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Abstract: Folic acid (FA) is an important water-soluble vitamin, and plays an important role as a cofactor and
coenzyme in animal growth and development, and regulation of gene expression and methylation. A total of
270 female broiler chickens (1-day-old) were randomly allotted to three dietary treatments supplemented with
0 mg/kg (control group), 5 mg/kg, and 10 mg/kg FA in basal diets for 42 days, respectively. Each treatment had six
replicate cages with 15 birds per cage. Dietary supplementation of 5 mg/kg FA significantly enhanced average body
weight and average daily gain of 21-day-old broilers (P < 0.05), but significantly reduced subcutaneous fat thickness
and widths of intermuscular fat band of 42-day-old broilers by dietary FA treatments (P < 0.05). Also, a diet with
10 mg/kg FA supplementation significantly increased the relative heart weight of 42-day-old chickens (P < 0.05).
Furthermore, dietary FA supplementation significantly improved the serum insulin-like growth factor 2 (IGF2)
concentrations (P < 0.01) and /GF2 mRNA expression in the abdominal fat (P < 0.05), but no statistical differences
were found in the methylation of IGF2 promoter (P > 0.05). The present study demonstrated that dietary FA sup-
plementation may have positive effects on chicken growth through increased /GF2 gene expression.
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With the advantages of high efficiency and low
cost, the chicken industry has developed rapidly
into one of the industries with the highest degree
of industrialization in the field of animal husband-
ry in China. However, with the rapid development
of intensive and large-scale chicken industry, broiler
breeding is facing prominent problems, such as ex-
cessive fat deposition, as well as rough, soft, taste-

less meat. Improving the growth performance and
meat quality of broilers by means of nutritional reg-
ulation has become one of the hot research topics.

Folate/folic acid (FA), also known as pteroylglu-
tamic acid, is one type of water-soluble vitamin
and one of the essential micronutrients for the
body. FA is taken up from the small intestine and
then it enters the liver through the portal vein.
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Folate metabolism involves at least 30 different
enzymes in the liver, such as dihydrofolate reduc-
tase (DHFR), 5,10-methylenetetrahydrofolate re-
ductase (5,10-MTHFR), tetrahydrofolic acid (THF)
and so on (Lightfoot et al. 2005). The enzyme DHFR
catalyzes the reduction of dietary FA or dihydro-
folate to THF in the liver, and 5,10-MTHER carries
out a central reaction in folate metabolism (Nazki
et al. 2014). Therefore, FA plays an important role
in many physiological processes, such as cell di-
vision, cell repair, and tissue growth (Bailey et al.
2015). As a methyl donor, FA can be directly in-
volved in synthesis and maintenance of RNA, DNA,
and protein as well as DNA methylation and epige-
netic modification (Friso et al. 2017), thus regulat-
ing animal reproduction, growth, and development
(Crott 2017). Inadequate uptake or oversupply
of FA, and disorders in absorption, metabolism,
and utilization of FA can lead to the intracellular
dysfunction of FA, resulting in the nuclear acid syn-
thesis disorder and/or methylation disorder (Kim
et al. 1997). Thus, a diet rich in FA is important
in general and in the prevention of some diseases,
for example, cleft lip and palate, neural tube malfor-
mations, autism spectrum disorders, megaloblastic
anaemia, cancer (Czeizel et al. 2013). At present,
studies on the FA application in livestock and poul-
try diets have been increasing. In pigs, it was re-
ported that dietary FA supplementation prevented
the harmful effect of intrauterine growth retarda-
tion on hepatic antioxidant function and mtDNA
biogenesis in weanlings, and it also altered the ex-
pression of several hepatic proteins (Liu et al. 2013).
Studies in chickens indicated that folate increases
biochemical constituents, enhances the generation
of total IgG in serum, as well as improves produc-
tion performance and decreases the glucose level
in young laying hens (Jing et al. 2014). Moreover,
insulin-like growth factor 2 (IGF2) is a growth fac-
tor secreted mainly by the liver, and plays a key
role in animal development, cell proliferation, and
metabolism (Perkins et al. 2012; Pereira et al. 2019).
It was also found that FA affected hepatic IGF2
expression and methylation level of IGF2 promoter
of embryo growth of broilers (Liu et al. 2016).

