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Abstract: [Objective] Cell parameters of steamed bread crumb were obtained by digital image analysis (DIA) with the
objective to evaluate the possibility of using computerized vision for steamed bread quality evaluation. [Method] Three wheat
cultivars, Weaver with strong gluten, Ningchun 4 with medium gluten, and Jing 411 with weak gluten were used in experiment 1.
Three water addition levels based on farinograph’s water absorption were used, thus 9 samples were included in this experiment.
K-means algorithm was used to segment the steamed bread image. The total cell area, mean cell area, and the number of cells were
obtained as characters of steamed bread image. In the second experiment, eleven samples were used to compare the results of
machine vision with panel evaluation. [ Result] Results show that those characters are able to characterize the effect of water addition
and gluten strength on steamed bread quality. That is, with increase of water addition or gluten strength, the cell total area increases.
It corresponds with the change of steamed bread volume. The results of the second experiment indicated that evaluating steamed
bread quality with a computer is consistent with manpower evaluation. [ Conclusion] The results show that it is feasible to evaluate
steamed bread quality by computerized vision.

Key words: Image process; K-means algorithm; Steamed bread quality; Water addition; Wheat gluten strength

WS B HA: 2005-08-22; #% AHA: 2006-06-12

EEWE: WK “948” TR EFEAEHH (2003Q01) F1 “973” [H K AILALAFIT K B MK (2002CB111300)

PEZ @I L (1979-), Y, BhEL WU o A es M SR i EZ TR e (1963-), 3, o4, WIFTH, W9y i ko N32 s e A
HFf. Tel: 010-68918547; E-mail: zhhe@public3.bta.net.cn



13 ISR e R TS HURSE PUNBORBEAT 18 L LA R 7 B 213

0 35

U XY 18 S T [ A G 28 B, (A
FIBHE Y R FIVPN b i, S EE MIERR N E
MR eS80 %N Tig o s, T,
KR R TN R L % 1T I ) 550 1 Sk it BT A A
B R TSRS T IR b 1 Sk
(520, 2 B TR A5 70 RNk S5 i i Sk A SR 4 1)
FEHERE T B0 57 3 Tk IR e R K o Ak i BT
Mrdh, PIERSE A, (BB MR, TF
e T BER NI o PR B A — P 2 0 2 52 1 e
VPN ik B EEE . [ar ARt Y vl
FUGRLBE 3 e 1 /I 22 161 b i JOE 5 P 45 B3R L 1) ).
FHE,  GeAT U S TR By 8 I AR R N I o
S RTARBLI S, 5] A REAT R B A A
U SSLRFAE,  PURIAN IR/ R 60,y B 22
S, DAWFRYIN Y ARG T 5L R #r
REE, FIHECE EUG AL AR LU Sk Py MR <AL
FRAE. LR DGR i) Y Db 1Sk b PP AN S AL
Jid, AT A st A% o R L B AR 5
1 #RIERZE
1.1 EMEEFIELET

R 1 35 3 AN, Weaver &3k [ H br £ 2K/
2R AL (CIMMY T [R5 A Sk CRE ok T E 8D
TH A SRR ATET R GRERRAEED
50411 bR P58 A (REESR A bR, I
W AR e IR 43 5 4 12.7.5.4 A1 1.8 min. §% AACC
Jiik, 2332 A FH Buhler W56 B HIKY . 3 AN AL ML
FeHy A K # (farinograph water absorption, FWA)
R 3 AMIKE, 30 T0%FWA.  HidE ik & Al
90% FWA, Weaver. ‘T°#¢ 4 FI5t 411 (#5635 K 54>
Rk A K 2R () 85%. 80% AT 75%!81. 4 skl
FMRAR T EM, PP 2 R IE bR 74T 2005 4 7
T /N 30 Pt /N2 TS B e B AN
M3 AMES, AL ek A 1 h, LR
SN0 TIEAS SR DT R 10 mm SR8 Sk, T EREL
TS R UG o RS SR I 10 1 R T G o B R 2
Farbre

RE 2 R A TEAHING 11 ASNERE (R
3D, ek FURIE IR ENIK . K58 T 2005 4F 7 ]
T 5 /N2 30 R D /N2 i TSI 3 e A P Sk
2 AR 1.

