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The nutritional value of egg yolk in terms of fat content and fatty acid (FA) composition is
needed to evaluate their possible effect on human cardiovascular health and disease. This study
determined the FA-based nutritional indices/ratios of egg yolks from 29 breeds belonging to
seven poultry species (chicken, mallard, quail, Muscovy, guinea fowl, turkey, and ostrich) in
a government poultry research station at Tiaong, Quezon, Philippines. At least four pooled
samples (each consisting of four egg yolks) per breed were randomly collected and immediately
frozen at —20 °C until analyzed for fat content and FA composition by gas chromatography. The
major FAs in egg yolk with the highest proportions by weight of total FAs were oleic acid C18:1
n-9 (30.6-43.9%), palmitic acid C16:0 (22.2-54.4%), linoleic acid (LA) C18:2 n-6 (0.4-16.6%),
and stearic acid C18:0 (4.0-12.1%). Compared to chicken and quail eggs, the mallard egg yolk
seems to have more health benefits because of a lower LA to a-linolenic acid C18:3 n-3 (ALA)
ratio (15.70: 1), atherogenicity (0.45), and thrombogenicity (0.91) — as well as higher yolk weight
(22.7 g), fat content (31.8%), monounsaturated fatty acids (MUFA) to saturated fatty acids (SFA)
ratio (1.73: 1), health-promoting index (2.20), and hypocholesterolemic/hypercholesterolemic
ratio (2.26). Among mallard breeds, the egg yolks from Tsaiya and Pekin were superior to that
from Itik-Pinas breeds. Egg yolk from other poultry species generally had lower FA-based
nutritional values. Significant breed differences in fat content, FA composition, and nutritional
indices/ratio were also reported for egg yolks from chicken, quail, and turkey.
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INTRODUCTION Unfortunately, no data is available on eggs produced by
quails and native/improved native chickens and ducks
raised in backyard or poor smallholder farms. Eggs
from Muscovy, guinea fowl, turkey, and ostrich obtained
from the local niche market may also be eaten, although
information on their commercial production is limited
since they are mainly used to produce hatching eggs.

Eggs from different poultry species are important
components of the human diet all over the world. In the
Philippines, the commonly used eggs as food come from
chickens, mallard ducks, and quails. In 2021, the local
production of chicken and duck eggs from commercial
layer farms was 661.39 thousand metric tons valued
at PHP 77.27 billion and 50.45 thousand metric tons  Other than a traditional source of dietary protein, the
worth PHP 5.44 billion, respectively (PSA 2022a, b).  egg yolk contains fats that may have different nutritional
qualities and effects on human health. Dietary fat quality
*Corresponding author: olbondoc@up.edu.ph had been reported to be more important than total dietary
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fat intake to prevent cardiovascular disease (Guasch-Ferre
etal. 2015). Hence, the fatty acid (FA) composition of yolk
fats and their classification into saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA), and polyunsaturated
fatty acids (PUFA) such as omega-3 and omega-6 FAs are
now used to evaluate the yolk’s nutritional and/or medicinal
values (Chen and Liu 2020). Research studies on the
chicken egg, for example, showed that the FA composition
may be influenced by the genetic strain (Scheideler ef al.
1998; Grobas et al. 2001; Rey et al. 2021), egg size and
the relative proportion of yolk (Cantor et al. 2007), and
the source of supplemental fat and lipid composition of
the hen’s diet (Grobas ef al. 2001; Bean and Leeson 2003;
Zhao et al. 2013; Wu et al. 2019). Among these factors,
diet is considered the main single determinant of the FA
composition of yolk (Goldberg et al. 2013). While the
amount of SFA or MUFA in eggs is hardly influenced by
the lipids in the feed, the PUFA content in the egg can be
modified through dietary supplementation using flaxseed,
fish oil, and microalgae (Fraeye et al. 2012). Variations
in the FA composition of eggs have also been reported
between species (Polat et al. 2013). However, there is
little information on the measurement of the nutritional
quality of egg yolk from adapted poultry species and
breeds that would signify the possible effect of FAs on
human cardiovascular health and disease (Chen and Liu
2020). Such information may be added to the local “Food
Composition Tables” and “Food Exchange Lists” used
by consumers and health professionals who have become
increasingly interested in functional foods that can prevent
or ameliorate disease. The distinctive FA composition of
egg yolk from local poultry genetic resources may also be
used to provide the justification to conserve them.

In this regard, this study aimed to compare the fat content,
FA composition, and FA-based nutritional indices/ratios
of egg yolk produced by 29 breeds belonging to seven
poultry species (chicken, mallard, quail, Muscovy, guinea
fowl, turkey, and ostrich) in a government poultry research
station at Tiaong, Quezon in the Philippines.

MATERIALS AND METHODS

This study was conducted in compliance with the
requirements of the Institutional Animal Care and Use
Committee (IACUC Protocol Number 2019-0034) of
the University of the Philippines Los Bafios, Laguna,
Philippines.

Data

A total of 637 eggs were randomly collected from 29
breeds of seven poultry species raised in similar semi-
intensive farm conditions at the National Swine and
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Poultry Research and Development Center (NSPRDC),
Bureau of Animal Industry—Department of Agriculture
(BAI-DA) in Tiaong, Quezon (see Table 1). The same
layer mash used for chickens was fed to quails, guinea
fowls, turkeys, and ostriches, whereas duck layer mash
was given to mallards and Muscovy ducks. All birds of
the same breed were of the same laying age.

Chicken eggs were gathered from four native breeds
(Banaba or Banabang Kalabaw, Joloano, Paraoakan,
and Palawan Lasak), seven exotic breeds [meat-type
(White Rock), egg-type (White Leghorn), dual-purpose
(Black Australorp, Barred Plymouth Rock, Nagoya, New
Hampshire, Rhode Island Red, and Taiwan Yellow), and
two fancy-type breeds (Black Silkies and White Silkies)].
Mallard eggs were collected from three Itik-Pinas (IP)
breeds (IP-Itim, IP-Khaki, and Kayumanggi-IP) and four
other mallard breeds (Khaki Campbell, Pekin, Tsaiya,
and White Mallard). Quail eggs were obtained from three
breeds (Japanese Seattle, Silver White, and Taiwan).
Eggs from turkey were gathered from two breeds (Broad
Breasted Bronze and Nicholas White). Other poultry
species represented by one breed each included the
Muscovy duck (White Muscovy), guinea fowl (Bengala),
and ostrich (Blue Neck).

All eggs were individually recorded for egg weight, yolk
weight, and yolk color (measured using a 16-scale color
index DSM yolk color fan, formerly Roche Yolk Color
Fan, USA) within 24 h after their collection. Four yolk
samples collected on the same day and belonging to the
same breed of chicken, mallard, Muscovy, guinea fowl,
and turkey were pooled and placed in 200-mL plastic
bottles and immediately frozen at —20°C until further
analysis. In the case of quail and ostrich, a pooled sample
was obtained from ten quail eggs and one ostrich egg,
respectively. Four pooled samples per breed (except for
IP-Itim, IP-Khaki, and Kayumanggi-IP mallard breeds
with 16, 16, and 8 pooled samples, respectively) or a total
of 145 pooled samples were analyzed for fat, protein, and
moisture content and FA composition.

The FAs were analyzed as a percentage of the total
identified FAs (g/ 100 g). These included 8 saturated fatty
acids (SFA) [C12:0 (lauric acid), C14:0 (myristic acid),
C15:0 (pentadecylic acid), C16:0 (palmitic acid), C17:0
(margaric acid), C18:0 (stearic acid), C20:0 (arachidic
acid), and C22:0 (behenic acid)], 6 monounsaturated
fatty acids (MUFA) [C14:1 n-5 (myristoleic acid), C16:1
n-7 (palmitoleic acid), C18:1 n-9 (oleic acid), C18:1 n-7
(trans-vaccenic acid), C20:1 n-11 (eicosenoic acid), and
C22:1 n-9 (erucic acid)], and 5 polyunsaturated fatty acids
(PUFA) [C18:2 c9tll (conjugated linoleic acid, CLA),
C18:2 n-6 (linoleic acid, LA), C18:3 n-3 (alpha o-linolenic
acid, ALA), C20:4 n-6 (arachidonic acid, AA), and C22:6
n-3 (docosahexaenoic acid, DHA)].
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Table 1. Number and distribution of egg samples (by species and breed) and corresponding least-square mean for egg weight and hen’s

age at lay.

