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Abstract

This study was conducted to assess the effects of addition of 10% newborn bovine serum (NBS) in the maturation and culture media
of bovine system on oocytes maturation and developed morula and blastocyst rates. For this purpose, 10% NBS was added to in
vitro maturation (IVM) medium alone (Experiment I), in vitro culture (IVC) (Experiment II), and in IVM + IVC (Experiment III). In vitro bovine
oocytes maturation and developmental rates of bovine embryos were then compared with control group where the basal maturation
or culture media were supplemented with 10% fetal calf serum (FCS). Results revealed that maturation, cleavage, morula, and
blastocyst formation rates of in vitro fertilized embryos were not significantly different in NBS and control groups in the 3 experiments.
In conclusion, NBS is an efficient macromolecule in bovine system when added either to IVM or to IVC or to both stages. Thus, NBS
could provide cheaper and more available treatment to be used as FCS substitute in the IVC system of bovines.

Abbreviations: COCs = cumulus oocyte complexes, ECS = estrus calf serum, EES = estrus ewe serum, FCS = fetal calf serum,
HCG= human chorionic gonadotropin, IVC= in vitro culture, IVF= in vitro fertilized, IVM= in vitro maturation, NBS= newborn bovine
serum, PECS = pro-estrus calf serum, PMSG = pregnant mare serum gonadotropins, SOF = synthetic oviduct fluid.
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Introduction

Numerous protocols and a wide variety of culture media were
studied in order to improve the rates of in vitro mammalian
oocytes maturation and embryos development.1 Most of these
protocols use the basic media that are supplemented with
hormones and different concentration of sera. Sera are usually
added to the in vitro maturation (IVM) medium by the rate of
10% to 20%.2 Supplementation of in vitro embryo cultures with
fetal calf serum (FCS) is crucial as it contains many hormones,
vitamins, transport proteins, growth factors that optimize oocyte
maturation. Also, it avoids hardening of the zona pellucida.
Moreover, it was reported that FCS had a potent antioxidant
activities which assist in chelating free radicals and protect
oocytes from oxidative stress conditions.3 For this purpose, about
1 million of bovine fetuses have to be harvested to get about
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500,000 L of FCS annually, which represents a big economic loss.
Therefore, scientists developed many approaches to minimize or
replace the requirement for FCS in cell culture media.4

The maturation medium and the selection of protein supple-
ments in IVM play an important role in the subsequent
development of in vitro fertilized (IVF) embryos.1 Heat
inactivated serum can be added to culture medium as a source
of protein, which is essential for oocytes maturation.5 Several
types of sera were evaluated, FCS, estrus calf serum (ECS), pro-
estrus calf serum (PECS), steer serum, and maternal serum have
been used in bovine IVM. The authors found that oocyte
maturation rates did not differ significantly when the IVM
medium either supplemented with these different sera or with
FCS.6 Also, in many experiments, maturation medium was
supplemented with estrous goat serum,7 estrous sheep serum,7

ECS,8 and FCS8 as protein supplements. In addition, another
study showed that ECS supplementation in IVMmedia increased
the cleavage rates of IVF embryos. Moreover, the authors
reported 62.9% maturation rate when FCS was added as a
supplement to the IVM medium and this was significantly lower
than the rates obtained when the IVM medium supplemented
with either bovine serum obtained at D0 (estrus), D1 (metestrus),
D10 (diestrus), or D20 (proestrus).9 In addition, D20 and/or D0
bovine sera may contain factors that increase the developmental
competence of oocytes during IVM. Similarly, the highest
fertilization rate was shown when PECS was added to the media
at the standing estrus.5 In conclusion, the previous studies
clarified that in comparison to FCS, supplementation of IVM
medium with FCS alternatives such as ECS achieved higher
maturation rates.
In addition, in cattle, it was reported that addition of estrus

serum to the synthetic oviduct fluid (SOF) (culture medium) at
different periods after fertilization either at 20hours (control) or
42hours (experiment) resulted in similar cleavage rates.
However, blastocyst and hatched blastocyst formation rates
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were higher in experiment group than the control one.
Moreover, addition of 20% estrus ewe serum (EES) to the
fertilization medium significantly (P< .05) enhanced the cleavage
rate (78.0±4%) compared with 10% (72.6±6%) or 5% (73.9±
2%) EES-supplemented groups. Moreover, it was noticed that
blastocyst development rates were not affected among the
different groups.11

Thus, due to the shortage of information about the use of
newborn bovine serum (NBS) in the in vitro embryo production
system, the present study was designed to examine the effects of
addition of NBS as FCS alternative in either IVM medium alone
or in vitro culture (IVC) alone or both of them on the in vitro
bovine oocytes maturation and the potential bovine embryos
developmental rates.

