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Abstract: A kind of Agriophyllum squarrosum bread (SMMB) was developed with Agriophyllum squarrosum flour and
wheat flour as main raw materials. In this study, the formula of SMMB was optimized by single factor tests and response
surface test. Then the texture, color and flavor of SMMB under optimized condition were compared with traditional bread
(BMB) by using texture analyzer, colorimeter and gas chromatography-ionmobility spectrometry (GC-IMS). The results
showed that when the proportion of Agriophyllum squarrosum flour in the mixed powder was 19.1%, and based on the total
amount of mixed powder, adding of 2.5% yeast, 14.5% sugar, 10% butter, 1% edible salt, 0.5% ameliorant as well as 50%
water, the SMMB was golden in color, full in shape, exquisite and uniform in internal organization, and had a unique flavor
of Agriophyllum squarrosum. The SMMB also had the highest sensory score of 86.96 under the optimized condition.
Compared with BMB, the color of SMMB was obviously different with decreased lightness, but increased redness and
yellowness. The hardness, cohesion and elasticity were also increased in SMMB. The main flavor substances of the two
types of bread were similar, but the contents of alcohols, aldehydes and ketones in SMMB were relatively higher, while the
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contents of esters and heterocyclic substances were lower than that of BMB. The different relative contents of flavor

substances endowed SMMB with higher mellow, citrus, grass and malty flavor, while the flavor of ester, nutty and toasty

was lower. This project would provide a theoretical basis for the application of Agriophyllum squarrosum in bread.

Key words: Agriophyllum squarrosum; bread; formula optimization; response surface test; quality
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20, SOD . 5 il A1 2 i A5 L S AL 7R BB I BR A N 1)
AL, g™, eAh, SCHR [5-6] HRIEB VK UE
Ay e PRI BY ) Jy e, Has RAFIIn TR
FE T A i B SR B S REASME, JF R VDK AR E
77 i, BERERSTH B A IR & AT R, e e
VAT B K.

AL A B BRI . IR Ay
AU AR I A E A, AT LA AR T
AL, 3T ARG I 04 XUER, a2 A —xE
PARR . A/ IN REAEERE/INKOB I A 31 T B
T, PAE T AL AU AR i R TR Ak
AR FHE R RKASS T E KK T T RS AR H AT IR )
e BRI, BRTAVPE s ol /e e i
FEIMLEEATHGE o ASSLL6 >R FH PR 28 S50 485 -5 i) 7 T
40Pk SMMB L Ty, 5] B Fb e e AR e 5 F 19
SMMB 1 BMB, W58 ¥ KX i iz . Bk DL Az X
TR B RZ M, PRER VD ARAE Sy —Fh i e i E R vl 47
P, ARSI A
1 HRERs®
1.1 MRS5S

RFEUPK i R Y H PR A N R
EETETIEEE B2 RIS E A IRA L HEb
B AR IERIGE A BRAE H NS
TSV B2 A A AT BN W) 4 1L 4328 vl s TR il £k

PO A K il A BR BEAT 2N F 5 1Ak R 77 (52 e T
AUIFRIFIB TR BRI A PR ] o

DFY-400C #4220 o el IR T AR L
A B2 Fl s SM-25 i FEAL . DC-236SZ AUME A4
MB2-623+3S HLJE W FhiE LA R ¥ ; Flavour
Spec®“TAH & ¥ 1L #2311k (GC-IMS) B AL 15
G.A.S.ANH]; NH310 (224 IRYITT — B RHEAT
BRZN ] TMS-Pro A4 db B E 8B4 BR
THELTL
1.2 LWHE
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36 °C HIER R AL R & 70 min; 5 BE & U T %
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1.2.2 FANZESL  #88 SMMB HITE L2 AR,
DA AR YDAy BB R 300 g L, aEad ek As v
Kby o e BEREES N LA RSN, DUBVE T
S FIELE AR AR, B2 2RI 2R 5 SMMB 11455 ¢
Fo KBy 10%. 15%. 20%. 25% Fi1 30%,
PR 15%. Ttk 2% JINRLRS HilEh 1%, B 10%.
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Table 1 Factors and levels of response surface experiments
Sk
7J(E'Z V) L N; L i N; L
A PR  HEAE (%) B: FTEPRRES N (%) C: BEREAR I (%)
-1 15 12 2.0
0 20 15 2.5
1 25 18 3.0
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1.2.5 BEEPESbrE 08 GB/T 20981-2021 i 42
JFEm N Y2 SMMB B E PESTRIE, IR 2, 1k
10 Z &S Ll POl A 53X 45 2 3080 A S 04 T
BYETHY, W43 100 43

