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Abstract

Cloned animals are a result of asexual reproduction of animals using somatic cell nuclear transfer. Ever since the first

report of a cloned sheep 'Dolly' produced by SCNT, increasing numbers of livestock, such as bovine and swine clones, have

been generated worldwide. Foods derived from cloned animals have not been produced yet. However, the food safety of

cloned animals has provoked controversy. The EU Food Safety Authority and U.S. Food and Drug Administration

announced that milk and meat from cloned and non-cloned animals have no difference regarding food safety. However, food

derived from cloned animals is considered unsuitable for eating vaguely. Moreover, there were scant information about

cloned animals in Korea. Therefore, we surveyed the number of cloned animals worldwide including Korea and summa-

rized the reports for cloned animals and discussed predictable problems.
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Introduction

Cloned animal (clone) is a result of asexual reproduc-

tion of animals using somatic cell nuclear transfer

(SCNT) (Faber et al., 2004). SCNT or cloning is a pro-

cess by which animals are reproduced asexually. In the

cloning of animals with SCNT, the haploid gene of an

oocyte is replaced by the diploid gene of a somatic cell

derived from fetal or adult tissue. Since the first report of

a clone sheep ‘Dolly’ produced by SCNT (Wilmut et al.,

1997), several other species like cattle (Forsberg et al.,

2002) and swine (Polejaeva et al., 2000) have been

cloned actively. Cattle, which are reported to be the ani-

mals most frequently used for SCNT, were first cloned in

1998 (Cibelli et al., 1998; Yang et al., 2005), goats in

1998 (Keefer et al., 2002), pigs in 2000 (Onishi et al.,

2000), rabbits in 2001 (Chesne et al., 2002) and horses in

2003 (Galli et al., 2003). Although in some cases of com-

panion animals (Lee et al., 2005; Shin et al., 2002) only a

limited number of animals have been generated. 

In Korea, cloned animals have been produced in dog

(Lee et al., 2005) and gray wolf (Kim et al., 2007) for

personal purpose or species conservation. Increasing

numbers of livestock as bovine, swine, sheep clones have

been generated worldwide. Foods derived from cloned

animals have not been actualized yet. Nevertheless, there

are realistic possibilities of generation or consumption of

novel food (food derived from cloned animals). In 2008,

the US FDA published ‘animal cloning risk assessment’

(FDA, 2008). The EFSA published ‘EFSA draft scientific

opinion on food safety of cloned animal derived food’

and Japan food safety commission published ‘Risk

assessment of food derived from cattle, porcine and their

progeny by animal cloning’ in 2009 (EFSA, 2009; Food

safety commission, 2009).

Food safety of cloned animals has been provoked con-

troversy. At this time, US FDA approved the production

foods derived from cloned animal (FDA, 2008). How-

ever, foods derived from cloned animals are still treated

as unsafe for eating vaguely in Korea because of lame

information about clone-related. In this review, we sur-
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veyed the number of cloned animals in worldwide and

summarized reports for cloned animals and discussed

predictable problems.

Somatic Cell Nucleus Transfer (SCNT)

Clone is a result of animals using SCNT (Faber et al.,

2004). In SCNT, the nucleus of a differentiated somatic

cell (a non-germline cell) is transferred, by cell fusion or

direct injection, into an oocyte that has had its nucleus

removed. In practice, in livestock cloning the whole

somatic cell including the nucleus is usually transferred.

The reconstructed embryo is artificially activated before

implantation into a surrogate dam where it continues to

develop and is delivered (Codex, 2008; FDA, 2008). In

successful cases, the reconstructed embryo developed as a

healthy newborn clone (F0). Biologically, every step in

the procedure may present its own challenges. 

Examples include how to select and prepare the somatic

cell to be used as the nucleus donor, how to prepare the

oocyte used as the nucleus recipient, how to combine

these two cells, and how to initiate embryo development

after fusion. Technical improvements over time are grad-

ually increasing the proportion of clones born and techni-

cal innovations in the handling of embryos allow better

control of nucleus transfer procedures. SCNT is a rela-

tively new technology described by many as complex,

technically demanding and inefficient, that continues to

be developed and improved. As such, there is no univer-

sal method although the basic steps are common to most

SCNT procedures at the time that this review was written.