In this study, it can be hypothesized that FA sup-
plementation of basal diets may improve broiler
performance. Hence, the aim of this study was to
evaluate the effects of FA supplementation of broil-
er diets on growth performance, slaughter perfor-
mance, [GF2 expression, and methylation patterns.
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MATERIAL AND METHODS
Experimental procedures and diets

A total of 270 female broiler chickens of Arbor
Acres breed with an average body weight of 46 +
0.9 g at one day of age that were purchased from
a local hatchery (Liuhe Breeding Farm Co.) were
used in this study. The birds were randomly allot-
ted to three dietary treatments supplemented with
0 mg/kg (control group), 5 mg/kg, and 10 mg/kg FA
in basal diets for 42 days, respectively. Each treat-
ment had six replicate cages with 15 birds per cage.
A standard basal diet containing maize and soybean
meal was fed as mash, and the composition of the
basal diet (Table 1) was formulated to meet or exceed
the nutrition requirements of broiler chickens ac-
cording to the Feeding Standard of Chickens (NY/T
33-2004, China). During the experimental period,
water and mash feed were provided ad libitum,
the lighting time was 24 h a day for the first week and
then reduced to 16 h during 8—42 days. The room
temperature was 33 °C during the first week and then
decreased by 2 °C every week until 24 °C.

Measurement of growth performance

On days 21 and 42, the broilers of each group
were weighed after feed deprivation for 12 h with
free drinking water, respectively. The feed intake
of each group was recorded. Average body weight
(ABW), average daily gain (ADG), average daily
feed intake (ADFI), and feed to gain ratio (F/Q)
were calculated for each group.

Slaughtering and sampling

At 21 and 42 days of age, two birds (similar body
weights) were randomly selected from each repli-
cate for live body weight and then euthanized after
feed deprivation for 12 h, respectively. Immediately,
blood samples were collected from the jugular vein
and sera were obtained by gentle centrifugation
at 3 000 x g for 20 min, and then they were stored
at —80 °C until analysis. After slaughtering, carcass
attributes were measured according to the pub-
lished reference (Kolbadinejad and Rezaeipour
2020). That is, dressed weight, eviscerated weight,
breast muscle weight, leg muscle weight, and
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Table 1. Content and nutrition level of diet for broilers
(air-dry basis)

Items Day 1-21 Day 22-42

Material Ingredient (%)

Corn 54.50 57.60
Soybean 32.71 30.42
Fish meal 3.00 2.00
Shell powder 1.22 1.05
CaHPO,2H,0 1.70 1.60
Soybean oil 3.00 4.00
Wheat bran 2.50 2.00
Salt 0.20 0.19
DL-Methionine (98%) 0.17 0.14
Premix® 1.00 1.00
Total 100.00 100.00
Calculated nutrient level

Apparent metabolic energy (MJ/kg)  12.52 12.74
Crude protein (%) 21.52 20.05
Calcium (%) 0.97 0.89
Available phosphorus (%) 0.45 0.40
Lysine (%) 1.21 1.18
Methionine (%) 0.53 0.47
Methionine + cysteine (%) 0.91 0.82
Folic acid (mg/kg) 0.36 0.33

