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Abstract This study investigated changes in quality characteristics of the ancient grain farro
(Triticum dicoccum wheat) according to the liquefaction and saccharification processes for functional
materialization. Whole grain farro was ground, mixed with tap water (100%, w/w), and liquefied
at 95°C, 50 rpm for 30, 60, and 90 min, respectively. Sugar content was increased from 4.4 °Brix
in the pre-enzyme treatment (PET) sample to 12.6 °Brix after 90 min of liquefaction (LTC), and
only maltose content increased among the free sugars. Total dietary fiber content was not changed
after the LTC process. However, the content of soluble arabinoxylan, which has an anti-obesity
function, was changed from 8.52 mg/g (PET sample) to 9.49 mg/g, 7.45 mg/g, and 7.72 mg/g,
respectively. In addition, the ferulic acid content was very low (0.77 mg/g) in the PET sample, but
significantly increased to 7.57, 19.29, and 18.69 mg/g in LTC (30, 60, 90 min), respectively.
Following the optimal liquefaction process (50 rpm, 60 m), the liquefied sample was subjected to
the saccharification process at 55°C for different times (120, 240, 360 min) to assess the qualities.
Both sugar and maltose contents significantly increased over time (p<0.05), from 9.70 °Brix to 19.00
°Brix and from 360.40 mg/g to 511.04 mg/g, respectively. However, the contents of soluble
arabinoxylan and ferulic acid did not show apparent changes during the saccharification process.
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1. M2

1} (farro, Triticum dicoccum, dehulled wheat)= <l

subsp. dicoccum(Schrank ex Schiibl.), |12 (einkorn wheat, Triticum monocuccum L., subsp.

EEel

U(emmer wheat, Triticum turgidum L.,

monococcum), AHE W(spelt wheat, Triticcum aestivum L., subsp. spelta(L.) Thell|[ & 55
=224, 32 dudE ou|stth(HarlanZ} De Wet, 1971). QWY (Triticum dicoccum)®] 7)1 Q-2
71974 8,000-9,0008 7 AAF AlH, A147] ARE o|HE, §7|, Algjot 5 H|w A H|&RE Ao
A Auiste o Eolm(Luo 5, 2007), O 27| sYoIM= & LAt A= syl
(Zaharieva &, 2010). @A= o[gE|ohg BRSO 177l o/folAl A=l glom, 53] o2
Hopo Az F8 FAEE, AUx 9 ojFFotoflA= dF AEE AuiEI UthLuo &, 2007).
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Liquefaction and saccharification processes of the ancient grain farro

ARIES G Tgo] Bl Ty} H{do] =2 Tl
l Uom, olof e} 7ARE, BHE 5 AT I
TAjo] HA =okA 1 Qi) wE FEL oF 16.0%2]
= 3 QloH, 1% eotw|i4to] 8.0-
23.0% AEZ A 5ozt & 4= Qltk(Stehno, 2007). T
3k 02 350 E 7IRExo|E, FH|QL, Ao, E5)
=, HEA 59 e} JEES WY SX3 o s} JiA
of 37} glo, ofzH| =AU, WEAHE 52 ZHAHE
4 FEIG FAE HarA F= ARor Gy} dg2d
o] 20| Etk= H 117} 3Iti(Dhanavath®} Prasada, 2017). T2
FE2 @Y} HEo] Ao, nivls, ofd 59 YA
7} ZB3}3 48} T2} 2 Lacchman S, 2012), E3t, 142
o Z2 SHES HIE B9 Jgeo] HuR Adv deht &
g A o £ HR o, 29 B3 f 59 fEE &
Y 4 Qlhs A7 237} AK(Christopher 5, 2018). °JAH 2
A 9 JIeHH o s bRt a3t e AHiE F5(einkorn,
emmer)°]] et AL7F ZPE I QIek(Shewrye} Hey 2015).

29 7 o 25t 4 SA YR HA A5k A&
e, A flote] HES WoHA Eofiohs A3t 342 4
AA o & 7P URHAQl o R AMGE AL low o3t o
o} e AR FQeo] et gyt o|FFE /ot B39
FHE AR 7 9 Ha 5 HedRt #ofol E-8F Qi
= IE59) gosaccharification)= Z&-0] Ato]L} §4of )t
7pEe) ZAEoE HEZo]l "R A= Yol
(Hwang 5, 2011), 93K liquefaction)= 11-2(90-110°C)ollA] A
BS 71dslo] AR AL "AEY 07 Hfslo] Hrt A
o} 7}go] HefoHA| Ei= 3= Snigtth(Park, 1995). 3L, o]
U AES 7eEdfiohe 84, A3t 9 gato] ARgEE BAe
Z2J0] amylaseo|™(Martinek2} Semenow, 1981), AZEA] o=
0% amylase @ P& amylase”} F2 o]-8HH(Bandyopadhyay
=, 2008).

AW B2 28] e ATE 389 JER 54
(Dhanavath®} Prasada Rad, 2017), Tt=2 £4}9] g5 Q2lj
ogt WSk Watts 5, 2015), =] A2F Ghof Hiet IF
(Ashish 5, 2018) 5 &5 A7 H A& S/ oigt A7}
FRoln, 429 A% 71548 At et A= vlEsit.
ot 2 AFe FE9 aAgte] et At F3F I3
e o2 59| ofg| A g, HEA TeFe] #g W o]5)
S & 54 W3kE st tdRt AlE AAEN &8

7
E AYo|| AMgH I ZE TE(farro emmer)= O|& g0}

EATR} o)A 2023 AHf - f3kE EZ0
2o A Algol ARgsHltt. st 2o T
So) g2 olv] 99 A3k, P FIHS Sk =,
gl § A (a-amylase, Biowin HT, Z3LL 80-110°C, pH
5.5-6.5, Sunson Industry Group)®2} 33} &4 (B-amylase, H|E}
24|, A% 50-60°C, pH 6.0-8.0, Senson OY )= &JH| A6}
o] 7of| A FLUske] ARE-SIITE

