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Quality Characteristics of Sterilized Makgeollies brewed with Different Materials
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ABSTRACT

This study was investigated to determine the physicochemical changes in makgeolli in response to heat treatment and their
effects on the taste and flavor of makgeolli. The main materials used in makgeolli production were rice and wheat flour. The
components that affected the taste of makgeolli (organic acids, free sugars and free nitrogen compounds) were compared. There
were no differences in organic acids among makgeollies by heat treatment, although there was significant difference in free
sugar content. Alanine, arginine, glutamic acid, leucine, lysine, phenylalanine, proline, tyrosine, valine, and methionine were
the main free nitrogen compounds in all makgeollies, and there were no changes in content in response to heat treatment.
However, the minor free nitrogen compounds such as ammonia, urea, phenylalanine were confirmed to cause off-flavor get
the effect of heat treatment. Therefore, the heat treatment did not affect the taste of makgeolli; however, flavor components
of makgeolli were changed by heat treatment. It was confirmed that there is a difference due to the complex change of various

compounds rather than the any compound in heat treatment.
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1. A=

e AzE Y5+ 201594 207 (Dongsong Nong-
hyup, Cheolwon, Korea)E, 271F= Al5ollA HAvlsh= 8
£ U7}F(CT Cheiljedang Co. Ltd., Yangsan, Korea)S A&
stk ZaAlE 971 1,800 SPL] 7l & F5(Korea enzyme
Co. Ltd., Hwaseong, Korea)= A3l T} S5 & M| n}
o] 2 7(Seongnam, Korea)oll A ol gt hihe] ZH(S.1. Lesaffre
Co., Marog-en-Baroeul, France)S AF8-3}%3 ).
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Yeast incubation
Ipkuk 400 g, yeast 0.6 g, water 0.6 L
- Fermentation -
25T at 4 days
[
1. Step addition mashing
Ipkuk 800 g, water 1.2 L
- Fermentation -
25C at 3 days
[

2. Step addition mashing

Steamed rice or
wheat powder 6,000 g

Improved Nuruk 40 g, water 9 L
- Fermentation -

25T at 7 days ]

[
Filtration
60 mesh

[

Aging
4T at 1 day

| Non-treatment Heating treatment ‘

| Analysis ‘

Fig. 1. Schematic diagram of makgeolli making using the
rice and wheat powder.
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Z3tete] e 23 QERA 13 Qe 37 Esie] 79
Z W E A1 Z1tKSeo MY 5 2005, Kim HR 5 2008).
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Park YD(2016) A--ollA] 718 A7t} 2% gl
Ao AEE AskE Adetsi=tl, 55TA 25 min, 60T
4 15 min, 65C14 10 min, 70CllA] 3 min, 75TCoA] 1
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1) pH % Z4

pH+= pH meter(Orion 3 star, Thermo Scientific Co., Singa-
pore)E ©]&3te] Atk T4 AR 10 mLE 30 mL
H]o]7 ol #3le] 0.1 N NaOH €2 2 pH 8.2% 32
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AHztEelaFol Wil 0.01 N NaOHZE pH 827} 2 wj7bA]
AR slo] 2H]E 0.01 N NaOHS Z4Hacetic acid) 0. & ZH4k

sl mAlelAT

5) Mz
S=& A2} (Hunterlab Ultra Scan Pro, Reston, VA, USA)
o]-&3lo] T X(lighteness, L), 24 Z(redness, a), A=

(yellowness, b), ¥ AE & 343t JEpiTh

AN
i

714H& HPLC(LC-20A, Shimadzu Co., Kyoto, Japan)&
|83t post column W2 FASATE F71AF A48 7
H(column)-2 Shodex Rspack KC-G(6.0 mm x 50.0 mm) 7}
= Z ) RSpak KC-811(8.0 mm x 300 mm, Showa Denko
Co., Tokyo, Japan) 27 & &3l A8-39 ) Pump A<
ol 3 mM A2 HKperchloric acid)< ©]-8-3F% o™,
F<(flow rate) 0.8 mL/min, &3 2 E(column oven)2] &
T 63CR 39tk ZdS B3 U2 E£8E-2 pump B9
©]%574(0.2 mM Bromothymol blue, 15 mM Na,HPO,, 2 mM
NaOH)#} ¥F8-30°C)g+ ¥ UV 440 nmol|A] AZsITh olw)
pump B2| flow ratei= 1.0 mL/minZ 33t} Al &= o 2H0.2
um, Millipore Co., Cork, Ireland)$ A}-8-5}A T}

