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Studies on the method for measuring egg shell strength
under compressive force
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(A B

Fig. 1. Testing machne (Tensilon UTM-4L).
(A) The apparatus complete with the recording equipment.
(B) Force transducer.

(A B

Fig. 2. Fujihira egg shell strength tester.
Egg was placed on the tester along the major axsis of the egg
(A), or along the minor axis of the egg (B).
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7 200 fH, FEBRA BV TR, v—Lr B (25E4A)
X VB 200, BXU, FEERS5 IRV TIE,
—b=xy MR (23Y) L V1E 200 % HVic
T D OEIMIEIMEE D ICAREIC—REFEL, 2
BiC IRk DR & JIE LT,

FEONHCERE, HeEE 1.060 X D 1.115 £, 0.005 %
SHORMEAETAML, ZOFIEINE ARFILOIR
FEX VERIBLEZ JIE L 7.

IRERRERTREE O RIE X 2 FE O BIEM T b b Fig.
1. (A) BXU B 7T X 5 bk (Testing
machine, (Tensilon UTM-4L type.) & Fig. 2. (A)
BIU B) it k) nEL TR ste R
Lizo MEHRERII ARSEFINEE =AM T
WRBIRBEINZLOTHNL b2 EREIC Kg
B CTRIET2HENTED LD Th S, 2 BIRE
FREDOPERBINOMIEE ittty FLTEERSM X
VINE L7254 Fig. 2. (A) LBIIOFREFE T v b
LCEESR X VIME LA Fig. 2. B) o=k
M CIT o 720

IR DR SR, BIROFEME Y 3 AFTO/NTER
v, NN A R Lok, Peacock #l#le> Dial
pipe guage iz & Y JIE L,

N—

& #

TR 1 ~ 5 OFEHRERR X OVE L IR shEs 5t
EFERALT, EEFEXZERSFME VINELLES
DIVERRRIRE OWERREE R T L Tab. 1. DX 5T
H Do MEHAEM TRES M X VINE L 2546 DIk
R 1B 2 T 3.86Kg L biE<, ER1BX
VB 4 T 3.32Kg LR LKL, FHET 3.58kg T
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BHolco Eiz, MEHREECERFM IV IME LS
B OIVEEIETREE 3R 5 T 3.43kg LELEL, E
1T 3.00kg LB, FEHET 3. 18kg TH -
7o

7, BLEIREH TRESFMI VIMELR
WA OINHRRHEREIIER 3 T2 7L HLEL, ER
1C275 bR, TEHET2 87T -7z,

ERFA X Y IE L IGA OIIRREIREE 13325 5
T28T L& LE L, EBR1 T2.612 K LIEL, FHHE
T2 71 Th o7

W L D REF I VIE LA, S85mX
DINE L7z A it ik LT TR b s SR R e
#RLT,

Eie, BV INRIRE HHIME D BAL O R IL
Vs, RICZ O¥fliE kg L LTHERT B &, HEHR
EROBIEME X v EWEZ TR L

WIT, TIEIRIC X 2 DRRRRkERTh B e O BB R
i TR O B R FINE T21. 8~24. 4
%, ¥¥HEIZ18.6%ThHV, @RFMELYONMET
14.5~21.3%, FHIETI8 6% Th - izo

%7, BLPRIREGRE O REF FIMETL?. 3~
21.9%, WIHHEIZ20.2%ThH Y, GEFFMETIS. 7
~18.1%, FHETI6.8% Th >1

s, MgE bERSMI VINET S X ERGH
L VIET 3 5 PEEREDMECFAHA L o

FEB 1~ 5 OBIRLEOREFREERT L Tab. 2.
NEITHD, EBR1 OHINLEIXL 085~1. 087 T
PHE 1. 086 Th -7z FBR2 OEBIFLEIT 1. 086~
1.089 T, FIMHEIT 1.087 Th -7z, EEr 3 DI
X 1.091~1. 098, FHfEIX 1.094Th o720 EBR 4

Table 1. Means, standard deviations and coefficients of variation of egg shell strength for each trial

