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SUMMARY

Two experiments were conducted to study the performance, egg quality, and yolk fat profile of
laying hens fed rations containing de-hulled-extruded safflower meal (SFM) in partial or total
substitution of de-hulled soybean meal (SBM). In Experiment 1, a balanced diet containing
SFM with crystalline L- lysine (SFD) was formulated to meet or slightly exceed the Hy-line
W-98 commercial management guide. A corn-SBM (control) also was formulated without
supplemental lysine. These 2 diets contained 0.80 and 0.93% lysine, respectively. A third SFM
containing diet (SFDL) was mixed in which L- lysine was further added to match the lysine
level of the control diet (0.93%). All diets were isocaloric and isonitrogenous. In Experiment 2,
a corn-SBM diet (control) and diets with SFM substituted for 20, 40, 60, 80, and 100% of the
soybean protein in the control diet were prepared. The 3 treatment diets in trial 1 were replicated
in a completely randomized design among 20 individually caged hens and fed for 168 d. In
trial 2, the 6 treatment diets were similarly replicated among 12 individually caged hens and
fed for 140 d. Production parameters such as egg production, egg mass, feed conversion, and
hen weight were not affected by any of the dietary treatments in either experiment. Similarly,
all SFM containing diets had no effect on egg weight, specific gravity, Haugh unit score, or
shell thickness throughout the experimental periods of both trials. Dietary SFM at a substitution
rate higher than 40% SBM resulted in an increase (P < 0.01) in yolk color score. Yolk fat,
cholesterol, and fatty acid concentrations did not change in response to an increase in dietary
SFM level. Therefore, SFM can be incorporated in practical corn-SBM laying hen diets up to a
protein substitution rate of 40% without reduction in performance and egg quality parameters.
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DESCRIPTION OF PROBLEM

Safflower (Carthamus tinctorius L.) is an an-
nual broadleaf oil-seed crop whose seed con-

1Corresponding author: mf02@aub.edu.lb

tains between 25 and 45% oil [1]. In general,
the price of safflower oil is higher than that of
other vegetable oils [2]. The Eastern Mediter-
ranean climate is suitable for safflower cultiva-
tion where it provides acceptable agronomic (3.3
tons/hectare) and economic returns to farmers
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similar to other sustainable rain-fed field crops
such as vetch and barley [3–5]. For the same
reasons, safflower is cultivated in arid regions
of the United States and Canada [6, 7]. Meals
that contain between 42 and 59% CP, 6 and 14%
CF, and as low as 1% crude fat were produced
through different methods of safflower seed hull
removal, without or with oil extraction. Those
feedstuffs are fed to poultry and ruminants with
no toxic or other harmful effects [8]. Total or
half substitution of 44% CP soybean meal with a
42% CP decorticated safflower meal (SFM) in a
pullet diet reduced weight gain without affecting
feed efficiency when fed from 6 to 20 wk of age
[9]. Bird performance was improved, however,
when the SFM containing diet was supplemented
with methionine and lysine. Also, in a laying hen
ration containing animal by-product, egg pro-
duction, feed conversion, and egg weight were
not affected when half of the 44% CP soybean
meal was replaced by SFM containing 35.8% CP
and 16.0% CF [10]. Shoji et al. [11] found that
the protein digestibility of SFM with 49% CP
and 1,860 kcal ME/kg was 82%. Moreover, the
AMEn of SFM and soybean meal for laying hens
was determined by Petersen et al. [12] to be 2,130
and 2,640 kcal/kg, respectively. Shoji et al. [11]
stated that the ME value of SFM was reduced
by an increase in its fiber content. Thomas et
al. [13] produced an expeller pressed SFM con-
tained on a DM basis, 25.8% CP, 42.3% ADF,
8.7% fat, and 2,402 kcal TME/kg. The substitu-
tion of that meal for 25 and 50% of the soybean
meal in a broiler chick diet had no detrimental
effects on growth performance. Cold mechanical
oil extrusion preceded by extensive hull removal
was applied [14] to produce an SFM from a lo-
cally cultivated high oleic acid (C18:1) safflower
seed variety [3]. That meal contained, on a DM
basis, 55.0% CP, 2.44% CF, 11.0% crude fat,
and 3,041 kcal TME/kg, but was very deficient
in lysine (1.45%) and excessively high in argi-
nine (6.89%) in comparison to 44% CP soybean
meal that contained 2.55% lysine and 3.99%
arginine [14].