22 o2 gag HE

g YaEZ Alxs| Y 194 E 5= I-E(30 mesh)
400 gofl A& tH] 400% $EES 7hsto] A3l a4l a-
amylase 0.1%(w/w)E okl %7 |(HB-205SW, Hanback
Sci., Co., Bucheon, Korea)o]|A] 95°C, 50 rpm ZZA0E A|7}
= 995194(30, 60, 90+2) N3t A5ttt 29HA A 19
A A4 270 x At A2H A= f-amylase 0.1%(w/w)E
S3kste] 55°C, 50 rpmofl A AlZHE EE]5ked(120, 240, 360
) I3 Aottt ol 3T Zol AH AEe 521X
(DRC-1000, EYELA, Kakikal Co., Ltd., Tokyo, Japan)E ©]
Boto] 4847 FAZSH EE3K30 mesh)sto] £4] A&
= ARESkSiTh olstolMe AlmTEe] oFolE HiE+= PET
(pre-enzyme treatment), 1A 3} & 2]+ LTC(liquefaction
treatment condition) 30, 60, 90, 224 @3} A= STC
(saccharification treatment condition) 120, 240, 3602 Z+Z}
w135

23 mE da=9 pH, 4T 2 & FX

otz a5 AF9] pHE pH meter(Orion Star AlIl, Thermo
Sci., Jakarta, Indonesia)S AR&olo] Ao 2451, T
= ZFEG A (PR-101, Atago Co., Tokyo, Japan)S A5
o] Z74Jstal °Brix® UERWSITH Ak FA2 AZEA (CR-10,
Konica Minolta Sensing Inc., Tokyo, Japan)& ©]-83}0] L, a,
b 2 S5 AREE EETWE 27 Lgk 100.00, agh
0.06 2 bt -0.030]Uch

24. 7O/ ggf 24

7+ A|@o] 713 S AOAC 991.43(AOAC, 1996)9]
Fsto] RHBAT. 2, AR 5 ¢ Fol0] 500°C S5}
2412 S5 WA olo] E74 0.5 mLeh A4 8
(HNO3:H,0=1:1) 3 mLE 7}5k1 100°C SuHol| 4] 1}eF9] A
A AARE F B4l 500°C B3tEolA 1417 9 SR
o} 7oke @4k SAMCLIL0=1:1)0.2 50 mL7} 57] 3
sjol 714 B4 AR ARG AR0) T BAL g
EdtAut BA47](Inductively Coupled Plasma Atomic Emission
Spectrophotometer, Jobin Yvon JY 38 Plus, Longjumeau,
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France) ©|§31900, olf] 24" 749 HFL Ca
393.366 nm, K 769.896 nm, Mg 280.270 nm, Fe 259.940
nm, Zn 213.856 nm, Se 196.0 nm S©°]3ic}.

2.5. F4J0/47 &5 24

Z} A7 9] F4]o]45 =R AOAC 991.43(AOAC, 1996)
AHo] 285 Aol £417]7](TDFIL, Ankom technology,
Macedon, NY, USA)Z ol§3to] B455c} wA, A2z
2709] total dietary fiber(TDF) bag A(IDF flow-thru, Ankom
technology)oll 27+ 0.5 g9 A8E Y2 o, 40 mLY
mes-tris buffer(Sigma Chemical Co., St. Louis, Mo, USA)S
E3k5lal, 50 pl9 a-amylase(Megazyme Ltd., Bray, Ireland)
£ 7Isto] 97°ColA 30 &3t wRIsHAA HHEA T 1E
a1 60°C7HA] WZEAIZ] T, 100 pLe] protease(Megazyme
Ltd.)E A7}ste] 60°Cof|A] 3027F wuk ¥kSA]7] 3, 0.561 N
HCI(OCI Co., Ltd., Seoul, Korea)@} 6 N NaOH(OCI Co. Ltd)
2 AMgSte] AE9] pHE 4.0-4.78 AU o] AR
300 pL9] amyloglucosidase (Megazyme)E 7)1 60°Co|
A 3087 @, WSAIZ WSo] By 7 ARE 1 )
celite(Sigma Chemical Co.)7} 71 TDF bag B(SDF filter
bag, Ankom technology)ol| %71 th2, 84 ¥r3-9] Hx|9} &
Alo]4a AAE sl 225 mL2 95%(w/v) ethanol(OCI Co.,
Ltd)Z H7Rt o2 ofdsiginh. 123 242 15 mLY| $F/
2, 95%(w/v) ethanol, 78%(w/v) ethanol <O & 23] HHZ A
2 9 o35}kl 105°Co|A] 9087 AZ7](Forced convection
oven 252L, JSOF-250, JSR, Gongju, Korea)z® AZX A7l &,
AL FAE S7gotqltt. ke FAE 4%t 2719 Al
2 % T e Kioldl {02 Bl ke $AshL, e @
e s2secold SA7F et Blsiet %, Siele 245
o ARGk RS B T, FA0lS B4
ST B S 00, SAOMHTDF) e The
o g olglel A4t F g/100 g0 LERITE

0

Total dietary fiber content (g/100 g, wet weight)
=(R-P-A-B)yx100/S

R: Average weight of residue after enzyme treatment

P: Protein content of sample

A: Ash content of sample

B: Additional ingredients as needed, e.g. fat content,
etc.

S: Sample weight

26 a5 &% 24

oz WaEY {3 T2 high performance liquid

https://www.ekosfop.or.kr

chromatograph(HPLC, Waters 2487, Waters Co., Ltd., Milford,
PA, USA)E ©]&5}9] RI detectorol] ]3] &4} tH(Kang
5, 2023). ZF A|20] S74 25 mL EE 50% oEe g9
7Vl FAE Q13 the, 85°ColA 2583t 7125t FRE
FESHL WS o Hx 5819 FAVE 2 & dA=E
Lu|E A7151th 1 & o] 45 ym membrane filter2 o1}
sto] 4 AlRE AMGSHIH oldf f2]E 4] ZE amino
(NH,) column(3.9x300 mm, 10 pm, Waters Co.)& AR&5}0]
30°Cof|A] A&319T o] 54 |1(80% acetonitrile)= S~
27 (Isocratic elution) 5} 0™, €& £ = 1.0 mL/min, 5
o &2 10 pL 20 FAFT EEE42 fructose,
glucose, maltose & sucrose(Sigma Chemical Co.)& AR&5}o]
AFTAHOZRE FFS AESHL mg/gl®E HA[SHI

