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The process of mankind’s development and 
food production has proceeded pari passu 
through the millennia. As Sauer pointed 
out, ‘man evolved with his food plants, 
forming a biological complex’, regardless of 
whether the man was a hunter-gatherer, a 
food- domesticator or a modern large-scale 
food manufacturer (Sauer, 1963, p. 155).

The first changes took place seamlessly, 
without increasing the food supply and 
without significant changes in the environ-
ment. An exception was the use and control 
of fire by early man, which caused the 
transformation of forest into grassland, 
permitted large migrations by enabling 
people to extend their ranges into habitats 
that were impossible to live in before, ex-
tended the period of activity independent 
of daylight, provided protection from pred-
ators and insects, and caused the evolution 
of man’s digestive system due to adjust-
ments to cooked food. Wrangham et  al. 
(1999, p. 573) assumed that cooking ‘dou-
bled the energy value from carbohydrate in 
underground storage organs and increased 
it by 60% in seed.’

Animal and plant domestication had a 
special role in the further development of 
food production. Domestication can be de-
fined as ‘a complex evolutionary process in 
which human use of plant and animal species 
leads to morphological and physiological 

changes that distinguish domesticated taxa 
from their wild ancestors’ (Purugganan and 
Fuller, 2009, p. 843). Domestication provid-
ed the impetus for humans to create a food 
surplus and build the world’s first villages 
and cities near fields of domesticated plants. 
Consequently, ‘this led to craft specializations, 
art, social hierarchies, writing, urbanization 
and the origin of the state’ (Purugganan and 
Fuller, 2009, p. 843).

Many historians think domestication hap-
pened between 10,000 and 13,000 years 
ago. Numerous indications and evidence in 
the present suggest that the domestication 
of animals had to be preceded by the domes-
tication of plants. Such examples can be 
found in the steppes of Iran and Afghani-
stan, or the Maasai ethnic group inhabiting 
southern Kenya and northern Tanzania who 
live in ways similar to man in the Neolithic 
period. There are numerous archaeological 
studies identifying the dynamics of domesti-
cation. The hunter-gatherer societies inde-
pendently began food production in nine 
areas of the world: the Fertile Crescent (ex-
tending from the eastern Mediterranean 
upward through Anatolia and down into the 
valley of the Rivers Tigris and Euphrates) 
(Fig. 1.1), China, Mesopotamia, Andes/ 
Amazonia, the American East, the Sahel, Trop-
ical West Africa, Ethiopia and New Guinea 
(Fig. 1.2) (Diamond, 2002).

Ancient, Classical and Modern 
Biotechnology1



2 T. Brankov and K. Lovre

Eight plants are considered to be the do-
mesticated ‘founder crops’: three cereals 
(einkorn wheat Triticum monococcum, emmer 
wheat Triticum turgidum subsp. dicoccum, and 
barley Hordeum vulgare), four pulses (lentil 
Lens culinaris, pea Pisum sativum, chickpea 
Cicer arietinum, and bitter vetch Vicia ervilia), 
and a single oil and fibre crop (flax Linum 

usitatissimum) (Weiss and Zohary, 2011). 
The origins of our modern wheat developed 
by cultivating its wild ancestors Triticum 
boeoticum and Triticum monococcum in the 
Karacadag mountain region (southeastern 
Turkey). Emmer wheat was also domesticated 
in the same region in Turkey, while the earliest 
barley (wild relative Hordeum spontaneum) 
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Fig. 1.1. Fertile Crescent.
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Fig. 1.2. Independent evolution of food production – the earliest known date of local domestication and 
the spread of food production. (Adapted from Diamond, 1997.)
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is recorded in Syria. Syria was also an early 
home for lentils developed out of Lens c. ori-
entalis and chickpeas. The first appearance of 
the domestic pea is in the Near East, while 
the earliest flax seeds came from Jericho. 
Not counting the domestic dog, it is believed 
that animal domestication started with sheep 
(Ovis aries), the first ‘meat’ animals adapted 
from different wild subspecies of Ovis gmelini 
(wild mouflon) in the Fertile Crescent; then 
most probably came goats (Capra hircus), 
from Capra aegargus (bezoar ibex wild goat) 
in Turkey, Iran, Pakistan and China (Luikart 
et  al., 2001). Wild cattle (Bos primigenius) 
most likely had three main loci of domesti-
cation: the Taurus Mountains (Bos taurus), 
Indus Valley (Pakistan) (Bos indicus), and 
 Algeria (Bos africanus) (Decker et al., 2014).

Agriculture was launched in the Fertile 
Crescent, the home of the most valuable 
crops and livestock, such as wheat, barley, 
peas, sheep, goats, cows and pigs. As can be 
seen in Fig. 1.2, the Fertile Crescent has the 
earliest dates of animal and plant local do-
mestication (8500 bc), followed by China, 
New Guinea and the Sahel.

The earliest date of domestication record-
ed in the American East is 6000 years after 
the Fertile Crescent (2500 bc). From these 
centres, food production spread around the 
globe at different speeds, firstly at locations 
with similar climate and habitats, but ‘with 
the general axis oriented east–west for Eura-
sia and north–south for the Americas and 
Africa’ (Diamond, 2002, p. 703). The above 
does not mean that one can clearly delineate 
the period between hunter-gathering and 
farming, because there was and actually still 
is some overlap between them. Along with 
the hunter-gathering indigenous cultures of 
the Pacific Northwest Coast living in a rich 
environment, the Apache also practised 
some farming. As Suttles (2009, p. 56) has 
suggested ‘․ ․ ․the Northwest Coast peoples 
seem to have attained the highest known 
levels of cultural complexity achieved on a 
food-gathering basis and among the highest 
known levels of population density. The 
Northwest Coast refutes many seemingly 
easy generalizations about people without 
horticulture or herds’. Knowledge about the 
existence of social inequality amongst the 
population that survived without animal 

and plant domestication could be considered 
as one of the most important advances in 
anthropological research in the last few dec-
ades (Sassaman, 2004).

