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Abstract
This experiment evaluated the effects of dietary supplementation with different
levels of rubber seed cake on egg yolk fatty acid composition and cholesterol con-
tent in Hy-Line Brown laying hens. Seventy-two healthy 25-week-old Hy-Line
Brown laying hens were selected and randomly allocated into 6 groups with 4
replicates per group and 3 hens per replicate. The control group was fed a
basal diet, while diets for treatment groups I–V were supplemented with 5.00%,
10.00%, 15.00%, 20.00%, and 25.00% rubber seed cake, respectively. The exper-
imental period lasted 6 weeks. The results showed that dietary supplementation
with different levels of rubber seed cake had no significant effect on saturated
fatty acid (SFA) composition in egg yolk (P>0.05); however, the contents of
linoleic acid (LA), 𝛼-linolenic acid (ALA), eicosapentaenoic acid (EPA), and
docosahexaenoic acid (DHA) in egg yolk exhibited an increasing trend with in-
creasing dietary rubber seed cake levels, and the DHA content in egg yolk of each
treatment group differed significantly from that of the control group (P<0.05);
with increasing dietary rubber seed cake levels, the contents of polyunsaturated
fatty acids (PUFA), n-6 PUFA, and n-3 PUFA in egg yolk exhibited an increas-
ing trend, while the n-6/n-3 PUFA ratio exhibited a decreasing trend; there was
no significant difference in egg yolk cholesterol content between each treatment
group and the control group (P>0.05), but all treatment groups were lower
than the control group. It can be concluded that dietary supplementation with
different levels of rubber seed cake can achieve a lower n-6/n-3 PUFA ratio and
increase the contents of PUFA, n-6 PUFA, and n-3 PUFA in egg yolk.

chinarxiv.org/items/chinaxiv-201711.00872 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00872
https://chinarxiv.org/items/chinaxiv-201711.00872


Full Text
Effects of Dietary Rubberseed Cake on Fatty Acid Compo-
sition in Yolk of Laying Hens
**LU Qiongfen1, CHEN Peifu1*, CHAI Yan2, LI Qihua3**
(1. College of Animal Science and Technology, Yunnan Agricultural University,
Kunming 650201, China;
2. Mangshi Bureau of Science and Technology of Dehong State of Yunnan
Province, Dehong 678400, China;
3. Key Laboratory of Animal Nutrition and Feed, College of Animal Science
and Technology, Yunnan Agricultural University, Kunming 650201, China)

Abstract: This study evaluated the effects of supplementing different levels of
rubberseed cake in diets on the fatty acid composition and cholesterol content
of egg yolk in Hy-Line Brown laying hens. Seventy-two healthy 25-week-old
hens were randomly divided into 6 groups with 4 replicates per group and 3
hens per replicate. The control group received a basal diet, while experimental
groups I–V received the basal diet supplemented with 5.00%, 10.00%, 15.00%,
20.00%, and 25.00% rubberseed cake, respectively. The 6-week trial revealed
that dietary rubberseed cake levels had no significant effect on saturated fatty
acid (SFA) composition in yolk (P>0.05). However, yolk contents of linoleic
acid (LA), 𝛼-linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosa-
hexaenoic acid (DHA) increased with dietary rubberseed cake levels, with all
experimental groups showing significantly higher DHA content than the control
(P<0.05). Yolk polyunsaturated fatty acids (PUFA), n-6 PUFA, and n-3 PUFA
contents increased while the n-6/n-3 PUFA ratio decreased with higher dietary
rubberseed cake levels. Although cholesterol content did not differ significantly
between experimental and control groups (P>0.05), all experimental groups ex-
hibited lower values than the control. These findings demonstrate that dietary
rubberseed cake supplementation can reduce the n-6/n-3 PUFA ratio while en-
hancing PUFA, n-6 PUFA, and n-3 PUFA contents in egg yolk.
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Introduction
Rubberseed, the seed of the rubber tree (Hevea brasiliensis), represents a byprod-
uct of rubber cultivation. Fresh rubberseed consists of approximately one-third
shell with 25% moisture content, while the kernel is rich in oil with a composition
similar to linseed oil. Compared to soybean meal, solvent-extracted and mechan-
ically pressed rubberseed meals contain higher oil residues. The fatty acid profile
of rubberseed meal comprises 54.7% PUFA, 25.9% monounsaturated fatty acids
(MUFA), and 10.4% SFA, whereas linseed meal contains 67.9% PUFA, 16.4%
MUFA, and 9.7% SFA [1]. Rubberseed meal contains 25%–30% crude protein
with high levels of essential amino acids in balanced proportions, making it a
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high-quality natural tropical protein feed ingredient [2]. Rubberseed cake can
partially replace premium protein sources to supplement dietary energy and
protein. China currently has approximately 1.4 million acres of seed-bearing
rubber trees, yielding 30–45 kg of rubberseed per acre annually, for a national
production of 420,000–630,000 tons [3]. By 2008, Yunnan Province alone had
435,800 hectares of rubber plantations [4], with Xishuangbanna Huakun Biotech
Co., Ltd. processing over 10,000 tons of rubberseed annually to produce more
than 2,000 tons of rubberseed oil and 4,200 tons of rubberseed cake [5]. This
substantial resource base indicates significant development potential. At only
2,500 yuan per ton, rubberseed meal is far cheaper than soybean meal, and its
widespread adoption in animal feed would reduce regional livestock production
costs while providing a valuable supplement to conventional feed ingredients.