Common and scientific name

Breed name No. of breeds No. of eggs Egg weight, g Age at lay, yr
Chickens, Gallus gallus domesticus 14 223 56.86 +0.774 1.50+0.014
Banaba 16 53.34 +2.89% 1.68 = 0.03W
Joloano 16 51.28 +2.89% 1.54 +£0.03%
Paraoakan 16 52.91+£2.89% 1.64 £0.03%
Palawan lasak 16 50.48 +2.89% 1.64 +0.03%
White Leghorn 16 66.98 £ 2.89Y 1.05 +0.03Y
Black Silkies 15 46.73 +£2.99Y 1.04 £0.03Y
White Silkies 16 4535+2.89Y 1.02 +£0.03Y
White Rock 16 55.86 & 2.89WX 2.14+0.03V
Black Australorp 16 60.87 +2.89% 2.12+0.03Y
Barred Plymouth Rock 16 62.01 £2.89"W 0.93 +0.03%
Nagoya 16 66.46 + 2.89VV 2.12+0.03Y
New Hampshire 16 62.68 +2.89VW 2.18+£0.03"
Rhode Island Red 16 60.08 +2.89% 0.92 +£0.03¢
Taiwan Yellow 16 61.02 +2.89% 1.00 +0.034
Mallard ducks, Anas platyrynchos 7 219 73.37+£0.92¢ 0.87+0.01F
Itik-Pinas (IP) — Itim 63 72.72 £ 1.46% 0.74 +£0.01%
Itik-Pinas (IP) — Khaki 60 73.37 + 1.49V 0.69 + 0.00Y
Kayumanggi — IP 32 73.55+2.04Y 1.31+0.02¥
Khaki Campbell 16 70.96 + 2.89%* 1.47+0.03v
Pekin 16 85.89 £ 2.89W 0.66 +0.03Y
Tsaiya 16 69.97 £ 2.89%* 0.63 +0.03Y
White Mallard 16 68.09 £ 2.89% 0.61 +0.03Y
Quails, Coturnix coturnix 3 120 9.66 + 1.06" 1.79 £ 0.01¢
Japanese Seattle 40 9.55+1.83V 1.79 £0.02
Silver White 40 9.82 +1.83" 1.79 £ 0.02Y
Taiwan 40 9.62 £ 1.83V 1.81+£0.02Y
Mﬁ;ﬁg&i‘;‘;ﬁi’y&”’m“ moschata 1 16 71.74 % 2.89° 155+ 0.03¢
Guinea fowl, Numida meleagris Bengala 1 16 47.66 £ 2.89¢ 1.21+0.03¢
Turkey, Meleagris gallopavo 2 32 83.71 +2.04P 2.09 +0.02°
Broad Breasted Bronze 16 84.14 +2.89Y 2.09 +0.03"
Nicholas White 16 83.27 £2.89Y 2.09 £0.03v
Ostrich, Struthio camelus Blue Neck 1 11 1398.4 £3.52 9.45+0.032
Total 29 637

Least-square means with different superscript letters (a, b, ¢, d, e, f) within a column are significantly different between species (P < 0.05).
Least-square means with different superscript letters (v, w, X, y, z) within a column are significantly different between breeds of the same species (P < 0.05).

The FA acid composition of feeds was also analyzed. The
major FAs found in chicken layer mash were oleic acid
(15.31%), palmitic acid (12.51%), linoleic acid (11.00%),
and stearic acid (3.90%), whereas those for duck layer
mash were linoleic acid (38.95%), oleic acid (26.86%),

palmitic acid (16.65%), and stearic acid (2.13%).

Six FA groups (i.e. SFA, MUFA, PUFA, UFA = MUFA
+ PUFA, omega-3 FA = C18:3 n-3 and C22:6 n-3, and
omega-6 FA = C18:2 n-6 + C20:4 n-6) were initially
determined. In addition, eight FA-based nutritional indices/
ratios with health implications (Chen and Liu 2020) were
calculated, including: [1] PUFA to SFA ratio, [2] MUFA
to SFA ratio, [3] omega-6 FA to omega-3 FA ratio, [4]
linoleic acid to a-linolenic acid ratio, [5] atherogenicity
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index (IA), [6] thrombogenicity index (IT), [7] health-
promoting index (HPI), and [8] hypocholesterolemic/
hypercholesterolemic (HH) ratio.

The TA and IT were calculated using the equations of
Ulbricht and Southgate (1991), i.e. IA =[C12:0 + (4 %
C14:0) + C16:0] / ZUFA; and IT = (C14:0 + C16:0 +
C18:0) /[(0.5 x MUFA) + (0.5 x n-6 PUFA) + (3 x n-3)
+ (n-3 / n-6)]. The HPI was HPI = UFA / [C12:0 + (4 x
C14:0) + C16:0] as used by Chen et al. (2004). The HH
ratio was calculated as per Mierlita (2018), i.e. HH =
(C18:1 n-9 + PUFA) / (C12:0 + C14:0 + C16:0).

Analysis of Fat and Protein Content

The fat content of egg yolk samples was analyzed using
the Mojonnier method (AOAC Official Method 925.32
2016a), whereas the crude fat percentages of the chicken
and duck layer mash were analyzed using the Soxhlet
extraction method (AOAC Official Method 2003.6 2006)
to contain 3.36 and 3.84%, respectively. In addition, the
percent protein in the yolk was determined using the
Kjeldahl method (AOAC Official Method 932.31 2016b).

Fatty Acid (FA) Analysis

Fat was extracted from yolk samples following the
method presented by Folch ef al. (1957) and transferred
in a screw-capped glass test tube (16.5 x 105 mm). The
fatty acid methyl esters (FAMEs) were prepared following
the rapid methanolysis/methylation procedure that uses
concentrated HCI of Ichihara and Fukubayashi (2010).
The FAMEs were stored in the refrigerator (—20 °C) prior
to FA analysis by gas chromatography.

The FAMEs were quantified using a Shimadzu GC 2010
Plus — Capillary Gas Chromatograph System (Shimadzu
Corporation, Kyoto, Japan) that is equipped with a flame
ionization detector and AOC-20i autosampler. It used
a FAMEWax (USP G16) capillary column (30 m, 0.32
mm ID, and 0.25 pm film thickness, Restek Corporation,
USA). The FAME peaks were identified by comparing
their retention times with known FAME standards.
The data were in duplicates and analyzed using the
LabSolutions software. The FAME standard mix was
purchased from Sigma Aldrich.

Statistical Analysis

Species and breed differences in hen’s age at lay, yolk weight,
yolk color, and percent fat, protein, and moisture were
determined using ANOVA (SAS Institute Inc., Cary, NC).

The general least squares procedures for unbalanced
data were used to analyze each FA using the following
statistical model: y;jt/mno = L+ Species; + Breed; (Species;)
+Agep + YW, +YC,, + PFat, + €jkjmno Where yjj is the
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proportion of FA, p is the overall mean, Species; is the
fixed effect of the i’ poultry species, Breed; (Species;) is
the fixed effect of the j* breed of the i" poultry species,
Agey, is the covariate effect of the k' hen’s age at lay
(years), YW is the covariate effect of 17 yolk weight (g),
YC,, is the covariate effect of the m™ color of the yolk,
PFat,, is the covariate effect of the n’” fat percentage, and
€jjkimno 18 the error term. In this model, the effect of feeds
was confounded in the observed differences between
species. Statistical significance was set at P < 0.05. The
least-square means for each FA were used to calculate the
FA-based nutritional indices/ratios, which were compared
between species and between breeds. Regression
coefficients (no intercept model) were also determined for
FAs and found to be significantly associated with the hen’s
age at lay, yolk weight, yolk color, and fat percentage.

RESULTS AND DISCUSSION

Yolk Characteristics

The weight of the egg yolk was significantly higher in
mallard (22.7 g) compared to chicken (16.4 g) and quail
(3.1 g). The proportion of yolk weight to egg weight,
however, was slightly higher in quail (32.0%) than in
mallard (31.0%) and chicken (29.0%). In other poultry
species, the egg yolk was highest in ostrich (379.8 g),
followed by turkey (25.3 g), Muscovy (23.5 g), and guinea
fowl (14.0 g). However, the percent yolk was highest in
Muscovy (32.6%), followed by turkey (30.5%), guinea
fowl (29.4%), and lowest in ostrich (27.2%) (see Table
4). Yolk weight was widely different between chicken
breeds (13.9-20.5 g) and between mallard breeds (21.2—
27.1 g), whereas small differences were found between
quail breeds (3.06-3.12 g) and between turkey breeds
(25.0-26.1 g) (see Tables 5-8).

On a scale of 1-16, yolk color was highest (i.e. deep
yellow) for ostrich (10.2), followed by Muscovy (7.9),
chicken (7.4), turkey (7.4), guinea fowl (7.2), quail (6.4),
and lowest (i.e. pale yellow) in mallard (6.2). Yolk color
was widely different between chicken breeds (6.4-9.2)
and between mallard breeds (4.5-9.0), whereas small
differences were found between quail breeds (6.3—6.4)
and between turkey breeds (7.0-7.8). Unlike other poultry
species, ostriches were allowed to free range where
there may be an abundance of carotenoids, which are
responsible for the deep yellow color of their egg yolks.

