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  Abstract
  A multidisciplinary research programme was developed to get a scientific expertise for the quality assessment of products obtained from cloned livestock. Thirty-seven bovine Holstein female clones of five different genotypes and their products were analysed in comparison with 38 control animals obtained by conventional artificial insemination and raised under the same conditions at the same experimental farm. Animal evaluation included over 150 criteria and more than 10 000 measurements to check the physiological status and health over a 3-year period. All the parameters studied were in the normal range for age and breed, but some significant differences were detected between clone and control groups in terms of delayed onset of puberty in clones, higher neutrophil counts in haematology or lower biochemical plasma concentrations of gamma glutamyl transferase. Milk and meat analyses were conformable to expected values. We, however, found some differences in fatty acid (FA) composition of milk and muscle suggesting a possible deviation in lipid metabolism as assessed by higher delta-9 desaturase activity indexes in both milk and muscles from clones compared with controls. Repeated muscle biopsies in the semitendinosus muscle of the same animals demonstrated a higher oxidative activity in muscle of young clones (8 months of age) compared with controls, suggesting a delayed muscle maturation in clones. Nutritional evaluation of milk and meat using the rat feeding trials did not show any difference between clone and control products for food intake, growth rate, body composition of the rats, nor for possible allergenicity. Possible reactivation of bovine endogenous retroviruses (BERVs) was analysed and compared between normal and cloned cattle. As expected, these BERV sequences are not transcribed and no RNA was detected in the blood of clones, donor animals or controls; therefore, it may be assumed that the sanitary risk associated with BERV sequences is not higher in cattle derived from somatic nuclear transfer than in cattle born from conventional reproduction. Our results confirm that the quality and safety of products (milk and meat) from adult and clinically healthy cloned cattle is globally similar to normal animals. However, from a strictly biological point of view, the slightly delayed maturation we observed in the muscle of clones together with some marginal differences identified in FA composition of both muscle and milk, point to the need for more refined analysis to totally exclude any risks from the consumption of those products.
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   Introduction
 The somatic cloning technology for farm animals is improving, especially in the bovine species where several hundred cloned cattle have been obtained world wide since 1998 when the first calves were born from somatic cell nuclear transfer (Cibelli et al., Reference Cibelli, Stice, Golueke, Kane, Jerry, Blackwell, Ponce de Leon and Robl1998; Vignon et al., Reference Vignon, Chesné, Lebourhis, Fléchon, Heyman and Renard1998). Potential applications of this technology concern not only biomedical research (Edwards et al., Reference Edwards, Schrick, McCracken, van Amstel, Hopkins, Welborn and Davies2003; Wang and Zhou, Reference Wang and Zhou2003), but also agronomical use for livestock improvement (Bousquet and Blondin, Reference Bousquet and Blondin2004; Faber et al., Reference Faber, Ferre, Metzger, Robl and Kasinathan2004). Increasing information is becoming available on the characteristics of products from cloned cattle. There is, however, a great concern about their safety for human consumption. Risk assessment of products derived from cloned animals may be evaluated differently according to the geographical part of the world. For instance, the American Food and Drug Administration (USFDA) has proposed a methodology of two-pronged approach for evaluating the potential risks associated with the food products from animal clones (Rudenko et al., Reference Rudenko, Matheson, Adams, Dubbin and Greenlees2004) on the basis that food products originate from an animal which is a complex biological system and that, in any case, a healthy animal