2.7. RE[0fo[AF BEF 24

A&9] fEotu|ieAl FFE A& 0.1 gof 0.02 N HCI 1
mLE H7}s] 24417 B9t &3A17]13, o] &H 1 mLE Fd]
5% Eg]Z = Z oA EAltrichloroacetic acid)& 5% 21 I
Hl5199th. 0]2 tHA] 10,000 rpm, 1057+ YAIE2](Labogene
1248, Gyrozen, Daejeon, Korea)o}1 1!, AF5ME 3 0.2 um
membrane filter2 ]ISt EHS G jofu|i Al AL A5 2
S} T}, ofu| At B4 7](L-8900, Hitachi, Tokyo, Japan)2Q] &
A zA0R AHL 4.6x60 mm ID ion-exchange column
resin #2622SCPF(Hitachi), 238 2T+ 50°C, reactor - =
135°CE ot 1L, £ &2 20 pL=E st3ich. f2johu|icAl
EZES A8ol0l AR9} BU 2102 YIS 24
S BB AEsio] pgmle EASHAc

2.8 +&& ofHH/; At e gEf 24

84 olghH| 1A} UFH(soluble arabinoxylan) 3RS Douglas
(1981)9] o] wet EAsHItE. FE(50 mLyof| A= 125
mgS B FFS 25 mLE H7IE & 187 AR o
A& 1 mLg Fto] FHol g7t FEl 1 mLe AR 5
mgo] SRR ARE 3087 TR T 1,000 xgolA 102
7t ¥4E2](Labogene 1248)3t3L A5 1 mLZ Fso] FHE
o §7 ARE ZUITE 7 F80] 1 mLo] ER4E Hrlat
3 10 mL9] ¥ &N(glacial acetic acid 110 mL, hydrochloric
acid 2 mL, 20% phloroglucino in absolute ethanol 5 mL,
1.75% glucose 1 mL)S 21 &315}9ict o] 2587 =
=0l @7F FHA 107 1A R AEs| Edtoto] oIt vt
= TAAZIZ] S5t 0°cY] Eo] '@ F 238 TA
(UV-1800 240V, Shimadzu Co., Kyoto, Japan)E ©]-&35}c]
552 nmoJA] 510 nm2] 24H FTH=HS Wl F AU A
A Blaste] 84 ofr| At s kS ARSI
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FZEE2 D(HxyloseZ AMESIG oM, ARt 5USH 270
2 YRS o YL A5l el BASIGILE

2.9. HiELt gtet Z4

AR HEA TS Tilay S(2008)9] EAMHo| wle}
high-performance liquid chromatograph(Waters Acquity UPLC
H-Class, Waters, Queenstown, Singapore)S 0|-85}0] EA5}
Aot AlFE= 40°C QEOA 12A17F ARZE F 2 g& 250 mL
EgtA 0| 1 NaOH(2 N) 60 mL¥} sodium bisulfite 0.001
5 2745101 180 pmolA 24417F 215 HheFsHsic Hjop S

6,000 rpm, 4°ColA] 2057 YARAT T AFEolg o 7
710 §7 HCI(10 Ny 7F3}o] pH 2 ofs}2 243 F 4%

ojo. v
‘llqe'd'.‘

Skoict. o] IS 33 WHESH & 31 557](Biichi
Rotavapor R-205, Buchi Lab. AG, Switzerland)Z 5=3F &
=202 acetonitrile:water(1:1, v/v) 3 mLo|| €35}o] WAH
Fatgltiz} 717] B42 ACQUITY UPLC® HSS Cig 1.8 um
(2.1x100 mm) ZAHE AFL3IHIL o] FAS 1% acetic acid
solution(A -8-)1} acetonitrile(B 8M)S A& 07 AMES
Ak Ag9 #E FFAES LEsto] A2 4SS U
mg/gC 2 HA|5ITh

2.10. SH*2/

B Ago] BE BAL 33 w0 Ageld] 9e ATE
B3 (mean)7h EZHAHSD)Z LehRlTt. 7 Ag Azl

8] SA =273 SPSS(V22.0, SPSS Inc., Chicago, IL,
USA)E oI83t] B4 LAl 2 AB2Y BRA 1)
£-9)4 Z}o]= Duncan’s multiple range test® ZAZ35Ich

(p<0.05).

3. Zit ¥ 1%
3.1. of2 59 dsf X7 HE
3.1.1. 29| s X0 ME pH, Y= U MT B3|
TR FE9 SEEE =o7] AT 194 A3t Ao = uf
2 A 7| o-amylase 0.1%(w/w)S &Fs}0] 95°C, 50 rpmO]|
A A2 AZH30, 60, 902)0] wE TREO pH, T ¥ A%
WS RARSE A= Table 13 Zth 43}k H(PET) A=Y
pHE 6.050]1%10.1 308 A3} A2]A] pH 6.092 & £%2
u, A3} AJ7to] Aojd4-= pH 5.96 & pH 5.930% ZAsh=
733l ATH(p<0.05). o= H3} FAoA A7 pH 5.5-6.5 H <
o419} a-amylase A0l & YU S SIS
A HYO =, o-amylaseE |83 WS} Ao TS &
o]7] 913 pH W35 FAlSH= Ao| T8I FZ4HH. 7
T ¥3k= PETO] 4.4 °Brix@. 21 LTC 30914 3.6 °Brix®
ZF A5, AgA7to] ZojALE 9.7 9 12.6 °Brix®
T4 571 EH(p<0.05). o]z, A3t Ao wet HEo
a-1,4 ZAgo] FA9H 0 7Rl Eo] AR YAEH,
AR, Wold, Z=g o] AgHol weh dojd Wk A
E¥HKwon 5, 2017). M ¥H3l= PETO|= L3t 53.6, agt
2.8 ¥ bk 2328 2 HEMZ YEHISITH LTC 3000=
49.1, 2.6 @ 23293, LTC 609+ 50.1, 2.1 & 22.9, LTC 90
o= 493,23 9 2152 Lgk2 2 Aol§ YEPfA] gotot,
agt % bghZ N3} AP Ato] dojdeE 254 AAdh= 7
FOE F=AS Ueigict o] 2xtE oE AA3HE 9
3f A3} G A (0-amylase 0.1%(w/w)E ARE3HS] 95°C, 50 rpm,
60 9 909 A} Ash= Ao] Aot ArHT

Table 1. Changes in quality of farro according to liquefaction treatment conditions

Sample” PET LTC (min) F-value?
30 60 90
pH 6.05£0.017% 6.09£0.02° 5.93+0.01¢ 5.96+0.01° 92.045™"
°Brix 4.4£0.12° 3.6+0.21¢ 9.7+0.47° 12.6£0.12° 758.830™"
Hunter’ color value L 53.6+0.46" 49.1+0.49° 50.1+1.37° 49.3+0.36° 217317
a 2.8+0.12° 2.6£0.15™ 2.1+0.31¢ 2.3+0.10° 7.325"
b 23.140.26* 23.240.31° 22.940.60 21.5+1.35° 3.000

YPET, pre-enzyme treatment; LTC, liquefaction enzyme treatment conditions; 30, liquefaction for 30 min; 60, liquefaction for 60 min; 90, liquefaction

for 90 min.
YAll values are meantSD (n=3).