The fat content of egg yolk was slightly higher in mallard
(31.8%) than in quail (31.1%) and chicken (29.8%). In other
poultry species, Muscovy (34.0%) had the highest percent
fat, followed by turkey (28.8%), guinea fowl (28.2%), and
ostrich (27.0%). Slight differences in fat content of egg yolk
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were found between chicken breeds (28.5-31.8%), between
mallard breeds (31.2-33.4%), between quail breeds
(30.0-33.0%), and between turkey breeds (27.0-30.6%).

The protein content of egg yolk was highest in guinea fowl
(16.3%), followed by mallard (16.1%), chicken (16.1%),
Muscovy (16.0%), quail (15.9%), turkey (15.3%), and
lowest in ostrich (14.1%). Small differences in the protein
content of egg yolk were found between chicken breeds
(14.5-16.7%), between mallard breeds (15.7-16.6%),
between quail breeds (15.8-16.0%), and between turkey
breeds (15.2-15.4%). In addition, the moisture content
of egg yolk was highest in ostrich (54.5%), followed by
guinea fowl (49.6%), chicken (49.6%), quail (49.4%),
turkey (49.1%), mallard (48.0%), turkey (49.1%), and
lowest in Muscovy (46.1%). Considerable differences
in moisture content of egg yolk were found between
chicken breeds (47.6-52.6%), between mallard breeds
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(46.5-49.8%), and between turkey breeds (48.2-52.0%),
whereas small differences in percent moisture were found
between quail breeds (48.8-49.7%).

Major Fatty Acids (FAs) in Poultry Eggs

The major FAs with the highest proportions by weight
of total FAs in egg yolk were oleic acid C18:1 n-9
(30.6-43.9%), palmitic acid C16:0 (22.2-54.4%)), linoleic
acid C18:2 n-6 (0.4-16.6%), and stearic acid C18:0
(4.0-12.1%) (see Table 2). The major FAs in egg yolk
were the same major FAs present in chicken and duck
feeds, although the yolk had a higher concentration of
palmitic acid and oleic acid. On the other hand, linoleic
acid in the yolk was lower compared to that in the feed.
This is because linoleic acid is synthesized in the egg
yolk, whereas feed linoleic acid is metabolized (Khang
et al. 2007).

Table 2. Mean square F tests for the effects of species and breed within species, and covariate effects of age at lay, yolk weight, yolk color,
and percent fat on fatty acids (g/ 100 g of total identified fatty acids) in poultry eggs.

Breed within

Species species Age at lay Yolk weight Yolk color % fat CV (%)
Saturated FAs
C12:0 K o **-0.04+0.01 ns *%-0.003 = 0.000 ns 22.90
Cl14:0 ** *k **0.25 +0.06 ns **#0.015+0.003  **0.011 + 0.004 16.29
C15:0 K o *-0.01 £ 0.00 ns ns **#0.001 + 0.000 13.53
C16:0 * ok *%_ 277 +0.46 ns ns *%(,168 +0.033 4.99
C17:0 *E *k ns ns **#0.004 + 0.002 ns 59.06
C18:0 K o **0.78 £ 0.24 ns ns *-0.035+0.017 9.37
C20:0 * ns ns *%(.004 + 0.000 ns *-0.004 £ 0.002 30.33
C22:0 *x wx **-0.10 £ 0.02 ns ns ns >100
Monounsaturated FAs
Cl4:1 n-5 ox ox **-0.05+0.01 ns ns ns 26.00
Cl16:1 n-7 K o *¥*0.51+0.17  **-0.015+ 0.002 ns **#0.054 £ 0.012 15.21
C18:1 n-9 woE ok ns ns ns *0.082 +0.039 3.64
Cl18:1n-7 *E *k ns ns *—0.013 +0.006 ns 23.46
C20:1 n-11 * ok *0.04+0.01 ns ns **0.004 + 0.001 33.04
C22:1n-9 * ok *0.05 £ 0.02 ns ns *%0.005 + 0.002 > 100
Polyunsaturated FAs ns
C18:2 ¢9 t11 * ok *0.06 + 0.03 **606%105 * **-0.005+0.002  *-0.005 £ 0.002 33.44
C18:2 n-6 ** ok ns *%(.023 £ 0.005 ns *0.055 +0.025 9.05
C18:3n-3 *K ok ns ns ns ns 10.87
C20:4 n-6 woE wE *0.21+0.10 ns ns ns 96.91
C22:6n-3 *E *k **0.17 £ 0.06 ns **-0.016 + 0.003 ns 94.53

Note: [ns] no significant differences (P > 0.05); [*] significant differences (P < 0.05); [**] highly significant differences (P < 0.01).
Numbers in covariate columns are the regression coefficients and corresponding standard errors.
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Other FAs which comprised less than 0.5 percent of total
FAs in the egg yolk included the SFAs (C12:0, C15:0,
C17:0, C20:0, and C22:0), MUFAs (C14:1 n-5, C20:1
n-11, and C22:1 n-9), and PUFAs (C18:2 ¢9t11 or CLA,
C18:2 c9 t11 or ALA, C20:4 n-6 or AA, and C22:6 n-3
or DHA). In addition, the C22:1 n-9 (erucic acid) was not
detected in the egg yolk of Muscovy, guinea fowl, and
ostrich, whereas CLA was not detected in the egg yolk
of quail and turkey.

Oleic acid, a MUFA, was 1.07—1.16 times higher in the
egg yolk of mallard (43.9%) compared to that in quail
(41.2%) and chicken (37.7%). Lower oleic acid was found
in turkey (37.5%), Muscovy (35.6%), ostrich (32.9%), and
guinea fowl (30.6%).

Palmitic acid, an SFA, was 1.14 times higher in the
egg yolk of both chicken and quail (25.2%) than that in
mallard (22.2%). In other poultry species, palmitic acid
was highest in ostrich (54.4%), followed by guinea fowl
(27.5%), turkey (26.0%), and lowest in Muscovy (24.6%).

Linoleic acid, an omega-6 PUFA, was 1.48—-1.93 times
higher in the egg yolk of chicken (13.5%) than that in
quail (9.1%) and mallard (7.0%). In other poultry species,
linoleic acid was highest in guinea fowl (16.6%), followed
by turkey (12.3%), Muscovy (11.8%), and ostrich (0.4%).

Stearic acid, also an SFA, was 1.29-2.42 times higher in
the egg yolk of quail (9.7%) compared to that in chicken
(7.5%) and mallard (4.0%). In other poultry species,
stearic acid was highest in ostrich (12.1%), followed by
guinea fowl (9.1%), turkey (7.7%), and Muscovy (6.0%).

The same major FAs of egg yolk from chicken, goose,
duck, turkey, peacock, guinea fowl, pheasant, quail, and
partridge living in the natural environment in Turkey
were reported by Polat ef al. (2013), including oleic acid
(33.9-48.3%), palmitic acid (21.1-26.3%), linoleic acid
(10.7-28.5%) and stearic acid (4.3—8.1%). They also
showed that chicken egg yolk had lower oleic and palmitic
acid but higher linoleic and stearic acid than that in the
duck egg yolk. The major FAs (except stearic acid) in
quail egg yolk were always in between that of chicken
and mallard. In another study in India, Sarma et al. (2017)
reported lower oleic and palmitic acid but higher linoleic
and stearic acid in yolk fat from Desi, Vanarajah, and
Kamrupa chickens than that from Pati, Nageswari, and
Chara-Chembealli ducks.

Factors Affecting FA Composition in Poultry Eggs

Among the major FAs, stearic acid C18:0 was the most
variable with a coefficient of variation (CV) of 9.37%
— followed by linoleic acid C18:2 n-6 (CV = 9.05%),
palmitic acid C16:0 (CV =4.99%), and oleic acid C18:1
n-9 (CV =3.64%) (see Table 3). The major FAs in egg yolk
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were significantly different (P < 0.01) between species
and between breeds.

Oleic acid was higher in large egg yolks (i.e. higher by
0.02% per additional gram of yolk weight) and in egg
yolks having higher percent fat (i.e. higher by 0.08% for
every increase in percent fat). Palmitic acid was lower
from older hens (i.e. lower by 2.77% for every additional
year of age at lay) but higher in egg yolks having higher
percent fat (i.e. higher by 0.17% for every unit increase
in percent fat). Linoleic acid was also higher in egg yolks
having higher percent fat (i.e. higher by 0.06% for every
unit increase in percent fat). Stearic acid was lower in
older hens (i.e. lower by 0.78% for every additional year
of age at lay) and in egg yolks having higher percent fat
(i.e. lower by 0.04% for every unit decrease in percent
fat). Yolk color was not related to the proportion of major
FAs in egg yolk (P > 0.05).

