Comparison of fatty acid, cholesterol, and vitamin A and E composition
in eggs from hens housed in conventional cage
and range production facilities
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ABSTRACT The public perceives that the nutritional
quality of eggs produced as free range is superior to
that of eggs produced in cages. Therefore, this study
compared the nutrient content of free-range vs. cage-
produced shell eggs by examining the effects of the labo-
ratory, production environment, and hen age. A flock of
500 Hy-Line Brown layers were hatched simultaneously
and received the same care (i.e., vaccination, lighting,
and feeding regimen), with the only difference being ac-
cess to the range. The nutrient content of the eggs was
analyzed for cholesterol, n-3 fatty acids, saturated fat,
monounsaturated fat, polyunsaturated fat, 3-carotene,
vitamin A, and vitamin E. The same egg pool was di-
vided and sent to 4 different laboratories for analysis.
The laboratory was found to have a significant effect
on the content of all nutrients in the analysis except
for cholesterol. Total fat content in the samples varied

(P < 0.001) from a high of 8.88% to a low of 6.76% in
laboratories D and C, respectively. Eggs from the range
production environment had more total fat (P < 0.05),
monounsaturated fat (P < 0.05), and polyunsaturated
fat (P < 0.001) than eggs produced by caged hens.
Levels of n-3 fatty acids were also higher (P < 0.05), at
0.17% in range eggs vs. 0.14% in cage eggs. The range
environment had no effect on cholesterol (163.42 and
165.38 mg/50 g in eggs from caged and range hens,
respectively). Vitamin A and E levels were not affected
by the husbandry to which the hens were exposed but
were lowest at 62 wk of age. The age of the hens did
not influence the fat levels in the egg, but cholesterol
levels were highest (P < 0.001) at 62 wk of age (172.54
mg/50 g). Although range production did not influence
the cholesterol level in the egg, there was an increase in
fat levels in eggs produced on the range.
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INTRODUCTION

Today’s consumers have an increased desire for food
produced in more extensive production systems, such
as range egg production, because of concerns about the
use of the cage environment. The commercial egg in-
dustry is responding to these concerns by increasing
the production of eggs in cage-free and range settings
(Patterson et al., 2001). Anderson (2009a) indicated
that currently, the knowledge base on how alterna-
tive production methods influence several egg perfor-
mance, quality, and nutrient characteristics is limited
or is based on research conducted many years ago (Lee,
1949; Jull, 1951). Such studies have not been conduct-
ed on today’s layers or in controlled settings relevant
to US egg producers. Comparisons from the European
community have indicated no significant nutritional ad-
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vantage of eggs produced by range chickens over those
produced by chickens maintained in cages (Hidalgo et
al., 2008).

The nutrient composition of eggs is important to con-
sumers and to commercial egg producers. Publications
in the popular press have espoused the view that eggs
coming from the range setting have an improved nu-
tritional value (Long and Alterman, 2007; Long and
Newbury, 2008). The premise of these survey articles
is based on an analysis of range eggs from 14 pastured
flocks that were rotated frequently to ensure that the
hens had access to fresh pasture. The analysis of the
eggs from the survey were then compared with the
USDA Nutrient Database for shell eggs. The difficulty
with these survey results is that the type of hen and
the dietary supplements the range hens received were
not known, nor was a concurrent sample of cage-pro-
duced eggs collected. In the solicitation of samples to
be used in the Mother Earth News (2007) survey, a
specific laboratory where the samples were to be sent
was specified. Therefore, the goal of the current study
was to examine the effect of range or cage production
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Table 1. Seasonal nutrient composition! of the bermudagrass,
fescue, and clover forage mix in the paddock

1601

Table 2. Soil sample analysis! of the paddock area before the
beginning of the study