Previous research demonstrated that diets containing 8%–24% rubberseed cake
caused no clinical toxicity symptoms in broiler chickens, with normal liver func-
tion and no pathological changes in liver histology [6]. Another study found
that 5%–25% dietary rubberseed cake had no adverse effects on broiler growth,
survival rate, daily weight gain, or muscle chemical composition, though feed
intake and feed-to-gain ratio were higher than in the control group [7]. However,
limited research exists on rubberseed cake application in laying hens, focusing
primarily on production performance and egg quality [8]. It is well established
that modifying laying hen diets can alter egg fatty acid composition to increase
PUFA content, providing PUFA-enriched eggs for human consumption [9-10].
Studies have confirmed the feasibility of producing n-3 PUFA-enriched eggs
through dietary manipulation [11-14]. Given that rubberseed is rich in PUFA,
this study investigated the effects of different dietary rubberseed cake levels on
yolk fatty acid composition and cholesterol content to enhance the value-added
utilization of this feed resource.

1.1 Experimental Materials and Animals

Rubberseed cake for this experiment was provided by Xishuangbanna Huakun
Biotech Co., Ltd., with proximate nutrient composition shown in Table 1 .
Seventy-two healthy 21-week-old Hy-Line Brown laying hens were randomly
allocated to 6 groups with 4 replicates per group and 3 hens per replicate. The
control group received a basal diet, while experimental groups I–V received the
basal diet supplemented with 5.00%, 10.00%, 10.00%, 20.00%, and 25.00% rub-
berseed cake, respectively. Hens were maintained on their original diets for 3
weeks to ensure adaptation to the environment and stable laying rates across
groups before transitioning to experimental diets over 3 days to minimize stress
from dietary change. A 1-week pre-trial period preceded the 6-week formal trial
beginning at 25 weeks of age.
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1.2 Experimental Diets

Experimental diets were formulated according to the Feeding Standard of
Chicken (NY/T 33—2004) for laying hens, with equalized metabolizable energy
and nutrient levels across groups. All ingredients were purchased in a single
batch. Diet composition and nutrient levels are presented in Table 2 .

1.3 Animal Management

Hens were housed in the same building in cages (one hen per cage). The facil-
ity was disinfected and manure was removed according to standard procedures.
Windows were opened each morning before feeding and closed before lights-off
to maintain good air quality. Feed was provided daily at 07:00 and 16:00. Nat-
ural daylight was supplemented with artificial lighting to maintain a constant
16-hour photoperiod. Ad libitum water and feed access was provided. Eggs
were collected daily at 16:30, and house temperature was recorded.

