(] . . ‘
w Korean Journal Of Agricultural Science PISSN © 24662402
eISSN © 2466-2410

ENGINEERING

Determination of electrical and geometric
properties of brown eggs

Sung Yong Joe', Jun Hwi So?, Seon Ho Hwang?, Soon Jung Hong’, Seung Hyun Lee"*’

'Department of Biosystems Machinery Engineering, Chungnam National University, Daejeon 34134,
Korea

“Department of Smart Agriculture Systems, Chungnam National University, Daejeon 34134, Korea

*Department of Liberal Arts, Korea National University of Agriculture and Fisheries, Jeonju 54874, Korea

*Corresponding author: seunglee2@cnu.ac.kr

Abstract

Eggs are considered an excellent complete food because they contain many major energy
sources, including protein. Eggs are one of the most widely consumed foods worldwide, and egg
consumption is steadily increasing. Eggs are generally classified according to their quality and
weight. Various characteristics of eggs must be considered for the design and effective utilization
of equipment used for the transport, processing, packaging, and storage of eggs. In this study, egg
surface area, volume, density, etc. were measured according to the grade of the egg. The values of
several geometrical properties that were measured tended to increase with increasing egg grade.
The smallest grade eggs had the lowest shell thickness and density. The electrical conductivity
of the eggshell and its contents was measured with a self-made electrode and equipment. The

'.) egg shell showed properties similar to insulators, and as the thickness increased, the electrical

Check for conductivity tended to increase. The electrical conductivity of the egg yolk showed almost

updates constant values under all conditions. The electrical conductivity of the egg white and mixture

was particularly low at 0.1 kHz. Fouling and electrode corrosion occurred in a low frequency

@ OPENACCESS region due to the egg white. In this study, various geometric and electrical characteristics of eggs
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Determination of electrical and geometric properties of brown eggs

A 25t B2 0 2 Algt 53 A =7} AlJE 3 JohKim and Ji, 2021). YHFA 0 2 Al Z 2 3} 2 Ao o5k
T+ 7] 5822 FEHEtH(Kim and Bok, 2000). 20l 2|3t 53 T2 A ot 852 Aol met 1+53,
153,253, 353202 FE31a, FAo oJ3lAl= Lah(68 gold), E2H68 - 60 g), THRH60 - 52 g), STH(52 - 44 @),
4244 g NTHO 2 5FF0] FoF 402 FEE 1 QIth AlFhe] 4, 71, 2 9 Hto)| AR-E|= ZH| o] A
Al Q1 -85 QA= Alsto] ZFA] AL Ql= of 2] EAdE0] B4A o= i E|ofof gtk Algk2 4bgt =
EHE| A7to] ZFatgto| uje} 7] o] Wdsto] mjd g4 H|Fo| ZhAyEAEH e d4F H|Fo| AstE
2 H|F2 A o] 7} 7] 50| H Th(Freni et al,, 2018). Algt A2 o] T = 24 THAO A F25H £2 29lo]H,
Ak 4Z o] FAL AlRte] 37|et FAlof et Gebich E5t At B Aot A EAE HF L 25 5 &
S Alte] vlgoll S v, FHE B2 BAAY A4S filohe shuhel 2 29102 2H85HA ot
(Anderson et al.,, 2004). %-2]U2ke] 7-¢- ol Algk Ag2bFe] oF 10% o]0l Attol|A] An|zlo]] o] 2= I} ol A]
e o gloj 2tk A F o) Wzke] 771038 - 0.40 mmO] ™ 2% ©]51e] mfeh-g-3 H oA TH0.3 - 0.32 mme)
H2F FARI M = 10% B =2 oheheo] 345 S7FHH(Yoon, 1998). Aleke] AAHLE] AH|of| o] 27| 7}A] A -85
+ o8] FHlEe] 4Rl 282 sl e O ot A EEo| st Alte] Bk, 371, 7]okeH A
7, 59 WA, TP, A, F ] 5 st E24 E/4dE0] ZFHE 4= ATh(Van der Plancken et al.,, 2006). -2 L2}

