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content in both the malt and the brewed beer was measured by using high-Performance liquid
chromatography (HPLC) to establish the correlation between the total acid content in malt and the organic
acid content in the beer. Additionally, gas chromatography-mass spectrometry (GC-MS) was used to detect
the components of volatile compounds in the beer, and sensory evaluation was employed to assess the
brewed beer's qualities. The results indicated that as the total acid content in malt increased, the pH value
gradually decreased, and the content of succinic acid, malic acid, lactic acid, and acetic acid increased. There
was a significant positive correlation between the total acid content in malt and the total acid content, malic
acid content, and lactic acid content in the beer, with correlation coefficients of 0.94, 0.94, and 0.92,
respectively. Different malt samples with varying total acid content demonstrated different characteristic
aroma compounds in the brewed beer, contributing to differences in sensory attributes. As the total acid

content in malt increased, the perceived acidity score of the brewed beer increased, while the scores for

RoaflT

hop/fruit aroma, phenolic aroma, and alcohol perception decreased.

Key words: total acidity; organic acid; flavor; sensory; malt; beer
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(HPLC) 43t A HLER & it Sl i, 3k — 2P iE it
PR S5, T A7 2R O R R A LR o
ARG o 38 5 TS [E AR MR B ( HS-SPME ) FIS,
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1.1 #HE5RF

. MO IMERKE Copland 4 HY
ANTREER & BN A 2F 2 2 5 4 o M1 M-2
M-3 Fl M-4, BRE T8 0.84, 0.90, 1.02
M 1.17 mL/100 mL, HABHAERYITE QB
T1686—2008" 1% MH 42 28 iy BAL K

B EERE . o2l US-05, mitE; WiE.
L% %%1] (Magnum ) T,
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FHIRAW ; LHS-100CH fHEEEMRRE SR~ . B —
TERME A R H s BGT-12 Hh @M1k AL . H A Bioer
ovH]; AC2-4S1 AEW R AR i 2R E R
AHBRAF; SQS10C ZEXKH#%: HAMDIHA
Al MilliQ35 Zli/KAX : SEE %A ; LM3310
T RV - sE S Ae B2 A (o) ABRAH]
GCMS-2020NX A a3 B ik 5k FH A . L-20AT
RCBAR TR . HA SN F

1.3 SEWHE

1.3.1  MURERE T 2 A AR R

RKES>RF->THROBEH LI
it U — A TR B R M R R R S
A ML [

S LALLM K . FETHURIE 8°P, THAE
IS 0.1g/L, BEREIR I & 0.8 /L, K5 FRiJE 17 °C.
i1 1] M-1~M-4 22 28 JEORHRR 5 O, 4 T RS 43
it A B-1~B-4,

1.3.2 2228 K MPs A HLER A DU

AT HLUR AR 2 % 2 AU O R VR sk

FIFFESATAL L. B 10 g Z2FR T 250 mL
JECH A, A 100 mL 4K, R A E
20 min J5 P EIEAREE, o 0.45 um JEAR, L
HLRZI

APLRIRER RIS . BEIAIR . SR . SR
PR LR | A7 W b o i T R VR B R 2000, 40.00
80.00, 160, 320 mg/L.

1.3.3 22 2F Mo MU UL 48 A e i

pH {E: SR pH BRBETHAI ; PRI A
WL, MAR: H4E GB/T 4828—2008 ( ML /)
Bk ) seprae It
1.3.4  MUNE RS YA