Number of Cloned Animals in Worldwide

There is no world-wide register of clones. Therefore the

number of living clones is difficult to estimate. In this

review, we collected data about the number of clones at

the very first. In the EU, there are about 100 cattle clones

and fewer pig clones. The estimated number in USA is

about 570 cattle and 10 pig clones (EFSA, 2009). In Japan,

there are 557 cattle and 335 pig clones (Food safety com-

mission, 2009). There are also clones produced elsewhere

e.g. Argentina, Australia, China, Japan and New Zealand,

and the estimated total number of clones alive world-wide

in 2007 is less than 4000 cattle and 1500 pigs (EFSA,

2009). 33 cloned cattle have been produced by national

institute of animal science and 28 cloned pigs (27 minia-

ture pigs) in Korea. The relatively small number is a

reflection of technical difficulties and the regulatory sta-

tus. And it can be expected that the number would

increase as the efficiency is improved and if cloning is

approved for commercial food purposes somewhere in

the world. However, even if the number of F0 clones

remains small, there is potential in the future for a num-

ber of F1 and subsequent generation animals that could

be produced from F0 clones and enter the food chain.

Similarly, the number of clones reported as reared and

living for a considerable time is limited. Only a few

reports on cattle clones to date refer to animals of 6-7

years of age (Chavatte-Palmer et al., 2004; Heyman et

al., 2004; Panarace et al., 2007) and no data on the full

natural life span of livestock clones are available yet. 

Risk Assessment of Cloned Animals

Epigenetic reprogramming

Successful SCNT requires that the nuclear activities of

the differentiated somatic cell used in cloning are reset to

those of an undifferentiated embryonic cell and that the

new embryo is able to complete fetal development (FAO,

2002). The somatic cell nucleus has to change its gene

expression pattern in relation to changes in its microenvi-

ronment in order to be able to replicate steps of normal

development. This process, which is by essence epige-

netic, leaves the primary DNA sequence unchanged and

is reversible. Epigenetic modifications include biochemi-

cally mediated conformational changes of the proteins

surrounding the DNA (i.e. chromatin) and also biochemi-

cal modifications of the DNA, particularly methylation.

Modifications of chromatin proteins are a reversible

and dynamic process. In contrast DNA methylation can

be much more stable. Somatic cell reprogramming con-

sists to a large extent of DNA demethylation followed by

a specific re-methylation of those DNA regions which

must remain silent in a given cell type. Epigenetic mech-

anisms affect the expression of some genes and such

modifications may be transmitted to daughter cells (Jablonka

and Lamb, 2003).

The low success rates of SCNT and the underlying phy-

siological abnormalities, frequently observed in clones

during embryonic and fetal development and also soon

after their birth, appear to be caused mainly by epigenetic

dysregulation occuring during inappropriate reprogram-

ming of the genome.

Animal health

SCNT results in an increased frequency of health risks

to animals involved in the cloning process, but these do
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not differ qualitatively from those observed in other ARTs

or natural breeding. At this time, the overall efficiency of

SCNT is low (Heyman et al., 2004). Cattle and sheep

exhibit a set of clinical signs collectively referred to as

Large offspring syndrome (LOS) that do not appear to be

present in swine or goats (FDA, 2008; Keefer et al.,

2001). Surrogate dams are at risk of complications from

birth if the fetus suffers from LOS, or from accumulation

of fluid in the cavities of the placenta (hydrops).

Risks to clones associated with LOS include increased

incidence of fetal and neonatal death and abnormalities

that may require additional supportive care during the

perinatal period.

Clones affected by LOS can recover and mature into

normal, healthy animals. The risk of morbidity and mor-

tality appears to decrease with age, and after approxi-

mately six months of age most bovine clones are normal

and healthy as determined by physiological measure-

ments, behavior, and veterinary examinations. Progeny of

animal clones also have been reported as normal and

healthy (Heyman et al., 2004; Mir et al., 2005; Norman et

al., 2004b). 