*Premix provided per kilogram of diets: manganese sul-
phate, 55 mg; zinc sulphate, 55 mg; ferrous sulphate, 44 mg;
copper sulphate, 5.5 mg; potassium iodine, 0.44 mg; sele-
nium selenite, 0.099 mg; vitamin A, 770 IU; vitamin B,,
1.2 mg; vitamin B, 4.8 mg; vitamin Bg 1.6 mg; vitamin By,
0.011 mg; vitamin D3, 255 IU; vitamin E, 15 mg; vitamin K,
2.2 mg; pantothenic acid, 11 mg; niacin, 35.5 mg; folic acid,
0.66 mg; biotin, 0.11 mg; choline, 500 mg; xanthine, 33.1 mg;
antioxidant, 120 mg

abdominal fat weight were recorded to calculate
dressing percentage, eviscerated percentage, breast
muscle percentage, leg muscle percentage, and ab-
dominal fat percentage. Weights of internal organs
(heart, spleen, liver, proventriculus, gizzard) were
also measured, and the organ index was calculated
as the percentage of live body weight. Meanwhile,
abdominal fat samples (one chick from each rep-
licate) of 42-day-old broilers were isolated imme-
diately, washed briefly with PBS, then snap-frozen
and stored in liquid nitrogen at —80 °C for total
RNA and DNA extraction. Subcutaneous fat thick-
ness and width of intermuscular fat band were also
measured with a vernier calliper.
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Measurement of IGF2 in serum samples

IGF2 in serum samples was analyzed using an en-
zyme-linked immunosorbent assay (ELISA) kit ac-
cording to the manufacturer’s guidelines (Shanghai
Yuping Biotech Co., Ltd., Shanghai, China).

mRNA expression levels of IGF2

Total RNA was extracted from abdominal fat of
42-day-old broilers using Trizol Reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufac-
turer’s protocols, and then treated with DNase I
to remove DNA contamination. The amount and
quality of RNA were measured by loading total RNA
onto a 0.8% agarose gel that was stained with eth-
idium bromide, and the absorption values of RNA
at 260/280 nm and 260/230 nm were detected by
a spectrophotometer (NanoDrop 2000; Thermo
Fisher Scientific, Waltham, MA, USA). First-strand
c¢DNA was synthesized with 2 pg of total RNA us-
ing a reverse transcription kit (Promega, Madison,
USA) according to the manufacturer’s instructions.
Primers used for real-time quantitative PCR (qPCR)
were designed by Xing et al. (2018), and the primer
sequences are shown in Table 2. The ACTB was used
as an internal control for the relative quantification
of IGF2 expression. The qPCR was carried out with
SYBR Premix Ex Taq in a LightCycler 480 Real-Time
PCR System (Roche, Basel, Switzerland). All reac-
tions were performed in triplicate with a negative
control. Relative expression levels of the /GF2 gene
were analyzed by the 2-°P* method.

Bisulphite sequencing and methylation
analysis of IGF2 gene

Genomic DNA was also isolated from the abdom-
inal fat of 42-day-old broilers using the Genomic
DNA Purification Kit (Thermo Fisher Scientific,
Shanghai, China) according to the manufactur-
er’s protocols. For each group, an equal quantity
of DNA from the two samples which were used
for qPCR analysis of IGF2 gene was mixed to form
three DNA pools. Sodium bisulphite treatment
of each DNA pool was performed using the EZDNA
Methylation-Gold Kit (Zymo Research, Irvine, CA,
USA). The IGF2 gene promoter region ranging from
—648 to —479 was amplified by PCR. The methyla-
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Table 2. Primer sequences, product sizes and annealing temperature applied for qPCR and methylation analysis

. . oo Product Annealing GenBank
Primers Primer sequences (5' to 3') size (bp) temperature (°C) Usage accession
IGF2-E-F CTATGCGTTGGATTCAGC Gene

133 58 . NM_001030342
IGF2-E-R CCTGTTATTTCGTCCCAC expression
ACTB-F GTGACATCAAGGAGAAGC Gene

105 55 . L08165
ACTB-R CATCAGGGAGTTCATAGC expression
IGF2-M-F  TGGTTGTGTTGTAGATTTTTTTTGT )

170 62 Methylation NC_052536
IGF2-M-R ACACTAAATTTCACCTCCCATTTT

tion PCR primers for IGF2 were taken from Liu
etal. (2016). Bisulphite sequencing was performed
according to our previous study (Xing et al. 2009).
For each pool, five positive clones were randomly
selected for sequencing.