Materials and methods

Preparation of media and buffers

All reagents used for media or buffers preparation were
purchased from Sigma Chemical Co (St Louis, MO), unless
otherwise indicated.

Preparation of NBS

NBS was prepared by centrifugation of venous blood from
newborn calves of Holstein breed (48 h after birth) at 4000�g for
20minutes. Then, the NBS was filtered sequentially using 0.2mm
syringe and stored in aliquots at �20°C until use.

Collection of the ovaries

Bovine ovaries of slaughtered apparently healthy and none
pregnant mature cows that have functional ovarian structures
(cyclic follicles and/or corpus luteum) were collected from Belifia
abattoir in Beni-Suef, Egypt. Ovaries were separated from
slaughtered animals within 15 min of slaughter and then
transported to the laboratory in a thermos containing sterile
(25°C) normal saline “0.85%” supplemented with 100mg/mL
gentamycin sulfate (Memphis Co Pharm and Chem Ind, Egypt)
and 100 IU/mL penicillin G.12 In the laboratory, the collected
ovaries were carefully dissected from other tissues and washed
thrice with presterilized warm normal saline to ensure removal of
the adhering blood then rinsed again till the recovery of oocytes.13
Recovery and selection of immature primary oocytes

The immature cumulus oocyte complexes (COCs) were harvested
from the collected ovaries using the slicingmethod.14 According to
Ganguli et al,15 the recovered oocytes were classified, based upon
their morphological criteria, into 3 categories; oocytes with evenly
granulated cytoplasm and completely surrounded by multiple
layers of cumulus cells (grade I), oocyteswhichwere surroundedby
scanty layers of cumulus cells (grade II) and nude oocytes thatwere
devoid of cumulus cells (grade III). Grade I and II oocytes were
included to be cultured while nude oocytes were excluded.
In vitro maturation of oocytes

COCs were washed twice in TCM-199 supplemented with 10%
FCS, 50mg/mL gentamycin sulfate and 5mL/mL L-glutamine16

then transferred to 50mL of thematurationmedium supplemented
with 0.2 IU pregnant mare serum (PMSG) (Folligon, Intervet,
Netherlands, EU), 2.0 IU human chorionic gonadotropin (hCG)
(Pregnyl, Intervet), and 1.0mg Estradiol/mL “E2, Sigma Chemical
2

Co.” Oocytes containing droplet (10 cells) was coveredwith 4
mL sterile mineral oil to prevent evaporation. The cells were
incubated formaturation in theCO2 incubator for 24hours

13 after
which the oocytes were examined under stereomicroscope (100�)
for evaluation of cumulus mass expansion.19
In vitro fertilization of oocytes

Motile spermatozoa were selected using swim-up technique and
allowed to be capacitated in modified Sperm-Tyrod’s Albumin
Lactate Pyruvate medium modified by the addition of N-[2-
hydroxyethyl] Piperazine-N-[2-ethanesulfonic acid] at concen-
tration of 2.3mg/mL, sodium bicarbonate (160mg/mL), sodium
pyruvate (112mg/mL), sodium lactate “98%” (1.84mL/mL),
gentamycin sulfate (50mg/mL), bovine serum albumin fraction-V
“essential fatty acid-free” (6mg/mL), and heparin sodium salt
(200 IU/mL).20 For this purpose, 2 straws of frozen buffalo bull
semen, received from Animal Reproduction Research Institute,
Agriculture Research Center, El-Haram, Egypt, were used. The
capacitated was resuspended in 1.0 mL of Fertilization Tyrod’s,
Albumin, Lactate, Pyruvate medium (F-TALP).21 Sperm concen-
tration was measured by hemocytometer and a sufficient medium
was added to yield the final concentration of 1�106 sperm/mL.
Following maturation, good and excellent mature COCs were
washed thrice by F-TALP medium then transferred to 50mL
droplets of the same medium (5 oocytes/droplet). The oocytes
were covered with warm sterile mineral oil then incubated in CO2

incubator for an hour after which the oocytes were inseminated
with sperm suspension (2mL/droplet).
In vitro culture