Food consumption risk

The composition of milk and meat from cows is influ-

enced by the nature of the animal feed and environment

(Mir et al., 2005; Palmquist et al., 1993). If subtle changes

have occurred that would alter the presence of important

nutrients, the most likely dietary risk for humans would

be the absence of, or significant decrease in levels of vita-

mins and minerals whose daily requirements are in large

part met by milk or meat. Therefore, nutrients for which

milk or meat make a large contribution to the total daily

dietary intake in humans should be considered. Composi-

tional data of meat and milk based on reference databases

obtained from sexually-reproduced animals are available

for comparison with that of clones and their progeny

(Caballero, 2003; Jensen et al., 1995). Several relevant

studies with respect to human nutrition have been con-

ducted on the composition of bovine milk and meat from

cattle and pigs derived from clones (F0) or their progeny

(F1). These analyses included carcass characteristics, water,

fat, proteins and carbohydrate content, amounts and dis-

tribution of amino acids, fatty acids, vitamins and miner-

als, and in the case of milk, volume per lactation (Diles,

1996; Heyman et al., 2007; Norman et al., 2004; Norman

and Walsh, 2004; Shibata et al., 2006; Takahashi and Ito,

2004; Tian et al., 2005; Tome et al., 2004; Walsh et al.,

2003; Walker et al., 2007; Yang et al., 2007). In an exten-

sive study, more than 150 parameters in 37 cow clones

(F0) from 3 independent cloning experiments and 38 con-

trol animals were examined over a 3-year period and con-

sisted of more than 10,000 individual measurements

(Heyman et al., 2007a). In this study some slight changes

were observed in all 3 groups of clones, compared with

their controls, e.g. in fatty acid composition of milk and

muscle of bovine clones (F0) and a slight increase of

stearoyl-CoA desaturase in milk and muscle. However,

these variations were still within the normal range. The

ViaGen data included meat composition data for five pig

clones and 15 comparator animals and no biologically

relevant differences were observed in fatty acid, amino

acid, cholesterol, mineral and vitamin values (FDA,

2008). In a study of the composition of pig clone off-

spring, 242 offspring (F1) from one boar clone and 162

control pigs from the same breed were compared (Walker

et al., 2007). In this study 58 parameters consisting of

more than 24,000 individual measurements were exam-

ined. Only 3 individual values of the offspring were dif-

ferent from the normal range of the controls and 2 out of

the 3 were within the normal range found in pigs, accord-

ing to the USDA database (FDA, 2008). In summary,

none of the studies has identified any differences outside

the normal variability in the composition of meat (cattle

and swine) and milk (cattle) between clones or clone

progeny, and their comparators. In addition no novel con-

stituents have been detected in products from clones or

their progeny.

A 14 wk subchronic oral feeding study was conducted

in rats to determine the effects of a diet containing meat

and milk derived from embryonic and somatic clones.

Rats were not affected by the consumption of meat and

milk from bovine clones (Yamaguchi et al., 2007). Simi-

lar results were obtained by in a 21 d feeding test with a

diet containing milk and meat from cattle clones (F0)

(Heyman et al., 2007). A 12 mon oral toxicity study in

the rat with meat and milk from the progeny of cattle

clones (F1) was done in Japan and as the results, there

were no biologically significant differences in composi-

tion among clones, their progeny and conventionally bred

cattle (Yamaguchi et al., 2008).

