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8 Abstract

9 Bovine follicular fluid (bFF) is the natural milieu for oocyte growth and development. 

10 However, its value as supplementation to in vitro maturation medium is still 

11 questioned due to inconsistent results. In this study we hypothesized that adding 10% 

12 of follicular fluid as well as heat treating it to inhibit the complement system, would 

13 produce higher quality embryos. To do so, experiments were conducted to compare 

14 the effect of bFF and heat-treated bFF (bFFin) on oocyte competence assessed by 

15 different parameters such as nuclear and cytoplasmic maturation, IVF efficiency, in 

16 vitro embryo development and embryo survivability post-vitrification. No differences 

17 on nuclear maturation nor cortical granules migration were observed but differences 

18 were found on oocyte’s cumulus cell expansion, with bFF group having the highest 

19 increase (79.0±3.7%). bFFin had a negative impact on IVF efficiency (58.6±3.2%), but 

20 no differences were found between bFF (62.9±3.2%) and control (72.8±3.0%). 

21 Although the cleavage and blastocyst rate were similar between groups, the day 6 

22 embryo development rate was higher in bFFin group, suggesting an accelerated 

23 developmental kinetics. Hatched blastocysts from the bFF group showed a higher cell 

24 count than the control group (241.3±20.1 and 185.8± 10.0, respectively), and bFFin 

25 embryos showed values in between (214.9±14.0). No difference on survivability post-

26 vitrification was found between groups, although the blastocyst stage had a significant 

27 impact on the survival rate across all groups. In conclusion, using bFF as 

28 supplementation to maturation medium showed a higher benefit when comparing to 

29 the standard supplementation by having oocytes with higher cumulus expansion rate, 
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30 faster development of embryos and higher number of cells per embryo. Inactivation of 

31 bFF lowered IVF efficiency but didn’t compromise blastocyst development and quality. 

32 Keywords

33 Bovine follicular fluid; maturation; heat-inactivation; embryo; vitrification

34 1. Introduction

35 Four decades ago, the birth of the first in vitro fertilization (IVF) derived calf [1] opened 

36 the doors to a commercially driven desire to produce fast and low-cost embryos while 

37 also overcoming infertility problems of high genetic merit animals. However, this calf 

38 was not entirely in vitro produced, since in vivo matured oocytes were used. Since 

39 then, an extensive and comprehensive research focused on in vitro production of 

40 embryos has been conducted [2]. It was not until 1987 that Fukuda et al.[3] were able 

41 to finally perform in vitro maturation (IVM), fertilization (IVF) and culture (IVC), 

42 followed by embryo transfer of fresh and frozen-thawed embryos, pregnancy to term 

43 and live offspring. Although several attempts to improve the efficiency of in vitro 

44 maturation, fertilization and culture have been performed, the outcome (viable 

45 blastocyst formation) remains unsatisfactory, being around 30-40% [4–6]. 

46 The quality or competence of the female gamete plays a key role in determining the 

47 blastocyst yield [4,7] and that feature can be assessed by its ability to achieve nuclear 

48 maturation together with cytoplasmic maturation [5]. Nuclear maturation refers to the 

49 capacity of the oocyte to resume meiosis. However, it is not enough to name an oocyte 

50 as competent by its nuclear status (reviewed by [7]), otherwise the difference in 

51 embryo quality found between in vivo or in vitro matured oocytes used for IVF, would 

52 not be observed [4,5,8,9]. Even if what defines cytoplasmic maturity in the oocyte is 

53 not yet completely understood, some features have been associated with this type of 

54 maturation such as: changes in the organelles (like mitochondria and cortical granules 

55 migration), accumulation of specific molecules (carbohydrate, lipids, mRNA and other 

56 proteins), the grade of communication between cumulus cells and the oocyte, that has 

57 influence on the meiotic maturation and metabolism of the oocyte, as well as 

58 enhances further development and promotes sperm capacitation [10–12] and even 

59 the secretion of oocyte-derived growth factors [7,13–15].
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60 Among the strategies to reach an optimal maturation of bovine oocytes in vitro, the 

61 addition of follicular fluid to the maturation media seems a plausible option since it is 

62 the natural milieu for the oocytes in the ovarian follicle. This fluid contains proteins, 

63 cytokines, growth factors, steroids, metabolites and other undefined factors [16].There 

64 have been several reports [17–27] showing the effect of the follicular fluid on IVM, IVF 

65 and blastocyst rate but the results aren’t coherent. Kim et al. [25] used 10, 30 and 60% 

66 bovine follicular fluid (bFF) and the data showed that lower concentrations resulted in 

67 higher number of cells in blastocysts when compared to control and that the higher 

68 concentration (60%) decreased blastocyst rate, suggesting that high concentrations of 

69 bFF might have an inhibitory effect over meiosis. Cruz et al. [22], using 0, 25, 50, 75 

70 and 100% bFF in IVM medium, demonstrated that 50% of bFF increases the inner cell 

71 mass number count, but in these experiments 10% of fetal bovine serum was present 

72 in all media and could have a confounding effect on the interpretation of these results. 

73 Somfai et al. [21] compared the effects of supplementation between 

74 polyvinylpyrrolidone, bovine serum albumin (BSA), calf serum or bFF at 5%, and the 

75 results showed that follicular fluid supplementation promotes sperm penetration by 

76 enhancing cumulus expansion and ATP levels in oocytes, though blastocyst rate 

77 remained the same.

78 One of the issues brought up by researchers on the use of bFF is the inhibitory effect 

79 on the resumption of meiosis [25], even when collecting with heparin. Heat-treatment 

80 of bFF was used in other experiments as a way to inhibit the complement system, 

81 arguing that this could be the factor causing the maturation problems, but either the 

82 concentration used was too high [27], or there was no comparison with untreated bFF 

83 [19]. 

84 Current standard IVM protocols from different laboratories [28–30] still include 10% 

85 Fetal bovine/calf serum in the maturation medium. Different studies recently 

86 published suggesting that the use of natural fluids during the in vitro procedures could 

87 help producing embryos with less epigenetic and gene expression aberrations than 

88 standard protocols [29,31]. Bearing this in mind, we hypothesize that adding the 

89 natural fluid where in vivo maturation occurs (bFF), in absence of bovine serum, would 
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90 produce better results. Additionally, the comparison with the heat-treated bFF would 

91 allow us to clarify if inhibition of the complement system is necessary and beneficial.

92 To test our hypothesis, we conducted three experiments to evaluate the effect of bFF 

93 (either heat inactivated or not) on oocyte competence assessed by different 

94 parameters related to nuclear and cytoplasmic maturation, followed by IVF efficiency, 

95 in vitro embryo development and survivability post-vitrification.

