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Abstract

Consumers often consider free-range eggs to be superior to eggs from caged hens. The aim of the study was to identify whether different
hen housing systems had an influence on egg quality in Latvia. Free-range, barn and caged hens’ eggs commercially available in Latvia
were obtained at the production facility of Balticovo JSC. The average sample of forty eggs of each type were analysed at the
laboratories of Faculty of Food Technology, Latvia University of Life Sciences and Technologies and J.S. Hamilton Baltic JSC. Such
parameters as nutritional and energy value, fatty acid profile, cholesterol, vitamins A, E, D, B1, Bz, Bs, Be, B7, Bo, B12, minerals Na, K,
Ca, Mg, Fe, Cu, Zn, Se, |, P, Cl, heavy metals Pb, Cd and microbiological quality were assessed. Comparison to reference intakes and
possible indication of nutrient claims was evaluated according to published nutrient recommendations and EU regulations. The results
show that depending on egg type it is possible to use such nutrient claims as “high protein”, “high omega-3 fatty acids”, “high
monounsaturated fat”, “source of vitamin A”, “source of vitamin E”, “high vitamin B2”, ‘high selenium”, “source of phosphorus”,
“source of vitamin D and “source of iodine”. All egg samples were microbiologically safe and did not contain heavy metals. Nutrient
content varied significantly within some of the parameters in eggs commercially available in Latvia (p<0.05); however, whether
consumers choose free-range, barn and caged hens’ eggs has an insignificant effect on their diet, based on daily egg consumption per
capita.
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Introduction As literature data demonstrates variable results on egg
Eggs are an excellent source of various macro- and qualitative parameters and such research has not been
micronutrients — easily digestible protein, including all carried out before, the aim of the study was to identify
essential amino acids, unsaturated fat, lecithin, fat- whether dlffere_nt hen _housmg systems had an influence
soluble and water-soluble vitamins, and minerals on egg quality in Latvia.
(Miranda et al., 2015; Kralik, Kralik, 2017). There are Materials and Methods

several factors which influence nutritional quality of hen
eggs such as breed and age of hen, feed composition and
nutrient density, in addition to the rearing system
(Kigiiky1lmaz et al., 2012).

Depending on the hen housing system, in the EU eggs
are coded using numbers 0-3 (Commission Regulation
(EC) No 589/2008): 0 — organic eggs, 1 — free-range
eggs, 2 — barn eggs, 3 — eggs from caged hens.
Scientific literature notes that there can be noticeable

Materials

Free-range, barn and caged hens’ eggs commercially
available in Latvia (Table 1) were obtained at the
production facility of Balticovo JSC during the
beginning of September 2018. Forty eggs of each type
were analysed at the laboratories of Faculty of Food
Technology, Latvia University of Life Sciences and
Technologies and J.S. Hamilton Baltic JSC.

differences in some qualitative parameters between eggs Table 1
from conventional and organic rearing Systems Eggs used for the research
(Kiigliky1lmaz et al., 2012). However, further research is Sample Farming method Tvpe of eqas on the
needed in controlled settings, as egg quality is more codep (Commission Regulation ' YP ma?get
directly associated with hen nutrition than hen housing (EC) No 589/2008)

within the conventional system (Karcher et al., 2015). O_11  Freerange eggs FREE RANGE eggs
Several scientists (Karsten et al., 2010; Anderson, 2011) 0 22  Barneggs Farmer — Barn eggs

0_33 Eggs from caged hens Eggs in boxes

point out that free-range eggs contain more vitamin E
and long chain o3 fatty acids, have a significantly lower

