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Abstract
This experiment aimed to investigate the effects of dietary choline and
Schizochytrium oil (SO) on egg yolk lipids and docosahexaenoic acid (DHA)
enrichment. A total of 288 Jinghong laying hens aged 26 weeks were selected
and divided into 4 groups (6 replicates per group, 12 hens per replicate). A 2×2
factorial design was adopted, with dietary choline (500 and 1000 mg/kg) and
SO (0 and 0.5%) as two main factors, and 4 isonitrogenous and isoenergetic
diets were formulated. The pre-trial period was 1 week, and the formal trial
period was 8 weeks. The results showed: 1) During the experimental period,
there were no significant differences in production performance and egg quality
among all groups (P>0.05). 2) There were no significant differences in yolk
dry matter, crude fat, cholesterol, and triglyceride contents among all groups
(P>0.05). The total phospholipid content in yolk of the 1000 mg/kg choline
group was significantly higher than that of the 500 mg/kg choline group
(P<0.05). Choline and SO had a significant interaction effect on yolk total
phospholipid content (P ＝ 0.04), with the highest total phospholipid content in
the 1000 mg/kg choline + 0.5% SO group. 3) 0.5% SO significantly increased
yolk n-3 polyunsaturated fatty acids (PUFA) and DHA contents (P<0.05),
and significantly decreased n-6 PUFA content and n-6 PUFA/n-3 PUFA ratio
(P<0.05). Choline and SO had significant interaction effects on yolk n-3
PUFA (P<0.001), n-6 PUFA (P=0.01), DHA contents (P<0.001), and n-6
PUFA/n-3 PUFA ratio (P ＝ 0.01). The 1000 mg/kg choline + 0.5% SO group
had significantly higher yolk n-3 PUFA and DHA contents than other groups
(P<0.05), and significantly lower n-6 PUFA content and n-6 PUFA/n-3 PUFA
ratio than other groups (P<0.05). In conclusion, under the conditions of this
experiment, the combined supplementation of 1000 mg/kg choline and 0.5%
SO in the diet promoted DHA enrichment in egg yolk without significantly
affecting laying hen production performance and egg quality.
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Abstract

This study investigated the effects of dietary choline and Schizochytrium oil
(SO) on lipid composition and docosahexaenoic acid (DHA) enrichment in egg
yolk. Two hundred eighty-eight 26-week-old Jinghong laying hens were ran-
domly allocated to 4 groups (6 replicates per group, 12 birds per replicate) in
a 2×2 factorial design. The two main factors were dietary choline supplemen-
tation (500 and 1,000 mg/kg) and SO supplementation (0 and 0.5%), resulting
in four isonitrogenous and isocaloric diets. The experiment consisted of a 1-
week adaptation period followed by an 8-week feeding trial. The results showed:
(1) No significant differences were observed in production performance or egg
quality among all groups during the experimental period (P>0.05). (2) Yolk
contents of dry matter, crude fat, cholesterol, and triglycerides did not differ
significantly among groups (P>0.05). The total phospholipid content in yolk
was significantly higher in the 1,000 mg/kg choline group compared with the
500 mg/kg choline group (P<0.05). A significant interaction between choline
and SO was detected for yolk total phospholipid content (P=0.04), with the
1,000 mg/kg choline + 0.5% SO group showing the highest value. (3) Dietary
supplementation with 0.5% SO significantly increased yolk n-3 polyunsaturated
fatty acids (PUFA) and DHA contents (P<0.05) while significantly decreasing
n-6 PUFA content and the n-6 PUFA/n-3 PUFA ratio (P<0.05). Significant in-
teractions between choline and SO were observed for yolk n-3 PUFA (P<0.001),
n-6 PUFA (P=0.01), DHA (P<0.001) contents, and the n-6 PUFA/n-3 PUFA
ratio (P=0.01). The 1,000 mg/kg choline + 0.5% SO group exhibited signifi-
cantly higher n-3 PUFA and DHA contents and significantly lower n-6 PUFA
content and n-6 PUFA/n-3 PUFA ratio compared with other groups (P<0.05).
In conclusion, combined supplementation of 1,000 mg/kg choline and 0.5% SO
in the diet promoted DHA enrichment in egg yolk without adversely affecting
laying hen performance or egg quality under the experimental conditions.
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Docosahexaenoic acid (DHA, C22:6 n-3) is an n-3 long-chain polyunsaturated
fatty acid (PUFA) that promotes brain and retinal development in infants, but
cannot be synthesized by humans and must be obtained through dietary sources.
Therefore, increasing DHA content in foods is of great significance. The fatty
acid composition of egg yolk is highly susceptible to dietary fatty acid com-
position, and supplementing diets with n-3 PUFA can increase DHA content
in eggs. Schizochytrium is a DHA-rich microalga, and previous studies have
shown that dietary Schizochytrium powder significantly increases yolk DHA
content. However, while yolk DHA content increases with higher supplementa-
tion levels, the enrichment efficiency of DHA in eggs decreases linearly, which
is one reason for the high cost of DHA-enriched eggs. Since DHA primarily
exists in yolk phospholipids, and the reaction binding DHA to phospholipids
to form phospholipid-type DHA (DHA-PL) is reversible, more phospholipids
are required to maintain an appropriate molar ratio when DHA content in-
creases, thereby generating more DHA-PL. Dietary choline supplementation
has been shown to significantly increase yolk lecithin content. However, no
studies have reported whether combined supplementation of dietary choline and
Schizochytrium oil promotes DHA enrichment in egg yolk. Therefore, this ex-
periment was conducted to explore the potential synergistic effects of choline
and Schizochytrium oil on DHA enrichment in egg yolk of peak-laying hens, aim-
ing to provide insights and experimental evidence for efficient and economical
production of DHA-enriched eggs.