96 2. Material and methods

97 All chemicals were purchased from Sigma-Aldrich Chemical Company (Madrid, Spain), 

98 unless otherwise indicated. 

99 2.1 Oocyte collection 

100 Ovaries collected at a local slaughterhouse (Matadero Orihuela, S.A., Murcia - Spain), 

101 from postpubertal crossbred beef cattle, were transported in a thermo-flask with 

102 saline solution (0.9% wt/vol, supplemented with 100 mg/L of kanamycin sulfate) less 

103 than 2 hours after slaughter. Arrival temperature ranged between 32 and 35ºC and 

104 ovaries were washed with saline solution two times prior to use. Follicles between 2 

105 and 8 mm were aspirated using a 10mL syringe coupled with an 18ga needle. Cumulus-

106 oocyte-complexes (COC) were rinsed three times in collection medium, consisting of 

107 TCM-199 (with Hanks’ salts) supplemented with 4.2mM sodium bicarbonate, 10mM 

108 HEPES, 2mM glutamine, 1% wt/v polyvinyl alcohol (PVA), 50IU/mL penicillin and 

109 50µg/mL streptomycin. Only COCs with compact cumulus cells and uniform ooplasm 

110 were selected. 

111 2.2 Bovine Follicular Fluid

112 The bFF samples (NaturARTs Cow BFF) were purchased from Embryocloud (Murcia, 

113 Spain). According to the manufacturer´s information, bFF was obtained by aspiration 

114 of superficial follicles with size between 4-7mm of abattoir ovaries, from animals at the 

115 early follicular stage of the estrus cycle. The fluid was centrifuged (3000 rpm, 30min at 

116 4ºC), the supernatant was aspirated, filtered in sequence with 0.45µm and 0.22µm 

117 filters, aliquoted and stored at -20ºC until selling. The same batch was used for all 
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118 experiments. Quality control of the batch including endotoxin tests was performed by 

119 the manufacturer. 

120 Heat-Inactivation of follicular fluid was performed using a thermoblock set at 56ºC for 

121 30 min, immediately prior to use.  

122 2.3 Oocyte maturation 

123 COC’s previously collected were washed twice in maturation medium, consisting of 

124 TCM-199 (with Earle’s salts), supplemented with 26.2mM sodium bicarbonate, 0.2mM 

125 sodium pyruvate, 2mM glutamine,50µg/mL gentamycin, 10IU/mL equine chorionic 

126 gonadotropin (Foligon; Intervet International BV, Netherlands) and 10IU/mL human 

127 chorionic gonadotropin (Veterin Corion; Divasa Farmavic, Spain), divided in groups of 

128 30 to 50 and transferred to four-well dishes (Nunc®, cell culture tested) in a total 

129 volume of 500µl, with further supplementation, in a concentration of 10% (v/v), of 

130 either fetal bovine serum (FBS, control), bovine follicular fluid (bFF) or bovine follicular 

131 fluid heat-inactivated (bFFin). Incubation took place at 38.5ºC, humidified atmosphere 

132 with 5% CO2 for 22 to 24h. After maturation, COCs were either denuded with gentle 

133 pipetting in Dulbecco’s phosphate-buffered saline (DPBS) and hyaluronidase (0.2% in 

134 DPBS) for experiment 1, or transferred to IVF medium for experiment 2 and 3. For 

135 nuclear maturation assessment, oocytes were considered matured when the first polar 

136 body was visible and the metaphase plate was present. A total of 846 oocytes in 8 

137 replicates were used for experiment 1.

138 2.4 Cumulus Oocyte Complex expansion measurement

139 This evaluation was done according to the methods described by Romero-

140 Aguirregomezcorta [32]. Photographs of the oocytes were taken using a Nikon SMZ-

141 10A stereomicroscope under X10 magnification, before incubation and after 

142 incubation. Measurements were performed using ImageJ software 

143 (http://imagej.nih.gov/ij), and a mean of three measurements of each oocyte (longest, 

144 shortest and a medium distance between the zona pellucida and the extreme of the 

145 cumulus cells) was calculated. Results represent the percentage of increment of 

146 cumulus cells measurements from time 0 to 24h. Three replicates were measured with 

147 a total of 386 oocytes examined.
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148 2.5 In vitro fertilization

149 Thirty minutes before IVF, COCs were rinsed twice and transferred to Fert-TALP 

150 medium [33] - supplemented with 2µg/mL heparin and 50µg/mL gentamycin. Frozen 

151 semen from two bulls with known fertility was used. Thawing was performed in a 

152 water bath at 38ºC for 30sec, and the semen was transferred to a 15mL Falcon tube 

153 with 10mL Sperm-TALP medium ([34] with modifications -114 mM sodium chloride, 

154 3.2mM potassium chloride, 0.5mM magnesium chloride hexahydrate, 10.0 sodium 

155 lactate) supplemented with 50µg/mL gentamycin, and incubated at 38ºC for 10 min. 

156 Sperm was centrifuged at room temperature at 700 X g for 3 min and the supernatant 

157 was discarded. Sperm motility and concentration were assessed and sperm was 

158 diluted in Fert-TALP prior to insemination at a final concentration of 1x106spz/mL. IVF 

159 took place at 38.5ºC, humidified atmosphere, with 5% CO2 for 18 to 20h. IVF 

160 parameters assessed were the following: penetration rate (mean percentage of 

161 oocytes penetrated by at least one spermatozoon), monospermy rate (mean 

162 percentage of oocytes penetrated by only one spermatozoon), mean number of sperm 

163 per oocyte (S/O), male pronucleus formation (MPN – assessed by the presence of at 

164 least two pronuclei), mean number of sperm bound to the zona pellucida (S/ZP) and 

165 IVF efficiency (percentage of oocytes that were penetrated and monospermic). Five 

166 replicates were used for this experiment, totalling 691 putative zygotes. 

167 2.6 In vitro culture

168 Eighteen to 20h post-insemination (hpi), potential zygotes were put in a 15mL Falcon 

169 tube with 2mL of DPBS and vortexed for 3 min. Presumptive zygotes were washed 

170 twice in DPBS and three times in culture medium (synthetic oviduct fluid Holms 

171 (HSOF)[8] supplemented with 5% FBS) before transferring them to 25µl microdrops 

172 covered with paraffin oil (NidOilTM, Nidacon, Sweden) in a maximum load of 25 

173 embryos/drop. Incubation took place at 38.5ºC, 5% CO2, 5% O2 for 8 days. Cleavage 

174 rate was assessed 48hpi and development rates were recorded at days 6, 7 and 8 post-

175 insemination. 