2 498 ¢J8)4] HPLC(Waters €2695, Massachusetts,
USA)E ©]| 8319121, post column *'H-S AF&3le] EA151%
o fElE 498 columne supelco sil LC-NHy(25 cm X 4.6
mm, Pennsylvania, USA)E A}8-31%1.2H RIDE AZ31%

o] 5/ 80% acetonitrile(Mallinckrodt Baker Inc., Phillips-
burg, USA)S ©]83}151 2™, flow ratex= 1 mL/min, column
oven?] 2%+ 25, injection volume 10 LZ 3t} A&

A5 AV

A - H A oA ob BAEE

] 2H0.2 ym, Millipore Co., Cork, Ireland)F A}8-3}53 T}

f2] AAsEe opu| Al 2HEE-A7](L-8900, Hitachi
Co., Tokyo, Japan)E A3}tk A& 5 mLol 5% trichloro-
acetic acid(Junsei Chemical Co., Ltd., Tokyo, Japan) 5 mLE
A7V & QAR 4T, 12,000Xg, 15 min)dtith A5dS
343+ 3 ©J3K0.2 pm, Millipore Co., Cork, Ireland)d+ A=
BEAsigom, BAxAe AzAle] u)HYS wekthHitachi

AT
high-Technologies Corporation 2014).
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BE dolH e 33 v SAsislon, Hirisiate
FAIBFI . BAIE-4]2 SPSS(Statistics Package for the Social
Science, Ver. 18.0 for window, Seoul, Korea)S ©|&3le] of
SHE THFOR ol dE Ak el dasighE ol

o]B] 2 XLSTAT(XLSTAT version 2014, Addinsoft, Paris,
France)E ©]-8-3to] F/d 712 (Factor analysis) > = =3E3}
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1. pH, &4, ofo|=4E, 7128d Y=, BHEE, &=
2 ¥ gL S

1ug el T Astsh o

T2 AFES 53 74 HEE Table 12 RN
23 UE dEE e Z7be] wdedx] & 2] o] pH

= A A 374, A 33828 W wbde] 9] A A pH
413004 At T 427= Festdon, T 7] FHe

Aol A pH7} F-9]4 Q1 Apo] & YEFATHP<0.01). pH ¥
slol] d&FE vX = FAF 2 v E o 2 el

Table 1. Analytical data in makgeollis making from different materials

Type”  Kind? oH Total Amino acid  Soluble §01ids Reducing Alcohol Yolatile
acid (%) (/100 mL) (° Brix) sugar (%) (%, v/Iv) acids (%)
RM 3.74+0.01 0.70+0.03 4.40+0.08 12.47+0.21 0.35+0.07 18.57+0.25 67.47+1.62
N WM 4.13+0.03 0.83+0.04 6.41+0.14 14.90+0.17 0.69+0.02 19.40+0.26 88.20+4.54
RM 3.824+0.01 0.67+0.02 4.17+0.05 10.63+0.15 0.37+0.08 17.33+0.25 58.53+5.72
! WM 4.27+0.03 0.71+0.01 6.46+0.11 13.67+0.06 0.65+0.05 18.73+0.42 60.93+4.43
Tiest ~RM ~11.50™ 2.60 4.02 9.88 -3.12 6.00 2.60
value  wm ~5.00° 575 -0.80 13.99” 1.86
U NT: Non heating treatment, T: Heating treatment; ? RM: Rice makgeolli, WM: Wheat makgeolli; > * P<0.05, ™ P<0.01, ™ P<0.001 by #test.
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2t 7 0.70% . FAke] AR F 0.67%=, 2 2= 0.83
%A 0.71%, wHebs] pHSF F4ke] 73 ako] vA}‘s}?ﬂ Eht
= Zlo] ERlEAT T4 Ay frlAke] T/ 2 7]E AF
fref Edol ofal o] FFH o= UrE‘r‘&rJri ZHek(Song
JC %5 1997) (Table 1).

