, proline, phenylalanine
9] gFgo]l AA R =t on, o= IsAAL Alof 29
gt Zrto] 9T v AR Y.

(¢}

3.2.4. OIMELL5|=, HIELS, O OIMIEOIE X F2& 2

HAFA A7V R SAA O] w A3 o ]l
OMELTIS|E, HEE, o ofAEHo|E d 4 oY &
A 3= Table 491 2t IAFoIY & F] o ELH|
3= dlEe9] AlstE AAEE FRe

2893 d|5|=o|thLee, 2007). 3, TRz B =7t
AL Il A m|AEf ool A= o] 7T A3 et
5 AR A%l U JIRS v|A|= EZZEA, o ELT

https://www.ekosfop.or.kr

S|E g AlEFA0NA 7IES AFste] TEShe 0l
SHHwang¥} Park, 2009). SAF 2= =HA DA Z €
OFF9| oA EYUTHSIE 2 F5AF HAHAR W oF
FHO A e oy, A7l mE §94 Aol Hol
A] ¥gkom, A ZEZH(MFDS, 2022)0 A 3] L
5|E 5]-87]&4|Q1 700 ppm H5F AT AOZ LEE
ot {Eh&2 pectin methylesterase”} pecting 7e&
sfistod AAg=7] wiitoll, /3 d=ol7]= SHAIRE Al4lA o
U ks vA]7] 2ol ghgo] AE&45 EthHwang
5, 2011). A¥tH o g A xgh k9] vghE 2 HA|
AR Z7rgol wdste] S7tetlod, AE54(MFDS,
2022)0l BAE 9 HEkE 51871591 500 ppm ©]
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Table 4. Acetaldehyde, methanol, ethyl acetate, and fusel oil contents of yakju depending on the added amounts (5, 10, and 20%)
and pretreatment conditions (steamed and non-steamed) of Jerusalem artichoke

JAP" content (%) Treatment Content (mg/L)

Acetaldehyde Methanol Ethyl acetate Iso-butanol Iso—amyl alcohol
0 185.41414.837%%  16.8741.35° 49.143.93° 147.12411.77° 306.57+24.53°
5 Steamed 133.38£10.67° 54.7314.38° 95.66+7.65° 255.24+20.42° 787.53+43.75°
Non-steamed 171.86£13.75° 63.2245.06° 55.364.43° 70.8745.67° 227.45+18.20°
10 Steamed 135.72+10.86° 73.3245.87° 100.8148.78° 167.61+13.41° 669.31453.54°
Non-steamed 160.1£12.81% 67.595.41° 60.77+4.86° 64.6415.17° 195.2+15.62°
20 Steamed 140.33%11.23° 95.58+7.65° 172.7+13.82° 134.85+10.79° 530.46+42.44°
Non-steamed 161.69+12.94% 112.09+8.97° 935447 48" 26.2142.10° 116.28+9.30'

VJAP, Jerusalem artichoke powder.
2All the data were expressed as meantSD (n=3).

9= Different letters within the same column indicate a statistically significant difference (p¢0.05).

stz sRlo] 7122 Hg
Eﬂ ]E‘— VAL J,]Nooki =13

202 et ol oAl

T €9 30 FRE= AF

3.3 HYXZIXE FZEF

ofE ASHI

PR A7 9 22142 2AEE A R0t okRo]

Alfito] ARy Aol A-§0 & o AE|23}E o] FAHTH
(Lee®t Han, 2001). 574 oAHEE AWHEoR FA
Q1 HolA SRS Aoy W de T EE HFg F7IA
HOE FAAEo] ] 7|07t FFSFET A (Lee
5, 2007). S AgE HAGAR B okoA 754t
HAFAZR A ZS FFRT} ethyl acetate?} A F7}of
o] O\l] EHX]7]‘X]— 7(47]—E]=0] *.7]-01-/\§ OﬂE] 0]—/\~"EﬂO]EE
S7FotAinh A QY2 R F oAt R RE dFE
Uy Al 3o 9t golu|le WAt D72 EA] §3o]
oJef A€ tHAnuna®t Akpapunam, 1995). 15¢F&
Fol= gFollA F83 RS E FUlEE=
3} isoamyl alcoholo] 3lo™, &X o] 2J5t9 leucine©]
&7 F G5 &S 71A isoamyl alcoholZ, valine
o] &FL 2 7IA isobutanol® HIFETHChoi £,
2015). AA et H7igo] weh A2 )RR FFo A
Z2 A2E HRAGAR U k0] AL isobutanold}t
isoamyl alcohol9] @&l F7FstAAIN, 7ol S7He