is likely to produce safe food. Therefore, milk or meat from clones should be analysed together with the health and physiology of the cloned animal. Recent publications have focused on the composition of meat and milk from cloned or non-cloned animals (Walsh et al., Reference Walsh, Lucey, Govindasamy-Lucey, Pace and Bishop2003; Tian et al., Reference Tian, Kubota, Sakashita, Izaike, Okano, Tabara, Curchoe, Jacob, Zhang, Smith, Bormann, Xu, Sato, Andrew and Yang2005). All parameters studied were in the normal range of the previously recorded industry standards and no significant difference was observed between clone products issued from a limited number of animals and their controls. This approach is necessary but probably not sufficient to evaluate the risks associated with cloning and to answer uncertainties raised by this new technology. In Europe, it is considered that parameters other than the products themselves and the animals from which they originate, should also be taken into account for risk assessment. The process used to generate the animals (nuclear transfer technology) must be considered with regards to its possible impact on the genome (genetic risks) or on public perception (societal risks) (Renard and Chupin, Reference Renard and Chupin2004; Agence Française de Sécurité Sanitaire des Aliments, 2005).
 Moreover, somatic cloning in cattle is associated with a high incidence of miscarriage and perinatal death compared with cattle born from conventional reproduction methods like artificial insemination (AI) (Heyman et al., Reference Heyman, Chavatte-Palmer, LeBourhis, Camous, Vignon and Renard2002), but past the neonatal period most clones develop into adults with apparently normal physiology and capacity to produce offspring (Lanza et al., Reference Lanza, Cibelli, Faber, Sweeney, Henderson, Nevala, West and Wettstein2001; Chavatte-Palmer et al., Reference Chavatte-Palmer, Remy, Cordonnier, Richard, Issenman, Laigre, Heyman and Mialot2004; Wells et al., Reference Wells, Forsyth, McMillan and Oback2004). Furthermore, somatic cloning generates animals that carry the nuclear genome of the donor cell. Indeed, during the nuclear transfer process, donor cells are fused to enucleated oocytes which contain different mitochondria, and remodelling of the donor nucleus is associated with epigenetic modifications that can alter genome expression. Therefore, somatic clones are not exactly as identical as natural monozygotic twins or calves resulting from embryo splitting.
 Consequently, healthy looking clones may present subtle abnormalities related to the nuclear transfer techniques resulting in long-term effects. Epigenetic modifications at various levels of their genome may have taken place (Dean et al., Reference Dean, Santos, Stojkovic, Zakhartchenko, Walter, Wolf and Reik2001). These could lead to the onset of pathologies later in life as the result of very minor changes in chromatin structure and/or gene expression. Moreover, the altered foetal and placental growth that is well documented in bovine clones (Hill et al., Reference Hill, Roussel, Cibelli, Edwards, Hooper, Miller, Thompson, Looney, Westhusin, Robl and Stice1999; Heyman et al., Reference Heyman, Chavatte-Palmer, LeBourhis, Camous, Vignon and Renard2002; Constant et al., Reference Constant, Guillomot, Heyman, Vignon, Laigre, Servely, Renard and Chavatte-Palmer2006) may also induce metabolic diseases in adulthood as a result of the foetal growth disturbance, as shown both in epidemiological studies in human and experimental work in animals (Barker and Clark, Reference Barker and Clark1997; McEvoy et al., Reference McEvoy, Robinson and Sinclair2001; Gluckman and Hanson, Reference Gluckman and Hanson2004).
 The purpose of the present experiment was to develop a multidisciplinary approach to establish a scientific expertise on the clones and their products as well as the possible incidence of nuclear remodelling on retroviral reactivation risk in the offspring. This evaluation was performed during a 3-year study on a large number of bovine female clones and their products to detect any possible difference between cloned and non-cloned control animals maintained under similar conditions in the same experimental farm at INRA, France.