Item Warm season Cool season Item Amount
Height (mm) 147.6 + 184 229.4 + 18.4%* Humic matter (%) 0.56
Resting height (mm) 104 £ 8.1 43.7 £ 7.0%* Weight /volume (g/cm?) 1.02
Paddock DM (%) 32.6 £ 3.8 32.0 £33 Cation exchange capacity (CEC) 8.9
Sample DM (%) 98.4 £ 04 98.1+£04 CEC by basic cations (%) 84.0
CP (%) 15.4 +£ 1.6 17.9 £ 1.6 CEC occupied by calcium (mg/kg) 996.8
Unavailable protein (%) 1.5+ 0.2 2.1+0.2 Exchangeable acidity 14
Acid detergent fiber (%) 34.5 £ 3.2 30.4 £ 3.2 pH 6.4
Calcium (%) 0.5+ 0.1 0.6 +£0.1 Phosphorus index (mg/kg) 57.6
Phosphorus (%) 0.3 £0.03 0.4 £ 0.03 Potassium index (mg/kg) 86.02
Potassium (%) 1.9+ 0.3 2.5+ 0.3 Zinc index (mg/kg) 7.68

INutrient analysis conducted at the North Carolina Department of
Agriculture and Consumer Services, Food and Drug Protection Division,
Forage Laboratory, Raleigh.

P < 0.01.

on egg nutrient content from flocks of hens from the
same strain that were hatched simultaneously and that
received the same supplemental feed, with the only dif-
ference being access to the range. Comparing standard
industry husbandry practices with those required in
range production settings would offer insight into the
effects of each system on the egg nutrient content of
cholesterol, total fat, monounsaturated fat, polyunsatu-
rated fat, n-3 fatty acids, p-carotene, vitamin A, and
vitamin E. Second, comparing the variability between
laboratories would provide information on the labora-
tories that can be used for nutritional labeling analyses
of samples for US Food and Drug Administration and
USDA nutritional label requirements.

MATERIALS AND METHODS

The study was conducted concurrently with the
North Carolina Layer Performance and Management
Test (NCLP&MT), which evaluates the major com-
mercial layer lines used in the United States (Anderson,
2009b). Four hundred forty-one Hy-Line Brown pul-
lets were reared in accordance with the laying envi-
ronment (range or cage) in the 37th NCLP&MT (An-
derson, 2007). The rearing dietary program was the
same for both the range and cage pullets, with the only
difference being access to the range paddock. A gen-
eral description of the range paddock would be a typi-
cal hay mixture for North Carolina consisting of both
warm- and cool-season forages. These paddocks were
an established bermudagrass and fescue mix and clover.
Measurements were taken in accordance with the meth-
od of Sharrow (1984) for forage height, and the forage

Manganese index (mg/kg) 155.84

INorth Carolina Department of Agriculture and Consumer Services,
Agronomic Services, Soil Testing Laboratory, Raleigh.

samples were a composite from 5 locations within each
paddock. Forage samples were collected twice in each
season; the average nutrient composition is shown in
Table 1. The only difference between the seasonal sam-
plings was the height (P < 0.01) of the forages during
the cool season vs. the warm season (229.4 and 147.6
mm, respectively). The resting height logically had a
similar distribution. Nutritionally, they were similar in
both seasons, indicating that the hens had good year-
round forage availability. In addition, a soil sample
from the paddock area was collected before the onset
of the study and is shown in Table 2. Pullets destined
for the range facilities were brooded on litter until 12
wk of age and then moved to the range at 12 wk of age,
whereas the cage hens were reared in a cage facility
before being moved to the cage laying facility. All other
rearing parameters were maintained as similar as pos-
sible. When the respective pullets were 17 wk old, the
pullet populations were set in each of the 3 range pad-
docks, with 75 birds in each, and in the cage houses, the
pullet populations were assigned to 3 groups of cages,
each containing 72 birds. During the laying phase, from
17 through 82 wk of age, the hens were maintained in
accordance with the NCLP&MT housing and phase-
feeding program (Anderson, 2009b). The range hens
were in a range hut that provided 929 cm?/pullet, 13
cm of roosting space/pullet, and 1 nest/8 hens. The
range hut had a timer and light powered via a solar
cell with a storage battery to maintain a 16L:8D light-
ing cycle, which was the same lighting program used in
the cage facility. A supplemental propane heater was
provided in the range hut for winter conditions, which
was maintained at an interior temperature above 7.2°C
(45°F), the lowest temperature in the chicken’s effec-

Table 3. Name and address of laboratories used for the egg nutrient analysis (in alphabetical order)

Laboratory Address

Bodycote Testing Group!
Covance

Medallion Laboratories
Silliker Inc.