BRSNS % L1 X Y 5
BT FTIEE

FEn A BUBAUS B AE S 5~20 mL 3R
FIT5 2 JEREI, HER A 10 mg/L 2,3- =& ke
PRI 100 uL, I B4 o B A,

SEPERE AT il GC-MSS Kl 43 Bt g
W R G BB i, iz 2 E E R i
F AR BT ( national institute of standards and

technology, NIST ) 14 ¥ /5 5 # fin (3% W E AT O
AT, TREAFBIVCALEE > 80% MW i, FF4E A
FA 840 (retention index, RI) T15{H 5 SCHk{E 22
8 <50 #FFTE Mo, EEFEEEAEY S iR
YT ARY LU(E 5 AR, THE & 48 Atk
YRR, Eaor AT .
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Table 1 pH value and organic acid content of different malts
e pH BEIAMR/(mg/L) FPHER/ (mg/L) SRR /(mg/L) FLR/(mg/L) L2 /(mg/L)
M-1 6.16+0.04° 431.65£17.16" 180.62+8.16" 105.91+7.16° 82.34+4.56° 31.45+5.16°
M-2 6.09+0.10° 512.12+19.62° 242.80+9.62° 145.88+9.12° 115.2849.12° 44.87+4.12°
M-3 6.01+0.05" 543.83+18.08° 171.74+4.08° 146.35+8.58" 161.15+9.78° 56.66+5.58°
M-4 5.90+0.07° 560.90+20.92¢ 245.76+6.12¢ 175.85+6.02° 180.55+12.02¢ 71.32+7.02¢

E: FVARNG FRERRZEREE (P<0.05), T,

Note: Different lowercase letters in the same column indicate significant differences (P < 0.05), and the following contents are the

same.

U, ARLER & 2 F A VR AR, A LR
X 27 2 R O 1A DTk
22 AEERBEENEZFNABBEENLER
A

KSR G , MRIRLER & i 1 22 2F K& g
WAL TR PR IEA TR, 255 WLk 2.

Hi % 2 AIA, Vi@%ﬂﬁ{@@ﬁ T >33 vol%,
LS < 0.1 mg/L, BR & fAE 2.07~2.26 mL/100 mL
Z[a],pH 7£ 4.02 ~ 4.31 ZIEH S GB4927—2008M

XHIR (M B BRAL R . B-4 MUPPRS & AL,
%ﬁM4u%ﬁ§ﬁm,T%éwm%%%$K
S, Wﬁk@ﬂi SRR A, 4 3K
ANTR] R P A S RIS MR Y pH MR R £
E%ﬁ%#,%ﬁi%amﬁi%ﬂ%,
H pH A RS, SREEA LIHEH.
23 FEAEBRESENEFVABBEEGIRS
=40 )
AN]SR

@%

SN S R A LR S i AR 3

x2 AEBBIENEFREEENELIER
Table 2 Physical and chemical indexes of malt fermented beer with different total acid content

i RS FE /vol% W Z, 1 /(mg/L) pH {8 BAR/(mL/100 mL)

B-1 3.51%0.12° 0.069+0.12° 4.29+0.12° 2.070.19°

B-2 3.49+0.08" 0.058+0.12° 4.25+0.25" 2.11£0.15°

B-3 3.48+0.12° 0.0490.12° 4.20+0.23¢ 2.18+0.14°

B-4 3.40+0.09* 0.061+0.12° 4.18+0.22% 2.62+0.12¢

®3 TEEBIENEFABEENGIBRLE
Table 3 The organic acid content of malt fermented beer with different total acid content mg/L

9> BEHIR PR L3RR FLAR LR
B-1 312.13+18.62° 210.28+2.32° 100.08+6.64" 91.75+5.35% 180.73+5.18*
B-2 334.10+15.79¢ 319.63+8.12¢ 166.80+4.49° 114.69+6.03° 250.97+10.54°
B-3 192.66+17.10* 201.87+9.86" 172.69+5.11°¢ 128.91+7.12° 242.44£9.65°
B-4 207.29+15.72° 353.27+6.17° 243.33+9.45¢ 137.26+7.78¢ 242.45+8.06"

A HILIR UK 5 5 R 7 e Al P A
SR MR 22 vh P | pH (L AR5 A R X DY A £
KE, IR, ER. L. SFEHMRAERAR 5
AT AL RS Tt B S e K, 3k S A HLRR A2
KB h AR, HS e A AR HE
ZZF RS R TH R PRI P R R M LR
SEAANFRRER TR, B EA R E
Heo FHEIR . SERTRMIFLIR EZORIRT A28, A0F
FEALIE I 22 24 SRR 7 TR 36t M b S R R 1 5L

MR SR PR o 22 28 SRR 5 AR TR AL
SR B B A LR MR BE MR S 23 AT , 2R IR 4.

