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Abstract

Background: High dietary fat consumption may alter oocyte development and em-
bryonic development. This prospective study was conducted to determine the rela-
tion between dietary fat consumption level, its food sources and the assisted repro-
duction parameters.

Methods: A prospective study was conducted on 240 infertile women. In assisted
reproduction treatment cycle, fat consumption and major food sources over the pre-
vious three months were identified. The number of retrieved oocytes, metaphase II
stage oocytes numbers, fertilization rate, embryo quality and clinical pregnancy rate
were also determined. The data were analyzed using multiple regression, binary lo-
gistic regression, chi-square and t-test. The p-value of less than 0.05 was considered
significant.

Results: Total fat intake adjusted for age, body mass index, physical activity and
etiology of infertility was positively associated with the number of retrieved oocytes
and inversely associated with the high embryo quality rate. An inverse association
was observed between sausage and turkey ham intake and the number of retrieved
oocytes. Also, oil intake level had an inverse association with good cleavage rate.
Conclusion: The results revealed that higher levels of fat consumption tend to in-
crease the number of retrieved oocytes and were adversely related to embryonic de-
velopment. Among food sources of fat, vegetable oil, sausage and turkey ham intake
may adversely affect assisted reproduction parameters.
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Introduction

cal components of the physical and func-

tional structure of oocytes (1). They play a
vital role in development during and after fertili-
zation (2).

Dietary fat intake can affect the fatty acids (FAs)
composition in ovarian compartments (3). Some
of these effects, such as lipid storage into lipid
droplets in oocytes (4) could be altered by the
type of eaten FAs (5). The increase in composi-
tion of free FAs may impair fertility by affecting

l ipids are rich sources of energy and the criti-

oocyte quality due to transport of FAs into the
oocyte (4, 6, 7).

Eating high levels of fat may influence reproduc-
tion by affecting oocyte competence as defined
the ability of oocyte to undergo fertilization and to
reach specific cleavage stages at appropriate time
intervals. It is known from animal models that fat
consumption can affect the number of retrieved
oocytes, zygote's developmental competence and
quality of preimplantation embryo (6, 8). Howev-
er, the effect of type and quantity of dietary fat on
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human reproduction is unknown. In previous stud-
ies, the bovines were used for assessing the effect
of nutrition on reproduction response. Despite
many similarities between human and bovine
ovarian function, oocytes and embryo features of
bovine (9), it is difficult to generalize results of
animal studies into human ones. In addition, the
types of foods such as the ones containing fat are
known to mediate the effect of susceptibility to
oxidative injury (10, 11).

The beneficial effects of low calorie regimen on
overweight women, attributed to the regulation of
endocrine and metabolic environment (12-14) for
improving assisted reproduction treatment were
reported (15, 16). Also, the adverse effects of obe-
sity on assisted reproduction outcome (17, 18) and
the effect of fat rich diet on body mass index (19)
were reported. But, to our knowledge, there is no
study to evaluate the effects of fat source and lev-
el on assisted reproduction parameters in human.
Therefore, the present study was designed to de-
termine the effect of fat consumption and its ma-
jor food sources on reproduction in infertile wom-
en who underwent assisted reproductive tech-
niques.

Methods

A prospective study including 240 infertile Ira-
nian women with a consecutive series of 240 non-
donor in vitro fertilization (IVF) cycles from July
2010 to April 2011 was conducted at Isfahan Fer-
tility and Infertility Center. The study was ap-
proved by Institutional Review Board and the Eth-
ics Committee of Tehran University of Medical
Science. The inclusion criterion was primary in-
fertility of the subjects. Informed consent was ob-
tained from all subjects. The criteria for exclusion
were male factor infertility based on World Health
Organization criteria (20) and considerable change
in dietary regimen over the previous three months
and during assisted reproduction cycle.

Measures: On day three of a spontaneous men-
strual cycle, the heights and weights of all women
were measured and then body mass index (BMI)
was calculated.