12003 NE Ainsworth Circle, Suite 105, Portland, OR 97220
3301 Kinsman Boulevard, Madison, WI 53704

9000 Plymouth Avenue North, Minneapolis, MN 55427
1304 Halsted Street, Chicago Heights, IL 60411

ICurrently known as Exova.
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Vitamin E
(IU/50 g)

B-Carotene
(TU/50 g) (TU/50 g)

Vitamin A

Cholesterol
(mg/50 g)

(mg/50 g)

n-3 fatty acids

Polyunsaturated
fatty acids (%)

Monounsaturated
fatty acids (%)

Saturated fatty
acids (%)

Total fatty
acids (%)

Laboratory

Table 5. Effect of testing laboratory, housing type, and hen age on the nutrient composition analysis of 50-g whole-egg samples

Ttem
Source
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tive thermal neutral zone at which the body tempera-
ture can be maintained via an increase in feed intake.
The hens had access to the outdoors throughout the
day and appeared to return to the range hut during
the dark for roosting and protection (based on obser-
vations of the bird care technician). The range pens
were 21.3 x 21.3 m (70 x 70 ft) and were enclosed
by a fence 1.8 m (6 ft), with the lower chain link sec-
tion being 1.2 m (4 ft). The perimeter of each paddock
was surrounded by a fence and an electric wire that
was located 15 cm out from the fence and 15 cm off
the ground, which was very effective at controlling ac-
cess to ground predators. A grid of colored twine was
stretched across the paddocks in a random pattern to
inhibit aerial predation. Range density was based on a
500 hen/acre static equivalency of 8.04 m?/hen. The 3
cage replicate groups were housed in cages of standard
height in a totally enclosed forced-ventilation laying
house with quad-deck cages. Each replicate consisted
of 9 cages that were 81.2 cm wide and 40.6 cm deep,
which allowed for a density of 413 cm?, at 8 hens/cage,
and the cages were equipped with an automatic feed-
ing system to supply and monitor feed consumption for
each individual replicate. The hens were assigned to
the replicates in a restricted randomized manner, with
the restriction being that all strains should be approxi-
mately equally represented in all rows and levels. Hus-
bandry, lighting, and supplemental feed were allocated
on the same basis to flock mates in cages and on the
range to minimize the variables between flock mates
as much as possible. Supplemental feeds were identical
between the cage and range hens, and diets were fed ad
libitum in accordance with the phase dietary program
used in the NCLP&MT (Anderson, 2009b) to provide
for optimal performance.

Egg samples were collected at 50, 62, and 74 wk of
age during the productive life of the flock, with average
egg weights for the range and cage samples of 63.5 and
63.9 g, respectively. The egg samples from the previ-
ous 24 h of production were collected from each of the
3 replicate range pens and 3 replicate sets of cages.
Six eggs from each replicate were broken into a stom-
acher bag and then stomached for 60 s. The whole-egg
samples were divided into 50-mL conical tubes, as pre-
scribed by the laboratories, and frozen at —29°C. Each
of the 18 samples was divided into 4 identical sets, and
then shipped on dry ice to the 4 different laboratories
used by the commercial egg industry, range egg pro-
ducers, and the government for nutrient sample analy-
sis in accordance with the sample size needs of each
laboratory and the volume needed for each of the tests
conducted, with a minimum of two 50-mL samples sent
to each laboratory. Each laboratory conducted nutrient
analyses for cholesterol, fat, fatty acid profile (including
n-3), vitamin A (carotene and retinol), 3-carotene, and
vitamin E. The laboratories used for the nutrient anal-
ysis are shown in Table 3, in alphabetical order. The
laboratories selected are used by food manufacturers
for the nutrient analysis testing required for labeling,