1.1 Experimental Design and Diets

A 2×2 factorial design was employed (Table 1 ), with dietary choline (500 and
1,000 mg/kg) and Schizochytrium oil (0 and 0.5%) as the two main factors,
resulting in four experimental diets: 500 mg/kg choline (Group 1), 1,000 mg/kg
choline (Group 2), 500 mg/kg choline + 0.5% Schizochytrium oil (Group 3), and
1,000 mg/kg choline + 0.5% Schizochytrium oil (Group 4). Schizochytrium oil
was purchased from Xiamen Kingdomway Group Co., Ltd., containing 66.3%
DHA of total fatty acids (measured value). Choline (choline chloride, 99.3%) was
obtained from Hangzhou Haierxi Animal Science and Technology Co., Ltd. Two
hundred eighty-eight healthy Jinghong-1 laying hens at 26 weeks of age with
similar body weight and initial laying rate were randomly divided into 4 groups
with 6 replicates of 12 birds each.

The measured gross energy of Schizochytrium oil was 37.63 MJ/kg. Based on the
metabolizable energy calculation formula for laying hens from NRC (2012), the
metabolizable energy of Schizochytrium oil was determined to be 27.28 MJ/kg.
All experimental diets were formulated to be isonitrogenous (16.60% crude pro-
tein) and isocaloric (11.15 MJ/kg metabolizable energy), with nutrient levels
referenced to NRC (1994) and the Chinese Feeding Standard of Chickens (NY/T
33—2004), combined with the Jinghong laying hen feeding manual. Choline or
Schizochytrium oil was added to the basal diet according to the experimental
design. All diets were supplemented with 100 mg vitamin E, 50 mg tea polyphe-
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nols, and 100 mg ethoxyquin per kg as antioxidants to prevent Schizochytrium
oil oxidation.

All diets were sampled using a multi-point sampling method, with 500 g of each
diet stored at 4°C for analysis. Crude protein content in experimental diets
was determined according to GB/T 6432—1994, calcium (Ca) content according
to GB/T 13885—2003, and methionine (Met), lysine (Lys), and methionine +
cysteine (Met+Cys) contents according to GB/T 18246—2000. Diet composition
and nutrient levels are presented in Table 2 , and dietary fatty acid composition
is shown in Table 3 .

Table 1 Experimental design

Groups Choline (mg/kg) Schizochytrium oil (%)
1 500 0
2 1,000 0
3 500 0.5
4 1,000 0.5

Table 2 Composition and nutrient levels of experimental diets (air-dry basis)
%

Items Groups
Ingredients
Corn
Soybean meal
Schizochytrium oil
Choline
Limestone
CaHPO�
Premix¹
DL-Met
Zeolite powder
Total
Nutrient levels²
ME (MJ/kg)
CP
Ca
AP
Lys
Met
Met+Cys

¹The premix provided the following per kg of diets: VA 12,500 IU, VD� 425 IU,
VE 115 IU, VK 2 mg, VB� 0.98 mg, VB� 8.5 mg, VB� 8 mg, D-pantothenic acid
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50 mg, niacin 32.5 mg, biotin 2 mg, folic acid 5 mg, VB�� 5 mg, Cu (as copper
sulfate) 8 mg, I (as potassium iodide) 1 mg, Fe (as ferrous sulfate) 60 mg, Se (as
sodium selenite) 0.3 mg, Mn (as manganese sulfate) 65 mg, Zn (as zinc sulfate)
66 mg, phytase 500 mg, yeast culture 10 g, tea polyphenols 50 mg, ethoxyquin
100 mg.