1.4 Analytical Methods

1.4.1 Instruments The analysis utilized an HP-7890 gas chromatograph
(USA) equipped with an FID detector and HP INNOWAX capillary column
(30 m × 0.25 mm × 0.25 �m, temperature range 40–260°C with maximum pro-
grammed temperature of 270°C), using high-purity nitrogen as carrier gas and
mixed air with high-purity hydrogen as fuel. An HP-1100 high-performance
liquid chromatograph (HPLC) (USA) was used with an HP 20RBA×SB-C18
column (5 �m, 250 mm × 4.6 mm), mobile phase of acetonitrile-isopropanol (4:1)
filtered through 0.45 �m organic membrane, flow rate of 1.200 mL/min, column
temperature of 35.0°C, detection wavelength of 210 nm, and injection volume
of 10 �L. Additional equipment included an XW-80A vortex mixer, THZ-82
constant temperature oscillator, CP-214 electronic analytical balance, JI 80-2B
centrifuge, DL-180A ultrasonic cleaner, and HH SY21-Ni constant temperature
water bath.

1.4.2 Reagents Fatty acid methyl ester standards including methyl lau-
rate, myristate, palmitate, margarate, stearate, oleate, and arachidate were
purchased from AccuStandard (USA). Methyl esters of linoleic acid (LA),
𝛾-linolenic acid (GLA), 𝛼-linolenic acid (ALA), arachidonic acid (AA),
eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and cholesterol
standards were obtained from NU-CHEK PREP (USA). Routine reagents
including chromatography-grade acetonitrile, methanol, and isopropanol (USA),
as well as n-hexane, methanol, acetyl chloride, and potassium carbonate were
used.

1.4.3 Preparation of Standard and Reagent Solutions Standard stock
and working solutions were prepared by weighing 100 mg of each fatty acid
methyl ester standard, transferring to a 5 mL volumetric flask with multiple
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n-hexane washes, and diluting to volume to obtain stock solutions (20 mg/mL),
which were sealed and stored at -20°C. Working solutions at concentrations of
5.00, 2.50, 1.25, 0.50, and 0.25 mg/mL were prepared fresh. For cholesterol,
20.2 mg of standard was dissolved in anhydrous ethanol, transferred to a 25 mL
volumetric flask, and diluted to obtain a stock solution (1.008 mg/mL). Working
solutions at 0.1008, 0.2016, 0.4032, 0.6048, and 0.8064 mg/mL were prepared
and filtered through 0.45 �m organic membrane before HPLC injection.

1.5 Sample Collection

During weeks 4 and 6, eggs were collected on Fridays and Saturdays. Three
eggs per replicate were taken, yolks were separated from albumen, and three
yolks were pooled as one sample, mixed, and stored at -20°C for fatty acid
analysis. In week 6, four eggs per group were randomly selected for cholesterol
determination.

1.6 Sample Preparation

1.6.1 Fatty Acid Methyl Esterification Five grams of yolk sample were
freeze-dried for 48 hours. Exactly 0.5000 g of dried yolk was placed in a 20 mL
screw-cap tube, mixed with 2 mL n-hexane, and 3 mL of freshly prepared 5%
acetyl chloride (prepared by slowly adding 1 part acetyl chloride to 10 parts
anhydrous methanol) was added directly to the sample to prevent splashing.
The mixture was vortexed slowly for 1 minute, maintaining the reactant level
2–3 cm from the tube bottom, then heated in a 70°C water bath for 2 hours. If
solvent evaporated, 2 mL n-hexane was added after cooling to ensure complete
methylation. After cooling to room temperature, 5 mL of 6% K2CO3 solution
and 2 mL n-hexane were added to neutralize the sample. The mixture was
shaken at medium speed for 30 seconds and centrifuged at 1,500 rpm for 10
minutes. The upper organic phase (n-hexane) was transferred to a screw-cap
tube, dehydrated with 1 g anhydrous sodium sulfate, filtered through 0.45 �m
organic membrane, and stored for analysis.

