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Abstract: [Objective] This study aimed to investigate the impacts of malted highland barley on beer brewing and
flavor. [Method] Three distinct cultivars of highland barley and malted highland barley were used as adjuncts in
beer production. The physicochemical properties of the saccharified wort, fermentation parameters of beer, volatile
flavor compound composition, and aroma sensory characteristics were systematically analyzed. [Result] The malting
process increased the a-amino nitrogen content in highland barley wort by 54.01%, while reducing the f-glucan
content and turbidity by 11.30% and 39.92%, respectively. Regarding fermentation characteristics, the highland
barley cultivar ‘ Zangqing 20’ exhibited superior performance, with the fermented beer showing higher degree of

fermentation (76.8%), ethanol mass fraction (4.1%), and total acid volume fraction (2.4 mL/dL). The beer
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produced from malted highland barley contained higher mass concentrations of volatile compounds than that
from unmalted grains. A total of 73 volatile compounds were identified in the highland barley beer, with 20 key
flavor compounds exhibiting odor activity values (OAV) >1. Notably, n-hexanol, phenethyl acetate, phenylethyl
alcohol, ethyl acetate, isoamyl alcohol, linalool, and ethyl caprylate were identified as potential aroma markers
for distinguishing between the beer produced from malted and unmalted highland barley. Furthermore, partial
least squares regression analysis elucidated the significant contributions of these 20 key flavor compounds to
various sensory attributes, particularly highlighting the strong correlations of esters with fruity, floral, sour, malty,
and grassy aromas. [Conclusion] In summary, malted highland barley is more suitable as a beer adjunct than
unmalted highland barley, and the beer produced with malted highland barley exhibits superior overall quality.
These findings provide valuable insights into the fermentation technology of highland barley beer and offer
theoretical support for the development and quality enhancement of highland barley beer products.

Keywords: malted highland barley; beer; gas chromatography-mass spectrometry; volatile compounds; aroma

attributes; partial least squares regression
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Table 2 Physicochemical properties analysis of highland barley beer

FE b LR 5B % RO % BRI R EO /% SR AR 53 B % % /EBC
Fl 3.9+0.1° 3.2+0.1° 71.2+0.3% 2.4%0.1° 4.66+0.02°
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Fig. 1 Mass concentrations and relative content of volatile compounds of highland barley beer
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Table 3 OAV (OAV>1) of key flavor compounds of highland barley beer

Moy i FAME o
(/L) F1 Ml F2 M2 F3 M3

Eya 560 PR VR 1.74 2.01 1.97 235 2.77 1.64
T 4 SFRK A 546.95 687.03 647.56 749.06 637.75 952.59
iE OB 5.6 B e A B A 0.93 0.51 1.24 0.85 0.74 1.01
1E BE 5.4 T M IR R Gl — — — 1.46 — —

3-HETR O 3 RE Rk 0.71 0.67 0.67 2.80 0.93 2.90
R LT 10 5 B ek T4 TG 0.72 0.56 0.56 6.16 0.62 8.67
TR 0.9 i 49.61 36.63 34.78 51.81 37.10 76.14
BER £ T 1.9 FE SONIF S 5.05 3.94 4.93 6.48 2.80 4.62
Z& R H g 43 05 7 A 1.09 1.97 2.59 6.08 1.80 3.98
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Fig. 2 Heatmap of key volatile compounds in highland

barley beer

S KR

3-HIEETRR OB

IECHR R
FIR LM
TR
IR 2T
LR LB
LI
LR

FOBMROBE(RREF AZMES) R
CRAE MG F R OB ORI 42
KOG (A W E A O L8 CGFF k&
F) OB IR (FEWROMIE R LR &
RO, X 6 2 43 3 O T B LI () OC B XU R ) T, Rt
AL P U A JRUIA BT R A5 R 5 E Ok A 0 R 2R ) o 2
T PR P XU R A ) 3 R R . AE 6 Fh AR
ML HP S L s SR B O OGRS
WG . BEREYRKZ 2B EARE, BT
) AL A 5 AT O A A1 1) 0T R A B A g 2 il ML VS Ak
RIESR.