176 2.7 Fixation and cell staining 
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177 Fixation took place 22 to 24h post-IVM in the case of oocytes, 22 to 24 hpi for putative 

178 zygotes and 8 days post-insemination for blastocysts. Matured oocytes and zygotes 

179 were denuded with gentle pipetting and hyaluronidase (0.2% in DPBS) prior to fixation. 

180 All cells were incubated in glutaraldehyde (0.5% in DPBS) for 30 min at room 

181 temperature. After washing in DPBS, cells were stained with Hoechst (33342, 1µg/mL) 

182 for 30 min in the dark at room temperature. The mounting media used was DPBS with 

183 glycerol and Hoechst (1:1:0.001) and the slides were sealed with nail polish. Evaluation 

184 took place under an epifluorescence microscope (Leica® DM4000B LED, Germany) 

185 under X200 and X400 magnifications.

186 2.8 Cortical granules staining

187 All steps were performed at room temperature. Protocol is the same as described by 

188 Coy et al.[35]. DPBS without calcium nor magnesium supplemented with PVA (0.5% 

189 v/v) was used, and between each step of the protocol, oocytes were washed three 

190 times in DPBS for 5 min. Zona pellucida of denuded matured oocytes was removed by 

191 incubating the oocytes in pronase (0.5% v/v DPBS) until the detachment was visible. 

192 The oocytes were fixed with paraformaldehyde (3.7% v/v DPBS)  during 30 min. 

193 Permeabilization of the membrane was made using Triton X-100 (0.1% v/v DPBS) for 

194 10 min. Thirty minutes of incubation with LCA-FITC (1% v/v DPBS) in the dark followed 

195 by another 30 min of nucleus staining with Hoechst, also in the dark. Using the 

196 SlowFade-Antifadekit® (Invitrogen, UK), oocytes were washed three times in 

197 equilibration buffer solution, put in a slide containing 3.5µL of anti-fade mounting 

198 medium and covered with a coverslip. Slides were kept in the dark at 4ºC before 

199 evaluation by confocal microscope (Nikon® Eclipse 90i, Japan). Distribution of cortical 

200 granules through the oocyte was evaluated according to Hosoe and Shioya [36] 

201 classification: type I being a distribution of granules in clusters, type II being granules 

202 dispersed and partly clustered, type III being granules all dispersed and type IV being 

203 no visible granules. Oocytes that were degenerated, or in telophase/anaphase I, were 

204 discarded from evaluation. Six replicates were used with a total of 460 oocytes 

205 evaluated.

206 2.9 Vitrification, Warming and survivability of embryos
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207 Vitrification of blastocysts was made using the Cryotop® open system with its 

208 vitrification media (Kitazato-Dibimed, Spain). On day 7 post-insemination, only 

209 blastocysts of stage code 6 and 7 (according to Bo and Mapletoft [37]) were selected 

210 for vitrification process. All steps performed according to manufacturer instructions. 

211 Briefly, embryos were put into the Equilibration Solution (ES) for 13 min, then 

212 Vitrification Solution (VS) for 30s  and another 30s in VS finalized by putting the 

213 embryos on the cryotop sheet and submerging it into liquid nitrogen (-196ºC). 

214 Embryos were vitrified in groups of 2 to 4 embryos per cryotop, group within 

215 treatment and stage code (6 or 7) and stored until thawing. A total of 72 embryos were 

216 vitrified from five replicates. Warming was also performed using a warming media 

217 (Kitazato-Dibimed, Spain) as described by manufacturer: the cryotop was submerged 

218 in Thawing Solution (TS) for 60s at 37ºC, then progressively passed through Dilution 

219 Solution (DS) for 3 min, Washing Solution (WS) for 5 min, and WS again for 1 min. 

220 Warmed embryos were washed twice in culture medium and put in 25µL microdrops 

221 (one cryotop warmed per microdrop) covered with paraffin oil. Viability was assessed 

222 by the ability of the embryo to re-expand or hatch for 72h after warming, according to 

223 Lopera-Vásquez et al.[38].

224 2.10 Statistical analysis

225 Data in percentages were modelled according to the binomial mode of variables and 

226 arcsine transformation to achieve normal distribution. All the data were analysed by 

227 one-way analysis of variance (ANOVA). When ANOVA revealed significant differences, 

228 Tukey post-hoc tests were used. Differences were considered significant when p<0.05.  

229 The software used was IBM SPSS Statistics (v22.0).

230 2.11 Experimental design

231 All oocytes were matured using a supplement to maturation medium that consisted of 

232 either FBS (control), bFF or inactivated bFF (bFFin). Experiment 1 consisted of the 

233 evaluation of nuclear and cytoplasmic maturation by assessing statuses 24h post-IVM; 

234 Experiment 2 evaluated IVF parameters, 22 to 24 hpi, and Experiment 3 assessed of 

235 embryo development, quality and survivability post-vitrification.

236
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237 3. Results

238 3.1 Experiment 1

239 Nuclear statuses assessed at 24h of maturation showed no significant differences 

240 between groups. The control group had a maturation rate of 72.9±2.7%, whereas the 

241 bFF and bFFin groups had rates of 72.1±2.7% and 77.1±2.5%, respectively (values 

242 indicate mean % ± S.E.M.).

243 Cortical granules distribution showed that rates of type III oocytes with a metaphase II 

244 plate were of 55.2±4.9% for control group, 55.2±4.6% for bFF group and 51.8±4.2% for 

245 bFFin group, without statistically significant differences. Rates of metaphase I oocytes 

246 or metaphase II oocytes with other type of cortical granules distribution (I and II) also 

247 did not have any significant difference between groups (data not shown). 

248 Cumulus cell expansion (Table 1) showed a significantly higher expansion rate for the 

249 bFF (79.0±3.7%) than control (68.6±1.4%) and the bFFin group (62.1±3.1%).

250 3.2 Experiment 2

251 Sperm penetration rate was not significantly different between control and bFF but 

252 significant differences were found between control and bFFin groups, where the latter 

253 resulted in a lower penetration rate observed (Table 2). Monospermy, mean number 

254 of sperm per oocyte (S/O), and male pronucleus formation (MPN) showed no 

255 significant differences among groups. The mean number of sperm bound to zona 

256 pellucida (S/ZP) was different between groups, with the bFFin group showing the 

257 lowest value and control the highest. The efficiency of the IVF was also different with 

258 the highest value for the control group and the lowest for the bFFin group. However, 

259 there were no significant differences between the bFF group and the other two 

260 groups. 