 Material and methods
 Animals
 A total of 75 bovine females (37 clones and 38 controls) were involved in the present 3-year study. All animals were born in the experimental farm at INRA between 1999 and 2003 and raised together under the very same conditions up to adulthood. Clones were derived from somatic nuclear transfer using skin fibroblasts from five different donor genotypes of the Holstein breed, according to the technique used in our laboratory (Vignon et al., Reference Vignon, Chesné, Lebourhis, Fléchon, Heyman and Renard1998). Clone and control animals were paired by age for clinical, zootechnical and product evaluations. Whereas the clinical and zootechnical evaluations concerned most heifers, subsets of this group were involved in smaller comparative studies as described below.
 This study was carried out as part of the research project on bovine cloning approved by the institutional ethical committee of INRA (COMEPRA). All the animal-related procedures were conducted by veterinarians and technicians by obtaining a licence for animal experimentation.

 Clinical study of the clones
 In this part of the study, 21 cloned heifers of four different genotypes and 18 control animals were examined repeatedly (every 2 months) from 4 to 24 months of age by the same veterinarians. Clinical observations were recorded and haematological, biochemical and endocrine factors were analysed from repeated blood and urine sampling (complete blood count (CBC), total plasma proteins, albumin, fibrinogen, γ-glutamyl transferase (GGT), aspartate aminotransferase (ASAT), β-hydroxy butyrate (βOH butyrate), urea and creatinin). Moreover, plasma cortisol and urinary epinephrine and norepinephrin were measured in five clones and five controls from birth.
 Until 100 days of age, food intake ratio was measured daily on a limited number of clones (n = 9) and control calves (n = 8). Thereafter, growth rates of all animals were evaluated by individual weighing every month.
 Onset of puberty, cyclicity and fertility following AI were recorded. A group of 10 cloned and 11 control heifers were used. As mentioned previously, they were housed in the same barns, fed the same diet and weighed every month. Blood samples were taken by venipuncture from the caudal vein every 10 days between 8 and 14 months to detect cyclicity by radioimmunoassay (RIA) plasma progesterone analysis. Heat detection was carried out twice a day by visual observation. The age at puberty was evaluated by estimating first ovulation before progesterone rise and by heat detection. Cyclic cloned and control heifers were bred by AI at 15 to 16 months of age, following oestrus synchronisation using a progestagen implant (Crestar®, Intervet, Angers, France). Frozen semen from the same bull was used throughout the study.
 It has been hypothesised that bovine endogenous retrovirus (BERV) sequences could be activated as a result of the cloning process (Thibier, Reference Thibier2006). The presence of BERV sequences and copy number in the DNA of each animal was assessed by PCR using specific primers for BERV-L1, BERV-L2 and BERV-E. The DNA was extracted from blood samples from 15 clones (three different genotypes) and 15 control cattle, as well as from the three cell donors. In a second step, RNA was also extracted and checked for presence or absence of transcripts of the three BERV sequences using RT-PCR.

 Milk analysis
 Milk production was monitored in 12 clones of three different genotypes and their contemporary controls. The total amount of milk produced in the first 305 days was used as the standard lactation period for dairy cattle. Milk analyses were performed monthly by the National Dairy Control Organisation using standardised methods for protein and fat contents and for cell counts.
 Additional samples were obtained for specific experiments on fatty acid (FA) composition and for nutritional evaluation.
 Fatty acid composition
 FA composition of milk samples from five cloned (genotype A) and five control cows was analysed by gas chromatography after lipid extraction and FA methylation at days 80 and 180 of their first lactation (De Andrade and Schmidely, Reference De Andrade and Schmidely2006). Stearoyl-CoA desaturase is a non-specific enzyme responsible for conversion of mainly saturated FA (C14:0, C16:0 and C18:0) into monounsaturated FA via the introduction of a double bond at the delta-9-cis position of the saturated FA. An index of the activity of this enzyme can be calculated using the product/(substrate+product) ratio (Malau-Aduli et al., Reference Malau-Aduli, Siebert, Bottema and Pitchford1997).

 Nutritional studies on the rat model
 The nutritional value of the milk was evaluated using a rat model. About 40 kg milk was collected from three clones of genotype A at 80 days of lactation and pooled to prepare a single batch of yoghurt. Control yoghurt was made with the milk of three control cows at the same stage of lactation. Each batch was aliquoted and stored frozen until use. Two groups of eight Wistar rats (Harlan, France) weighing 220 to 240 g were first adapted to controlled conditions for light, temperature and to a normalised diet containing 14% total milk protein for 10 days. Thereafter, they received a normoproteic regimen based on control or clone yoghurt supplemented with milk proteins from control or cloned milk for a period of 3 weeks. Daily food intake and body weight were monitored. At the end of the experiment, blood was drawn from the femoral vein for glycaemia. The rats were sacrificed after pentobarbital anaesthesia and more blood was obtained by cardiac puncture for insulin assay and specific IgE/IgG antibodies against milk proteins. A necropsy was performed and organs weighed. Adipose tissue was carefully separated from the carcass and organs and weighed to assess adiposity.