A validated semi-quantitative food frequency
questionnaire (FFQ) including 168 food items
(21) was used to measure the calorie intake and
total dietary fat and its components, namely satu-
rated FA (SFA), mono-unsaturated FA (MUFA),
poly-unsaturated FA (PUFA) and its major dietary
sources over the previous three months. Oil, meat
(red meat, fish, chicken), sausage and turkey ham
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(as a subgroup of meat) and dairy foods as the
major fat sources were focused on. Depending on
the portion size, the frequency of food intake was
recorded in times per day, week and month or as
never. The portion size was estimated as median
of each item.

For all the main food items in the FFQ, the fre-
quency per day was multiplied by the amount con-
sumed, depending on the portion size, to compute
the total amount consumed per day. The USDA
food composition table was used for most items
(USDA, Release 11, 1994). For some items such
as bread, vetch, green pepper, wild plum, mint,
sweet canned cherry and sour cherry, the Iranian
food composition table was consulted (22).

Depending on the percentage of fat in total calo-
rie intake (23), the subjects were divided in two
groups: appropriate calorie intake as fat (<35%)
and non-appropriate calorie intake as fat (> 35%).

Also the long form of original International
Physical Activity Questionnaires (IPAQ) was
used to evaluate the physical activity levels of
participants. The metabolic equivalent (MET)
values and equation for the computation of MET-
minutes were used in this research (24).

The etiology of infertility was divided into four
groups including polycystic ovarian syndrome
(PCOS), endometriosis, anovulation and others.

Assisted reproduction parameters comprised the
number of retrieved oocytes, MII stage oocytes
rate, fertilization rate, good cleavage rate, high
embryo quality rate and clinical pregnancy rate.

The long protocol, involving GnRH agonist and
hMG administration, was consistent and follicular
maturation was monitored by ultrasound examina-
tion. In brief, daily subcutaneous GnRH agonist
(Ferring, Germany) was started in the midluteal
phase of the previous cycle and gonadotropin
stimulation of the ovaries commenced 12-14 days
later when transvaginal sonography showed an
absence of follicles/cysts larger than 20 mm diam-
eter in size. For all patients, gonadotropin therapy
was initiated with a daily dose of 100-300 /U of
either rFSH (Gonal F, USA; Organon, USA) or
hMG (Repronex and Menopur, Ferring, Germany)
and adjusted according to follicular response.

Ovulation was triggered with 10,000 /U hCG
(Pregnyl, Organon) which was administered 36 h
before oocyte retrieval. Oocytes were collected
transvaginally and the follow-up IVF procedure
was performed in accordance with the standard
protocol. The oocytes were scored for presence or
absence of germinal viscule and first polar body.
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Oocytes were considered fertilized when two
pronuclei were observed 17-19 Ar after insemina-
tion. Morphologically, 3 days after oocyte retriev-
al, high quality embryos were defined as grades 1
and 2 according to Veeck's criteria (25). Numbers
of blastomers were defined and percentage of em-
bryos without fragmentation was calculated. Em-
bryos with more than 5 cells, 3 days after oocyte
retrieval were considered as good quality cleaved
embryos. In intracytoplasmic sperm insemination
cycles, the percentages of metaphase 11 (MII)
stage oocytes were calculated. Embryos with less
than 5% fragmentation were considered as none
fragmented and percentage of these embryos was
calculated. After a positive pregnancy test, an ul-
trasound scan was performed 4 weeks later to ver-
ify the viability of pregnancy and confirmation
clinical pregnancy. The pregnancy rate was calcu-
lated per embryo transfer.

Statistical Methods: The data were analyzed using
commercially available statistical packages (SPSS
13.00. Chicago, IL, USA). The normality of the
dietary intake variable distributions was assessed
by Q-Q plots and found to be skewed. Log trans-
formation improved normality and the values
were used throughout the analysis. Descriptive
analyses were performed using mean and standard
deviation.

The data were analyzed using multiple linear re-
gression adjusted for age, physical activity (MET/
min/week), BMI and etiology of infertility; binary
logistic regression, chi-square and t-test were the
appropriate means of analysis for this research.
The p-value of less than 0.05 was considered sig-
nificant and p-value of less than 0.001 was con-
sidered highly significant.

Results

In total, 240 eligible women participated in the
study. Four individuals were withdrawn from the
treatment prior to completion of the study. The
etiology of infertility was polycystic ovarian syn-
drome (PCOS) in 29.7%, endometriosis in 18.2%,
anovulatory disorder in %15.3, and other etiolo-
gies in 36.8% of participants.

