o/ T

S

ZJ MY EDXTHHRD
JARKIVT ) EEUNILY 9%

ST, B IRE

Distribution of protoporphyrin and biliverdin in chicken and
quail eggshells

Toshio Okazaki and Sayaka Miyai

Summary Eggshell pigments consist of protoporphyrin (Pp) and biliverdin (Bv). Pp has
phototoxic properties and Bv has antioxidative properties. In this study, we tried to clarify the
distribution and the role of eggshell pigments. White, brown, and blue colored chicken eggshells
and quail eggshells were dissolved in a hydrochloric acid-methanol mixture. The spectra of the
resultant solutions matched those of Pp disodium salt and Bv preparations, and so the pigments in
the eggshells were confirmed to be Pp and Bv. Using these preparations, the eggshell pigments
were quantitatively analyzed. The white chicken eggshells contained small amount of pigments,
the brown eggshells contained large amount of Pp, and the blue eggshells contained large amount
of Bv. The quail eggshells contained large amounts of Pp and Bv. From these results, it was
considered that the color of the chicken eggshells was dependent on the ratio of Pp and Bv
concentrations. In the cuticle layer of the quail eggshells, Pp was found together with Bv, and they
had formed dark brown lumps. The surfaces of the brown chicken eggshells and the quail eggshells
were gradually dissolved, before being irradiated with ultraviolet A. Then, their red fluorescence
spectra were compared to analyze the amounts of photooxidized Pp (P-Pp) and unphotooxidized
Pp (Pp) present in the eggshells. The brown chicken eggshells contained more P-Pp than Pp.
However, the quail eggshells contained more Pp than P-Pp. Photooxidation of Pp might be
inhibited by Bv, because Bv has antioxidative activity and Pp is together with Bv in the cuticle
layer of quail eggshells.
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BINGEERM O 7 F 7 J B ITMER A % B <)
EVH D, Fio, P FEIIIED H A Sk
NDIOIZHE Lz S, BRI
JurRVT4) v (Pp). HRBEEFIZL)
NV Y v (By) TV TR CHIR I ALE S
NLZEPMOENTNDY, Pp&Bvid, B MR E
WHELEIc BT, ~NEZ O oA
SRR B A EE A ED TH DY,
Thbb, Ppld. IhIYFYTHTTY Y
vEH T T Z VCoAT IMFEWE L LT, 6
-ALA ( ¢ -aminolevulinic acid) 7z & @ dr [E X 3
WaEZECHEESN, Bvid. NAFF 75—
-1 (HO1) |12 X % #k##54GPp (ferriprotoporphyrin
IX) O5RIC & o TREEE S, PR LR A
HBHIEFMOENTWAEY, 4E, BRI A
Pp2MERE LR T W E EDMH L iz S 0,
Ppldtdm a2 A L. /bt (UvA) HEHC
Lo THMMmRLAEEAL., ROEXTRET L2
EDHHNT WD, F7o, S 27
74 M7 MELVT )2 (P-Pp) IE. Ppillt
NC—REERr 2 RaEEEr R L. BSAMILE
BRTLY—VE L TEIEINTVWEWY,
D X 9 ZPp & BvIZ B L 728 72 70 SN LAY
SNo0H HBUE. BRI BT 5PpLBvD
SAFRHRALE N S, FNHOBEOF T
Ho—imxHOMIT5Z L2 HIME L TER
AT o770

Ferld, A, B, FRoO=7 M)IRY
7 X7 RO R Al L WOLEE 54T & 17
v, PR & NI OPp & By Aii 12DV T
AT U720 T 72, dLEDVANZETHL IS
7ePpIXIC BT A MR 2 B3 # 12, UVARREIC &
BAMBEIEO KT AT MV OEBH S, K
DA & N DOPp D SEERILEE L2 D W C B
a7 o7,
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(a) MK

=77 V) (Gallus gallus domesticus) ® 1 (L
ARV B (R) A7y o) Hm (7
O —% FFE) Y& v A5 (Coturnix japonica)
JE & Bl TR 247 o 720 IRt R 043125k

Moo T ENOaEE N YR EE % HE L7z

(b) k7 F 27 IBDY vy BiER

Htu, g, Fo=7 1) JifH %50 mL
D2N NaOH/K W12 24F5 FEE L. Ik 7 F
7 IOy Ry EeEH L. COBHEEY
ONHCITHM L2, & v /87 BiglgEx ey
Ly METRD, MBS0 OI%7 F 7 5
J@gn sy s BeafH L7z X7 DA,
YP14E %25 mLO2N NaOHE i T %t L. 2N
HCIAW TR, WOy v 387 Highk %
v Ly METHIE L 720