 Muscle analysis
 The properties of the semitendinosus muscle from clone or control animals were compared in a longitudinal fashion using repeated muscle biopsies from the same animals. Muscle biopsies were obtained surgically under local anaesthesia from nine clones of a third genotype (C) and eight controls at 8, 12, 18 and 24 months of age. Several aliquots were immediately snap frozen in liquid nitrogen and stored at −80°C until analysis.
 Fatty acid composition
 Dry matter and FA contents were measured. FA composition was analysed by gas chromatography after lipid extraction and methylation according to Bas et al. (Reference Bas, Dahbi, El-Aich, Morand-Fehr and Araba2005). Stearoyl-CoA desaturase indexes were calculated according to Malau-Aduli et al. (Reference Malau-Aduli, Siebert, Bottema and Pitchford1997).

 Metabolic characteristics of muscle
 As metabolic muscle parameters are important for meat quality, lactate dehydrogenase (LDH) and isocitrate dehydrogenase (ICDH) activities were measured as described by Jurie et al. (Reference Jurie, Robelin, Picard and Geay1995) to assess glycolytic and oxidative metabolism, respectively. Values were compared between clones and controls at different ages using the t-test.


 Nutritional evaluation of meat
 The nutritional evaluation of the meat was performed using the rat model as for the milk evaluation. One 3-year-old cloned cow (genotype B) and one control cow were slaughtered at the experimental slaughterhouse at INRA. The same meat pieces were removed from the carcass and were used to prepare a single batch of minced meat from clone or control animals. Two groups of eight Wistar rats were fed ad libidum with this hyperproteic minced meat diet. Food intake, growth rate, carcass composition and blood samples after 3 weeks were evaluated as described for milk.


 Results
 Animal evaluation
 Over 150 criteria were recorded in clones and controls to evaluate the physiological status and health over the time-period and more than 10 000 measurements were made. Growth of clones up to 15 months of age was within normal values and was not different from controls. Daily weight gain between birth and 9 months of age was 0.87 ± 0.10 v. 0.81 ± 0.10 kg/day, respectively, for clones (n = 13) and controls (n = 13). Total food intake needed from birth to a live weight of 100 kg was measured in nine clones and eight controls and was not statistically different between clones and controls (2.15 ± 0.19 v. 2.17 ± 0.20, respectively), indicating that feeding efficiency is not modified in clones compared with control animals.
 All clinical examinations and parameters recorded remained in the normal range for age-matched cattle, indicating that all animals were healthy (Smith, Reference Smith1990). Significant differences, however, were observed, especially in the younger animals, as described in Table 1. For haematology, total red blood cells and packed cell volume were lower (P < 0.01) and neutrophil counts were higher (P < 0.01) in clones. In terms of biochemistry, plasma GGT and fibrinogen concentrations were higher in clones (P< 0.01) whereas βOH butyrate levels were lower (P < 0.01). Blood plasma cortisol and urinary adrenaline/noradrenaline metabolites were not different between clones and controls.
Table 1 Major clinical, haematological and biochemical parameters (least-square mean ± s.e.) in clones (n = 21) and control (n = 18) cattle from 4 to 24 months of age