In a study by Houseini Vashan et al. [6],
egg production, feed intake, feed conversion,
egg weight, shell thickness, and yolk and blood
cholesterol levels of laying hens fed a corn-SBM
diet were similar to those fed a diet supplemented
with 7% safflower seed. However, the same pro-

duction variables were reduced, especially egg
mass and specific gravity, when the level of saf-
flower seed in the diet was increased to 10%.
Changes in protein and amino acid balance in
laying hen diets were found to affect perfor-
mance and egg quality in varying degrees [15,
16]. There was a linear increase in egg size with
no change in egg production and egg mass when
a laying hen diet was supplemented with a mix-
ture of lysine, isoleucine, threonine, and trypto-
phan [15]. But a dietary change in protein and the
ratio of sulfur containing amino acids to lysine
had no effect on egg mass, whereas egg produc-
tion was decreased by lowering the protein level
[16]. It is apparent that protein and amino acid
levels beyond bird nutrient requirements [17] are
necessary to further enhance layer performance
and egg size [18]. That dietary activity may apply
to diets in which non-conventional feedstuffs,
such as SFM, supply most of the nitrogen. The
local current market prices of SBM and SFM are
USD 520 and 460, respectively. Because SFM is
limiting in lysine in comparison to soybean meal
[14], a practical diet containing SFM needs to
be supplemented with methionine as well as
lysine in order to meet laying hen amino acid
requirements [17, 19].

Chemical analysis of high oleic acid (C18:1)
safflower seed by Yau and Tannous [20] revealed
that it contained 24.2% oil and 77.4% linoleic
acid (C18:2, n-6). Other studies on safflower
[21, 22] found that its oil contains 13.1% oleic
acid (C18:1) and 75.5% linoleic acid (C18:2, n-
6). Sim and Bragg [23] found that serum and
egg yolk cholesterol levels were reduced when
hydrogenated coconut oil was replaced with saf-
flower oil. More recent research [6] reported that
the level of blood cholesterol in laying hens was
reduced from 143 to 134 mg/dl, whereas that of
yolk stayed the same, when a practical diet was
supplemented with 10% safflower seed. Addi-
tional research on feeding SFM to laying hens
is necessary because safflower is an adaptable
and sustainable crop that provides products hav-
ing acceptable market price and potential nutri-
tional value for poultry. Therefore, the objec-
tive of the current work was to study the ef-
fect of lysine supplementation in a corn-SFM
diet and the substitution of graded levels of de-
hulled soybean meal (SBM) with SFM in a corn
grain based diet on laying hen performance, egg
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Table 1. Diet composition of corn-de-hulled soybean meal (control), corn-safflower meal (SFD), and lysine
supplemented corn-safflower meal (SFDL) layer diets fed for 168 d in Experiment 1 and a corn-de-hulled
soybean meal (SBM) layer diets containing safflower meal (SFM) to substitute 0 (control), 20, 40, 60, 80, and
100% SBM protein fed for 140 d in Experiment 2.

Experiment 1 Experiment 2

% SBM protein substitution

Ingredients Control SFD SFDL 0 (Control) 20 40 60 80 100

Corn 58.4 64.1 64.3 62.3 63.3 64.3 65.3 66.3 67.2
SBM 26.4 - - 26.6 21.3 16.0 10.6 5.33 -
SFM - 21.6 21.2 - 4.38 8.79 13.2 17.6 22.0
Barley 3.65 3.65 3.65 - - - - - -
Sunflower oil 1.14 0.05 - 0.72 0.57 0.43 0.29 0.14 -
Pure sand1 - - - - 0.03 0.05 0.08 0.11 0.14
Salt 0.45 0.43 0.43 0.45 0.45 0.45 0.43 0.43 0.43
Limestone 8.12 8.13 8.13 8.12 8.12 8.12 8.12 8.12 8.13
Dicalcium phosphate 1.34 1.28 1.28 1.34 1.33 1.31 1.31 1.29 1.28
DL-methionine 0.17 0.14 0.15 0.17 0.16 0.16 0.15 0.15 0.14
L-lysine.HCl - 0.43 0.60 - 0.09 0.17 0.26 0.33 0.43
Vitamin and trace mineral premix2 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25

