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Abstract

To enhance the flavor of solid-state fermented spirits, the effects of powdered milk on the composition of the distillation
fractions obtained by two different distillation methods were evaluated. In the solid-state fermented product, the
addition of whole milk powder did not affect alcohol production. However, the addition of milk increased the amino
acid content and reducing sugar content, and decreased the formic, acetic, and succinic acid contents. Distillation
using a microwave was four times faster than distillation using steam; however, the resulting number of fractions
was high, with a wide range of alcohol flow rates. After the addition of whole milk powder, the contents of ethyl
acetate and ethyl caproate were 2 times and 16—27 times higher, respectively, in the fraction, and the contents of
butyric, valeric, and hexanoic acids among the volatile organic acids increased. In addition, the content of furfural,
an odor component, increased 3.45 times from 1,393.73 mg/L to 4,801.93 mg/L. The microwave distillation method
resulted in a 1.46-fold higher ethyl caproate content in the distillate compared with that obtained by steam distillation.
However, as the temperature of the solid-state fermented mash was raised to over 300TC, the content of furfural
increased by 3.29 times. These results support the use of milk powder in distilled spirits and may guide the development
of optimized methods.

Keywords : solid-state fermentation, microwave distillation, steam distillation, spirits, whole milk powder
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B &SI YA 450 L, Y] S-S FF 40%E
e AXREE o] 202065 vl 73 E 2

7t 4RIEI9ke AR Erk ) 4 AR 2009
7|%& 2,562E(MIFFAF, 2012)0. 2 1&HFE Q5= o]
= AAFE] 2,780 ks ol

TG FURE S5 o8 F< Hl&o] 50-60%
2 FETRo] A2 14 FHE Yasks s §Y0=E o
o}, ol2gt AlRHL &0l A FE Fofsto] AHAES
7132 A=3H} FYolAE 19704 37]2] 1 A %3]
ALl A Akt oL, 1990t % HPsto] Al2g7gol
tiet HlRo] R A Aejolt 8] 49] o8 &
tisl7| feiA= AR SRFE AXske 71sc] Bagt
A7golch

olof & Ao F5E ol &5t I E TR AR
E/30l disto] B7lelgitt. a1 S4AR1 A ethyl
caproate(Lin 5, 2006)2} T210Z3F ethyl butyrate (Lin 5,
2006)5 7)1 Ikl &2 A Ut} Ethyl caproate= F2
THFE AR o ABER= 50l A= Clostridium klyuveri
7h EF2Z YAtehAA AB/dEHH(Yand} Dong, 2018), ethyl
butyrate2- ethanold} butyric acid G4 ¥FS-S A THE0A
TH(Yoon 5, 2017). Z12u ¥ HAES S-2uztolA] 5
&S] ot ARGl ZAIE ] Qi o] tiFo g E A4Y
o= AAERE H7I5HH €H0f ethyl caproate?] T
T7HRIA 5= Atk A sty A-8s5ielth B3t S5
Holl QlojA TALE 52 Fgo] YgotA] Fof A
of A8E do] &39 =5 JSA7le RV
ARSI Zotal &3 sl A" Stk WA AR
Skl Qi) o] wiEol 350 A, E&d, AR B #
A|9F ] %) 5O FAZE IAE. olof thgk tijte®
AAE o] 8t TR/E A=A, 71E AEHATe At
o]& H|isl3irh

ERIET

Mz Y ABIdF

£ AYo] ALt IAEE £5E YRs =
HoflA Al HFTrE AMESIIOH, FR2 4TS
(Kumjung-gu, Busan, Korea)S AME5}3ith aW= A4
oA E&ldto] B Z91 Saccharomyces cerevisiae N9(Anh
5, 2014; Choi 5, 2004)2 YPDHX|(BD Difco, New Jersey,
USA)| H&3taL, 30TolA 48417 Auliefet 3 ARSI