FA-based Nutritional Indices/Ratios

The comparison of nutritional indices/ratios related to
human cardiovascular health for egg yolk among poultry
species is shown in Table 4, whereas breed differences
are shown in Tables 5 and 6 (chicken), Table 7 (mallard),
and Table 8 (quail and turkey), respectively.

PUFA/SFA ratio. The PUFA/SFA ratio is the commonly
used index to assess the impact of dietary fat on
cardiovascular health (Chen and Liu 2020). Yolk fats with a
higher PUFA/SFA ratio may imply greater health benefits.
This is because PUFAs in the diet have been shown to
reduce low-density lipoprotein cholesterol and serum
cholesterol, whereas SFAs contribute to high levels of
serum cholesterol concentration (Dietschy 1998; Mensink
etal. 2003). While a decrease in the consumption of SFAs
and an increase in unsaturated FAs may decrease the risk
factors for cardiovascular disease (CVD) (including heart
disease and stroke), a significant reduction in CVD risk
can be achieved if SFAs are replaced by unsaturated fats,
especially PUFAs. (Guasch-Ferre ef al. 2015; Wang and
Hu 2017; Froyen and Burns-Whitmore 2020).

In chicken eggs, the amount of SFA or MUFA is hardly
influenced by the lipids in the feed. In contrast, the
PUFA content in the egg can be modified through dietary
supplementation (Fraeye et al. 2012). The PUFA content
in the quail egg can also be modified through dietary
supplementation (Gladkowski ef al. 2014). In this study,
the PUFA/SFA ratio was higher (more health benefits) in
chicken egg yolk (0.42: 1) than that from mallard (0.30:
1) and quail (0.26: 1). In other poultry species, the PUFA/
SFA ratio was highest in guinea fowl (0.44: 1), followed
by Muscovy (0.38: 1), turkey (0.35: 1), and lowest for
ostrich (0.01: 1).
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Table 3. Least-square means for the proportion of fatty acids in egg yolk from different poultry species.

Chicken Mallard Quail Muscovy”  Guinea fowl” Turkey Ostrich™
Saturated FAs
C12:0 0.08+0.009  0.10+£0.01°  0.05+0.00° 0.06+0.019% 0.15+0.01> 0.10£0.01° 0.42 +0.072
Cl14:0 1.02+0.01°  0.80+0.049  0.62+0.03°  0.63+£0.04° 2.04+0.04>  1.06+0.04¢ 3.35+0.49%
C15:0 0.05+0.00>  0.03+0.00>  0.03+0.00°  0.04+0.00° 0.10£0.00* 0.05+0.00°  0.04+0.022
C16:0 252140104 2224+031°  25.17+0.40%  24.60+0.33¢  27.53 4035 26.03+0.35¢ 5437 +4.062
C17:0 0.14+0.01°  0.09+0.02¢ 0.11£0.01°4  0.13+0.02°¢  020+£0.02°  0.12+0.02° 0.40 + 0.24%
C18:0 7.49£0.05°  4.03+0.16°5  9.66+0.12°  6.02+0.17¢  9.08+0.18>  7.72+0.18° 12.14 +2.10°
C20:0 0.23+0.01°  043+0.06° 022+0.019 094+001° 034+0.022 023+0.02b 0.00 + 0.22°
€22:0 0.04+0.01°  0.11£0.02°  0.00£0.02°  0.02+0.02¢  0.04+0.02° 0.18=0.022 0.00 + 0.22¢
Monounsaturated FAs
Cl4:1n-5 0.19+£0.00¢  0.07+0.01°  0.11+0.019  0.05+0.01° 025+0.01° 0.23+0.01° 0.52+0.128
Cl16:1 n-7 249+0.049 2600119 358+£0.09°  1.89+0.12°  2.64+0.139  4.26+0.13° 14.14 + 1.492
C18:1n-9 37.66£0.12¢  43.87+0.36% 41.19+028°  35.89+0.39¢ 30.59+0.42¢ 37.53+0.41°  32.91+4.75
C18:1 n-7 120£0.02>  099+0.07° 1.43+£0.05%  1.46+0.07°  0.94+0.07° 1.11£0.07%  2.07+0.862P
C20:1 n-11 0.13+0.008  0.14£0.012  0.12£0.012  0.15+0.012  0.05+0.01>  0.12+0.012 0.00 + 0.138b
€22:1n9 0.01+0.01°  0.05+0.01>  0.01+0.02¢ w/d n/d 0.17 +0.028 n/d
Polyunsaturated FAs
C18:2¢9tl1, CLA 0.14£0.01>  026+0.012 n/d 0.20 £0.022>  0.03 +0.02° n/d 0.16 + 0.258b¢
C18:2 n-6, LA 13.51+£0.08°  6.97+023*  9.12+0.184  11.81£0.25¢ 16.62+0.26* 12.27+026°  0.35+3.05¢
C18:3n-3, ALA 0.31£0.00>  044+0.01* 0.14+0.019  0.16+0.019  0.19+0.01° 0.22+0.01° 0.00+0.11¢
C20:4 n-6, AA 0.24+0.02>  043+£0.06°  0.03+0.05°  021+0.07° 0.12+0.08°  0.06+0.07° 0.00 + 0.83¢
(22:6 n-3, DHA 021+0.01>  027+0.042®  0.00+0.03°  0.10+0.04°  0.33+0.052  0.00 = 0.05° 0.00 + 0.53¢

Fkk

Note: [*] White Muscovy breed; [**] Bengala breed; [***] Blue Neck breed; [n/d] not detected.
Least-square means within a row without common letter superscripts are significantly different (P <0.05).

Table 4. Least-square means for yolk characteristics, FA groups, and nutritional indices/ratios of egg yolk from different poultry species.

Chicken Mallard Quail Muscovy” Guinea fowl Turkey Ostrich
Yolk weight, g 16.434 22.74° 3.09¢ 23.54be 13.984 25.53b 379.82
Yolk color 7.42b 6.15¢ 6.38¢ 7.88P 7.190 7.38P 10.182
% moisture 49.59b 47.95¢ 49.37° 46.12° 49.62P 49.12b 54,532
% protein 16.06° 16.08P 15.88° 16.05° 16.322 15.324 14.07¢
% fat 29.80d 31.77° 31.08° 33.952 28.25¢ 28.81¢ 26.96"
Fatty acid groups
SFA 3425 27.57 35.86 3243 39.47 35.48 70.72
UFA 56.10 56.10 55.75 51.93 51.77 55.96 50.14
MUFA 41.69 47.72 46.45 39.45 34.47 43.42 49.63
PUFA 14.42 8.38 9.30 12.48 17.30 12.54 0.51
n-3 (ALA + DHA) 0.53 0.72 0.14 0.26 0.53 0.22 0.00
n-6 (LA +AA) 13.75 7.40 9.15 12.02 16.74 12.33 0.35
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Table 4. Cont.

Nutritional indices/ratios

PUFA/SFA ratio 0.42 0.30 0.26 0.38 0.44 0.35 0.01
MUFA/SFA ratio 1.22 1.73 1.30 1.22 0.87 1.22 0.70
LA/ALA ratio 43.15 15.70 64.25 73.38 85.68 56.79 -
n-6/n-3 ratio 26.14 10.33 64.46 45.53 31.71 57.06 -
Atherogenicity index 0.52 0.45 0.50 0.52 0.69 0.54 1.36
Thrombogenicity index 1.15 0.91 1.26 1.18 1.42 1.22 2.80
Health-promoting index 1.91 2.20 2.01 1.91 1.44 1.84 0.74
Hypo/hypercholesterolemic ratio 1.98 2.26 1.95 1.91 1.61 1.84 0.57

Least-square means within a row without common letter superscripts are significantly different (P < 0.05).
Abbreviations: [SFA] saturated fatty acids; [UFA] unsaturated fatty acids; [MUFA] monounsaturated fatty acids; [PUFA] polyunsaturated fatty acids; [LA] linoleic acid (C18:2
n-6); [ALA] a-linolenic acid (C18:3 n-3); [AA] arachidonic acid (C20:4 n-6); [DHA] docosahexaenoic acid (C22:6 n-3); [n-3] omega-3 fatty acids; [n-6] omega-6 fatty acids

Table 5. Least-square means for yolk characteristics, FA groups, and nutritional indices/ ratios of egg yolk from Philippine native, egg-type
(White Leghorn), and fancy-type chicken breeds.