E B 4 43 1) A DTk, 10<OAV<100 20
o I8 O B E R EF A TR, OAV>100 72 fE
% 50 A PG ) R AR AR R A S A A o TR 6 Bl R N
ANFVAHR R o, TR SR ISR TR VR
LB FRR ORI OTE O = IR IEC R &



Vol. 44 No. 4

B 5 AR AN 2,327 A 11 M5 ) OAV>10.
TEAS 6 Fh 25 1) 75 BRI w55 R 00 R 5F Re 68 2 35 42
o MLV R R 2 S O O R I SR R 2R
LS FRHEE EIR OTE LRR O TE O R T
LR EG  IE IR £ G 75 F7 B A0 & 2P BE A R &
WRE, o 05 R B AN S BR 4 B8R 1) T 3 OAV 5 &
75 A B AE M2 ML R O AV H i (155.55) , [ B =
2 2, T E M3 MELYF b () OAV # i (154.12) , iX 3%
B AN 5]t o 1) 75 BR 22 SR AR A& S G AR K 2
Wil SRS AR B N 3N A s S AR
W SR ARG A 2R AR, R 0 2 1k R A R VP o
TR A, FLAE 75 BRI o b T o == R R AR
B, AR DTk B A R o AN R LR R o S I B A
Aok ZE S R, 7R T R 2 N (17 3 OAV
N 796.23 = TR K H B M (CF ¥ OAV N
610.75) , 1% K B 55 0 B xof 75 BR 22 2F ML 1) R AR
ATTERE K. TREA2,3-T ZHi ) OAV 7E 6 Fil K
i HH PR R R 22 SR AN TR A I AT AN A T B KR 2
BN AESEREERZR. REHRERRN
HARMUE A A R Rt T 3%
2.5 BHRMEER OPLS-DA & VIP 73 #f

B KR BE X 43 R 2F X 75 BRI kI I E

i1]
(a) OPLS-DA%E4>

3ok RS T HR & IF Rof MER U RO 4 1 0 XURR B9 2 T

KAV R Z S, B R R 20 FF OAV>1
(1) 0% B ¥ K 1 AR ) 5 i3 4T OPLS-DA 43 #r , 8
Ft AN [ Rk G B 2 S KU ZEL 4y o W B 3 TR
OPLS-DA #5 A1 0] DL S oK K 28 75 BRI 5 7 B
7 2F ML RE S B, HORA R B TR R 4 1 R
4Tt &8 RPX=0.932 15 B fif B 28 2 $ R°Y=0.982.
i BE F1 2 B 0°=0.944, ¥ K T 0.500, £ »
OPLS-DA #5714 5 2 288 75 B L iEg Xk 43 #r i I
e ) AR e A 1 B i . B 200 Yk B ) HE 5 B
Wk 56, O° [l A 5P F A 22 mi /N T 0, H 3G
UE RS 4L (1) 8% FE 29 510 A R*(0.451) AT Q*(-1.330) , &
B A I LA IR, i R RE AR A Hb AR
B . B OPLS-DA K ml 4, H A D5 & X iRk
M ) R R FEA R M B A R E
FOoEME M FEAN TR ME = RR, R
RAFFEREWEFEMNTE-MENRE, B F
AWM ES SREE, PITERY. £F#
77 2F U AR R R ) B ERR R AR, R R
AN [ it b 1) 75 B B A8 R A D 0 A 2R D7 S A
FE U DX . R TR K E B A, BT R
B ) OC A S IR B IR B N R, BT DA
A N

151 R
10F _ . >

===
05 ‘I - —! ///

: Il

=

|

H ~ 1
o5k /4/ .
&-10F P } '
-15F ! 1
20 '
_25 -

3.0

=02 0 02 04 06 08 10 12
QZ
(b) E s

B3 TFl 4% OPLS-DA 3% #2200 &k & #e4e 4o 25 R
Fig. 3 OPLS-DA score (a) and 200 permutation test result (b) of different groups of beer

Ap B B % & % M (Variable importance in
projection, VIP) J& X\ Bk 73 #fr v T iF Al 5 — & &
E B AR R A rp BB () 48 A, TR 2R S, VIP B
K, — ik B VIP>1 199 5 A D 0 e KUK 1Y) 22
W& . W 4R, £ F BRUE B VIP>1 4 )5
A TR 308 QBRI LW (VIP N 1.357) (IR O
(VIP ¥ 1.304) 2K Z B (VIP ¥ 1.283) . LR L T