261 3.3 Experiment 3

262 Cleavage, blastocyst rate and kinetics of blastocyst development

263 Cleavage rate of presumptive zygotes as well as mean blastocyst formation weren’t 

264 significantly different between groups (Table 3). At day 6 of embryo development 

265 (Figure 1), bFFin group showed the highest percentage of expanded blastocysts, 
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266 significantly different from the control group, while the bFF group showed a value in 

267 between the other two groups. However, this difference disappeared by day 7 of IVC 

268 (Figure 2).

269 Embryo total cell number

270 As for day 8 embryo total cell count, mean values were significantly different between 

271 groups in hatched blastocysts (Table 4 and Figure 3). The bFF group had the highest 

272 value while the control group had the lowest and bFFin had a value in between the 

273 other two groups.

274 Embryo survivability post-warming

275 Survivability results (Figure 4) show that the stage of the embryo – blastocyst or 

276 expanded blastocyst – was critical for survivability: all blastocysts (stage 6) were dead 

277 by 48h after warming. No statistical differences were found between groups, but there 

278 was a tendency in expanded embryos survivability from bFF and bFFin groups to have 

279 higher values in t=4h and t=24h (p=0.051 and p=0.081 respectively) than control 

280 group. Hatched embryos were stained and total cell number is shown in Table 5.

281 4. Discussion

282 Even though current bovine IVP systems provide consistent results, the quality of these 

283 embryos is still far from optimal. The embryos obtained in vitro are of lesser quality 

284 than those obtained in vivo [4,39], clearly expressing the lack of specific components in 

285 chemically defined media. The IVM medium has not suffered major changes over the 

286 years and it is still very similar to the one used for culture and growth of cells [40]. 

287 However, one cannot compare immature oocytes to other diploidic cells since the 

288 latter won’t undergo the process of meiosis, donate half of the genetic data, and 

289 further host the future embryo. The maturation in vivo occurs within the follicle 

290 surrounded by follicular fluid and even though the inorganic components can be more 

291 easily traced and mimicked, the organic components are mostly missing under in vitro 

292 conditions. Thus, by including natural components such as the bFF, we intended to 

293 mimic the natural environment of oocyte development during follicular growth. 
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294 The follicular fluid supplementation as the main protein source has been used in 

295 several studies [16–27,41–43] but the origin of this fluid, whether it came from smaller 

296 or larger follicles, from pre-ovulatory or post-ovulatory phases, concentrations in IVM 

297 media, heat-treatment or not, or even its exclusive use as the main supplementation, 

298 was different between these studies. These differences were crucial for the outcomes 

299 and consequently for the conclusions of those experiments. Lonergan et al.[26] 

300 compared supplementation of maturation medium with fluid derived from follicles of 

301 different sizes and their results showed that 20% bFF from large follicles (>6mm) had a 

302 higher blastocyst yield than using 10% of either serum or bFF from small follicles (2-

303 6mm). However, that difference was not observed when the amount of bFF from small 

304 follicles increased to 20% or when compared to 10% bFF from large follicles. Ali et al. 

305 [19] also compared different sizes of follicles but the bFF was heat-treated before use. 

306 They showed that 5% of bFFin from large follicles had the highest blastocyst outcome, 

307 when compared to the same concentration of bFFin from small follicles, BSA or no 

308 supplementation at all. But, in contrast to Lonergan et al. results, the IVP production 

309 decreased when the amount of bFF increased to 10%. This could be due to the heat 

310 treatment or different maturation protocols. Thus, in our study, we decided to 

311 compare supplementation of heat treated bFF and untreated bFF, at a fixed 

312 concentration to in vitro maturation media versus the most common supplementation 

313 (FBS) as control. Additionally, the same follicular phase was used to collect all follicular 

314 fluid  to avoid different results attributed to the phase of the estrus cycle when the 

315 fluid was collected [44,45].

316 Heat inactivation of serum is still a common practice in cell-culture laboratories and its 

317 goal is, between others, inactivation of the complement system. Though nowadays the 

318 utility of the practice is questionable [46], we were not aware if the levels of 

319 complement factors present in bFF would be high enough to prevent embryo 

320 development, thus justifying our bFFin group. It had been tested before [17] that 

321 heating of bFF affected negatively the blastocyst yield. Nevertheless, those 

322 experiments included serum in the IVM medium and the origin of the bFF was from 

323 pre-ovulatory follicles so that their results are not comparable to ours. 



ACCEPTED MANUSCRIPT

324 As stated earlier, the developmental capacity of an oocyte doesn’t rely only on nuclear 

325 maturation. Our maturation data shows no significant differences regarding nuclear 

326 status which is in discordance to a previous study [27], that reported lower maturation 

327 rates when using bFF or bFFin as a supplement. However, the concentration used was 

328 far superior (50%) which itself could be the reason for those results, since others 

329 reported [25] that high concentrations of bFF might inhibit normal resumption of 

330 meiosis. 

331 Cortical granules distribution pattern had no significant differences between groups, 

332 but we did find differences on cumulus expansion rate. The bFF group had the highest 

333 expansion and this is supported by a previous study [21]. The authors used 5% bFF 

334 during IVM and suggested that its use promotes the sperm penetration by enhancing 

335 the cumulus expansion as well as mitochondrial re-distribution. Despite this fact, we 

336 did not find a significant difference regarding IVF efficiency between the bFF group 

337 versus the control group, although we did find a negative effect of inactivating the bFF, 

338 since it lowered the efficiency when compared to control group. If this difference is 

339 related to the lower level of cumulus expansion of the bFFin group (vs. bFF), remains 

340 to be further investigated, but the fact that the number of sperm bound to zona 

341 pellucida was also significantly lower, indicates that there might be a relationship 

342 between both.

343 Cleavage and blastocyst rates did not differ between groups. This was an unexpected 

344 outcome for the bFFin group since its IVF efficiency rate had previously dropped 

345 (experiment 2). We theorized that heat treatment might have affected some of the 

346 growth factors present in the follicular fluid and, as a consequence, cumulus cell 

347 expansion was not so extensive which resulted in lower penetration rates when 

348 compared to control. Since the growth factors alone are not the only molecules 

349 responsible for maturation [42], it could be plausible that the developmental capacity 

350 of oocytes matured with bFFin is high enough to compensate  that drawback. This 

351 reinforces the idea that changes in the early stages of embryo production are critical 

352 for the IVP efficiency.