Banaba  Joloano Paraoakan Palawanlasak White Leghorn Black Silkies White Silkies

Yolk weight, g 16.23P 14.53P 14.88P 15.78b 17.4020 14.67° 13.94°
Yolk color 7.12¢ 6.44¢d 7.12¢ 6.38%d 6.064 9.202 6.94¢d
% moisture 50.24b¢  50.48bc 49.22¢ 47.60¢ 47.78¢ 49.87b¢ 49.80°
% protein 15.98¢ 16.00° 16.40P 16.25b¢ 16.5020 14.854 16.702
% fat 29.21¢d 29 05¢d 29.48¢ 30.42b 30.10P 30.44P 31.782

Fatty acid groups

SFA 35.96 33.77 33.58 34.86 34.65 33.16 33.57
UFA 57.75 58.64 56.56 57.53 55.59 54.80 55.93
MUFA 43.72 4131 41.63 43.62 41.14 42.37 44.10
PUFA 14.03 17.33 14.93 13.91 14.45 12.43 11.82
n-3 (ALA + DHA) 0.58 0.79 0.40 0.39 0.58 0.42 0.99
n-6 (LA+AA) 13.46 16.54 14.29 13.46 13.80 11.87 10.71

Nutritional indices/ratios

PUFA/SFA ratio 0.39 0.51 0.44 0.40 0.42 0.37 0.35
MUFA/SFA ratio 1.22 1.22 1.24 1.25 1.19 1.28 1.31
LA/ALA ratio 71.54 81.46 45.01 37.84 31.63 45.71 32.20
n-6/n-3 ratio 23.36 20.83 35.36 34.42 23.87 28.47 10.79
Atherogenicity index 0.53 0.50 0.50 0.52 0.54 0.50 0.50
Thrombogenicity index 1.17 1.06 1.13 1.16 1.17 1.15 1.09
Health-promoting index 1.87 2.01 1.99 1.91 1.85 1.98 2.02
Hypo/hypercholesterolemic ratio 1.94 2.12 2.05 2.01 1.93 2.03 2.04

Least-square means within a row without common letter superscripts are significantly different (P < 0.05).
Abbreviations: [SFA] saturated fatty acids; [UFA] unsaturated fatty acids; [MUFA] monounsaturated fatty acids; [PUFA] polyunsaturated fatty acids; [LA] linoleic acid (C18:2
n-6); [ALA] o-linolenic acid (C18:3 n-3); [AA] arachidonic acid (C20:4 n-6); [DHA] docosahexaenoic acid (C22:6 n-3); [n-3] omega-3 fatty acids; [n-6] omega-6 fatty acids
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Table 6. Least-square means for yolk characteristics, FA groups, and nutritional indices/ ratios of egg yolk from meat-type (White Rock) and
dual-purpose chicken breeds.

White Barred Plymouth Black Nagoya New ) Rhode Taiwan
Rock Rock Australorp Hampshire  Island Red Yellow

Yolk weight, g 16.23b 17.0430 17.48b 20.522 18.512b 16.09° 16.70°
Yolk color 7.06% 7.88be 8.12b 9.812 8.06% 6.94¢d 6.81¢d
% moisture 50.78P 49.65¢ 49.75¢ 52.602 48.304 48.784 49.50¢
% protein 16.522b 15.88° 15.88¢ 14.52¢ 16.38P 16.6020 16.35%
% fat 31.4020 29.25¢4 28.504 27.952 30.65P 28.85¢d 30.15P
Fatty acid groups

SFA 35.39 34.75 35.87 35.45 34.55 31.20 31.26
UFA 55.65 53.33 55.95 54.88 57.29 56.72 54.26
MUFA 4217 39.13 41.74 40.32 42.05 41.46 38.90
PUFA 13.47 14.20 14.21 14.56 15.23 15.26 15.36
n-3 (ALA + DHA) 0.28 0.63 0.33 0.39 0.32 0.53 0.75
n-6 (LA +AA) 13.07 13.49 13.71 14.02 14.75 14.46 14.49
Nutritional indices/ratios

PUFA/SFA ratio 0.38 0.41 0.40 0.41 0.44 0.49 0.49
MUFA/SFA ratio 1.19 1.13 1.16 1.14 1.22 133 1.24
LA/ALA ratio 50.85 30.35 47.45 38.95 51.87 47.59 33.52
n-6/n-3 ratio 47.52 21.54 41.54 36.04 45.54 27.44 19.35
Atherogenicity index 0.55 0.56 0.55 0.54 0.54 0.48 0.48
Thrombogenicity index 1.22 1.21 1.23 1.23 1.16 1.04 1.06
Health-promoting index 1.83 1.77 1.81 1.84 1.87 2.10 2.07
Hypo/hypercholesterolemic ratio 1.89 1.80 1.86 1.93 1.95 2.19 2.11

Least-square means within a row without common letter superscripts are significantly different (P < 0.05).
Abbreviations: [SFA] saturated fatty acids; [UFA] unsaturated fatty acids; [MUFA] monounsaturated fatty acids; [PUFA] polyunsaturated fatty acids; [LA] linoleic acid (C18:2
n-6); [ALA] a-linolenic acid (C18:3 n-3); [AA] arachidonic acid (C20:4 n-6); [DHA] docosahexaenoic acid (C22:6 n-3); [n-3] omega-3 fatty acids; [n-6] omega-6 fatty acids

Table 7. Least-square means for yolk characteristics, FA groups, and nutritional indices/ ratios of egg yolk from different mallard breeds.

Itik-Pin‘as Itik-Pinas ) Kayumanggi Khaki Pekin Teaiya ‘White Mal-

(IP) —Itim  (IP) — Khaki (IP) Campbell lard
Yolk weight, g 23.22b 21.87° 21.76° 21.67° 27.092 22.44b 21.16°
Yolk color 8.982 6.92° 6.53b 4.50° 4.81° 4.81° 6.50°
% moisture 49.842 49.31P 48.96° 47.524 45.62f 46.50¢ 47.854
% protein 15.73¢ 15.76¢ 16.09° 16.522 16.552 16.08b¢ 15.80¢
% fat 30.774 32.10P 31.76b° 31.22° 33.35% 31.80P 31.40¢
Fatty acid groups
SFA 26.89 27.31 29.21 29.44 26.50 26.06 27.03
UFA 55.26 52.96 53.61 57.40 57.95 57.59 58.30
MUFA 45.87 43.90 45.46 49.35 50.18 49.62 49.70
PUFA 9.33 9.06 8.15 8.05 7.77 7.97 8.60
n-3 (ALA + DHA) 0.66 1.01 0.70 0.85 0.63 0.72 0.74
n-6 (LA +AA) 8.49 7.76 7.21 7.00 6.95 6.84 7.54
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Table 7. Cont.

Nutritional indices/ratios

PUFA/SFA ratio 0.35 0.33 0.28 0.27 0.29 0.31 0.32
MUFA/SFA ratio 1.71 1.61 1.56 1.68 1.89 1.90 1.84
LA/ALA ratio 19.54 18.28 18.73 13.18 14.34 13.75 14.20
n-6/n-3 ratio 12.81 7.70 10.30 8.23 11.04 9.57 10.22
Atherogenicity index 0.45 0.49 0.52 0.47 0.42 0.41 0.43
Thrombogenicity index 0.90 0.92 1.00 0.94 0.85 0.84 0.86
Health-promoting index 2.24 2.02 1.91 2.11 2.36 242 2.31
Hypo/hypercholesterolemic ratio 2.33 2.18 2.03 2.18 2.41 2.44 2.33

Least-square means within a row without common letter superscripts are significantly different (P < 0.05).
Abbreviations: [SFA] saturated fatty acids; [UFA] unsaturated fatty acids; [MUFA] monounsaturated fatty acids; [PUFA] polyunsaturated fatty acids; [LA] linoleic acid (C18:2
n-6); [ALA] a-linolenic acid (C18:3 n-3); [AA] arachidonic acid (C20:4 n-6); [DHA] docosahexaenoic acid (C22:6 n-3); [n-3] omega-3 fatty acids; [n-6] omega-6 fatty acids

Table 8. Least-square means for yolk characteristics, FA groups, and nutritional indices/ ratios of egg yolk from different quail and turkey

breeds.
Quail breeds Turkey breeds
Japanese Seattle Silver White Taiwan Broad Breasted Bronze Nicholas White

Yolk weight, g 3.122 3.098 3.06% 24972 26.102
Yolk color 6.328 6.422 6.382 7.002 7.752
% moisture 49.65° 48.78b 49.68? 48.22° 50.022
% protein 15.80? 15.982 15.882 15.252 15.40?
% fat 30.15P 33.02 30.05° 30.65° 27.002
Fatty acid groups

SFA 36.60 35.76 35.25 35.84 35.12
UFA 55.45 56.98 54.53 55.41 56.51
MUFA 46.80 47.51 45.08 42.40 44.44
PUFA 8.64 9.47 9.45 13.01 12.08
n-3 (ALA + DHA) 0.15 0.13 0.15 0.20 0.23
n-6 (LA+AA) 8.49 9.35 9.31 12.81 11.84
Nutritional indices/ratios