©6 : ®3 ratio, whereas eggs from caged hens have a Nutritional composition and qualitative parameters
lower fat content and less mono- and polyunsaturated Nutritional and energy value of eggs was determined
fats than free-range eggs and barn eggs. Recent data has according to EU Regulation No 1169/2011. Standard
shown a significant effect of hen diet with regards to ®3 methods were wused to assess such nutritional
fatty acid content in eggs (Coorey et al., 2015). parameters as moisture (PN-A-86509:1994),
A research from 2012 pointed out that a significant part protein (PB-116 ed. 1l of 30.06.2014), total fat (PN-A-
of consumers believe that organic and free-range eggs 86509:1994), fatty acids (PN-EN 1SO 12966-1:2015,
are more nutritious and tastier than conventional eggs PN-EN ISO 12966-2:2011), ash (PN-A-79011-8:1988),
(Kigiiky1lmaz et al., 2012), yet there is no consistent sugar (PB-287 ed. Of 27.09.2014) and cholesterol
evidence in scientific literature. Whereas, data from (PB-75/GC ed. | of 20.01.2009); carbohydrates were
2008 indicated that consumers are mainly interested in calculated by difference (FAO, 2003).

egg freshness and price, showing little interest in layer
rearing system (Sokotowicz et al., 2008).
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The content of Na, K, Ca, Mg, P, Fe, Cu, Zn, Se was
determined using flame atomic absorption spectrometry
according to PB-223/ICP, ed. Il of 12.01.2015.
Chloride was assessed using potentiometry
(PN-EN ISO 5943:2007), whereas iodine content was
analysed according to DIN EN 15111:2007-06. Heavy
metals were assayed according to PB-68/ICP ed. Il of
18.09.2012.
The following methods were used to determine fat-
soluble and B-group vitamins in eggs: PB-40/HPLC ed.
11 of 28.02.2009 for A and E vitamin, PN-EN
12921:2009 for cholecalciferol, PN-EN 14122:2014-07
for thiamine, PN-EN-14152:2014-07 for riboflavin,
EN 12652:2009 for niacin, PN-EN 14164:2014-08 for
pyridoxine, PB-244 ed. | 10.10.2013 for biotin,
PB-372 ed. 1 30.11.2015 for folic acid, and PB-328 ed. |
30.11.2015 for cobalamin.
In order to evaluate microbiological quality of eggs from
different hen laying systems such parameters as the
count of mesophilic aerobic and facultative anaerobic
microorganisms (1Iso 4833-1:2013) and
Enterobacteriaceae (ISO 21528-2:2017) were assessed.
Comparison to reference intakes of vitamins and
minerals, and eligibility to nutrient claims
Eligibility to nutrient claims (Table 2) was evaluated
according to Regulation (EC) No 1924/2006 with
regards to protein, vitamins and minerals, and
Regulation (EC) No 116/2010 with regards to fatty acid
content and profile.

Table 2
Nutrient claim guidelines for eggs (Regulation (EC)

No 1924/2006, No 116/2010, No 1169/2011)

Nutrient claim
high protein

Explanation

at least 20% of the energy value of
the food is provided by protein

source of [name of
vitamin/s] and/or
[name of mineral/s]

at least 15% of the nutrient reference
values supplied by 100 g

high [name of
vitamin/s] and/or
[name of mineral/s]

at least twice the value of ‘source of
[name of vitamin/s] and/or [name of
mineral/s]’

at least 0.3 g ALA, or at least 40 mg
of the sum of EPA and DHA per
100 g and per 100 kcal

at least 0.6 g ALA, or at least 80 mg
of the sum of EPA and DHA per
100 g and per 100 kcal

at least 45% of the fatty acids
present in the product derived from
MUFA and MUFA provides more
than 20% of energy of the product

source of omega-3
fatty acids

high omega-3 fatty
acids

high
monounsaturated fat

ALA — ¢o-linolenic  acid,
DHA — docosahexaenoic
fatty acids

EPA — eicosapentaenoic  acid,
acid, MUFA — monounsaturated

Comparison of the amount of micronutrients to
population reference intakes of vitamins and minerals
(incl. coverage (%) calculation) was carried out based
on EU Regulation No 1169/2011 (Annex XIlII) and the
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ordinance No 212 “Recommended allowance of energy
and nutrients for Latvian citizens”, issued by Ministry of
Health of the Republic of Latvia on November 24, 2017
(Table 3). The second document was developed on the
basis of the Nordic Nutritional Recommendations
(Nordic Council of Ministers, 2012).