At FEjo] At 4H]7F 5 o] FUA|RH HZ AltS B85 TRt AlE] 4H7t ST s A 7hgeke] A
HI7}F S7FshaL itk &, =3t 22 A=0] 4-9- 7heke] 2 Ao Bsl ol obA Al A A4
Fo] 0F30-40% H =5 't I 5k 22 7 eke] | R A Z25ko] 355 AL Y THLee and Lee, 2015). 7FaF
2 AE AR, oofs, ePE B AR 22 ThRt ZokollA M= Qlom, Thaek Aitoll= A1 71,
nto]a =z o] H, & 5|9 & vt WA o] AREE AL RUTh(Yu, 1990). ', Y, hzke] A7) 5492 thefRt 7t
& B G EAR 7hs /A o Zlidol| TSk Al =R A #7t E 4= Uk 2 Aol A= Alte] Rt 75k}
A B4 YL A7H B S5l o, o] & 7[Rk = Algte] A4k 27, f-5, 4| A Aol AR ARE] = 7]
& BH] 8o M2 A H7HE 4= e 8453 TAISHL 2AMIRIH.

Material and Methods

HE M=
B Aol ZAgto] ARSE|l o, F3F S5l wet ASH(small), FTH(medium), i (large), ETH(extra large),
L THjumbo) 02 H-F5l0] A

d Ystelct. Aol A BE AR thl k25 A AR otE

of|A] Fuftel o, FLafet Al 2 4°CollM Zh 39 7F Bakst] A 22 ARSSolnt A - A

ol&do] AIAHA 2 ARk Pl Bl 2 ol 22 & AP 2214, 7|55k 54 SAolle ZE F
E

1 2 Ao ctaro] AREHIgickFig 1)

n

Fig. 1. Eggs by weight grade.

Korean Journal of Agricultural Science 49(4) December 2022 858



Determination of electrical and geometric properties of brown eggs

Algte] ZFekS 245}7] 9|8 HAA]&(Pag2102c, Ohaus, Newark, USA)°] AFR-E|Ql o, 444 ERjx}2|71A]
Z7go] 7Fs3ttt. EF S 20| ATk A2 ffoll Ex =] glo] 117 A17]7] ojjd7|of| Fig. 29} 2o 3D =&
E12 2} A2Leh ARt R TS ARS-Sto] Alghg A SIQITE HAF A &2 Aol AR = o, Al wh e

2A7 A2 R 2 o 28 5 2 24 A7e A,

(a) (b)

Fig. 2. Production of egg stands. (a) 3D modeling of egg stand, (b) practical use of egg stand.

Kawasaki, Japan)”} AH&-S| TH ARG TIAIE By of Z2|w A= Ay SRR 7H] 57 0| 753l
S 72 Al 7t2 S5 A2 Sl M 7 2 SR17F UrEhus 23S S5 oM, Fig. 40l EAIE a,b

AlRtel &73, 47 B AR TS 45 flste] Fig. 39 tAE HU o] 22|32 (cd-s15¢, Mitutoyo Co.,

AE SRISIc 29 e 24 Hed 9 8700 ofs) ekl 9002 HSH FYE sisiel 3w
2 4afsiglom %S 247 SARE7IA /12,

o ARl o 54, 47, 673 322 o) ol ARFE 7=l W, 1, ok 25 A 5 4 A
£ Z7519lch A A T AL E BE ARl sl B0) ST AHE e 5, Tix v o] el A%

Fig. 3. Digital vernier calipers.

(a) (b)

Fig. 4. Egg length measurement point. (a) Long view, (b) short view.
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Determination of electrical and geometric properties of brown eggs

Fig. 5. Break point for shell thickness measurement.

At 55 120702] FA), Ao, FAE ST T 7|ohgdA A, A4, £ WA, A, U= opgak 2
A 0 2 AAFE] R THPolat et al., 2007; Altuntas and Sekeroglu, 2008; Narushin et al., 2020).