1.6.2 Cholesterol Sample Preparation Eggs were broken and albumen
removed. Yolks were mixed in a beaker, and 5.0000 g of yolk was diluted
with distilled water to 50 mL to obtain a 0.1 g/mL solution. One milliliter
of this dilution was transferred to a screw-cap tube, mixed with 1 mL 95%
ethanol by vortexing to prevent flocculent precipitation, then extracted with
2.5 mL ether (shaken 30 seconds) followed by 2.5 mL petroleum ether (fully
oscillated). After 30 minutes of layer separation, the upper organic phase was
transferred to another tube. The extraction was repeated once more, and the
combined extracts were evaporated to dryness under nitrogen at 40°C. The
residue was dissolved in 2.0 mL anhydrous ethanol, filtered through 0.45 �m
organic membrane, and analyzed by HPLC.
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1.7 Analytical Procedures

1.7.1 Yolk Fatty Acid Determination and Calculation Yolk fatty acids
were determined using a modified method of Sukhija et al. [15]. The HP-7890
gas chromatograph (USA) operating conditions were: HP INNOWAX column
(30 m × 0.25 mm × 0.25 �m) with nitrogen carrier gas; constant column flow
plus makeup gas at 23.371 mL/min, hydrogen flow 40 mL/min, air flow 400
mL/min; injector temperature 220°C with splitless injection of 2 �L, pressure
433.87 Pa, septum purge flow 3 mL/min; FID detector temperature 280°C. Tem-
perature program: 100°C held for 1 minute, ramped at 15°C/min to 200°C (held
5 minutes), then at 4°C/min to 250°C (held 10 minutes), total time 35.167 min-
utes. Identification was based on retention time and quantification by external
standard method. Standard curves were constructed with peak area (y) versus
fatty acid methyl ester concentration (x). Linear equations for each fatty acid
methyl ester had correlation coefficients: methyl laurate (R2=0.9992), myris-
tate (R2=0.9994), palmitate (R2=0.9991), margarate (R2=0.9993), stearate
(R2=0.9994), oleate (R2=0.9982), LA (R2=0.9990), GLA (R2=0.9992), ALA
(R2=0.9993), arachidate (R2=0.9998), AA (R2=0.9992), EPA (R2=0.9991), and
DHA (R2=0.9998).

1.7.2 Chromatograms The mixed standard fatty acid methyl esters eluted
in order: methyl laurate (6.439 min), myristate (7.474 min), palmitate (9.275
min), margarate (11.804 min), stearate (13.538 min), oleate (15.581 min), LA
(16.912 min), GLA (17.560 min), ALA (18.227 min), arachidate (19.773 min),
AA (22.152 min), EPA (23.486 min), and DHA (28.607 min) [Figure 1: see
original paper]. The yolk sample chromatogram is shown in Figure 2 [Figure 2:
see original paper].

1.7.3 Yolk Cholesterol Determination and Calculation Cholesterol was
determined by HPLC using the method of Yang et al. [16]. Identification was
based on retention time and quantification by external standard method. A
standard curve was constructed with peak area (y) versus cholesterol concentra-
tion (x) [Figure 3: see original paper].

1.7.4 Fatty Acid Composition of Rubberseed Cake and Experimental
Diets The fatty acid composition of rubberseed cake and experimental diets
is presented in Table 3 .

1.8 Statistical Analysis

Data were analyzed using SPSS 17.0 software by one-way ANOVA followed
by Duncan’s multiple comparison test. Significance was declared at P<0.05.
Results are expressed as means ± standard deviation.
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Results
2.1 Effects of Dietary Rubberseed Cake Levels on Yolk Fatty Acid
Composition