Testing machine

Fujihira shell

Apparatus (Tensilon UTM-AL type) strength tester
Direction of applied compressive force Major axis Minor axis Major axis Minor axis
Position of applied compressive force Pole Equtor Pole Equtor
Trial 1 3.3240.72Kg  3.0040.44Kg 2.7540.60 2.6110. 44
(21.8) (14.5) (21.9) (16.8)
Trial 2 3.8610.86~ 3.124+0.667 2.95+0. 51 2.68£0. 41
(22.2) (21.3) 17.3) 15.8)
Trial 3 3.714+0.89 7~ 3.0840.50 7~ 2.97+0. 67 2.6510. 42
(23.9) (16. 4) (22.7) 15.7m
Trial 4 3.3240.74 7 3.27+£0.69 7 2.77+0.58 2.77+0.52
(22.3) 2L D (20.9) (18.1)
Trial § 3.71£0.91~ 3.4340. 687 2.93+0. 53 2.85+0.50
24. 9 (19.9) (18.2) (17.6)

( ) =Coefficients of variation. %
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Means, standard deviations of egg specific gravity for each trial

59

Testing machine

Fujihira shell
Aparatus (Tensilon UTM-4L type) strength tester
Direction of applied compressive force Major axis Minor axis Major axis Minor axis
Position of applied compressive force Pole Equtor Pole Equtor
Trial 1 1. 085+0. 006 1. 087 £0. 004 1. 085 £0. 006 1. 086 £0. 006
Trial 2 1. 087 +0. 005 1. 089 0. 004 1. 086 0. 006 1. 087 £0. 006
Trial 3 1. 098 £0. 006 1. 092£0. 008 1. 0914:0. 006 1. 095 +0. 005
Trial 4 1. 085%0. 008 1. 087 +0. 008 1. 087 £0. 009 1. 083+0. 008
Trial 5 1.08740.007  1.0874:0.009 1.089+40.008  1.089+0.007
Table 3. Means, standard deviations of egg shell thickness for each trial
(pm)

Apparatus Testing machine Fujihira shell

(Tensilon UTM-4L type) strength tester
Direction of applied compressive force Major axis Minor axis Major axis Minor axis
Position of applied compressive force Pole Equtor Pole Equtor
Trial 1 361+26 357+23 35827 361+£30
Trial 2 365123 359124 354425 359 £22
Trial 3 373+28 362426 36727 369 4-22
Trial 4 33627 347+29 335+30 340+29
Trial 5 343+27 349431 348434 34630

DEIAHTIE 1. 083~1. 087 T, SEHIEIZ1. 086 TH v,
LT, EBR5 OBWIFHEIXL 087~1. 089T, FHfE
i 1.088 TH - 7o

FBR1 ~5 QIO S 0 WiERFE LR L Tab.
3.0XHTh D, EBi1 DIIREDE X 357~361p4m
T, P 359pm THY, FEER2 Tid 354~365
pmT, T 359pm TH Y, FEBR3 T 362~373
pm T, SEHMEE 368um Th Y, FER4 T 335~347
pm T, EZ 340pm Thoizo LT, FEES
Tid 343~349um T, EHIF 347pm Th o iz,

WIHEHR AR & PN st L v B b hiz
DRZAMEIRIREE L UMk IR &, PRRREEEIRES & BRI
L OO EE FIH L T3 % & Tab. 4. 7R
TE9ThH B,

RIS & 2 IIART AR & IRk o JE & oFg o
T, MEHRERO BRGRINED A O IREREIEREE
L PPk DL & OEEREE A0, 42595~ (. g4rr*
IMEHR RS DR AN O YN SR L Vg O FE
S OMBREN0. 53%F%~0. 5%, T o Fr. %, H
TV EIEER TR A TR AR ST RIINE O SRR ESRE L 5p
FEDE & OFFMREIZ0. 4475 ~0. 79%% -y gH
FRORIE G TR AN O PR EEIREE L IR O &

OFEBREUZ0. 50¥F~0. TI* T - oo

R E L RES IOER TR X YV IE L2540
DNERTRIETRE LI ORI O VTR OMIZE 0.1 %K
ETHESHEED b,

F iz, WIERIC X D UREEREEETARY L IR B oA
ZBWT, MEHREBRORRFRIINEDSE O I
BRI L YN E OMBERECT 0. 44%F~0. 74¥F%, ¥
FHR M O B 15 WINE O IR R & BIREE O
FHRMREUZ0. 52R*~(. 7T3%F* Tl 572, 7z, B
FIRFETREE o B H 10 X 0 INE O JIFsREREr & 28
DL TR OFHREIT 0. 457 ~0. 58***, =+ A PAL
TREE G OBLEE ST X D ME DO IR IRTRNE L FBUN
OFABBEEIZ0. 48%%F~0. 64T B o 72,