Twenty-four hours following fertilization, the fertilized oocytes
were cultured Hammam et al22 and cleavage of resulted embryos
was identified and evaluated according to the protocol previously
published Linder and Wright.23
Experimental design

The present study includes 3 experiments:
(1)
 Experiment 1: It includes addition of FCS by 10% to the basal
maturation medium (control group) or 10%NBS to the basal
maturation medium (NBS group).
Experiment 2: It includes addition of 10% FCS or 10% NBS
(2)

in the basal culture medium.
Experiment 3: It includes addition of 10% FCS or 10% NBS
(3)

in the maturation and afterwards in the basal culture media.

Statistical analysis

Throughout the current study, the obtained data (absolute
values) subjected to statistical analysis using SAS Program. All
values were reported as mean ± standard error. The means were
compared using 1-way analysis of variance followed by multiple
comparison tests. P value <.05 was considered significant.24,25
Results

Effect of addition of NBS in maturation medium on
maturation and bovine embryo developmental rates

The effect of supplementation of 10% FCS and NBS in
maturation media on the maturation rate of bovine oocytes is



Table 1

Effect of addition of newborn bovine serum in maturation medium on the maturation rates (mean ± SE)

Groups No. of oocytes Maturation rates, % Significant value (P)

Control group 240 84.20±1.87a >.05
Newborn bovine serum group 261 81.43±1.63a >.05

Values with identical letters revealed none significant difference from each other (P> .05). These results for 5 replicates.
SE= standard error.

Table 2

Effect of addition of newborn bovine serum in maturation medium on cleavage and developmental rate of morulae and blastocysts

Groups No. of mature oocytes Cleavage rates, % Morula rates, % Blastocyst rates, % Significant value (P)

Control group 222 47.36±1.53a 34.45±0.74a 20.56±1.34a >.05
Newborn bovine serum group 216 46.23±1.24a 31.70±0.96a 18.45±0.90a >.05

In the same column, values with identical letters revealed none significant difference from each other (P> .05). These results for 5 replicates.
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given in Table 1. The results revealed that there are no significant
(P> .05) differences in maturation rate when the maturation
media was supplemented with either FCS orNBS (84.20±1.87 or
81.43±1.63, respectively). Also, the results in Table 2 showed
that there are no significant (P> .05) differences in cleavage,
morula, and blastocyst formation rates among the groups.

Effect of addition of NBS in culture medium on cleavage
and developmental rates of morulae and blastocysts

The results in Table 3 revealed that addition of NBS in culture
medium did not induce any significant differences (P> .05) on
cleavage, morula, and blastocyst formation rates when compared
with corresponding values of FCS group (48.25±0.79, 36.93±
1.13, 23.35±0.35 vs 45.78±0.35, 33.91±1.01, 18.58±0.63,
respectively).
Effect of addition of NBS in both maturation and culture
medium on maturation and bovine embryos
developmental rates

The results in Table 4 exhibited that addition of NBS in
maturation medium and then in the culture medium resulted in a
Table 3

Effect of addition of newborn bovine serum in culture medium on clea
SE)

Groups No. of matured oocytes Cleaved rate, %

Control 224 48.25±0.79a

Newborn bovine serum group 250 45.78±0.35a

In the same column, values with identical letters revealed none significant difference from each other (
SE= standard error.

Table 4

Effect of addition of newborn bovine serum in maturation and cultu
blastocysts (mean ± SE)

Groups No. of matured oocytes Cleavage rates, %

Control group 235 45.13±0.79a

Newborn bovine serum group 238 42.65±1.45a

In the same column, values with identical letters revealed none significant difference from each other (
SE= standard error.
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similar cleavage, morula, and blastocyst formation rates in
comparison to the FCS group (P> .05) (45.13±0.79, 32.52±
1.44, 18.51±0.38 vs 42.65±1.45, 29.17±1.81, 15.86±0.77,
respectively).
Discussion

