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Microstructure of the Shell, Hard—boiled Albumen, and Yolk of an Ostrich Egg
(Struthio camelus domesticus) in comparison with a White Leghorn Hen Egg

EREMTF KB R

Machiko Mineki Kouichi Watanabe

Ostrich and hen eggs were subjected to a microstructural comparison of the shell and shell membrane in the
raw condition and of the albumen and yolk in the hard-boiled condition. The observation methods used were opti-
cal microscopy, scanning electron microscopy and low—vacuum scanning electron microscopy. The ostrich eggshell
had a finely crackled surface. The structural components of the transverse section of the ostrich eggshell were
similar to those of the hen eggshell. The shell and its vertical crystal layer of the ostrich egg were approximately
five times thicker than those of the hen egg, and the spongy matrix region occupied three—quarters of the thick-
ness of the ostrich eggshell. The results suggest that these factors were involved in the hardness of the ostrich
eggshell. The ostrich eggshell membrane was two—to three—fold the thickness of the hen eggshell membrane, being
composed of thick twisted fibers. The intermediate layer of the ostrich albumen showed a fine-layered structure,
which seemed to be composed of thick albumen. The inner layer of the ostrich albumen comprised about 40% of
the whole thickness, although its structure was indeterminate. The intensity of staining of the inner and outer lay-
ers of the ostrich albumen by the PAS reaction was stronger than that for the hen egg albumen. The ostrich yolk
was packed with polyhedral yolk spheres, these yolk spheres having a similar shape and size to those of the hen

yolk.
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LB L OEEEOMEE LT, BT vEBEY v 7 (PAS)
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IIRRIZEAE L COIIRED 20 F T ORETRERCEE
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FFaviBoiiikit, 165mm & 18mm DEXT, =
7 b I E ERRICEBRIRE, FLERB O ZS0HsicaT
Lt (&K, 1998 ; /M, 1999), FLEEIRE D ILFAZERZ
NIFREEIZAE DT v/ (Fig 1A, 1B)e ¥F a3 i
OIBOMEIE, =7 FUIHOEZ (030 mm, 0.35mm)
DEEDEE TH o725, =7 M) SIOINFROUTE O
EHEP LT, P —FNAICALE T S vertical
crystal layer i3, ¥ F 3 9 TREZHOum THH,
ST MYPITIEH S um THo720 =7 M IIDE X,
Okubo » (1997) OMELRHETH o720 FF a3 7D
vertical crystal layer ®E S Z =7 MY IO 1050 E%
ARL7 (Fig 1A)s ¥ F 3 7O BHKEIZ, ILERBL
S EDENHEHBE TR 20728, WThOITLIRED
#4550 3 (1200~1500 um) % 5O Tz (Fig. 1A).
zhcatl, =7 MYSITIRIIREOHES (#9170 um)
MR T, ALEBEHD & OBIILHBHHR CH -
72 (Fig 1C)o &AM (1996) & =7 MV IIRRZEIRL, &
WIRBORE X13# 150 ym T, IRR0OES5 % 505 L #HiLk
LTwa, #F 3 VIR TIZEMIRE A 75-83%, FLEIK
B1Z17-25% T, =7 MUK, #ERREBIIEWC &
PEEEVWZ LS (Table 1),

=7 MU IRDIRIZB T B EBRIRBDO AR TEEICO
W, Powrie (1987) 3V M (0.04 um) ASPRZDFE
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R L TWwaA EHE L Tnwb, ABFETS, =7 MO
PRARWIE (MR & BB o BB s b (Fig 1C
EH)o THIZNLT, FF a3 OARY VHEIZAL
NAMAEREII=7 FUIIL WBEETR L, =i (Fig
1A KE) OBBL o7z,

ZOZkEy, F¥FavPRTiE, —F/NE O vertical
crystal layer & SRR DHEMIKBE G DE L, T /2 lHIKE
BN ELEELZRLIZDT, BOEETHLEEZ T,
T, ARVIVEBAIIRONIRERIE, FFaviiTik
10 um E@THY, =7 bUI (H 25 um) DK 5
DIETH o7z (Fig. 1 A

¥F a0 EREREIX, —AOFE 90~160 um, K
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Fig. 1 Microstructure of eggshell and eggshell membrane of ostrich and hen eggs.

A A transverse section of eggshell of ostrich egg. Arrows showed pores of spongy layver. B :
Mammillary knobs of eggshell of ostrich egg. C : A transverse section of eggshell of hen egg. Ar-
rows showed pores of spongy layer. D : An eggshell surface of ostrich egg. E : An eggshell surface
of hen egg. F : A transverse section of eggshell membrane of ostrich egg. The sample was ob-
served by scanning electron microscope after double fixation and critical point dryness. The left
parts showed outer yolk membrane and right parts showed inner yolk membrane. G : An inner sur-
face of eggshell membrane of ostrich egg. H : An inside surface of eggshell membrane of hen egg.
Arrows showed mammillary core.