®2 MURBEE T RTE
Table 2 Sensory evaluation criteria of bread
it H S bnifE W ()
SMESEREML, TTIRE, IEERE 1620
SMERGEREALE, R RIS,

SMIEAR (2043) TG A 12~15
FEAAERE, TR A, AR 0~11

R RAE AL HAI A3 16~20

AR (2043) R BIR A A PIEIEAR IS 12~15
P B FE AR 0~11

SALANAS], SO, A TE 16~20

HANGERG(205)  AALEAWS), AR, PEREE 12~15
SALRANRYY, Kasiige 2, ks 0~11

AR T AL A IR, VORI 1 16~20

KR(2043) FIRIR AL TR, VO ARRERIR 12~15
TCIHAL A, VKRR 0~11

PRI, FHWRIE F, AT 16~20

I1#(2043) BTCHIAG IR, FHTRERIR, FAL 12~15

FZORLRS, BoA BIHOR S0k, K2F o~11

1.2.6 JitglE SHHpHaE0 097 kIt e S
2o i N T 3K G R T 2 58 #E 1 BMB A
SMMB B T ALY A 3 emx3 emx2 cm #Y A3,
HURE S5 7 BV T TMS-Pro %5 (14 A AY | 3E1 746
M, PePE PSO MYAETRIET IR, XHEANRE & 4 3 1k
AT, Bk TR SR T _E T ) R 30 mm, JE
AR R 50 %, K IH B 60 mm/min, #2447 0.375 N,
W3 YR 355 T =2 [E] 452 051 A5 18] 5 min, X454 RE &L I 2
3 UK, BOFHEL, a5 AR B8 Wi/ INVER

1.2.7 @2l SN CEES Ikt e
o TETELYE E e RS AL 4 0 a ) T AL, AR
B/ EREE . R4 8 s 02500 %8 AL Y 2
B, FEFEAR N LYE. oH. bELL K AEMEH., HA4
FESRINE 3 UK, BWOV-E5L, a5 AR WAL/ N, AE"
FHAAZANT

AE = \/(AL*)Z +(Aa') +(Ab')

Hodr, AL*:L*SMMB_L*BMB; Aa*:a*SMMB_a*BMB;
Ab*zb*SMMB_b*BMB °
1.2.8 GC-IMS MRS S RUTCEH
SEU (O IR RIS . MERARRE: 3.5 g FHARRAIL
¥y A B S ) SMMB A1 BMB A£ 5, BT 20 mL i
25 PEREIL AR I 55 25 1), B TRk, £F 60 °C 2%
A FiEAE 15 min, $EEEATCE 500 L. GC 2&44:
FS-SE-54-CB-1 (A 3% 4 (15 mx0.53 mm), HE & N
60 °C, RSN NL(4E =99.999%) . IMS IR
A 45 °C, RSN N, (4EEE = 99.999%) , AL ik

M 150 mL/mins
1.3 HIEAIE
A I AL B AT =R EE I E . I Excel

2016 X EPEHEATEEFRFITIA, FIAH Origin 2021 47
22, iz SPSS 26 #7545 0T. GC-IMS %idE
SRIHHLES F 4 Gallery Plot 2 HIF8 40 &3, HR 4 P &
IMS 8 22 RN NIST B e X #2 J P AU ) Jor i A T
B, HrP R B R EL(RD th R4 S, H -3 s e
SRR IEA LR 1 O BE H5 B0 S B i BREY 100 £,
LA ] A7 T A0 4 S DR A0 4 AR 18 T A ot e g
FAAE Ry 3, FH B A 15k 55 SR FH AR R T —
AT U SO A AR X 5 4
2 BEREHH
2.1 BEZRSLIEL
2.1.1 VKB b T LE 2SS R P IS