In the current study, IVM and IVC media were supplemented
with either FCS or NBS to assess their effects on the bovine
oocytes maturation, cleavage, morula, and blastocyst formation
rates either when they were added in the basal maturation
medium only (Experiment 1) or in the basal culture medium only
(Experiment 2) or in both the maturation and culture media
(Experiment 3).
Serum supplementation in IVM medium was found to have a

great effect on the in vitro embryo development in different
species. In this regard, numerous reports studied how to improve
the culture media of in vitro produced embryos in domestic
animals via addition of many supplements as sera, hormones, and
somatic cells.26 Serum supplementation in maturation media was
found to have many benefits as the serum contains a number of
growth factors that play crucial role in the regulation of oocyte
maturation. Also, it has antioxidant properties and prevents the
vage and developmental rates of morulae and blastocysts (mean ±

Morula rates, % Blastocyst rate, % Significant value (P)

36.93±1.13a 23.35±0.35a >.05
33.91±1.01a 18.58±0.63a >.05

P> .05). These results for 5 replicates.

re medium on cleavage and developmental rate of morulae and

Morula rates, % Blastocyst rates, % Significant value (P)

32.52±1.44a 18.51±0.38a >.05
29.17±1.81a 15.86±0.77a >.05

P> .05). These results for 5 replicates.
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hardening of the zona pellucida. Also, serum is useful to supply
the media with many essential elements including hormones,
minerals, trace elements, lipids, and detoxifying factors.28

The results of the current study revealed that there are no
significant (P> .05) difference among FCS and NBS on the rates
of maturation of bovine oocytes as well as on cleavage, morulae,
and blastocysts formation rates either when the sera were added
in basal maturation medium only or in basal culture medium only
or in both the maturation and culture media. These data met
agreement with the study of Lee et al29 who reported that
supplementation of IVM medium with newborn canine serum
enhanced the developmental rate of canine oocytes to the MII
stage and the maturation rate was found to be higher than the
rates obtained when IVM medium supplemented with either
estrus bovine serum, FBS, or bovine serum globulin (14.6% vs
10.4%, 8.8%, and 3.3%, respectively). In addition, a study of
Son et al30 reported that supplementation of IVM medium with
different types of sera including newborn pig serum, prepubertal
gilt serum, estrus sow serum, or pregnancy sow serum resulted in
similar cleavage and blastocyst formation rates among all groups.
Thus, the authors proved that newborn pig serum had a
pronounced effect on IVM as estrus sow serum. These results
coincided with the current results of Experiment 1 and indicated
that the NBS is an efficient substitute to FCS in IVM medium.
Moreover, the results of the current study come in accordance

with the study of Allen et al31 who found that supplementation of
Hams F-10 tissue culture medium with 5% or 10% NBS was
effective than FCS (P< .05) in promoting the in vitro develop-
ment of bovine morulae. Also, a study of Watson et al32 reported
that the supplementation of tissue culture medium with NBS
resulted in greater blastocyst rates than when cultured in SOF
medium. These results come in agreement with the current results
of Experiment 2 and clarified that the NBS is an efficient serum
alternative to FCS in the culture medium.
The reasons that augment the current results and potentiate the

use of NCS instead FCS in culture media are the high ethical
concerns, which should be followed at the slaughterhouse during
serum collection from the fetuses of pregnant cows.3 In addition
to the ethical and scientific concerns, there are many factors
contribute to the unsteady supply of FBS which consider a big
problem including environmental factors, such as drought and
policies that control governmental farm.33 Recently, due to the
limitation of its availability, the requirement for FBS in many
countries has increased significantly and the price of it has increased
by >300% in the past few years.34 Because of the current shortage
and high price of FBS, many scientists are motivated to study many
alternatives to cells and tissue culture. Themain FCS alternatives are
bovine calf serum-based products especially the NBS, which has
more similar constituents as FCS and this allow mitigation of the
ethical rules applied for the use of FBS.4 In addition, NBS provides a
stable and available serum source and it decreased the cost greatly,
and induced good uniformity between different lots.35 All of these
points augment the results of the current study and give a final
judgment that FCS is an optimal cheaper serum alternative in the
culture of the in vitro embryo production system.
Conclusion

Thus, it could be concluded that FCS and NBS have the same
effect for IVM of bovine oocytes as well as cleavage, morula, and
blastocyst formation rates. Thus, NBS might be used as cheaper
serum substitute for maturation of oocytes and bovine embryos
development.
4

Acknowledgments

The authors want to thank the Physiology Department staff,
Faculty of Veterinary Medicine, Beni-Suef University for their
cooperation in the ovarian samples collection.