Statistical analysis

Group data were analyzed using SPSS v20.0
(IBM Corp., Armonk, NY, USA). Data for multiple
comparisons were analyzed by one-way ANOVA.
Multiple comparisons between the groups were
performed using the S-N-K method. Values are
given as the mean = SD. The P-value lower than
0.05 was interpreted as statistically significant.

RESULTS
Growth performance
As shown in Table 3, ABW and ADG of 21-day-

old chickens increased in the group that received
5 mg/kg FA as compared with the groups that re-

ceived 0 mg/kg FA and 10 mg/kg FA (P < 0.05), while
ABW and ADG of 42-day-old broilers were not af-
fected by the FA (P > 0.05). No significant differ-
ences were observed in the ADFI and F/G of 21- and
42-day-old broilers from three groups (P > 0.05).

Slaughter performance

Table 4 shows the slaughter performance of broil-
ers. In 42-day-old broilers, compared with the control
group, the supplementation of 5 mg/kg FA to broiler
diets led to a reduction in subcutaneous fat thickness
(P < 0.05), while no significant difference was ob-
served in 10 mg/kg group (P > 0.05). Similarly, widths
of intermuscular fat band of 42-day-old broilers
were also decreased significantly by supplementing
5 mg/kg FA and 10 mg/kg FA to basal diets (P < 0.05).
However, subcutaneous fat thickness and widths of
intermuscular fat band of 21-day-old broilers were
not affected (P > 0.05) by dietary treatments. Other
slaughter traits, i.e., dressing percentage, eviscerat-
ed percentage, breast muscle percentage, leg muscle
percentage, abdominal fat percentage, were not al-
tered by dietary FA supplementation either (P > 0.05).

Table 3. Effects of FA supplementation in basal diets on growth performance of broilers (n = 30)

Items Day 0 mg/kg 5 mg/kg 10 mg/kg P-value
ABW (g) 21 951.2 + 27.4% 1077.2 + 13.4° 962.1 + 33.7% 0.034
42 28574 £43.3 3098.3 £132.2 2904.4 £ 119.8 0.395
ADG (g) 21 43.1 £1.3° 49.1 +2.5° 43.6 £ 2.0° 0.043
42 66.9 + 2.3 727 +£2.6 68.0 + 3.0 0.326
ADFI (g) 21 58.8 +4.6 65.3 +5.2 59.5+4.1 0.462
42 1254 +12.3 1323 £ 11.3 126.3 £ 9.7 0.563
E/G 21 1.4 +£0.1 1.3+£0.1 1.4 +0.1 0.324
42 1.9+0.1 1.8+0.1 1.9+0.1 0.425

ABW = average body weight; ADFI = average daily feed intake; ADG = average daily gain; F/G = feed to gain ratio

abDifferent superscripts in the same row indicate significant differences (P < 0.05)
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Table 4. Effects of folic acid supplementation to basal diets on carcass characteristics of broilers (n = 12)

Items Day 0 mg/kg 5 mg/kg 10 mg/kg P-value

21 82.62 +1.32 84.78 + 1.56 84.12 +2.11 0.406
Dressing percentage

42 87.65 +2.21 89.67 +1.21 88.47 + 2.68 0.426

21 72.60 + 2.76 73.38 +2.91 72.46 + 1.45 0.325
Eviscerated percentage

42 7215+ 3.11 74.04 + 1.38 74.24 + 2.77 0.428

21 26.35 + 1.02 27.05 + 1.44 27.68 +1.12 0.423
Breast muscle percentage

42 28.65 + 2.61 29.30 +2.10 29.90 + 3.11 0.654

21 20.95 + 1.54 21.69 + 1.66 21.86 +1.23 0.321
Leg muscle percentage

42 21.59 + 1.34 21.78 + 1.03 21.65 + 2.30 0.752

21 1.44 + 0.34 1.19+£0.16 141 +0.15 0.174
Abdominal fat percentage

42 2.79+0.38 2.09 £ 0.20 2.21 £0.24 0.206

21 521 £ 042 5.12 £ 0.20 5.47 £ 0.09 0.692
Subcutaneous fat thickness (mm) b b

42 6.66 + 0.36% 532+ 043 6.38 + 0.40% 0.047
Width of intermuscular 21 9.27 + 0.46 9.34 £ 0.65 10.54 + 0.23 0.191
fat band (mm) 42 14.33 +0.79° 11.51 +0.45 12.19 + 0.42° 0.048

abDifferent superscripts in the same row indicate significant differences (P < 0.05)