FHE 1 AT LR Y, B YKok O Ee i B, A
FEZSZ T TR, ARAE & Eei/ VT 20% B, FREEHEAR
3 (P>0.05), T HL25 5 i A IR &2 ok B2 HP R AK A
2%, BHHIE BV AR B INAS SE 0 T A 4 T 5 1T
YL st B, VKR A R T R
FIERER 1L, BOMEIE S N2 MR I 22 B R 22
TS5 A F1 R B A T 7 24 18 R s T 77 X 245 45 44
B AR A RECRE 1, BEAE VDoAY o b i 3 i,
AL B VRS Fe Tt s S KRR, o lbEER/ DAY, vk
FEE B RIRASZ I 5 24 /5 Ehis ol 20% B, A A4
UK, LA A) . BRI AT P oK RS B, J8%
Bt BE—2EHE bRy o b, LB (AR
W, THERTTFURZASASHIRE, 3X AT RE- S VKA B B 4
. HE A WHAT 4G 5. 247G SMMB IERE
PEOFFIELES, TRV KE i EE & 15%. 20% ., 25% ¢
AT R T A

881 —— RIS 8
[ g ab
85 b -,
_ b
Sk c
g [0 2
R 79 E
= %
N A 5 K
B
% 761 A A =
% B
g 4
73 c
, . . . . 3
10 15 20 25 30

UM 5 HAE (%)
BT UoRok i A L A SR E TR B R
Fig.1 Effect of the proportion of Agriophyllum squarrosum
flour on bread specific volume and sensory score

AN PR R 22 5 B 3 (P<0.05); 8] 2~I%1 3 [l

2.1.2 HEPPHES IS AL U A 5 B PR I R

MIEL 2 RTLUA Y, BEFE AP I a3, Tar
AR R BT RS . MR IR A ey 2
TEREVAMITT, P b e (e R AR AR R BEAH, RN
Wl B iy, PR AR B s th T RS
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ek g A, PRl btk v sk AR A B A 25 v 19
B, SRR LS . PR RSP, P e
SR 15% B, AL LR R . WERE T SRE, ¥ e
PEASINEART 15% B, M dH B 2 HabiEgsin e
IRF] 15% I}, LS b, FSdRAE, BB PR
= M PR It — 2 B e, Sf 22 (Al i T 6
B S W B W 2 R = % 1 R VA % =2 VA Y A = ER
AL I R, ShAEAN A, BRAK TIRRE 53 B,
£54 SMMB 14 EL 2 U P57, 88 DB i
12%. 15%. 18% 47N L ibiss:

881 = EHIFSH 8
R
85 b .
(E 821 6 &b
[6 3
i 791 8
jun L5 &
76 R
| H4
73 c ?
1
- - - - - 3
9 12 15 20 25

HEHEES I (%)
K2 FEREA N A A 5 BRI S
Fig.2 Effect of sucrose amount on bread specific volume and
sensory score

2.1.3 FEREERINEXT AL H 2 5 BB PR3 1 2 )
FHIE 3 n] LI H, BEE TRRR S s 3, SMMB 1)
PE AR 2 T N, U PH TR I BN B RS i 5 7K
AL . ALY IEE PR S B e N S v N kA
B, BRI /D 2 B0 A R BEAS L, I8 H T
A IE55 ) 22 FURG T, T A IXUSR AR 2 5 M RN
HoR 3.0% B, AT RE A TRk 2 S 80 A & s
Py ask JBE SEAR, Je HH SR 14 T £ 3 T € ) AR
I, Z84 SMMB BYECE PR3 FILEL 2, Sei B s in
7 2.0%. 2.5%. 3.0% FEATIRN FACALERE

88— MRS . 5
s
851 ;
& 82 %
R =
= 794 =
= Y
f 5§
# 76 =
73 4
T
3

10 15 20 25 30
BEREAS I (%)
&3 BERRAS IR A LA S B E PP RS
Fig.3 Effect of yeast amount on bread specific volume and
sensory score