PUFA/SFA ratio 0.24 0.26 0.27 0.36 0.34
MUFA/SFA ratio 1.28 1.33 1.28 1.18 1.27
LA/ALA ratio 54.66 74.39 64.13 64.13 50.52
n-6/n-3 ratio 5491 74.76 64.19 64.36 50.83
Atherogenicity index 0.52 0.48 0.49 0.55 0.53
Thrombogenicity index 1.29 1.23 1.26 1.24 1.20
Health-promoting index 1.94 2.07 2.02 1.80 1.88
Hypo/hypercholesterolemic ratio 1.86 2.02 1.98 1.83 1.86

Least-square means within a row of the same species without common letter superscripts are significantly different (P < 0.05).
Abbreviations: [SFA] saturated fatty acids; [UFA] unsaturated fatty acids; [MUFA] monounsaturated fatty acids; [PUFA] polyunsaturated fatty acids; [LA] linoleic acid (C18:2
n-6); [ALA] o-linolenic acid (C18:3 n-3); [AA] arachidonic acid (C20:4 n-6); [DHA] docosahexaenoic acid (C22:6 n-3); [n-3] omega-3 fatty acids; [n-6] omega-6 fatty acids
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The PUFA/SFA ratio in chicken egg yolk ranged from
0.38-0.51: 1. The highest PUFA/SFA ratio was found in
Joloano (0.51: 1). The PUFA/SFA ratio for other native
chickens — Banaba (0.39: 1), Paraoakan (0.44: 1), and
Palawan Lasak (0.40: 1) — were comparable with the
egg-type White Leghorn (0.42: 1), meat-type White
Rock (0.38: 1) and dual-purpose breeds (0.40-0.49: 1)
but slightly higher than the fancy-type breeds (0.35-0.37:
1). The PUFA/SFA ratio in egg yolk of mallard ranged
from 0.27-0.35: 1. The PUFA/SFA ratio for the IP breeds
was 0.35: 1, 0.33: 1, and 0.28: 1 for IP-Itim, IP-Khaki,
and Kayumanggi-IP, respectively. The PUFA/SFA ratios
were similar with Khaki Campbell (0.27: 1) and White
Mallard (0.32: 1) and slightly higher than in Pekin and
Tsaiya (0.25: 1). The PUFA/SFA ratio in yolk fats was
similar for the three quail breeds (0.24-0.27: 1) and for
the two turkey breeds (0.34-0.36: 1).

MUFA/SFA ratio. Yolk fat with a higher MUFA/SFA
ratio can have beneficial effects on human health. This
is because the MUFA which is dominated by oleic acid
that is found abundantly in dietary food increases the
activity of low-density lipoprotein receptors and decreases
the cholesterol concentration in serum (Dietschy 1998).
Intakes of MUFAs were associated with a lower risk of
CVD and death, whereas SFA intakes were associated with
a higher risk of CVD (Guasch-Ferre et al. 2015). There
is, however, no need for supplementation as oleic acid is
considered a non-essential FA since it is synthesized in
the human body.

In this study, the MUFA/SFA ratio in the mallard egg yolk
(1.73: 1) was considerably higher than that from quail
(1.30: 1) and chicken (1.22: 1). The high MUFA/SFA
ratio for mallard yolk fats was mainly due to its higher
proportion of oleic acid and lower proportion of palmitic
acid. In other poultry species, the MUFA/SFA ratio was
highest in Muscovy (1.22), followed by turkey (1.22),
guinea fowl (0.87), and ostrich (0.70). The MUFA/SFA
ratio in egg yolk was widely different between mallard
breeds (1.56—1.90: 1) and between chicken breeds
(1.13-1.33: 1). In contrast, a narrower range of MUFA/
SFA ratio was found between quail breeds (1.27—-1.33: 1)
and between turkey breeds (1.18-1.27: 1).

Linoleic acid to a-linolenic acid (LA/ALA) ratio. The
LA/ALA ratio is an important index for baby food and
infant formula. According to Chen and Liu (2020), the
LA/ALA ratio describes the balance between linoleic acid
(C18:2n-6) and a-linolenic acid (C18:3 n-3), wherein both
PUFAs compete for the same desaturase and elongase
enzymes, which are used to synthesize long-chain
unsaturated FAs. Since essential FAs are not synthesized
by humans, these PUFAs should be supplemented in infant
formulas. The minimum and maximum proportions of
LA and ALA in an LA/ALA ratio within 5:1-15:1 are
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commonly set when judging the nutritional value of baby
food and infant formula (Chen and Liu 2020). In contrast,
the LA/ALA ratio in the diet does not have too much of
an effect on adults since the tissues of adults have a lower
rate of synthesis of a-linolenic acid than those of infants.

In this study, the LA/ALA ratio in egg yolk was
substantially lower in mallard (15.70: 1) compared to
that in chicken (43.15: 1) and quail (64.25: 1). In other
poultry species, the LA/AL ratio was highest in guinea
fowl (85.68: 1), followed by Muscovy (73.38: 1) and
turkey (56.79: 1). The LA/ALA ratio for different breeds
of chicken, quail, and turkey ranged from 30.35-81.46: 1,
54.66-74.39: 1, and 50.52—64.31: 1, respectively.

The LA/ALA ratio in egg yolk from different poultry
species (except mallard) was above the prescribed LA/
ALA ratio and, thus, should not be given to infants.
The LA/ALA ratio in mallard egg yolk ranged from
13.18-19.54: 1, implying that some mallard breeds may
be considered a supplement to infant food. For example,
the LA/ALA ratio lower than 15: 1 was found in yolk
fat from Khaki Campbell (13.18: 1), Tsaiya (13.75: 1),
White Mallard (14.20: 1), and Pekin (14.34: 1). On the
other hand, the egg yolk from the IP breeds with LA/
ALA ratio greater than 15: 1, i.e. [P-Khaki (18.28: 1),
Kayumanggi-IP (18.73: 1), and IP-Itim (19.54: 1) should
not be given to infants.

Omega-6 FAto omega-3 FA (n-6/n-3) ratio. The omega-6/
omega-3 ratio is an important determinant of PUFAs and
their effects on inflammatory diseases. According to
Patterson et al. (2012), the n-6 PUFAs (i.e. LA and AA)
and n-3 PUFAs (i.e. ALA and DHA) are precursors to
eicosanoids, which have important roles in the regulation
of inflammation. The eicosanoids derived from omega-6
FAs are proinflammatory while eicosanoids derived from
omega-3 FAs are anti-inflammatory. Hence, an increase
in the n-6/n-3 ratio (as high as ~ 15:1 in the Western diet)
could aid the inflammatory processes and consequently
favor or aggravate many inflammatory diseases such as
nonalcoholic fatty liver disease, cardiovascular disease,
obesity, inflammatory bowel disease, rheumatoid
arthritis, and Alzheimer’s disease. Patterson et al. (2012)
recommended optimal dietary intakes of the n-6/n-3 ratio
to be around 1-4: 1. This is higher than the n-6/n-3 ratio
(1-2: 1) suggested by Simopoulos (2002), although the
optimal ratio may vary depending on the degree of severity
of the disease.

In this study, the n-6/n-3 ratio in yolk fat from various
poultry species was more than the optimal ratio (1-4:
1), mainly due to the high proportion of omega-6 FA —
especially linoleic acid and the low proportion of ALA and
DHA, each less than 0.5%. Nonetheless, the n-6/n-3 ratio
in egg yolk was lower (i.e. more balanced) for mallard
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(10.33: 1) than for chicken (26.14: 1) and quail (64.46:
1). In other poultry species, the n-6/n-3 ratio was highest
for turkey (57.06: 1), followed by Muscovy (45.53: 1) and
guinea fowl (31.71: 1). The n-6/n-3 ratio in egg yolk was
widely different between chicken breeds (10.79-47.52:
1). In contrast, a narrower range of n-6/n-3 ratio was
found for mallard breeds (7.70-12.81: 1), quail breeds
(54.91-74.76: 1), and turkey (50.83—64.36: 1).

Atherogenicity index (IA). The 1A proposed by Ulbricht and
Southgate (1991) is a measure of the dietary contribution of
some SFAs (C12:0, C14:0, and C16:0 except C18:0) that
are pro-atherogenic (i.e. they favor the adhesion of lipids
to cells of the circulatory and immunological systems) in
relation to all MUFAs and PUFAS that are anti-atherogenic
(i.e. they inhibit the accumulation of fatty plaque and reduce
the levels of phospholipids, cholesterol, and esterified FAs).
Dietary fat with lower IA values may, thus, offer greater
health benefits as its consumption may reduce the risk
of coronary heart disease through reduced levels of total
cholesterol and LDL cholesterol in human blood plasma
(Poppitt et al. 2002).