i~ 1% §3E BANAL, R AR Qe o8
=]

isobutanol

t}. Shon wsto] FFA; g
fusel oil $Fo] #glom, isobutyl alcohol®] &F2 &
A g39] 1/2 BEgta Bistic
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L7} Auk= Table 59 Zth B7RRHE 71o] 9.0]7 o]
= UEhA gigkont, B4k XA Y2 o B
oA et guieh | E =} ESheh % 10% A7
A A7} oA g AR 7150} VY RS WE
wokek. Wh, 54 A HAAAR U projiE

o] 47k WolAl: A Rtk HEe] B0 w1zt
A 7ot AR E] G0l uhe s sloA TM
?l 2 Aolg ®olx) golrh. wHke) Ao &
w9} #Aglo] AR Bgo] F/IASE £ He2
wgtor], F5At AR e o S4 Aeie o
1:1r x]-}_o]-_ §J-%_l:1—_4 Cﬂo]:___i o]OH 1:1 o XV\“; 13:}21-
o} Ao Aol BAA WG] HEtA A%
A4E B oﬂ}(]l:l]— 2 zpo|7} YA okt ShA|gl,

222 et PR HE 2 G710 R Qs FAF A
3t ok=HC AR og =0 Algb AAZ wotrHTable

Flolf

2). De Santis®} Teresa Frangipane(2018)°l w24,
kel ”HHEOM] 4 HAAARE YA AL s s
23}, AT A= 2 ARl &5l= 7]&0]
o9l 1, 53] AR, SolEY, o2t 9 B
f—’éﬂr o FrE EHE GO, 42 HAEACIA =
ZolAI R, B AEARY] B2 £/4d50] A4S, S

A A AR o ERstEgirky Busgl
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Table 5. Sensory evaluation of yakju depending on the added amounts (5, 10, and 20%) and pretreatment conditions (steamed and

non-steamed) of Jerusalem artichoke

2)

JAP" content (%) Treatment Sensory score’

Color Flavor Sweetness Sourness Overall preference
0 5.00+1.58% 4.13+1.28° 2.77+1.28° 4.91+1.80° 4.23+1.67°
5 Steamed 4.9141.54° 3.93+1.70° 2.81£1.26° 4.68£1.52° 3.95+1.42°
Non-steamed 5.14+1.64° 4.4541.62° 3.36£1.77° 5.06+1.66° 5.09£1.68°
10 Steamed 4.9141.32° 3.86£1.66° 3.2741.28° 4.68£1.77° 4.45+1.63°
Non-steamed 5.02+1.56% 5.05%1.63° 4.05+1.39° 5.09£0.97° 5.13£1.77°
20 Steamed 4.8211.32° 3.756£1.50° 3.23£1.73° 4.73£1.44° 4.09£1.59°
Non-steamed 5.18+1.47° 4.95£1.79° 4.20£1.54° 5.27+1.62° 4.95+1.58°

UJAP, Jerusalem artichoke powder.

ISensory score used a 7-points scale, such as very good (7), fair (4), and very bad (1).

IAll the data were expressed as meantSD (n=3).
YAl the data were not significantly different (p)0.05).

2 A= FAATE 5t W, ethyl acetate®t 22
B gF7] AJEo] ZU=Eloy, 7MEF} -2 olFH % I
HASHA71o Fn] ol A —E'r—x} PR ZAZ bl ok
o8 HojZt}, E3F, Z6hA

%3} ofz gjrz

=2
o 851 B} E3£0, P Aol oA 2812
2 10% SAPAE AR oA VY w2 7| EES
(o]