TSR & b RERF B XCERFE L Y IE L8
G DYRFEEIEIREE LB ED W R oBIz S 0.1~
1 %K1 THERHE ED b,

% £

EPINEOIE IOV T, FUIRRF LIS CfF
BhiLTV 2EREIROMLE ($5F) BERBROKN
HIERIREEE T, M5 R00EAT, v =—
SN=FBM 419pum, NA v 7 BT 406pm & ORIE
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Table 4. Simple correlation coefficients between the egg shell strength—the egg shell thickness

and the egg specificgravity for each trial

Testing machine

Fujihira shell

Apparatus (Tensilon UTM-4L type) strength tester
Direction of applied compressive force Major axis Minor axis Major axis Minor axis
Position of applied compressive force Pole Equtor Pole Equtor
(egg shell strength—egg shell thickness)
Trial 1 0. 42%5% 0. 67F** 0. 447%%* 0. 5O***
Trial 2 0. 71*** 0. 53*** 0. 62*** 0. 59***
Trial 3 0. 63*** 0. G7*** 0. 74%Hk* 0. 64%**
Trial 4 0. 84%** 0. 83%** 0. 6g*** 0. 53k**
Trial 5 0. 82*** 0. 85*** 0. 79*** 0. 71***
(egg shell strength—egg specific gravity)
Trial 1 0. 4g%** 0. 6O*** 0. H2¥** 0. GL***
Trial 2 0. 74%** 0. 52k 0. 45+* 0. 55***
Trial 3 0. 66™* 0. Hp¥k 0. 68*** 0. 66%**
Trial 4 0. 68*** 0. 64*** 0. 53*** 0. 48***
Trial & 0. 44%* 0. 73%¥* 0. 58*** 0. G4***

**=Significant at 0.1% level.
**=Significant at 1% level.

ERERELTRY, EFL 3300HET, ~Mt
v Ay RET383~397um, ¥ — N—FBT 370~402
pm EHEL TV 5, %7z, Potts 5303 1SS DD
— L VFAT 318~335um, =Xy NET 312~335xm
TholcbHELTRY, FEROBRIT, Fhoo
IEIERHEOMEE R LTz, RiC, BIIREIC-SVWTRS
&, Potts 53043 v— 1L VBT 1.080~1.083, =2 A v
FETL.078~1. 082, BANHE 52y = — A —H#EnN13
H B4 TORERTI. 0802~1. 0853 &, 1.0804~1. 0809
TholcbBEL T2, BEEOLDORBROF TOR
BT, "Mty 7 2ET1.0913, =Xy FHATL 0865
Tholro BIFHEIZIZ S OWEIGEVETHD LE
Z %o
WICINEREEERREE TR L T, Potts B3V 3v—1 v
3. 50kg, =4 v FET3.31kg, [ L £ Potts 53¢
2, HEINRE L REIEE 3 A 6 BRI
TRIRIREE T 3.09~3. 74kg Tholc L HEL TR Y,
%7z, Vandepopuliere %33 Egg shell meal D35k
2R\ T OIRERERIEE 1T 2. 90~3. 00kg &, 2.98~
3.11kg, Ball %%k, $§F& Oiling DHERERIT
BT DINRREREE X 4. 33~4.74kg Th -7 LG
LTv%, Y E4ROBEHEIZ VTR Instron 12X -
TIFAREREZRE L LD TH Y, bR iz, 2h
D DL O INRRRERE OIS IX 3. 410. 63kg, B
BRILEIX 1. 0806 £0. 00408, PFak»E &iX 326+13.7
um Tholo, —F, BLTRINERIRARE 3 CORRRRE

FREE & JUE L7 BANE 6373, [hAR S, HALH©
DAL 2.61+0.250 TH D, ZhbOREOHT
BEIPRRE St OREEIC kg OMAIZTA LR
BN 2T D IRFRREIEAEE X 2. 65+0.105kg Th o
720

ThbDERT RS BIBLE © SEHEE,
1.0800, %7c, PRgkDE X ONEHEIX 332pm T, A
WD Potts®3 Vandepopuliere’®, Ball® & 38
DOIBIBOIIFE DR S RLHBILE LIZ L A LERB
DIZhb b3, IIEREERE MECEEZ R LT3
X5THY, oA AERIBCTLEDONS,
AEBRTHER LI RRERIC X 2 IR T B
BFMIEREFAME & bicE L INsmE s ©
WELERLVBVERRL TS, 1B, HE#
ERORETEHIT Fig. 3. KRT IO F v— MR
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DEMIZFEED v — R L O 1kg~5kg D438H
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ERICEGShL T3,

PR CONRMRIREE & B L&, SRRk
BREOAMEERCERL TV AIEELD, BLEX
SSREE G OREED FF NERE X v BV EZ TR L
T3 LEZEDREL,
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Fig. 3. Recording egg shell strength by Tension UTM-4L.