Unfixed and uncoated samples were observed by low vacuum scanning electron microscope.

VC : vertical crystal layer, SY : Spongy layer, MY : Mammillary layer. MC : Mammillary core.
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Table 1. Microstructure of eggshells in ostrich and hen eggs.
Eggshell Thickness of spongy matrix (um) Thickness of mammillary layer (um)
Thickness Spongy Vertical crystal Intervals of Mammillary .
Samples Surface . Mammillary knob
(mm) layer layer growth lines layer
smooth and 1,500 300
Ostrich # 18 ' 0 1 0
stnct egg crackled (83%) 6 30 (17%) 8
rough with 170 130
H * . . .3 5 2! 30
e CEE" L arious crannies 0 (57%) > (43%)

(%) : each thickness /eggshell thickness < 100 * : the value is an ostrich egg

F o TMPOBEENEZ LN, FFavIiTId, HIVLE
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DEOINIFIIRDOBRIE  ICEEDSS v & S I HEAICE
PLEE LTS, FFaviié=7 F)IIIDONT,
FERAEOEPEE LT, £K5 (2003) 07— 25548
ThHE, FFavIRoAEIL1,008£92cm® T="7 1) 5p
D176 THY, EBHTIIYF 3 78 (1208116 g)
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L3I BEORH2EBEDEI L 2o TWDH,, ERIZIZING
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ESREOFRIZR VY, ZO&E L EEO LT IO KA
MELTETE, 737902 082+005 =7 bk
076003 (ZAKS, 2003) T, =7 bYSIOHEH & )4
By, HE LIIEKEIRLERL, BRICA 1 LEHEAR
DK LIEFFE % Do 10T, ¥Faviliz=7 b5
CHARTERBIGEL, BERIREELTWALEE X %,
2. IIMEOWE

SRR IREEEERETHEMBEICL LBETIIYF 3
7T 50~60 um, =7 h JHIT 20~25 ym DEE TH
o7z (Fig. 1G, H)o 7, WEL* _“ERBEL THEL
TIGRIEOWTTIE, ¥ F a2 ZIITIZAEH 30 um, AEH
Wum DEETHo72 (Fig 1 F)e TNHOIMBE 2
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* ! the value is a hen egg

B B MRAME X INRRIEALE TR X 2 um OB EE L2 K
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FZ1~5um OKCBEIBICREZLTERBL, LHrdZ
NHPEMARETEHEIN (Fig 1 G), BEAERICHE
POOHBIIN LM TEbBELFOEELONS, £
7z, GRRRIEANRE D 5 OBE CIIINRIEICHEA TV A FLEEZE
HRIIIRESE N DIBBE T E oo /2 FNIIR L T,
=7 PUITIRIREDE X1 20~25 um T, 1~3um
DOREDBMEFRIRE 2oTBY, ¥Fa 7L VELRE
ETHY, FO-OICHEERED LRI A IRIEANE £
THAZATW (Fig 1H)e =7 MUEITIE, #ED
#48um, WD H 2um D E & (£ 5, 1980
Powrie, 1987) MBI NTWED, REFFETIE, Th
LORER L NIRIEDOE I A EC, KO (1996) DL
TR OE S 25 um & —F, L7z,

=7 M) SIOIREOHE L, BEICGFEBEMERIC X A8
& (A&, 1973a, b BE, 1995) L FE#EOFIRTH o7z,
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RIS H L L EZ 5N D, IR L FRRICTHE®Z
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3, EBROINBEOE I DIIZ2-3ETH LI LD, 5
ENE S ICHMEETAEEETAHE, =7 bUIHIHN
THF a 7INOIIREOINERFFRAEIL R RHH L HEE S
Nb, (Eo T, JIRRIEDOT 2 BHEREEE DS Z DIRIFEIE L
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3. 2MBOMEOEE
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30mm), PEE (#20mm) 24 shz (Fig 2). I8
R —F RV BHROIBEI, #20 um DB B L
B EFENICHRANMNTFOERBER PR ON, &
400 um IC¥E-> TEEg I (Fig 2A). FRIZHEIIH
DXFPULE EDLHBE T, PASKISTEREL B
RIBEFBHE IR (Fig 2B, C). HET A EMEREE
FEHR SN (Fig 2B), & HICHHITIIREIZHMERE
EEWMML BB ESER T 2HSP VT (Fig
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Fig. 2 Microstructure of albumen of hard-boiled ostrich egg and hen egg.