22 P KEENMNEIRELER

2.2.1 W o AT A6 1 T A 4 LI SMMB 8% B
PESME R B AR, MR TR T A 4l R L% 3.
222 FIEBIALE &Iy 245587 FIJH Design

%3

M 137 I TS5 45

Table 3 Design and results of response surface experiments

A VKRN LR B: ARPFER IR C MR InE Y BRE TR

e =1

TG (o) (%) (%) 49
1 15 12 2.5 86.2
2 25 12 2.5 85.3
3 15 18 2.5 84.9
4 25 18 2.5 83.4
5 15 15 2.0 83.3
6 25 15 2.0 81.3
7 15 15 3.0 83.9
8 25 15 3.0 84.7
9 20 12 2.0 82.9
10 20 18 2.0 81.7
11 20 12 3.0 83.1
12 20 18 3.0 82.8
13 20 15 2.5 87.3
14 20 15 2.5 88.1
15 20 15 2.5 87.4
16 20 15 2.5 87.9
17 20 15 2.5 87.6

Expert F44% 1 56 45 S 1E AT % B )3 3816 54 iF
A7 EAST, AR BB TS Y B9 =0 Rk B T R
Y=87.66—0.45A—0.5875B+0.6625C—0.15AB+0.7AC+
0.225BC—1.02A2—1.69B>—3.34C%, J&'BE P43 B4 1] )
PR T 22530 W3R 4.

= 4 ATA, BEE TS AR P<0.001, [E19

R 2, R P=0.0968>0.05 AN 3E, Fosml)
SR ST = [l AL BE 3, W AR LA say
X SMMB BLI7 #EA T AT AN . R*=0.9765. R? 4=
0.9462 F AR 5 S0 bR g A IR a6 52 A
G S S I Y 16.273>4, F2 RIS B
1o B, ZENEAIRIGRRG VKo 5 Ll . RS
NN AS IR 3 D EEXT SMMB [ ECE T
G305 M 3 A HERfA MR A T A4, A 19— ¥R I C
TWRI A%, B C? AR 3 (P<0.01), —IRITT AL B
IRIT AC B3 (P<0.05), AB, BC ANB3, 3 PMHE
X SMMB BB PE43 152 Tk C (B RE-Es i) >
B(EAEPHEEINE) >A (WA 5 thdi) .
2.2.3 WS EAE EAEFSTHT e AT DA B
A PR 22 X i) B 09 R EAE i iz ] ph T 3 R s e
TR N AP S O R VIR Dp A e =t A N 52
IO PR PR 2R A8 EAE A Sl 3 R R, PR (R s 22
HAEA WU,

FH & 4A~E] 4B RN, FIRPBES I E i e B R
TP LU, DB B DX 8 P43 1)
R H XN B AT 2R BRI BJE, BB iR i AS B
VEFXT U K AL R T PR32 /N B 4C~[F 4D
o, BRI 04 BE I B R KB o LR, 156 RH
BB BCE VP43 SR R Ry 45 Rk S i
T2, UhEH 3R A8 BAE XU K AL E TS5
MR . &l AE~K] 4F v, BRGS0 BRI B T
ROBEGS N, 156 A PR B 8 I a2 X S8R B PRS2 M 480
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Table 4 Variance analysis of regression model

T5 2RI SEIT 1 e brifEzE FlE PfH B
TR 79.05 9 8.78 32.28 <0.0001 ok
A 1.62 1 1.62 5.95 0.0447 *
B 2.76 1 2.76 10.15 0.0154 *
c 3.51 1 3.51 12.91 0.0088 o
AB 0.09 1 0.09 0.3308 0.5832
AC 1.96 1 1.96 7.20 0.0314 *
BC 0.2025 1 0.2025 0.7443 0.4169
A? 436 1 436 16.02 0.0052 o
B? 12.06 1 12.06 4433 0.0003 o
c? 47.04 1 47.04 172.90 <0.0001 *k
B 2% 1.9 7 0.2721
AU 1.45 3 0.4842 428 0.0968
4R % 0.4520 4 0.1130
MR 80.96 16