TAgle] oAt e oz Hgt
o, AUAAl B ol FHiEo] g well
A Zoke Fo] F4& stEAIZItHYang HS & Eun JB
2011). whebA] 2R efo) o] eqtert sz o U1 A= 9
gko] 24, Table 1914 & wFda]E 2t A 440, 3 4.17, 2
wbde] At A 641, F 6462 72 A<l 2lol& gl Lee
Y] 5(2012)°] AFoA @ whd ol ofn|Ak ko] 7
Aol vlgl ok ged, o] dEES 6%= 3|4 ste] &
gko] Aol7t YEbgA|R, W g vhE uhdzioa A7 TE
Azl Hlg] ¥ &2 opn|At ke UERhdo] vl szgt A
s T 4 Sl

7HeA 1% SRS Table 19 et & wbde)= A
T A, 12.47 °Brix, & 10.63 °Brix, ¥ 22z]
°Brix, & 13.67 °Brix® ¥ =wFAz]oAut §o]AQl zjo]=
UERITHP<0.001). 7+ 1P &2 & & =
Ad3E, G T 2ol Ay EHof o) JEFE et
thSon HS % 2011).

TAe] o ST e AT} 7m x| Hofsh=

Aoz Fa3 ARolthLee HS 5 2010). 2HA 9] At
2] A Fo] M3k Table 10 VERATE & 2hde)e] A+

o A 3AF TS 0.35%, 2t T 037%, 2 FEeE 2t
T A 0.69%, F 0.65%% LERT

7k Td el Sdd ol vhE A& Lee YI T
(2012)%] AT+ Ao Ao FF, ==, FF wt ¢

ﬂh..

Rl
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el s whEdls W felde] A 2 el M= deldt
g B FUR, B ATdNE 48] S e 2ol
Ao g wdE.

4T waee B4 54 661

S Table 12 YT 242 9]

d3-E ke 7t it 7fEA e Az o] shefo] Ab
o7} &, & da]= 18.57% A 17.33%, B HdgE=

o

19.40%°11 A 18.73%= 7 A ] TellA FLatA 7%—3}{_
g e dase o] A SEER R
Aol Fo dTEL dehgolm, WEF| A9 20% ©|st
olghgo] B} 41 9l7] W&ol A4t et 2ol vl
A AdAMe= A9 3IERA Z=ttal dthJames D &
Crum, Ph D 1997). WetA] 71E A% el 432& g3
o] e vgkE, odlzEH 2, It 5o SgEo] 3]
e Aoz gaEc)

ubdz]e] 34t e Table 190 e, 384 shake
2 wAE] 6747~58.53 mg/l, D BHAE] 88.20~60.93 mg/L
2 7143 e] & Stk EF Sl It F= 2
Al =9] Q\gﬂl—/\éo] =0 AL z52 HHV\}O] ch,\— Ao 7
T R T ke Adeke ndEd] 2ol HA
v]shH, WE o= 24HE A= Acetobacter
acetivt Gluconobacter oxydans 52 il 23] daF TH
o WHEH o] Aol e wE FAdste] EEEIAIAl It
1 &FCHGraham HF 1993; Joyeux A 5 1984). wpebd & A
TollME LdoZ At A& W3} glo] BRI FdHe=m
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[e]
= R& e

L
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o] Fo]zl A& &R + Uk
2. M
LR A opvgt, fEl", 1 T3 2
g P gheko] Erha diKim HR 5 2009; Kang JE &
2015). webr 71do o)&k v § 4% Zdo] dojd JhsA
s ZHsto] 23 B4S gk}

Table 29} #o] Fe]atiet. A
15 vehd Ael7t= 2w

7(4
A
Lgko] 0.27+20] i::a 2453 L(P<0.05), ¥ 2 el e

O
3
[¢]

Table 2. Color value of rice makgeollis and wheat makgeollis by hat treatment

RM" WM
NT? T t-test NT T t-test
L 2.30 2.51 —4.83" 0.42 0.51 -227
a? 0.60 0.68 -0.39 0.76 0.66 32.00™"
bY 2.36 2.47 -0.76 0.26 0.51 -2.22
AE® 94.24 94.01 7.13 96.07 95.98 2.25

D RM: Rice makgeolli, WM: Wheat makgeolli; ® NT: Non heating treatment, T: Heating treatment; > Lightness (100 = white, 0 = black);