D,=%LB’ 1)

y=nrLB @
A=ZLB )
S=zD’ @

—m ®)

o714 D= 718 A A m), Vi AR (), A AlRe] £ W), S 7120] ERHA @), ps WE kg m)
£ UrRhUe, L2 A7(m), B B2 (m), me A(key S LERdIL

Alte] Je= g e o2 ARt 5 Fiap Es B o g st
i 42 Afol] Hlo|Qle FRHE Kok 7] Ao] EANS Ao WA EE & i L
Uztake 1= |75k & S HR2.S Fig 63} 7o) 0] 0.01 m, A7 0.03 m2 A8ttt & 30719] 74 2of of
3 7] MEgo] A= o, u SHnit o A7) 7<4°‘°l 7= AT '9301]% 600 VoilA1 900 V Afo] <]
A= ARG HAE #u o] AejHAE o] 8oto] Aohe 7o FAE 545 &, AH|) A AH(SUS
316)% kAl A2 A =(Fig. )& ARt 7= EE 5% é%} ot 544 HIOIEE At 48 el [714 £/
A& 93l th2-9] A8 A28 Th(Castro et al., 2004; Poojitha and Athmaselvi, 2018; Banti, 2020).

{

_ 1 L
v (©)

p=1 )
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Determination of electrical and geometric properties of brown eggs

Fig. 6. Cutaway for measurement of shell electrical conductivity.

°o &

(a) (b)

Fig. 7. Measurement of the electrical conductivity of eggshells. (a) Shape of electrode, (b) electrical
conductivity measurement method.

o7]1M o= 71 E&(Sm"), p= BIAFQm)yS HEHH, I= HFA), Ve I7H-EKV), L& A= Alel9] 7
2y, A 133} AlZe) HE B )S eliich MHe) 29 3D 2us 58 o|8alo] 2aigten] A7)
Zo] Fig. 79] 7 =o]] g-i= HH.0] 0001407 m’ ©] Tk BE Alof| tiis}o] ZU3H HA 7ko & AAbs}ict.

At W&E&e A7 1A e s S-S Qo = Fls 223k &, AlE 55 AH| g A A”(SUS 316) A=A
74 0.02 m)2} E|ZE(Teflon, [PTFE)) 2.2 TAIE 27 A(Z74 0.02 m, =0°] 0.01 m)oll FAE| At =4 Al 2]
2k S Foll AlR9] FYoll X th(K-type KK-K-30, Omega Engmeermg Inc., Stamford, CT, USA)E A5}
25 Skl 3= "“ﬂ“,‘r_}%“i—l o] Sato] 2o A Futs: Hsto]| i W7 M= aS SA6I S
RE oM 25 ve] SUFH HetE Faohith A2 Fuk 270] whet 33] 4] HhE 3= Q). 239k A
A|Ztol|i= Magnetic stirrer (Cimarec+, Thermo Fisher Scientific, Waltham, USA)E AF-&5}0q 318 o]/} 4Jo] H&ta}
= wASH B0l Ak AT U820 M7 =82 2(6)2] M =& 345 AREsHo] Altsith Al 2.9
7] Ul 2= 15°CollA 19°C7HA] &= ZFo] 7} 2] Urebstom, ofof w} 20°Co] M7 =85 27 7|& 3o =
Aopith A7 es 4 T I 2% ool mEohA =W Tl H/do] HYsHHA 7 e go] A5t
Al S = 217] wizoll 80°C7HA] S 7 2 A<t k& ARE-sH3l:

A7 R =8-S &2%517] Yo A= Fig. 83 o] F/d & o] lom, 2kA A& IGBT (insulated gate bipolar
transistor) &} Function generator (33220A0, Agilent technologies, Santa Clara, USA), DC power supply (EX300-12,
ODA technology, Incheon, Korea) 2.2 o] Z0{x] QJt}. DC power supplyS 53l IGBTOI| 17He %S Function
generators AFE-5F0] 27 7HsSE (& D 1,000 V 2 12 A), Fuk(E Y 20 kHz) 2 FE| Afo] S 22tE| o]
HA Fynte] Fel2 A Ao E2HE 5 AF AAEALE 335+ A2 Differential probe (PR-60, BK
Precision, Yorba Linda, CA, USA) 2.2 =&} 11, A Z0f| 5 2= 77+ Wideband Current Monitor (169820, Pearson
Electronics, Palo Alto, CA, USA)Z Z43I1th 2% (°C)2t 28] vy HH(A) dlo]el= pC7F A A HData
logger (34970A, Agilent technologies, USA)Z 4~ 53Tt

O
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Determination of electrical and geometric properties of brown eggs

| IGBT | WAWA} 100
Pawer supply e
1 Function
L Voltage genratar
meter [ iear V lead
v "y
Thermometer
Ampere 1
meter ——
[h} .1 ‘:l:.-i::-_-'-u
(a) (b)

Fig. 8. Electrical conductivity measuring equipment. (a) Electrical conductivity measurement system
schematic diagram, (b) insulated gate bipolar transistor (IGBT) power supply configuration.