The results of linear regression adjusted for age,
BMI, physical activity and etiology of infertility
(Table 1) showed that the number of retrieved
oocytes was positively related to the total fat in-
take level (p<0.05). The relationship between
PUFA consumption level and good cleavage rate
was significantly negative (p<<0.01). The increased
fat consumption level, percentage of calories com-

ing from fat (p<0.01) and PUFA consumption
(p<0.01) were also related to lower high embryo
quality rate. The fertilization rate was not related
to fat intake level (results were not shown).

The sausage and turkey ham consumption level
was negatively related to the number of retrieved
oocytes (p<0.05) and MII stage oocytes (p<0.05).
The relationship between the vegetable oil con-
sumption level and MII stage oocytes (p<0.05)
and good cleavage rate (p<0.05) was significantly
negative (Table 1).

A binary logistic regression analysis was used to
study the relation among age, physical activity,
BMI, calorie intake, fat component, food sources
of fat and clinical pregnancy.

The high embryo quality rate in 71 women with
oil consumption level greater than 50 g/week was
lower than others who consumed oil less than 50
g/week (39.6£34.9 versus 50.37+£38.77, p=0.04).

The number of retrieved oocytes (12.3+£9.6 ver-
sus 9.8+8.2) was significantly higher in 91 women
with sausage and turkey ham consumption of
equal and less than 50 gr/week than in 91 women
with sausage and turkey ham consumption of over
50 gr/week (p = 0.03).

The high embryo quality rate in women whose
calorie intake as fat was <35% was higher than
women whose calorie intake as fat was >35%
(Table 2).

Discussion

The objective of this study was to evaluate the
relationship between fat consumption level and
assisted reproduction parameters. Our findings
revealed that higher fat consumption level tends to
raise the number of retrieved oocytes.

The findings of dietary fat supplementation trials
in animal models and ovarian response to gonado-
tropin and oocyte competence are contradictory
(6, 8, 26, 27). The good effects of increased die-
tary fat at an appropriate level on ovarian function
are supported by previous observations; supple-
mentations of FAs in diets influence concentra-
tions of prostaglandins, steroid hormones and
growth factors (28-30).

One mechanism for the effect of fat on the num-
ber of retrieved oocytes could be related to a de-
crease in hepatic blood flow and hepatic extrac-
tion of gonadotropin after a high-fat meal (31).
Most of human gonadotropin in circulation is me-
tabolized by liver (32). Furthermore, previous
studies have reported that there is a slower peak
growth rate in mean velocity and volume flow in
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Table 1. Results of multiple regression analysis adjusted for age, physical activity, BMI and etiolo-