Conflicts of interest

The authors declare no conflicts of interest.

References

[1] Kharche SD, Goel AK, Jindal SK, et al. In vitro maturation of caprine
oocytes in different concentrations of estrous goat serum. Small Rumin
Res. 2006;64:186–189.

[2] Gradner DK, Lane M. Trounson AO, Gardner DK. Embryo culture
system. Handbook of In Vitro Fertilization. 2nd ed.CRC Press, New
York, NY:2000;205–264.

[3] van der Valk J, Mellor D, Brands R, et al. The humane collection of fetal
bovine serum and possibilities for serum-free cell and tissue culture.
Toxicol In Vitro. 2004;18:1–12.

[4] Jochems CEA, van der Valk JBF, Stafleu FR, et al. The use of fetal bovine
serum: ethical or scientific problem. Altern Lab Anim. 2002;30:219–227.

[5] Sanbuissho A, Threlfall WR. The effects of estrous cow serum on the in
vitro maturation and fertilization of the bovine follicular oocyte.
Theriogenology. 1989;31:693–699.

[6] Gordon IR. Laboratory Production of Cattle Embryos. 2nd ed.2003;
CAB International, Wallingford:126–132.

[7] Tajik P, Shams Esfandabadi N. In vitro maturation of caprine oocytes in
different culture media. Small Rumin Res. 2003;47:155–158.

[8] Sagirkaya H, Misirlioglu M, Kaya A, et al. Developmental potential of
bovine oocytes cultured in different maturation and culture conditions.
Anim Rep Sci. 2007;101:225–240.

[9] Schellander K, Fuhrer F, Brackett BG, et al. In vitro fertilization and
cleavage of bovine oocytes matured in medium supplemented with
estrous cow serum. Theriogenology. 1990;33:477–485.

[10] Smetanina IG, Tatarinova LV, Krivokharchenko AS. Influence of the
culture medium composition on cattle oocyte maturation and embryo-
genesis in vitro. Rus J Dev Biol. 2000;31:113–116.

[11] Lia F, Pib WH, Zhua HZ, et al. The effect of estrous ewe serum and
heparin on in vitro fertilization and subsequent embryonic development
in sheep. Small Rum Res. 2006;63:226–232.

[12] Lim KT, Jang G, Ko KH, et al. Improved cryopreservation of bovine
preimplantation embryos cultured in chemically defined medium. J Anim
Reprod Sci. 2008;103:239–248.

[13] Totey SM, Pawshe CH, Singh G. Effects of bull and heparin and sperm
concentration on IVF of buffalo (Bubalus bubalis) oocytes matured in
vitro. Theriogenology. 1993;39:887–898.

[14] Bavister BD. A consistency successful procedure for in vitro fertilization
of golden hamster eggs. Gamete Res. 1989;23:139–158.

[15] Ganguli G, Indra A, Gupta P. Suitability of the follicular oocytes
obtained from slaughtered buffalo ovaries and assessment of their
nuclear maturation. Buffalo J. 1998;2:217–227.

[16] Nedambale TL, Du F, Xu J, et al. Prolonging bovine sperm—oocyte
incubation in modified medium 199 improves embryo development rate
and the viability of vitrified blastocysts. Theriogenology. 2006;66:1951–
1960.

[17] Choi YH, Carnevale EM, Seidel GE, et al. Effects of gonadotropins on
bovine oocytes matured in TCM-199. Theriogenology. 2001;56:
661–670.

[18] Atef N. Some studies on in vitro fertilization in buffaloes. MVSc Thesis
(Physiology), Beni Suef Univ, Egypt. 2005.

[19] Schellander K, Fayer-Hosken RA, Keefer CL, et al. In vitro fertilization of
bovine follicular oocytes recovered by laparoscopy. Theriogenology.
1989;31:927–934.

[20] Parrish JJ, Susko-Parrish JL, Leibfried-Rutledge L, et al. Bovine in vitro
fertilization with frozen-thawed semen. Theriogenology. 1986;25:
591–600.

[21] Younis AI, Brackett BG, Fayer-Hosken RA. Influence of serum and
hormones on bovine oocytes maturation and fertilization in vitro.
Gamete Res. 1989;23:189–201.