Organ index

In 42-day-old broilers, the group with supple-
mentation of 10 mg/kg FA had higher heart weights
than the groups with 0 mg/kg FA or 5 mg/kg FA
supplementation (P < 0.05), but heart weights
of 21-day-old broilers were not affected by the
supplementation of FA to basal diets (P > 0.05)
(Table 5). There were no significant differences
in relative weights of liver, spleen, proventriculus,
and gizzard between all groups at 21 and 42 days
of age (P > 0.05) (Table 5).

Serum IGF2 concentrations

Serum IGF2 concentrations for 21- and 42-day-old
broilers are given in Table 6. In general, serum IGF2
concentrations were increased with the FA supple-
mented diets in 21- and 42-day-old broilers (P < 0.01).

IGF2 mRNA expression in abdominal fat

The IGF2 mRNA expression in the abdominal fat of
42-day-old broilers is shown in Figure 1. The IGF2

Table 5. Effects of folic acid supplementation to basal diets on the internal organ weight of broilers (g/kg live

weight) (n = 12)

Items Day 0 mg/kg 5 mg/kg 10 mg/kg P-value
L 21 24.02 + 2.24 23.65 +2.11 23.84+2.5 0.491
iver

42 17.99 + 3.82 18.59 + 3.50 19.66 + 2.87 0.700

21 0.81 +0.17 0.90 + 0.22 0.77 £ 0.15 0.488
Spleen

42 1.05 £ 0.33 1.31£0.25 1.15+£0.29 0.342

21 542 +0.72 5.51 + 0.62 5.79 £ 0.94 0.692
Heart

42 3.67 + 0.48° 3.86 + 0.34* 4.44 + 0.72° 0.046

21 5.97 + 0.69 6.04 + 0.34 6.49 + 0.67 0.782
Proventriculus

42 6.55 +0.78 6.89 + 0.58 7.02 + 0.63 0.462

21 18.20 + 0.54 19.22 + 0.49 19.68 + 0.48 0.563
Gizzard

42 19.24 + 0.65 20.78 + 1.16 21.09 + 2.24 0.651

abDifferent superscripts in the same row indicate significant differences (P < 0.05)
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Table 6. Effects of folic acid supplementation to basal diets on IGF2 concentration in the serum of broilers (n = 12)

Items Day 0 mg/kg 5 mg/kg 10 mg/kg P-value
21 907.98 + 28.214 1146.57 + 20.328 1189.40 + 22.86° <0.001
IGF2 (ng/l) N 5 5
42 885.98 + 21.91 1095.33 + 26.06 1140.97 £ 21.10 <0.001

ABDifferent superscripts in the same row indicate significant differences (P < 0.01)

mRNA expression was significantly increased in the
abdominal fat of 42-day-old broilers by supple-
menting 10 mg/kg FA to basal diets (P < 0.05), but
the IGF2 mRNA expression did not reach signifi-
cance in 42-day-old broilers consuming the 5 mg/kg
FA supplementation in the diet (P > 0.05).

IGF2 DNA methylation in abdominal fat

The results of bisulphite sequencing indicated
that, for all the CpG sites analysed, the overall meth-
ylation percentage of IGF2 promoter was 10.00%,
18.33%, and 15.00% for three groups at 42-day-old
broilers, respectively (Figure 2); however, there
was no difference in the methylation percentage
of IGF2 promoter between groups with different
dietary treatments (P > 0.05).