TE: PR ERM L, P<0.01; ¥R 2R B3, P<0.05,

s3]
—_ —_
(o)} o)

B: FURPRRA I (%)
= o

—_
(98]

—_
[\

s 17 19 21 23 25
A UK L (%)

C D
90
£ S
& 86 I
5 84 2
g b
# 8 &
80 &
©)
3.0 B 20 . :
28 26 54 19w 15 17 19 21 23 25
C Bty 22 2015 | 40 A TP T HERE (%)
PG (o) ?;fl\/
E 3.0
90
— =28
&R 88 S
& 86 =26
B g4 =
}.K_:t:
5 B 24
2 82 = 244
80 =
S22
18
17¢’ Q]o\ 50 4
3.0 )S\Q@/ V&= g
6 24 13 ;@ii? 12 13 14 15 16 17 18
C Betgyey o 22 2012 @ B: (IR (%)
YIRS (%) $'-®

K4 ANFEZHEAEHIXT SMMB BCE I H R 0H

Fig.4 Response surface and contour plots showing individual and interactive effects of variables on SMMB sensory score



- 160 - £ Tl B

20244 7 A

Ko I A i 2R BT R, B PH R N 32 BAE
XK AR B P52 M4 /N o

2.2.4 WA N T AT RIS 38 A AR YR ) e TR
A i85, {57 ] Design-Expert $%{4:33£47 SMMB Tt J5
PGS AT, TS S RS I AR B T A UoRAs o L
= 19.078%, FRPHHUS I 14.518%, MR &N N &
2.537%, PRIS H = PEAr oA 87.78 41 Fo B SEBRIR S
FRVERS O, W B Rl VR 3L Sy VKB 5 LU 19.1%,
FRMHEG NG 14.5%, BRI 2.5%.. FHibEAE
T AT AT 3 IREE K UEEE, B 3 IBE TE4r
M- IME, R ILSEPRIECE TSN 86.96+0.92, 3
WE 87.78 £23T, Ui BH b AL BRI m] L FH+ SMMB il
VEBEC 7 04 43 AT T00I0, w37 T8 925t m] LA 250k A8 £k
SMMB HJBE T -

2.3 SMMB 5 BMB SRS

2.3.1 SMMB HlI BMB B4, Bifa 5 (0.2 i
RARAET 24104 SMMB Ji5 5 BMB #47%
L, aniEl 5 R, PR AL R R B e s, BB
ML ; IWEEVITE AT LA H, BMB TR B2 1,
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Fig.5 Appearance comparison of SMMB and BMB
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Table 5 Comparison of texture and color of two types of breads

T (N) PSR FYE(mm) L a b AE
BMB 8.00£0.91° 0.550.02° 8.69+0.05° 83.19+1.19" 2.77+0.18° 13.96+0.36" 0
SMMB 10.49+1.04* 0.600.02° 9.89+0.14° 75.88+1.60° 5.33+0.39° 14.92+0.28° 8.21%1.34