353 Although the yield of IVP remained the same, the speed at which the embryos 

354 developed as well as their quality differed. Embryos from bFFin group developed faster 
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355 than those from control but similar to bFF, which is interesting because it is known 

356 [8,47,48] that embryos produced with FBS have increased development rate, but until 

357 know, there was no information about changes in embryo kinetics after using 

358 exclusively bFF or bFFin in maturation medium. One of the issues brought up by the 

359 faster development of embryos produced with serum is that the more advanced 

360 embryo stage is not accompanied by cell proliferation [8], which was not the case with 

361 the bFF/bFFin groups. These groups developed faster (bFFin vs. control) and the 

362 growth was parallel with cell proliferation (bFF vs. control), indicating a possibility of 

363 higher quality of embryos from bFF and bFFin groups. Nevertheless, the increase in 

364 quality was not translated into a higher cryotolerance at a significant rate, despite a 

365 tendency being observed, probably due to the criteria of selecting only embryos on 

366 stage 6/7 to cryopreserve, which limited the amount of eligible embryos.

367 The composition of the follicular fluid is the core element for the differences found in 

368 these experiments. Proteomic studies refer that the proteins found in follicular fluid 

369 are mostly plasma-matched proteins [49], but in lesser concentrations [16]. Cytokines 

370 and growth factors, like EGF, TGF-β, IGF-I, activin and inhibin, have been highly linked 

371 to higher developmental competence of oocytes and embryos [41,50,51]and are also 

372 present in the follicular fluid. Similarly, steroids in the fluid like estradiol are crucial for 

373 cytoplasmic maturation [49]. Additionally, abundance of glucose and lactate as well as 

374 fatty acid free lipids are a valuable source of energy for COC’s [30,49]. Recently, the 

375 presence of extracellular vesicles found in the follicular fluid have shown to give a 

376 protective effect over the oocyte during heat-shock [52]. Moreover, the exosomes 

377 present in the serum are not the same as the ones in the follicular fluid, producing 

378 different cumulus expansion as well as levels of gene expression [53]. Altogether, bFF 

379 differs in the type, quantities and quality of the components from serum, providing a 

380 richer environment to the COC maturation process.

381 It has been stated before [4] that the initial oocyte quality is a key factor for blastocyst 

382 yield while the embryo culture influences the blastocyst quality. However, our 

383 experiments show that changes in the in vitro maturation medium can also influence 

384 the blastocyst quality, at least in terms of cell numbers. Our goal was to increase the 

385 developmental potential of oocytes in order to produce higher quality embryos, 
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386 resembling more in vivo embryos. These minor changes in the IVP media can have a 

387 great impact on the embryos [31] as well as later on the offspring, giving rise to 

388 different genotypes and phenotypes[54].

389 5. Conclusion

390 In conclusion, the use of bFF improved IVP comparing to the standard IVM 

391 supplementation (FBS), by having higher cumulus expansion rate, faster development 

392 of embryos as well as a higher number of cells per embryo. Inactivation of the bFF 

393 lowered the IVF efficiency but it did not compromise the blastocyst development and 

394 quality. Additional studies should focus on analysing the gene expression of these 

395 embryos in order to understand if inactivation of the bFF has any effect at the 

396 molecular level. Moreover, it is still important to develop standardized protocols to 

397 collect and store batches of follicular fluid as well as oviductal and uterine fluids for IVF 

398 and EC giving consistent results in order to introduce its use in the current methods for 

399 producing bovine embryos in vitro.

400

401 Acknowledgments

402 This research was supported by European Union, Horizon 2020 Marie Sklodowska-

403 Curie Innovative Training Network (REPBIOTECH675526), Ministry of Economy and 

404 Competitiveness (Spain) (AGL2015-66341-R MINECO-FEDER) and Fundación Séneca 

405 (20040/GERM/16). The authors are grateful to Matadero Orihuela, S.A., Murcia – 

406 Spain, for the kindness in providing biological material. The authors would also like to 

407 thank Dr. Raquel Romar for scientific and technical advice and Mikhael Poirier for 

408 critical review of the manuscript and English editing.

409 References

410 [1] Brackett BG, Bousquet D, Boice ML, Donawick WJ, Evans JF, Dressel MA. Normal 

411 Development Following In Vitro Fertilization in the Cow. Biol Reprod 1982:147–

412 58.

413 [2] Betteridge KJ. A history of farm animal embryo transfer and some associated 

414 techniques. vol. 79. 2003. doi:10.1016/S0378-4320(03)00166-0.



ACCEPTED MANUSCRIPT

15

415 [3] Fukuda Y, Ichikawa M, Naito K, Toyoda Y. Birth of Normal Calves Resulting from 

416 Bovine Oocytes Matured, Fertilized, and Cultured with Cumulus Cells in Vitro up 

417 to the Blastocyst Stage. Biol Reprod 1990:114–9.

418 [4] Rizos D, Ward F, Duffy P, Boland MP, Lonergan P. Consequences of bovine 

419 oocyte maturation, fertilization or early embryo development in vitro versus in 

420 vivo: Implications for blastocyst yield and blastocyst quality. Mol Reprod Dev 

421 2002;61:234–48. doi:10.1002/mrd.1153.

422 [5] Blanco MR, Demyda S, Moreno Millan M, Genero E. Developmental competence 

423 of in vivo and in vitro matured oocytes: A review. Biotechnol Mol Biol Rev 

424 2011;6:155–65.

425 [6] Wydooghe E, Vaele L, Piepers S, Dewulf J, Van Abbeel E Den, De Sutter P, et al. 

426 Individual commitment to a group effect: Strengths and weaknesses of Bovine 

427 embryo group culture. Reproduction 2014;148:519–29. doi:10.1530/REP-14-

428 0213.

429 [7] Krisher RL. In Vivo and In Vitro Environmental Effects on Mammalian Oocyte 

430 Quality. Annu Rev Anim Biosci 2013;1:393–417. doi:10.1146/annurev-animal-

431 031412-103647.

432 [8] Holm P, Booth PJ, Callesen H. Kinetics of early in vitro development of bovine in 

433 vivo- and in vitro-derived zygotes produced and/or cultured in chemically 

434 defined or serum-containing media. Reproduction 2002;123:553–65. 

435 doi:10.1530/reprod/123.4.553.

436 [9] Moor RM, Trounson AO. Hormonal and follicular factors affecting maturation of 

437 sheep oocytes in vitro and their subsequent development capacity. J Reprod 

438 Fertil 1977:101–9. doi:10.1530/jrf.0.0490101.

439 [10] Furnus CC, De Matos DG, Moses DF. Cumulus expansion during in vitro 

440 maturation of bovine oocytes: Relationship with intracellular glutathione level 

441 and its role on subsequent embryo development. Mol Reprod Dev 1998;51:76–

442 83. doi:10.1002/(SICI)1098-2795(199809)51:1<76::AID-MRD9>3.0.CO;2-T.