Table 3
Vitamin and mineral daily requirements

Population reference intake

Vitamin or - -

mineral EU Regulation Ordinance
No 1169/2011 No 212

A, ng 800.0 900 &3, 700 @

E, mg 12.0 104,89

D, pg 5.0 10

B1, mg 1.1 143,119

B2, mg 14 15

Bs, mg 16 n.d.

Bs, Hg 14 154,139

Bi2, Hg 25 2.0

Bo, pg 200.0 300 &, 400 Q

B7, ug 50.0 n.d.

K, mg 2000.0 3500 &, 3100 ¢

Ca, mg 800.0 800

Mg, mg 375.0 350 4,280 Q

P, mg 700.0 600

Fe, mg 14.0 93,159

Cu, ug 1000.0 900

Zn, mg 10.0 93,79

Se, Ug 55.0 60 3,50 Q

I, ug 150.0 200

n.d. — no data, & — male, Q@ — female

Data processing

The obtained data was processed with MS Excel v16
software; differences among results were considered
significant at p<0.05. One-way ANOVA and Tukey’s
test were used to analyse the differences within data.

Results and Discussion

Nutritional composition of eggs from different hen
laying systems

The results of nutritional value parameters of eggs
(Table 4) from different hen housing systems show that
eggs from caged hens (sample O _33) contain 9%
less protein than free-range or barn eggs (p>0.05).
Free-range chicken eggs have 10% less fat (p>0.05), but
both free-range and barn eggs contain more cholesterol
than caged eggs, respectively 32% and 64% more. Eggs
from caged hens contain significantly less cholesterol
compared to barn eggs (p<0.05).

The latest literature data shows that dietary
cholesterol has minimal effect on blood cholesterol
levels in practically healthy individuals (Benito-
Vicente et al., 2018), thus, content of cholesterol in eggs
should not be considered problematic.

The composition of fat was similar within all groups;
free-range eggs (sample O_11) showed insignificantly



FOODBALT 2019

lower saturated and monounsaturated fatty acid content
(p>0.05). With regards to long chain @3 fatty acids,
especially EPA and DHA, there were no differences
among egg samples.

Table 4
Nutritional parameters and energy value of eggs
from different hen housing systems per 100 g

Egg samples
Parameters
011 022 033
Moisture, % 77.5 76.3 77.3
Protein, g 12.3 124 11.3
Fat, g 8.73 9.66 9.62
— saturated (SAFA), g 2.4 2.7 2.7

— monounsaturated (MUFA), g 4.5 5.1 5.2
— polyunsaturated (PUFA),g 1.7 18 1.6
-3, g 0.3 0.3 0.3

— a-linolenic acid, mg 200 200 200
— eicosapentaenoic acid, mg <100 <100 <100
— docosahexaenoic acid, mg 100 100 100
-6, g 1.3 15 1.3
— 06 : ®3 ratio 431 51 431

-09, g 4.1 4.6 4.7

Trans fatty acids, g <0.1 <0.1 <0.1
Cholesterol content, mg 290%* 3602 220°
Ash, g 0.84 0.86 0.88
Carbohydrates, g 0.62 0.8  0.9°
— sugars, g <0.2 <0.2 <0.2
Energy value, kJ 541 583 563

* values within the same row sharing the same letter are not
significantly different (p>0.05)

