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Abstract: Laozhao highland barley bread is a kind of novel coarse grain bread, which is deeply loved by people. Using sensory evaluation,
electronic nose combined with gas ion mobility technology, the quality and volatile flavor compounds of two kinds of bread (Laozhao highland
barley bread and sweet bread) were analyzed. Sensory evaluation showed that two kinds of bread on the smell dimension differences, and sweet
bread has a larger volume. The results of the electronic nose showed that the overall flavor of the two kinds of bread was quite different, and the
response value of the Laozhao highland barley bread on the sensor was higher. GC-IMS results show that the two kinds of br'ead of identified
41 compounds, alcohols and aldehydes were the main compounds, laozhao and highland barley can increase the ester and alcohol content in the
bread, and cut down the content of ketones (P<0.05), Six different compounds (isoamylol-D, isoamylol-M, 2,6-dimethylpyridine, octanone,
ethyl acetate-D, butylbenzene) were screened by OPLS-DA and ROAV, indicating that these substances had an important contribution to
distinguish the highland barley bread from ordinary sweet bread. Through Spearman correlation, it was found that isoamylol-D,
2,6-dimethylpyridine, butylbenzene, ethyl acetate-D had a high 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 development of new whole grain bread.
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Table 1 Recipe for two kinds of bread
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Table 2 Bread sensory rating scale
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Fig.1 Laozhao highland barley bread and sensory analysis of sweet bread
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Fig.2 The specific volume of Laozhao highland barley bread and sweet bread
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Table 3 Texture characteristics of Laozhao highland barley bread and sweet bread
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Fig.3 The overall flavor differences between the two breads were analyzed based on the electronic nose, (A) Radar map (B) Principal
component analysis
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Fig.4 Analysis of volatile compounds in bread based on GC-IMS (A) 2D spectrum and (B) 3D spectrum
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Fig.5 Fingerprint of Laozhao highland barley bread and sweet bread
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Table 4 Qualitative determination of volatile compounds in Laozhao highland barley bread and sweet bread

) AR AE 1%
wadh Rt [sec] CAS S2FN RI Dt [a.u.] .
AL EARE & H@me

ETHE 584.726 71-36-3 C4Hy0 1148.8 1.17992 0.7620.05° 0.4940.03°
iE OB 1246106  111-27-3 CeH10 1371 1.33297 0.6740.02° 0.6320.07°
F 582D 761.431 123-51-3 CsHy,0 1216 1.49749 14.6740.26° 12.8140.69°
F R BE-M 761.431 123-51-3 C<H;,0 1216 1.24643 3.8940.14° 6.08-40.80°%
iERB2-D 926.379 71-41-0 C<H;,0 1266.7 1.51021 0.506.01% 0.3640.03°
iEABE-M 921.981 71-41-0 CsHp,0 1265.4 1.258 1.0440.05° 1.2740.08
R 264.98 107-03-9 CaHgS 859.9 1.17627 0.3240.01% 0.2340.05°
FTE 479.055 78-83-1 C4Hy0 1102.5 1.37261 7.6440.07% 6.27-4.05%
Bk 29.4940.53° 28.1540.40°
2,6-= ¥ Hotre 848.304 108-48-5 C7HgN 1242.7 1.45236 0.8340.02° 0.2140.03°
TR 1026.877  104-51-8 CioHua 1297.8 1.21046 6.8440.17% 5.9040.20°
w9 Sk h-D 264.36 109-99-9 C4HgO 858.9 1.2288 0.12460.01% 0.0940.01°
w9 Sk -M 265.871 109-99-9 C4Hg0 861.5 1.0649 0.1240.00° 0.1240.01%
Haw 7.9149.16% 6.3240.17°
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) A4S 1%
e Rt [sec] CAS 2T RI Dt[a.u.] .
B b HART & HE &,