9 Redness (— = green, + = red); *
™ P<0.001.

Yellowness (— = blue, + = yellow); © AE = [(AL)® + (Aa)® + (Ab)]"% 7 © P<0.05, ™

P<0.01,
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agre] 0.19HF Yol th Lk Mo J3S T =5 Epdcth & whde]s F8 /1714 2% malic acid, citric acid
T2 grolAH, a, b 2 09 TS F A3 S wA 7F ek, 2 A2+ citric acid, malic acid®2 Yol u}
Hok 22 AB= A E9] Aol & YERY = |1, AE 3k 2 F8 f714kel Aozt e A & 5 AJATE 2y 7}
AN fFelAQl zbel7F YEhA] eskth whEbA of| A Fofl gk F714F F Tkl Wyt o410 Afe]E e
£ olaAele] ol 2NALE WA BE AoR 55 A 29Tk tebd AdAeel BE Alste] Wake gl 2

5—_‘__'/\011;].

3. F7|4

wkAdzg] o] §7]4k2 Table 33} 2
H=2 A e Zzkel {714k

Table 3. Concentration of organic acid in rice makgeollis and wheat makgeollis by heat treatment

o8 fFe 5 gl

e vehich. 98

o
Z7g 3} el zfelE

0

i opt
Fﬁ r—{m

Ahg

2]

on

A AT Table 49 o] UehLh el
o IEA F

ol wet @ex7] = s, 2

Compouds RM" WM
(mg?%) NT? T t-test NT T t-test
Tartaric 34.30+ 0.39 2276+ 0.49 128.47™ 1024+ 5.56 28.47+10.81 —5.98*
Malic 330.89+10.33 344.19+ 8.34 —4.67* 258.17+114.45 264.83+17.18 -0.5
Lactic 96.80+ 3.45 97.99+ 3.70 —0.47 172.17+ 12.45 167.57+12.24 2.44
Acetic 44.30+12.54 58.59+13.81 —-1.33 150.24+ 15.35 195.37+15.39 —143.86"
Citric 309.38+30.08 309.71+54.02 —0.02 286.67+ 11.01 217.58+17.05 7.294"
Succinic 2243+ 1.55 25.99+ 2.61 —-437" 54.81+ 3.40 5277+ 135 1.039
Fumaric 0 0 0 0 0 0
Total 839.06 859.23 —0.80 932.30 926.59 0.25
D RM: Rice makgeolli, WM: Wheat makgeolli; > NT: Non heating treatment, T: Heating treatment; > * P<0.05, ** P<0.01, ™ P<0.001.
Table 4. Concentration of free sugar in rice makgeollis and wheat makgeolls by heat treatment
Compouds RM" WM
(mg/L) NT? T t-test NT T t-test
Glycerol 0.75+0.044 0.86+0.066 —24 0.75+0.009 0.77+0.013 —-5.02"
Ribose 0.02+0.005 0 6.877 0.03+0.003 0.0120.001 9.04"
Xylose 0 0 - 0 0 -
Arabinose 0 0 - 0.0420.006 0.03+0.004 6.29"
Fructose 0 0 - 0 0 -
Glucose 0.02+0.002 0.16+0.029 -7.92" 0.03+0.004 0.23+0.013 —-2491"
Sucrose 0 0 - 0.02+0.001 0.06+0.001 -100
Maltose 0.05+0.004 0.04+0.030 0.58 0.03+0.003 0.03+0.000 1.31
Isomaltose 0.01£0.001 0 2157 0.01+0.001 0.010.003 0.92
Raffinose 0 0 - 0 0 -
Total 0.86+0.05 1.060.06 -5.09° 0.9120.02 1.13£0.03 —-17.60"
D RM: Rice makgeolli, WM: Wheat makgeolli; 2 NT: Non heating treatment, T: Heating treatment; 9 * p<0.05, ™ P<0.01, ™ P<0.001.
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Wi oy w3 ol A= Ato] & YERATEAL SHoK(Lee
YJ 5 2012; Jeong JW 5 2006). weha] 2 A% Az
W2 o ubdg)e] a9 3hko] §-o)z 0l 2jo] = YEh
thP<0.05). &, US d8= g $dge fed e
71aAE & F7hskh

2} mty} &S zta 9l alanine,
=o g

glycine, serine, tyrosine a1, proline, aspartic
acid 52 A1utE Zteth ol ol uket 29t Bt
£z % 3, Wk o] 733t ethanolamine™} -2 73 -0l &=
Rl JoFe H7]% Fh(Lee JG T 2015). Wb &
Wy %L Z——i‘ﬂ«] ‘rr‘_‘q ;___15\_;;]_?51“:' “6]—3]:,__ Table 5% 21—/\4