 The immune status was investigated by evaluating T and B lymphocyte subset population numbers in 17 clones and 17 controls in a resting immune status with no apparent infection and no inflammatory process. T cells and subsets, i.e. γ/δ, memory (CD4+/CD45Ro+), helper (CD4), regulatory (CD25), cytotoxic (high CD8), NK cells (low CD8 and CD2+/CD3−) and B cells and polyspecific B1 (CD11b), monocytes (CD11c+/CD14+) and the overall expression of major histocompatibility complex types I and II (as a reflection of activation of the immune system) were measured by flow cytometry after specific marking of the cells. There was no difference between clones and controls. The cellular and antibody immune response to vaccination was tested at 8 to 9 months of age in six clones of three different genotypes and six controls using ovalbumin to evaluate the naïve immune response and a commercially available anti-rotavirus vaccine (Scourguard 3™, Pfizer, Paris, France). In a first experiment, the cellular response to two injections of ovalbumin was significantly lower in clones, but it was not different between clones and controls when a second booster was administered 3 months later. There was no difference either for antibody response or for cellular response to rotavirus vaccine.
 Concerning sexual maturity, cloned heifers reached puberty significantly later (419.3 ± 42.5 days) and at heavier live body weight (359.0 ± 38.9 kg), P < 0.05, than control heifers (356.5 ± 50.5 days and 303.0 ± 22.3 kg, respectively) (Table 2). After the first ovulation, however, the mean oestrus cycle length was similar in both groups (20.9 ± 0.9 and 20.1 ± 1.0 days for clones and controls, respectively). Five out of eight females became pregnant at first AI in the clone group compared with 7/10 in the control group and subsequently calved.
Table 2 Onset of puberty in clone and control Holstein heifers (mean±s.e.)



 a,bValues within line with different superscript are significantly different at P < 0.05 (Student t-test).


 Cumulated data on calvings from clones show that 21 offspring were naturally delivered. Mean pregnancy duration and birth weight were within normal range limits for the breed (birth weight: 40.9 kg and gestation length: 280.1 days). Most calves (20/21, 95%) survived after birth.

 Production
 Lactation
 Milk production was measured through 12 entire lactations of clone cows and the lactation curve was similar to that of 12 controls. All standard milk parameters (protein, fat, cell numbers, etc.) were repeatedly evaluated and remained within the normal range. The comparison of simultaneous standard 305-day lactations between clones and controls did not show any statistical difference between groups for total milk yield, fat and mean cell counts throughout lactation (Table 3). The mean protein content, however, was significantly higher (P < 0.01) in the clone group. This higher protein rate was mainly due to the three cloned cows of one genotype that had higher protein and lower milk production than the clones of other genotypes.
Table 3 Comparative milk production from clone and control cows





 Milk fatty acid composition
 FA composition of milk samples from clone and control cows taken at two stages of the first lactation is shown in Figure 1. Clones had a higher proportion of C16:1 c9 (P < 0.10 at day 80 and P < 0.001 at day 180) and a lower proportion of C18:0 (P < 0.05 at day 80 and P < 0.001 at day 180), C18:1 t11 (P < 0.09 at day 80 and P < 0.01 at day 180, data not shown). Except for these FAs, no difference in FA composition was observed between the two groups of cows. Nevertheless, significantly higher stearoyl-CoA desaturase indexes were calculated in the milk from clone cows compared with that from control cows for the C16 (P < 0.16), C18 (P < 0.02) and CLA (C18:2 c9, t11, conjugated linoleic acid, P < 0.01) indexes at day 80 and C14 (P < 0.02), C16 (P < 0.001), C18 (P < 0.001) and CLA (P < 0.001) indexes at day 180 (Figure 2a).


 
Figure 1 Fatty acid composition of milk from clone (n = 5) or control cows (n = 5) at two stages of lactation (days 80 and 180) (†P < 0.10; *P < 0.05; ***P < 0.001).




 
Figure 2 Comparison of delta-9 desaturase indexes in (a) milk and (b) muscle between clone or control animals.




