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Pesiome

Ot 30 sinoHckn nbanbabka oT nopodata PapaoH Ha BbapacT 100 aHu u ¢ Terno 245 g ca cubpann 184 siiua,
CHECEHM B NKoBaTa hasa Ha HOCNMBOCTTA. AiiLaTa ca npeTerneHn, U3MepeHn 1 CYyNeHmn 3a OTAENSHe Ha YepynkuTe ot
OCTaHarnoTo CbAabpxaHune. Yepynkute ca uacylueHn n npeterneHn. 3a usmepeaHe Ha febenvHara Ha yepynkara B 3 4acTu
(ocHoBa, cpena, BPbX) € 13non3saH Lwybnep. Ypes usumncneHne ca onpeaeneHn: NPOLEHT U MHAEKC Ha Yepynkara, NTbTHOCT
1 obem. OnpeneneH e 1 OCHOBHUAT XMMWYEH CbCTaB Ha Yepynkara, CbAbpXKaHUETO Ha Kanuui, pocdop 1 MarHesuii.
Mony4yeHu ca crnegHUTe oCpeaHeHN CTOMHOCTU: cpeaHo Terno Ha Yepynkara - 0,800 g, npeacrasnsaealyo 6,768% ot Ternoro
Ha anueTo. CpegHaTta NOBLPXHOCT Ha Yepynkara e 25,607 cm?,a MHOeKCHT Ha Yepynkarta e Cbe cTonHocT 31,251 mg/cm?.
JebenvHata Ha yepynkata e 153,39 um B ocHoBara Ha siuerto, 161,39 um B cpegarta n 172,64 uym npu Bbpxa, Kato
CpenHo 3a LsanoTo sile e 162,476 um. MNnbTHOCTTa Ha YepynkaTa e cpeaHo 1,951 glcmd, a 06embT - 0,416 cmd. Yepynkara
cbabpxa 1,87% Boga; 98,13% cyxo BelnectBo; 87,73% MuHepanu; 10,40% opraHuyHm BeLecTsa, npeacrasexu ot 10,05%
npotenHu n 0,35% sbrnexuapat. CbabpxaHWeTo Ha kanuui e 1777,5 mg/kg, Ha bocdop - 90 mg/kg, a Ha marHesnm -
21,5 mg/kg.

Abstract

From 30 Pharaon japanese quails,100 days of age with a weight of 245 g, we collected 184 eggs which were
deposited at peak phase of the laying period. These eggs were weighed, measured and broken to separate the mineral
shell from the rest of egg content. Eggs shell was dried and weighed. We used a caliper to measure its thickness in 3 areas
of the egg (base, middle, top). By calculation we determined: shell proportion and index, density and volume. We also
determined the primary chemical composition of shell and its content in calcium, phosphorus and magnesium. We obtained
the following results: an average weight of the shell of 0,800 g, representing 6,768% of egg weight. Average shell surface
was 25,607 cm?and the shell index had a value of 31,251 mg/cm?. Shell thickness was 153,39 um, at the bottom of the egg;
161,39 um, at the middle of the egg; 172,64 um, at the top of the egg and of 162,476 um, as an average of entire egg. The
shell density of these eggs had an average value of 1,951 g/cm?and its volume was 0,416 cm?. This shell contains 1,87%
water; 98,13% DM; 87,73% minerals; 10,40% organic matters, represented by 10,05% proteins and a carbohydrate content,
in proportion of 0,35%. The calcium content was 1777,5 mg/kg, the phosphorus content was 90 mg/kg and that of magnesium
had a value of 21,5 mg/kg.

KniouoBu gymu: nbanbabk GapaoH, siue, Yepyrnka, XMMUYEH CbCTaB.
Key words: Pharaon Quail, egg, shell, chemical composition.

INTRODUCTION Regardless of race, quail eggs have a very

Japanese quails (Cotunix coturnix japonica) are valuable chemical composition and an almost complete

very prolific birds, their egg production reaching 350 to 400 digestibility (98-99%). They contain proteins and essential
pcs./year, for the specialized races in this direction. There amino acids, hydro and liposoluble vitamins, phospholipids
are some meat breeds, such as Pharaon, which produces and very little cholesterol and triglycerides (Hartmann,
about 200 to 220 eggs/year, in addition to meat (Polen, 2000). Therefore, these eggs are indicated in the prevention
2007). and treatment of many chronic diseases of the
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cardiovascular and nervous system, digestive system (liver,
stomach, pancreas), combat stress, incereasses sexual
potency, etc. Chinese natural medicine placed the quail
eggs on the 3" place after viper venom and Ginseng,
reckoning it is a real panacea (Vacaru-Opris, 2000-2007).
Quail eggs have a very thin and fragile mineral
shell that breaks very easily and can cause significant loss
of production during their handling process. On the quality
and integrity of the mineral shell of these eggs depends
largely their quality, both for consumption and hatching.