ﬁ
:
O
N
il

it

Am¥z 9F vddel 42 daniEe gEAow
alanine, arginine, glutamic acid, leucine, lysine, phenylalanine,
proline, tyrosine, valine, methionine®] T8 & A3}3H&E 2 A]
HAEHY, Z7he] =S ¥ wal] BkS W a-aminobutyric

acid, [B-aminoisobutyric acid, histidine,

of

isoleucine, leucine,
methionine, phenylalanine, proline, serine2] &&Fo] WS 9185
2 ARe3E uderl A8 dg g ARES ubde]d] vlE] /-2
Ao o] ¥3(P<0.01), alanine, ammonia, anserine, argi-
nine, carnosine, citrulline, cystathionine, ethanol amine, glycine,
hydroxylysine, lysine, sarcosine, urea®] &2 F-22 02 ¢
Lo A8 Blolgt 4 9ATP<0.05). o] UFol w2 o)
2 Alzdrh

AQARZ e frel Aasgeel
2]2] 739 anserine, a-aminoadioic acid, citrulline, cystathio-
nine, hydroxylysine, sarcosine®] <42 7+43}9 1 (P<
0.05), @ 94 e]e] 7% a-aminobutyric acid7} F-H o2
7Fe 2 18 5= AATHP<0.05). AT frE] At

=9 & M e Fold aele A1 =+ itk 7k

Z24 Wsl= & wA

ardele] F4 54 663

! wde)e] #e] dasieE 24l o
FE & T USAE Lotir] fI8) 4 F3h Table 5
2 g BAS B Adio] Qe S AideE

s SES

S Adste] FAHE BA o7 Fig 20 YeRA AL, B 7k
3} v wahe BAEIT) Fig 28 & el S 7fd A A
¥} 3042, 602 7FEA 2 A=, Fig. 2 (A= 2 e
of g-HE frel dasigtEEse] W os) FarEo] e
1 213, Fig. 2 B)= WAl e Aasigre Aol vt
zt A7) 7F B35 o] Atk Fig 2 (Al x=2] Al 1574
B(F1)9] 932 96.00%= y =2 Al 2574 B(F2: 4.00%) 5.

o} 24u) zpo]7F W] wiitel] Al ZSE T} 7t Sl o) &
e ggdo] At & 2 e]e] 7% anserine, a-aminoadioic
acid, citrulline, cystathionine, hydroxylysine, sarcosine A1
AT & v 7tdAE] A Al4AHEAE ] F8hE AL 302
7Fg8*2] A] a-aminoadioic acid, citrulline, cystathionine, sarco-
sine?] o] folF oz 7HAEle](P<0.05) AlIFAAES] &
o ko = o]t ARAREH O R FalEATh 601 7HE
2] A] anserine, cystathionine, hydroxylysine2] &aFo] 2]
Ao 7 48] (P<0.05) A2F/3Ee] 5] WEFo R o]Fst
of ABAHEH O R FalE k. HFA R AlFEEY &
o ko ® ME & o]Fe] 7IdA e = Qg 2] A
sigEe A W3t 1T 5 ATk ¥ e
a-ami- nobutyric acid7} A H R 7F A7} BZE5}o]
2 B2 3 _/,: A3, A= 7k A B]E_zﬂ]—o— o = &

Table S. Nitrogen compound concentration in rice makgeollis and wheat makgeoliis (mg/%)
RM (min") WM (min)
Compounds