SDifferent superscript letters (“°) in the same row indicate significant differences (p<0.05) by Duncan’s multiple range test.
“The significance of each coefficient was detrmined using both the F-value (Fisher test value) and p-value (“Significant at p<0.1; “"Significant at

p<0.05; "Significant at p<0.01).
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3.1.2 29| W5 X0 ME FI7|1H &S W3}

o2 TEY 8L Fo|7] ¥t 194 AFOE g-amylase
0.1%(w/w)E E3F5t0] 95°C, 50 rpmo]l A HZ|A17H30, 60, 90
ol mE 7714 o WSk AR Ak= Table 29 2t
A3} 2] H(PET) vtz &0 HE 771 I 1.182-
1295 mg/gO & ZHR(K, 0.878 mg/g) > TF1Ys(Mg, 0.288 mg/g)
> Z+#(Ca, 0.074 mg/g) > °}A(Zn, 0.008 mg/g) > H(Fe,
0.008 mg/g)®] =0 & -FEO] o, AHE(Se)> A=
A gkgtom, Mol A of o mhE Wshe A AU 90E
HSHLTC 90) AFA] vt1vlE E 25 TS 0.323 mg/g 9
0952 mg/g0. gHego] 71519, A 9 ofel FRES 0,009
me/g 9 0010 mg/g0 2 95} 2] ool W gk wiske o
vttt 1 HEAIEAJE H(Korean Food Composition Table,
2021)0] W2H FL7FEO] A9, 7HAE 100 g 714 S
(1.0 g)°] ZH(299 mg/100 g) > v} Id|4%(111 mg/100 g) >
ZH2(33 mg/100 g) > H(5.12 mg/100 g) 59 £0 = Zof &
Agol 2 At $AleA 92y 713 geo] A
02 %o A BIskt 2 Age] Az Choedt Youn
(2005)9] W B0l 2 FA1Y BF ZAONH 2HGI-67
mg%), H(3.7-5.6 mg%), ZHE(537-558 mg%), oF%(2.1-2.3
mg%), TF1H|(106-127 mg%) 59 FFHT F2 Ao=,
wo] £5 9 A 2740] w2 Holz A7, Oh (2023)
o 397 F50) B0 YT S2A)7]o] uglo] 2F >
24 > k1% 59 02 £ri7 Bisigen, ok i
o 2712 g RS} QAT et 1o 22 sjjel
ARES 20 Fe ofd > A > Wk > 72 > s
59 o8 wE FE3 AJolgt g E I k(Shin, 2017).

Hre 77142 AR oF 9 u)F 77]940
2 T2 pH &454E 3 A Tlso] Fat
S ot G A 9 om(Sathiyavani &, 2017), ©]= 4]
CZeN S FHoP] A% F2T 24007]% Sl

ok

il
il

=

e

mo 19 o
o i oy
O

1o

rr

3.1.3. Itz 9| s} X0 ME SA0|1MF AT HE

02 ZE9 EEEE £ol7] A3t 19A AFOZ g-amylase
0.1%(w/w)E Z3sta] 95°C, 50 tpmollA] X2 A17H30, 60, 90
ol w2 F4 oG 3F WskE RARSE A¥h= Table 33}
2} A3t A2 A(PET) =2 F29 4o« T2 5.68
/100 go] oL}, 302 A3} IHY(LTC 30)004 2.93 ¢/100 g
o= A AT 602 AF AIZHLTC_60)°lA4 4.53
g/100 g0 & J7lole AFS HAoY, 908 Azt Azt
(LTC_90)°14] 4.13 g/100 gC.& HAH o 2= Fradt= AT
olgitt. Ast AjAgtol wE 84 B84 Aol
2 PET 3.14 g/100 g 9 2.54 g/100 go]ou}, LTC 30
1.75 g/100 g 2 1.18 /100 gO & 7AsII O, LTC 602
2.55 g/100 g = 1.98 /100 g, LTC_902 223 g/100 g ¥
1.90 g/100 g2 = F7}otlon, ntg= 584 Alold« o
2 B84 Aoldf dFET 27 B2 FFS UERHIIL o
£ =0 &R Aol dR7t 2004 ZAIZE s A
A& Faslstr] fle] A3}t 84 (o-amylase) A2 S] B R
gIg 4= Uit olet T2 AF}= Yoon 5(2022)9] &
Aejo] 2 4 HFHY FAlol4f WskE A4S 2
4 A A 3221%90, 1% &4 A 37.86-30.09%E
37kt oH, 84 SR U Ao|irte A kol nt
ZpolE Ueplith= Ha1ot o] GAA9] A 2o B A

1

.
o

=

5]
3
B

Table 2. Changes in mineral content of farro according to liquefaction treatment conditions (mg/g)

Sample” PET LTC (min) F-value®
30 60 90

Ca 0.07440.0032%> 0.085+0.007° 0.089+0.004° 0.087+0.001° 6.569"

Mg 0.288+0.010° 0.291+0.021° 0.306+0.014% 0.323+0.004° 4413

K 0.878+0.025 0.905+0.065 0.928+0.035 0.952+0.011 1.944

Fe 0.008+0.001° 0.008+0.001% 0.009+0.001° 0.009+0.001° 5.833"

Zn 0.008+0.001° 0.009+0.001° 0.010+0.001° 0.010:£0.0001° 8.000™

Se ND¥ ND ND ND -

Total mineral content 1.182+0.035° 1.213+0.087% 1.254+0.050% 1.295+0.016° 2.495

YPET, pre-enzyme treatment; LTC, liquefaction enzyme treatment conditions; 30, liquefaction for 30 min; 60, liquefaction for 60 min; 90, liquefaction

for 90 min.
PAll values are mean+SD (n=3).

