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Abstract: Laozao highland barley bread is a novel type of coarse grain bread, which is very popular among people.
By sensory evaluation, electronic nose combined with gas chromatography-ion mobility spectrometry, the differences in the
quality and volatile flavor substances of two types of bread (Laozao highland barley bread and sweet bread) were analyzed.

Sensory evaluation showed significant differences in aroma between the two types of bread. According to the specific volume
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results, the sweet bread had a larger specific volume. The results of electronic nose analysis revealed a substantial difference

in overall flavor between the two types of bread, with the response value of the Laozao highland barley bread on the sensor

being higher. GC-IMS results showed that a total of 41 compounds were identified in both breads, with alcohols and

aldehydes being the main compounds. The addition of laozao and highland barley increased the ester and alcohol contents

in the bread while decreasing the content of ketones (P<0.05). Six differential compounds (isoamylol-D, isoamylol-M,

2,6-dimethylpyridine, octanone, ethyl acetate-D, butylbenzene) were screened out by OPLS-DA and ROAY, indicating that

these substances made an important contribution to distinguishing the highland barley bread from the normal sweet bread.

Through the Spearman correlation analysis, it was found that isoamylol-D, 2,6-dimethylpyridine, butylbenzene, and ethyl

acetate-D had a relatively strong positive correlation with the T and P sensors of the electronic nose. This study provided data

support and reference for reasonable differentiation of different bread types and the development of new whole grain bread.
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Fig.1 Laozao highland barley bread and sensory

analysis of sweet bread
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Table 3 Texture characteristics of Laozao highland barley

bread and sweet bread
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Table 4 Qualitative determination of volatile compounds in Laozao highland barley bread and sweet bread
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LB /% B -M 535719  123-92-2  C,H,,0, 1127.4 13124 0.45 +0.02° 0.11 £0.02°
LB TES-D 287.861 141-78-6  C,H,0, 899.7 1.339 37 2.12+0.17° 0.67=0.21°
LB LES-M 287.695  141-78-6  C,H,0, 899.4 1.093 73 0.31+0.15° 0.40 £ 0.01°
TELTHE-D 397.662  105-54-4  C¢H,,0, 1 040.7 1.561 6 1.93£0.10° 2.68 0.12°
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. X EZ /%
et Rt [sec] CAS 2T X RI Dt [a.u.] E— P
TECEE-M 400.52 105-54-4  C¢H,,0, 1043 1.202 93 0.23 +0.03° 0.09 +0.01°
TER A B 586.258  105-66-8  C,H,,0, 11495 127175 1.19 +0.02° 0.80 +0.01°
i LR LB -D 850.503  123-66-0  C.H,0, 12434 1.79597 0.55 +0.03" 0.20 £0.05°
I SE LEE-M 853.802  123-66-0  C.H,0, 12444 134361 0.32 *0.00" 0.21 £0.10°
F LB 1349.048  106-32-1  C,H,0, 14053  1.48412 0.58 £0.11° 0.93 +0.18"
TR 7 A B 400.928  638-11-9  C,H,0, 1043.3 12523 4.05+0.13° 2.65+0.10°
B K &t 12.02 £0.21° 8.83 +0.37°
2,6-5-‘%’;%%"/% 848.304  108-48-5 C-;H(,N 12427 1.45236 0.83 +0.02° 0.21 £0.03°
TR 1026.877  104-51-8 CioH, 12978  1.21046 6.84+0.17° 5.90 +0.20°
M) 264.36 109-99-9 C,H,0 858.9 1.228 8 0.12+0.01° 0.09 +0.01°
w9 £k -M 265.871 109-99-9 C,H,0 861.5 1.064 9 0.12 *0.00" 0.12+0.01°
H A 7.91+0.16" 6.32+0.17°
*5 BESEEaeMEEaE Y RAROAV
Table 5 ROAV of the substances in the Laozao highland barley bread and sweet bread
oty CAS  PB{A/(mg/kg) ROAV AL
BAEEFARG O HE e
FIFREE 107-03-9  0.000 04 100.00 100.00 HLAT S b Bk
N ) 123-51-3 0.04 4.60 5.49 HERG ZWAE A FiRok
5% EE-M 123-51-3 0.04 1.22 2.61 HERG ZWAESFFRA
TR 104-51-8 0.014 6.14 7.22 —
2,6-=F Hotrw 108-48-5 0.003 3.46 1.20 Ay R o AT e BB AR
I EE-D 590-86-3 0.001 1 22.06 25.45 PAER Aol F Aok
S REE-M 590-86-3 0.001 1 3.57 5.24 AE R FobbF Aok
FTEE 78-84-2 0.001 5 2.77 3.21 FLAT R 5% AL 4 R B Ak
A 3 BR) 111-13-7 0.23 0.82 1.51 Rotek, RARRERAE
LB %S -D 123-92-2 0.002 1.79 0.78 Bk
B REE-M 123922 0.002 2.85 0.91 Bk
LB TEs-D 141-78-6 0.005 5.33 2.29 LA KRR
LB TES-M 141-78-6 0.005 0.78 1.36 B KRAA