H: [FIFAS R R R 25 54 .35 (P<0.05) .
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Table 6 Comparison of volatile flavor compounds in two types of breads
. fearinai BORGAT Y e WEMREC GRE R HXEROO
:5'q w3 RI Rt(s) Dt(ms) BMB SMMB
TR Ethyl butanoate AR A C¢H,,0, 1033 408.019 120006 0.22+0.02° 1.32+0.02°
LR Ethyl acetate R C,H,0, 876 286.533  1.33949  1.87+0.35" 2.36x0.05°
2-MEETAR £ R Ethyl isobutyrate KRR CeH,,0, 985 345087  1.22226  1.10£0.11° 1.55+0.06"
ZERHHR Methyl acetate P SN C,H,0, 826 265.911 1.1991  0.49+0.06" 0.65+0.01°
RN 1-Pentyl acetate B SIS C,H,,0, 1177 752371 1.78761 1.60£0.01° 1.69+0.01°
BRIR LT Ethyl heptanoate SR KRE CoH 0, 1336 1332.525 193837 1.09+0.31" 0.73+0.06
LR T TR Butyl acetate P LU CeH,,0, 1060 442554 1.62015 0.36+0.06" 0.13+0.01°
ZRTIBE Propyl acetate IR C,H,,0, 977 339.838  1.48162 4.51+0.23" 2.79+0.20°
fisk 2-FE TR 2B Ethyl 2-Methylbutanoate TR C,H,,0, 1060 442168  1.24298  1.18+0.12" 0.74+0.03"
LR 5ENBE Acetic acid 2-propyl ester C4H,,0, 902 297.592  1.16729  0.29+0.06" 0.230.00°
TR T Isobutyl butyrate IR L AR C4H,0, 1158 680.501  1.33438  0.65£0.11° 0.47+0.02°
SRR T R ﬁ‘;ﬁi‘;‘;{,ﬁlﬁy?‘;;;; GHO, 1273 1116169  1.38294 0.09£0.02° 0.06+0.00°
TR Pentyl butanoate G ACR IR CoHigO; 1307 1231317 139857  0.64+0.10" 0.70+0.02°
THT Butyl butanoate Rk CHi0, 1217 913331 1328 1.770.16" 1.85£0.07°
Gy T Ethyl hexanoate GRE S0 CgHi0, 1246 1016.157  1.33008 16.24+0.51°15.23+0.42°
PR 216 Ethyl pyruvate IRABR , HlfvR CsH0; 1257 1061.703  1.16128  1.77+0.21" 1.820.04"
2-HIE T I 2 Rl 2-Methylbuty] acetate WA HE C,H,,0, 1118 576.652  1.26673 0.51£0.03" 0.54x0.01°
58 34.38+0.33*32.84+0.38"
-3 4-3- 1 1-Octen-3-ol BEREIR CH,,0 1435 1671.039  1.16309 1.91+0.38" 2.82+0.26"
1780 -3- Pt 1-Penten-3-ol Eok AW, AR CH, 0 1156 669.406  1.36301 1.53+0.06" 1.69+0.04"
2-F LT 2-Methylbutanol ~ {§AEER, IBR, AR C4H,,0 1199 839.701  1.44904 0.08+0.01° 0.31x0.01°
e CRE) B 2-Furylmethanethiol BEFE IR R IR C,H,0S 1427 1642.179  1.09066 1.33+0.03" 1.68+0.02°
1- N 1-Propanethiol B SNIREF AU C,H,S 823 264.918  1.17141  0.14+0.02" 0.19+0.00°
S 3-Methyl-1-butanol [ C,H,20 1217 913.051  1.25929 2.25+0.11* 1.92+0.03"
(LSS 3-BilE-M Heptan-3-o0l-M BLZIR CH,,0 1307 1231.559 13332 2.30£0.03* 1.79£0.03°
3-PifE-D Heptan-3-0l-D HLZIR CH,,0 1306 1228.932  1.64688 0.71+£0.03" 0.56+0.03°
I 1-Propanol IR, R BT C,H,0 1026 398.05 126118  2.23+0.06* 1.85+0.02°
i Ethanol bR C,H0 947 317.606  1.13472  19.52+1.01°20.49+0.09*
A-M A Terpinene-4-ol C,oH,:0 1174 741259  1.23808 0.75+0.02° 0.76£0.01°
2- T Butan-2-ol Jk C,H,,0 1031 405281  1.13935 2.09+0.02" 2.08+0.02°
TR Isobutanol R C,H,,0 1080 481385  1.17624 1.35+0.09° 1.31+0.02°
=8y 36.19+£1.21°37.47+0.42*
2- 7%l Pentan-2-one TN HEAT R CH,,0 1026 398375  1.37997 0.37+0.06° 0.80+0.01°
3- 73 3-Pentanone CsH,,0 993 355301 1.32737  0.12+0.01° 0.18+0.00°
1- 3¢ -3- 1 1-Penten-3-one R C,H,0 1026 398.05 131174  0.69+0.07° 1.03+0.01°
i TS T AR Isovalerone JR, &Rk C,H, ;O 1198 836.307  1.78803  0.03+0.00° 0.110.01°
4-HIHL-3-130%5-2-B 4-Methyl-3-penten-2-one HEARE, Eﬁﬁ K CeH 0 1159 681.424 143275 1.240.15" 0.98+0.05"
2- T Butan-2-one AT C,H,0 894 203.748  1.24556 1.25£0.07* 1.37+0.08"
3-3¢f 3-Octanone L2k CgH,O 1256 1059.302  1.28208  0.48+0.05" 0.49+0.01°