 Muscle analysis
 Muscle characteristics
 Muscle FA composition was analysed between 8 and 24 months. At 8 months, clones had a higher proportion of polyunsaturated fatty acids (PUFAs) (37.2 v. 28.4%, P < 0.01) and a lower proportion of saturated (37.5 v. 39.9%, P < 0.01) and monounsaturated FA (18.7 v. 24.7, P < 0.02) compared with controls (Table 4). This could be related to lower marbling in the meat of clones compared with that of controls. At 12, 18 and 24 months of age, differences were only observed for the saturated FA (P < 0.05) at 12 months and C18:0 (P < 0.10) at 24 months. The muscle stearoyl-CoA desaturase indexes were higher for the clones compared with controls for the C16 (P < 0.12) at 18 months and for C14 (P < 0.11) and C16 (P < 0.02) at 24 months (Figure 2b). The oxidative activity of the muscle, as measured through ICDH activity, was significantly higher in the muscle of clones than that of controls at 8 months of age (1.16 v. 0.55 μmol/min per g, P < 0.001). This difference was equally observed at 12 months of age but in a less extent (0.96 v. 0.71 μmol/min per g, P < 0.07 for clones and controls, respectively), but not afterwards (Figure 3). The glycolytic activity of the muscle, as measured through LDH activity, was not different in the muscle of clones than that of controls whatever the studied ages.
Table 4 FA composition of muscle biopsies from clone (n = 9) or control (n = 8) heifers at 8, 12, 18 and 24 months of age



 FA = fatty acid composition; SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid.
 †SFA = C14:0+C15:0+C16:0+C17:0+C18:0+C19:0+C20:0+C22:0+C24:0. MUFA =C16:1+C17:1+∑C18:1+C20:1.
 PUFA = C18:2+C18:3+∑CLA+C20:3+C20:4+C20:5+C22:4+C22:5+C22:6.




 
Figure 3 Metabolic enzyme activities: lactate dehydrogenase (LDH, glycolytic) and isocitrate dehydrogenase (ICDH, oxidative) in semitendinosus muscle from control (n = 8) or clone (n = 9) animals at 8, 12, 18 and 24 months of age.




 Food safety
 Nutritional evaluation of milk and meat
 The food intake and growth rate were similar for a 21-day period in the four different groups of experimental rats fed either a normoproteic diet based on yoghurt made from clone or control milk, or an hyperproteic diet based on clone or control minced meat (Figure 4). The results of the organ weight measurements are shown in Table 5. They did not reveal any significant difference between groups for any of the organs measured. The adiposity index (carcass weight/white adipose tissue) was similar between groups. Glycaemia was within the normal range and not different between groups (1.05 ± 0.04 and 1.05 ± 0.03 g/l for groups fed control meat or clone meat, respectively).


 
Figure 4 Evolution of body weight of rats fed with clone or control meat or milk.


Table 5 Body analysis of rats fed with bovine clone milk and meat†



 †No significant difference was observed between groups (P > 0.05).


 None of the rats showed any allergenic response to the diet based on milk or meat from clones. A systematic analysis of plasma antibodies against yoghurt or meat was performed and specific IgE were not detected, indicating that there was no allergenic response. IgG, IgA and IgM antibodies were detected but their concentration was not significantly different between groups.

 Retroviral risk assessment
 The three BERV sequences (BERV-1; BERV-2 and BERV-L) were detected in all the DNA analyses of blood samples from clones, controls and cell donor animals (Figure 5), but no transcripts for these sequences were detected by RT-PCR in the mRNA of these animals. These data confirm that these sequences are not reactivated after the nuclear transfer process and cannot generate retroviral particles, at least in the blood cells of cloned animals. Furthermore, we also observed that the nuclear transfer technology did not induce any modification in the number of copies for the three retroviral sequences examined.


 
Figure 5 Evidence of DNA from three bovine endogenous retroviruses (BERV) and absence of their transcripts in the blood of clones, cell donor animals and controls.