The ratio of ®6 : ®3 in food products has become fairly
important when discussing the prevention of chronic
diseases in humans. While previous research suggests
that 6 : 3 ratio of 4 : 1 is optimum for healthy adults,
latest data indicates ratio of 2 : 1to 1 : 1 as the target for
human nutrition (Bhardwaj et al., 2016). This ratio falls
just above the previous recommendations in free-range,
barn and caged hens’ eggs (4.3 : 1to 5: 1). Taking into
account that most Western dietary patterns provide the
ratio of 15 : 1 up to 25 : 1 (Bhardwaj et al., 2016), this is
nonetheless a significant decrease and eggs should be
included in a healthy diet as a source of essential fats.
The ®6:w3 ratio in eggs from caged hens is
significantly lower compared to other studies, where it
varied from 11.03 : 1 t0 66.29 : 1 (Petrovi¢ et al., 2012;
Lesi¢ et al., 2017).

Insignificant differences were observed for the rest of
the tested nutritional parameters (Table 4). Miranda et
al. (2015) have reported similar nutritional parameters

previously.
Vitamin content in eggs showed differences among
samples (Table 5). Free-range eggs contained

significantly lower amounts of vitamin A and E, yet
more vitamin D and folic acid (p<0.05) than other
samples. Lowest thiamine content was found in barn
eggs (p<0.05) and eggs from caged hens had the least
amount of folic acid (p<0.05).
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Table 5
Vitamin content in eggs from different hen housing
systems per 100 g
Vitamins Egg samples
o 11 0 22 0_33
A, ug 140.00%" 163.00° 160.00°
E, mg 2.6002 3.80° 3.30°
D, Hg 0.772 0.48P 0.46P
B1, mg 0.0812 0.064° 0.0902
B2, mg 0.51 0.44 0.44
Bs, mg 0.20 0.20 0.10
Be, g 0.10 0.08 0.10
B2, hg 0.0672 0.087° 0.075%®
Bg, Hg 15.402 12.30° 10.40°
B7, ug 4.622 3.88b 3.58°

* values within the same row sharing the same letter are not
significantly different (p>0.05)

A study on vitamin content in egg yolk oil extracted
from eggs obtained from different laying hen
housing systems in Latvia (Kovalcuks, 2015) showed
that free-range egg yolk oil contained significantly
lower amounts of vitamin E (p<0.05) compared to caged
hens’ egg yolk oil, which is in agreement with the
current results. Content of vitamin A was not affected by
the housing system, yet especially low content on
vitamin E was found in eggs of free-range hens with free
diet (no supplementation).

The findings of Anderson (2013) showed differences in
eggs from caged hens compared to the results of this
study — higher level of cholesterol (330 mg), which is
closer to barn eggs in this research, significantly less
vitamin A (106.8 pug) compared to all tested samples,
more vitamin E (4.8 mg), while content and composition
of fatty acids was similar.

It has been reported that that free-range eggs contain
more vitamin E and long chain ®3 fatty acids
(Karsten et al., 2010), whereas eggs from caged hens
have a lower fat content and less mono- and
polyunsaturated fats than free-range eggs and barn eggs
(Anderson, 2011). These data do not coincide with the
results of eggs in Latvia; however, this could be
explained by seasonal differences or genetics of
hens (Kiigiikyllmaz et al.,, 2012). In addition,
Karsten et al. (2010) reported that pastured free-range
hens should be supplemented by commercial feed to
meet optimal energy and protein needs.

Free-range eggs contained significantly more iodine
than other egg samples (p<0.05) (Table 6). The highest
iron content was observed in barn eggs (p<0.05),
whereas the lowest copper, selenium and zinc levels
were detected in eggs from caged hens (p<0.05).
Research from Thailand showed that iodine content in
regular eggs was 75.96 pg per 100 gram and in eggs
enriched with iodine — around 184 pg per 100 grams
(Charoensiriwatana et al., 2014), while enriched eggs
from Poland could accumulate up to 203 ug iodine per
100 grams (Lipiec et al., 2012).
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Table 6
Content of minerals and heavy metals in eggs from
different hen housing systems