gy of infertility
. Standardized Coefficient  95% Confidence Interval
Variables
Beta Lower Upper
Number of oocytes
Total fat (g/d) * 125 0.18 25.1
Total fat (cal %) 10.37 -11.8 32.6
Sat. FA (g/d) 0.15 112 115
Trans FA (g/d) -0.15 -0.59 0.29
PUFA (g/d) -1.76 -13.6 10.1
MUFA (g/d) -6.71 -19.7 6.3
meat (g/w) 0.17 -1.65 1.97
Dairy (g/w) 323 -6.61 0.16
Sausage & ham (g/w) * -1.1 -2.08 -.03
0il (g/w) 0.44 4.19 5.08
MII stage oocyte rate
Total fat (g/d) 37.62 -2.39 77.62
Total fat (cal %) -15.4 -84.1 53.41
Sat. FA (g/d) 31.71 35 66.88
Trans FA (g/d) -0.91 -0.49 0.31
PUFA (g/d) 342 -70.8 2.5
MUFA (g/d) -26.1 -66.4 14.14
meat (g/w) 3.51 -1.34 8.36
Dairy (g/w) 131 9.79 12.4
Sausage & ham (g/w) * -4.9 -11 -3.58
oil (g/w) * 59 -182 434
Good cleavage rate
Total fat (g/d) 33.16 -19.8 86.11
Total fat (cal %) 29.79 -61.2 120.8
Sat. FA (g/d) 21.19 254 67.74
Trans FA (g/d) 0.61 -0.91 2.13
PUFA (g/d) ** -66 -115 -18.2
MUFA (g/d) 14.92 -38.4 68.22
meat (g/w) 3.99 -3.16 11.14
Dairy (g/w) 2.83 -12.6 18.21
Sausage & ham (g/w) -1.51 -9.87 6.84
Oil (gw) * -21 -39.6 -2.85
High embryo quality rate
Total fat (g/d) ** -0.30 -0.55 -0.01
Total fat (cal %) -0.82 -1.4 -0.22
Sat. FA (g/d) 0.04 0.1 0.17
Trans FA 0.47 -1.12 2.05
PUFA (g/d) ** 0.26 -0.49 -0.01
MUFA (g/d) 0.22 -0.51 0.07
meat (g/w) 0.04 -0.03 0.11
Dairy (g/w) -0.07 -0.06 1.02
Sausage & ham (g/w) -0.01 -0.09 0.08
Oil (g/w) -0.14 -0.32 0.04
* p<0.05; ** p<0.01
the superior mesenteric artery following a high-fat Table 2. Comparison of assisted r.ep.roduction parameters between
meal compared with a high-carbohydrate meal groups of calorie intake as fat
(33). The delayed increase in portal blood flow <35 (n=182) >35 (n=54)
. . Calorie Intake as Fat
after the fat-rich meal (31) may reduce hepatic Mean£SD
extraction of administered gonadotropin. There- Number of retrieved oocytes 11.2548.69 11.52+10.61
fore, the ovaries may be stimulated by higher MII stage oocyte rate (%) 79.7442743  75.51428.1
gonadotropin concentration. Also, provision of Fertilization rate (%) 62.82429.79  61.79+31.21
dietary fats could therefore influence ovarian re- Good cleavage rate (%) 72.96+36.36 66.61+5.09
sponse to administered gonadotropin via an endo- High embryo quality rate” (%) 51.11+2.85  33.43+37.43
crine or other route (28). In addition, increased Clinical pregnancy rate (%) 30.79% 34.54%
availability of FAs precursors is accompanied by e
p<VL.
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increased steroid and eicosanoid secretion, which
can alter the ovarian function (34).

Another finding of this study revealed that em-
bryonic development is adversely related to fat-
rich diet. Previous report indicated that changes in
dietary fat intake can alter oviductal luminal fluid
lipids (35) affecting embryo development (36).
Higher levels of dietary fat may influence either
the FAs content of cell membranes or cytoplasm
of oocytes, hence affecting their developmental
competence. It was documented that excessive
intracellular lipids storage was associated with
suboptimal mitochondrial function, thus, hamper-
ing the quality and viability of the embryo (37,
38). Also, according to Jungheim et al., elevated
levels of follicular fluid FAs were associated with
poor cumulus oocyte complex morphology (39).

However, the relationship between fat consump-
tion level and assisted reproduction parameters
may be attributed to calorie intake level due to fat
intake. Although total calorie intake did not affect
the assisted reproduction parameters, an increased
percentage of calories coming from fat decreased
oocyte quality.

The adverse impact of PUFA consumption level
on cleavage rate and the high embryo quality rate
were noted as well. These findings are not in
agreement with other studies on animal models
showing a positive impact of PUFA consumption
on increasing embryo developmental competence
and follicular size (3, 27, 40). The proportions of
different PUFAs in cell membranes reflect the
amounts consumed in the diet (41). Furthermore,
the PUFA composition of the cell membranes of
the sperm and oocyte is important during fertiliza-
tion (42).

However, some studies provide evidence for the
adverse effects of linoleic acid on oocyte devel-
opment (39, 43). Zeron et al. reported that diets
containing a PUFA rich rumen-bypass dietary
supplement had no effect on the abundance of key
FAs within oocyte phospholipids (36). Bilby et al.
reported that feeding dairy cow with polyunsatu-
rated FAs, compared to mono-unsaturated FAs,
failed to affect the oocyte quality, as supported by
subsequent embryo development (44).