T
>
rlr
ol

Ay A=
45 EY(Kyungchang, Seoul, Korea)yS ARE5lo] 1.5

mm OJot2 AZA 45ttt EHE Sl 40%2] 5
A7Fskal 3087t AR & 429] 40%(wiw) s GAE &
et T 4027t ARl SAF & 35T olst= ¥7s
1, 58 FA THEE FA diste] 10%9] 5, 1%
BH, 50%2] =2 H7lsto] Azstch AAER 7=
2o} BUst B o2 AxokE ko] tiste] 1.0%
O] ARERE F7I= H7Iohal, &2 Yol AA| =gl
2% ETF AXstAUct

olsisty B4 A
SES1EEO. A QM= E=2 7| (JP/FD-720, Kett engineering,
Tokyo, Japan)E ©]-&sto] 455t £39] olslehd &
2 A& 10 go SF7== 1000 mLE -85t 10827 Wt
519t o] ¥AIE2]7|(CR22N, Hitachi, Tokyo, Japan)=
8,000 rpmOJlA] 2087 ¥4l B3t A T4 FF7E
AFA(NTS Liquor Licence Aid Center, 2010)& $235}9]
SASGIT LRS P BT ZAADMA 101, Anton
Paar Co., Graz, Austria)Z =45}t pH= A& 100 mL
£ #5}9] pH meter(Orion Star A214, Thermo scientific
Co., Waltham, MA, USA)E- o]-&5}o] 33] HIESIT) A
= A& 10 mLE 5} 0.1% phenolphthalein(Sigma
Chemical Co.) AJA]9F 2372 Hoj ] thS 0.1 N NaOH
(Samchun, Seoul, Korea)Z &3} A5} 00, AH|E 8H
9] F& AR HASISITE op|iAlEE= AR 10 mLo
0.1% phenolphthalein A|2F- 2-31& Y1 0.1 N NaOH &
Hog Algrt @EMol d ] TR & 54
formalin 88 5 mLE A7}5199c} o17]9] 0.1 N NaOH 24
0= A7} @3Mo] F 7] et & 11 $AIE ol
sz s
DTS 51 10 goll F5E o] 1,000 mL2 H 83}
1027 et T, AEE](8,000 rpm, 20:2)%F 435
AlEE ARESIITE SR T2 Al= 10 mLE Somogyi
H(Hatanaka®} Kobara, 1980)0f $5}0] A7t & glucose
sroz mA|SHIC

(B fo [

e

714 24

Al&E+= 045 um syringe filter(Nylon, Sartorius AG, Goettinge,
Germany)Z o1}5}0] HPLC(LC-20A, Shimadzu Co., Kyoto,
Japan)E 0|85} 9™, post column B ARg-slo] HA4
Stk 48 column TSKgel ODS-100V(5 pum, 4.6 mm
IDx25.0 c¢m, Tosoh, Tokyo, Japan)E ARSI} o] 5AR
8 mM perchloric acid(Sigma Chemical Co.)& ©|-83}31 0™,
&2 1.0 mL/min, ZFHQE0] 25= 40CE 5I9ith 22
£ H3-89 0.2 mM bromothymol blue(Sigma Chemical
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Co.), 15 mM Na,HPO4(Sigma Chemical Co.), 7 mM NaOH
2 W33 & UV 440 nmojA AE35H3iH ol Hk3-§99]
#452 1.0 mL/min, ¥k 25CE S

=2
oTT

ZRPUL AEA 2GS o] 83 W vlo] L]
B.Z o} 83 271 WHL ABHATE. AFPAL IALE

S59 5 om SHo) AHE A FF510] 59 2 &7
Z5519c) o] A" AEEEAYY|(Super boiler, Pyeonghwa
Machinery Co., Daegu, Korea)g ARE5}] A|Z51R 1, A
o £ 1000E 3%tk vlo|ARgolLE olgs e
-85 vlo]a 2 9o]H AX7]|(Microwave 10 Kw, M2 Co.,
Gimhae, Korea)E 4§ HEPslo] ARESISIH &, SFHO
o] GE U % S o] A7 | eme] FHE
ol #& AZsHHE A== 5 L bottle(2]7 186 mm,
Schott Duran®, Mainz, German)o]] A& €5 Y1 =
7% A% 1 em ARRRe dslol ST ok o
QBN ZRAACZE volAzgolH FL 8 K
2 ST W 2710 thRREE G0CE Aslstt 29
7} vlo| 2 eIH W4 BT TAE £3 1,000 2 0}83