R4 EFLBOENLZBMALBRREVNBOEMRXE
Table 4 Correlation between total acidity of malt and total
acidity and organic acid content in beer

MU SRR BORRR MR ERM AR M
0.94%*  —0.83* 052 0.94** 0.92%* 0.57

*% P<0.01 g #FH MK,
level;** P<0.01

FE s LY
AR
W *.P<0.05 W FHHKE;

Note:*.P<0.05
level.

significance significance
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M 4 N1, ZF 25 RS AN MY R A i
A, MR 0.94, 4728 B A thfy

pH LA HLIR & 1 VARG, SER IR MIZLIR & 7%
22 ZF JEURH IR B2 i Fre K

B LA IEARCHE, AIOCPE R BN 0.52/0.55; 24 FE MBS EE X ER SN EES R
TIEIAMA W25 AR, H S R BN —0.83; YT SEA
2 2 o WA 25 kH O - | K
FISPRTR . FLRRAT D E ARG, HHOCHE R BN R [ 2 i B it o 2T M 5 R PR A )
,\/\ n A B . N
0.94/0.92, KL, 228 R L A R A o1 R ﬂli% 5.
x5 AEABREREZEREDRHHENSER OAV
Table 5 Relative content and OAV of volatile flavor compounds in beer
X4 8 /(mg/L N OAV
jokgE Rk TR Rk
B-1 B2 B-3 B4 B-1 B-2 B-3 B-4
Yy 866/893 ND 020 024 ND 0.0050 ND 40.10 48.02 ND Rk
LRSI R 1143/1121 0.13 0.2 021 0.18 00020 63.60 60.89 102.80 87.93 ALK, JEHI MK .
CL R TR 1216/1230 0.25 022 024 023 00050 49.65 43.42 47.38 4647 PEEWR . FHEK
==y Ht
. B RLR . SRR R
R W R 1354/1378 032 1.93 0.84 1.46 0.20 1.61 9.63 4.20 7.32 .
§ A U o
ey 1416/1441 479 452 455 451 0.0193 24799 23397 235.64 233.68 FEAEMK. Bk, Ik
itk i - i 1511/1476 ND 0.02 0.04 0.02 0.0470 ND 0.35 0.75 0.52 MG . AWK
FUMR R, MERR . F
TR W s 1456/1496  0.10 0.15 0.13 023 0.04 2.52 3.64 3.20 5.87 g; WK B T
TR B 1510/1535  0.19 026 020 0.40 03770  0.51 0.70 0.52 1.05  FrEEmk . Sk
&R W R 1615/1614 3.53 524 479 4.66 0.0043 821.32 1219.32 1113.11 1083.72 7k, Hiink
BT8R LR 1616/1633 8.57 7.68 6.97 6.84 0.0050 1713.35 1536.52 1393.87 1367.42 #ibk. Wk, HAjIL
WS I 1707/1670 ~ ND 028 ND 022  0.07 ND 3.99 ND 316 HitbR. gk
AR R 1793/1813 0.80 0.40 036 0.43 1.50 0.53 0.27 0.24 0.29  HFFH . BEER . A5 R
LR 21 1849/1825  0.50 0.54 0.64 060 02496  2.02 2.17 2.55 242 EEAEMR . MRk
7SN 5717 S =17
AR T 1880/1847 1.99 060 0.76 0.65 5.90 0.34 0.10 0.13 0.11 XE;’E* AR I
PURIILS
i H FE 0k IR £/ SN 717 SR 11/ SN
N 1983/2028  0.66 0.15 023 0.27  100.00 0.01 0.00 0.00 0.00 o
il Lk 24k
y-5% N g 2085/2113  0.03 ND  0.02 0.02 0.05 0.59 ND 0.46 039  BEIEBR. BkBk. AVOR