²ME and AP were calculated values, while the others were measured values.

Table 3 Fatty acid composition of experimental diets (DM basis) mg/g

Items Groups
C10:0
C12:0
C14:0
C15:0
C16:0
C16:1
C17:0
C18:0
C18:1 n-9c
C18:2 n-6c
C18:3 n-3
C20:0
C20:1
C21:0
C20:2
C20:3 n-6
C20:4 n-6
C20:5 n-3
C22:0
C22:1 n-9
C23:0
C24:0
C22:6 n-3
C24:1
SFA
PUFA
n-3 PUFA
n-6 PUFA
n-6 PUFA/n-3 PUFA

1.2 Animal Management

During the experimental period, specialized personnel managed and fed the
laying hens. Birds were housed in 3-tier step cages (57 cm × 47 cm × 47 cm
per cage) at a stocking density of 3 hens per cage, with free access to feed and
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water. The lighting cycle was 16 h light:8 h dark with an intensity of 20 lx.
House temperature was maintained at (21±2)°C with relative humidity of 50%–
60%. Ventilation consisted of natural ventilation combined with longitudinal
negative pressure ventilation. The house was disinfected with chickens present
every 3 days and cleaned daily using an automatic manure removal system twice
per day. Conventional vaccination protocols were followed throughout the trial
period. Feed was provided three times daily (07:30, 12:30, and 17:30), and eggs
were collected once daily. The trial included a 1-week pre-period and an 8-week
formal experimental period.

1.3.1 Production Performance

The health status of hens in each group was monitored daily. Total egg weight
and number of eggs, including soft-shelled and abnormal eggs (various deformi-
ties, oversized or undersized eggs), were recorded daily by replicate for calculat-
ing average egg weight (excluding soft-shelled and abnormal eggs). Feed intake
was measured every 2 weeks. Laying rate, daily egg mass, average egg weight,
average daily feed intake, and feed conversion ratio were calculated during the
formal experimental period.

1.3.2 Egg Internal Quality and Yolk Ratio

At the end of week 8 of the feeding trial, three eggs closest to the average
egg weight of each replicate were selected to determine egg quality parameters
including yolk color, albumen height, and Haugh unit. Yolk color, albumen
height, and Haugh unit were measured using a SONOVA egg quality automatic
analyzer (Orka food technology Ltd, Ramat Hasharon, Israel). Egg weight was
measured using an electronic balance, yolk was separated and weighed, and yolk
ratio was calculated.

1.3.3 Yolk Lipid Composition

At the end of week 8, three eggs closest to the average egg weight of each
replicate were collected. Yolks were separated, weighed, mixed thoroughly, and
stored at -20°C. Yolk samples were vacuum freeze-dried for 72 h and reweighed.
Yolk dry matter (%) was calculated as 100 × weight after freeze-drying (g) /
weight before freeze-drying (g). Freeze-dried yolk was carefully ground, passed
through a 40-mesh sieve, and stored at 4°C.

Yolk crude fat content was analyzed using the Folch method and expressed as
percentage of yolk dry matter. Cholesterol and triglyceride contents in yolk dry
matter were determined using assay kits from Nanjing Jiancheng Bioengineering
Institute according to the manufacturer’s instructions.

Total phospholipid content in yolk was determined using the method of Palacios
et al. with slight modifications. Briefly, 7 g of freeze-dried yolk powder was ex-
tracted with 50 mL of 95% ethanol until completely dispersed, then centrifuged
at 2,000 r/min for 5 min. The extract was separated using a separatory funnel
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and extracted twice with 30 mL n-hexane. The extracted liquid was combined
in the separatory funnel. The precipitate was extracted twice with 30 mL of
95% ethanol, and these extracts were also added to the separatory funnel. After
gentle shaking and 1 h standing for layer separation, the ethanol phase was re-
moved. The n-hexane phase was mixed with 50 mL of 90% ethanol, allowed to
separate, and the bottom n-hexane layer was collected. Ethanol in the previous
ethanol phase was evaporated, and the lipids were dissolved in 30 mL n-hexane,
transferred to a separatory funnel, mixed with 100 mL of -20°C acetone, and
carefully stirred to precipitate total phospholipids. After centrifugation at 1,500
r/min for 15 min at 5°C, the supernatant was decanted, and the remaining liquid
was rotary evaporated, leaving the total phospholipids as solid residue.