(c) I EFTEOWILA Y b IVAHT v 71 b

BT ECY)RLVY VOER

70 MRV T 41) ¥ 2Nadfi (BEEALRE, ®
W, HAR) & B X)L (SIGMA, St Louis,
USA) EMO—EmxiEfE- x5 /7 —) (3:4)
BAEWICERL, MASHBEEEERO
UVmini-1240%% 4% 7] #1453 6 6 2 & & B v ¢
280-800 nmfH DL A R T B IVIHT 24T 2 726
WIS, ZINEZEEE - A5 2 =)L (3:4) R
B35 mLIZIRE L, iRk a iR S8, It
FEH L7z, 2 OHHIE %3000 rpm T 1055 [H]
wl Ly EHICOWT, TINARY MVt e
T, IR RO E R TER 1T 72,

(d) FTERIEIRGTEOIIRE A & DRt E A <
VaNZxii

Pp& EDOIEALME - P-Ppid. UVARRGHZ X
> T, Z 21630 nm & 680 nm® WL IR K ik
FEORBENART NVEET DL LSRN
Twa"Y, PpaZ < Gtr=7 M) EaipE v X
SOOI ZEER - 2% 7 — v (3:4) REWH
THEZT O LaFoP LT OBisETHlD
LY. 7527 7 (outermost layer) 7°5H 4 L
TOWRE DR 5 It % & S 72, BEFED
T, ENENREOR L 2 % HIIREETIZUVA
(368 nm) AT L. IR T+ =7 ADI=
IGERCII00OMA (A%, i, HA) Tt
ARG NIV EAT o 720 JIRED S DB AR
7 NOVBREE AR 4T #E (A/D Count Ratio)
TR L7z,
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A, =T M), TXATOUEER, JIRER L
B F o 5BDY Ny EeD i
A, FEERICHWA =T M) OJIEERL,
HEIisd - & bEL, F66+£24 g, RWT
BEIIA 61 £55 g HHIINTTFE54218 ¢
Th ol IBRERITZNENFIY57£041,
49+0.37. 5.0+0.38 g T, JIHREZE DS ~ 10%
MR ER CTH o720 7 AT INRERILTFIY11
+1.0 g. JUEE 1L TF150.97+0.06 gT. =7
k1) EIZIEFE U IRRERE DR 10% 030 EE
ThHolze = MNIOIF I IEOY VIS0 E
w®HIRER L FAEAEIIr oL 3% K
WML, FEIIOIETH 572, 7 AT DI
WBEBED/NS o 2h, b D r T2
Dy oy EeElE, =T NI Y Loy
HEEIZIZFR LNV TH-72 (Fig 1)o

B. =7 NV, 7 XTDOYIFEGIEGH
70 RFEVT 4Y) - 2NalE & BvIE T & R -
Ay = VREEIIZHR L. YL - w0

TG ETT280-800 nm D 4364 AT & S L 72 (Fig.
2A) 0 FOFEF, T MRV T 1) v - 2Natil
TlF412 nmlZ F ¥ — 7 A%, 557 nm & 601 nmiZ
Bl E— 27 50 5, BvIE N Tld376 nmiZ 3
Y— 275, 670nmiZ 70— R — 27 2330
btz WiZ. =7 ML o XTIk DGR -
AL ) = VBRI EEO S R T o728 2
A, WIFNROFIHTH 7O hERLVT 4 -
WNalfiDFEE -7 & —FK$ 5412 nmicFEE— 7
AR SN 7z (Fig. 2B, C)o =7 M Pl D E
V=713l tRdEm < R THAIN, H
BIIDNETH - 720 412 nmDEE — 7 S0
BN HFBINRL 7 A T P CTIE557 nm & 601 nm
WKHIE—=27 3386, 7u bR 741) > -
ONalf B ORI A~ 27 bV & Eels—5 L
2o T2, FHRIIL Y X FPITIE376 nm & 670
nmiZ ¥ — 27 25580 5, BVEEROWILA < 2
MvE—31L 72,
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Fig. 1 Comparison of whole egg, eggshell and cuticle protein weight per one egg of chicken (Gallus gallus domesticus)

and quail (Coturnix japonica).
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Fig. 2 Spectrophotometric analysis of eggshell pigments.
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A: spectra of protoporphyrin (red line) and biliverdin (blue line) preparations; B: spectra of chicken eggshell

pigments (gray line: white eggshell; brown line: brown eggshell; blue line: blue eggshell); C: spectrum of quail

eggshell pigments.