MATERIALS AND METHODS

In these studies we have used biological and non-
biological materials and specific working methods
(measurements, analyzes, calculations). The biological
materials were the birds from Pharaon japanese quail breed
and the eggs that these birds produced. The birds that we
studied were at the age of 95 to 105 days and had a mean
body weight of 245 grams. The eggs were harvested during
the peak of the laying period. Quail eggs collected from
these birds, a total of 200 pieces, of which 184 were
selected, were specifically coloured, with their mineral shell
intact and had an average weight of 12to 13 grams. These
eggs were cleaned, individually, weighed and measured
with adigital caliper of “Black & Decker” type. Subsequently,
eggs were broken and the three components (shell, yolk,
egg white/albumen) were individualized. The mineral shell
with the external shell membrane has been separated,
washed with distilled water, dried in an oven at 65°C for 24
hours (Vacaru-Opris, 2002), then weighed on a digital
balance of “Shimadzu-UX-4200H” type with great precision.
A digital caliper was used to measure the thickness of
mineral shell of the eggs at their middle, at their thicker end
and at the egg’s tip (the pointed end). After measuring the
shell thickness, we collected some samples from the middle
of the egg which were used to determine the number of
pores, as it follows: shell fragments were put on the table
of a stereomicroscope of “lOR NID-5018-SR 2569-83” type;
the pores were found in the microscopic field, then the image
has been photographed and electronically processed. For
this we used a “Panasonic — Lumix-DMC” digital camera
and “Digimizer” image processing software.

To calculate the mineral shell surface we used the
following mathematical formulas:

(1) S=(3,155-0,0136xL+0,0115*B)*L*B, (Narushin,
2005), where: S=egg/shell surface (mm?);
L=longitudinal diameter of egg (mm);
B=transversal diameter of egg (mm).

To calculate the proportion of mineral shell (Pms) we
used:

2) Pms

weight (grams); Tew=Total egg weight (grams).

Msw.100 .
= TTew where: Msw=mineral shell

To calculate the mineral shell index (Ims) we used the
following relation:

Msw .
Ims = Sms’ where: Sms=surface of mineral

shell (cm?).

To calculate the volume of eggs we used a
mathematical relation (Narushin, 2005):

(4) V=(0,6057-0,0018*B)*L*B?, where: L and B have
the same significance as (1).

To calculate the mineral shell density we used the
following:

)

10 . .
P= st Ims , where: p=mineral shell density

(g/lcm?®); Mst=mineral shell thickness (mm);
Ims=index of mineral shell.

The volume of mineral shell (Vms) has been determined
by:

©)

Msw
(6) Vms = T , Where: Msw=mineral shell weight

(9); p=mineral shell density (g/cm?®).

After these operations of weighing and measuring
have been done, the 184 egg shells were dried and
grounded and then we determined the primary chemical
composition (water, raw minerals and protein)(Prelipcean,
2010; Prelipcean, 2011; Teusan, 2009) and their content of
calcium, phosphorus and magnesium. For these
measurements we used the following methods: drying in
an oven at 65°C, calcination method, Kjeldahl-Velp method,
atomic absorption spectrometry methods.

All data obtained were tabulated as gross data

and then statistically: mean (x ), standard error of the mean

(sx ), standard deviation (s), variance (s?), and the

coefficient of variation (v%)(Sandu, 1995). To achieve these
statistical calculations we used Instat software.

RESULTS AND DISCUSSION

The results obtained from these investigations can
be grouped into two categories, namely: a category that
includes data on weight, thickness, density pores, surface
and volume of the mineral shell eggs studied and a second
category which refers to primary and secondary chemical
composion of the mineral shell. Both categories of results
define the quality of these eggs mineral shell.