Egg samples

Parameters

011 0 22 0.33
Na, mg 100 g 170.00 160.00 160.00
K, mg 100 g'* 134.00 127.00 137.00
Ca, mg 100 g* 45,20 53.40° 42.002
Mg, mg 100 g* 12.802 12.60? 10.40P
P, mg 100 g 177.00 183.00 178.00
Fe, mg 100 g* 1.522 1.73b 1.452
Cu, pg 100 gt 50.70° 54.00° 40.10°
Zn, mg 100 g* 1.00% 1.108 0.84°
Cl, % 0.30 0.30 0.30
Se, pg 100 gL 34.408 32.2% 30.30
I, mg kgt 1.262 <0.50° <0.50b
Pb, mg kg <0.010 <0.010 <0.010
Cd, mg kgt <0.0010 <0.0010 <0.0010

* values within the same row sharing the same letter are not
significantly different (p>0.05)

Attia et al. (2017) analysed mineral content in eggs from
caged hens; the comparison shows that eggs in Latvia
have a higher content of magnesium, iron, lower content
of sodium and phosphorus and equal content of zinc,
potassium and copper. Whereas the content of calcium,
iron and zinc was higher in hen eggs from Kenya
(Chepkemoi et al., 2017).

Kiczorowska et al. (2015) reported that free-range
system hens produced eggs richest in micronutrients (K,
Na, Ca, Mg, Zn, Se, Mn and Fe), as it allows hens to
supplement their dietary ration. It is in partial agreement
with our results.

Content of lead and cadmium in all egg samples was
below the detection level, therefore, it can be concluded
that all egg samples are free of heavy metals. A research
of Egyptian scientists (Abdel-Hameid et al., 2017)
established equally noticeable contamination with Pb
and Cd in both free-range and caged hens’ eggs.

In addition, the count of mesophilic aerobic and
facultative anaerobic microorganisms and
Enterobacteriaceae was below 10 colony forming units
per gram, leading to conclusion that all egg samples are
safe from microbiological point of view.

Eligibility of free-range, barn and caged hens’ eggs to
nutrient claims

Comparison of the amount of various nutrients to
population reference intakes of vitamins and minerals
(Table 3) allowed to evaluate the adherence of egg
samples to nutrient claims (Table 2). Possible nutrient
claims were quite similar for egg samples, yet there were
several differences within various parameters (Table 7).
All egg samples can be labelled as ‘high protein’, ‘high
omega-3 fatty acids’ and ‘high monounsaturated fat’.
Free-range, barn and caged hens’ eggs are eligible for
such nutrient claims — “source of vitamin A”, “source of
phosphorus”, “high vitamin B,” and “high selenium”
content. While free-range and caged hens’ eggs are a
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“source of vitamin E”, packaging of barn eggs can be

labelled “high vitamin E”.

Table 7
Compliance with requirements for nutrient content
claims (EC No 1169/2011)

Macro or micro Egg samples
nutrient 0 11 0 22 0 33
Protein* 38% 35% 33%
MUFA* 41% 46% 47%
MUFA* 31% 33% 35%
»3 (EPA+DHA) >100 mg >100 mg >100 mg
Vitamin A” 18% 20% 20%
Vitamin E* 22% 32% 28%
Vitamin D* 15% 10% 9%
Vitamin B~ 7% 6% 8%
Vitamin B>” 36% 31% 31%
Vitamin Bs” 1% 1% 1%
Vitamin Bs” 7% 6% 7%
Vitamin B12” 3% 3% 3%
Vitamin Bg® 8% 6% 5%
Vitamin B7* 9% 8% 7%
Potassium® 7% 6% 7%
Calcium® 6% 7% 5%
Magnesium® 3% 3% 3%
Phosphorus® 25% 26% 25%
Iron® 11% 12% 10%
Copper» 5% 5% 4%
Zinc” 10% 11% 8%
Selenium® 63% 59% 55%
lodine® 84% >30% >30%

* as % of energy
* as % of fatty acids
*as % of nutrient reference (Table 3) supplied by 100 g

Free-range eggs are also eligible for “source of
vitamin D” and “high iodine”. Barn and caged hens’
eggs are a ‘source of iodine’.