443 [11] Bernal SM, Heinzmann J, Herrmann D, Timmermann B, Baulain U, Großfeld R, et 



ACCEPTED MANUSCRIPT

444 al. Effects of different oocyte retrieval and in vitro maturation systems on 

445 bovine embryo development and quality. Zygote 2015;23:367–77. 

446 doi:10.1017/S0967199413000658.

447 [12] Brown HM, Dunning KR, Sutton-mcdowall M, Gilchrist RB, Thompson JG, Russell 

448 DL. Failure to launch: aberrant cumulus gene expression during oocyte. Soc 

449 Reprod Fertil 2017:R109–R120. doi:10.1530/REP-16-0426.

450 [13] Hyttel P, Fair T, Callesen H, Greve T. Oocyte Growth, Capacitacion and Final 

451 Maturation in Cattle. Theriogenology 1997:23–32.

452 [14] Sirard MA, Richard F, Blondin P, Robert C. Contribution of the oocyte to embryo 

453 quality. Theriogenology 2006;65:126–36. 

454 doi:10.1016/j.theriogenology.2005.09.020.

455 [15] Coy P, Romar R, Payton RR, McCann L, Saxton AM, Edwards JL. Maintenance of 

456 meiotic arrest in bovine oocytes using the S-enantiomer of roscovitine: Effects 

457 on maturation, fertilization and subsequent embryo development in vitro. 

458 Reproduction 2005;129:19–26. doi:10.1530/rep.1.00299.

459 [16] Sutton ML, Gilchrist RB, Thompson JG. Effect of in-vivo and in-vitro 

460 environments on the metabolism of the cumulus-oocyte complex and its 

461 influence on oocyte developmental capacity. Hum Reprod Update 2003;9:35–

462 48. doi:10.1093/humupd/dmg009.

463 [17] Collins AR, Wright RWJ. Effects on Embryo Development of Heat treatment and 

464 filtration of bovine follicular fluid used to supplement IVM medium. 

465 Theriogenology 1995;43:189. doi:http://dx.doi.org/10.1016/0093-

466 691X(95)92343-8.

467 [18] Romero-Arredondo A, Seidel GE. Effects of bovine follicular fluid on maturation 

468 of bovine oocytes. Theriogenology 1994;41:383–94. doi:10.1016/0093-

469 691X(94)90074-S.

470 [19] Ali A, Coenen K, Bousquet D, Sirard MA. Origin of bovine follicular fluid and its 

471 effect during in vitro maturation on the developmental competence of bovine 

472 oocytes. Theriogenology 2004;62:1596–606. 



ACCEPTED MANUSCRIPT

17

473 doi:10.1016/j.theriogenology.2004.03.011.

474 [20] Romero-Arredondo A, Seidel GE. Effects of follicular fluid during in vitro 

475 maturation of bovine oocytes on in vitro fertilization and early embryonic 

476 development. Biol Reprod 1996;55:1012–6. doi:10.1095/biolreprod55.5.1012.

477 [21] Somfai T, Inaba Y, Watanabe S, Geshi M, Nagai T. Follicular fluid 

478 supplementation during in vitro maturation promotes sperm penetration in 

479 bovine oocytes by enhancing cumulus expansion and increasing mitochondrial 

480 activity in oocytes. Reprod Fertil Dev 2012;24:743–52. doi:10.1071/RD11251.

481 [22] Cruz MHC, Saraiva NZ, da Cruz JF, Oliveira CS, Del Collado M, Fernandes H, et al. 

482 Effect of follicular fluid supplementation during in vitro maturation on total cell 

483 number in bovine blastocysts produced in vitro. Rev Bras Zootec 2014;43:120–6.

484 [23] Coleman N V., Shagiakhmetova GA, Lebedeva IY, Kuzmina TI, Golubev AK. In 

485 vitro maturation and early developmental capacity of bovine oocytes cultured in 

486 pure follicular fluid and supplementation with follicular wall. Theriogenology 

487 2007;67:1053–9. doi:10.1016/j.theriogenology.2006.10.019.

488 [24] Avery B, Strøbech L, Jacobsen T, Bøgh IB, Greve T. In vitro maturation of bovine 

489 cumulus-oocyte complexes in undiluted follicular fluid: Effect on nuclear 

490 maturation, pronucleus formation and embryo development. Theriogenology 

491 2003;59:987–99. doi:10.1016/S0093-691X(02)01139-1.

492 [25] Kim KS, Mitsumizo N, Fujita K, Utsumi K. The Effects of Follicular Fluid on in Vitro 

493 Maturation, Oocyte Fertilization and the Development of Bovine Embryos. 

494 Theriogenology 1996;45:787–99.

495 [26] Lonergan P, Monaghan P, Rizos D, Boland MP, Gordon I. Effect of follicle size on 

496 bovine oocyte quality and developmental competence following maturation, 

497 fertilization, and culture in vitro. Mol Reprod Dev 1994;37:48–53. 

498 doi:10.1002/mrd.1080370107.

499 [27] Van Tol H, Bevers M. Partial Characterization of the Factor in Theca-Cell 

500 Conditioned Medium That Inhibits the Progression of FSH-Induced Meiosis of 

501 Bovine Oocytes Surrounded by Cumulus Cells Connected to the Membrana 



ACCEPTED MANUSCRIPT

502 Granulosa. Mol Reprod Dev 2001;60:418–24.

503 [28] Gómez E, Carrocera S, Uzbekova S, Martín D, Murillo A, Alonso-Guervós M, et al. 

504 Protein in culture and endogenous lipid interact with embryonic stages in vitro 

505 to alter calf birthweight after embryo vitrification and warming. Reprod Fertil 

506 Dev 2017;29:1932–43. doi:10.1071/RD16213.

507 [29] Hamdi M, Lopera-vasquez R, Maillo V, Sanchez-Calabuig MJ, Núnez C, Gutierrez-

508 Adan A, et al. Bovine oviductal and uterine fluid support in vitro embryo 

509 development. Reprod Fertil Dev 2018. doi:10.1071/RD17286.

510 [30] Matoba S, Bender K, Fahey AG, Mamo S, Brennan L, Lonergan P, et al. Predictive 

511 value of bovine follicular components as markers of oocyte developmental 

512 potential. Reprod Fertil Dev 2014;26:337–45. doi:10.1071/RD13007.