Results and Discussion

>

Alzte] 7okt £

2 53 AR 12070l ciste] 47 % B Lol g Ssto] BEYE AP AkE Tk Fig. 95t 2
53 ¢AR S71okick 420 97k RARR ofet 47 U7 w3 RE 5

=1 H

k2 041 & 0,02 mm, 8+ 040 £ 0.02 mm, G2 040 + 002 mmE =74
= Z4d FA7EE Aol & oA gttt 2 SIS Bl wsiiS w, A7 &S] eh Aghe] nighgo]| e S350
|5} 2 7 0 2 whhE

Fig. 119] a:= Alghe] EHAS LR, AHo] 749 483.08 + 23039 mm’, S 6,299.10 + 166.50 mm’, Tf
T2 6,843.04 £ 182.58 mm’, S 7,350.34 £ 188.86 mm’, LT 7,805.23 £ 267.19 mm’ZE S| AT} Fig. 11
9] b= Aol AZ-S UetH, £28H9] 7938202.93 £ 2,401.03 mm’, -2 47,022.37 £ 1,851.96 mm’, T+
25924221 £ 2,301.28 mm’, £ 59,270.83 £ 2,289.20 mm’, Y2 6,486,917 = 3,416.98 mm’©| AT}, Fig. 11c
= 534 7|51 A7 e H, Ake] 749 41.76 + 0.88 mm, 2 44.77 + 0.59 mm, HHEH2 46.66 + 0.62

E2H2 4836 + 0.62 mm, F+249.83 + 0.83 mmCE ZAE| AT} Fig. 11dE S5 £ HAS Yehuyd
o] S E YA 2 1,501.60 £ 72.03 mm’, T2 1,704.32 £ 45.93 mm’, THHH 1,857.89 £ 54.67 mm’, -2
2,006.20 & 59.16 mm’, FTH22,112.98 £ 67.68 mm’°] k. Fig. 110 Yebt £ 52 Fig. 90l Yebd 47, &7
o] B4t npx7 IR = Algte] S50] G5 eE £AI7H AR S D 4 QU

Fig. 12+ 5598 ATt ¥+ Y=g HojEh U& 3t 552 451 &7 =217F S7Fshe 3ol UEks
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Fig. 10. Shell thickness by weight class of eggs.
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Fig. 11. Geometric properties of eggs. (a) Surface area, (b) volume, (c) geometric mean diameter, (d)

projected area.
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Fig. 12. Density of eggs by weight grade.
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2] FoJ5k 20| 7k LEHIR] Qhstet. Fig, 141 S7el ab2 2714 S u]a A etk Az 43 7
032 mm=H 045 mm7H) SR, A7 £79) 842 u|Ago] Yolx| 1L HEgo] Z75He Aol
Zs|oic} kA 217o] A sk 2 A5 2he HITSIRS w, olg 2ol 7} LehbA] elgkek o] 287t 2
7145 HEgo] Kolxl dAol ofat Zo 2 wekeln], = 4 de] Szt £ A4 117] F2o o3 &
= Ao ot S0 Aba gt

0.7 0.00025
0.6 L] == ™
et £ 00002 ~
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"- P m.m et Lol o u®
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Fig. 13. Electrical properties of eggshells as a function of voltage. (a) Current (A), (b) electrical conductivity
(S'm™), (c) resistivity (Qm), (d) resistance (Q).
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Fig. 14. Electrical properties of eggshells as a function of thickness. (a) Current (A), (b) electrical conductivity
(S'm™), (c) resistivity (Qm), (d) resistance (Q).