Zasigon], Yane] SEL 4UR ST 50 mLA £
3)Z o} AR ARSI ojnf) &3] YRRk
glo]g 27(UX120 4-channel analog logger, Onset HOBO
Co., MA, USAYE ARESto] RUEHSHTE

M A
©

o

WA 371452 Gas chromatography(GC2010, Shimadzu
Co., Kyoto, Japan)E AR&sto] EA451% ). 48 column
< Fused silica capillary 30 mx0.32 mm id, 0.25 pm
thickness(Supelco, Bellefonte Co., PA, USA)S ARSI
Column oven?] 2%+ 50C(58), 5T/E 52, 100C(58),
10C/& 52, 2200102 Z2 It 2XEAE
&) 52 24.2 em/Z(linear velocity), split ratios= 50:1%2
ARSI $9719] %= 250T, FID AE712 AF_35H9]
o, 2= 280CE SISIth AlE+= o2Hnylon, 0.22 um)

A
A

M

ol
Hr
Hr

o NS

3o] AMESI9Ct

SHAZ|

EA= SPSS & I#W(Version 12.0, SPSS, Chicago, IL,
USA)E o]-8oto] EAHEA(ANOVA) & 3937} Q= &
o] tfj5}od= Duncan’s multilple range testZ p<0.05 4%
oM Aol GotE s

o
21 Y 2%

4o gt EM

a7t SaE AR €59 YRPIE-S Table 10] UEt
It SESlERS TR 42.18%, HAES H7HE 40.99%
E At Alojof]  AJolE HoA] it} Y3 A
7}7} 5.62%, 5.63%2 9217 2jo]7} glgitt. BhH, ofn|At
L= 72 0329} 0.772 ARERQ] H7tof| ule} 2.48) St
AT, ST T 2.12%004 6.09%2 F7HE] 91t o]
23 o= ol TR T FPPE lactose?} T
o} Aol AFSE FHE lactoseS A3} 4= gln}
(Choi 5, 2004) &3 AJAHgo] FF glo] &3] Fgoz

2 Z0= siAETt. ThH, 9-fof E3kE Tide R0
A S B ad(In 5, 1995)00 ofsh Ref=EHA &3
o] oH|LAEE £91 Z 0 F ofad = gltk &Tlof Z3kH
oh]iAkS S5 Al Goll QsfiA] FLE|R]= ko, A X
2ol Ft Adkste] TR furfural?] S F31
(Lee 5, 2014)A1717] wiie] 7t 845k

AaaE SHNA &9 100 ¢ T JEE HRA 559
59 ¥ T2 544 golH, 519 FFE FFol 2 5.6%
onZ T |EY £AF S AT 102.9 L& AALEC)
At o g PR O] AL I 18T ¢LE BT
400 L o]Ato]H & (Bea, 2001) TAMF A= HARERO] B]5}
of aagol 4u) 7 FE 2 0E UEkith

IARE 59 {71t 2 Table 29F A {714

Table 1. Effect of the addition of whole milk powder on the physicochemical properties of solid-state fermented mash

Mash Moisture Alcohol

Reducing sugar

(%) (%) Amino acidity pH Acidity %)
Not added 42.18+0.09 5.62+0.03 0.32+0.00 4.22+0.00 0.40+0.02 2.12+0.00
Added 40.99+0.16 5.63+0.03 0.77+0.00 4.67+0.00 0.49+0.02 6.09+0.01
t-value 8.98™ -1.58" -405.17™ 96.87" 636" 955.65™"

Values are mean+SD (n=3). “*not significant, ~p<0.01, “"p<0.001.
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Table 2. Effect of the addition of whole milk power on the contents of organic acids in solid-state fermented mash

Organic acid concentration (mg/100 mL)