oY 30 60 0 30 60
Alanine 56.28+£5.99°  60.33+3.36" 60.05+0.59" 38.53+3.82° 41.97+1.91° 39.58+1.56°
Ammonia 0.53£0.22 0.57+0.78 0.6120.95 ND ND ND
Anserine 5.330.50° 5.59+0.17° 4.64+0.08° 1.70£0.20° 1.910.14° 1.8240.27°
Arginine 53.604+3.21° 54.63£0.90° 53.15£0.57° 39.7243.64° 43.01£2.02° 40.97+1.75
Aspartic acid 16.97+2.01™  18.40+0.28" 17.83+0.24% 12.53+3.56° 13.56+3.44™  13.00+3.13%
a-Aminoadioic acid 3.97+0.03° 2.37+0.03¢ 1.77+0.02° 5.35+0.43% 5.41+0.38° 5.50£0.57°
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Table 5. Continued (mg/%)
RM (min) WM (min)
Compounds
oY 30 60 0 30 60
a-Aminobutyric acid 2.58+0.19° 2.5040.08° 2.37+0.03° 12.91+0.31° 13.76+0.66" 13.7740.6"
B-Alanine 438+0.37 4.4140.04 4.16£0.03 4.16+0.14 4.39+0.15 4.28+0.06
B-Aminoiso butyric acid 6.20+0.55" 5.31+1.74° 6.19+0.24° 17.20+1.25° 18.48+0.73° 17.30+0.78°
y-Amino-n-butyric acid 7.86£0.47° 7.99+0.07° 7.61+0.12% 9.89+0.97" 10.77+0.42* 10.09+£0.37*
Carnosine 0.35+0.12 0.43+0.01 0.39+0.03 ND ND ND
Citrulline 1.79+0.02° ND ND ND ND ND
Cystathionine 1.05+0.12* 0.92+0.02° 0.74+0.02° ND ND ND
Cystine ND ND ND ND ND ND
Ethanol amine 1.10+0.26* 1.15+0.23" 1.06+0.24° 0.54+0.05° 0.57+0.03° 0.54+0.30°
Glutamic acid 4321+4.34 45.33+0.94 43.38+0.38 36.16+3.81 39.81+0.29 37.68+0.94
Glycine 13.78+1.69° 14.11£0.49° 14.18+0.37° 11.01£0.98° 11.89+0.63° 11.39£0.57°
Histidine 10.59+1.11° 13.57+3.20° 12.90+2.47° 33.0342.43° 35.74+0.83" 33.93+0.87°
Hydroxylysine 3.14£0.17* 2.89+0.13% 2.65+0.05 0.26+0.02° 0.34+0.05° 0.33+0.03°
Hydroxy proline ND ND ND ND ND ND
Isoleucine 12.06+1.40° 12.89+0.20° 12.40£0.17° 18.51+1.24° 20.01+0.45° 19.25+0.44°
Leucine 35.33+4.48° 38.09+0.57° 36.93+0.78° 55.11+1.18° 57.20+2.14° 54.9742.03°
Lysine 23.35+2.89° 25.06+0.34° 2421+031° 15.82+1.36° 17.1240.67° 16.41+0.46°
Methionine 22.16£1.30° 21.73+0.76™ 21.02+0.87* 26.47+2.02° 28.70£1.09* 27.41+0.88"
1-Methylhistidine ND ND ND ND ND ND
3-Methylhistidine ND ND ND ND ND ND
Ornithine 6.52+0.66™ 6.62+0.28™ 6.25+0.26° 7.33+1.09* 7.90+0.46" 7.44+0.11%
Phenylalanine 26.93+3.43 28.68+0.95" 31.16+4.24° 36.88+0.50" 38.23+1.34° 36.41+1.21°
Phosphoethanolamine ND ND ND ND ND ND
Proline 49.95+6.19° 51.15+2.13° 50.76+0.54° 86.08+6.90° 93.40+1.28" 86.64+1.19°
Phosphoserine ND ND ND ND ND ND
Sarcosine 5.04+1.02° 1.16£0.08° 1.14+0.05° ND ND ND
Serine 15.18+0.95" 15.24+0.23" 14.73£0.16° 17.54+0.28" 18.99+0.64* 18.13+0.60°
Taurine ND ND ND ND ND ND
Threonine 7.48+0.80 7.94+0.13 7.64+0.08 7.68+0.64 8.28+0.26 7.90+0.27
Tyrosine 26.69+3.24%  28.86+0.42° 28.024+0.43% 23.68+2.09° 25.75+1.08% 24.76+1.11%
Urea 3.90+0.05 4.38+0.01° 4.43+0.05" 2.53+0.28" 2.51+0.22° 2.84+0.48°
Valine 23.27+1.23¢ 25.83+0.36™  24.89+0.31% 27.91+2.03™  30.29+0.87° 28.97+0.84™
Totals 48343+57.15°  504.23+8.73%  495.90+6.56° 569.60+£39.77"  602.42+42.44*  573.53+40.91®

D Heat treatment time; ? Value with different letters are significantly different (P<0.05).
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Fig. 2. Principal component analysis (PCA) on and after multivariate analysis of nitrogen compound concentration in rice

and wheat makgeolii.
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