Coverage of vitamins and minerals in comparison to
reference intakes in Latvia

According to the data of the Latvian Central Statistical
Bureau (CSB), the daily consumption in Latvia was
207 eggs per capita in 2016; people consume ca. ¥ of
egg daily on average. This does not, however, include
bottled egg whites, egg powder, eggs added to pancakes,
cake dough, salad with mayonnaise etc. (CSB, 2016).

Tested eggs cover various amounts of vitamins for
Latvian consumers (Figure 1). Coverage of vitamin D,
thiamine (By), pyridoxine (Be), cyanocobalamin (Bio)
and folic acid (Bg) for both males and females of an
average egg (53 g) falls below 5% daily, therefore, have
an insignificant effect on diet. Coverage of vitamin A
accounts up to 12% depending on gender. The highest
coverage can be observed for vitamin E (17-25% for
females, 14-20% for males) and riboflavin (16-18%).
The differences observed in vitamin content of eggs
(Table 5) does not a priori indicate that it will have a
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significant effect on the daily diet, based on vitamin
coverage calculation (Figure 1).

30%
25% - -
20% I
15% |
10%
5%
0% m |
0_11 0_22 0_33 0_11 0_22 0_33
female male
Evitamin A Dvitamin E mvitamin D
m thiamine Oriboflavin D pyridoxine
mcyancobalamin  mfolic acid

Figure 1. Coverage of vitamins (%) of an average
egg (53 g) in comparison to reference intakes
O_11 - free-range eggs, O_22 — barn eggs,

O_33 —eggs from caged hens

With regards to coverage of minerals (Figure 2), one
average egg can provide below 5% of potassium,
calcium, magnesium and cooper daily needs, whereas
iron and zinc coverage is below 10%.

40% -
35% -
30% | I
25%
20%
15% g r r - r T
w AL HE L L
ot P RIEIR R
0% -

011 022 033 011 02 033

female ‘ male

OK OCa @Mg mP OFe OCu mZn mSe @Ol

Figure 2. Coverage of minerals (%) of an average
egg (53 g) in comparison to reference intakes
O_11 - free-range eggs, O_22 — barn eggs,

0O_33 - eggs from caged hens

Coverage of selenium ranges from 26 to 30% for males
and 32 to 36% for females, which also does not indicate
significant coverage differences.

lodine is the only micronutrient that shows significant
preference to consuming free-range eggs, as an average
egg covers 33% of daily needs for Latvian adults.
According to Konrade et al. (2017), Latvian consumers,
especially women, have insufficient iodine intake which
could lead to brain development issues of foetus. It is
suggested to increase daily iodine intake from seafood
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and milk products for women of childbearing age, and
use iodine supplements during pregnancy.

Free-range eggs are ‘high iodine’, therefore, these eggs
are also an excellent option to increase iodine content in
daily diet.

Conclusions

The results indicate that different hen housing systems
have an influence on egg nutritional composition in
Latvia (p<0.05). Eggs are an excellent source of
nutrients as shown by such nutrient claims — “high
protein”, “high omega-3 fatty acids”, “high
monounsaturated fat”, “source of vitamin A”, “source of
vitamin E”/’high vitamin E”, “high vitamin B2”, “high
selenium”, “source of phosphorus”, “source of
vitamin D” and “source of iodine”/’high iodine”.
However, whether consumers choose free-range, barn
and caged hens’ eggs has an insignificant effect on their
diet, based on daily egg consumption per capita.

These results also show the need for qualitative analyses
of food produced in Latvia, as climatic conditions, soil
and other factors indicate significant differences
compared to other countries. In addition, further
research is needed, in order to exclude seasonal effect on
egg nutritional parameters.
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