1.03
1.81
1.2
1.14
0.03
1.30
1.31
0.02
1.37
1.19
1.36
0.03
KKkK

2.778
10.544
0.61
6.218
3.51C
10.244
0.75
NS

173.97
145.31
144.39
169.47
6.47
160.42
156.15
4.57
185.75
121.02
168.08
5.60
*%

159.25
163.36
165.86
169.61
2.74
163.42
165.38
1.94
160.48B
172.544
160.54B
2.38
ok kok

175.55
51.00
27.00
56.00

5.45
70.56"
84.312

3.85
71.00
99.00
62.50

4.70
kokk ok

1.46
1.27
1.08
1.42
0.30
1.25B
1.364
0.021
1.27
1.44
1.22
0.03

ok ok ok

4.16A
3.69B
3.10¢
4.00A
0.058
3.67P
3.80%
0.041
3.76
3.72
3.73
0.05

NS

2.84%
2.50°
2.174
2.69P
0.047
2.55
2.55
0.033
2.58
2.52
2.56
0.04

NS

8.45
7.88
6.76
8.88
0.12
7.88P
8.11%
0.082
7.94
8.10
7.95
0.20
*
a-dSuperscripts within a source and column that are different represent a significant difference (P < 0.05).

A‘CSuporscripts within a source and column that are different represent a significant difference (P < 0.001).

*P < 0.05; ¥*P < 0.01; ¥**P < 0.0001.

Pooled SEM
Housing type
Laboratory x hen age

Cage
Pooled SEM

Hen age
Pooled SEM

Range
50 wk
62 wk
74 wk
P-value

<moA
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Figure 1. Interactions associated with laboratory x hen age. (A) Total fatty acids; (B) polyunsaturated fatty acids; (C) n-3 fatty acids; (D)
cholesterol; (E) vitamin A; (F) vitamin E. Bars with different letters (A-G) are significantly different (P < 0.05).

and the analytical methods used by each laboratory are
shown in Table 4. All the nutrient analytical procedures
and control measures for analysis of quality and reli-
ability are available in greater detail on the web site of
each laboratory. One of the laboratories was used for
the Mother Farth News analysis of range-produced eggs
(Long and Alterman, 2007). Laboratory results are not
identified with the laboratory in this paper. Results
from each laboratory were randomly assigned a label
from A to D in random order, as shown in Table 5 and
Figures 1A to 1F and in the subsequent discussion.

Experimental Design and Analysis

This experiment was arranged in a factorial design
with 3 hen ages, 4 analytical laboratories, and 2 hus-
bandry systems as the factors. We used a single strain
of hens under the 2 production environments. Six repli-
cates were sampled at 3 times, for a total of 18 whole-
egg samples (n = 18). Data were analyzed using the
GLM procedure of SAS (SAS Institute Inc., Cary, NC).
The least squares means that were significantly differ-
ent were separated using the PDIFF option of SAS.

B
25
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= B B B
= 15 B BE B
® . €D . . Olab A
e 1 L L
3 + + E OlabB
2 1.0 +— . B LabC
=
= mlabD
o
0.5 +—
0
50 62 74
Hen age (wk)

Figure 1 (Continued). Interactions associated with laboratory x hen age. (A) Total fatty acids; (B) polyunsaturated fatty acids; (C) n-3
fatty acids; (D) cholesterol; (E) vitamin A; (F) vitamin E. Bars with different letters (A-G) are significantly different (P < 0.05).
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Figure 1 (Continued). Interactions associated with laboratory x hen age. (A) Total fatty acids; (B) polyunsaturated fatty acids; (C) n-3
fatty acids; (D) cholesterol; (E) vitamin A; (F) vitamin E. Bars with different letters (A-G) are significantly different (P < 0.05).