513 [31] Canovas S, Ivanova E, Romar R, García-Martínez S, Soriano-Úbeda C, García-

514 Vázquez FA, et al. DNA methylation and gene expression changes derived from 

515 assisted reproductive technologies can be decreased by reproductive fluids. Elife 

516 2017;6:1–24. doi:10.7554/eLife.23670.

517 [32] Romero-Aguirregomezcorta J, Santa AP, García-Vázquez FA, Coy P, Matás C. 

518 Nitric Oxide Synthase (NOS) inhibition during porcine in vitro maturation 

519 modifies oocyte protein S-nitrosylation and in vitro fertilization. PLoS One 

520 2014;9:1–17. doi:10.1371/journal.pone.0115044.

521 [33] Parrish JJ. Bovine in vitro fertilization: In vitro oocyte maturation and sperm 

522 capacitation with heparin. Theriogenology 2014;81:67–73. 

523 doi:10.1016/j.theriogenology.2013.08.005.

524 [34] Parrish JJ, Susko-Parrish J, Winer MA, First NL. Capacitation of bovine sperm by 

525 heparin. Biol Reprod 1988;38:1171–80. doi:10.1095/biolreprod38.5.1171.

526 [35] Coy P, Gadea J, Romar R, Matás C, García E. Effect of in vitro fertilization 

527 medium on the acrosome reaction, cortical reaction, zona pellucida hardening 

528 and in vitro development in pigs. Reproduction 2002;124:279–88.

529 [36] Hosoe M, Shioya Y. Distribution of cortical granules in bovine oocytes classified 



ACCEPTED MANUSCRIPT

19

530 by cumulus complex. Zygote 1997;5:371–6.

531 [37] Bó GA, Mapletoft RJ. Evaluation and classification of bovine embryos. Anim 

532 Reprod 2013;10:344–8.

533 [38] Lopera-Vásquez R, Hamdi M, Maillo V, Gutiérrez-adán A. Effect of bovine 

534 oviductal fluid on development and quality of bovine embryos produced in vitro. 

535 Reprod Fertil Dev 2017:621–9. doi:10.1071/RD15238.

536 [39] Rizos D, Clemente M, Bermejo-Alvarez P, De La Fuente J, Lonergan P, Gutiérrez-

537 Adán A. Consequences of in vitro culture conditions on embryo development 

538 and quality. Reprod Domest Anim 2008;43:44–50. doi:10.1111/j.1439-

539 0531.2008.01230.x.

540 [40] Gilchrist RB, Thompson JG. Oocyte maturation: Emerging concepts and 

541 technologies to improve developmental potential in vitro. Theriogenology 

542 2007;67:6–15. doi:10.1016/j.theriogenology.2006.09.027.

543 [41] Ikeda S, Azuma T, Hashimoto S, Yamada M. In Vitro Maturation of Bovine 

544 Oocytes with Fractions of Bovine Follicular Fluid Separated by Heparin Affinity 

545 Chromatography. J Reprod Dev 1999;45:397–404. doi:10.1262/jrd.45.397.

546 [42] Khatir H, Carolan C, Lonergan P, Mermillod P. Characterization of calf follicular 

547 fluid and its ability to support cytoplasmic maturation of cow and calf oocytes. J 

548 Reprod Fertil 1997;111:267–75. doi:10.1530/jrf.0.1110267.

549 [43] Choi YH, Takagi M, Kamishita H, Wijayagunawardane MPB, Acosta TJ, Miyazawa 

550 K, et al. Developmental capacity of bovine oocytes matured in two kinds of 

551 follicular fluid and fertilized in vitro. Anim Reprod Sci 1998;50:27–33. 

552 doi:10.1016/S0378-4320(97)00087-0.

553 [44] Ballester L, Romero-Aguirregomezcorta J, Soriano-Úbeda C, Matás C, Romar R, 

554 Coy P. Timing of oviductal fluid collection, steroid concentrations, and sperm 

555 preservation method affect porcine in vitro fertilization efficiency. Fertil Steril 

556 2014;102:1762–1768.e1. doi:10.1016/j.fertnstert.2014.08.009.

557 [45] Coy P, Cánovas S, Mondéjar I, Saavedra MD, Romar R, Grullón L, et al. Oviduct-



ACCEPTED MANUSCRIPT

558 specific glycoprotein and heparin modulate sperm-zona pellucida interaction 

559 during fertilization and contribute to the control of polyspermy. Proc Natl Acad 

560 Sci U S A 2008;105:15809–14. doi:10.1073/pnas.0804422105.

561 [46] Pinyopummintr T, Bavister BD. Development of bovine embryos in a cell-free 

562 culture medium: effects of type of serum, timing of its inclusion and heat 

563 inactivation. Theriogenology 1994:1241–9.

564 [47] Carolan C, Lonergan P, Van Langendonckt A, Mermillod P. Factors affecting 

565 bovine embryo development in synthetic oviduct fluid following oocyte 

566 maturation and fertilization in vitro. Theriogenology 1995;43:1115–28. 

567 doi:10.1016/0093-691X(95)00075-J.

568 [48] Lonergan P, O’Kearney-Flynn M, Boland MP. Effect of protein supplementation 

569 and presence of an antioxidant on the development of bovine zygotes in 

570 synthetic oviduct fluid medium under high or low oxygen tension. 

571 Theriogenology 1999;51:1565–76. doi:10.1016/S0093-691X(99)00099-0.

572 [49] Dumesic DA, Meldrum DR, Katz-Jaffe MG, Krisher RL, Schoolcraft WB. Oocyte 

573 environment: Follicular fluid and cumulus cells are critical for oocyte health. 

574 Fertil Steril 2015;103:303–16. doi:10.1016/j.fertnstert.2014.11.015.

575 [50] Makarevich AV, Markkula M. Apoptosis and Cell Proliferation Potential of Bovine 

576 Embryos Stimulated with Insulin-Like Growth Factor I During In Vitro Maturation 

577 and Culture1. Biol Reprod 2002;66:386–92. doi:10.1095/biolreprod66.2.386.

578 [51] Yoshioka K, Suzuki C, Iwamura S. Effects of activin A and follistatin on 

579 developmental kinetics of bovine embryos: cinematographic analysis in a 

580 chemically defined medium. J Reprod Fertil 2000;118:119–25. 

581 doi:10.1530/reprod/118.1.119.

582 [52] Rodrigues TA, Alli A, Paula-Lopes FF, Hansen P. 154 Exosomes in Follicular Fluid 

583 Protect the Bovine Oocyte from Heat Shock. Reprod Fertil Dev 2018;30:217–

584 217. doi:10.1071/RDV30N1AB154.