Very few genotoxicity studies were conducted. Cloned

cattle meat extracts were tested to five strains of bacteria

including Salmonella Typhimurium, Escherichia coli for

bacterial mutation and to Chinese hamster lung cells for

chromosome aberration. As in vivo for genotoxic effects,

bone marrow micronucleus test was performed in Insti-

tute of Cancer Research (ICR) mice fed with 5% and
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10% cloned cattle meat, respectively. The results sug-

gested that the cloned cattle meat do not induce any

harmful genotoxic effects in vitro and in vivo (Lee et al.,

2011). Same results also came out in the mouse micronu-

cleus assay (Takahashi and Ito, 2004). The allergenic

potential of several in vitro digested samples of meat and

milk from cattle clones (F0) was assessed by intraperito-

neal injection into mice following a classical immuniza-

tion protocol. No statistically significant difference in the

allergenic potential was observed between samples from

clones and comparator control cattle (Takahashi and Ito,

2004). Also Heyman et al. did not detect differences in

the allergenicity of milk and meat obtained from clones,

in the rat compared with the same food products derived

from noncloned animals, age and sex-matched, maintained

under the same conditions (Heyman et al., 2007).

Several studies about effects on reproductive physiol-

ogy were conducted. The male and female rats were fed

with 5% and 10% cloned cattle meat and then analyzed

reproductive parameters: sperm deformity, testosterone

concentration in male rats and neonatal examination from

gestation in female rats. There are no negative effects on

reproductive physiology in rats fed with cloned-cattle

meat (Hwang et al., 2010) Similar results were obtained

in non-rodent animal, rabbit (Lee et al., 2010). There was

a study on the behavioral and reproductive effect of Spra-

gue-Dawley F1 rats fed in cloned-cattle meat. Based on

behavioral and reproductive toxicity studies, there are no

obvious negative effects on cloned-cattle meat as food

(Yang et al., 2011). 

Policies to the foods derived from cloned animals

in worldwide

In US, in the risk assessment report, extensive evalua-

tion of the available data has not identified any subtle

hazards that might indicate food consumption risks in

healthy clones of cattle, swine, or goats. They claimed edi-

ble products from healthy clones for meat and milk have

no increased food consumption risks relative to compara-

ble products from sexually-derived animals. And edible

products derived from the progeny of clones have no addi-

tional food consumption risk(s) relative to corresponding

products from other animals based on published studies

(FDA 2008). Therefore, they did no need to special regu-

lations or label.

In EU and Japan, they said that SCNT is a relatively

new technology and the available data for risk assessment

are limited (EFSA, 2009; Food Safety Commission, 2009).

Uncertainties in the assessment arise from the small sam-

ple sizes investigated in most studies and the biological

variability underlying the SCNT process. However, they

agreed in principle with US risk assessment that SCNT

could be successfully used as a reproductive technique in

cattle and pigs for healthy clones and their offspring, and

healthy clones and their progeny did not show any signif-

icant differences from their conventional counterparts.

Researchers are continuing about cloned animals and

they will monitor international developments. 

In Canada, ‘Health Canada’ has begun drafting the

guidelines for the safety assessment of novel foods and to

consider foods derived from cloned animals as novel food

in 2003 (Health Canada, 2003). As novel food regula-

tions, the producers of cloned animals must not release

any cloned animals and their progeny, or foods derived

from them into the human food chain unless they have

been subjected to the premarket safety assessment. ‘Health

Canada’ have not been published the safety assessment of

cloned animals and product from them until now. Thus,

we could not assume the number of clones or manage-

ment plans associated cloned animals and foods from

them.

In New Zealand, the cloning of livestock is still the

experimental stage and is restricted to very small number

of breeding (FSANZ, 2003). All cloned animals are con-

fined to the research environment or in rare, New Zealand

Food Safety Authority (NZFSA) indicated that there is no

accepted scientific evidence that foods from cloned ani-

mals is less safe than food from noncloned animals and

there is no need for specific regulation on foods derived

from cloned animals.

In Korea, the ministry for food, agriculture, forestry

and fisheries has been published ‘Management point of

cloned cattle and their products’ in 2001 to national insti-

tute of animal science (NIAS). It contained that manage-

ment of cloned cattle and release of shipment information.

The cloned cattle is restricted in research by NIAS and

cloned pig is used as transgenic technology, do not allow

for meat and milk. And NIAS have been slaughtered and

incinerated cloned animals in their own separate slaugh-

terhouse only they died. There is no foods derived from

cloned animals for now and there is no possibility to enter

the food chain in Korea.