Calculated nutrient content (%)

ME (kcal/kg) 2848 2848 2848 2848 2848 2848 2848 2848 2848
CP 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0
Methionine 0.44 0.44 0.44 0.44 0.44 0.44 0.43 0.43 0.43
Methionine + Cystine 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
Lysine 0.93 0.80 0.93 0.93 0.90 0.88 0.85 0.83 0.80
Calcium 3.50 3.50 3.50 3.5 3.5 3.5 3.5 3.5 3.5
Available phosphorus 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35

1Merck KGaA, 64271 Darmstadt, Germany.
2Provided per kilogram diet: vitamin A, 12,500 IU (retinyl acetate); cholecalciferol, 2500 IU, vitamin E, 30 IU (DL-α-

tocopheryl acetate); vitamin K3, 3 mg; riboflavin, 6 mg; niacin, 30 mg; pantothenic acid, 10 mg; vitamin B6, 5 mg; vitamin

B12, 0.02 mg; folic acid, 1 mg; biotin, 0.05 mg; choline, 300 mg; vitamin C, 100 mg; butylated hydroxytoluene, 125 mg;

Mn, 96 mg; Zn, 80 mg; Fe, 32 mg; Cu, 8 mg; I, 2.4 mg; Co, 0.8 mg; and Se, 0.14 mg.

quality, and yolk fat, cholesterol, and fatty acid
concentrations.

MATERIALS AND METHODS

Bird, Experimental Design, and Data
Collection

The regulations and guidelines of institutional
Animal Care and Use Committee of the Amer-
ican University of Beirut were followed in the
management and care of the experimental birds.
The composition of the diets fed to birds in
both experiments is presented in Table 1. In Ex-
periment 1, a least-cost corn-SBM diet (con-
trol) was formulated to meet or exceed layer
nutrient requirements [19]. Two corn-SFM di-
ets were similarly formulated, but with a lysine
level that either met [19] layer nutrient require-

ments (SFD) or was fortified to be equal in ly-
sine level to that of the control diet (SFDL).
Therefore, the arginine and fat (in parentheses)
levels in the control, SFD, and SFDL diets were
1.12 (3.56), 1.69 (4.87), and 1.67% (4.79%), re-
spectively. Sixty Single Comb White Leghorn
(SCWL) Hy-Line W98 laying hens, aged 68 wk,
were distributed among 60 individual layer cages
and fed a commercial corn-SBM layer diet for
an adaptation period of one mo during which
daily egg production and last 3 d egg weight and
quality were measured. Each experimental treat-
ment was randomly distributed among a group
of 20 hens so that the average initial egg produc-
tion, egg weight, and hen body weight per group
were 80%, 67.6 g, and 1,808 g, respectively.
Birds were fed the experimental diets for 168 d
divided among 6 periods of 28 d each, and
eggs produced were collected early afternoon
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(3:00 PM) from the cage belt, counted, and
weighed on a daily basis. Accordingly, percent
egg production and egg mass were computed and
all eggs collected during the last 3 d of each lay-
ing period were measured on the d of egg collec-
tion for specific gravity by the flotation method
using a salt solution of range 1.068 to 1.100
g/cm3 in increments of 0.004 g/cm3 [24], Haugh
unit score (Ames Co. Waltham, MA), shell thick-
ness (micrometer), and yolk color (Yolk Color
Fan; Hoffmann La-Roche Inc., Nutley, NJ). Feed
per cage was weighed initially and at termina-
tion of each laying period to compute individ-
ual feed intake. Feed conversion per bird was
computed and reported on the basis of dozen
eggs produced (kg feed/12 eggs) or egg mass
(kg feed/g egg). At the end of Experiment 1, hen
body weight was measured and individual body
weight changes were computed. In addition, at
the end of the sixth period 5 eggs per treatment
were selected, broken, yolk separated from al-
bumen, and lyophilized to constant weight in a
freeze drier [25]. The methods of the Associa-
tion of Official Analytical Chemists [26] were
followed to determine crude fat and fatty acid
composition in SFM and dry yolk; fatty acids
were methylated then separated on a gas-liquid
chromatograph in the Core Laboratory of the
American University of Beirut, Beirut, Lebanon.
Cholesterol concentration in dry yolk was deter-
mined using the total cholesterol quantitation kit
protocol with colorimetric measurements at an
absorbance wavelength of 570 nm [27].

