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Characterization of bread staling based on airflow-laser detection technology

ZHANG Yu-Sheng, HE Ke, LUO Xiu-Zhi, TANG Xiu-Ying’
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ABSTRACT: Objective To explore the method for the application of airflow-laser detection technology to
achieve rapid quantitative detection of bread staling. Methods The creep test was performed using a detection
device based on airflow-laser detection technology to collect the bread viscoelastic parameters. The full parameters of
the creep phase and the mechanical properties parameters extracted based on the Burgers model were collected and
combined with different pretreatment methods to establish multiple linear regression analysis and partial least squares
regression analysis models for the moisture loss rate based on moisture content and staling rate based on hardness.
Results The prediction model established by using the full parameters of creep stage achieved the best prediction
effect. For the staling rate model, the best modeling results using savitzky-golay (S-G) convolutional smoothing
combined with partial least squares regression were 0.971 and 0.959 for the calibration set and validation set
correlation coefficients, respectively, and 9.723 and 10.721 for the root mean square error of the calibration set and
validation set, respectively. For the moisture loss rate model, the best modeling results were 0.984 and 0.968 for the
calibration set and the validation set, respectively, and 0.002 and 0.002 for the root mean square error of the

calibration set and the root mean square error of the validation set, respectively, using the first-order derivative plus
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S-G convolutional smoothing combined with partial least squares regression. Conclusion The use of airflow-laser

detection technique can provide a fast, simple and reliable characterization of bread staling, and realize the

quantitative detection of bread staling.

KEY WORDS: Burgers model; creep; bread; staling; airflow-laser; quantitative model; rapid detection
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Fig.l Principle diagram of airflow-laser detection device
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Fig.2 Strain information curve of all bread samples
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Fig.3 Variation trend of sample staling rates and moisture loss rates of bread during storage
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Table 1 Distribution of sample parameters of calibration set and validation set of bread staling rates, moisture loss rate

miH P LT 3 Rl AR 25
KIESE 50 40.218~197.669 86.039+41.131
FALR/(N/d)
IO F4E 16 44.733~172.656 82.700+36.055
BIE4E 49 0.003~0.058 0.017+0.014
TR AT I 2/ (%/d)
IOE4E 17 0.004~0.050 0.016+0.015
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Fig.4 Four-factor Burgers model

AHIFSE AT DU 2 2R AP A ST TR 5 A B B A A 3K (3),
2 B2 A A U AR 1R BRORE 0 g b B R R O L R
matlab [ Isqnonlin pREUEHTERASBY B AR, B E, .
E,. M~ 12 4 /l\%%ilk&o
232 I TRMAEA

FIFH U AAAS WA RS LY 4 S BRI £
ok Bl (multiple linear regression, MLR). fhit/]> —-f
[]H (partial least squares regression, PLSR), fiff F{AH& it
RUSRHU R S8 A A S X, 43 2 Ak 3
13BN AR UK 3B 2% RN AR R B Y, #E71H
ALRE R 1 2 AL ZR K 30 00 S SR TR A A 1 Jel AR o
FERE X T TAL S IR Y Be 2 S E R R @R
o Bl H R IE 48 48 5¢ & %X (correlation  coefficient of
calibration, Rc), #Z1ESE /7 HI1IR 2 (root mean square error
of calibration, RMSEC) . 55 IiF % # & & %X (correlation
coefficient of validation, Rv), HHIF4E ¥ Jr#ii% 2% (root mean

square error of validation, RMSEV )X} i F A [] i Ab PR EE 37
B WA [ A B0 R4 T34 . R B8R, RMSEC 1 RMSEP
BN DRSS 784 %) SR 55 SR B4, RMSEC 1 RMSEP {EAH 22
/NI R R G P, LIt K S R By ik v gk H
AT AR R3]
24 FUNRBIGER
241 FEBMELABIEHER

% 2 B AR R BiAL FE 2454 MLR F1 PLSR 37
PRSI ZE S L . X fb i, S-G P i 22
5 1°4S-G “FIE AL BILS 4 PLSR 3RS B T A5 A 7
WL AR, A ] S-G Y454 PLSR RASAY Hil LAY
BEIEARAEC R A G IR A G RBCHIE, IX A A BT T AR
FE, FTLAEPEBEFH S-G V45 A Jw PLSR RAS A Hl A1 A
VE Sy e A3 I ISE Re F1 RMSEC 4341 0.604 F1 40.749,
Rv Fl RMSEV 43528 0.560 1 53.519; XtF k4o R
RERY, fifi FH] S-G -1 454 PLSR J3 M A5 (0 T AR 7R 4 £,
Rc Al RMSEC 435124 0.770 1 0.009, Rv il RMSEV 4351
0.581 F10.011,
242 HBENEASBEHLEE