RESULTS AND DISCUSSION

Laboratory

The laboratory had a significant effect on the levels
of saturated fatty acids, monounsaturated fatty acids,
and B-carotene (Table 5). However, there were signifi-
cant interactions between several variables, as shown
in Figure 1. The interaction (P < 0.05) of laboratory
x hen age on total fat (Figure 1A) showed that labo-
ratories A and D reported a consistently higher total
fat content in the samples throughout the sampling pe-
riods, which resulted in a high of 8.88% and a low of

6.76%. The interaction occurred when the hens were
74 wk of age, and both laboratories A and C indicated
that total fat levels declined, whereas laboratories B
and D showed slight increases in total fat. The decline
in total fatty acids when the hens were 74 wk old also
corresponded to the winter months, when fat intake
from insect populations would have been at their low-
est. This result may indicate an influence on the fat
content of the egg from eating insects (DeFoliart, 1992)
and would seem to indicate that it was not the forages
or weed seeds but rather the insects that may have
caused changes in the fat content of the eggs. However,
because not all the laboratories detected this decline

D
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Figure 1 (Continued). Interactions associated with laboratory x hen age. (A) Total fatty acids; (B) polyunsaturated fatty acids; (C) n-3
fatty acids; (D) cholesterol; (E) vitamin A; (F) vitamin E. Bars with different letters (A-G) are significantly different (P < 0.05).
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Figure 1 (Continued). Interactions associated with laboratory x hen age. (A) Total fatty acids; (B) polyunsaturated fatty acids; (C) n-3
fatty acids; (D) cholesterol; (E) vitamin A; (F) vitamin E. Bars with different letters (A-G) are significantly different (P < 0.05).

among identical samples, the cause for the laboratory
differences may be associated with differences in the
methodologies used. Because total fatty acids varied
among the laboratories, it was somewhat obvious that
the percentages of saturated and monounsaturated fats
would also vary among laboratories in a similar fash-
ion, with highs of 2.84 and 4.16, and lows of 2.17 and
3.10, respectively. Figure 1B shows the interaction of
laboratory x hen age on polyunsaturated fatty acid
content (P < 0.0001). Laboratory A reported higher
polyunsaturates in the egg samples, whereas the other
laboratories had similar levels at 62 wk. The level of
175.55 mg/50 g of n-3 fatty acids was highest (P <

0.01) in the sample from laboratory A at 62 wk of age,
which resulted in a significant interaction (P < 0.0001).
Analyses of samples from laboratory A were consistent-
ly higher in n-3 content than were analyses from the
other laboratories (Figure 1C). Laboratory D had the
second highest n-3 fatty acid content, at 56.00 mg/50
g. Cholesterol was the most consistent nutrient mea-
sured, with a maximum variation of 10.36 mg/50 g of
sample, even though a laboratory x hen age interaction
(P < 0.0001) was observed (Figure 1D). The laboratory
analysis at 62 wk showed that the cholesterol analysis
from laboratories A and B increased from 50 to 62 wk,
whereas the cholesterol levels found by laboratories C

25
A
2.0 . A
T Tt B
C
f=
w 1.5 ~CD—CD
3 DE OLlab A
e DEF = o OLlab B
p %
E Lol T - BlabC
g 1 mLabD
0.5 +—
0
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Figure 1 (Continued). Interactions associated with laboratory x hen age. (A) Total fatty acids; (B) polyunsaturated fatty acids; (C) n-3
fatty acids; (D) cholesterol; (E) vitamin A; (F) vitamin E. Bars with different letters (A-G) are significantly different (P < 0.05).
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and D stayed relatively stable. However, the cholesterol
levels reported by laboratories C and D declined (P
< 0.01) from 62 to 74 wk. Vitamin A was lowest in
samples analyzed at laboratories B and C and highest
in samples from laboratories A and D. This is shown
in the interaction in Figure 1E, where laboratory A at
74 wk and laboratory D at 50 wk had the highest (P
< 0.01) levels. This was not the case with (3-carotene
or vitamin E. Vitamin E levels from laboratory B ac-
tually had the highest reported values throughout the
study period (Figure 1F). The differences in laboratory
analyses were not unexpected because the geographic
location, equipment used, and procedures used in the
laboratories were different, so it was logical that dif-
ferences would exist. It was also determined that the
overall analyzed levels of nutrients in the samples were
different among the laboratories that conducted the nu-
trient analysis (Table 5).