Mash
Formic acid Lactic acid Acetic acid Citric acid Succinic acid
Not added 36.61+0.93° 156.55+1.134 66.74+1.03¢ ND 97.7240.86°
Added 26.18+0.76° 190.00+1.04% 40.30+0.35¢ 61.63+2.05° 62.68+0.68%
t-value 15.01™ -37.74™ 42.29™ -52.15™ 55.28"™
Values are meantSD (n=3). ~p<0.001.
SOl & SRS g)ZF 357.62 mg/100 mL, A7 380.79 70 dded
mg/100 mLE & 2}o]& Ho|X] oofth of= &1 77t 60 | ’ Notadded
FA7H] HIote] lactic®t citric acid9] T2 ST A ol L
H|3JA] formic, acetic, succinic acid®] TS 71ASH Ao o} I
£ Zolt}. o] Z714 lactic acid?} citric acids 9-8-0]l gor x.
~ NN Mi i
olS §7|Ato] Z+zF 97.90, 132.99 mg/100 mL F= TG 3 o g e
(Dursun . 2017501 5o} £ 7ol wet oIS ol E v 3
S/ 202 Zolgh. At 3714 §714F @Al 949 . ‘-,
- - = | - R
FeElo] ghort, Bamd B A=A 1 Qo] gl i "
= Aog P4t &, g5 AFAARe] H7teE 2o O sd-See .. i > v

oAE|ES} a4 WAHS FTHIA oAHE SRS =
S7HAZITKShi 5, 2021). 9-7-9] A4k o5 840 &
A& =9 ethyl acetateS 33 HHE o AHZ SIHES] &
71 7R (Table 3), ]2 QI3} acetic acid9] SRS A
(Table 2)3}9S A o2 WL} S$55:0]4 ethyl formate
@} ethyl succinate®] £A|(Lee 5, 1994)= 1 9] F7]4l0]
A4agt ol FEA sht gRlo] a5kt BRI F R
714ke] T2 £1519] pHOF ¥Eo] i, TavolA B4
= A ol9o FFY T g3 olAH|IE Agdeto] A8
49 4 al(Lee 5, 2007), 72 F7IE Fofgith

SO O AP 43S 55T Fig 19 Y&
AlZEE mfo]F 290l HFAI2- [08o]H, AH

A2 45-75 —Er_.i }O]ELETJlOlH H2]o] 4uf o)A wi=
71] SHES o 2 A 1A 8o =A Yeht
1 olF ﬁobﬂ 7‘*0}%1@ nfo| A= o] H HHALE 6719
E8of| A4 gF-Zo] §EE 0] FTFFZ 300 mLo|qlr, ¥
o} ZRHO] YT L =Tl 13.27-16.27%= VEITh bt
H, AR 4700 BE 200 mL7} ®olxon, 47

0 17.71-27.17%9] uto]|a 2 o8 HHA Rt =5 &
E°“°l ozt Aol AREE 1,000 g9 sHolli= 2F 56 mL
o] &gt YIS TS 7ML Q= AL E At S

‘I =
> 39 o
o
olN
:lm

t‘d‘% &£5%t YTE B nlo]A2 o] HFAlo] 39.82-
48.57 mL, AEIHFAlL: 35.42-55.34 mLo| B2 T 71X &8

0 10 20 30 40 50 60 70 80
Distillation time (min)

Fig. 1. Changes in the alcohol concentration as a function of the
distillation time of various distillation methods.
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o] F4wlo] o] AUW| o] H3E FHAL &
2 % E Ao weEr:

7l B 9g §25F0) WolE Az np
olaEgolEL} AP T wE F WA Hlola] FHAT
o Wsiol 12 2 I8 YL R0 I A
ol QoA Ho]Zzglols 128, A8 16H) & AoE
ZAEIIh Thl, §2550] glo] Hlojazgeld WAL
2 o] Kol grort, AT A9 EH7I) ot
o 925w/ Lol 5 Tl 2580 §297] A
2pste] 4sto] FEF0] GEAARH SR 2080] &
23 v, B8/ 1380] §557] AAsto] 7580
$%0] Faslo] e28o0] 2aw9
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OlAEIZ Slgt=Ee] RES
779 EAE Fojol= oAHEARES] 28E
GRS Table 30] YERNQIT] Ethyl lactateS A|Q]5}al SHH
Holl T glo] A ¥A E£8oA =2 Hl&E &5 0]
BT FA3| 7AsH= 73RS B9tk Ethyl lactate™ 7145
£ Sft;, FAaHlEo] Rol BE B4 Hlud 22 5L R
ZA)5}1 Tt thl, ethyl lactate= - oF3IRRS 71421
ol Fhol= & IdF= IAAE Y=thLee 5, 2015). 0]
2 A7k Tolere] 2wt 3w BElA ZaL of
S H2743] FAasdk= Z1lE o]ojFtH(data not shwon).
AEAR1 AEFFR Qlo] ER3710] e oAEE 4
FO| SRS A EH, ethyl acetate®?} ethyl caproate?] AJHH
SPF FEBAIA Ut 25 5347119 ethyl acetate 3F
o B2 1,061.70 mgLolloy, H7re] g
2,107.07 mg/LE °F 28] 7}&F Z71519ich. Ethyl caproate®)
ShaFo] HAgES 247 12.277) 197.72 mg/LE 168U SFA)
At Ethyl acetate= ZFAFS 7HAAL Qlis R0 =2A 4
AFol= 25 my/L, S IFFol= 1,280 mg/L FE T
wo] e AR dPA Uthlee 5, 2015). EFE A7t
] Bt 2,104.07 mgLE S04 AAtE]= g
Bt} 1.64] =2 cthyl acetate TS FEotHTE I1=FFY
EAAQl 7UFRS Foldl= ethyl caproate?] H2|= ethyl
acetate®] 1/10091 0.2 mg/LZ ¢ 2 FOFT ZFZF0
& 9F= v|ZIthLee 5, 2015). & AF0l= 1.3 mg/IL(Yi
5, 2010), 11=F50] FFol wet nFEE 1,674.90 mg/L
(Zhang -5, 2018)7}A] THJsILY, HEQERO]FOA = 170 mg/L
AL T9Eo] Q= Aoz RAFE o] QtkLee 5, 2015).
oA AFT F7HA] R o]efo] g Qlof F8%t
‘g0l TRRIoNE 3 7HAAL Ui= ethyl butylateo]TH(Gao
S, 2021). Ethyl butylated] &Y & Tk FH7MH-
1,452.6mg/L, H7} 1,630.12 mg/LE |JARSle] 2871 3§t
Foll FA YF= HAA Eolk=s Aox AT Ethyl
palmitate= S752] A Fofol= JEOE & Ao
0.4 mgL A% FEo] = 2= LA SlthLee 5.
2015). B8 #7}o] wet ethyl palmitate $FFO] HHgh
19.59 mg/LoflA] 40.12 mg/LE 24 S7F=|Ql=tl, 2 7
5 759 oy WiERS RI517|(Yi 5, 2010) Wizol &
27t gk
no]A=go|B Ao TE HIE AWEH, AHSF
HFAJol| HIS ethyl caproateE A2]3t TS o AE|2/4E 9]
0] AAEIT &, 73700 Qlo] ethyl acetate(F
=74 76.8C)= 1484}, ethyl butyrate(121.6C)= 1.504},
ethyl lactate(154.1C )= 1.91Hl, ethyl palmitate(191.1C)&
227HE B Aol o R8T AAEI 1Ry

o3t

ethyl caproate(167.7C)= 1.468] 37}=|ic}. o]of thgt 3
4 He} st Fo] Washy, ZnAos vjojazs]
O|uE ol g3 PHL AT A< o] FL FolT, HUF
o] et B 20w e

SrlMgel 925

7} B3)d 97)Ak 45| 92=3EO Table 49} 2t} ]
B80] 97 4G0] BEEE 2 Z700] Pl FARE BEE
AsHoE SEAUL. BALS B/l U $/RY
L= 2 RS AHEY acetic®} isovaleric acid= ZFZ}

1.38-4.301}, 1.33-1.654} 4435} HHH, butyric, valeric, hexanoic
wide 27151900 2oEe] SR 59 fM &
F T=o| Sl A= 11 FolRol tisiAl= flolA A
Sttt

A& 8714+ £ hexanoic acidE A|<Jslal= A=4Q1
Aot HE E= g WA 59 5 (Kim 5, 201005 7HA|
T slol TRkl Sohekes Bho) e ST ¥ %
Stk we BRSO &e PoR f2EE oS
222 AAANGCEN FAFS 71U & oY, S+
o] I glo] thRES] E8oA fARE B2 L]
o] M= Fo] Zasitt