 Discussion
 All parameters studied were within the normal range for the species and breed, indicating that clones can be classified as normal animals. In our conditions, the 3-year observation period did not reveal differences between a large number of clones and controls with regard to growth rate, food intake and clinical evaluation up to adulthood, confirming previous observations (Lanza et al., Reference Lanza, Cibelli, Faber, Sweeney, Henderson, Nevala, West and Wettstein2001; Heyman et al., Reference Heyman, Richard, Rodriguez-Martinez, Lazzari, Chavatte-Palmer, Vignon and Galli2004; Panarace et al., Reference Panarace, Aguero, Garrote, Jauregui, Segovia, Cane, Gutierrez, Marfil, Rigali, Pugliese, Young, Lagioia, Garnil, Forte Pontes, Enero Junio, Mower and Medina2007). The data on lactation of clones are in agreement with previously published data on milk produced by a limited number of animals (Walsh et al., Reference Walsh, Lucey, Govindasamy-Lucey, Pace and Bishop2003; Tian et al., Reference Tian, Kubota, Sakashita, Izaike, Okano, Tabara, Curchoe, Jacob, Zhang, Smith, Bormann, Xu, Sato, Andrew and Yang2005). The absence of obvious deviation in the composition of the products, as recently reported for dairy products from clones (Laible et al., Reference Laible, Brophy, Knighton and Wells2007), could be in favour of their use in the bovine industry despite concerns expressed by regulatory agencies or renowned scientists (Wilmut, Reference Wilmut2002).
 Nevertheless, during our study aimed to compare clones and control cattle under the same conditions, several significant differences were observed between clones and controls (haematological and biochemical parameters, muscle metabolism, milk and muscle FA composition, sexual maturation), which suggests that clones, while within the normal range of beef and dairy products, may not be totally similar to their age-matched controls for some parameters.
 In particular, the repeated muscle biopsies demonstrated a higher oxidative activity (ICDH activity) in the semitendinosus muscle of young cloned animals, whereas a glycolytic activity (LDH activity) was not affected, but the LDH/ICDH ratio was significantly lower in clones at 8 months of age (data not shown). This suggests that the clones have a more oxidative muscular metabolism than controls, in particular at 8 and 12 months of age. This result indicates a delay in the metabolic differentiation of cloned muscle. In fact, the same LDH/ICDH ratio, observed in clones at 8 months of age, was described in control animals aged 1 month (Jurie et al., Reference Jurie, Robelin, Picard and Geay1995). Moreover, this delay was confirmed from cloned Holstein foetuses compared with control Charolais foetuses at 260 days post-conception (Picard et al., Reference Picard, Jurie, Laigre, Heyman, Vignon, Cassar-Malek, Hocquette and Chavatte-Palmer2006).
 Interestingly, in the present study we observed a delayed sexual maturation for the onset of puberty, suggesting that not only the muscle might be affected. Previous observations of delayed puberty in clones have already been reported by Enright et al. (Reference Enright, Taneja, Schreiber, Riesen, Tian, Fortune and Yang2002) in a limited number of females from the same set of clones. Our data confirm this observation on clones from three different genotypes. Age at puberty is associated with body weight, but in our study the 2-month delay for the onset of puberty in clone females was not due to a difference in growth rate, as the daily gain up to 15 months of age was very similar in clones and controls. It remains to be determined if the observations on the evolution of clone muscle by the age of 8 to 12 months is linked to the observation of delayed puberty compared with control animals.
 Several metabolic pathways contribute to the FA composition of products: uptake of plasma long-chain FAs, de novo synthesis of short- to medium-chain FA by the mammary gland or muscle tissue for FA and desaturation of 14 to 18 C-FA by the stearoyl-CoA desaturase. Only slight differences were observed in the FA composition of milk and muscle between the clone and control cows. In milk, differences were observed for palmitoic acid but not for palmitic acid and for stearic acid but not for oleic acid at both stages of lactation: these differences could be due to a change in the activity or quantity of the stearoyl-CoA desaturase, as in our design, the animals were kept in the same environment, fed the same diet and and their lactation had started around the same time. That was in agreement with the higher values of the stearoyl-CoA desaturase indexes 14, 16, 18 and CLA in the clones compared with control cows. Consistently, higher values of stearoyl-CoA desaturase indexes in clones than in control were also observed for the muscle biopsies at 18 and 24 months of age even though the