IETEE-D 466.038 66-25-1 CgH1,0 1096.7 1.5638 0.6140.07° 0.9040.21%
IE TEE-M 473.695 66-25-1 CgH1,0 1100.2 1.25971 4.1240.06° 3.4740.39°
SFTEE 241.935 78-84-2 C4HgO 819.8 1.09174 0.33#0.01° 0.2840.01°
SREE-D 303.114 590-86-3 CsH100 926.3 1.40228 1.9340.16° 1.6340.99°
FREE-M 302.451 590-86-3 CsH100 925.1 1.15963 0.3140.03° 0.3440.14°
3-F A -2-T Mt 683.355 107-86-8 CsHgO 1192 1.36559 0.6340.01° 0.85#0.15°
TE-D 257.851 123-72-8 C4HsO 847.5 1.28245 0.4640.01° 0.5540.24°
TE-M 260.007 123-72-8 CHsO 851.3 1.1132 4.7140.12° 4.6240.42°
S 693.252 111-71-7 C;H,0 1195.1 1.33089 0.1840.02° 0.3340.04°
73 13.2940.21% 12.9742.52%
B ER-D 1688.376 64-19-7 C,H,0, 15185 1.15795 4,9620.39° 4.4349.30°
B ER-M 1684.564 64-19-7 C,H,0, 1517.2 1.05613 12.4740.12% 13.24.39%
Rk 17.4320.48% 17.67+.69*
I A 1030.847 116-09-6 C3HgO, 1299.2 1.23718 1.5040.04° 2.24+0.06°
2-TBR 295.985 78-93-3 C4HgO 913.9 1.2525 0.5740.04* 0.6140.44%
2-BR-D 683.355 110-43-0 C;H,0 1192 1.63747 0.4440.01° 0.7440.09°
2- & FA-M 688.853 110-43-0 C,H,0 1193.7 1.26147 0.1040.01° 0.2240.06°
2-E1R 1242.293 821-55-6 CyHygO 1369.7 1.39661 0.5040.02* 0.3240.02°
A B 1036.409 111-13-7 CgHy6O 1301 1.3457 15.0240.24° 20.3240.60%
IR TER 1072.629 108-94-1 CgH100 1313.1 1.16114 1.7440.03° 1.6140.06°
LS 19.8640.31° 26.0740.11%
TS+ /% BE-D 532.656 123-92-2 C;H,0, 1126 1.75048 0.2840.04° 0.0940.04°
LB+ /% BE-M 535.719 123-92-2 C;H1,0, 1127.4 1.3124 0.4540.02° 0.1140.02°
LB TEg-D 287.861 141-78-6 C4Hg0, 899.7 1.33937 2.1240.17° 0.6740.21°
LB LEg-M 287.695 141-78-6 C4Hg0, 899.4 1.09373 0.3140.15° 0.4040.01°
T TES-D 397.662 105-54-4 CgH12,05 1040.7 1.5616 1.9340.10° 2.68+0.12°
TER LES-M 400.52 105-54-4 CgH1,0, 1043 1.20293 0.2340.03% 0.0940.01°
T A B 586.258 105-66-8 C;H,0, 11495 1.27175 1.1940.02° 0.8040.01°
ETBTES-D 850.503 123-66-0 CgH160» 12434 1.79597 0.5529.03 0.2040.05°
iE OB LEE-M 853.802 123-66-0 CgH160, 12444 1.34361 0.3240.00° 0.2140.10°
FE LBg 1349.048 106-32-1 C1oH200, 1405.3 1.48412 0.5840.11% 0.9340.18°
T B R A 400.928 638-11-9 C;H140, 1043.3 1.2523 4,0540.13° 2.6540.10°
EES 12.02490.21% 8.8340.37°

2.6 OPLS-DA 2#f

B /N Tt (OPLS-DA) 1EN—Fia B A A b Gevt J7i2:, vl T4 R e R I S
PN, LIRS R TNE 2, il 6 s, R2X1=0.727, R2X2=0.242, Zit5ifk kT 85%, iHH
B BB w5, RSB, FEfh A S B IR, 10 BB T PR T 605 3110 T B R IR 22 54
K, GHTESERYE. Nk BRI E SErE, #EHT 200 Y2 XAE, Hrh RPIIAIZE AT 0, QF HUAE/
T 0, VAR ATEE, ATHTE—20 . BEHEERGUE (VIP) mTHRHIWHEE & B 22 ay, Hiy
VIP>1 i, AJAZAL SN i 2 [ IS B0, KRR AR 2 TR R R A B vk E ] - @it VIP 115,
TR BRI G AR L PRI Y 12 ML &9 (VIPSD), sral@ s kiE-D. FREE-M. [ECEE-M. 7
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Fig.6 Orthogonal partial least squares analysis of differences in flavor characteristics between the two breads (A) Score plots, (B) Cross
validation, and (C) VIP values

2.7 ROAV 7

* 5 BIESREaMEEE PR ROAV
Table 5 ROAV of the substances in the Laozhao highland barley bread and sweet bread

ROAV
teeth CAS  B{&/(mg/kg) . At
B 107039 0.000 04 100.00 100.00 BA £ Rk
£ /%E5-D 123-51-3 0.04 4.60 549  AEREGZWAFAAFRA
F/%EE-M 123-51-3 0.04 1.22 261 AHEREZWAAAFRA
TR 104-51-8 0.014 6.14 7.22
2,6-—F Fkukrw  108-48-5 0.003 3.46 120  AHIRAEA RS AR
5 %EE-D 590-86-3 0.001 1 22.06 2545 WAE R Fe bl T Aok
FSEE-M 590-86-3 0.001 1 3,57 5.24 WAE R Fe b T Aok
FTEs 78-84-2 0.0015 2.77 321 LA 4Rk A6 R Ak
A ) 111-13-7 0.23 0.82 151  REvk, RARREALE
CE#FRES-D  123-92-2 0.002 179 0.78 Ak
CEFREE-M  123-92-2 0.002 2.85 0.91 Ak
LECE-D  141-78-6 0.005 5.33 2.29 BA KRA%
CETE-M  141-78-6 0.005 0.78 1.36 BA KRA%

XA TG EEME (ROAV) EAIRAIWAL SR FE A AR IR TR B, HRT, CRIRER ISV BT
ity (B AR AR SRRl XU BT TR, DRI B4 b 25 P O FE R BB (RIS 5 R, 244k
LI ROAV>L i, ZAL A IR A TR E L %, i3 5wl PATGREE, BIAEy 0.000 04 mg/kg,
B HIAN & 8w, #oE O ROAV=100. FERSRE SRR I A T 6 R 3L 13 7 ROAV>1 L&
Y, Horh 2,6-ZHIEMEE . AR ER-D. LRRRIKIEE-M. LR CHE-D RS AR AL ) ROAV = T 7EiE
BT, I S Ak IR R L U TR P e e . IR e R IR, 2 I A R v 1) 2 5
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Fig.7 Comparative analysis of ROAV and VIP methods
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