Our study revealed that oil intake has adverse ef-
fect on oocytes nuclear maturation and embryo
cleavage. The PUFA is abundant in oil (45). There
seems to be a relation between oil consumption
and assisted reproduction parameters which can
be linked to the effects of FAs on the assisted re-
production parameters.

In addition, negative correlation of sausage and
turkey ham consumption with the number of re-
trieved oocytes and oocytes nuclear maturation
was observed too. According to Krajcovicova-
Kudlackova et al., the industrial foods (such as
sausage and ham) are the substantial sources of
plasma Advanced Glycation End-products (AG-
Es) (10). The adverse effects of AGEs on follicu-
lar development and developmental competence
of the oocytes and embryos are well documented
(46-48). AGEs which are products of non enzy-
matic glycation and oxidation of proteins and li-
pids, have been found to induce oxidative stress
and conversely oxidative stress stimulates AGEs
formation (49, 50), a major cause of macromolec-
ular damage in follicles (50).

The adverse effects of oil may be explained by
the fact that usually oil is used for frying and
cooking foods quickly and by flash heating under
high temperature, deep-frying can increase AGEs
in foods (51).

Although the data from the present study re-
vealed that some assisted reproduction parameters
are related to dietary fat consumption level, these
findings should be interpreted with caution, as
reproductive tract fluids contain markedly differ-
ent nutrient concentrations as compared with
plasma (52). Follicular lipids appear to be of se-
rum origin but according to Vignon et al. lipid
composition of follicular fluid differs from those
of blood plasma (53) so that the effects of dietary
fat on oocytes microenvironment need to be fur-
ther explored.

Our study had a number of limitations which
would urge caution in interpreting the findings.
The fat consumption in our subjects was not at a
low intake level and the effects of low fat con-
sumption could not be detected on assisted repro-
duction parameters. In addition, many of the sub-
jects with previous poor assisted reproduction
outcome may be recommended to consume
PUFA-rich foods. Also other aspects of the diet
such as consumption of vegetable/fruit, type of the
meat, efc. may act as the confounders.

Conclusion

The fat consumption might tend to influence the
number of retrieved oocytes and adversely affect
the embryo quality. In addition, high-level PUFA
consumption may affect oocyte competence for
later development. The assisted reproduction out-
come might be affected by excessive oil and sau-
sage and turkey ham intake. However, in women
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with fat rich diet, though higher number of re-
trieved oocytes was observed, there was lower
developmental competence in oocytes. Therefore,
embryos with high quality belonged to women
with lower intake of fat. These findings suggest
that fat rich diet dose not impair the success of
assisted reproduction treatment.

Acknowledgement
The authors appreciate the supports of Tehran
University of Medical Sciences and Isfahan Uni-
versity of Medical Sciences for funding.

Conflict of Interest
Authors declare that there is no conflict of inter-
est.

References
1. Cribier S, Morrot G, Zachowski A. Dynamics of the
membrane lipid phase. Prostaglandins Leukot Essent
Fatty Acids. 1993;48(1):27-32.

2. Mattos R, Staples CR, Thatcher WW. Effects of
dietary fatty acids on reproduction in ruminants. Rev
Reprod. 2000;5(1):38-45.

3. Zachut M, Dekel I, Lehrer H, Arieli A, Arav A, Liv-
shitz L, et al. Effects of dietary fats differing in n-
6:n-3 ratio fed to high-yielding dairy cows on fatty
acid composition of ovarian compartments, follicu-
lar status, and oocyte quality. J Dairy Sci. 2010;93
(2):529-45.

4. Aardema H, Vos PL, Lolicato F, Roelen BA, Knijn
HM, Vaandrager AB, et al. Oleic acid prevents det-
rimental effects of saturated fatty acids on Bovine
oocyte developmental competence. Biol Reprod.
2011;85(1):62-9.

5. Santos J, Juchem S, Cerri R, DePeters E, Thatcher
W. Results of feeding different fatty acids on the
cow’s transition and reproductive cycle. In: 2004;
2004: 29-40.

6. Fouladi-Nashta AA, Gutierrez CG, Gong JG, Garns-
worthy PC, Webb R. Impact of dietary fatty acids on
oocyte quality and development in lactating dairy
cows. Biol Reprod. 2007;77(1):9-17.