Conclusions

Unhealthy clones are presumed to be removed at clini-

cal inspections and quality controls and therefore should

not enter the food chain. Also unhealthy conventionally
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bred animals are excluded. Food products obtained from

healthy cattle and pig clones and their progeny are within

the normal range with respect to the composition of sim-

ilar products obtained from conventionally-bred animals.

Based on current knowledge there is no expectation that

clones or their progeny would introduce any new food

safety risks compared with conventionally bred animals

(FAO, 2000; FAO, 2002). All food animals must satisfy

regulatory requirements in order to be lawfully marketed.

Any animal including clones would be detected during

routine inspections and quality controls. It is assumed that

such inspections and quality controls would exclude from

the food chain animals with signs of disease, lesions or

abnormalities, regardless of whether they are clones or

noncloned animals.

Furthermore, the beef traceability system, which pro-

vides consumers of beef information such as identity

number, origin and grade have been enforced in Korea.

The system originated in Europe and Japan following the

breakout of Bovine Spongiform Encephalophathy. With

the identity number, consumers can trace back on informa-

tion of beef, including breeder, date of birth, grade, place of

butchery, etc. However, traceability system has been lim-

ited to cattle in Korea. In U.S, the producers have been

raised livestock by herd management not like identity

management and results of risk assessment indicated that

there is no significant differences between clone and non-

cloned animal, so the producers should not need to be

special labeling (FDA, 2008; Yang et al., 2007). There-

fore, the consumers cannot know about detail information

of pork and imported meat such as origin. The results of

recent survey of public opinion on cloned animal and

foods derived from them in EU indicated that cloning did

not well understand by the public (European commission,

2008). A majority of EU citizens said that it was unlikely

that they would buy meat or milk from cloned animals,

even if a trusted source stated that such products were safe

to eat. The public wanted to know about accurate informa-

tion of foods whether derived from clone or nonclone ani-

mals and most of them considered labeling important. If

food products from cloned animals became available,

they wanted that these products should be clearly labeled.

Therefore, the producers need to be containing product

information for the right to know in label.

There was one thing never mentioned in risk assess-

ment. It was semen of cloned animals. Semen from clones

is already available on the market in the USA (EFSA,

2008). The studies of semen from clones were focused on

viability and productivity. The results of studies indicated

that progeny by artificial insemination using semen from

clones was no significant differences between clone and

nonclone animals. Semen from clones is available but

restricted by National Institute of Animal Science (NIAS)

and it can only use on researching purposes in Korea. The

procedures for the collection of oocytes from animals

have been proposed by the International Embryo Transfer

Society as licensing guidelines and have been adopted by

the world Organization for Animal Health in EU (EFSA,

2009; FDA, 2006). The International Embryo Transfer

Society (IETS) recommended producers to record the

information of semen such as origin like maternal source

and paternal source. Small amounts of semen could breed

many progenies. If semen management is insufficient,

that will have a great ripple effect before people knows.

Thus, the person concerned with semen requires that fur-

ther management. 

In Korea, it has been not allowed cloned animals to

foods but major meat exporting countries such as US,

Canada and EU etc., have taken indulgent treatment of

clone derived foods. Moreover, there are no scientific

methods to distinguish cloned animal from noncloned

animal without traceability system from producers. Thus,

we are also preparing for importing foods from cloned

animals. The government prepares grounds to support

legal sanction after adopting a policy on cloned animals.

The results of risk assessment reports for cloned ani-

mals and their progeny in US and EU indicated that there

were no significant differences in physiological perfor-

mance, immunological performance, compositional anal-

ysis and feeding tests. However, only limited data are

available on risk assessment of cloned animal and most

studies investigated in small sample sizes. These leave

uncertainties in the assessment for cloned animals. There-

fore, we should continuous analyze to update the data of

foods from cloned animals for transient open to debate

for consumers and information should be shared the pub-

lic for risk communication. 
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