1.2 B&IRBE 2 ARG

K% %l CCD (charge coupled device) (045
FIHL (745 DSC F717, SONY) #kHL, HIHLH%S—4
10X e A gl (5 FERE ARG AR M) B3k (B, Carl
Zeiss Vario-Sonnar 10X ) . fHIfE—ANE ALK 40 cm
MIIEJT I e 18 em I —Ti0 T 3B & 7R3
& LI TP — EHAA N 6.5 em (/L (RIEF
I BEKETRD , AN SR b, Bk
FLERNA o 303 35 10 0 000 TR T 11 A 7 6 I T — ]
PLE BB AR EIED &, 1ENESL S s e, P
BRI Sy B, ikl i, HF3hM .
JEIR AR AR, DI RS PR s . K —
M = SEA IR LD CAT 4 (L5 : PHILIPS. TE'E 32W/33,
COOL WHITE, {fifi: 4100K) ~FIsAekE i1 & F 1,
TR TE4G, U4 0.36 m (EERIE 4] S 7E-F
S e )b/ G N = Pk S (T AV G
ZMt o HE Sk AR G b gy, B R Ay
50 mmx50 mm B> KGR, BB EN
640X 640, FEMERTHALI 0.006 mm?. HHi13E
B N HNAERE— D Ab B

K G A BRI MT7E & S THEEHL (Dell, Pentium 4)
F5e. #AERS N Windows XP, TRt %
MATLAB [ EG Ab 1 T BLAR E A B 5 Ak BEF 43 B 3=
SPGB G 43 R G A SAS (SAS
Institute Inc USA 1976) 19,

1.3 B&IHAE

FIH EIA BRI R G 2 G USB £
P NTH LA R . B 5EK T 1 RGB = (-4 %
R IR UG, IKIES Sy 256, b T kb B G ikl
Aty ik P e BE AL TPt ke ) R 7S (R 52, AREAR
R E ISR BR, TR BRI S A, Bt
TR B M, R, gt miE AR B A i
A5 85 KPS PG 0] LU R, DA S T (1 B 45431 £
Sk R MG L, AL TR AR X Sk
T8 UG S o A LU, A L 5 B AN
FLIBIRAS, BRIk, SR I B Al A o BR ZE L
R, 1T HARMER 2 5 — M. FE N, K-BE AR
8 B L b g X — i)

B —IEE G e K AR —Fh i 52 K-
SRS, SR b OR3-S Skt
BIGIEAT oy 3l g3, R AL
Boharatick, SRIEARIEG R MIERE, A ALKk
BEIATIOL, FEASIL Bk, a0l S A