DISCUSSION

Rich in FA are leafy vegetables, fruit, cereals, yeast,
liver and dairy products, and it is known to be an es-
sential dietary requirement for animals. Here, we
demonstrated the influence of the supplementa-
tion of FA to broiler diets at 5 mg/kg and 10 mg/kg
concentration on growth performance, slaughter
performance, organ index, serum IGF2 parameters,
IGF2 mRNA expression and methylation patterns.

0.40 - b
0.35 4
0.30 - ab
0.25
0.20
0.15 -
0.10 a
0.05 -

1 .

0mg

IGF2 mRNA expression

5mg 10 mg

Figure 1. Effect of dietary folic acid supplementation on
IGF2 mRNA expression in abdominal fat of the 42-day-
old broilers

abSuperscripts denote significant differences (P < 0.05)
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The data presented here showed that the addition
of 5 mg/kg FA to the diet positively influenced ABW
and ADG of 21-day-old broilers compared to the
control group and 10 mg/kg group. A similar finding
was that the birth weight of new-hatched chickens
with in ovo 150 pg FA injection was markedly higher
than in the other groups (Liu et al. 2016). In ad-
dition, Liu et al. (2020) reported that FA supple-
mentation increased ADG of Holstein dairy calves.
Conversely, breeder cocks with extra folate exhibited
a reduced body weight (Wu et al. 2019). Similarly,
in pigs, dietary FA supplementation significantly re-
duced ADFI and ADG (Yao et al. 2013). It was re-
ported that production performance of laying hens
was not affected by FA supplementation (Tactacan

(A)

25 A

20 A

10 4

IGF2 DNA methylation

0 mg 5mg 10 mg

Figure 2. Effect of dietary folic acid supplementation on
DNA methylation patterns of IGF2

(A) Bisulfite sequencing in DNA from abdominal fat of
42-day-old broilers, each horizontal row represents inde-
pendent clone and each circle represents single CpG dinucle-
otide, and black circles and white circles indicate methylated
and unmentylated CpG sites, respectively. (B) Bar graph
represents of total methylation percentages of IGF2 pro-
moter of 42-day-old broilers
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etal. 2012). Additionally, the young and older laying
hens responded differently to dietary FA (Jing et al.
2014). Recently, Zhang et al. (2020) have indicated
that maternal FA deficiency had no influence on pro-
duction performance and slaughter performance.
It can be seen from the above studies that the role
of FA in the animal body is very complex, and dif-
ferent results may be associated with differences
between animal species used in the studies.

Chicken is frequently regarded as healthy food
with fine muscle fibres, low fat content and high
content of unsaturated fatty acids. However,
modern commercial chickens exhibit excessive
fat deposition in the abdominal area (Fouad and
El-Senousey 2014). Thus, some researchers try
to find solutions from dietary composition and
feeding strategies to reduce body fat accumula-
tion. The present study indicated that dietary FA
supplementation could reduce the subcutaneous
fat thickness and widths of intermuscular fat band
of 42-day-old broilers. Similar to our study, an-
other studies demonstrated that FA could reduce
lipid accumulation in chicken adipocytes (Yu et al.
2014). Recently, it has been shown that the lipid and
glucose metabolism of breeder cocks and broiler
offspring was affected by paternal FA supplementa-
tion (Wu et al. 2019). On the contrary, it has been
reported that the subcutaneous fat thickness at the
age of 21 days of broiler chickens was increased sig-
nificantly by maternal FA deficiency (Zhang et al.
2020). These results suggest that FA possibly con-
tributes to lipogenesis and lipolysis (Yu et al. 2014).

In the present study, no significant effects on rela-
tive organ weight were observed by dietary supple-
mentation of FA, except for the heart of 42-day-old
broilers, the weight of which increased with 10 mg/kg
FA supplementation. One recent study showed
that extra folate exhibited increased organ indexes
of the liver and bursa of Fabricius in breeder cocks,
whereas no significant alterations were found in or-
gan indexes of the spleen, testes and heart by FA
(Wu et al. 2019). The same results were found
by Liu et al. (2016) for chicken embryos injected
with FA. Therefore, the effect of FA on the organ in-
dex is different, which is related to different chicken
breeds, gender, age, and organ types.