As shown in Table 4 , at week 4, yolk lauric acid content in group I was
significantly different from the control (P<0.05), while other experimental
groups showed no significant differences (P>0.05). No significant differences
were observed between experimental and control groups for myristic, palmitic,
margaric, or arachidic acids (P>0.05). Stearic acid content in groups III, IV,
and V differed significantly from the control (P<0.05), while groups I and II
did not (P>0.05). Overall, dietary rubberseed cake levels had no significant
effect on SFA deposition in yolk (P>0.05). Oleic acid content in groups III,
IV, and V differed significantly from the control (P<0.05), while groups I
and II did not (P>0.05). LA content in groups IV and V was significantly
higher than the control (P<0.05) and showed a positive correlation with
dietary rubberseed cake level: y=0.2624x+17.3760, R2=0.938 (P=0.006). No
significant differences were observed for GLA content (P>0.05). ALA content
in all experimental groups differed significantly from the control (P<0.05)
and correlated positively with dietary level: y=0.0660x+0.3995, R2=0.992
(P<0.001). AA content in group I differed significantly from the control
(P<0.05), while other groups did not (P>0.05). EPA content in groups III,
IV, and V differed significantly from the control (P<0.05) and increased
with dietary level: y=0.0020x+0.1079, R2=0.873 (P=0.023). DHA content
in all experimental groups differed significantly from the control (P<0.05)
and increased with dietary level: y=0.0911x+1.4984, R2=0.983 (P<0.001).
SFA and MUFA contents showed no significant changes (P>0.05), though
group III had slightly higher values. PUFA, n-6 PUFA, and n-3 PUFA con-
tents increased with dietary level: y=0.4237x+22.7380, R2=0.957 (P=0.030);
y=0.2646x+20.7320, R2=0.917 (P=0.010); and y=0.1591x+2.0054, R2=0.989
(P<0.001), respectively. The n-6/n-3 PUFA ratio decreased and correlated
negatively with dietary level: y=-0.2430x+9.7929, R2=0.882 (P=0.002).

As shown in Table 5 , at week 6, no significant differences were observed between
experimental and control groups for lauric, myristic, palmitic, or arachidic
acids (P>0.05). Margaric acid content in group I differed significantly from the
control (P<0.05), while other groups did not (P>0.05). Stearic acid content in
group II differed significantly from the control (P<0.05), while other groups
did not (P>0.05). Overall, dietary rubberseed cake levels had no significant
effect on SFA deposition (P>0.05). Oleic acid content in group I differed
significantly from the control (P<0.05), while other groups did not (P>0.05).
LA content in all experimental groups differed significantly from the control
(P<0.05) and increased with dietary level: y=0.3105x+23.5980, R2=0.924
(P=0.008). No significant differences were observed for GLA content (P>0.05).
ALA content in groups II–V differed significantly from the control (P<0.05)
and increased with dietary level: y=0.0769x+0.5870, R2=0.993 (P<0.001). AA
content in group V differed significantly from the control (P<0.05), while other
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groups did not (P>0.05), and all experimental groups had lower AA content
than the control. EPA content showed no significant differences (P>0.05)
but increased with dietary level: y=0.0013x+0.1309, R2=0.891 (P=0.017).
DHA content in all experimental groups differed significantly from the control
(P<0.05) and increased with dietary level: y=0.0963x+1.8018, R2=0.986
(P<0.001). SFA and MUFA contents showed no significant changes (P>0.05),
though MUFA content in all experimental groups was higher than the control.
PUFA, n-6 PUFA, and n-3 PUFA contents increased with dietary level:
y=0.4701x+30.4520, R2=0.953 (P=0.003); y=0.2956x+27.9320, R2=0.911
(P=0.011); and y=0.1745x+2.5197, R2=0.991 (P<0.001), respectively. The
n-6/n-3 PUFA ratio decreased and correlated negatively with dietary level:
y=-0.2502x+10.5670, R2=0.904 (P=0.013).

2.2 Effects of Dietary Rubberseed Cake Levels on Yolk Cholesterol
Content

As shown in Table 6 , no significant differences were observed in yolk cholesterol
content between experimental and control groups (P>0.05). However, whole
egg cholesterol content was lower in all experimental groups than in the control
(P>0.05), with group IV showing the lowest value.