C. =7 ), YAIHHmDOT T RV T 1
v (Pp) BEEYNLY Y (By) EOLER
=T M), v XTI S 7 DI OPpE:
EBvE BT 2L, =7 MY HAITIE
Ppld14.6£5.23 uglegg. BviZ2.33+1.01 ugl
egg T & b MD TH Lo 7z, otz T
1ZPpl3288 +96.9 uglegg. Bvid2.63+1.01 ug/
egg TPpi#E L < £ <. H @I CTldPpld28.2
*11.5 uglegg. BviZ192+7.89 yglegg T By
WL holze 7 XTI TIEPPIE193+36.3 u
glegg, BviE122%28.6 uglegg T 5% -
72 (Fig. 3A) o =7 M), FaIirkosl
LB DOBVPPILRIZOWT I L7z 2 A,
=7 bV BEIRe =7 M) HFEIRR T, At

B E AP TREREZ R Do 72h, 7 XTI
TW7 57 7@ % &0 I oOBv/Ppltix. 4
MK L RIS Ao 72 (Fig. 3B)o 72, =7
b FAIIRE L T XTI DT, 2NAK R
b M) AT IERE O 7 F 7 Tk &AL
LTH BRE . 5T 2477 v, & 512 HiER -
AL =T, GOSN E I & 25T
WLl 2ot etroz2h, =7 M)
Bl TId, BvEPprAids, FETIEE AL
L ohhrolzh (Fig. 3C). W A5 Tlds F
7 SRR KL L, ByEPp A AIZ A L
7> (Fig. 3D) o
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Fig. 3 Quantitative spectral analysis of chicken and quail eggshell pigments.

A: comparison of the quantities of Pp and Bv in the

chicken and quail eggshells; B: comparison of the Bv/Pp ratio

between the outer and inner parts of the eggshells (top: brown chicken egg; middle: blue chicken egg; bottom: quail

egg); C and D: spectral analysis of the pigments in the part of the blue chicken and quail eggshells (blue line: whole

eggshell; brown line: eggshell without cuticle layer; gray line: outer layer of the eggshell; orange line: inner layer of

the eggshell). Blue, brown, gray and orange boxes in the upper right corner indicate the extraction parts within the

eggshell, and the extraction” s spectrum was shown with the same color, respectively.

D. =7 Y. 7 X T IREOREED G5
DI
BUIDIN R FMIZUVAZ RE§ 5 & okt
ek G L7z (Fig. 4A) o AREHOGSUT O
=7 M)BEIIE v X5 IO IR & KR -
AL =V (34) BREWETAHLTOMEE S
5LADNLENTIRERY B T 720 ZO5E%

BoONTREORL 2077 H (Fig. 4B, C
a-d) 12, UVAZRE L2 &, HREEto
it a 4t o720 =7 b, 7 AFPID
AV B B AR E OGRS (A/D Count)
3o 7228, 15EE - X ¥/ — )V TR % E%
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A8 K P 635 nmDPpD & S 12 TR
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Fig. 4 Spectrophotometric analysis based on the red florescence reflected from the eggshell surface.

A: The chicken and quail eggshells were irradiated with UVA, and photos were taken using a CCD camera. B and

C: Spectral analysis of the brown chicken eggshells and quail eggshells. The eggshell surfaces were gradually

dissolved with HC1-MetOH solution (a: none of outermost layer dissolved; b, c¢: middle layer; d: inner layer).

Spectra a-d were obtained at locations a-d on the eggshell surface under UVA irradiation. The orange lines indicate

the reference data from the silica gel plate.
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Fig. 5 Pigment distribution map of the chicken and quail eggshells
The quantitative distributions of Pp, P-Pp, and Bv within the white, brown, blue chicken eggshells and the quail
eggshells are shown on the map. Larger letters indicate larger amounts of pigment. The upper layer of each eggshell
was the cuticle layer. Bv/Pp ratios were calculated from the data shown in Fig. 3.
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