7. Leroy JL, Van Soom A, Opsomer G, Goovaerts IG,
Bols PE. Reduced fertility in high-yielding dairy
cows: are the oocyte and embryo in danger? Part II.
Mechanisms linking nutrition and reduced oocyte
and embryo quality in high-yielding dairy cows.
Reprod Domest Anim. 2008;43(5):623-32.

8. Petit HV, Cavalieri FB, Santos GT, Morgan J, Shar-
pe P. Quality of embryos produced from dairy cows

fed whole flaxseed and the success of embryo trans-
fer. J Dairy Sci. 2008;91(5):1786-90.

9. Campbell BK, Souza C, Gong J, Webb R, Kendall
N, Marsters P, et al. Domestic ruminants as models

Kazemi A, et al. J RI

for the elucidation of the mechanisms controlling
ovarian follicle development in humans. Reprod
Suppl. 2003;61:429-43.

10. Krajcovicova-Kudlackova M, Sebekova K, Schin-
zel R, Klvanova J. Advanced glycation end prod-
ucts and nutrition. Physiol Res. 2002;51(3):313-6.

11. Hsuuw YD, Chang CK, Chan WH, Yu JS. Curcu-
min prevents methylglyoxal-induced oxidative
stress and apoptosis in mouse embryonic stem cells
and blastocysts. J Cell Physiol. 2005;205(3):379-
86.

12. De Leo V, Musacchio MC, Morgante G, Piomboni
P, Petraglia F. Metformin treatment is effective in
obese teenage girls with PCOS. Hum Reprod.
2006;21(9):2252-6.

13. Esteghamati A, Khalilzadeh O, Ashraf H, Zandieh
A, Morteza A, Rashidia A, et al. Physical activity
is correlated with serum leptin independent of obe-
sity: results of the national surveillance of risk fac-

tors of noncommunicable diseases in Iran (SuRFN
CD-2007). Metabolism. 2010;59(12):1730-5.

14. Della Torre S, Rando G, Meda C, Stell A, Cham-
bon P, Krust A, et al. Amino acid-dependent acti-
vation of liver estrogen receptor alpha integrates
metabolic and reproductive functions via IGF-1.
Cell Metab. 2011;13(2):205-14.

15. Lipson SF, Ellison PT. Comparison of salivary
steroid profiles in naturally occurring conception
and non-conception cycles. Hum Reprod. 1996;11
(10):2090-6.

16. Karimzadeh MA, Javedani M. An assessment of
lifestyle modification versus medical treatment
with clomiphene citrate, metformin, and clomi-
phene citrate-metformin in patients with polycystic
ovary syndrome. Fertil Steril. 2010;94(1):216-20.

17. Farhi J, Ben-Haroush A, Sapir O, Fisch B, Ashke-
nazi J. High-quality embryos retain their implanta-
tion capability in overweight women. Reprod Bio-
med Online. 2010;21(5):706-11.

18. Zhang D, Zhu Y, Gao H, Zhou B, Zhang R, Wang
T, et al. Overweight and obesity negatively affect
the outcomes of ovarian stimulation and in vitro
fertilisation: a cohort study of 2628 Chinese wom-
en. Gynecol Endocrinol. 2010;26(5):325-32.

19. Mansur Leal P, Lopes Souto D, Dos Santos Lima
E, Paes de Miranda M, Lopes Rosado E. Influence
of fat intake on body composition, lipemia and gly-
cemia of type 1 diabetics. Nutr Hosp. 2011;26(5):
1110-4.

20. [Laboratory manual of the WHO for the examina-
tion of human semen and sperm-cervical mucus in-
teraction]. Ann Ist Super Sanita. 2001;37(1):I-XII,
1-123. Ttalian.

21. Mirmiran P, Esfahani FH, Mehrabi Y, Hedayati M,
Azizi F. Reliability and relative validity of an FFQ

J Reprod Infertil, Vol 15, No 4, Oct-Dec 2014 - 219



JRIF at Intake and Reproduction Parameters

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

220

for nutrients in the Tehran lipid and glucose study.
Public Health Nutr. 2010;13(5):654-62.