Different superscript letters (“°) in the same row indicate significant differences (p<0.05) by Duncan’s multiple range test.

YND, not detected.

JThe significance of each coefficient was detrmined using both the F-value (Fisher test value) and p-value ("Significant at p<0.1; “Significant at

p<0.05; ““Significant at p<0.01).
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Table 3. Changes in total dietary fiber content of farro according to liquefaction treatment conditions (g/100 g)

Sample” PET LTC (min) F-value”
30 60 90

Total dietary fiber content 5.68+£0.447% 2.93+0.89° 4.53+0.16° 4.13+0.35° 13.278™

Soluble fiber content 3.14+0.30° 1.75+0.38¢ 2.55+0.13° 2.2340.21° 13.738™

Insoluble fiber content 2.54+0.18" 1.18+0.53° 1.98+0.04° 1.90+0.16° 10.962"

DPET, pre-enzyme treatment; LTC, iquefaction treatment conditions; 30, liquefaction for 30 min; 60, liquefaction for 60 min; 90, liquefaction for

90 min.
YAll values are meantSD (n=3).

IDifferent superscript letters (*°) in the same row indicate significant differences (p<0.05) by Duncan’s multiple range test.

“The significance of each coefficient was detrmined using both the F-value (Fisher test value) and p-value (“Significant at p<0.1;

p<0.05; "Significant at p<0.01).

o Aol 32

_O,o?n: OFO

R
ER—
9} Judd, 1992).

]OH HeEo] &
TEAIA ASS

3.1.4 M=o M35 x

=2 59 S&EE =ol7] At 194 AP E g-amylase
0.1%(w/w)Z E35t9] 95°C, 50 rpmoll A HZA17K30, 60, 90
el HE 213 G WSS 2 2K Tl 4ok
A5} H(PET) T2 =9 fructose, glucose, maltose & sucrose
SheFo 875, 18.78, 23.81 @ 0.98 mg/gO 2 maltose?] FHfo]
7FE =9koH, 602 A3} AZJA|(LTC_60) fructose 1.82 mg/g,
glucose 4.14 mg/g 9 sucrose 0.68 mg/gO & TATIF oL
maltose 360.40 mg/gC. & Z7}50M, LTC 902 LTC 60
B} fructose 2.68 mg/g U glucose 6.27 mg/gl. 2 Z7}51%
EF2 0.57 mg/g, maltose 355.70 mg/gl. &2 7+

ol e RS

O}, sucrose

“Significant at

A3 ATE Geholnt ol szl A4S 5 ot
A AFREE 849 g-amylase= AE9] 0-14 AgS &
= endo typeQ] 4 (An, 2018)Z, WS- 27]9]&= glucose
2 2015 SPBL Y5l maltose FFo] Z71E A0
AzhET, ojsh 25 AT Kim 520079 44 0] 9l
=0ue] 2% e 2HOA maliosed] Tl 714 7
UERH 0™, glucose X sucrose THF2 WAtth= 2319} FA}
St 73olt}. &, a-amylasex 7[R AARA HE, ZTF
A5 18 weskE FUA U o], 428S RL9
H3)|5}o] glucose, maltose 5 AFFZE Aol ZE A Q5
27E g4 AEet 3 As) 8% AT sk AL
2 4 A Qth(Davies?} Henrissat, 1995). 42|32 dg-Fe}t
IYRE THE O 4Fe A By 5o Fag
QAL ST, £ LEAHE SFY STt ZHod
Slefo| old 4= 9lou}t Bajj7} Yojd =& Qth(Cho, 2023).

Eg oI5} BAL MBS Bafelo] flgoR Hakk, o,

ojf §4AEAL 21 U pHol FFS WOom(Se 5, 2021), &

Table 4. Changes in free sugar content of farro according to liquefaction treatment conditions (mg/g)

Sample” PET LTC (min) F-value?
30 60 90

Fructose 8.75+0.907% 1.16£0.01¢ 1.82+0.18° 2.68+0.40° 423.952™

Glucose 18.78+0.63" 4.46+0.13° 4.1440.29° 6.2740.51° 761.000™"

Maltose 23.81%1.501 264.62+4.99° 360.40+7.14° 355.70+8.16 5,055.012™"

Sucrose 0.98+0.20° 0.76£0.06 0.68+0.06" 0.57+0.06° 6.815

Total sugar content 52.32+3.20° 270.99+5.07° 367.04+7.38" 365.22+8.87° 3,469.240™"

DPET, pre-enzyme treatment; LTC, liquefaction treatment conditions; 30, liquefaction for 30 min; 60, liquefaction for 60 min; 90, liquefaction for

90 min.
YAll values are mean+SD (n=3).

*Different superscript letters (“°) in the same row indicate significant differences (p<0.05) by Duncan’s multiple range test.

“The significance of each coefficient was detrmined using both the F-value (Fisher test value) and p-value('Significant at p<0.1;

“"Significant at p<0.01).
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29 gt HejA7to] wet 2 T Hslt 9lom, A
AZto] AMESE fEd ST S7HECHE Hi(Suh 5,
1997)0l] 711" Ao & AlEEY, 27177 Fgsict

3.1.5 m=Z9o| A5 X210 M2 [F2|OtO|it B HEL
12 229 BEES ol7] et 194 AHOE oamylase
0.1%(w/w)2 Z3+5ta] 95°C, 50 rpmo]l Al HZ]A17H30, 60, 90
)l w2 FEotu] At g M £ARRE A3} Table 5
o} 2. olg} Az] APET) 12 FEoje SRlobulidt g
o] 96.45 pg/mLF O, A3l AT S o 2K 24.78-20.88
uglnl. 502 o5} HZLTCAIO] ATe4S Hasts
730 7, cysteine, methionine Y isoleucineS AEE A U9
©om, tryptophand} aspartic acid $F2 W37} nv|SHAH.