Discussion
This study demonstrated that increasing dietary levels of rubberseed cake, which
is rich in LA and ALA, resulted in increased yolk contents of LA, ALA, EPA,
and DHA, along with elevated PUFA, n-6 PUFA, and n-3 PUFA levels, while
decreasing the n-6/n-3 PUFA ratio. Whitehead [17] reported that dietary fatty
acid composition influences yolk fatty acid deposition and composition. Since
yolk PUFA and other lipid components reflect dietary content, increasing di-
etary PUFA enhances their deposition in eggs [18-21]. Bruneel et al. [22] found
that dietary microalgae supplementation significantly increased yolk n-3 PUFA
content, producing DHA-enriched eggs. Similarly, supplementing diets with
ALA-rich sources such as flaxseed and perilla seed increased yolk n-3 PUFA
deposition [23-24], consistent with our findings. Dietary n-3 PUFA significantly
increases total yolk PUFA content, promotes n-3 PUFA enrichment, and reduces
n-6 PUFA content and the n-6/n-3 PUFA ratio [25-26]. In this study, dietary
rubberseed cake increased yolk n-6 PUFA content, primarily due to significantly
elevated LA (an n-6 PUFA), consistent with Wu et al. [20]. Pardio et al. [27]
reported that n-3 PUFA-rich feed ingredients competitively inhibit AA deposi-
tion while increasing n-3 PUFA content and reducing the n-6/n-3 PUFA ratio,
which our study confirmed.

All experimental groups showed lower AA content than the control (except
group IV at week 4), likely due to altered LA:ALA ratios in the diet. Cherian
et al. [28] reported that ALA-rich diets reduce egg AA content, while Jiang et
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al. [13] suggested that ALA inhibits AA synthesis in hens fed ALA-containing
diets. This may occur because linolenic acid and its metabolites can inhibit
AA generation and metabolism or displace AA from phospholipids [29], with
LA and ALA competing for the same Δ6 and Δ5 desaturase enzymes during
carbon chain elongation [30]. Therefore, increased dietary ALA may reduce AA
metabolism and deposition [31].

Margaric acid was the most abundant SFA in yolk. Palmitic acid has two
metabolic fates: carbon chain elongation to stearic acid or desaturation to palmi-
toleic acid [31]. Studies on n-3 PUFA-rich ingredients report varying effects on
egg SFA content. Caston and Leeson [32] found that dietary flaxseed or fish oil
had no significant effect on palmitic acid content, whereas Marshall et al. [33] re-
ported significantly reduced palmitic acid in eggs from hens fed 1.5% menhaden
oil. Sims et al. [34] noted that unsaturated fatty acids in the liver inhibit fatty
acid synthesis more than SFA. Reduced palmitic acid content may relate to de-
creased fat synthesis from increased dietary unsaturated fatty acids [31]. Li et
al. [35] fed rubberseed oil to macaques and observed significantly reduced SFA
(primarily palmitic acid) and increased unsaturated fatty acids, particularly LA
with slight ALA increases. Our finding that dietary rubberseed cake had no
significant effect on yolk palmitic acid content aligns with Caston et al. [32].

Yolk PUFA content increased with dietary rubberseed cake levels, while MUFA
and SFA contents remained relatively unchanged, and cholesterol content
showed no significant differences from the control. These results reflect both
the fatty acid deposition characteristics of laying hens and the fatty acid
composition of rubberseed cake, indicating that yolk fatty acid composition
is primarily influenced by dietary PUFA content. Wang [36] reported that
dietary flaxseed significantly increased yolk PUFA while reducing MUFA and
SFA. Lu et al. [37] found that milk thistle oil significantly increased total SFA
and reduced total PUFA compared to soybean oil, though not significantly
different from the control diet, while significantly increasing ALA and DHA.
Gul et al. [38] reported that 2.0%, 4.0%, and 6.0% dietary canola oil reduced
yolk PUFA, significantly increased MUFA, and elevated cholesterol content,
with similar results reported by Hoan et al. [39] for sesame oil supplementation
at 1.5%, 3.0%, and 4.5%.

Conclusions
1. Dietary supplementation with 5%–25% rubberseed cake had no significant

effect on yolk SFA composition, but yolk LA, ALA, EPA, and DHA con-
tents increased with dietary rubberseed cake levels, with all experimental
groups showing significantly higher DHA content than the control.

2. Different dietary rubberseed cake levels can achieve a lower n-6/n-3 PUFA
ratio while increasing yolk PUFA, n-6 PUFA, and n-3 PUFA contents.
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