214 ook N B

40 %

AN AR R R TGl BRI 3 Mk
FrEMRARE, BAORE PR AR T AR O A T
Blo FERESL A I3 TR, AN 2 A RS <
M A — bk

M2 3 AMRISFE A 45 R WA 10 B Ik 238 i,
TR SARFIE R, (A TE RN, R R ARPE AR
i RN FE LR A S, ARl oK & I LR,

Weaver [F117& 3k i Ui, ‘T 4 '5IRZ, KT 411 Fje e

2.2 EgHERSFLAFERRN

KM 3-SES LA B AT 733, 72 HI4s
RSt . SR FUR 1 E B bR g, 5
FPESL R AR EANER 2, O 10 W& R RHE P21

2 EREG5H
2.1 IBAZREIFNLER

WIS 1 S S PP RN S AR R

F1 AW P 3 MHERIELMR, REEMELSE

Table 1 Steamed bread volume, width and height in experiment 1

HA pilyi S5 R i i
Sample Water addition level Volume (cm®) Width (cm) Height (cm)
Weaver 70% FWAY 220 8.8 6.0
H50iE (85%FWA) 275 9.0 5.7
90% FWA 275 9.4 5.4
T4 4 %5 Ningchun 4 70% FWA 232 8.3 5.8
1538 (B0%FWA) 240 8.7 5.5
90% FWA 275 9.5 55
7 411 Jing 411 70% FWA 232 8.0 5.8
3G (T5%FWA) 237 8.4 5.7
90%FWA 267 9.5 52
YORPWA B K % . RIE FWA: Farinograph water absorption. The same as below
F 2 BIEGIEEIR Weaver. TF 4 SFIFE 411 18K R SFLBVEARFFHE
Table 2 Typical feature measurements of steamed bread by image analysis
B Ik SERTHAR SALEH PENIpA
Sample Water addition level Average area (mm?) Number Total area (mm?)
Weaver 70%FWA 0.36b 1366a 488.18a
H503E (85%FWA) 0.47a 1170b 546.72a
90%FWA 0.45a 1285ab 571.17a
T4 4 Ningchun 4 T0%FWA 0.40a 1268a 505.75a
F 1 (BO%FWA) 0.3% 1368a 524.94a
90%FWA 0.43a 1238a 525.55a
It 411 Jing 411 7T0%FWA 0.33b 1618ab 543.76a
151G (T5%FWA) 0.32b 1699a 540.86a
90%FWA 0.42a 1436b 592.56a

AR FRER IR 225715 5%IE # /K1 Different letters represent significant difference at 5% probability level

2.3 KEFNEAEE I IE KRR

MR 2 ALK K Sk A B R AT 2 S
{ERN IR = TP =S 2y N S N P BN T T T O 53
RN/ AL BE T FCH e 1) T A I 2% 5 Ay, AT BB )
SURREE T, AR, A SR RIS
KA, i aEE, PR, PR
/Ny I IE LT SR I S RIRFAIE - SR 90% /K=,
kL, ZABEREHILAESBRTEHZ AR

fLAIE, AL N, <AL E D, X
JE TS S SRR AE o TS5 TR Weaver 11 5
70% /K oK/, TZMELA A, e BRI
WXE, semikliE, SALFmEN, (B8 EZ . 85%
[ dse /K 21 90% /K AT AH ZEA K, BB TR K
WP ML S5, AL SRR 35, <AL T
RN, BEEMZ . bR TR 4 k850
FEARFIK AT T 2ERAEE, XFARKET



13 ISR e R TS HURSE PUNBORBEAT 18 L LA R 7 B 215

T TR R Sk it SR ) R — 25,
2.4 TELEEMITH LR
PR ENLER W 2 U, W5 2 1 11
ANFERIEL I EHGARE ISR 3. LA~
L RVTRURI 7 22 5 R L UG 2 AT S IR
fiE, PP S0 20 1 Sk 5 R T - R VF 47 o
MTTEEUPRFAEACT , A3 R 12 Sk 1) P9 <AL
SPRAVN, S, ABEEE N (HESAD , A
LSRR /N o 590018 Sk 0 B LA TR R, B4
by ABAIREER CARKISAT, AALTR AR AE ZE 4K

#3 Sk 11 AEARNIEL R BSIFIERRAEETES

Table 3 The features and score of the 11 samples
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i FEA Wi TR M ST T % W
Code Sample Gluten type Average area Total number Total area Variance Score
1 Chil/2*Star” 55 Weak 0.51 1371 695.9 1.31 8.0
2 Wit 29 Xinchun 2 55 Weak 0.53 1369 727.2 1.53 8.0
3 Gamenya? 59 Weak 0.56 1230 681.6 1.34 7.5
4 Bow/Mor//Bau? 55 Weak 0.61 1251 753.0 1.36 75
5 Gamenyaz) 59 Weak 0.58 1291 732.2 1.37 7.0
6 T4# 4Y Ningchun 4 1 Medium 0.39 1851 725.6 1.03 85
7 iZ# 10Y Liaochun 10 1 Medium 0.39 1772 692.6 1.06 9.0
8 Sunstate® 1 Medium 0.48 1565 759.0 1.25 8.0
9 Bz# 15% Longchun 15 *H Medium 0.39 1762 686.7 0.99 8.0
10 7% 10? Liaochun 10 1 Medium 0.40 1885 735.8 0.92 9.0
11 4l 19 Bayou 1 % Strong 0.47 1480 697.2 1.29 8.0

D RIRRE IR T T DR UE T H Ol Y Represents the samples of Ningxia; 2 Represents the samples of Gansu
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