2 —1N

2 AT A Wl HE A7 3 31
et} EHXP*ZM A sk ANS gelstol
g AZAAT, 0|59 FRAYE Bt AL
2 A7kgol & i_-—.i 71/ APl SFeIAAI, &
W eIy F o8 = fle Hgage gl S71st
of YRy dute] AH geigo] wol LR WAz 4=
20| AA FAE Y w3t ZxpA o] wat AR B
uto] 7}4Ba7) Lola|A, 23 A PALR Hle k2o
G YIS F5AF A FFET A STk
0] Atmlet WAHE pHOF F4H9] B, HATA AN
o] T7rgsE AW F pHe A4dtL S4k2 71t
gom, ZA% YA We ofFlH pHt F7F5kn

AR gashe 23S UE IS SRR 7k oF
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Fo AT B4 4y, HAFA A7Hgel SR
inuling X3ksto] 2 FEgo] &4 YetE o 2}
SAAE I A inuline] 7HeEdEo] a9 &3
TR} golsiA ZEshe 72 Tl Aoz W
SAEAT. F71AF TS HATA H7Ae] S7Hd S
7kt on, SAE HAAAR W o)A {714t
o] Zasttt. ofn|icil HF2 HIlo| SIS E
stgon, AR HAAAR W oFE9 ofn|lAlE
Al A Fastgnh fEohn|ieAt 5 gkl Tojsh=
glycine, alanine, proline, phenylalanine< $3A} &
AR 10%E A7Kst ekeollAl =A yehstth. =HAEA
A7} 9] ol EYT|s| =9} vighe T2 AESA A
9] 58712 HE HEEHoH, A HAAAR AR
St 9FF0)| A ethyl acetate?} fusel oil $HFo] F71oFH Lo
o, SRR} A7bgo] S71ESE ethyl acetate= 5715t
1, fusel oil& ZA3FATE A X3 459 j'—}hfﬂ7]~§ iy
A HRAZA H7) Ao AA|FH o E tato] 27630

FSA HAAAE H7KeE ekseol A ],
71SEoA 2 B7HE BT 55|, 754 HAAA
10%E A7Fskie W, 7H8 9% A9 Lolth. metbA
R AA7Y inulin® fructooligosaccharide®t 22 715
4 B4 U THohL e 18T o, F5AF HAH
A2 9= tH] 10% F7Isks Aol HAARE &8t 1%

A 7154 FFE Axdke U =2 & 7 US2S FYUs

18 oY oo i oo rlr
B ot

L

o

|

¢

AlgE AUk o]

L B b B S

165



Yakju with different Jerusalem artichoke preparation

xR
N

a, o

_—

4

154 "HAFA d7F o5 A2 7| 2A R
< Aor AmEn

ik

3849 % 9

Acknowledgements
This research was funded by the National Research

Foundation of Korea, Korea, grant number NRF-
2022R111A3072406.

Conflict of interests
The authors declare no potential conflicts of interest.

Author contributions
Conceptualization: Choi JS, Park HD, Lee SB.

Methodology: Choi JS, Choi KT. Formal analysis: Choi
JS, Kim CW. Validation: Choi JS, Choi KT, Lee SB.
Writing - original draft: Choi JS. Writing - review &
editing: Choi KT, Park HD, Lee SB.

Ethics approval
This research was approved by IRB from the

Kyungpook National University No. KNU-2020-0075.

ORCID
Jun-Su Choi (First author)

https://orcid.org/0000-0002-6678-5803
Kyu-Taek Choi
https://orcid.org/0000-0002-2769-3308
Chan-Woo Kim
https://orcid.org/0000-0002-3287-0014
Heui-Dong Park
https://orcid.org/0000-0001-5042-036X
Sae-Byuk Lee (Corresponding author)
https://orcid.org/0000-0001-5815-7666

References

Ahmed H. Principles and Reactions of Protein
Extraction, Purification, and Characterization.
CRC Press, London, England, p 350-352 (2004)

166

Andersson J, Garrido-Banuelos G, Bergdoll M,
Vilaplana F, Menzel C, Mihnea M, Lopez-
Sanchez P. Comparison of steaming and boiling
of root vegetables for enhancing carbohydrate
content and sensory profile. ] Food Eng, 312,
110754 (2022)

Anuna M, Akpapunam M. Quantitative analysis of
alcohol types in pineapple (Ananas comosus L
(L). Merr.) wine fermented by two strains of
Saccharomyces cerevisiae. Niger Food ], 13,
12-17 (1995)