In Experiment 2, corn-SBM or control and
corn-SFM diets were formulated on a least cost
basis to meet or exceed layer nutrient require-
ments [19]. The diets prepared in that experi-
ment as well as some of the results of feeding
these diets to layers were previously reported
[28]. Appropriate proportions of each of the 2
basal diets were blended to prepare rations in
which zero (control), 20, 40, 60, 80, and 100%
SBM protein in the basal corn-SBM diet was
substituted with zero, 4.38, 8.79, 13.2, 17.6, and
22.0% SFM, respectively. Diets in Experiment
2 were made isoenergetic and isonitrogenous.
The levels of arginine and fat (in parentheses) in
the control and corn-SFM diets were 1.13 (3.21)
and 1.72% (4.90%), respectively. The diets of
Experiments 1 and 2 were similar in methionine
and cystine concentration (0.75%). Seventy-two

SCWL Hy-Line W98 laying hens, aged 54 wk,
were distributed among 72 individual layer cages
and offered a commercial laying hen diet for a
2-wk adaptation. Afterwards, birds were divided
into 6 groups of 12 birds each so that each group
had similar average initial body weight (1,750
g) and percent egg production (80%). The 6 ex-
perimental diets were fed to a group of 12 hens
for 5 experimental periods of 28 d each (140
d), which was believed to be adequate for data
collection. The methods followed in determin-
ing performance criteria, egg quality parameters,
and yolk crude fat, fatty acids, and cholesterol
concentrations in Experiment 2 were similar to
those of Experiment 1 with the exception that the
eggs produced in Experiment 2 were individually
weighed only during the last 3 d of each laying
period. In both trials, diets and clean drinking
water were offered ad libitum with 16 h light
per d.

Data Analysis

Performance and egg quality data were aver-
aged across the 6 laying periods in Experiment
1 and 5 production periods in Experiment 2. All
these data along with yolk fat, cholesterol, and
fatty acid concentrations were analyzed as one-
way ANOVA in both trials using the GLM proce-
dure. Treatment means were compared following
Duncan’s Multiple Range Test when probability
was less than 0.05 [29].

RESULTS AND DISCUSSION

Feedstuff Composition

The analyzed CP content of SFM, SBM, corn,
and barley were 51.5, 47.4, 7.35, and 11.9%,
respectively. The SFM used in this trial was
4% higher in CP content than SBM because of
the extensive de-hulling of the safflower seeds
[14]. Moreover, this SFM contained (% as is)
12.3 fat and 0.16 myristic acid (C14:0), 9.89
palmitic acid (C16:0), 3.25 stearic acid (C18:0),
0.48 arachidic acid (C20:0), 0.86 heneicosanoic
acid (C21:0), 0.14 palmitoleic acid (C16:1), 0.10
eliadic acid (C18:1, n-9t), 13.1 oleic acid (C18:1,
n-9c), 0.21 cis-11-eicosenoic acid (C20:1), 71.7
linoleic acid (C18:2, n-6c), 0.06 linolenic acid
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Table 2. Performance and egg production and quality of laying hens fed corn-de-hulled soybean meal (control),
corn-safflower meal (SFD), and lysine supplemented corn-safflower meal (SFDL) diets for 168 d in Experiment 1.

Variables Control SFD SFDL SEM1 P-value2

Body weight change (g) 69 112 96 27.9 0.5321
Daily feed intake (g) 106 106 106 1.19 0.2117
Egg production (%) 72.2 73.5 71.8 2.07 0.5392
Feed conversion (kg feed/doz eggs) 1.789 1.757 1.795 0.0579 0.7213
Feed conversion (kg feed/kg egg) 2.164 2.169 2.288 0.0753 0.5439
Egg weight (g) 68.9 67.9 67.7 0.89 0.5564
Egg mass (g/hen/d) 49.6 49.4 47.5 1.39 0.2367
Haugh unit score 88.0 89.4 87.6 2.21 0.9137
Specific gravity (g/cm3) 1.085 1.086 1.085 0.0009 0.5156
Shell thickness (mm) 0.370 0.368 0.365 0.0054 0.2536
Yolk color score 7.3b 8.2a 8.1a 0.12 0.0060

a,bLeast square means within the same row with different superscripts were significantly different (P < 0.05).
1Pooled standard error of the means.
2Overall treatment P-value.