585 [53] Hung W-T, Hong X, Christenson LK, McGinnis LK. Extracellular Vesicles from 

586 Bovine Follicular Fluid Support Cumulus Expansion. Biol Reprod 2015;93:1–9. 



ACCEPTED MANUSCRIPT

21

587 doi:10.1095/biolreprod.115.132977.

588 [54] Fernandéz-Gonzalez R, Moreira P, Bilbao A, Jiménez A, Pérez-Crespo M, Ramírez 

589 MA, et al. Long-term effect of in vitro culture of mouse embryos with serum on 

590 mRNA expression of imprinting genes , development , and behavior. PNAS 

591 2004;101:5880–5.

592



ACCEPTED MANUSCRIPT

1

Morula EarlyB Blast ExB
0

10

20

30

40

50

60

70

80

control bFF bFFin% Embryos on day 6

 

Figure 1. Kinetics of embryo development on day 6 of culture after 24h of maturation 

with either fetal bovine serum (FBS), bovine follicular fluid (bFF) or heat inactivated 

bFF (bFFin) added into the maturation medium. Embryo stage: Morula, Early blastocyst 

(EarlyB), Blastocyst (Blast), Expanded blastocyst (ExB). Thirty two, 41 and 32 embryos 

from control, bFF and bFFin (respectively), from 10 replicates, evaluated on day 6. 

Values represent mean %± S.E.M. Different letters represent statistical difference, 

p<0.05.
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Figure 2. Kinetics of embryo development on day 7 of culture after 24h of maturation 

with either fetal bovine serum (FBS), bovine follicular fluid (bFF) or heat inactivated 

bFF (bFFin) added into the maturation medium. Embryo stage: Morula, Early blastocyst 

(EarlyB), Blastocyst (Blast), Expanded blastocyst (ExB), Hatching blastocyst (HB) and 

Hatched blastocyst (HedB). Sixty three, 66 and 67 embryos from control, bFF and bFFin 

(respectively), from 10 replicates, were evaluated on day 7. Values represent mean %± 

S.E.M.
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Figure 3. Hatched 
embryos stained with Hoechst. Control group (A), bFF group (B) and bFFin group (C). 

A         B       C
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Figure 4. Survivability post-vitrification/warming of day 7 bovine embryos after 24h of 

maturation with either fetal bovine serum (FBS), bovine follicular fluid (bFF) or heat 

inactivated bFF (bFFin) added into the maturation medium. Data are separated by type 

of embryo - Blastocyst or Expanded blastocysts - and respective group. Values 

represent mean %± S.E.M. 
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Highlights

- The supplementation of maturation medium with bovine follicular fluid shows higher 
expansion of cumulus cells in oocytes as well as higher total cell number in in vitro 
grown embryos.

- Inactivating the follicular fluid decreases the efficiency of the IVF but not of blastocyst 
production. It also promotes earlier development of embryos on day 6 of culture. 

- Bovine follicular fluid is shown to be a better alternative to fetal bovine serum 
supplementation during in vitro maturation of bovine oocytes.
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Table 1 Increment of cumulus cell expansion during in vitro maturation of bovine 

oocytes from 0 to 24h with either fetal bovine serum (FBS), bovine follicular fluid (bFF) 

or heat inactivated bFF (bFFin) added into the maturation medium

n % Cumulus expansion after 24h

Control 139 68.6±1.4a

bFF 123 79.0±3.7b

bFFin 124 62.1±3.1a

Values for cumulus expansion represent % increment ± S.E.M. Different letters indicate 

statistical difference, p<0.05.



ACCEPTED MANUSCRIPT

2

Table 2.  In vitro fertilization parameters for bovine oocytes after 24h of maturation 

with either fetal bovine serum (FBS), bovine follicular fluid (bFF) or heat inactivated 

bFF (bFFin) added into the maturation medium.

N Penetration Monospermy S/O MPN S/ZP Efficiency

Control 228 90.8±1.9a 80.2 ± 2.8 1.3 85.5±2.5 4.5a 72.8±3.0a

bFF 229 83.0±2.5ab 75.8±3.1 1.3 87.4±2.4 3.3b 62.9 ± 3.2ab

bFFin 234 78.2±2.7b 74.8±3.2 1.3 85.3±2.6 2.0c 58.6±3.2b

S/O = spermatozoa per oocyte; MPN = Male Pronucleus formation; S/ZP = 

Spermatozoa bound to Zona Pellucida; Efficiency = Oocytes that were penetrated and 

monospermic. Values represent mean % ± S.E.M, except S/O and S/ZP that are 

represented by mean numbers. Different letters represent statistical difference, 

p<0.05.
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Table 3. In vitro culture results on day 2 (Cleavage rate) and day 8 (Blastocyst 

formation) for bovine oocytes after 24h of maturation with either fetal bovine serum 

(FBS), bovine follicular fluid (bFF) or heat inactivated bFF (bFFin) added into the 

maturation medium.

n % Cleavage % Blastocyst

Control 269 85.5±2.2 24.2±2.6

bFF 272 83.1±2.3 25.7±2.7

bFFin 270 82.6±2.3 27.8±2.7

Values represent mean % ± S.E.M.
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Table 4. Total cell number in bovine embryos  after 24h of maturation with either fetal 

bovine serum (FBS), bovine follicular fluid (bFF) or heat inactivated bFF (bFFin) added 

into the maturation medium.

Embryo stage: Blastocyst (Blast), Expanded blastocyst (ExB), Hatching blastocyst (HB) 

and Hatched blastocyst (HedB). Values represent mean of total cell number ± S.E.M. 

Different letters represent statistical difference, p<0,05.

n Blast n ExB n HB n HedB

Control 2 117.0±24 13 130.9±6.8 0 - 17 185.8± 10.0a

bFF 2 98.0±20 6 120.0±10.8 8 171.9±11.9 17 241.3±20.1b

bFFin 3 108.0±18.2 7 150.9±10.8 5 150.2±16.1 21 214.9±14.0ab
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Table 5. Total cell number for hatched bovine embryos after vitrification/warming 

maturated 24h of with either fetal bovine serum (FBS), bovine follicular fluid (bFF) or 

heat inactivated bFF (bFFin) added into the maturation medium. 

n Hatched blastocysts

Control 3 188.7±25.8

bFF 2 205.0±24.0 

bFFin 7 173.0±14.8

Values represent mean of total cell number ± S.E.M. No statistical analysis was 

performed with these data.