In this study, the atherogenicity in egg yolk was lower (i.e.
greater health benefits) for mallard (0.45) than that for quail
(0.50) and chicken (0.52). The low IA value for mallard yolk
fats was mainly due to its lower proportion of palmitic acid
relative to a higher proportion of oleic acid. In other poultry
species, the IA was highest in ostrich (1.36), followed by
guinea fowl (0.69), turkey (0.54), and Muscovy (0.52).

The 1A in egg yolk from different mallard breeds ranged
from 0.41-0.52. The IA was lowest for Tsaiya (0.41),
followed by Pekin (0.42) and White Mallard (0.43).
Higher atherogenicity was reported for Khaki Campbell
(0.47) and the IP breeds, i.e. IP-Itim (0.45), [P-Khaki
(0.49), and Kayumanggi-IP (0.52).

The 1A in egg yolk from different chicken breeds ranged
from 0.48-0.56. The lowest IA was found in Rhode Island
Red (0.48). The IA for native chickens [Banaba (0.53),
Joloano (0.50), Paraoakan (0.50), and Palawan Lasak
(0.52)] were similar to the fancy-type breeds [Black
Silkies (0.50) and White Silkies (0.50)] and dual-purpose
breeds [Rhode Island Red (0.48) and Taiwan Yellow
(0.48)]. The IAs for native chickens, however, were lower
than that for the egg-type White Leghorn (0.54), meat-
type White Rock (0.55), and dual-purpose breeds [New
Hampshire (0.54), Nagoya (0.54), Black Australorp (0.55),
and Barred Plymouth Rock (0.56)].

Small differences in atherogenicity in yolk fats were found
between quail breeds (0.48-0.52) and between turkey
breeds (0.53-0.55).

Thrombogenicity index (IT). Developed by Ulbricht and
Southgate (1991), the IT is used to determine the dietary
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contribution of pro-thrombogenic SFAs (i.e. C12:0, C14:0,
and C16:0) in relation to the anti-thrombogenic MUFAs and
PUFAs. Consumption of foods or products with lower IT
values (i.e. lower tendency to form clots in blood vessels)
is beneficial for cardiovascular health (Chen and Liu 2020).

In this study, the thrombogenicity in egg yolk was lower
(i.e. more beneficial for cardiovascular health) for mallard
(0.91) than in chicken (1.15) and quail (1.26). The low
IT value for mallard yolk fats was mainly due to its
lower proportion of palmitic acid relative to a higher
proportion of oleic acid despite a slightly lower linoleic
acid percentage. In other poultry species, the IT was
highest in ostrich (2.80), followed by guinea fowl (1.42),
turkey (1.22), and Muscovy (1.18).

The IT in egg yolk from different mallard breeds ranged
from 0.84-1.00. The IT was lowest for Tsaiya (0.84),
closely followed by Pekin (0.85) and White Mallard
(0.86). Higher thrombogenicity was reported for Khaki
Campbell (0.94) and the IP breeds, i.e. [P-Itim (0.90),
IP-Khaki (0.92), and Kayumanggi-IP (1.00).

The IT in egg yolk from different chicken breeds ranged
from 1.04-1.23. The lowest IT was found in Rhode
Island Red (1.04). Similarly low IT was reported for
Taiwan Yellow (1.06) and Joloano (1.06). Slightly higher
thrombogenicity was reported for other native chickens,
i.e. Paraoakan (1.13), Palawan Lasak (1.16), and Banaba
(1.17), fancy-type breeds [ White Silkies (1.09) and Black
Silkies (1.15)], New Hampshire (1.16), and the egg-type
White Leghorn (1.17). Higher thrombogenicity in egg
yolk was found in the meat-type White Rock (1.22) and
other dual-purpose breeds, i.e. Barred Plymouth Rock
(1.21), Black Australorp (1.23), and Nagoya (1.23).

Small differences in thrombogenicity in yolk fats were
found between quail breeds (1.23—1.29) and between
turkey breeds (1.20—-1.24).

Health-promoting index (HPI). The HPI, as proposed by
Chen et al. (2004), is the inverse of the IA. A high HPI
value is considered more beneficial to human health. In
this study, the HPI in egg yolk was considerably higher
for mallard (2.20) compared to that in quail (2.01) and
chicken (1.91). The high HPI ratio in mallard yolk fats was
largely due to its high proportion of oleic acid and the low
proportion of palmitic acid. In other poultry species, the
HPI was highest in Muscovy (1.91), followed by turkey
(1.84), guinea fowl (1.44), and ostrich (0.74).

The HPI in egg yolk from different mallard breeds ranged
from 1.91-2.42. The IA was highest for Tsaiya (2.42),
followed by White Mallard (2.31) and Pekin (2.36). Lower
HPI was reported for Khaki Campbell (2.11) and the IP
breeds [IP-Itim (2.24), IP-Khaki (2.02), and Kayumanggi-
IP (1.91)].
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The HPI in egg yolk from different chicken breeds ranged
from 1.77-2.10. The highest HPI was found in Rhode
Island Red (2.10). Slightly lower HPI was reported for
Taiwan Yellow (2.07), Joloano (2.01), and fancy-type
breeds [Black Silkies (1.98) and White Silkies (2.02)]. The
HPI in egg yolk from the New Hampshire (1.87) and other
native chicken breeds [Banaba (1.87), Palawan Lasak
(1.91), and Paraoakan (1.99)] were higher than that from
the meat-type White Rock (1.22), egg-type White Leghorn
(1.85), and other dual-purpose breeds [Barred Plymouth
Rock (1.77), Black Australorp (1.81), and Nagoya (1.84)].

The HPI in egg yolk of quail was highest for Silver
White (2.07), followed by Taiwan (2.02), and lowest for
Japanese Seattle (1.94). The HPI in the egg yolk of turkey
was higher for Nicholas White (1.88) than in the Broad
Breasted Bronze breed (1.83).

Hypocholesterolemic FA to hypercholesterolemic FA
(HH) ratio. The HH ratio is used to assess the effect
of dietary FA composition on cholesterol (Chen and
Liu 2020). The HH ratio characterizes the relationship
between hypocholesterolemic FAs (i.e. oleic acid and
PUFA) and hypercholesterolemic FAs (i.e. C12:0, C14:0,
and C16:0). Dietary fat with higher HH ratio has greater
health benefits (Santos-Silva et al. 2002; Mierlita 2018).

In this study, the HH ratio in egg yolk was notably higher
for mallard (2.26) than in chicken (1.98) and quail (1.95).
The high HH ratio in mallard yolk fats was mainly due to a
combination of'its higher proportion of oleic acid and lower
proportion of palmitic acid. A lower HH ratio was found
in other poultry species, i.e. Muscovy (1.91), followed by
turkey (1.84), guinea fowl (1.61), and ostrich (0.57).

The HH ratio in egg yolk from different mallard breeds
ranged from 2.03-2.44. The HH ratio was highest for
Tsaiya (2.44) and Pekin (2.41). The HH ratio in the egg
yolk of IP breeds [IP-Itim (2.33), IP-Khaki (2.18), and
Kayumanggi-IP (2.03)] was comparable to those from
White Mallard (2.33) and Khaki Campbell (2.18).

The HH ratio in egg yolk from different chicken breeds
ranged from 1.80-2.19. The highest HH ratio was found
in Rhode Island Red (2.19). A slightly lower HH ratio
was reported for fancy-type breeds [Black Silkies (2.03)
and White Silkies (2.04)]. The HH ratio in egg yolk from
the native chicken breeds [Banaba (1.94), Palawan Lasak
(2.01), and Paraoakan (2.05)] and Joloano (2.12) was
comparable with that from the egg-type White Leghorn
(1.93) and dual-purpose breeds [Nagoya (1.93), New
Hampshire (1.95), and Taiwan Yellow (2.11)] but higher
than that from the meat-type White Rock (1.89), Barred
Plymouth Rock (1.80), and Black Australorp (1.86).

The HH ratio in egg yolk of quail was highest for Silver
White (2.02), followed by Taiwan (1.98) and Japanese
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Seattle (1.86). The HH ratio in the egg yolk of turkey
was slightly higher for Nicholas White (1.86) than in the
Broad Breasted Bronze breed (1.83).

ACKNOWLEDGMENTS

This research was supported by grants from the Philippine
Agriculture and Fisheries Biotechnology Program under
the Department of Agriculture Biotechnology Program
(DA-BIOTECH R1807). The authors wish to express
their appreciation to Dr. Rene C. Santiago, Vea Roven
E. Arellano, and Mat M. San Agustin of NSPRDC, BAI-
DA, Tiaong, Quezon for their helpful collaboration and
availability during the collection of egg samples. The
authors would also like to thank Alyssa T. Odiner and
Mark C. Agsunod for their valuable assistance in handling
and analyzing the egg samples.

STATEMENT ON NO CONFLICT OF
INTEREST

There is no conflict of interest between the authors and
other people and organizations.