Thus, the average weight of these 184 egg shells
we studied was 0,800+0,0074 grams (v=12,49%), which
represents (as average) 6,768+0,054 % of the total weight
of the eggs (v=10,79%) (table 1). The surface of mineral
shell of these quail eggs ranged between 21,2014 cm? and
30,3374 cm?, the statistical average value of the 184 eggs
was of 25,607+0,121 cm? (v=6,41%) (table1). Regarding
the mineral shell index, it had average values of
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Tabnuua 1. Terno, NoBbLPXHOCT M AebennHa Ha YepynkaTa Ha siua oT MbAnbAbUY, nopoda ®apaoH, CHECEHM B NKa Ha
AWLEHOCHMS Neprog
Table 1. The weight, surface and thickness of quail eggs mineral shell from Pharaon breed, deposited at the peak of the
laying period

Specification Nokasatenu MU N

Statistical indicators
CraTnctuyeckv napameTpu

Variation limits
paHvum Ha BapvpaHe

I+s¥

S V% minimum maximum

Mineral shell weight

Terno Ha YyepynkaTa 9 184

0,800+0,0074

0,1000 12,49 0,552 1,092

Mineral shell proportion
from total egg weight
OTHocuTeneH asan Ha % 184

YyepynkaTa oT MacaTa Ha
ANLETO

6,768+0,054

0,7304 10,79 4,79342 8,8425

Mineral shell surface* ,
MoBBbPXHOCT Ha cm 184
YyepynkaTa

25,607+0,121

1,64065 6,41 21,2014 30,3374

Index of mineral shell

2
MHpekc Ha yepynkaTta mg/cm® | 184

31,251+0,248

3,3586 10,75 22,4501 40,2237

At base
of egg
B ocHoBaTa
Ha anueTo

U 184

153,388+1,689

22,9078 14,93 96,667 213,333

At top of egg
Ha Bbpxa Ha V] 184
ANLETO

Mineral
shell

172,64+2,140

29,030 16,80 103,333 256,667

thickness

[ebenvHa
Ha

YyepynkaTa

At middle

of egg 184
B cpeparta
Ha anueTo

161,395+1,818

24,6589 15,28 96,667 230,000

For whole

€99 184

CpegHo 3a
ANLETO

162,476+1,766

23,9617 14,75 100,00 222,222

*Mineral shell surface was calculated after Narushin mathematical relation

MoBbpXHOCTTA Ha Yepynkata e onpeferneHa no MeToaa Ha MatemaTuyeckute 3aBucumocTu Ha Narushin (2005)

31,251+0,248 and an average variation of v=10,75% (table
1). This index, which represents the weight of the egg shell
surface, depends on the thickness, density and number of
pores that exist in this shell. Thus, the average thickness
of the egg mineral shells we studied was: of 153,388+1,689
um, at the thicker end (base) of the egg; of 172,64+2,41
um, at the pointed end (tip) of the egg; of 161,395+1,818
pm, at the middle area of the egg and of 162,476+1,766
pm, as a mean of the while egg (table 1). The variability of
quail egg shell thickness was quite pronounced (v=14,93%;
16,80%; 15,28%; 14,75%) (table 1). Itis important to notice
and comment the fact that the shell thickness was with
12,55% higher at the peak area of the egg, but compared
to the top area of the egg, it is thinner by 6,51%. As an
average of the whole egg, the mineral shell has a very close
thickness value (162,476 um) of the middle area of the egg
(table 1).

This index, which represents the weight of the egg
shell surface, depends on the thickness, density and

number of pores that exist in this shell. Thus, the average
thickness of the egg mineral shells we studied was:
153,388+1,689 um, at the thicker end (base) of the egg;
172,64+2,41 um, at the pointed end (tip) of the egg;
161,395+1,818 um, at the middle area of the egg and
162,476+1,766 um, as a mean of the while egg (table 1).
The variability of quail egg shell thickness was quite
pronounced (v=14,93%; 16,80%; 15,28%; 14,75%) (table
1). Itis important to notice and comment the fact that the
shell thickness was with 12,55% higher at the peak area of
the egg, but compared to the top area of the egg, it is thinner
by 6,51%. As an average of the whole egg, the mineral
shell has a very close thickness value (162,476 um) of the
middle area of the egg (table 1). Because between weight
and shell thickness there is a casual relationship,
correlations were calculated between the two characters,
which were representated graphically (fig. 1), yielding a
regression equation and a specific coefficient: r?=+0,342
(fig. 1). Itis noted that if the shell thickness increases, its
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Fig. 1. Correlations between the weight and thickness of quail eggs mineral shell

weight increases, but not linearly, whereas other foctors
are involved suck as shell density and the number of pores
(fig. 1). Regarding the eggs mineral shell density, it turned
out to be quite variable for the 184 eggs we studied so that
the specific coefficient has a value of v=13,93% and the

statistical average value for this data is 1,9509+0,020
g/cm?® (table 2). The eggs mineral shell density is almost
double (with 88,89% higher) than the whole eggs density
(1,0328 g/cm?) (Prelipcean, 2012a; Prelipcean, 2012b), due
to its very low water content and high in minerals. The