1.3.4 Fatty Acid Composition of Diets and Yolk

For fatty acid analysis, (90±10) mg of freeze-dried yolk powder [(0.30±0.01)
g for diets] was transferred to a 15-mL screw-cap tube. One milliliter of n-
hexane, 1 mL internal standard solution (1 mg/mL methyl undecanoate in n-
hexane), and 4 mL of methanol:acetyl chloride mixture (10:1, v/v) were added
sequentially. After mixing, samples were methylated in an 80°C water bath for 3
h. Following methylation, samples were cooled to room temperature, and 5 mL
of 7% potassium carbonate solution was added slowly. After vortex mixing and
centrifugation at 4,000 r/min for 5 min, 1.2 mL of the upper organic phase was
collected for analysis. Fatty acid methyl esters were analyzed using a GC-450
gas chromatograph (Techcomp Scientific Instrument Co., Ltd.) equipped with
an Agilent DB-23 column (60 m × 250 �m × 0.25 �m). Helium was used as
carrier gas at a constant flow rate of 1.00 mL/min. Detector temperature was
280°C, injector temperature 270°C. The temperature program started at 100°C
for 5 min, then increased at 4°C/min to 240°C (held for 30 min). Injection
volume was 1.0 µL. n-Hexane was used as cleaning solvent with three washes
before and after each injection.

1.4 Statistical Analysis

Data were expressed as means. All data were organized using Excel and analyzed
using the General Linear Model (GLM) procedure in SPSS 23.0 software for
2×2 factorial analysis. Main effects of choline level and Schizochytrium oil level
and their interaction were analyzed by multivariate analysis of variance. When
significant interactions were detected, Duncan’s multiple comparison test was
used. Significance was declared at P<0.05.

2.1 Effects of Dietary Choline and Schizochytrium Oil on Performance
of Laying Hens During Peak Production

As shown in Table 4 , dietary supplementation with choline and Schizochytrium
oil had no significant effects on production performance of laying hens during
peak production (P>0.05). Daily egg mass in Group 3 was slightly lower than
other groups, but the difference was not significant (P>0.05). Average egg

chinarxiv.org/items/chinaxiv-201711.00761 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00761


weight in groups supplemented with 1,000 mg/kg choline was higher than those
supplemented with 500 mg/kg choline, but the difference was not significant
(P>0.05).

Table 4 Effects of dietary choline and Schizochytrium oil on performance of
laying hens during peak production

Items Groups Choline (mg/kg) Schizochytrium oil (%) P-value
Choline

AEW/g
DEM/g
AER/%
ADFI/g

Means within the same column with different small letter superscripts differ
significantly (P<0.05). The same applies to the following tables.

2.2 Effects of Dietary Choline and Schizochytrium Oil on Egg Quality

As shown in Table 5 , dietary choline and Schizochytrium oil had no significant
effects on albumen height or Haugh unit (P>0.05). Dietary supplementation
with 0.5% Schizochytrium oil tended to increase yolk color, but the difference
was not significant (P>0.05). No significant effects were observed on yolk ratio
(P>0.05). In conclusion, dietary choline and Schizochytrium oil had no signifi-
cant effects on egg internal quality under the experimental conditions.

Table 5 Effects of dietary choline and Schizochytrium oil on egg quality

Items Groups Choline (mg/kg) Schizochytrium oil (%) P-value
Choline

Thick albumen height/mm
Haugh unit
Yolk color
Yolk percent/%

2.3 Effects of Dietary Choline and Schizochytrium Oil on Yolk Lipid
Composition

As shown in Table 6 , dietary choline and Schizochytrium oil had no significant ef-
fects on yolk dry matter, crude fat, cholesterol, or triglyceride contents (P>0.05).
Dietary supplementation with 0.5% Schizochytrium oil tended to increase yolk
dry matter content (P=0.08). Groups supplemented with 0.5% Schizochytrium
oil showed increased crude fat and triglyceride contents and decreased choles-
terol content, but differences were not significant (P>0.05). Compared with 500
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mg/kg choline supplementation, 1,000 mg/kg choline significantly increased to-
tal phospholipid content in yolk (P<0.05). Groups 2 and 4 had significantly
higher yolk total phospholipid content than Groups 1 and 3 (P<0.05). In sum-
mary, dietary supplementation with 1,000 mg/kg choline significantly increased
total phospholipid content in egg yolk.