Bachmanov AA, Bosak NP, Glendinning JI, Inoue M,
Li X, Manita S, McCaughey SA, Murata Y, Reed
DR, Tordoff MG, Beauchamp GK. Genetics of
amino acid taste and appetite. Adv Nutr, 7,
806-822 (2016)

Bakku RK, Gupta R, Min CW, Kim ST, Takahashi G,
Shibato J, Shioda S, Takenoya F, Agrawal GK,
Rakwal R. Unravelling the Helianthus tuberosus

Kiku-Imo)
proteome by label-free quantitative proteomics.
Molecules, 27, 1111 (2022)

Barszcz M, Taciak M, Skomial J. The effects of
inulin, dried Jerusalem artichoke tuber and a

L. (Jerusalem artichoke, tuber

multispecies probiotic preparation on microbiota
ecology and immune status of the large
intestine in young pigs. Arch Anim Nutr, 70,
278-292 (2016)

Bohm A, Kaiser I, Trebstein A, Henle T. Heat-
induced degradation of inulin. Eur Food Res
Technol, 220, 466-471 (2005)

Chae MK, Choi JS, Moon HB, Park JB, Choi KT, Yeo
SH, Park HD. Development of air-blast dried
yeast starter for ‘Yakju' and monitoring on its
fermentation characteristics. Korean ] Food
Preserv, 28, 810-819 (2021)

Choi HS, Kim EG, Kang JE, Yeo SH, Jeong ST, Kim
CW. Effect of organic acids addition to
fermentation on the brewing characteristics of
Soju distilled from rice. Korean ] Food Sci
Technol, 47, 579-585 (2015)

Choi JS, Choi KT, Kim CW, Lee SB, Park HD.

https://doi.org/10.11002/kjfp.2023.30.1.155



Korean J Food Preserv, 30(1) (2023)

Fermentation  characteristics of  yakju
supplemented with Jerusalem artichoke (Helianthus
tuberosus L.) co-fermented by inulin-degrading
yeast Wickerhamomyces anomalus JSO1 and
Saccharomyces cerevisiae KMBL7001. Korean ]
Food Preserv, 29, 800-812 (2022)

De Santis D, Teresa Frangipane M. Evaluation of
chemical composition and sensory profile in
Jerusalem artichoke (Helianthus tuberosus L)
tubers: The effect of clones and cooking
conditions. Int J Gastron Food Sci, 11, 25-30
(2018)

Eum HS, Choi IS, Kwak EJ. Quality properties and
antioxidant activities of Yakju added with
Jujube paste with different heating time. J East
Asian Soc Diet Life, 29, 120-129 (2019)

Griffaut B, Debiton E, Madelmont JC, Maurizis JC,
Ledoigt G. Stressed Jerusalem artichoke tubers
(Helianthus tuberosus 1.) excrete a protein
fraction with specific cytotoxicity on plant and
animal tumour cell. Biochim Biophys Acta,
1770, 1324-1330 (2007)

Guo X, Xie Z, Wang G, Zou Q, Tang R. Effect on
nutritional, sensory, textural and microbiological
properties of low-fat yoghurt supplemented
with Jerusalem artichoke powder. Int J Dairy
Technol, 71, 167-174 (2018)

Huh CK, Seo JS, Kim YD. Fermentation and quality

of Yakju with addition of

Analysis of raw materials and

characteristics
chestnuts:
saccharification. Korean ] Food Preserv, 15,
512-517 (2008)

Hwang SJ. Antioxidant activities and quality
characteristics of Seolgittoek added with purple
Jerusalem artichoke (Helianthus tuberosus L.).
Food Serv Ind J, 17, 247-259 (2021)

Hwang SW, Hong YA, Park HD. Characteristics of
ice wine fermentation of freeze-concentrated
Campbell Early grape juice by S8 cerevisiae S13
and D8 isolated from Korean grapes. Korean ]
Food Preserv, 18, 811-816 (2011)

Hwang SW, Park HD. Characteristics of red wine

https://www.ekosfop.or.kr

fermentation of freeze-concentrated Campbell
Early grape juice using various wine yeasts.
Korean ] Food Preserv, 16, 977-984 (2009)