Sl The foMel §EERE e, Bt
T =7 = A= FARIeH, 17 A7) 3l
slolaRgolr ZRM0] A FRYNT £E FFoE 4
Z25)9th. AF 871K acetic acid®}t butyric acid:= 24zt
4799, 1.58¥0e] & U182 RO, o|HT} BHadv} 1
2 ge 25 iR

Furfurale] &8t

2220 e AFEQ furfural®] FE53E Table 59 L
BRIt A"} nlo|aZ9o]H S5 K HE9] F7io
et FE9 S/ EF TRV furfural §E5
22 1,393.73 mg/Lo|Q.o}, B9 H7l= 4,801.93 mg/LE
3.458) S7HEIQITE ol E5 A7t e obn| ARkt
AT Z S7KTable 1)°] T A 02 sfAErt. durael
MALG FHA] A5 furfuralo] 0.55 mg/L ©]5KLee &5
2015)% EA o=t HlsiA 1TALE SFEY SFEN=
464.59 mg/Lo] =2 F=Fo g EAjela U oH, ER37t

o wet 1,600.70 mg/LE Z7F=]9)c}.
SHIH SHolA mlo|AE2 o8-S o] 83t -, furfural
QZZek0 4586.31 mg/LE AEEPHECH 3208) Z7}
oF. ARRAA} nlo]A 2 o] HRbAl o] SR F iR
£51o] 2xHakFig 2)2 HH, AEHAL 100CE YA
Kol=t, vlo]Z2 o] B2 300T o foR 257t &

1o

o]
AR
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Table 3. The content of ester compounds in the distilled fractions prepared by two different distillation methods

963

Concentration (mg/L)

Compounds Fraction No. Steam Microwave
Not added Added? Not added Added
1 3,126.96:+14.70* 6,047.59+6.94" 3,047.04+8.25"¢ 3,689.02+17.24%°
2 58.13+0.255 264.62+2.08" 384.53+2.06 453.8445.47%
3 ND ND 66.54+0.44° 114.214+1.46%
Ethyl acetate
4 - - 17.27+0.58° 37.59+0.51"*
5 - - 6.53+0.05™ 4.69+0.30™
Total 3,185.09+14.88¢ 6,312.2149.00 3,521.91%11.10° 4,299.35+22.79"
1 1,128.85+9.11"° 1,352.39+1.79%2 834.85+4.14"¢ 844.84+8 56"
2 279.70+1.125 247.28+3.67% 282.70+4.68" 127.89+1.69%¢
3 43.61+2.06% 30.45+0.93% 97.55+0.66°" 55.75+3.11°°
Ethyl butyrate
4 - - 58.39+0.73"2 32.86+1.44™
5 - - 29.41+0.45% 24.57+0.83%
Total 1,452.16+12.07° 1,630.12+6.18* 1,303.2210.39¢ 1,086.36=15.18¢
1 36.81+0.68"° 428.12+0.334° 31.67+0.44% 760.700.90"*
2 ND 137.13%1.74% ND 55.89+0,94"
3 ND 27.9240.35% ND 27.75+0.64%
Ethyl caproate
4 - - ND 23.57+0.51"®
5 , - ND ND
Total 36.81+0.68° 593.17+2.38° 31.67+0.44¢ 867.91+2.79°
1 1,148.86+7.46™° 1,356.59+2.35% 579.46+13.33° 415.05+8.98*4
2 1,075.75+13.47% 919.82+4.39%° 502.4142.39% 401.17+7.95%
3 562.13+14.01% 266.76+3.68 301.61+3.96%° 287.43+4.06°°
Ethyl lactate
4 - - 233.06+9.30 145.7742.73P°
5 - - 112.71£2.22% 83.43+1.70%
Total 2,786.73+£34.61° 2,543.17+9.89" 1,726.77+30.64° 1,332.85+24.88¢
1 58.77+0.414° 120.36+0.54 51.07+0.22 52.80+0.33%°
2 ND ND ND ND
3 ND ND ND ND
Ethyl palmitate
4 - - ND ND
5 - - ND ND
Total 58.77+0.41° 120.36+0.54° 51.07+0.22¢ 52.80:+0.33°