(VIP Ny 1.234) . 5 R EE (VIP N 1.201) . 3¢ R Z. ik
(VIP A 1.160) A1 75 2 2 (VIP A 1.029) , IX 4647 Jiii
RIAE N IX 03 2 5 0K K 28 B BRUIR R a1 22 7 7
SARiEY. TR B 2 E T OAV>1 ) VIP>1
i e $R A, DAL 13X 26 5T T) AR Dy 2 o 2 B 7 R
(1 2 5 AR, 8 R R AOE KN R
B SCRRAE K ) M 1 22 R R AR O g R

131



132

Journal of Food Science and Biotechnology

90 A I Rk B KUK Fi A (D I 52 7 R 9
B R ) J5

& VipP>1
Il ViP<1

._
=)
1

0
Epe e SR EEE R BB EEEEEY
NIONNXNEZERINNKRNXNE BN
HHREERSREHEEERERES- 88
g N FOR K& #H XK
N = q§ o

B4 FARTIEX G R AD R VIP
Fig. 4 VIP of key flavor compounds of highland barley beer

26 BRBEEFESBEIFN

8 F 9 3 il 7 3 15, X6 T BRI RE S 7 R A
SRR K LBV ZFIR IEB R VR E R VR
FIRM B EHE MO AT ERERE N, e R
AR ELE, LK S5, 458K, R ENE
TR E B EEREE . Bk, TR A
MR (30.6 4D HEF R (29.3 49 ALAE B 0k (29.1
) ERER AR T HAMEME, ERKEFESAH
o TR M3 R M2 [ RS s,
34.9 57 A1 34.8 73, ML F1 43 70 5 11K (28.4 73D 5 5 it
2 TF WL I R RS BE TR R S R
0T 16.89% . fH 73 7E & 142 , M3 A dh fE 4
A R RN 22 2R R JE I A N S F2 R 1 & R
1377 B, 1K 5 MU A RR AR RUBR AL S ) J R
FEFAR XS & B2 55 H K.
27 RHKUEMEESBETNHERMY

K PLSR W78 T MR R 5 & UK B R 1
Z R F oo I KT 20 il 5C B X R A R (AR D
A7 M A S EE R AR (R L REk . #5F
Wk A6 A R A R K A R R B A RO () PLSR 43
Bk 19 0 R 7R AL, LB 6.0 KA I A0 /0N A 52 3 1)
RERTETT 2210 50% A1 100% 24 . A5 56 x Al y 4% &
R 2 Hat oA 2 A6 AN, BB AT Z 8
K ] 4 PLSR AR B AR 1 1 fift B

FE M2 AT M3 A7 T x Bl i IE 2 g, e AT R

BE301 82025 F 4B | RREEVEARER

—u—F1]
—e—TF2
—A—F3
—v—MI
——M2
—<4—M3

RS

ENEUS

SRR
Bs AR & LEh

Fig. 5 Aroma sensory evaluation of highland barely beer

1Ak

Fo M
© JURA
HURE R

A
R

pe(corr)[2], t(corr)[2]

1
-0.5

pe(corr)[1], t(corr)[1]

Bo6 FARFIE0M AR AYRE THELRE AN
PLSR 7= £ &
Fig. 6 PLSR loading plot between 20 key flavor compounds

and 7 aroma attributes of highland barley beer

FIEWR IE AR IR R E R AR kS &R
J& PR B DDA 0G4 T B X 3, X 5 RE R U
KHMLEEDMFEHI R ERERGARRKKR.
Heb , ZRAEREESsE&ENMIELSE TR C
Be CMRACHER NIRRT B LB ¥R O
Fig . 1R 5 B IE /R 45 7 R BT & 5 B M
LML EZANFERWRA BRI X R,
X F S YRS TR A R R R R )
M. KR H M FE AT x Bl 1) 5
M, 5K OEAREMINXR. BHREFM
B T M2 A M3 5 K38 4 5 Bk A S i Al S Fol
FERBEBAETHINRN R EAMLAEMSSH
PO AL, X 5 GC-MS AT B VE M 45 SR A
DL b e g LAY 2 S 3 IR T R O 0E R RE Y
AN