significance was less marked. These same differences observed in the delta-9 desaturase of milk and muscle arising from two different families of clones could suggest that the same change in lipid metabolism of clones occurred. It was shown that stearoyl-CoA desaturase can be one of the causes of genotypic difference between and within breed (genetic variant) in FA composition of bovine muscle (Taniguchi et al., Reference Taniguchi, Mannen, Oyama, Shimakura, Oka, Watanabe, Kojima, Komatsu, Harper and Tsuji2004a and Reference Taniguchi, Utsugi, Oyama, Mannen, Kobayashi, Tanabe, Ogino and Tsujib). However, in the present study, only two genotypes (families) were studied. More work is needed on other genotypes to confirm that these changes are present in all genotypes. Another hypothesis to explain the higher delta-9 desaturase index in clones could be related to rumen activity as trans-FA are generated by micro-organisms in the rumen but are desaturated in the mammary gland or in muscle. We cannot exclude a modification of the isomerisation process in the rumen of clones; meanwhile, they are fed the same regimen than controls. Further work is ongoing to analyse these difference between clones and controls at the molecular level by comparing gene expressions of this enzyme. In this situation, we can suppose that epigenetic modifications induced by the nuclear transfer technique may partly explain the different desaturase activity or the modified ruminal flora in clones.
 The nutritional evaluation of milk and meat from clone and control cows using the rat model did not reveal any significant difference. Similar results were obtained in another study in Japan where rats were fed with chow containing 5% meat powder (Takahashi and Ito, Reference Takahashi and Ito2004). They observed no significant differences in general body condition, physiological functions, locomotion activity, nor in urine or blood analysis analyses between tested and control groups. In the present study, the rats were fed a whole unique diet of fresh minced meat and not dehydrated meat, without any detrimental effect. Longer trials, however, are required in order to confirm these results. In our study, the rats were fed with the different diets for a period of 3 weeks, which is a standard duration for food security analyses, especially since the rat is a very sensitive model. Indeed, during this period, any possible toxic effect associated with clone products should have been detected by the criteria used. Recently, a 14-week feeding test of meat and milk derived from cloned cattle has been conducted in the rat (Yamaguchi et al., Reference Yamaguchi, Ito and Takahashi2007) and it was concluded that the physiological conditions of the rats were not affected.
 In our study, the same milk samples have been used for both FA analysis and rat nutritional study (same female clone at day 80 of lactation). It is interesting to note that the significantly higher delta-9 desaturase index observed in clone milk for a limited number of FAs had no effect on any of the parameters measured in rats fed with yoghurt from clone or control milk.
 In conclusion, cloned animals, although apparently normal, are however significantly different from contemporary controls maintained in the same conditions, and we feel that more studies on clones and offspring of clones are necessary to evaluate the safety of their use for human consumption. Numerous aspects (Heyman et al., Reference Heyman, Chavatte-Palmer, Berthelot, Fromentin, Hocquette, Martignat and Renard2007) have to be taken into account to evaluate the value of meat and meat products derived from cloning as they have complex composition and we have to demonstrate both their safety and security but also to show that their nutritional value is equivalent to the traditional products of ‘old-fashion-produced cattle’. This pilot study is a first step to develop further research on clones and offspring and increase trust of the consumer before possible use in the human food chain.
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 Figure 1 Fatty acid composition of milk from clone (n = 5) or control cows (n = 5) at two stages of lactation (days 80 and 180) (†P < 0.10; *P < 0.05; ***P < 0.001).

 

 


View in content
 

 Figure 2 Comparison of delta-9 desaturase indexes in (a) milk and (b) muscle between clone or control animals.

 

 


View in content
 

 Table 4 FA composition of muscle biopsies from clone (n = 9) or control (n = 8) heifers at 8, 12, 18 and 24 months of age

 

 


View in content
 

 Figure 3 Metabolic enzyme activities: lactate dehydrogenase (LDH, glycolytic) and isocitrate dehydrogenase (ICDH, oxidative) in semitendinosus muscle from control (n = 8) or clone (n = 9) animals at 8, 12, 18 and 24 months of age.

 

 


View in content
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