Jung BM, Shin TS. Organic acids, free sugars and
volatile flavor compounds by type of Jerusalem
artichoke. J Korean Soc Food Sci Nutr, 46,
822-832 (2017)

Kalyani Nair K, Kharb S, Thompkinson D. Inulin
dietary fiber with functional and health
attributes: A review. Food Rev Int, 26, 189-203
(2010)

Kang JE, Kim JW, Choi HS, Kim CW, Yeo SH, Jeong
ST. Quality characteristics of rice and rice
starch-based Yakju. Korean ] Food Preserv, 22,
353-360 (2015)

Kayisu K, Hood LF. Effects of dehydration and
storage conditions on the pancreatic alpha
amylase susceptibility of various starches. ]
Food Sci, 44, 1728-1731 (1979)

Kim HS, Hwang ES. Quality characteristics and
antioxidant activities of ‘Sikhye’ containing
different amounts of Jerusalem artichoke
extract. Korean ] Food Preserv, 28, 771-779
(2021)

Kim HS, Hwang ES. Quality characteristics and
antioxidant activity of brown rice porridge
supplemented  with  Jerusalem artichoke
(Helianthus tuberosus L.). ] Korean Soc Food
Sci Nutr, 51, 352-359 (2022a)

Kim HS, Hwang ES. Quality characteristics and
antioxidant activity of jelly containing varying
amounts of Jerusalem artichoke extract. ]
Korean Soc Food Sci Nutr, 51, 476-482 (2022b)

Kim MJ, Jin SY. Antioxidant activities and quality
characteristic of Yakju fermented with Hibiscus
syriacus cultivars. Korean ] Food Cook Sci, 33,
495-503 (2017)

Kim MJ, Kim BH, Han JK, Lee SY, Kim KS. Analysis
of quality properties and fermentative microbial
profiles of Takju and Yakju brewed with or
without steaming process. ] Fd Hyg Safety, 26,
64-69 (2011)

167



Yakju with different Jerusalem artichoke preparation

Kim MK, Lee EJ, Kim KH. Effects of Helianthus
tuberosus powder on the quality characteristics
and antioxidant activity of rice sponge cakes.
Korean ] Food Culture, 29, 195-204 (2014)

Kim SH, Woo HG, Choi YR, Lee CM, Jeong JH, Lee
DH, Lee CY, Oh IK, Ha HK, Kim JS, Choi BK,
Huh CK. Quality characteristics of yakju added
with lactic acid bacteria-fermented ginseng
sprouts. Korean ] Food Preserv, 29, 263-275
(2022)

Kwon SH, Choi J, Ko YR, Shon MY, Park SK.
Changes in free sugars, organic acids and fatty
acid composition of Kanjang prepared with
different cooking conditions of whole black
bean. Korean ] Food Preserv, 10, 333-338
(2003)

Ledoigt G, Griffaut B, Debiton E, Vian C, Mustel A,
Evray G, Maurizis JC, Madelmont JC. Analysis of
secreted protease inhibitors after water stress
in potato tubers. Int J Biol Macromol, 38,
268-271 (2006)

Lee H, Lee TS, Noh BS. Volatile flavor components
in the mashes of rakju prepared using different
yeasts. Korean ] Food Sci Technol, 39, 593-599
(2007)

Lee JG, Moon SH, Bae GH, Kim JH, Choi HS, Kim
TW, Jeong C. Distilled Spirits. Kwangmoonkag,
Paju, Korea, p 405-475 (2015)

Lee NY, Yang JH. Influence of partial gelatinization
treatment on the quality changes of puffed rice.
Prev Nutr Food Sci, 25, 225-231 (2020)

Lee PW, Yoo SS. Quality characteristics of beef
patties added with freeze-dried Helianthus
tuberosus L. powder. Culi Sci & Hos Res, 28,
77-87 (2022)

Lee SB, Banda C, Park HD. Effect of inoculation
strategy of non-Saccharomyces yeasts on
fermentation characteristics and volatile higher
alcohols and esters in Campbell Early wines.
Aust ] Grape Wine Res, 25, 384-395 (2019)