A - The most outer layer, B : an outer parts of middle layer, C : a middle layer, D : an inner layer
of albumen of ostrich egg. E : an outer parts of middle layer, F : a middle layer, G:an outer layer of
albumen of hen egg. A—bG : PAS stained reaction. H : a middle layer of of albumen of ostrich egg.

I: a middle layer of albumen of hen egg. H and I : scanning electron microscopy.

2C), MBEHONENIASITE, HETLBRMEREEID
Em AR L. =7 FUBoRBE T, ¥Fa v
Ly imiksE ey, MET LB (Fig 2E) CHET
DM L BT AR E AR ER L ERE S
7: (Fig. 2F). ZOERHEE BEREDTICH) U
5. 2000), # 10 BORBKEENALNL E LTS (£
BF 1995)., ¥ 3 vIIORBIRIESE L, MEREED S
2B EHROMEA =T MY I HEBI LT, ZOMBEE D
D LT OAREET, LrbELOIBREEIZAR,
FERBOMLEHT ET, HOMRIITE L, o7
2 IO EOIIE 2TV B ERIL PAS RS 2%
et BN TS 72 5 B EE S 2R L7z (Fig. 2D)s [F

Bio=7 P SIOIRBEONBERIZS, REk L o EEEE
MNEEI N (Fig 2G) 5, FFavilill&kysL
INEL TS TR IREECTH o 720 TS DM EE 713,
=7 b SITIRPIKEERE ER S (R¥F, 1995) TH 5 LH
EXNTVE, ¥ FawIiTh =7 MY I & FERICAKE
SUEIlCN 72 L E 2 N, FOWMBTITINHEED 40% &
EHTW,

SO, FFaviOIEIR, =7 YIS
AR, Ak R (IR ESME SO MG
o) EINEBIDOLGHAKRIF AR IFEL, 6
R E R IR (EREE) PHRELC

EAEREFEMEIC X AINHORREE (M2C 12T
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HIZIEE ) T, SRS 2 kT 2 /N R (1R
01um #2/) HHEHML T, TOWMIIANHEE T, LI
TR R L7: (Fig 2H). Z4uZxiL, =7 b
BN (Fig. 2F 128825 2 EINERS) T, NERO
AR I T, L {FEL B REOMMBIREETH -
7z (Fig. 2D ¥ F a OIIENE, 1o DfEDE
ph, =T MIIRERZAMEERTIHETHL EE R,
4. 2HFPOPEDEES

5 F a v IO E TIAINERE T iy E R/ & 2 PR

EROIFAET 5 cortical layer 739 500 um (23 - THAE L
72 (Fig. 3A)e =7 MYBNOINE ORHEIZIEE U < cor-
tical layer A EREE S 417> (Mineki and Kobayashi, 1997,
7 a 7 IO E L E I EE 40~80 um D £
DINERPBIE SN (Fig 3B), JI#E AR IIZE F47 50
~100 um ZHETFOIE & Y K & ZINEERDFEIZFBIE XN
Tw7z (Fig 3C) WEHRPLIZHEET 77 7 T HIL,
AAEBUOLIEERIFITS BB SN, BE L ETER
DFEER;RL7 (Fig 3D)o =7 FIITIZIIEE I L -

2Um
A

Fig. 3 Microstructure of yolk of hard—boiled ostrich egg and hen egg.
A : An outer layer, B : a middle layer, C : an inner layer, and D : a latebra region of ostrich yolk. E,
F : Yolk spheres in the middle layer of ostrich yolk. G : Yolk spheres in the middle layer of hen yolk.
A-E : HE staining. F and G : PAS reaction. H : Yolk spheres of the middle layer of ostrich yolk, I :
surface of ostrich yolk spheres. Arrows : fat-like globules. H and I : Scanning electron microscopy.

S: Yolk sphere. YM : Yolk membrane.
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TaArFN-IEONERIILER 2R L (Perry and
Gilbert, 1985 ; Wood and Cotterill, 1987 ; H k., 1979 :
A, 1997 ; Fa L HAT, 1998), SIEOEMMAIZ L o T,
AR OSIEER TS, RRIOIIERKIIKEZ VT EPEBRE
*nTwab (EFH 5, 1995 Mineki and Kobayashi,
1997 ; 2000), ¥ F = VSIOIERKIE =7 + VI & A%
LEETHY, FOKKELIE, =7 b5 (Powrie,
1987 : Mineki and Kobayashi, 1997 : 2000 ; #6%5 & H#¥,
1998 ; &K, 1999) LRIEEOKEX S THol. FOHIK
BAMIC/AE L, WEITRE D > 72O TINOFAIZ & 558
HEHOAKXRE, U M)IEFEBROEMTSH -7