The IGF2 is a paternally expressed imprinted gene
that plays an important role in DNA and protein
synthesis, glucose, energy and even lipid metabo-
lism (Perkins et al. 2012). The IGF2 controls somatic
growth and body composition, especially in early
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life, through a balance of cell differentiation, prolif-
eration, embryo growth and development, and tu-
mour cell proliferation (Huang et al. 2012). Previous
studies indicated that aberrant DNA methylation
of IGF2 was associated with elevated plasma IGF2
protein concentrations and increased /GF2 gene ex-
pression, and risk of overweight, obesity and over-
growth disorders (Hoyo et al. 2012; Perkins et al.
2012). A similar result demonstrated that greater
IGF2/H19 methylation was associated with greater
subcutaneous fat measures, but not overall, visceral
or central adiposity in young adults (Huang et al.
2012). Conversely, lower circulating IGF2 levels and
decreased expression of IGF2 were associated with
fat mass and increased risk of weight gain and obesi-
ty in humans (Sandhu et al. 2003). The IGF2 was also
the major gene affecting the fatness traits of chickens
(Li et al. 2004). Implantation with recombinant hu-
man /GF2 in chickens could significantly increase
the relative weight of the abdominal fat pads, while
it significantly reduced the breast muscle (Li et al.
2004). In the present study, the breast muscle per-
centage was not modified by treatments or differ-
ences in /GF2 gene expression and serum content.
Indeed, there is a trend in the breast muscle percent-
age which was increased with FA supplementation.
Some studies demonstrated that maternal peri-
conceptional FA use was associated with IGF2
methylation in maternal blood and cord blood
in women (Steegers-Theunissen et al. 2009; Hoyo
etal. 2012). Steegers-Theunissen et al. (2009) found
that children of mothers who used folic acid had
a4.5% higher methylation of /IGF2 than children who
were not exposed to folic acid. In mice, the post-
weaning diet lacking FA affected the methylation
status of the IGF2 gene and permanently affected
the expression of IGF2, leading to IGF2 loss of im-
printing in adults (Waterland 2006). However, FA
use in women after 12 weeks of gestation was as-
sociated with a higher level of methylation in /GF2
of offspring (Haggarty et al. 2013). In contrast, a re-
cent study reported that there were no significant
associations between FA supplement before preg-
nancy and imprinting control of either H19 in pla-
cental tissue or IGF2 in cord blood (Tserga et al.
2017). Thus, FA supplementation during pregnancy
plays different roles in the methylation of IGF2.
Liu’s research group systematically investigated
the relationship between folic acid and IGF2 gene
expression and methylation in chickens. They
found that 150 pg FA injected on the 11" em-
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bryonic day of incubation significantly increased
IGF2 expression and decreased the methyla-
tion level of IGF2 promoter in the liver of born
chickens and spleen of 42-day-old chickens, re-
spectively, and chromatin looseness of the /GF2
promoter region was enhanced by 150 pg FA (Liu
et al. 2016). In agreement with these studies, our
results revealed that serum IGF2 concentrations
and IGF2 gene expression in abdominal fat were
increased in 42-day-old broilers with the FA sup-
plemented diets. Thus, whether FA affected IGF2
expression in tissues by modulating DNA hypo-
methylation needs further study.

CONCLUSION

The supplementation of FA enhanced ABW and
ADG of 21-day-old broilers, increased the rela-
tive heart weight of 42-day-old chickens, but de-
creased subcutaneous fat thickness and widths
of intermuscular fat band of 42-day-old broilers.
Meanwhile, dietary FA supplementation improved
the serum IGF2 concentrations and /GF2 mRNA
expression in the abdominal fat, but no statistical
differences were found in the methylation of IGF2
promoter. Data from the present study suggest
that FA is an important factor influencing chicken
performance and gene expression. This study may
provide a molecular nutrition basis for the studies
of FA function in poultry.
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