Table 6 Effects of dietary choline and Schizochytrium oil on lipid composition
in yolk (DM basis)

ItemsGroups
Choline
(mg/kg)

Schizochytrium
oil (%)

Dry
mat-
ter/%

Crude
fat
(mg/g)

Cholesterol
(mg/g)

Triglyceride
(mg/g)

Phospholipid
(mg/g)
202.90b
217.14a
206.56b
219.05a

P-
value
Choline 204.73b
Schizochytrium
oil

218.10a

Choline
×
Schizochytrium
oil

¹Calculated by dry matter in yolk.

2.4 Effects of Dietary Choline and Schizochytrium Oil on Yolk Fatty
Acid Composition

As shown in Table 7 , dietary choline and Schizochytrium oil had no signifi-
cant effects on saturated fatty acids or total PUFA content in yolk (P>0.05).
Dietary choline level significantly affected yolk n-3 PUFA, DHA content, and
n-6 PUFA/n-3 PUFA ratio (P<0.05). Compared with the 500 mg/kg choline
group, the 1,000 mg/kg choline group showed significantly higher n-3 PUFA
and DHA contents (P<0.05) and significantly lower n-6 PUFA/n-3 PUFA ra-
tio (P<0.05). Dietary Schizochytrium oil level significantly affected yolk n-3
PUFA, n-6 PUFA, DHA contents, and n-6 PUFA/n-3 PUFA ratio (P<0.05).
Compared with the non-supplemented group, 0.5% Schizochytrium oil signifi-
cantly increased yolk n-3 PUFA and DHA contents (P<0.05) and significantly
decreased n-6 PUFA content and n-6 PUFA/n-3 PUFA ratio (P<0.05). Sig-
nificant interactions between choline and Schizochytrium oil were observed for
yolk n-3 PUFA, n-6 PUFA, DHA contents, and n-6 PUFA/n-3 PUFA ratio
(P<0.05). Group 4 showed significantly higher n-3 PUFA and DHA contents
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than all other groups (P<0.05). Compared with Group 3, Group 4 exhibited
15.20% and 14.58% increases in yolk n-3 PUFA and DHA contents, respectively
(P<0.05). In summary, dietary supplementation with 0.5% Schizochytrium oil
significantly increased yolk n-3 PUFA and DHA contents while decreasing n-6
PUFA content and n-6 PUFA/n-3 PUFA ratio. Adding 1,000 mg/kg choline
simultaneously with 0.5% Schizochytrium oil promoted DHA deposition in egg
yolk.

Table 7 Effects of dietary choline and Schizochytrium oil on yolk fatty acid
composition (DM basis)

Items Groups
Choline
(mg/kg)

Schizochytrium
oil (%)

n-3
PUFA
(mg/g)

n-6
PUFA
(mg/g)

n-6
PUFA/n-
3 PUFA

DHA
(mg/g)

9.41c 111.49a 11.86a 5.65c
9.70c 112.42a 11.57a 6.06c
22.90b 98.71b 4.28b 19.89b
26.38a 96.78c 3.68c 22.79a
16.15b 8.07a 12.77b
18.04a 7.63b 14.42a

P-
value

<0.001 <0.001 <0.001 <0.001

Choline <0.001 <0.001 <0.001 <0.001
Schizochytrium
oil

<0.001 <0.001 <0.001 <0.001

Choline
×
Schizochytrium
oil

<0.001 <0.001 <0.001 <0.001

3.1 Effects of Dietary Choline and Schizochytrium Oil on Performance
and Egg Quality of Peak-Laying Hens

Previous studies have shown that dietary supplementation with 1,000 mg/kg
choline had no significant effects on laying rate, average daily feed intake, av-
erage egg weight, or feed conversion ratio. Additionally, dietary supplementa-
tion with 2% Schizochytrium powder (providing slightly more DHA than 0.5%
Schizochytrium oil) also had no significant effects on laying hen performance,
consistent with the present results. In this experiment, no significant differ-
ences were observed in albumen height, Haugh unit, yolk color, or yolk ratio
among groups. These results are similar to previous findings on egg quality
when choline or Schizochytrium oil was supplemented individually, indicating
that the levels of choline and Schizochytrium oil used in this experiment did not
significantly affect egg quality of peak-laying hens.
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3.2 Effects of Dietary Choline and Schizochytrium Oil on Phospho-
lipid Content in Egg Yolk