agl A2 A ZwF FE+ arginine 11.16 pg/mL, serine
6.75 pug/mL, alanine 5.98 pg/mL, valine 4.62 pg/mL <O =2
=] o, A3t HAZHLTC_30, 60, 90)0] x4
£ AAZoR 7H45to] arginine(3.07, 0.19, 0.13 pg/mL),
serine(0.78, 0.80, 0.63 pg/mL), alanine(2.22, 1.37, 1.75 pg/mL),
valine(0.47, 0.28, 0.30 ug/mL)C.& 7] 744513 2.1, proline
(13.60 pg/mL), glutamin acid(9.15 pg/mL)= proline(1.95,
2.30, 2.19 pg/mL), glutamin acid(2.12, 1.90, 2.41 pg/mL)=
HA3IAH7 B S7Fhs A2 eI Choe?t Youn
(2005)9] FFo] THE U ov|icAl FFS AR A3, A4
gto]] G U)X+ glutamic acid $HF0] 18-32 mg/gl. 2 7}
& o] e ofn|Atolgh= Hil 9l Kim 5(1997) ©2

SRS o|F= FH opn|Alel SFEARS HA| ofu|leit

Table 5. Changes in free amino acid content of farro according to liquefaction conditions (pg/mL)

Sample” PET LTC (min) F-value®

30 60 90
Threonine 3.5040.027 0.73+0.03° 0.70+0.01° 0.66+0.01° 16,403.124™
Cysteine 0.42+0.00 ND? ND ND -
Tyrosine 2.1540.02° 0.68+0.02° ND¢ 0.24+0.01° 15,892.381°"
Arginine 11.16+0.05° 3.0740.05° 0.19+0.03° 0.13+0.01° 64,448.642""
Alanine 5.98+0.02° 2.22+0.02° 1.37+0.01¢ 1.75+0.02° 42,977.506™"
Proline 13.60+0.48" 1.95+0.14° 2.300.20° 2.19+0.10° 1,312.891°"
Lysine 2.09+0.02° 0.22+0.02° ND* ND* -
Histidine 1.76+0.02° 0.68+0.09b 0.69+0.01b 0.58+0.02° 446597
Isoleucine 2.94+0.02 ND ND ND -
Leucine 7.08+0.03" 0.17+0.02° ND* ND* -
Methionine 1.80+0.01 ND ND ND -
Phenylalanine 7.410.05° 0.43+0.02° ND° ND* -
Tryptophan 4.23+0.03° 3.56+0.10° 3.56+0.02° 3.51+0.06° 102.992""
Valine 4.62+0.02° 0.47+0.03° 0.28+0.01° 0.30+0.01° 42,162.462™"
Glutamic acid 9.15+0.06 2.12+0.06° 1.90+£0.01¢ 2.41£0.06° 14,161.383™
Aspartic acid 7.90+0.22° 6.18+0.15° 7.78+0.14° 7.43+0.08° 73.960™"
Serine 6.75+0.05° 0.78+0.02° 0.80£0.01° 0.63+0.01° 37,865.984""
Glycine 3.9340.03° 1.51£0.037° 1.31+0.01¢ 1.39+0.01° 11,518.027™"
Total AA 96.45+0.65 24.78+0.47° 20.88+0.32° 21.2240.15° 21,582.543™"

YPET, pre-enzyme treatment; LTC, liquefaction treatment conditions; 30, liquefaction for 30 min; 60, liquefaction for 60 min; 90, liquefaction for

90 min.
YAll values are mean+SD (n=3).

Different superscript letters (“°) in the same row indicate significant differences (p<0.05) by Duncan’s multiple range test.

YND, not detected.

JThe significance of each coefficient was detrmined using both the F-value (Fisher test value) and p-value("Significant at p<0.1; “Significant at p<0.05;

“"Significant at p<0.01).
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] OF 30%E AHASFUTHE Balek= thE S UErSich
oj¢} o], FE| FhiH ThlE2 aof 9] ofulicAtE A
gotH, oli= AF aAske uf ot A, gFoll Y WA,
FeHH o ® E2o] Hi= BHE AREEHM(Kang 5, 2016), U
o] SFT 7HSOlA FElotulicate] 4 AR FFS FaT
848 A4S 4 et 0|9k Zo] fejotu| At FHFo] Mdk=
2o Az} a4 HYE FozH A 27|ol= Tio] o
HA2E A7t ARJA|zto] AojALE F7kole ACE Ao
2 Z7HAHQ At gasiotal Az

3.1.6. Mt=o| W3} X240f| M2 +8Y Of2HH| XU X HE
A 812 s

2o SEEE £o|7] AT 194 AFCE g-amylase
0.1%(wiw)S &3Fste] 95°C, 50 rpmol| Al A2 A17H30, 60, 90
B0l B 584 ol At gt 9 HEAR 3 HSE X
ARG A3k Fig. 13F 2} A3 AJ7ho] whg 42849 ofehe|
gt gFF Hak= A3t H(PET)ol= 8.52 mg/go] AL 30, 60,
905-9] M3} A AZHLTC 30, 60, 905)o] we} 9.49 mg/g,
7.45 mg/g 9 7.72 mg/gP & A7 Z7|%= Zrl6kict &
Aols ATFE YEMIT. o]9 o], ofeh] . Ap Ay ete] Tk
2 37HEE SE BREo] FE ] A% LEA AEY =
3 AAAI7]= GEMichniewicz 5, 1991)3, SFHdt
Zjotdo] Agtote] 78 P& Adfotnz F7d =&
S ZAA7)E 93 Sl (Wang 5, 2003). A]0]A44- 0] 5}

il
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Ul ol AR B, W, S, Heloh 2 w3 AE
o] Alzo] FudEE= Feir EAcks dREA, Ad
B Q A(xylose, )9} ofzhH] i A(arabinose, )2 T
g=lof 9lof MEAH(pentosan) S 25 FHA 9lom, FAksl,
YA Z =T Sy WA 2 B3t 2+ 59 e
Alo] HilEo] TH(Vinkx 5, 1995).