£ 3 BIFENEESECS EA BRI R
MR T BARMET i S-G FiELE4 PLSR
AT TR BT AG 4, Re A RMSEC 435129 0.971 F119.723,
Rv Fil RMSEV 43524 0.959 A1 10.721; XF F/KAH k%
FEAY, fd FH S-G -1 A B 55 8 194+S-G Tl TAL 3 2S &
PLSR 4B 3fA5 M TRINAL B 45 S AR, B 194S-G P
TALFRZE A PLSR R AT TEMIEL R RMSEC F1 RMSEV #
AN, TUMARIACR TGS, OB 1°4S-G i AL #1245
4 PLSR ARA% MY TN B4 Ry e AEA A, Re Al RMSEC 43
24 0.984 1 0.002, Rv F1 RMSEV 43517 0.968 Fi1 0.002,
243 STt

T X L T B B S BB RGN B 2 S
BRI AT LUK, IR R B 24 PLSR A HUIH
FEMEBIOR, X T2 b 3eiiny, i S-G V454 PLSR
I FERRAEEE TR, Re F1 Ry 43512 0.971 F10.959, RMSEC
FIRMSEV 4351 9.723 F1 10.721; X F 7K 43451 2k 39k AR
1 154S-G 18454 PLSR S i Bi45 5%, Re A1 Ry 4y
Mk 0.984 F1 0.968, RMSEC # RMSEV 351} 0.002 #il
0.002, FhiPESBREILS A2 MR R AT g2 AR H
o T DU R AP R AR B i AR S RO A T A, T
B R RGP, DU SR AOAR ST R TE 1 U b 3R
IRA YR S5 I F ek wE AL B E SR, B
R, WA, b FEaBih FLBR R/ NA—, B iR
B RBWEWARE, FLBRESERRR/MLA 2R, BT LAFE
JrEERS b, WEARE REEAS 1k —AME, TR AN AR
MZESE, BIAETE . MU EECR 2 0 R0 Rk
JI SR AT DL AR A AP



5517 3

HKEA, S BT IR -BORI B T 5 (R AL

5531

F2 FREMBHEAEEUE. KOREAREEEER
Table 2 Modeling results of viscoelastic parameters and bread staling rates, moisture loss rates
WiH Ay = ToAL BT Rc RMSEC Rv RMSEV
a6 0.321 33.675 0.316 28.530
1* 0.402 31.818 0.373 35.840
MLR
S-G 0.562 26.831 0.637 33.777
st
B fl % 15+S-G 0.441 30.717 0.403 31.849
/(N/d) i 0.361 55.290 0.341 55.019
I 0.309 49,737 0.281 55.213
PLSR
S-G 0.604 40.749 0.560 53.519
19+S-G 0.626 48.562 0.536 50.572
i 0.341 0.012 0.245 0.011
I 0.443 0.011 0.403 0.016
MLR
S-G 0.686 0.008 0.871 0.010
SR IES 1948-G 0.553 0.010 0.948 0.011
ﬁg%ﬁ i 14 44 14
[%/d) B3R 0.365 0.0 0.3 0.0
I 0.316 0.014 0.228 0.014
PLSR
S-G 0.770 0.009 0.581 0.011
19+S-G 0.634 0.016 0.524 0.017
=3 BETHERESHEEEEZUE, KSMEARREELER
Table 3 Modeling results of full parameters in creep stage and bread staling rates, moisture loss rates
i Ay TiAab IRy ik Rc RMSEC Rv RMSEV
S IR 0.411 31.095 0.362 32.08
I 0.263 34.642 0.311 44.485
MLR
S-G 0.602 26215 0.544 27.179
AL 19+8-G 0.563 27.037 0.525 28.187
/(N/d) G 0.634 31.852 0.539 31.361
I 0.673 30.940 0.510 31.034
PLSR
S-G 0.971 9.723 0.959 10.721
19+8-G 0.957 11.901 0.946 11.788
R 0.533 0.009 0.374 0.012
I 0.436 0.009 0.237 0.014
MLR
S-G 0.716 0.009 0.599 0.008
VISETES 19+S-G 0.623 0.010 0.554 0.008
A R lE 0.757 0.010 0.667 0.010
/(%/d)
1% 0.824 0.008 0.641 0.010
PLSR
S-G 0.982 0.003 0.977 0.003
19+S-G 0.984 0.002 0.968 0.002
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Fig.5 Fitted curves of the better model validation set for the staling
rates and moisture loss rates of bread
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