[22] Hammam AM, Zabaal MM, Sabra HA. Effect of types of media on in
vitro maturation, culture and fertilization of buffalo and cattle oocytes.
Beni Suef Vet Med Res. 1997;5:242–258.

[23] Linder GM, Wright JR. Bovine embryo morphology and evaluation.
Theriogenology. 1983;20:407–416.



[24] Snedecor GW, Cochran W. Statistical Methods. 8th ed.Iowa State [31] Allen RL, Bondioli KR, Wright RW. The ability of fetal calf serum,

Abdel-Wahab et al. Porto Biomed. J. (2018) 3:2 www.portobiomedicaljournal.com
University Press, Ames, IA:1987.
[25] SAS ProgramSAS User Guide Statistics. SAS Inst, Carry, NC:1994.
[26] Pawshe CH, Palanisamy A, Taneja M, et al. Comparison of various

maturation treatments on in vitro maturation of goat oocytes and their
early embryonic development and cell numbers. Theriogenology. 1996;
46:971–981.

[27] Mahmoud GM, Nawito MF. Cytogenetic evaluation of in vitro matured
buffalo oocytes in different culture condition. Egypt J Vet Sci. 2003;
7:105–116.

[28] Gstraunthaler G. Alternatives to the use of fetal bovine serum: serum-free
cell culture. ALTEX. 2003;20:275–281.

[29] Lee HS, Choi DG, Jung IH, et al. Effects of newborn canine serum on in
vitro maturation of canine oocytes. Reprod Fertil Dev. 2006;19:
289–289.

[30] Son J, Malaweera1 DBO, Lee E, et al. Development of in vitro produced
porcine embryos according to serum types as macromolecule. J Vet Sci.
2013;14:315–321.
5

new-born calf serum and normal steer serum to promote the
in vitro development of bovine morulae. Theriogenology. 1982;18:
185–189.

[32] Watson AJ, Sousa PD, Caveney A, et al. Impact of bovine
oocyte maturation media on oocyte transcript levels, blastocyst
development, cell number, and apoptosis. Biol Reprod. 2000;62:355–
364.

[33] Jayme DW, Epstein DA, Conrad DR. Fetal bovine serum alternatives.
Nature. 1988;334:547–548.

[34] RMBIO. Fetal Bovine Serum: Supply and Demand for US FBS. Rocky
Mountain Biologicals, 2016. Available from: https://www.rmbio.com/
fetal-bovine-serum-supply-and-demand-for-us-fbs.

[35] Hyclone. Growth Comparison Studies Between FBS and Other
Serum Products. Thermo Scientific, 2010 (cited November 28, 2016).
Available from: http://apps.thermoscientific.com/media/BID/BPP/
appnotes/serumgrowthcomparison/growth-comparison-fbs-vs-other-
serum.pdf.

https://www.rmbio.com/fetal-bovine-serum-supply-and-demand-for-us-fbs
https://www.rmbio.com/fetal-bovine-serum-supply-and-demand-for-us-fbs
http://apps.thermoscientific.com/media/BID/BPP/appnotes/serumgrowthcomparison/growth-comparison-fbs-vs-other-serum.pdf
http://apps.thermoscientific.com/media/BID/BPP/appnotes/serumgrowthcomparison/growth-comparison-fbs-vs-other-serum.pdf
http://apps.thermoscientific.com/media/BID/BPP/appnotes/serumgrowthcomparison/growth-comparison-fbs-vs-other-serum.pdf
http://www.portobiomedicaljournal.com

	The impact of using newborn bovine serum as fetal calf serum substitute in the in vitro bovine embryos production system
	Introduction
	Materials and methods
	Preparation of media and buffers
	Preparation of NBS
	Collection of the ovaries
	Recovery and selection of immature primary oocytes
	In vitro maturation of oocytes
	In vitro fertilization of oocytes
	In vitro culture
	Experimental design
	Statistical analysis

	Results
	Effect of addition of NBS in maturation medium on maturation and bovine embryo developmental rates
	Effect of addition of NBS in culture medium on cleavage and developmental rates of morulae and blastocysts
	Effect of addition of NBS in both maturation and culture medium on maturation and bovine embryos developmental rates

	Discussion
	Conclusion
	Acknowledgments
	Conflicts of interest
	References


