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Abstract

An image analysis system was developed to evaluate the freshness of eggs by measuring the height of thick albu-
men. The non-contacting and continuous measurement of the height of thick albumen is a unique method. For image
acquisition and processing, an egg was placed on the glass plate and the image was continuously captured in 2
directions with 0.5 sec of interval. The region of interest (ROI) was extracted and processed to evaluate the height
of thick egg albumen. The height and other physicochemical properties, such as weight, pH, viscosity, and Haugh
unit, of eggs during storage of 30 days at 20°C were measured and compared to find the correlation. During storage,
the height of egg albumen, weight of eggs, and viscosity decreased, while the pH of yolk increased. The changes
of Haugh unit during storage showed that the measurements of the height of thick albumen using the image analysis
system are useful to evaluate the freshness of eggs.
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Fig. 1. Schematic diagram of the egg freshness and quality
measurement system.

of

2 o
N

oz E 20W 39 F59
.ol AAE o]&sted ARl A= b
Zadel s g e Adst,

o W
X
R
1o
E

o
N T
wge
[

2 12 [k oo
wE Rl o
o
0%
i
B
il
i
°
i)
i
S
=
A
¥}

Of

0l
r
k3

=0[ AlE g2

AFe] S5 AEES flste] CCD 7H2H(GC-435N24G,

Honeywell, Louisville, USA)E A}-&3}o] Z# o]ujx]<l
RGB °H|A| & F53te] i Fdelx &4 dF o)A
AN A 2FE o]gate] G dolgte U] I AH S
A &gk om A& Ao ZMN Hlo]y Wo|AE 7HAas) Al
A A= A7 E DA THKim, 2007). E3F ROI
(region of interest) P> LA}, sto|gfolE T3} -2

A Flol| o] JAF EHo 7 23 AA 2 AEFE Y
flete] 7 A4 9] Aol sl o]z AAE 3
std=dl, thdAe] AAE FASHA FS A A2
WS Al AsH] Asted 7x7¢] AWE 7 (kernel)oll tha}
of F7F ZEQ] v HHE S st o= A A
o]% RGB % <¢] M-S HSV(Hue Saturation Value) %<
o2 W3t HAZR), SFHIR), V(EhHe = Est A
2AZ Yepfidh =G s ) 7o) A
¢l Hle] ¥t AolE o] gote] Tty WS P
ol ARgstRlon, W2 wiAd e Ok 9 d 7o)

u

U Aol E o] fsto] HA FH9E 8
o A= G Y e G slaEaY EXRE
A5t} thresholdE ©]&-3to] 54 999 WrlE 7=



7+ & < Sote] de] 4y
< wEEa e, FEE Tl g §HH F=, AR
F= 2 7EA AR A S Fot e HolE
4350t A o] EolE A3 A2 Aet A
o] FAE ©]83t Haugh units 53 55 o] o]
FAR = F A THCho et al., 2006).

iy 0| 75 Amesgof

il o] A= AZEdols A LJAAE

Windows 982 Al&3tlom C 733 (Visual C++ Ver

6.0, Microsoft, Redmond, USA)E ©]

T& LZES ool &t o]F 30 & 5t l_tﬂ.w] -HX]E

2;'4_;(4 3= HA zaz%gt_gg} Yl o] Zo)uks
=]

24 w=, 54 doly 3 &

do b oHE > mlm
fr - ok

Agt #H &8
2 50| 0.1mgel AHRAL(HM-200, AND,
Tokyo, Japan)2 o]-&afl 2573 4212|714 =4 819t}

Algt pH &8

=74 WH1(0-14)°1H 23l 5 (pH 0.005)<! pH Sensor
(PH-BTA, Vemier, Inc., Beaverton, USA)S AR&-5}o] ol
wFuh Sopule] pHE 243t Stndard pH
buffers®+ citric acid-sodium phosphate buffer(pH 4.0-
6.0), Tris-HCI buffer(pH 7.0-9.0)2 A-&-3}it}.

H= 55

A 717k mE £ de A= 42 LVDV-
Pro(Brookfield Engineering Laboratory Inc., Middleboro,
USA)E ©]&3}4] SC4 sample chamber®] A& 6.7mLE
43k shear ratedl] W2 shear stress?t< stress viscometer
tests o|-&3t] SA AT

Hae] Hw= =42 RVDVII Pro Cone and Plate
(Brookfield Engineering Laboratory Inc., Middleboro, USA)
£ ©]8-3} standard cupl! CPE-44Y9l] A& 0.5mLE F
A3} shear rate®l] WE shear stressiS stress viscometer
tests ©|-§3t 74313tk CPE-S1 2WES ARS8l o
CPE-519] coefficient= 4800°]|™ ©] rheometer®] 3]-&