(C18:3, n-3), and 0.02 cis-13,16-docosadienoic
acid (C22:2). The fat content in oil seed meals
depends on the processing method applied in oil
extraction. Because the SFM of this trial was
obtained through cold extrusion, its fat content
(12.3%) was much higher (11%) than that of the
solvent extracted SFM (1.3%) reported in NRC
[17]. The levels of oleic and linoleic acids in
the current SFM match well with those of the
SFM obtained from different varieties of saf-
flower seeds [30].

Hen Performance and Egg Quality

Change in body weight, daily feed intake,
feed conversion, egg production, egg weight, egg
mass, Haugh units, specific gravity, and shell
thickness of hens fed the SFD diet in Experi-
ment 1 were similar to those of the control diet
in which SBM was the major source of protein
(Table 2). Moreover, hen performance, egg pro-
duction, and exterior and interior (except for yolk
color) egg qualities of hens fed the SFDL diet,
in which the level of lysine was increased from
0.80% to 0.93% and sulfur-containing amino
acids met laying hen requirement [19] at 0.75%,
were similar to those fed the SFD and control di-
ets. The current findings on hens fed the SFD and
SFDL diets were different from those of Sohail
et al. [15] who found that laying hen feed con-
sumption and egg weight were increased when
a corn-SBM diet marginal to adequate in sulfur-
containing amino acids level was supplemented

with a mixture of lysine, isoleucine, threonine,
and tryptophan.

In contrast to the egg parameters measured,
yolk color of eggs produced by hens fed the
diet with SFM, without or with lysine fortifi-
cation, was higher (P < 0.01) than by the hens
fed the diet containing SBM as the major source
of protein. The current findings were different
from those of Petersen et al. [10] who found that
egg production was reduced with no change in
egg weight and yolk color when SFM replaced
SBM (44% CP) in a laying hen diet. That differ-
ence could be attributed to the fact that the SFM
used in the current study, as reported by Farran
et al. [14], contained less fiber and more CP than
the SFM used by Petersen et al. [10]. In Exper-
iment 2, body weight change, feed conversion,
egg production, egg weight, egg mass, Haugh
unit score, and specific gravity were not changed
when graded levels of SFM replaced SBM pro-
tein, whereas yolk color score was gradually in-
creased from 7.9 in the control diet to 9.0 at 100%
dietary SFM (Table 3). These differences are
started to be significant (P < 0.01) when the sub-
stitution level of SFM was equal or higher than
60% SBM protein in the control diet. Aziza et al.
[31] reported that yolk color score was decreased
when a corn-SBM diet was supplemented with
10% camelina and flaxseed meals with a con-
comitant decrease of 8.1% in corn grain level.
The coloring substances in the current SFM in-
gredient were not isolated and identified, thus
their concentration was not determined. It is not
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Table 3. Performance, egg production, and external and internal egg quality of laying hens fed a corn-soybean
meal (SBM) diet containing safflower meal (SFM) to replace 0 (control), 20, 40, 60, 80, and 100% SBM protein
for 140 d in Experiment 2.

% SBM protein substitution

Variables Control (0) 20 40 60 80 100 SEM1 P-value2

Body weight change (g) 93 92 117 123 48 84 32.0 0.6167
Daily feed intake (g) 112 112 112 117 109 111 2.16 0.3807
Egg production (%) 78.3 78.1 78.0 81.5 77.9 78.0 2.04 0.7291
Egg weight (g) 68.6 68.2 68.2 67.6 67.3 67.3 1.02 0.6465
Egg mass (g/hen/d) 53.2 53.0 53.0 54.4 52.1 52.1 1.40 0.4577
Feed conversion (kg feed/ kg egg) 2.114 2.129 2.096 2.101 2.110 2.118 0.0345 0.4554
Feed conversion (kg feed/12 eggs) 1.767 1.804 1.723 1.719 1.747 1.742 0.0412 0.8127
Specific gravity (g/cm3) 1.086 1.085 1.086 1.087 1.084 1.085 0.0021 0.4049
Haugh unit score 81.4 81.5 80.9 84.4 82.8 81.0 2.58 0.9818
Shell thickness (mm) 0.357 0.353 0.358 0.373 0.349 0.361 0.0098 0.1978
Yolk color 7.9c 8.2b,c 8.5a–c 8.8a,b 8.7a,b 9.0a 0.22 0.007
a–cLeast square means within the same row with different superscripts are significantly different.
1Pooled standard error of the means.
2Overall treatment P-value.