¥ a RONEREILALLD O (Fig 3E, 3F) T
i, PPEERAEC, HE %t (Fig 3E), PASG (Fig
3F) BLXUOT VAL I LG TR N/NER D Y
B—I25H LT\ ze TO/NERLIE, ZOgEHENL=T
FUSIEFEREC, ARCERUSREZEUEREEZ
sh, =7 bYBBLY (Fig 3G) . RELRFEKR THR I
KREXZoWTIE, SBRETHEMELHAVLRE, &6
WREPLETH D, T2, FFa vk 2908
ROEEIL, NBHMTHEEIE, NBE TP,
B (1995) 3=7 M IIREDOZBIICBIT B 5ED
NEEIZHRTHRBE TRETHLLHELTBY, 77
I IOBERIICNERBEDOLDTH o7z, WTHIE, B
EONWMEDSBAED AT, EOIMINIARME Y, W
HWEENENIE LY (K, 1998), IhdDFEMIC
EINBURE B L U EORERENEET L URETER
720

JEROEEREFEMSEIC L 2BETIE, IIEIKMIC
FeRhzk & 2 b AHEE (Fig 3H, KH) PEREINZ.
T/ GIENBHOIEROEEIZIX 02 pm BEOILA
gEsns (Fig 3D, I Lz=7 bt IBDOIE
BREJEFICELL T (AR, 1997).

75 a vIRONEOHEILX, AMERVSETHRES N
2= P BROME L EEAELLTE Y, HELEOH
WCREDNZWEEZ S,

5. 2BHPOPH - PRDT I AF v —

FFawoiimid, =7 MUIICERT, RHPWE
T, SEEEVENEZRLA (Table 2), FEML S
WEMAER LA, BEOEIALN oz, FFa vy
ROEIE, =7 FUIICENRT, BEREZRL, &%
HIEEEICE o720 ZOERENS, ¥F a VORI,
=7 MY HEART, BA%ORVEKS PRI EATREN
FF g ORNAOEE,SOHME - L, 72, ¥
F 3 IO HHIRED PAS RKISA58 o722 L b, B
FcBIT 288D 5V 38ES /3 BOS Atk OE
W7o AF v —ZBET LMD D 5. WEHOKTEER
BIILBODS RV EHS, FF a YIIORERE (B
BtE) OBRFLLETHD EERT

Table 2. Texture of hard-boiled albumen and yolk of ostrich egg
and hen egg
5 e Hardness Cohesiveness Adhesiveness
am
P (x10'Pa)  (LU) (x 10% Pa)
Albumen Ostrich egg 4.10+0.80* 045%0.26 394+387
Hen egg 544+079 070+002 1.19+081
Yolk Ostrich egg 375+090 032003 649+6.11
Hen egg 280051 017£007° 6.89+192

* Mean+S.D. Different letters (a and b) within the same column
are significanty different (p<0.05).

-3

¥Fa vROEEME, HFEEME REEEENET

SEMER L OEAREFEMBELHCTEHEL, =T MY

PR DRB AT o720 JIkB L VIIRRIE I KRB ERE &,

BIEB L UIEIT&BINEE 2 H 2,

1) 5 a3 7OIROEREIXE S R AHEKROEEL
L, 27 UER B o TnDs, SRR
BLL 7285 A5% Do 72, BIRk & vertical crystal layer @
EsBIUOREMAERIE =7 M) IIoHETH
72o BRKBINZRDA4FD I %D, RRDOEE
BELTWwhHEEZLNA,

2) ¥FavIRORBREIZ=7 N0 2~3FOESITH
h, KROBHIRE L CELBEERRL

3) ¥FauoiiEiE, HEFEHSICEBEREEEZERS
NDBAERBEOER LHTE2AE L Tz, SIEA
BlZiz=7 ML W EEFESGVORY, L2SAH
Bk T OB R EEERSSIEHONEMICBE S
725

4) ¥FavioiEx, &IVBIZH 500 um (ZH72o T,
FoitdH B VIEAREFOINEIRLIHFIE T S cortical
layer ¥ ¥H, SREICIE, =7 MUINCEML - ZEE
OINBERFFTE I TV, JREKOKZSIE=T b
VI ERIEETH -7,

5) ¥FawIoeRiMor s AFy—it, =7 FUEBE
RE LT, SPETIIEENLEL o IEHTIIHS -
BEMEMRVCE 2R L7
F72, ¥FaviBOFHBINAD PAS UL #7722

Ehs, SREIZBT L SHEED L VIS L3 B

BRXOBENDT 7 AF v —ICHETLHUREND S,

AR D — BRI T AL 14 4 ~16 F T F AR5
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