The present results showed that dietary supplementation with 1,000 mg/kg
choline significantly increased yolk phospholipid content, consistent with pre-
vious studies. This may be explained by two mechanisms. First, choline is
synthesized into phosphatidylcholine (PC) via the cytidine diphosphate-choline
pathway in the body. PC is transported through blood and enriched in yolk, and
PC is a major component of yolk phospholipids (accounting for 78% of yolk phos-
pholipids). Therefore, dietary choline supplementation promotes increased PC
content in yolk, thereby increasing total phospholipid content. Second, choline
participates in phosphatidylethanolamine (PE) synthesis through the methyla-
tion transfer pathway. PE is also an important component of yolk phospholipids
(accounting for 18% of total phospholipids), and increased PE content can also
raise yolk phospholipid content. In this experiment, dietary Schizochytrium oil
slightly decreased yolk cholesterol content, but the difference was not significant.
This differs from previous findings that n-3 PUFA can reduce yolk cholesterol,
likely because the n-3 PUFA in Schizochytrium oil is primarily DHA, whereas
�-linolenic acid (ALA) and eicosapentaenoic acid (EPA) are the main fatty acids
responsible for reducing yolk cholesterol. This explains why yolk cholesterol was
not significantly reduced in this experiment. Additionally, no correlation was
found between changes in yolk phospholipid and fatty acid contents and yolk
triglyceride content.

3.3 Effects of Dietary Choline and Schizochytrium Oil on Yolk Fatty
Acid Composition

Comparing dietary fatty acid composition (Table 3 ) with yolk fatty acid compo-
sition (Table 7 ) reveals similar patterns for major fatty acids including PUFA,
n-3 PUFA, DHA, and n-6 PUFA, indicating that yolk fatty acid composition
is closely related to dietary fatty acid composition. The DHA content in di-
ets supplemented with Schizochytrium oil was 15 times higher than in non-
supplemented diets, while yolk DHA content was only 3.6 times higher. This
result is consistent with previous studies and suggests that the enrichment effi-
ciency of DHA in yolk can still be improved.

By comparing dietary and yolk fatty acid compositions, we also noted that
even in groups with similar dietary DHA content, supplementation with 1,000
mg/kg choline still significantly increased yolk DHA content. Compared with
Groups 1 and 3, yolk DHA content in Groups 2 and 4 increased by 7.26% and
14.58%, respectively. This finding was not addressed in previous studies on the
effects of choline on yolk lipids and is first demonstrated in this experiment:
combined supplementation of choline and Schizochytrium oil in laying hen di-
ets promotes DHA deposition in egg yolk. This result may be related to the
forms of DHA present in diets and yolk. DHA in dietary Schizochytrium oil
exists primarily as triglyceride-type DHA (DHA-TG, measured in the product),
whereas DHA enriched in yolk exists mainly as phosphatidylcholine-type DHA
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(DHA-PC) in lecithin. Typically, the fatty acid composition of PC in lecithin
consists of C16:0 (33.1%), C18:0 (11.3%), C18:1 (32.2%), and C18:2 (9.2%), in-
dicating that DHA is not simply transported as DHA-TG in laying hens but is
enriched in yolk as DHA-PC through a series of lipid reactions. Currently, n-3
PUFA can be incorporated into PC through enzymatic reactions in vitro. We
hypothesize that the conversion pathway from DHA-TG to DHA-PC in laying
hens may be similar. First, DHA-TG is hydrolyzed by triglyceride lipase and
hormone-sensitive lipase to produce free DHA, which can then be re-esterified
with lysophosphatidylcholine (LPC, formed by phospholipase-catalyzed removal
of one fatty acid from PC) to form DHA-PC. Second, DHA-TG is hydrolyzed
by triglyceride lipase to produce DHA-containing diglycerides, which can un-
dergo direct transesterification with PC under the catalysis of specific phospho-
lipases to form DHA-PC. The reason choline promotes DHA-PC increase may
be related to the second synthesis pathway. The liver is the primary site of
lipid metabolism in poultry, where not only bile acids and lipases hydrolyze
DHA-TG, but choline is also phosphorylated to cytidine diphosphate-choline.
Under the catalysis of phosphocholine cytidylyltransferase in the liver, cytidine
diphosphate-choline combines with diglycerides to form large amounts of PC.
When these diglycerides contain DHA, the product is DHA-PC. Therefore, in-
creasing dietary choline indirectly increases the phospholipid substrate for DHA-
PC synthesis in the liver, promoting more DHA-PC synthesis. The transport
of DHA-PC from liver to yolk requires a series of processes. Typically, DHA-
PC, triglycerides, and sterols in the liver combine with apolipoprotein B100
(Apo-B100) to form very low-density lipoprotein (VLDL), which is protected by
apolipoprotein-VLDL-II (Apo-VLDL-II), transported through blood circulation,
and directed to oocytes. Due to the characteristics of the follicular basement
membrane and zona pellucida, only VLDL with a diameter of 25–40 nm can
bind to specific receptors on the oocyte membrane surface and be internalized
into oocytes for deposition. This process may be similar to DHA-PC deposition
in the brain through the blood-brain barrier, and many specific fatty acids have
physiological functions in regulating lipid metabolism and transport processes.
Therefore, DHA-PC may play a role beyond participating in the outer struc-
ture of VLDL synthesis. Further research is needed to determine whether the
pathway of DHA incorporation into PC and the apolipoproteins transporting
DHA-PC have specific binding characteristics.