YWhole milk power was added during solid-state fermentation.
All values are mean+SD (n=3). ND, not detected.
Different uppercase and lowercase superscripted letters show statistically significant differences (p<0.05) for each compound in the rows and the

columns, respectively.
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Table 4. Changes in the content of the organic acid compounds in the distilled fractions obtained by using two different distillation methods

Concentration (mg/L)

Compounds Fraction No. Steam Microwave
Not added Added” Not added Added
1 256.19+5.86%° 63.37+2.56% 415.30+4.50™ 211.49+7.83%
2 673.46+3.87% 207.57+5.76% 586.3622.94% 296.77+0.76™
3 775.25+2.0249 126.05+0.80*¢ 537.17+8.22 405.58+0.95%
Acetic acid
4 - - 662.26+1.79 476.56+0.60°
5 - - 437.54+1.43™ 511.7142.41%
Total 1,704.90+£11.03° 396.93+8.62¢ 2,638.62+18.74° 1,902.11+11.92°
1 ND ND ND ND
2 94.80::0.27% ND 27.87+0.94"2 ND
3 120.06+6.05 ND 4.36+0.47% ND
Propionic acid
4 - - 4.02+0.07%° ND
5 - - ND ND
Total 214.87+6.29° - 36.24+1.44° -
1 54.44+1 314 287.32:+0.19 ND 259.03+6.725°
2 57.17+0.06*° 298.07+9.12 ND 283.48+12.89"%
3 52.55+1.06% 227.63+4.55% ND 285.09+3.25%
Butyric acid
4 - - ND 256.09+3.58"
5 - - ND 199.25+4.74%
Total 164.1642.42° 813.02+12.96" - 1,279.94+30.33°
1 78.89+0.75% 53.28+0.25% 63.19+0.65% 53.8340.524
2 84.42+0.06% 68.80+0.66™° 59.78+0.26™ 54.36+0.47™
3 123.50:£0.78% 52.37+0.48% 55.8242.26% 51.60+0.61%
Isovaleric acid
4 - - 51.32+1.05™ 48.99+0.59
5 - - 46.91+0.525 ND
Total 286.81+1.81° 174.45+1.38¢ 277.0144.57° 208.78+2.10°
1 ND 50.84+0.58 ND ND
2 ND 52.90:+0.34 ND ND
3 ND ND ND ND
Valeric acid
4 _ - ND ND
5 - - ND ND
Total - 103.74+0.92° - -
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(continued)

Concentration (mg/L)

Compounds Fraction No. Steam Microwave
Not added Added" Not added Added

1 ND 175.06+£3.25™ ND 128.39+1.81%°

2 69.64+0.14" 163.61+2.42% ND 114.82+4.08%

3 69.0120.30"* 114.64+4.60° ND 112.80+3.04%

Hexanoic acid ]
4 - - ND 104.99+3.09

5 - - ND 91.43+3.15™

Total 138.65+0.44° 453.31+9.80° - 550.43+14.90°

YWhole milk power was added during solid-state fermentation.
All values are mean+SD (n=3).

Different uppercase and lowercase superscripted letters show statistically significant differences (p<0.05) for each compound in the rows and the
columns, respectively.

Table 5. Changes in the content of furfural in the distilled fractions obtained by using two different distillation methods

Fraction No.

Concentration (mg/L)

Steam

Microwave

Not added

Added"

Not added

Added

1

2
3
4
5

151.37+1.44%
570.76+1.34%
671.60+3.45™
ND
ND

703.68+2.80°
1,982.98+6.015
2,115.43+8.16"

ND
ND

618.77+0.70>

751.55+3.89
1,094.90:12.234¢
1,016.25+5.64%
1,104.84:£5.45%

1,224.82+3.60™
1,524.25+6.02™
1,558.86+2.49
1,844.15+9.00%
2,202.96+3.374

Total

1,393.73+6.22¢

4,801.90+16.66

4,586.31427.17°

8,355.04+23 47"

YWhole milk power was added during solid-state fermentation.
All values are mean+SD (n=3).
Different uppercase and lowercase superscripted letters show statistically significant differences (p<0.05) for each compound in the rows and the
columns, respectively.
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Fig. 2. Changes in the internal temperature of the mash as a function of the distillation time of various distillation methods.
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