ol
i

4.19+0.06" 4.95+0.07°
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B S| — R AR AT PREATEEL 17!<rrl( f)ﬂ L*% .“)j
LiD'S LSS RI Ri(s Dt(ms BMB  SMMB
P Heptanal LS C,H,,0 1198 838.38 1.34195  0.53+0.02° 1.16+0.02°
THE Butanal Sk, Rk 2k C,HO 888 201215 1.29242  0.10£0.02° 0.15+0.00°
Xof FV AR A TP Anisaldehyde TH A IR C4H0, 1241 1007.238  1.20414  0.13£0.00° 0.16+0.00°
S a-2- A e (E)-2-Hexenal KR | BZR C¢H,,0 1217 912.84  1.51453 0.95+0.03* 0.81+0.03°
CLEE-M Hexanal-M R C¢H,;,0 1081 482.61 125309  1.94+0.10° 2.07+0.05
B2 CE-D Hexanal-D L C¢H,;,0 1072 459729  1.56278 2.37+0.09" 2.53+0.05
) Mg =HUR 2 IR ) .
T Propanal R f&# O C;HO 792 252.033  1.06985 1.03+0.15" 0.93+0.02"
. AR, 2R e
T Pentanal Ak, ﬁf k. C,H,,0 981 341.676  1.42297 1.26+0.02° 1.23+0.02*
2-FASLTE 2-Methylbutanal WA, W] AR CH,,0 909 301418 1.39613  3.21£0.17* 3.51+£0.07*
T Isobutanal C,HO 801 255.825  1.28227 0.71+0.07* 0.75+0.01°
o 12.20£0.43%13.27£0.08"
_ ) 7N g, ! L
2- LB R 2-Ethylfuran REES j’flﬁiﬂz*‘ SR C4H,0 974 338.123 12792 1.09£0.01° 1.12+0.00°
2,5- T HI Skt 2,5-Dimethylpyrazine IR IR AR CeHgN, 1337 1335.558  1.48098 2.57+0.72" 1.75+0.29"
2-23-3- S e sz"rfétfl'yelthyl’3' B, EAR  CHN, 1336 1331166 157081 1.26+0.08" 1.02+0.13"
2-HIJknip g Methylpyrazine (2 JUS CsHgN, 1258 1064.702  1.10743  0.24%0.11* 0.15+0.01°
FLIA . :
A 2-L LN Ethylpyrazine IR, HEREUR ., IR C(HN, 1336 1333316 1.51721  0.55£0.17" 0.34+0.05"
EME Thiazole R, AR, AR CHyNS 1273 1116.169 125696 0.21+0.00* 0.18+0.01°
L4- SO % 1,4-Dioxane C,H;0, 1060 442,154 1.34809  0.41+0.03* 0.23+0.01°
AT, 3 ,
2-1FE T Bk 2-Butylfuran R ﬁﬁfﬁ”*‘ " CgH,,0 1119 577312 1.18641 0.38+0.02° 0.36+0.01°
mLE Pyridine UIEE7S CHN 1180 765.821 1.2455  2.83£0.20° 2.63+0.02"
B 9.46+1.32" 7.84+0.50"
- SR Dipropyl sulfide FROR . FEAR C¢H,,S 1075 467.621  1.17463  0.35+0.03" 0.32+0.01°
- ZHRETRL Dimethyl disulphide PR C,H¢S, 1066 450219  1.13449 0.63+0.05" 0.85+0.02°
JSiis 0.98+0.03" 1.17+0.02"

1 TR RERR 22 540 B 2 (P<0.05) .
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Fig.7 PCA diagram of breads
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