REFERENCES

[AOAC] Association of Official Analytical Chemists.
2006. Official Method 2003.06: crude fat in feeds.
Soxhlet method. In: Official Methods of Analysis of
AOAC International, 18t ed. Rockville, MD, USA.

[AOAC] Association of Official Analytical Chemists.
2016a. Official Method 925.32-1925: fats in eggs. Acid
hydrolysis method. In: Official Methods of Analysis
of AOAC International, 20t ed. Rockville, MD, USA.

[AOAC] Association of Official Analytical Chemists.
2016b. Official Method 925.31: nitrogen (water-sol-
uble and crude albumin) in liquid eggs. In: Official
Methods of Analysis of AOAC International, 20 ed.
Rockville, MD, USA.

BEAN LD, LEESON S. 2003. Long-term effects of
feeding flaxseed on performance and egg fatty acid
composition of Brown and White Hens. Poult Sci 82:
388-394.

CHEN J, LIU H. 2020. Nutritional indices for assessing
fatty acids: a mini-review. Int J Mol Sci 21: 5695. DOI:
10.3390/ijms21165695

617



Philippine Journal of Science
Vol. 152 No. 2, April 2023

CHEN S, BOBE G, ZIMMERMAN S, HAMMOND EG,
LUHMAN CM, BOYLSTON TD, FREEMAN AE,
BEITZ DC. 2004. Physical and sensory properties of
dairy products from cows with various milk fatty acid
compositions. J Agric Food Chem 52: 3422-3428.

CANTOR AH, DECKER EA, COLLINS VP. 2007. Fatty
acids in poultry and egg products. In: Fatty Acids in
Foods and Their Health Implications, 3rd ed. Chow
CK ed. CRC Press. p. 140-152.

DIETSCHY JM. 1998. Dietary fatty acids and the reg-
ulation of plasma low density lipoprotein cholesterol
concentrations. J Nutr 128: 444448,

FOLCH J, LEES M, SLOANE STANLEY GH. 1957. A
simple method for the isolation and purification of total
lipids from animal tissues. J Biol Chem 226: 497-509.

FRAEYE I, BRUNEEL C, LEMAHIEU C, BUYSE J,
MUYLAERT K, FOUBERT 1. 2012. Dietary enrich-
ment of eggs with omega-3 fatty acids: a review. Food
Res Int 48: 961-969.

FROYEN E, BURNS-WHITMORE B. 2020. The effects
of linoleic acid consumption on lipid risk markers for
cardiovascular disease in healthy individuals: a review
of human intervention trials. Nutrients 12: 2329. DOI:
10.3390/nu12082329

GLADKOWSKI W, KIELBOWICZ G, CHOJNACKA
A, BOBAK L, SPYCHAJ R, DOBRZANSKI Z,
TRZISZKA T, WAWRZENCZYK C. 2014. The ef-
fect of feed supplementation with dietary sources of
n-3 polyunsaturated fatty acids, flaxseed and algae
Schizochytrium sp., on their incorporation into lipid
fractions of Japanese quail eggs. Int J Food Sci Technol
49: 1876-1885.

GOLDBERG EM, RYLAND D, GIBSON RA, ALIANI
M, HOUSE JD. 2013. Designer laying hen diets to
improve egg fatty acid profile and maintain sensory
quality. Food Sci Nutr 4: 324-335.

GROBAS S, MENDEZ J, LAZARO R, DE BLAS C,
MATEOS GG. 2001. Influence of source and percent-
age of fat added to diet on performance and fatty acid
composition of egg yolks of two strains of laying hens.
Poult Sci 80: 1171-1179.

GUASCH-FERRE M, BABIO N, MARTINEZ-GONZA-
LEZ MA, CORELLA D, ROS E, MARTIN-PELAEZ
S, ESTRUCH R, AROS F, GOMEZ-GRACIA E,
FIOL M, SANTOS-LOZANO JM, SERRA-MAJEM
L, BULLO M, TOLEDO E, BARRAGAN R, FITO
M, GEA A, SALAS-SALVADO J. 2015. Dietary fat
intake and risk of cardiovascular disease and all-cause
mortality in a population at high risk of cardiovascular
disease. Am J Clin Nutr 102: 1563—1573.

618

Bondoc et al: Fatty Acid Composition of Poultry Egg Yolk

ICHIHARA K, FUKUBAYASHI Y. 2010. Preparation of
fatty acid methyl esters for gas-liquid chromatography.
J Lipid Res 51: 635-640.

LEGRAND P, RIOUX V. 2010. The complex and import-
ant cellular and metabolic functions of saturated fatty
acids. Lipids 45: 941-946.

KHANG NTK, JENNEN DGJ, THOLEN E, TESFAYE
D, MENNICKEN L, HOELKER M, SCHELLANDER
K.2007. Association of the FADS2 gene with Q-6 and
Q-3 PUFA concentration in the egg yolk of Japanese
quail. Anim Biotechnol 18: 189-201.

MENSINK RP, ZOCK PL, KESTER AD, KATAN MB.
2003. Effects of dietary fatty acids and carbohydrates
on the ratio of serum total to HDL cholesterol and on
serum lipids and apolipoproteins: A meta-analysis of
60 controlled trials. Am J Clin Nutr 77: 1146-1155.

MIERLITA D. 2018. Effects of diets containing hemp
seeds or hemp cake on fatty acid composition and
oxidative stability of sheep milk. S Afr J Anim Sci
48: 504-515.

PATTERSON E, WALL R, FITZGERALD GF, ROSS
RP, STANTON C. 2012. Health implications of high
dietary omega-6 polyunsaturated fatty acids. J Nutri
Metab 2: 539426.

[PSA] Philippine Statistics Authority. 2022a. Chicken
Situation Report (January — December 2021). 47p.
Retrieved from https://psa.gov.ph/sites/default/files/1
Chicken Annual Situation Report ONS-signed.pdf

[PSA] Philippine Statistics Authority. 2022b. Duck Situa-
tion Report (January — December 2021). 44p. Retrieved
from https://psa.gov.ph/sites/default/files/1 Duck An-
nual Situation Report ONSedits v2 ONS-signed 1.
pdf

POLAT ES, CITIL OB, GARIP M. 2013. Fatty acid
composition of yolk of nine poultry species kept in
their natural environment. Anim Sci Pap Rep 31(4):
363-368.

POPPITT SD,KEOGH GF,MULVEY TB,MCARDLE BH,
MACGIBBONAK, COOPER GJ.2002. Lipid-lowering
effects of a modified butter-fat: a controlled intervention
trial in healthy man. Eur J Clin Nutr 56: 64-71.

REY AL, DE-CARAA,REBOLE A, ARIJAT. 2021. Short-
term Spirulina (Spirulina platensis) supplementation
and laying hen strain effects on eggs’ lipid profile and
stability. Animals 11: 1944. DOI: 10.3390/ani11071944

SANTOS-SILVA J, BESSA RJB, SANTOS-SILVA F.
2002. Effects of genotype, feeding system, and slaugh-
ter weight on the quality of light lambs; fatty acid
composition of meat. Livest Prod Sci 77: 187-194.



Philippine Journal of Science
Vol. 152 No. 2, April 2023

SARMAM, NAHARDEKAN, ISLAM R, BORAH MK,
DEKA P, MAHANTA JD. 2017. Fatty acid profiles and
physical qualities of different varieties of chicken and
duck eggs. Int J Livest 7(5): 105—111.

SCHEIDELER SE, JARONI D, FRONING G. 1998.
Strain and age effects on egg composition from hens
fed diets rich in n-3 fatty acids. Poult Sci. 77: 192—-196.

SIMOPOULOS AP. 2002. The importance of the ratio
of omega-6/omega-3 essential fatty acids. Biomed
Pharmacother 56: 365-379.

SAS INSTITUTE INC. 2009. SAS/STAT® 9.2 User’s
Guide, second edition.

ULBRICHT TLV, SOUTHGATE DAT. 1991. Coronary
heart disease: seven dietary factors. Lancet 338:
985-992.

WANG DD, HU FB. 2017. Dietary fat and risk of cardio-
vascular disease: Recent controversies and advances.
Annu Rev Nutr 37: 423-446.

WU YB, LI L, WEN ZG, YAN HJ, YANG PL, TANG J,
XIE M, HOU SS. 2019. Dual functions of eicosapen-
taenoic acid-rich microalgae: enrichment of yolk with
n-3 polyunsaturated fatty acids and partial replacement
for soybean meal in diet of laying hens. Poult Sci 98:
350-357.

ZHAOL,ZHANG X, CAOF, SUN D, WANG T, WANG
G. 2013. Effect of dietary supplementation with fer-
mented ginkgo-leaves on performance, egg quality,
lipid metabolism, and egg-yolk fatty acids composition
in laying hens. Livest Sci 155: 77-85.

Bondoc et al: Fatty Acid Composition of Poultry Egg Yolk

619