Azar M, Sarkisian E. Food composition table of
Iran. Tehran: National Nutrition and Food Science
Research Institute of Shaheed Beheshti University;
1981.

Safavi S, Omidvar N, Djazayery A, Minaie M,
Hooshiarrad A, Sheikoleslam R. Development of
food-based dietary guidelines for Iran: A prelimi-
nary report. Ann Nutr Metab. 2007;51suppl 2:32-
35.

Oja P, Laukkanen R, Pasanen M, Tyry T, Vuori I.
A 2-km walking test for assessing the cardiorespir-
atory fitness of healthy adults. Int J Sports Med.
1991;12(4):356-62.

Veeck LL. Oocyte assessment and biological per-
formance. Ann N Y Acad Sci. 1988;541:259-74.

Thangavelu G, Colazo MG, Ambrose DJ, Oba M,
Okine EK, Dyck MK. Diets enriched in unsaturat-
ed fatty acids enhance early embryonic develop-
ment in lactating Holstein cows. Theriogenology.
2007;68(7):949-57.

Cerri RL, Juchem SO, Chebel RC, Rutigliano HM,
Bruno RG, Galvao KN, et al. Effect of fat source
differing in fatty acid profile on metabolic parame-
ters, fertilization, and embryo quality in high pro-
ducing dairy cows. J Dairy Sci. 2009;92(4):1520-
31.

Abayasekara DR, Wathes DC. Effects of altering
dietary fatty acid composition on prostaglandin
synthesis and fertility. Prostaglandins Leukot
Essent Fatty Acids. 1999;61(5):275-87.

Robinson RS, Pushpakumara PG, Cheng Z, Peters
AR, Abayasekara DR, Wathes DC. Effects of die-
tary polyunsaturated fatty acids on ovarian and
uterine function in lactating dairy cows. Reproduc-
tion. 2002;124(1):119-31.

Ciccioli NH, Wettemann RP, Spicer LJ, Lents CA,
White FJ, Keisler DH. Influence of body condition
at calving and postpartum nutrition on endocrine
function and reproductive performance of primi-
parous beef cows. J Anim Sci. 2003;81(12):3107-
20.

Hoost U, Kelbaek H, Rasmusen H, Court-Payen
M, Christensen NJ, Pedersen-Bjergaard U, et al.
Haemodynamic effects of eating: the role of meal
composition. Clin Sci (Lond). 1996;90(4):269-76.

Nisula BC, Blithe DL, Akar A, Lefort G, Weh-
mann RE. Metabolic fate of human choriogonado-
tropin. J Steroid Biochem. 1989;33(4B):733-7.

Moneta GL, Taylor DC, Helton WS, Mulholland
MW, Strandness DE Jr. Duplex ultrasound meas-
urement of postprandial intestinal blood flow: Ef-

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

fect of meal composition. Gastroenterology. 1988;
95(5):1294-301.

Wang H, Dey SK. Lipid signaling in embryo im-
plantation. Prostaglandins other Lipid Mediat.
2005;77(1-4):84-102.

Childs S, Hennessy AA, Sreenan JM, Wathes DC,
Cheng Z, Stanton C, et al. Effect of level of dietary
n-3 polyunsaturated fatty acid supplementation on
systemic and tissue fatty acid concentrations and
on selected reproductive variables in cattle. Therio-
genology. 2008;70(4):595-611.

Zeron Y, Sklan D, Arav A. Effect of polyunsatu-
rated fatty acid supplementation on biophysical pa-
rameters and chilling sensitivity of ewe oocytes.
Mol Reprod Dev. 2002;61(2):271-8.

Rizos D, Pintado B, de la Fuente J, Lonergan P,
Gutierrez-Adan A. Development and pattern of
mRNA relative abundance of bovine embryos cul-
tured in the isolated mouse oviduct in organ cul-
ture. Mol Reprod Dev. 2007;74(6):716-23.

Vanholder T, Leroy JL, Soom AV, Opsomer G,
Maes D, Coryn M, et al. Effect of non-esterified
fatty acids on bovine granulosa cell steroidogenesis
and proliferation in vitro. Anim Reprod Sci. 2005;
87(1-2):33-44.