A3} AJ7Hof| mHE HEAF FF WSk A3t A2 H(PET)
0.77 mg/gC & i 2 FFFolql oL, A3} 22 AIZH30, 60,
9050 Wt 7.57 mg/g, 19.29 mg/g L 18.69 mg/gO & &7}
o =2 SRS eI} o]Q} 72 A= Stuper-Szablewska
5(2016)9 FF°| wE T HEA FF ZAolA Hat
1158 mg/g H&= HFHo] AUth= HI19} Back 5(2020)9] &
Fo wE Heol 9o HEAR o AFolA e 20852
1.66-2.77 mg/g, @ 409 2 0.56-1.53mg/g A= HEAL T
F & Aol oz gt A2 H(PET) HEA FF
(0.77 mg/g) k= E& AFolAR, Agt A(LTOF =M
HEAE FHgo] 108 ol S7HIZE & S-S AT 4 U
t}. HEAK(ferulic acid, 4-hydroxy-3-methoxycinnamic acid)<
Wit wele) B, £, 5EES ZHE bano] 2 BE
wo] glom, 370l i HeIREY 90% FE=HA e
&4 E49 Y87t H7% shtk(Back 5, 2020). ol4ko] Azt
oA oz ehRE 84 ol AL H HEA FFe
Z7HA717] YA A3} A [a-amylase 0.1%(w/w)]1S
5to] 95°C, 50 rpmOflA 60E7F AsF G4 A2 g sh= Ao

—_

B)

25.00 |
5 a
g 2000 b
2
g 1500 -
c
[=]
(8]
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(0] c
L
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w
d
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Fig. 1. Changes in soluble arabinoxylan (A) and ferulic acid contents (B) of farro according to liquefaction conditions. PET, pre-enzyme
treatment; LTC, liquefaction treatment conditions; 30, liquefaction for 30 min; 60, liquefaction for 60 min; 90, liquefaction for 90 min.
All values are mean+SD (n=3). Different superscript letters (“*) on the bars indicate significant differences (p<0.05) by Duncan’s multiple
range test. The significance of each coefficient was detrmined using both the F-value (Fisher test value) and p-value ("Significant at

p<0.1; “Significant at p<0.05; “Significant at p<0.01).
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3.2 ofE =
3.2.1. m2°o| g3t XH0| ME pH, YT L ME Hs}
134 o-amylase 0.1%(W/W)‘E{=_'" S35 & 95°C, 50 rpmOf|A]
30, 60, 904 A e]sto] FAlo]Hf o 9 F-agES ot
LAdHT HEA 3 Hﬂﬂ—a ZARRE A3, 95°C, 50 rpm]
A 60| A&sirtal WA= Gl olo] 194 A7 A3t x4
(95°C, 50 rpm, 60+2)= HF%&E otof, 20HA| Gt 2142 A
317 Yol p-amylase 0.1%(w/w)E Z3}s1o] 55°C, 50 rpm
oA g3+ A2 A[7H(120, 240, 360:2)°] TE pH, B H M=
WSS RARSE Z3= Table 63} 2t} o2 JEo| disto] 2@
A2l G2t AIZHSTC)oll T pH A =S St 2% 11 ¥
St vlmlstg oy, RO ¥sks Algto] dojd4E F7tsl
L A3 e Qthp<0.05). pH H3H= 194 LTC 602
pH 5.930]9101, STC 12083} 240E0||= pH 593 ¢
5.942 H3P7} 19l oL}, 36050 pH 5.852 Tha o}xp
A& 2RI} o]ek T2 A= Jung(2023)9] EFo] w2
A3l pH7F 6.38-6.79% 1L FEFH A& A7t At w
2}t pH 6.09-6.11% Wopxith= A A9} FAFSHE &
H3ke LTC 60, 9.70 °Brix2.l}, STC 120, 240, 360% A
2]A] 16.80, 18.20 L 19.00 °Brix2 g3} A]7to] ZojA4=
FoHog F7tok= A YEHH ATHp<0.05). Jung(2023)
9] 20| w2 Al o] g H3kr} 7] 6.00-8.40 °Brix
oA Z3} A|7to] ATE4E 15.60-17.60 °Brix & 2.5H] %
Z7}stg o, 0]9} Zo] I3} A|7to] ATHE T3loio] ok
7 37bole AL IE FAEZo] amylase 2802 Efjx|of
A== ol wolge] & Aolet Hugt viel 2 Avtet
A7t} ool xR g9 g3} A= 55°C, 50 rppmo]

20/ Ctsf XA AX

Al 240%0] H-siota Az ME WA= 194 A3}
605 2] o2 UFEEL L7k 50.1, agt 2.1 9 bzt 22,992
U, B3t A(STC)= Azl TAIRlO] AL Aol& HERA]
0}01-1:]- /VJ-,] E]—Q-o]] _40]— Mo 9. 4 xz= 1:1-9]. 2L 1:!1 pH 5 =
of 9JafiA P wo] Hh=rty AA Qlth(Hwang 5, 2011).

3.2.2. m=9| st =

AA A3} =
3f B-amylase 0. 1%(W/W)-§— %?}'6}01 55°C
A EJAIZHSTC_120, 240, 360)°] =& —6—@.01@% @%k Ho}
£ AR 23 Table 73} 2. A3} A2] 60(LTC_60)
A2 Al 4.53 mg/100 g2 B9} AZAZHSTC)ol wht F-2]0]
49 TS STC 240 4.40 mg/100 g7HA= 9014 #3517} g
A0} STC 3604 ] A] 3.95 mg/100 go| A& Fo¥o 2 7
201 THp<0.05). °]& STC 2407442 84 Aol d 3
B84 Aol & Hak FA] wE|st oL, STC_ 3609
84 A]0]d5(2.55 mg/100 go|A] 2.25 mg/100 g) & E&
A Alo]dF TEH(1.98 mg/100 gof|A] 1.69 mg/100 g) o= 7+
45t AR 24089 B8 54 A2iE B o] s
AT p<0.05). ZFORe -84 Aoldauct B4 Aol
1 g=Fo] u¢ =0, HEF(whole grains)ofl:= arabionoxylans
9} cellulose™} 72 B84 2]o]AS H]go] o}, ¥y| d4
737} 9ick(Napolitano 5, 2006). £44 2] B2 40|
Q0] 27 JLZRE 483} o ZH £8A4 Alo|AS s
S/ 4= Qo] €% FHAHE OF 44 5 AHEE 1

HE 7IHE < AtH(Yoon -5, 2022).

3.2.3 M=ol Yt =AU mME

A7 gt 2749 a-amylase 0.1%(w/w)E EHTE - 95°C,

QY sty wat

Table 6. Changes in quality of farro according to saccharification treatment conditions

Sample” LTC STC (min) F-value”
120 240 360
pH 5.93+0.017% 5.93+0.03° 5.94+0.02° 5.85+0.01° 12.538"™
°Brix 9.7+0.47¢ 16.84+0.25° 18.240.40° 19.0+0.01° 481.419™
Hunter’ color value L 50.1+1.37° 46.7+1.57° 47.3+0.44° 46.2+0.81° 9.842"
a 2.140.31° 0.9+0.64° 1.740.91° 1.6+0.32% 4715
b 22.9+0.60° 21.9+0.21° 22.7+0.47% 21.9+0.31° 4276

YLTC, liquefaction treatment conditions for 60 min; STC, saccharification treatment condition; 120, saccharification for 120 min; 240, saccharification

for 240 min; 360, saccharification for 360 min.
YAll values are meantSD (n=3).