Lee SS, Kim KS, Eom AH, Sung CK, Hong IP.
Production of Korean traditional rice-wines

168

made from cultures of the single fungal isolates
under laboratory conditions. Korean ] Mycol,
30, 61-65 (2002)

Lee TS, Han EH. Volatile flavor components in mash
of Takju prepared by using Aspergillus oryzae
Nuruks. Korean ] Food Sci Technol, 33,
366-372 (2001)

Lee YT. Effect of heat treatments on in vitro starch
hydrolysis of selected grains. ] Korean Soc Food
Sci Nutr, 35, 1102-1105 (2006)

Li W, Zhang J, Yu C, Li Q, Dong F, Wang G, Gu G,
Guo Z. Extraction, degree of polymerization
determination and prebiotic effect evaluation
of inulin from Jerusalem artichoke. Carbohydr
Polym, 121, 315-319 (2015)

Ministry of Food and Drug Safety Portal. Available
from: https://www.foodsafetykorea.go.kr/foodc
ode/03_02.jsp?idx=35 Accessed May, 12, 2022.

Mu Y, Gao W, Lv S, Li F, Lu Y, Zhao C. The
antioxidant capacity and antioxidant system of
Jerusalem artichoke (Helianthus tuberosus L.)
tubers in relation to inulin during storage at
different low temperatures. Ind Crops Prod,
161, 113229 (2021)

National Tax Service Liquors License Support Center.
Analysis Regulations of Alcoholic Beverages.
NTS, NTS Instructions 2014 (2014)

Ozgoren E, Isik F, Yapar A. Effect of Jerusalem
artichoke (Helianthus tuberosus L.) supplementation
on chemical and nutritional properties of
crackers. ] Food Meas Charact, 13, 2812-2821
(2019)

Park BB, Renchinkhand G, Nam MS. Physicochemical
properties of fermented milk supplemented
with Helianthus tuberosus powder. ] Milk Sci
Biotechnol, 37, 196-205 (2019)

Shin SH, Kwon §J, Jo HJ, Go D, Han J. Extraction
and analysis of inulin from Jerusalem artichoke.
Food Sci Ind, 45, 50-58 (2012)

Shon SK, Rho YH, Kim HJ, Bae SM. Takju brewing
of uncooked rice starch using RhAizopus Koji.
Korean ] Appl Microbiol Biotechnol, 18,

https://doi.org/10.11002/kijfp.2023.30.1.155



Korean J Food Preserv, 30(1) (2023)

506-510 (1990)

Snow P, ODea K. Factors affecting the rate of
hydrolysis of starch in food. Am J Clin Nutr, 34,
2721-2727 (1981)

Song JC, Park HJ. Takju brewing using the uncooked
germed brown rice at second stage mash. ]
Korean Soc Food Sci Nutr, 32, 847-854 (2003)

Wahyono A, Lee SB, Yeo SH, Kang WW, Park HD.
Effects of concentration of Jerusalem artichoke
powder on the quality of artichoke-enriched
bread fermented with mixed cultures of
Saccharomyces cerevisiae, Torulaspora delbrueckii
JKO8 and Pichia anomala JKO4. Emir ] Food
Agric, 28, 242-250 (2016)

Wee HJ, Lee SB, Choi KT, Ham JY, Yeo SH, Park
HD. Characteristics
apple cider fermented using mixed culture of

of freeze-concentrated

https://www.ekosfop.or.kr

non-Saccharomyces and Saccharomyces cerevisiae
Fermivin. Korean J Food Preserv, 25, 730-741
(2018)

Wursch P, Dal Vedovo S, Koellreuter B. Cell
structure and starch nature as key determinants
of the digestion rate of starch in legume. Am
J Clin Nutr, 43, 25-29 (1986)

Yang L, He QS, Corscadden K, Udenigwe CC. The
prospects of Jerusalem artichoke in functional
food ingredients and bioenergy production.
Biotechnol Rep, 5, 77-88 (2015)

Zor M, Sengul M, Karakutuk IA, Odunkiran A.
Changes caused by different cooking methods
in some physicochemical properties, antioxidant
activity, and mineral composition of various
vegetables. ] Food Process Preserv, 46, e16960
(2022)

169