RPM 121 0-200 rpmoll A =74 3} Th.
x%}ﬂ 74]/\ z;ﬁ zl—;‘qb 224;}‘:_ Eol e =2 %_1;@ 3}7ﬂ
FANA = 5 de F A2EH volHE 1) FFs)

C I W - AR B

A 471 913+e] Rheocal(Version 3.2 Build 47-1 software,
Brookfield Engineering Laboratory Inc., Middleboro, USA)
E AXS AFE AEAE ddste] A=E SA UL
Shear rate 7-7H> A7 7|7kl whet Ho) 78 710l S
7FIE R torque WS 71ELE 31o] 80%% shear rateE
Hd £ 7Eo T AT E ]S ARl 20 7] 9] 7S
2 oA 3% o2 Stk olgA g Oy
T+ 65255, A3 F7F 030022 3T Herschel-
Bulkley, Power Law, Newtonian model (& (1)-(3))= ©|&
shear rateol] W2 shear stressE FHAHAAE F3lomH 7+

shejule) gre) Wl el

o=Ky'+o0, M
=Ky ©)
o= Ky 3)

& H(shear stress), y £ =H1H &=
rate), K= 74 7l 4*(consistency constant), n2 5% A
(flow behavior index)E 2] 7] gt}

Haugh unit
Haugh wnit?] 273 J424 24 A& ol§ate] &
Fbe] go] P HA o] $Xg S The] 4 ol

&-3to] Al4Fstad th(Roceuli, 2009).

HU = 100log(H - 1.7w"™ + 7.6) 4)

He 53] =ol(mm)elal, we AT A (grs
ojmjsit, H 2 94 24 34 7712 43 32 A+
&3ttt
==

Al 24 % 2dd
2 AFoA AAE AT FH W] FA= ] Al
Bl 4] 2% B Uil 202 Agel A% 71
£ #3 "W E Excel(Version 14.0, Microsoft, Redmond,

USAYS o]§3to] %ol 242 A shlet. g vt
2ol el @ Age] AME H A5 AR
A Rl o g A=} B4 Pyl oF S
o BB F

)

w8le] A 7|7ko] Ao upEt fHEHE A
2 o] wistel sl glstr] ¢ste ?:EE’-* 2]
@)l tisiA S8 € dlolEle}t 7} BEzke] S &l
s}7] 918l Matlab(Version 7.12, MathWorks, Natlck, USA)
< A&



79

Fig. 2 (A) Original image captured from the side view camera (B) Specified ROI image (area between red lines).
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Table 1. Exponential decay model parameters from the
continuous measurement of the height of thick albumen.

Storage time (d) a value b value R?
0 12.62 -0.04 0.97
5 9.10 -0.04 0.98
10 8.00 -0.04 0.91
15 7.99 -0.02 0.94
20 7.86 -0.06 0.92
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Fig. 6. Changes in the weight loss and the thick albumin height
of egg samples during 30 days of storage at 20°C.
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Herschel-Bulkley Power law Newtonian
Time (d)

K (Pa's") n 0, (Pax10) r K (Pa's") n r K (Pa's") 7?2

1259.00 0.89 0.14 1.00 12.67 0.88 1.00 7.16 0.99
5 966.00 0.89 0.27 1.00 9.52 0.89 1.00 5.25 0.99
10 490.80 0.92 0.14 1.00 5.44 0.90 1.00 3.07 0.99
15 428.20 0.93 0.01 1.00 428 0.93 1.00 291 1.00
20 396.50 0.90 0.99 1.00 3.97 0.90 1.00 2.12 0.99
25 384.20 0.91 0.51 1.00 4.01 0.90 1.00 2.21 0.99
30 405.80 0.87 0.12 1.00 4.06 0.87 1.00 1.79 0.98
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Table 3. Model parameters for viscosity models evaluated to describe changes of viscosity egg albumin during storage.
) Herschel-Bulkley Power law Newtonian
Time (d) 5
K (Pa's") n c,(Pa) r K (Pa's") n P K (Pa's") r
0 21.55 0.73 0.00 0.99 12.67 0.73 0.99 5.17 0.89
5 3.48 1.06 1.84 1.00 9.52 0.84 1.00 5.64 0.97
10 5.30 0.98 1.21 1.00 5.44 0.84 1.00 5.36 0.97
15 5.15 1.00 1.21 1.00 428 0.86 1.00 5.71 0.98
20 5.41 0.94 0.89 1.00 3.97 0.82 1.00 451 0.96
25 2.81 1.08 1.60 1.00 4.01 0.87 1.00 5.25 0.98
30 0.40 1.42 3.35 1.00 4.06 0.86 0.99 5.50 0.97
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