Under the experimental conditions: (1) Dietary supplementation with 1,000
mg/kg choline increased yolk phospholipid content, and 0.5% Schizochytrium
oil increased yolk DHA content; (2) Simultaneous supplementation with 1,000
mg/kg choline and 0.5% Schizochytrium oil promoted DHA deposition in egg
yolk without significantly affecting laying hen performance or egg quality.

References

[1] SMUTS C M, BOROD E, PEEPLES J M, et al. High-DHA eggs: feasibility
as a means to enhance circulating DHA in mother and infant[J]. Lipids, 2003,

chinarxiv.org/items/chinaxiv-201711.00761 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00761


38(4): 407–414.

[2] PARK J H, UPADHAYA S D, KIM I H. Effect of dietary marine microalgae
(Schizochytrium) powder on egg production, blood lipid profiles, egg quality,
and fatty acid composition of egg yolk in layers[J]. Asian-Australasian Journal
of Animal Sciences, 2015, 28(3): 391–397.

[3] KOPPENOL A, DELEZIE E, AERTS J, et al. Effect of the ratio of dietary n-
3 fatty acids eicosapentaenoic acid and docosahexaenoic acid on broiler breeder
performance, egg quality, and yolk fatty composition at different breeder ages[J].
Poultry Science, 2014, 93(3): 564–573.

[4] LEMAHIEU C, BRUNEEL C, TERMOTE-VERHALLE R, et al. Dynam-
ics of omega-3 long chain polyunsaturated fatty acid incorporation in egg yolk
by autotrophic microalgal supplementation[J]. European Journal Lipid Science
Technology, 2015, 117(9): 1391–1397.

[5] CHEN Xiuli, YUE Hongyuan, LI Lianbin, et al. Effects of Schizochytrium
powder on performance, egg quality, serum biochemical indices and yolk docosa-
hexaenoic acid content of laying hens[J]. Chinese Journal of Animal Nutrition,
2014, 26(3): 701–709.

[6] GŁADKOWSKI W, KIEŁBOWICZ G, CHOJNACKA A, et al. Fatty acid
composition of egg yolk phospholipid fractions following feed supplementation
of Lohmann Brown hens with humic-fat preparations[J]. Food Chemistry, 2011,
126(3): 1013–1018.

[7] MA Yanqing, CHEN Binbin, ZHENG Yan, et al. Preparation of DHA-type
phospholipids catalyzed by immobilized phospholipase A1[J]. Journal of the
Chinese Cereals and Oils Association, 2015, 30(3): 75–79.

[8] SUN Changchun, WU Shugeng, ZHANG Haijun, et al. Effects of dietary
soybean lecithin on performance and egg phospholipid content of laying hens[J].
Chinese Journal of Animal Nutrition, 2010, 22(4): 1046–1053.

[9] FOLCH J, LEES M, SLOANE STANLEY G H. A simple method for the
isolation and purification of total lipides from animal tissues[J]. The Journal of
Biological Chemistry, 1957, 226(1): 497–509.

[10] PALACIOS E, WANG T. Egg-yolk lipid fractionation lecithin character-
ization[J]. Journal of the American Oil Chemists’Society, 2005, 82(8): 571–
578.

[11] ZHAI Q H, DONG X F, TONG J M, et al. Long-term effects of choline on
productive performance quality brown-egg laying hens[J]. Poultry Science, 2013,
92(7): 1824–1829.

[12] LEMAHIEU C, BRUNEEL C, TERMOTE-VERHALLE R, et al. Effect
of different microalgal n-3 PUFA supplementation doses on yolk color and n-3
LC-PUFA enrichment in the egg[J]. Algal Research, 2014, 6: 119–123.

chinarxiv.org/items/chinaxiv-201711.00761 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00761


[13] GUO Z, VIKBJERG A F, XU X B. Enzymatic modification of phospho-
lipids for functional applications and human nutrition[J]. Biotechnology Ad-
vances, 2005, 23(3): 203–259.