Jungheim ES, Macones GA, Odem RR, Patterson
BW, Lanzendorf SE, Ratts VS, et al. Associations
between free fatty acids, cumulus oocyte complex
morphology and ovarian function during in vitro
fertilization. Fertil Steril. 2011;95(6):1970-4.

Lapa M, Marques CC, Alves SP, Vasques MI,
Baptista MC, Carvalhais I, et al. Effect of trans-10
cis-12 conjugated linoleic acid on bovine oocyte
competence and fatty acid composition. Reprod
Domest Anim. 2011;46(5):904-10.

Fischer S. Dietary polyunsaturated fatty acids and
eicosanoid formation in humans. Adv Lipid Res.
1989;23:169-98.

Aitken RJ, Baker HW. Seminal leukocytes: pas-
sengers, terrorists or good samaritans? Hum
Reprod. 1995;10(7):1736-9.

Marei WF, Wathes DC, Fouladi-Nashta AA. Im-
pact of linoleic acid on bovine oocyte maturation
and embryo development. Reproduction. 2010;139
(6):979-88.

Bilby TR, Block J, do Amaral BC, Sa Filho O, Sil-
vestre FT, Hansen PJ, et al. Effects of dietary un-
saturated fatty acids on oocyte quality and follicu-
lar development in lactating dairy cows in summer.
J Dairy Sci. 2006;89(10):3891-903.

Gurr MI, Harwood JL, Frayn KN. Lipid Biochem-
istry [Internat]. Sth ed. Oxford: Blackwell Science;
2002. Dietary lipids. Available from: http://elib.fk.

- J Reprod Infertil, Vol 15, No 4, Oct-Dec 2014



46.

47.

48.

49.

uwks.ac.id/asset/archieve/e-book/BIOKIMIA %20-
%20BIOCHEMISTRY/Gurr_Lipid%20Biochemist
ry-An%?20Introduction%205th%20ed.pdf.

Jinno M, Takeuchi M, Watanabe A, Teruya K,
Hirohama J, Eguchi N, et al. Advanced glycation
end-products accumulation compromises embryon-
ic development and achievement of pregnancy by

assisted reproductive technology. Hum Reprod.
2011;26(3):604-10.

Hao L, Noguchi S, Kamada Y, Sasaki A, Matsuda
M, Shimizu K, et al. Adverse effects of advanced
glycation end products on embryonal development.
Acta Med Okayama. 2008;62(2):93-9.

Tatone C, Amicarelli F, Carbone MC, Monteleone
P, Caserta D, Marci R, et al. Cellular and molecu-
lar aspects of ovarian follicle ageing. Hum Reprod
Update. 2008;14(2):131-42.

Diamanti-Kandarakis E, Piperi C, Korkolopoulou
P, Kandaraki E, Levidou G, Papalois A, et al. Ac-
cumulation of dietary glycotoxins in the reproduc-
tive system of normal female rats. J Mol Med

50.

51.

52.

53.

Kazemi A, et al. J RI

(Berl). 2007;85(12):1413-20.

Thomas MC, Baynes JW, Thorpe SR, Cooper ME.
The role of AGEs and AGE inhibitors in diabetic
cardiovascular disease. Curr Drug Targets. 2005;6
(4):453-74.

Knize MG, Dolbeare FA, Carroll KL, Moore DH 2
nd, Felton JS. Effect of cooking time and tempera-
ture on the heterocyclic amine content of fried beef
patties. Food chem toxicol. 1994;32(7):595-603.

Leese HJ, Hugentobler SA, Gray SM, Morris DG,
Sturmey RG, Whitear SL, et al. Female reproduc-
tive tract fluids: composition, mechanism of for-
mation and potential role in the developmental ori-
gins of health and disease. Reprod Fertil Dev.
2008;20(1):1-8.

Vignon F, Vivier C, Roll-Back MH, Clavert A,
Cranz C, Reville P. [Lipid composition of perito-
neal and follicular ovulatory fluid from patients
participating in an in vitro fertilization protocol]. J
Gynecol Obstet Biol Reprod (Paris). 1991;20(3):
321-4. French.

J Reprod Infertil, Vol 15, No 4, Oct-Dec 2014 - 221