reasonable to believe that small differences in the
concentration of yellow corn (6% in Experiment
1 and between 3 to 5% in Experiment 2) could
have contributed alone to the significant increase
in yolk color score. On the other hand, pigments
such as xanthophyll, carotenoid, or flavonoid in
corn grain and SFM could have had a syner-
gistic effect on intensifying yolk color score in
the 2 experiments. Future investigations need to
identify SFM yolk coloring reagents and their
possible involvement in egg preservation during
storage [32].

The performance results of Experiment 2 con-
firm those obtained from Experiment 1 along
with the findings of Petersen et al. [10]. Saf-
flower meal has not gained the attention of poul-
try nutritionists worldwide; consequently, little
work on this feed ingredient has been reported in
the literature. Safflower seed, however, at a level
less than 7% in a laying hen diet did not reduce
egg production parameters [6]. In a parallel work
on a comparable oil-seed meal, layer production
performance was not changed when SBM was
substituted with sunflower meal at levels of 33,
66, and 100% [33]. Similarly, 10% hemp seed
in a 44% CP soybean meal-wheat-barley based
diet [34] or total substitution of SBM with hemp
kernel meal had no effect on hen performance
and egg quality parameters [35].

Although, SFM at substitution levels up to
100% of SBM protein in both trials had no detri-

mental effect on production performance and
egg quality parameters as indicated above, it
reduced egg weight by 1.2 g at a substitution
rate of 60 % and above (Tables 2 and 3). This
non-significant decrease in egg size could not
be alleviated with dietary lysine fortification in
Experiment 1 and can reduce, however, returns
on maximum profits [18]. Methionine is well
known to influence egg size, and it should have
been used to correct the reduction in egg size
in the current work, but this hypothesis was not
tested, as all diets in Experiment 1 contained
the same calculated amount of sulfur-containing
amino acids (Table 1). In a recent work, egg
weight was reduced by 1.0 g when a practical
diet was supplemented with 10% camelina meal
[31]. The supplementation of 10% flaxseed meal
in corn-SBM diet [31] and 20% hemp seed in a
44% CP soybean meal-wheat-barley diet [34]
increased egg weight by 1.7 and 4.3 g, respec-
tively. Linoleic acid (C18:2) has been known to
influence egg size. March and MacMillan [21]
revealed that hens fed a practical diet with in-
creased linoleic acid level, due to replacing tal-
low with safflower oil, tended to lay larger eggs.
However, linoleic acid may not be considered as
an egg size-reducing factor in the current study,
since the oil rich SFM in a dietary substitution
rate of SBM protein at 100% should contain a
concentration of linoleic acid sufficient to main-
tain egg size.
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Table 4. Egg yolk fat (% dry yolk), cholesterol (mg/g dry yolk), and fatty acid (% total fatty acids) concentrations1

of laying hens fed a corn-de-hulled soybean meal (control), corn-safflower meal (SFD), and lysine fortified
corn-safflower meal (SFDL) diets for 6 laying periods in Experiment 1.

Variables Control SFD SFDL SEM P-value2

Fat 52.3 52.2 52.3 1.03 0.9956
Cholesterol 11.5 11.9 11.4 0.64 0.8745

Saturated fatty acids
Myristic acid (C14:0) 0.42 0.38 0.37 0.027 0.3772
Pentadecanoic acid (C15:0) 0.07 0.04 0.05 0.007 0.1559
Palmitic acid (C16:0) 35.9 30.4 32.3 1.69 0.1086
Heptadecanoic acid (C17:0) 0.19 0.19 0.11 0.049 0.4334
Stearic acid (C18:0) 12.5 11.8 12.7 0.92 0.7927
Ecosanoic acid (C20:0) 0.06 0.07 0.06 0.024 0.9633
Tricosanoic acid (C23:0) 1.26 1.60 1.45 0.16 0.3412

Monounsaturated fatty acids
Myristoleic acid (C14:1) 0.05 0.06 0.08 0.041 0.8526
Palmitoleic acid (C16:1) 1.02 1.26 0.99 0.206 0.6068
Eliadic acid (C18:1n9t) 1.3 0.72 0.77 0.239 0.181
Oliec acid (C18:1n9c) 30.8 34.5 31.3 1.44 0.1804
Cis-11 Eicosenoic acid (C20:1) 0.20 0.20 0.21 0.058 0.9921