[14] ZEISEL H. Dietary choline: biochemistry, physiology, and pharmacology[J].
Nutrition, 1981, 1(1): 95–121.

[15] LI Zhiqiong. Effects of �-linolenic acid on lipid metabolism and yolk choles-
terol deposition in laying hens and its mechanism[D]. PhD Thesis. Ya’an:
Sichuan Agricultural University, 2007.

[16] WEISS J F, JOHNSON R M, NABER E C. Effect of some dietary factors
and drugs on cholesterol concentration the egg and plasma of the hen[J]. The
Journal of Nutrition, 1967, 91(1): 119–128.

[17] FIELD C J, CLANDININ M T. Modulation of adipose tissue fat composi-
tion by diet: a review[J]. Nutrition Research, 1984, 4(4): 743–755.

[18] CHOJNACKA A, GŁADKOWSKI W, KIEŁBOWICZ G, et al. Enzymatic
enrichment of egg-yolk phosphatidylcholine �-linolenic acid[J]. Biotechnology
Letters, 2009, 31(5): 705–709.

[19] HARALDSSON G G, THORARENSEN A. Preparation of phospholipids
highly enriched with n-3 polyunsaturated fatty acids by lipase[J]. Journal of the
American Oil Chemists’Society, 1999, 76(10): 1143–1149.

[20] ADLERCREUTZ D, WEHTJE E. An enzymatic method for the synthesis
of mixed-acid phosphatidylcholine[J]. Journal of the American Oil Chemists’
Society, 2004, 81(6): 553–557.

[21] REDDY J R C, VIJEETA T, KARUNA M S L, et al. Lipase-catalyzed
preparation of palmitic and stearic acid-rich phosphatidylcholine[J]. Journal of
the American Oil Chemists’Society, 2005, 82(10): 727–730.

[22] VIKBJERG A F, PENG L F, MU H L, et al. Continuous production of
structured phospholipids in a packed bed reactor with lipase from Thermomyces
lanuginosa[J]. Journal of the American Oil Chemists’Society, 2005, 82(4): 237–
242.

[23] CHEN Wei, LIN Yingcai, ZHANG Hanxing, et al. Fatty acid metabolism in
poultry and its deposition in eggs and nutritional regulation[J]. Chinese Journal
of Animal Nutrition, 2012, 24(2): 204–211.

[24] VANCE D E, RIDGWAYND. The methylation of phosphatidylethanolamine[J].
Progress in Lipid Research, 1988, 27(1): 61–79.

[25] SCHNEIDER W J. Receptor-mediated mechanisms in ovarian follicle
and oocyte development[J]. General and Comparative Endocrinology, 2009,
163(1/2): 18–23.

[26] NGUYEN L N, MA D L, SHUI G H, et al. Mfsd2a is a transporter for the
essential omega-3 fatty acid docosahexaenoic acid[J]. Nature, 2014, 509(7501):

chinarxiv.org/items/chinaxiv-201711.00761 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00761


503–506.

[27] AYDIN R, COOK M E. The effect of dietary conjugated linoleic acid on
egg yolk fatty acids and hatchability in Japanese quail[J]. Poultry Science, 2004,
83(12): 2016–2022.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.00761 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00761

	Co-supplementation of Dietary Choline and Schizochytrium Oil Enhances Docosahexaenoic Acid Enrichment in Egg Yolk Postprint
	Abstract
	Full Text
	Dietary Choline and Schizochytrium Oil Enhance Docosahexaenoic Acid Enrichment in Egg Yolk
	Abstract
	1.1 Experimental Design and Diets
	1.2 Animal Management
	1.3.1 Production Performance
	1.3.2 Egg Internal Quality and Yolk Ratio
	1.3.3 Yolk Lipid Composition
	1.3.4 Fatty Acid Composition of Diets and Yolk
	1.4 Statistical Analysis
	2.1 Effects of Dietary Choline and Schizochytrium Oil on Performance of Laying Hens During Peak Production
	2.2 Effects of Dietary Choline and Schizochytrium Oil on Egg Quality
	2.3 Effects of Dietary Choline and Schizochytrium Oil on Yolk Lipid Composition
	2.4 Effects of Dietary Choline and Schizochytrium Oil on Yolk Fatty Acid Composition
	3.1 Effects of Dietary Choline and Schizochytrium Oil on Performance and Egg Quality of Peak-Laying Hens
	3.2 Effects of Dietary Choline and Schizochytrium Oil on Phospholipid Content in Egg Yolk
	3.3 Effects of Dietary Choline and Schizochytrium Oil on Yolk Fatty Acid Composition
	References