Ta6nuua 2. MnbTHOCT, 06em 1 Bpoli Ha NopuTe B YepynkaTa Ha sifila oT MbANbAbLM, Nopoaa ®apaoH, CHECEHM B NMKa
Ha SNLEHOCHWS Neprog
Table 2. The density, volume and number of pores of quail eggs mineral shell from Pharaon breed, deposited at the
peak of the laying period

o Statistical indicators Variation limits
IS_|pecnf|cat|on MU N CTaTUCTUYECKM NapamMeTpu paHuuM Ha BapupaHe
oKkasarern T4sXT s V% minimum | maximum
HM'”e’a' shell density glom® | 184 | 1,95000,020 | 0,271676 | 13,93 | 1,49227 | 3,19037
NbTHOCT Ha YepynkaTa
Absolute
values 3
Abeomomia | ©M° | 184 | 0,4162:0,005 | 006835 | 16,42 | 0,2460, 0,6266
Mineral CTOWHOCT
shell Relative
volume values
OBem Ha reported at
yepynkata O‘”ho'eegg % | 184 | 3,379+0,0376 | 0,5099 | 15,09 | 2,000 4,800
THOCUTENHO
cnpsiMo
obuwusa obem
Ha anuuLeTo
Whole egg volume om® | 184 | 12,358520,086 | 116839 | 945 | 92392 | 15,8456
O6em Ha anueTo
Number of mineral shell
5 _pores pores/ | 77 | 134064303 | 26,6286 | 19.86 | 91,64 199,84
PO Ha nopuTe B cm
yepynkaTa**

*volume was calculated after Narushin mathematical relation; **The number of pores was determined for the middle area of quail egg mineral shells
*0beMbT e onpedeneH no mMeToAa Ha Matemaruyeckute 3aBucumoctu Ha Narushin (2005), **BposiT Ha nopuTe B Yepynkata e onpenerneH B

cpeAHaTa 30Ha Ha AiLeTo
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Tabnuua 3. XummyeH cbCTaB Ha YepynkaTa Ha siLa oT NbanbabUmM, nopoga PapaoH,
CHeCeHM B NKa Ha SILEHOCHNSA nepuog
Table 3. The primary chemical composition of quail eggs mineral shell from Pharaon breed,
deposited at the peak of the laying period

o Statistical indicators Variation limits
Specification MU | N CTaTUCTUHECKM NapameTpu MpaHWLM Ha BapupaHe
MokaszaTtenu =] . -

xXisT S V% minimum | maximum
Wat%ro‘g’;te”t % | 5| 1,872:t0,006 | 0,01304 | 0,70 1,86 1,89
Dry substance content o
Cyx0 BELLECTBO % | 5 | 98,128+0,006 | 0,01303 0,01 98,11 98,14
from mineral
. shell % | 5 | 87,728+0,059 | 0,13013 0,15 87,55 87,90
Mineral
OT YepynkaTta
substances from DS of
Content mineral shell
Muepantn OT CyXOTO % | 5| 89,586£0,204 | 0,45654 | 0,51 89,22 90,37
BellecTBa
BELLIeCTBO Ha
Yyepynkata
from mineral
Or . shell % 5 10,400,057 0,12747 1,23 10,24 10,58
ganic OT Yepynkarta
substances <
from DS*of
content mineral shell
OpraHnyHu
BOWeCTBA OT CYX0TO % | 5| 10,598+0,058 | 0,13065 1,23 10,43 10,78
BELLIeCTBO Ha
Yyepynkata
from mineral
shell % | 5 | 10,048+0,019 | 0,04324 0,43 10,00 10,10
OT YepynkaTa
Protein content from DS*of
MpoTenH mineral shell
OT CYX0TO % | 5| 10,238+0,019 | 0,04324 0,42 10,19 10,29
BELLIeCTBO Ha
YyepynkaTa
from mineral
shell % | 5 0,352+0,074 0,16574 | 47,08 0,16 0,58
OT YepynkaTa
Carbohydrate "
content r;rizr:rgl)ihcgl
Bernexvapaty OT CyX0TO % | 5| 0,36£0075 | 0,16867 | 46,85 0,16 0,59
BELLIeCTBO Ha
YyepynkaTa

*DS=dry substance / Cyxo BeLLecTBO

density of quail eggs mineral shell id influenced by the
number of pores in it. Our measurements showed that in
the middle area of the egg, the number of pores is, in
average, 134,06+3,03/cm? of shell (v=19,86%) (table 2) with
rather large variations in the 77 eggs under study for this
character. Objective reasons stoped us from determining
the diameter of these pores, aspect which is to be
considered in future studies.