(See the text for the exqlanation of the curves.)
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AEVFRZFHT L, kg QWY s WE TR
IR R CIIE LicidTb, ARNEFIAT 53
XY, XYV IEMRIGREERENE LA bDLEL
Do

¥, REFRMEDOSE LERFRMEDEE D
W & el L7 d, SRS FMECEE D 5 EH
A X v kiZ, Fig 4. 88X Fig. 5. TR
E2EANTYXBDEVEITHD, ZHOAKEELT,
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Compressive fracture force by the Testing machine (Tensilon UTM-4L type)

Y,(kg)=0.27+1.12X,

(T= 093***)
o Trial. 1.
® Trial. 2.
o Trial. 3.
1F A Trial. 4.
B Trial. 5.
{ y/4 " L ) \
4 1 2 3 4

Compressive fracture force by the Fujihira shell strength tester.

Fig. 4. Relationships between egg shell strengths obtained by Fujihira egg shell strength
ester, and by Testing machine (Tensilon UTM 4L). When under compressive
force along the direction of the major axis of egg.

**¥ show significance at the 0.1% level

IR DB & L JIFRRETRE L o OMEBEREE L
#2413 Hunton 591 r=0. 64~0. 66, Frank 543 r=
0. 68**~0. 80**, Richards 4% r=0. 74*¥*~0. 76**
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’
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r=0.830, HEIZOFHINTETr=0.680, ~7 =
v 7B Tr=0.830, FLT, ~"M 54 EHTr=0.640
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Compressive fracture force by the Fujihira shell strength tester.

Fig. 5. Relatiodships between egg shell strengths obtained by Fujihira egg shell strength
tester, and by testing machine (Tensilon UTM-4L). When under compressive
force along the direction of the minor axis of egg.

*¥* show significance at the 0.1% level.
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Summary

The present study was conducted to compare the
performances of two apparatuses and the derection
of application in measuring egg shell strength.

A total of 1040 eggs, collected from four com-
mercial laying strains which were fed in wire
cages, were used in five frials.

Two readings were obtained using two apparatuses
in the following: A) a testing machine (Tensilon
UTM-4L type) and Fujihira egg shell strength
tester. These two readings were made with of the
compressive force measuring along the major axis
and the minor axis of the egg. Specific gravity of
the eggs was deterimined by immersing them in a
series of saline solutions of ranging from 1.060 to
1. 115. The average shell thickness of three points
at the equatorial region was measured to the nearest
10p.m. using a vice caliper. The shell membrances
were removed in this measurement.

All date were subjected to correlation analyses
and regression analyses. The results are summarized
as follows:

1) The egg shell strength measured by the Fuji-
hira shell strength tester was lower than that by
the Tensilon UTM-4L.

2) The egg shell strength and its coefficients of

variation measured along the minor axis were

lower than those along the major axis.

3) The correlation coefficients between the shell
strength measured by both apparatuses and the
shell thickness, ranged from 0. 42** to (. 85***
in all trial, and all values were highly significant.

4 ) The correlation coefficients between shell stren-
gth and egg specific gravity, ranged from 0. 44***
to 0. 74*** with all values being highly significant.
These correlation coefficients were in good apree-
ment with the date by many other researchers.

5) Linear relationship was found between the egg
Strength (X) =measured by Fujihira shell strength
tester and the egg strength (Y) =measured by
Tensilon UTM-4L.

6 ) Regression formulas between those two are as
follows:

i) Compression along the major axis:

Yi(kg) =0. 27+1. 12X, (r=0. 93%**)
where Y;(kg) =shell strength by the Tensilon
UTM-4L, X;=shell strength by the Fujihira
shell strength tester.

ii) Compression along the minor axis:

Y,(kg) =—0.22+1. 25X, (r=0. 97%**)
where Y,(kg) =shell strength by the Tensiron
UTM-4L, X,=shell strength by the Fujihira
shell strengh tester.