Different superscript letters (“%) in the same row indicate significant differences (p<0.05) by Duncan’s multiple range test.

“The significance of each coefficient was detrmined using both the F-value (Fisher test value) and p-value ("Significant at p<0.1;

p<0.05; "“Significant at p<0.01).
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Table 7. Changes in total dietary fiber content of farro according to saccharification conditions (g/100 g)

Sample” LTC STC (min) F-value”
120 240 360

Total dietary fiber content 4.53+0.167 4.5140.02° 4.40+0.03 3.95+0.03° 30.043™"

Soluble fiber content 2.55+0.13" 2.53+0.01° 2.47£0.01° 2.25+0.01° 12,591

Insoluble fiber content 1.98+0.04* 1.98+0.01° 1.92+0.01° 1.69+0.01° 96.271""

YLTC, liquefaction treatment conditions for 60 min; STC, saccharification treatment condition; 120, saccharification for 120 min; 240, saccharification

for 240 min; 360, saccharification for 360 min.
YAll values are meantSD (n=3).

IDifferent superscript letters (*°) in the same row indicate significant differences (p<0.05) by Duncan’s multiple range test.

“The significance of each coefficient was detrmined using both the F-value (Fisher test value) and p-value (“Significant at p<0.1;

p<0.05; "Significant at p<0.01).

50 rpm, 608 2] 24 vlgko 2 sjol, Tat 2AG Ao}
7] 93} B-amylase 0.1%(w/w)E &35t 55°C, 50 rpmOj|A]
ok A AIZH(120, 240, 360%)00 THE FEF HF WSS £
ARSH ATH= Table 87 Atk o2 JE2 1974 d3K95°C, 50
pm, 60%) T 2&A F3} AZHSTC_120, 240, 360:2)°] wh&
fructoseQ] S ZHAs9 oL, glucose maltose 2 sucrose
3o 9old 07 ZI510)(p<0.05) 292 kS Z7leHe
%S Uehgih, |2} 2+e AT o3t Xje] H(PET) T2
A7 9] f2d TFF2 fructose 8.75 mg/g, glucose 18.78 mg/g,
maltose 23.81 mg/g & sucrose 0.98 mg/go|L}, STC 120(0.93,
5.52, 458.49 4 5.18 mg/g), STC 240(0.31, 7.80, 477.37 &

“Significant at

2018)Z shi= 204 7191 A 0& Hojxlrk wepA], 35 A
£9] A5t} I35} AL ol FAJE a-amylase@} 90-95°C2]
204 ZX5o 2K 55HE A E(gelatinized starch)S 80°C

ol A a-amylase©] 23] OHQ]’(thIﬁCd)QL Aoz Ad#HA 9]
ThAschengreen 5, 1979). &% HELS Hg|z]o] wolg}
(maltose)© 2 AZE|R), o] Zolu} Agvhe E ThE TS
WiT}. Wopd2 7 FAF9] 2 (glucose)o] AT THE0]
0 A0R Bk el o 13 AEolT W B 44
HthSe 5, 2021). o429 AWE HIFOE, B2 AXSE 9
St B3t A= 55°C, 50 pmof|A] 2402 ol sk Zo] A4
Stohal Atz

5.56 mg/g), STC 360(0.71, 8.61, 511.04 L 5.44 mg/g)O2

=2 sFo g, dst X A|7to] Zoj-A4E, fructose THFS 3.2.4. mj29| I3t X710 ME 4 Of2H| XU X HE
o] ZAs19L08, suerose o] 1 Wol F/isleict. 3 A B wal
29| 2A3LE el I3} APA] AREE= B4Rl B-amylase= 1A A4 W5} ZA[a-amylase 0.1%(w/w), 95°C, 50 rpm,

AE = amylose?] o-1.4 23S H]EA4Q maltose T =
7t oI5k exo-type EAZA, BTG-S AJAlsh= IT(An,

(o

0E]S v o 2 stof, g3t 2A4& AAs7] 3] p-amylase
0.1%(w/w)E Z35}ta] 55°C, 50 rpmoflA] @3t AJZHSTC 120,

Table 8. Changes in free sugar content of farro according to saccharification conditions (mg/g)

Sample” LTC STC (min) F-value?
120 240 360

Fructose 1.82+0.187" 0.93+0.12° 0.3120.06° 0.71£0.07° 80.609™"

Glucose 4.14£0.29 5.52+0.42° 7.80+0.21° 8.61+0.22° 140.497""

Maltose 360.40+7.14 458.49+5.25° 477.37+6.51° 511.04£7.75° 357.650™"

Sucrose 0.68+0.06" 5.18+0.38" 5.56:0.1° 5.44+0.18" 338263

Total free sugar 367.04+7.38° 470.12+4.86° 491.04+6.58" 525.80+7.76° 407.877""

bLTC, liquefaction treatment conditions for 60 min; STC, saccharification treatment condition; 120, saccharification for 120 min; 240, saccharification
for 240 min; 360, saccharification for 360 min.

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

*Different superscript letters (“°) in the same row indicate significant differences (p<0.05) by Duncan’s multiple range test.

“The significance of each coefficient was detrmined using both the F-value (Fisher test value) and p-value (*Significant at p<0.1;
“"Significant at p<0.01).

“Significant at p<0.05;
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Fig. 2. Changes in soluble arabinoxylan (A) and ferulic acid contents (B) of farro according to saccharification conditions. LTC,
liquefaction treatment conditions for 60 min; STC, saccharification treatment condition; 120, saccharification for 120 min; 240,
saccharification for 240 min; 360, saccharification for 360 min, All values are mean+SD (n=3). Different superscript letters (*“) on
the bars indicate significant differences (p<0.05) by Duncan’s multiple range test. The significance of each coefficient was detrmined
using both the F-value (Fisher test value) and p-value (‘Significant at p<0.1; “Significant at p<0.05; “Significant at p<0.01).
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