FABMES AL E DT ZEAA
] TR, K 2R B R A IE A BT OF R

B H



Vol. 44 No. 4

X HL R AR R AT IR 1A DUk, IE OO K R
LR TR, RN F IR R Ol A
B 5 W 5 LB R R 2K 20 1 25 5 32 2k
16 A TR AN R A DR AT IR A sk o £ R S i R R
0 L o B R SR AL  EEB SE L
AR THIEMAEA S OEa K, KZHEA
PR CR A R TR 7 R VIR R L 22 28 WR AN 7 5 0R) 1)
AL T B3 X 3, X 2R W) 2 T 2 ) 5k 55 RR I A

SH A EE W TR, 58 08 1 5E M 1) B R &
.
3 én e

8 LUAS T & Bl 00 75 BR AR d CR ZE/R R
BT TR B 8 5k e 2 v A 4R b 2 Ak
bR I R AL S AN TR R e A KUK

LT BR AE 05 0 35 1Y 5 W Y 2 R R A B R
BEME ST B, E 64l B W b, 346 )

F| 72 FlRR P 5 L 20 B OAV>1 ) 5% B KL )

J, F o B 2K R 5 R R R R 2 O b R .
R ¥ OPLS-DA F1 VIP 43 #7 , K 8l Kk K % 75 # it
T RN R 2 L R AE R S E R, o R
Ol ABRK LB KL LR TG 7 B 55
MEEMER X 7TMHEREHERELED ]
DAERNX 2 B ERMBE MR 1LY . 260U 0
G50, 3RO T BRI R 0 B 0 T R LI (1 o
BT RARAE R A e B EF AL R E W
B 5 A BT 3G, F B g5 A AT e R IR E
207 5 B 22 25F % A AL R O 1 A A R .
SR, H AT % T AN [A) 5 B Bl A 3 R 2R 3 7R AR
= A AR A o R X TR SR AT T T S e AL 1
A B I, 3 R R SR B A 0 B T A

S XMk

[1] GUO T L, HORVATH C, CHEN L, et al. Understanding

the nutrient composition and nutritional functions of

highland barley (Qingke) : a review[J]. Trends in Food
Science & Technology,2020,103:109-117.

[2] QIAN Y L, AN Y Q, CHEN S, et al. Characterization of

Qingke liquor aroma from Tibet[J].

and Food Chemistry,2019,67(50):13870-13881.

Journal of Agricultural

[3] HONG Q Y, CHEN G J, WANG Z R, et al. Effects of
different thermal processing methods on bioactive
components, phenolic compounds, and antioxidant

activities of Qingke Chighland hull-less barley)[J]. Food

3ok RS T HR & IF Rof MER U RO 4 1 0 XURR B9 2 T

Science and Human Wellness,2023,12(1):119-129.
[4] CADENAS R, CABALLERO I, NIMUBONA D, et al.

Brewing with starchy adjuncts: its influence on the

sensory and nutritional properties of beer[J]. Foods,
2021,1008):1726.
[5] ZHANG K Z,YANG J G, QIAO Z W, et al. Assessment

of f-glucans, phenols, flavor and volatile profiles of hulless
barley wine originating from highland areas of China[J].
Food Chemistry,2019,293:32-40.

L6] MRl 2, 22 I, 25 W0 , 55 . 75 BRORE B39 AR 3 T 2040
L], HhEEGE 2022,41(4):174-179.
CHEN Z Y, AN M Z, LI L, et al. Optimization for

brewing process of highland barley craft beer[J]. China
Brewing,2022,41(4):174-179 . (in Chinese)

[7] ZONG X Y,WU J H,CHEN Z Y,et al. Impact of Qingke

(hulless barley) application on antioxidant capacity and

flavor compounds of beer[J]. Journal of Cereal Science,
2023,109:103624.

[8] PAN R R, HASSANE H A, BIN X. Germination in
improving the nutrition, health benefits and processing of
highland barley[J].
& Technology,2024,59(4):2162-2171.

[9] YANG S J, LI K, LIU H, et al.

International Journal of Food Science

Enhancing citric acid

tolerance of Acetobacter tropicalis using chemical and

physical mutagenesis and adaptive evolution to improve the
quality of lemon fruit vinegar [J] . Journal of Food
Science,2024,89(5):2581-2596.

[10] YANG N, WU C, YANG H, et al. Bioactive
compounds, antioxidant activities and flavor volatiles of
lager beer produced by supplementing six jujube cultivars
as adjuncts[ J]. Food Bioscience, 2022, 50:102008.