R Wk . 17
T el 2 H Mg 2221/2223 1.73 063 123 1.12 2.00 0.86 0.32 0.62 0.56 i; Yok . b7 ok
s
T BT IR
FEA R £ TR 2286/2243 1.60 061 098 1.13 1.00 1.60 0.61 0.98 1.13 {Hm R R
HREK
N g | L7 N 117 N
FW-2- KW 231012335 0.02 028 ND  0.02 10.00 0.00 0.03 ND 0.00 UK. EYIR . BihR
EEAUS
LR T AR 1821/1864 0.11  0.11 0.08 0.11 5.00 0.02 0.02 0.02 0.02  HBR. FBR. DR
it 2533 23.92 2249 23.11 2906.53 3 156.06 2 954.49 2 842.07
P 645/643 ND ND ND 0.12 0.0040 ND ND ND 30.06  fRfL
PP 853/888 ND ND 25.14 ND 10.00 ND ND 2.51 ND ek
" WOREHR . Rk, K
i 1072/1049  0.08 ND 0.10 ND 5.70 0.01 ND 0.02 ND b L
5 TBE 1132/1094 0.19 0.18 ND 0.0 5.70 0.03 0.03 ND 0.03  Z:MRk
5B 1185/1211 299 1.87 277 257 65052 3.05 1.90 2.83 2,63 ZeMERR
+)-2-F Rt-1- . )
(T)@¥ i 1230/1200 ND 062 ND ND 0.98 ND 38.81 ND ND  PAEER . BRI . mTATBR
2-2. B 1464/1484 009 ND ND ND 00159 0.44 ND ND ND  #ifmk . SRk ATk
1EFERE 1524/1564 ND 0.05 0.06 006 0.1980 ND 0.49 0.51 0.53  HMHEMW ., Ik
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RORBIR Ry L) e OAY Rkl
B-1 B2 B33 4 B-1 B-2 B-3 B-4
2- R 1656/1666 ~ ND ND ND 0.18 0.11 ND ND ND 0.10 ok, WhihA Fk
1-B5 i 1747/1769 040 ND 043 ND 1.90 61.11 ND 65.41 ND RN, HR . TRk
- MR, TR, BUOR
KR 1943/1919  6.15 5.61 5.64 597 00066 1091  9.94 9.99  10.58 P
ERER 2009/1970  0.11 0.11  0.11 0.09 05642  7.01 6.58 6.90 532 FHIEER. BRI
FU-RIEREE 2012/2042 ND ND ND 0.1 0.0160 ND ND ND 0.45 AR, BHURBR . Rk
B 2371/2372 003 ND ND ND 0.25 1.25 ND ND ND  fE&M . Rk, Hhok
Mt 10.04 8.43 3425 9.30 0.02 83.82 5775  88.17  49.70
iR 1512/1492 ND ND ND 0.07 ND ND ND 0.00  [EAFRPK, Wk
iR 1814/1854 ND 020 ND 0.17 124000 ND 0.22 ND 0.19 Rk, FifELk
IR 2066/2061 483 319 373 343 0.89 1.61 1.06 1.24 114 iEgek
Thz 2180/2159 054 0.12 036 023 3.00 5.41 1.25 3.56 233 R
BEIR 2197/2246  4.52  3.14 236 2.89 0.10 0.45 0.31 0.24 0.29  FRJEIL
Mt 9.89 6.65 6.44 679  10.00 7.47 2.85 5.04 3.96
B 1995/2035  0.07 ND ND 0.08 7.09 ND ND 8.25 R BT ALK
HEAEA
FEIAL AT A 007 ND ND 0.08 00097  7.09 ND ND 8.25
%1/?}%'4'1 2179/2156 031 023  0.18 0.45 0.78 0.57 0.46 112 sk
Mt 1 031 023 0.18 045 0.40 0.78 0.57 0.46 1.12
W 88.71 62.98 90.24 67.49

YE: ND FRAK

Note: ND indicates not detected.