2.6 OPLS-DA##7

1E A A e /N 3 4y BT (OPLS-DA) 1E A — Fi
AW B R AT e ik, T S R X
R R 5 B S A (R SRR AR, DLSITBILRE: i S
W B 6 B o, R2X1=0.727, R2X2=0.242,
RO TTRR K T 85%, Uit W AR 2 LA 4 v ) AT S
FERSET, BEih A5 BEEERGE, Ui
T /6055 6 368 TR 0 R AR ROk 2 K, ST
R L. NP IRAE B R SR, HEAT 200
WA HGAE, Hd R RIR KT 0, Q HI#ME/NT

0, ULEARIAYNIEE, W H TP, LEEEH
SoAE (VIP) AT FH SRR it 2 18] () 2 40 &4,
HA 2 VIP>1 B, ATALZAL A YRR i 2 8] 1 DG
PEACA YD, KERE S B AR 22 18] 1) AR B A E B DTk A
Ho i VIP iH&E, £ RS PR A AN i A S
ik 12 2Rtk &9 (VIP> 1), 2502 7%
FE-D. FREE-M. IECEE-M. 7 TR, 2,6- —H X
e ARl 28 288D, BERR-D. BERE-M. T 2K
THEE-M. TR HNIER. Hrh 55 RE-D K VIP|E
R, it B ST T 60 ) B A AU T R A FH e R H
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Fig.6 Orthogonal partial least squares analysis of differences
in flavor characteristics between the two breads

E: (a) 9B, (b) X%HE, (c) VIP 1A,

2.7 ROAVZHT

FARE S35 BEAE (ROAV) 2 FH Sk 31 W Ak &
XPHE AR AR I DTk, B AT, AR R AL
GUA TR AHHA R G XS FE i R
R BATTERTE R, DR R B AL A W R R A R A
LS AR FIB . 21L& P01 ROAV > 1 I, TIiZ%
A PR i R TR A P A S B iR S T
w1, BRI BRI A 0.000 04 mg/kg, B AR HLIL
AN B R, HOE LI ROAV=100. 7ERHE B
TH A ATE T P S S 13 M ROAV > 1 L&,
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Ho2,6- “HIEMIE, ZRFINEE-D. 2R AL
fE-M. &R ZB5-D 721 RS 75 FR 10 ) ROAV 1
FAE T AL, W0 B X A o TR i AR T
AL R TTERAE B R . AR R, 2R
SRR R 2 LAY, X R ) AR
AR B A B I DTRRAE T, S5 AR SO T A R — B
W B R (1 0 N R R 2 3 0 T 6 1) AR KUK SRR ALE
M, SREE-D. RKE-M. TX., 5&#E-D.
FIREE-M. R TR PR, 48R CEE-M W 2 A
RIS, TR A B B ROAV, Ui #
X A A A xok K e R T B 1 XU HL AR E DT
EH .

2.8 ROAVFIOPLS-DAXT H 2 #r

ROAV H1 % j0 4 it 4 #1 33 o] A T i 16 #¢
2 ERE S BT A A, fE R
[ AL il i ROAV 3L it 5 13 Fh 22 R & 1)
(ROAV > 1), Tl OPLS-DA A5 & i Z K foH 4t

e 12 MRSy (VIP>1), HwiMr
&%%ﬁ%ﬁﬁ6ﬁaﬁ%%%&@4x%m@mm
2,6- HIELIENE ., fRoE. ZFRAEE -D. T A, i
BHIX 6 Fh At A 4055 X 3 BERE 5 R 0, R 7 368 i 1
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Fig.7 Comparative analysis of ROAV and VIP methods
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29 HFE EGC-IMSH A % M o #7

K H Spearman #H 5C 14 73 # B3 1 S AL R8s 5 22
S EPIAR M, B 8 FTA, FREE-D. 2,6-
THIEIEE, TR, LMRAEE-D EHRFEM T, P
ISR B BOm W IEAR G, B dn T30/1. P10/1.
P10/2. P40/1. T70/2. PA/2. P30/1. P40/2. P30/2.
T40/2. T40/1 1 TA/2. T 5 GEE-M. il = BE U 5
LY2/LG. LY2/G. LY2/AA. LY2/Gh. LY2/gCT1 #lI
LY2/gCT BA BEMR IEAHKME (P<0.01).

3 Zhip

KHBEN T BT RgESME
TIEBHA, /rmidhma (RS RREa. &
) BIERAE R A S . BRI R
PR B E SR YERE 22 ok, RN i A R A
BRI BT8R, BAEE RS
T A T B D) AR 22 S BB, HE R i B T AL A
RIS B BB T &, U B R R ML S
SEEE,; Wil GC-IMS KHl, 7ERERRIL%EH
41 Pk A, oA T SRR 2 2 e 32 ) XU R
FERE 075 R A 0N 2 38 0 FE & BR SR RN 2R
&, mREZRKS R (P<0.05), i#id OPLS-DA
LR H 12 B2 R AW (VIP> 1D, I
ROAV ik i 13 #2254 (ROAV > 1),
WE LA AR 7 IEE-D. FIRE-M. 2,6-—
FRILIERE . P EB. CFROPR-D. TR, WX 6
Pl A YOI VE X 53 I8 R 7 % 1 6 A0 L5 3 i i 6 1
Ktk 5. i Spearman I PE KB, FIK
fiE-D. 2,6- —HEMEEE, TR, LR 4BE-D 5T
S0 T, PARRES R AR IEAH G . AR
A BRI R T AL 2 i B LB AR R AT B S
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