Polyunsaturated fatty acids
Linoleic acid (C18:2n6c) 11.2 15.8 15.5 1.84 0.1846
Cis-11,14-Eicosadienoic acid (C20:2) 4.18 2.13 3.63 0.700 0.1438
Linolenic acid (C18:3, n-3) 0.15 0.10 0.08 0.041 0.502
Gamma-Linolenic acid (C18:3, n-6) 0.06 0.09 0.09 0.027 0.6906
Cis-8,11,14-Eicosatrienoic acid (C20:3, n-6) 0.41 0.33 0.42 0.056 0.483
Cis-4,7,10,13,16,19-Docosahexaenoic acid (C22:6, n-3) 0.23 0.21 0.11 0.042 0.1548

1Least square means of 5 dry egg yolks per treatment collected in period 6.
2Overall treatment P-value.

Yolk Fat Composition

In both experiments, partial or total substi-
tution of SBM with SFM had no effect on egg
yolk fat and cholesterol concentrations (Tables 4
and 5). The overall averages of egg yolk and
cholesterol concentrations (in parentheses) were
52.3 (11.6) and 51.9% (10.9 mg/g DM) in ex-
periments 1 and 2, respectively. The yolk fat and
cholesterol levels are comparable to those ob-
tained from hens fed hemp seeds and meals of
hemp seeds or hemp meals [35]. The current re-
sults on yolk concentration of cholesterol were
1.3% lower than those of laying hens fed either a
corn-SBM-10% safflower seed diet [6] or wheat
grain based semi-purified diet [23]. Lysine forti-
fication had no effect on yolk fatty acid concen-
tration in the first experiment and saturated, mo-
nounsaturated, and polyunsaturated fatty acids
concentrations in yolk were comparable among
all treatments (Table 4). Similarly, the concentra-
tion of these fatty acids in Experiment 2 was not
affected by the dietary SFM inclusion rate and
all values were comparable to those of the con-

trol diet (Table 5). The current fatty acid results
are in agreement with those obtained by Shi et al.
[33] who substituted graded levels of sunflower
meal for SBM. In contrast to current findings, the
concentration of several saturated, monounsatu-
rated, and polyunsaturated fatty acids in egg yolk
were changed when eggs from hens fed a corn-
SBM (48% CP) diet were compared to those
from hens fed a diet containing 10% camelina
meal [31]. In that research linoleic (C18:2, n-
6) and linolenic (C18:3, n-3), were significantly
increased. On the other hand and except for the
decrease in dihomo-γ -linolenic acid (C20:3 n-
6) and arachidonic acid (C20:4 n-6) levels, feed-
ing laying hens diets supplemented with 10%
flax meal did not change the concentration of
fatty acids in the yolk of produced eggs [31].
Total ω-3 fatty acids concentration in yolk was
increased when hens were fed a corn oil sup-
plemented wheat-barley-SBM (44% CP) based
diet containing either 10 or 20% hemp seed [34].
However, our unpublished work on hemp showed
that feeding a corn-SBM (48% CP) diet con-
taining 13.5% hemp seed and 2.01% sunflower
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oil to laying hens had no effect on the level of
linolenic acid (C18-3, n-3) and Cis-4,7, 10, 16,
19-Docosahexaenoic acid (C22:6, n-3) in egg
yolk. These differences in yolk fatty acid compo-
sition could be partially attributed to the oil com-
position of the different feed ingredients used in
the previously mentioned works [23].

CONCLUSIONS AND
APPLICATIONS

1. The substitution of SFM for up to 100%
of the SBM in a practical diet had no sig-
nificant effects on bird performance and
egg quality, but increased yolk color score,
which can be a consumer preference.

2. The non-significant one g decrease in egg
weight resulting from feeding dietary SFM
at protein substitution levels equal to or
above 60% of the soybean protein could
not be corrected with extra lysine supple-
mentation.

3. Fat, cholesterol, and fatty acid levels in the
yolk were not affected by the substitution
of SFM for SBM.

4. Safflower meal is a by-product of a poten-
tial sustainable oil crop that can replace
40% of the soybean protein in least cost
layer rations.
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