M1 & 5 TN, ANIRLER 27 ZFIRYE 11 4 SPGH7 v 45 A
M 29 B, 30 FL 25 FRED 29 FRHE L HERBRIL S
Y. Hr B-1 8 ER2RA S 17 Fh, Brs ik
AR 55.50%, BERALGH) 8 B, B H 5
bR 22.00% , BRZEAL A 3 Bl AN S R 21.67%;
B-2 K HHEEA A 17 B, AEXFE R 46.79%,
FEALAW) 7 R, AT R 43.73%, REEY
3 R, MIXTEER 9.11%; B-3 KBRS
19 Fh, MRS EN 60.98%, BERILEY 6 Fh, M
XA 21.49%, BRAMEY 4 v, MEXTE =N
16.95%; B-4 Kl i EE2EAL54 19 Fb, AHXS 5 2
58.17%, BEAALEY) 8 B, MAXT &K 23.41%, R
FALEY S B, XTSRS 17.09% M0E b 221
TR RRAL A Y BRI gm0 4 Fhngurg
HEE SIREA S REREY .

LL OAV=1 NP 4ahs, 4 ASMRPFE & ot
ikt 11 FIERSAL AW, 8 FIEESAL G, 1
B G 2 ML A . LRI . O
MROHE. FRRWER. FROFE. TREFRE. 2m

FHE. RO, FIRFINER . CRARLTERTE 4
Fi R ) OAV My , T3 PG AR e S ke | SRk
S8 L1 SN]SR SN <117 SN |41l S | e dt
Ocvitk ZPURGBE TS5 R F W, M b (0 32 2 M
E VR 5 P BRI o o L, RT3 M O
o] (B KURARAE . S lE . RO HFEEEAE 4 Ff
MG R i) OAV SA45 v , T T T AR e B ok | AR
B . T AR, ek BEERFAR IR . KO
it S N A MY v R P R EE BN, TR T
SRR AR AN DI, AT A PR T o
iz . TERTE 4 BT b i OAV 48, 71l A
IR . TRVR . AN K MR A AR Y AU 51
R, S R R P,
2.5 BRIEEBERKEEWERSD S

iz FH IMP 2021 B 4% 4 FfAS T B0 BR 75 19 22
LR 3 PR v 4 R P XU AL A AT 3 R
Mr, FERLAT R (AN 7 22 STk R WL 6.

M2 6 FIA, 3 ANFRSr, w2 A FERUY
() BT TTER AR IR F] 82.552%, LA T MUTEAE X
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WAk &9 R E B . 4 FIE RS T
PCA #5434 R ER 28wy LD 1
1 RTLUE B, AR 3R 1 R 2,

x6 THAHFHEREMEEIER
Table 6 Eigenvectors and load matrices of
principal components

EHSY  REE TR BB ETIRE%
1 12.368 74 53.777 53.777
2 6.618 16 28.775 82.552
3 4.0131 17.448 100
[ 9S%EfHHIA
S ?
® :
x :
Q :
N :
| ;
= ‘
1 1 I 1 1

A (53.8 %)

RAY2 (28.8 %)

4 b A TR 5 1) 22 2 TR I 1) M ] DURR Fh 4%
FNERIRY) BT X7 o H RS 1 BIEHCH)
YA 13 B, ORI 10 F 5300 2
RIEFMXHLEYA 14 7, TR 9 Fho 26
1 R s B (12U > 0.8) B XURIL &1
AFIEEE . RO, a0, SR,
FIROHE . £, FMR . BT FIRT .
RS 5 5 2 Ry P A B (] > 0.8 )
MRS A TROHE . BT R, AR, 2-
WAL -4- L0025 . AREEE . RO

ok A LI
05

0 B '
-05
-10 F :

| | s | | |
-1.0 -0.5 0 05 1.0
A (53.8 %)

1 REKEEMERS S PCA HERSHEMEFHETE

Fig.1 Sample distribution and factor loading of PCA for principal component analysis of flavor compounds

TR TSR R, B-1 fEEMA 1 WIE
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