[11] FAN S S, TANG K, XU Y, et al. Characterization of the

potent odorants in Tibetan Qingke Jiu by sensory analysis,

aroma extract dilution analysis, quantitative analysis and
odor activity values[J]. Food Research International,
2020,137:109349.

[12] ARG ILHE W =30, 4. FRMMXTHFRAKBNE RS
BCE SRR EILT]. B R, 2023,44(5):38-44.
JIANG X, JIANG W, XIE S K, et al. Influence of
highland barley varieties on the nutritional and sensory
quality of highland barley wine[J]. Food Science,2023,
44(5):38-44.(in Chinese)

[13]L1 Q, LIU J, ZHAI H S, et al. Extraction and

characterization of waxy and normal barley f-glucans and

their effects on waxy and normal barley starch pasting and

degradation properties and mash filtration rate [J] .

Carbohydrate Polymers,2023,302:120405.

133



134

Journal of Food Science and Biotechnology

[14] HE4kFH, BLOR B, SR BN, 45 . KORORS 1 8 0] i 125 R oK
W KB B s LI, A 5 A R 24, 2024, 43
(9):142-152.

CHU J Y, XIATY, WU D H, et al. Effect of rice
polishing degree on flavor quality of enzymatically
brewed rice wine [J] . Journal of Food Science and

Biotechnology,2024,43(9):142-152. (in Chinese)

[15] BETTENHAUSEN H M, BARR L, BROECKLING C D,
et al. Influence of malt source on beer chemistry, flavor,
and flavor stability [J] .
2018,113:487-504.

[16] MARTINS C, BRANDAO T, ALMEIDA A, et al.

Food Research International,

Enlarging knowledge on lager beer volatile metabolites
using multidimensional gas chromatography[J]. Foods,
2020,9(9>:1276.

[17] WANG R F, ZHU Q Z, QIAO L N, et al.
Characterization of the key aroma-active compounds
in Qingke Baijiu by application of the sensory
approach [J] .
Analysis,2023,118:105196.

(18] A% X Mt . Mo R s ok A o Wl 06 288 400 o sk A oo 72 1)
FLLD]. ¥FE 5 & Tk K2 ,2024.

[19] KAYADELEN F, AGIRMAN B,JOLLY N P,et al. The

Journal of Food Composition and

influence of Torulaspora delbrueckiion beer fermentation
[J]. FEMS Yeast Research,2023,23:f0ad006.

[20] Sk &, TR, ok B . 2,4- 80T 3 26 ) 0 i 4%
AR B 3 A W BRSO R R T AR A A
Mk 4R ,2008,16(6) : 1606-1608.
ZHANG X H, WANG X X, ZHANG E H. Allelopathic

BE 30182025 F 4 B | ERE5EMBEARFER

effect of phenol 2, 4-bis (1, I-dimethylethyl) on
microorganism of Hamulus lupulus L. Chops) rhizospheric
soil[J]. Chinese Journal of Eco-Agriculture, 2008, 16(6) :
1606-1608. (in Chinese)

R BT M, R BRAT, % . HS-SPME-GC-MS 43 #7 T
SEPRME R RLT]. B 5 EMEAR Y, 2019,
38(6):123-130.

ZENG Z L, WEI ] M,NIU L L, et al. Analysis of flavor

—
8]
—

[

in potato by headspace-solid phase microextration-gas
chromatography-mass spectrometry[J]. Journal of Food
Science and Biotechnology, 2019, 38 (6) : 123-130. (in
Chinese)

[22] LI H H,QIN D, WU Z Y,et al. Characterization of key
aroma compounds in Chinese Guojing sesame-flavor
Baijiu by means of molecular sensory science[J]. Food
Chemistry,2019,284:100-107.

[23] VAN GEMERT L J. Odour thresholds: compilations of
odour threshold values in air, water and other media[ M ].
Zeist: Oliemans Punter & Partners BV, 2011.

[24] DONG TY,TIAN Z L, WANG S W, et al. Identification
of key off-flavor compounds during storage of fried
pepper (Zanthoxylum bungeanum Maxim. ) oils by
sensory-directed flavor analysis and partial least squares
regression (PLSR) [J] .
and Analysis,2024,131:106268.

[25]LIU S, YANG L, ZHOU Y, et al.

Journal of Food Composition

Effect of mixed moulds
starters on volatile flavor compounds in rice wine[J]. LWT -
Food Science and Technology,2019,112:108215.

(FUAL S 48 - FH D