W, i, B9 20004 Az Uhg-2e) 1Y) HESS SAsto] Fig 15 2 Table 100 HERSITE 0.1 kit 5
SollA] v 8 B3 2710) 1Y) EEL A4S 51X 9ol 23 A4A 0 2 sl on] o] S Alele Lt
o) 270l o) H7] M-S 13 44 0.2 ERSGCh 3Fe) 9 BE Fulsol i A 5U A7) HE
£o] EE|lr} BE Ay 2710|A] W] 0°C7HA] mskes] Zal ARk tief 1202 0m, o] 2Ao]
2JojLtx] SQHTHFig. 16a). o] 79 80°C71A] Ekshor] Aal ARk Wit of 0 Flak w2 275
9lck. o] 7] AEE-L 10 kHz o 4J9) oA ek rhutEn e 7] M-S vehgict ol
KHZZETHRol A 2715 53] We A go] Z3E|glon, 50°CH2 AEgo] bl Wokxl: o] B2
9Ick. 0.1 koA o] 7] A EE 27 5 5k 4 5 73] RAJo] WISk Fig. 16b). £ 7
9 80°C7HA) sk e AlCke thek 802 LR} u] 819l o, 0.1 ki FEel A 40°C o] 2 7]
£8 4550l AAshe e Uehigich £3 27 Eak g A% Arjel nhir A 2 He] 2AE 0P|
Ao, 5h2% e BT ZAstgick M) B4 9 523 A 0.1 kHz o] thalat £ 2710
g g glom, teb F2 o] 74 Hol ojsh WAYEE 102 Tkt 0.1 ki FutolA 80°C7H
Aol A8 ARFe THE Fuks: ol 5 Sglou), 1ed 9 13e) BAjo) ofs) 7] g 45 Eol
Zhasto] B BeHsl 7HaEIgle A0 ALREIC ek ARt 4B A] et e Fuag ALg T A
o] #.go] M43k 70 2 Foelcy
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Fig. 15. Electrical conductivity for egg contents. (a) Egg yolk, (b) egg white, (c) egg mixture.

Table 1. Electrical conductivity of egg contents.

Frequency (kHz) Egg yolk Egg white Egg mixture
0.1 y=0.0032x +0.1996 y=-0.0001x"+0.0091x +0.5707 y=-0.0001x"+0.0150x +0.2593

0.5 y=0.0034x +0.1807 y=0.0101x +0.5758 y=0.0081x +0.3871

1 y=0.0033x +0.1804 y=0.0107x+0.5210 y=0.0084x +0.3622

5 y=0.0032x+0.1914 y=0.0109x +0.5419 y=0.0088x +0.3762

10 y=0.0033x+0.1951 y=0.0114x+0.5556 y=0.0087x +0.3741

15 y=0.0035x +0.1841 y=0.0115x+0.5365 y=0.0085x +0.3708

20 y=0.0034x +0.1771 y=0.0117x+0.5509 y=0.0088x +0.3736
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Fouling

Corrosion @ -

(a) (b) (c)

Fig. 16. Corrosion and fouling of the electrode at 0.1 kHz. (a) Egg yolk, (b) egg white, (c) egg mixture.

Conclusion

B A7E Ao 7Iskshd, 1713 S48 2ekn BAjsto] Choket ARt 73 E A4 3 589l
o] Zdkol ok MRS X\ H7HE 4 Y 2258 PAsLAL st Avko] 7 FARkofjet 47 2 o
o] BE 53 F 71 gkon], gte] A9 RE 53 Fol 7Tt o] 71 A7) %—@H%iq %73t B3]
7ol A% B EA LT} -2 AUPA} LSl ufek, M2t ERH o) 27] oA 42k S ok, 2%, Y2k &
O = Z7FeHE & 4 ot A FAet P o] 749 Avtol|A] E5| W2 Fho] ﬂr’*ﬂ%!_tﬂ ol=tZ 539 A
ghof| H]sj| Agte 5—2‘?—‘%7}~'—°ﬂ o5 Al o7t %k A o = skt Algt 44 F71= 032 - 045 mm=E
A=A o, 530l TE 5t xfo| 7} ehA] 9ottt A2 A AAet vl S d S UERI oW, =7
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