Housing Type

The eggs from the range production system had
higher total fat (P < 0.05), monounsaturated fat (P
< 0.05), and polyunsaturated fat (P < 0.001) than the
eggs produced by caged hens. The higher fat content in
the eggs from the range production environment than
in the eggs produced by caged hens is an interesting
finding. This raised the question of what component
in the range resulted in the increased total fat. The
logical contributors were forage consumption, an in-
creased intake of wild seeds or insects associate with
North Carolina pastures, or both (Bambara and Wat-
son, 2011). DeFoliart (1992) and Banjo, et al. (2006)
indicated that there are species of edible insects with
fat levels as high as 31.4%. The n-3 levels were also
higher (P < 0.05), at 84.5 mg/50 g in the range eggs
compared with 70.50 mg/50 g in the cage eggs. Even
though n-3 levels were higher by a value of 14 mg/50
g, the question was whether this constituted a viable
nutrient increase. Having laying hens on the range had
no effect on cholesterol, with 160.42 mg/50 g in eggs
from cage hens and 156.15 mg/50 g in eggs from range
hens. Based on the report by Long and Newbury (2008)
on the nutritional advantage of range-produced eggs, it
was surprising that virtually no difference in cholesterol
content was found between the range- and cage-pro-
duced eggs. Both the cage and range housing types had
eggs with a lower cholesterol content (by approximately
50 mg/50 g of egg sample) than the nutrient guidelines
published by the USDA (USDA-Agricultural Research
Service, 2005). Vitamin A and vitamin E levels in eggs
were not influenced by housing type in this study. How-
ever, 3-carotene levels were higher (P < 0.001) in the
range eggs. Yolk color was not measured, but higher
B-carotene levels in the range eggs may have contrib-
uted to the observed darker yolks. Even though the
range environment did not contribute to the vitamin
content, the increased (-carotene may have contributed
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to increases in lycopene, lutein, or zeaxanthin, none of
which were measured in this study.

Hen Age

The age of the hen did not affect the total fat per-
centage or other fat components. Cholesterol levels
were 12 mg higher (P < 0.001) at 62 wk than at 50 or
74 wk. It is interesting to note that the vitamin A con-
tent declined (P < 0.05) as the hens aged, from a high
of 185.75 TU/50 g at 50 wk to a low of 121.02 IU/50
g at 62 wk, with intermediate levels at 74 wk (Figure
1E). In contrast, the 3-carotene content of the egg was
at its lowest at 62 wk and reached its highest at 74 wk.
The levels at 62 wk corresponded to the fall season,
when the amount of lush forage would be limited after
the hot, dry summer season, followed by the resurgence
of forages in the cooler winter months when the forages
had the opportunity to recover, thereby providing more
carotenes in the diet of the hens on the range.

In this study, a significant nutritional advantage of
eggs produced by range chickens over eggs produced by
chickens maintained in cages could not be established,
which is similar to the results of Hidalgo et al. (2008).
The range eggs had higher fat levels, including for n-3
(13.8 mg/50 g), but this would not be viewed as a nu-
tritional advantage, and, in fact, may negatively affect
some functional components of the egg when used in
recipes. Eggs from birds in the range system may have
elevated levels of lycopene, lutein, and zeaxanthin, as
indicated by the elevated (3-carotenes, but this was not
verified in a laboratory analysis. This study indicates
that the USDA-Agricultural Research Service (2005)
nutritional guidelines should be evaluated for eggs;
however, this study did not examine the effect of molt-
ing or the strain of laying hen on the nutrient content
of the eggs.
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