In terms of volume of these mineral shell, the data
we obtained show that the mineral shell is the lower
component in terms of volume and weight. Thus, the
statistical mean for the 184 eggs studied is 0,4162+0,005
cm? (v=16,42%), which represents only 3,379+0,0376% of
the whole egg volume (12,3585+0,086 cm?®) (table 2).

Regarding the primary chemical composition of
the eggs mineral shell, this indicated a very low water
content ie 1,872+0,006% (v=0,70%) and a very high dry
matter and mineral substances content, as it is natural. Thus
the average dry matter content of the shell is
98,128+0,006% (v=0,01%). The predominant mineral part
of the shell, which is 87,728+0,059% of the shell itself and
89,58610,204% of the dry weight of the shell (table 3).

The organic substances from the quail eggs
mineral shell represents 10,40+0,057% (10,5980,0585 of
DS) (v=1,23%) and are composed of proteins (especially
collagen) and carbohydrates. Shell protein content of quail
eggs has an average 10,048+0,019% (10,238+0,019% of
DS) (v=0,42-0,43%), while the sugars (carbohydrates) were
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Fig. 2. Correlations between the density and thickness of quail eggs mineral shell

Ta6nuua 4. CbabpxaHue Ha kanuuii, pocop 1 MarHesuii B YepynkaTa Ha siua oT mbanbabuy, nopoga PapaoH,
CHECEHM B N1Ka Ha SALLEHOCHWS Neprog
Table 4. Calcium, phosphorus and magnesium content of quail eggs mineral shell from Pharaon breed,
deposited at the peak of the laying period

. . Statistical indicators Variation limits
Specification MU | N CTaTUCTUYeCKV napameTpu paHULM Ha BapupaHe
MokasaTtenu =, = . .

XisX s V% minimum maximum
from mineral
shell ppm | 6 | 1777,5£21,943 | 53,75035 3,02 1674,00 1821,00
OT YepynkaTa
Calcium from DS*of
Kanuwui mineral shell

OT CyXOoTO ppm | 6 | 1811,41£22,40 54,8623 3,03 1705,726 1855,739
BELLECTBO Ha
YyepynkaTa
from mineral

shell ppm | 6 | 86,333+1,764 4,3205 5,00 81,00 92,00
OT YepynkaTa
Phosphorus from DS*of
docchop mineral shell
OT CyXOoTO ppm | 6 87,98+1,80 4,4072 5,01 82,535 93,772
BELLECTBO Ha
YyepynkaTa
from mineral
shell ppm | 6 21,45+0,45 1,111305 5,18 20,00 22,70
OT YepynkaTa
Magnesium from DS*of
Marnesun mineral shell
OT CyX0TO ppm | 6 21,85910,46 1,13296 5,18 20,379 23,135
BELLECTBO Ha
YyepynkaTa

*DS=dry substance / cyxo BeLlecTBO
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0,352+0,074% (0,36+0,075% of DS) (table 3). For deeper
knowledge of the chemical composition of the quail eggs
mineral shell, we determined the content in calcium,
phosphorus and magnesium , which are the most important
minerals that contribute to shell formation and strength.
Calcium content was, on average, 1777,5£21,943 mg/kg
(ppm)(v=3,02%) of the shell itself and 1811,41+22,4 mg/kg
of shell dry matter (table 4). Phosphorus content had an
average value of 86,333+1,764 mg/kg of the shell itself and
87,9811,8 mg/kg of shell DS (v=5,0-5,01%) (table 4).
Regarding the magnesium content, it was 21,45+0,45
mg/kg of the shell itself and 21,859+0,46 mg/kg of shell DS
(v=5,18%) (table 4).

CONCLUSIONS

1. The mineral shell of Pharaon variety quail eggs that
were collected at the peak phase of the laying period
has an average weight of 0,800 grams, which represents
6,77% of the total egg weight.

2. The quail egg mineral shell index (weight of surface
unit) has an average value of 31,251, while its surface
is 25,607 cm?.

3. Pharaon quail eggs shell thickness is: 153,381 ym, at
the thick end; 161,395 pum, in the middle area; 172,64
um at he sharp end and 162,476 um, as average of the
3 measured places.

4. Shell density and volume had mean values of 1,9509
glcm?, respectively 0,4162 cmd, the latest representing
3,38% of whole egg volume (12,358 cm3).

5. The number of pores in the middle area of the eggs is
134/cm2,

6. The mineral shell of Pharaon quail eggs contains: 1,87%
water; 98,13% DS; 87,73% mineral substances; 10,40%
organic matter; 10,05% proteins and 0,35%
carbohydrates.

7. The mineral shell of these eggs also contains: 1777,5
mg/kg calcium (ppm); 86,333 mg/kg phosphorus and
21,45 mg/kg magnesium.
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