If we exclude complex hunter-gatherer 
social formations that already practised sed-
entary or semi-sedentary lifestyles, nomadic 
hunter-gatherers started their sedentary 
lifestyle by applying farming practices to 
their permanent agricultural areas instead 
of migrating to follow the seasonal shifts in 
wild food:

The sedentary lifestyle permitted shorter birth 
intervals. Nomadic hunter-gatherers had 
previously spaced out birth intervals at four 
years or more, because a mother shifting camp 
can carry only one infant or slow toddler. . . 
Food production also led to an explosion of 
technology, because sedentary living permitted 
the accumulation of heavy technology (such as  
forges and printing presses) that nomadic 
hunter-gatherers could not carry, and because 
the storable food surpluses resulting from 
agriculture could be used to feed full-time 
craftspeople and inventors.

(Diamond, 2002, p. 703)

The advent of agriculture and, with it, of 
food surpluses, increased the density of 
population; caused epidemics of infectious 
diseases; led to social stratification, political 
centralization and the formation of stand-
ing armies; and led to nutritional changes 
and adaptation to a diet quite different from 
that of the hunter-gatherer: ‘a diet rich in 
simple carbohydrates, saturated fats and 
calories and salt, and lower in fibre, complex 
carbohydrates, calcium and unsaturated 
fats’ (Diamond, 2002, p. 704).

Unconscious selection of plants for desir-
able traits (around 9000 bc) resulted in the 
elimination of dormancy and seed dispersal, 
and actually led to dependable germination 
and the predictable continuity of plants in 
the field. Conscious plant cultivation for de-
sirable traits started, also bc. Conscious cul-
tivation led to the diversification of crops and 
their local adaptation, higher seed yield com-
bined with a higher degree of self-pollination, 
and many other traits related to consumer 
acceptance, such as culinary preferences and 
quality processing. Domestication continued 
after the birth of Christ and is still going on; 
the only changing factor is the technology 
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for obtaining the desired properties. As Dar-
win observed in 1868: ‘No doubt man selects 
varying individuals, sows their seeds, and 
again selects their varying offspring․ ․ ․Man 
therefore may be said to have been trying an 
experiment on a gigantic scale; and it is an 
experiment which nature during the long 
lapse of time has incessantly tried’ (Darwin, 
2010, p. 2).

1.1 Historical Evolution  
of Biotechnology

Among other things, domestication stimu-
lated the magnification of food storage, a 
practice already followed in the pre-agricul-
tural Near Eastern Early (14,500–12,800 cal 
BP) and Late Natufian periods (12,800–
11,500 cal BP). Food storage coincided with 
the growth of microorganisms that caused 
the birth of the first biotech food applica-
tions – food fermentation. Fermentation can 
be defined as ‘the transformation of simple 
raw materials into a range of value-added 
products by utilizing the phenomenon of 
growth of microorganisms and/or their ac-
tivities on various substrates’ (Prajapati and 
Nair, 2008, p. 2).

Fermentation is considered to be the 
world’s oldest food preservation method 
apart from the drying of food in the hot sun, 
with roots dating back deep into the past of 
the Middle East (Nummer, 2002). The first 
fermented products were created from stored 
milk surplus. The earliest evidence dates 
back as far as 7000 bc in the Fertile Cres-
cent, and refers to cheese making. Archaeo-
logical records confirm the dates and origins 
of other fermented products as follows: wine-
making process – Western Iran (6000 bc); 
wheat bread making – Egypt (3,500 bc); 
preparation of meat sausages – Babylonia 
(1,500 bc); sour rye breads – Europe (800 bc); 
preservation of vegetables – China (300 bc). 
Thanks to their understanding of how to 
use yeasts separated from wine to prepare 
bread, the Romans opened 250 bakeries 
around 100 bc. The oldest known (before 
3000 bc) man-made animal ‘hybrid’ product 
of mating between two different species is 

the mule, a crossbreed between a male donkey 
and a female horse. A slightly less common 
‘hybrid’, the hinny, was also bred in ancient 
times by the mating of a female donkey with 
a male horse. Highly valued in trade, the 
perdum-mule, a riding animal used mostly by 
kings, is found in Central Anatolia in the an-
cient town of Kaniš, and dates back to the 
19th and 18th centuries bc (Michel, 2002).

Each of these ‘discoveries’ is accompanied 
by a legend. For example, it is believed that 
an Arabic trader accidentally discovered a 
way of making cheese. Preparing for a long 
journey through the desert, he put milk in a 
bag made of sheep stomach. Because of the 
rennet in the bag and the sun in the desert, 
the milk separated into curd and whey. An-
gels were said to have helped an ancient no-
madic Turk prepare the first yoghurt, while 
the recipe for making kefir, which originates 
from the Caucasus Mountains, was kept se-
cret for a long time because Mohammad 
strictly forbade transmitting it to people of 
faiths other than Islam. In the Old Testa-
ment, the mule replaced the donkey as the 
‘royal beast’ and was ridden by King David 
and King Solomon at their coronations.

Leaving aside the legends and often acci-
dental discoveries, it can be noticed that 
man travelled a long, gradual path from the 
hunter-gatherer to the modern producer 
dependent on technological innovation 
(Fig. 1.3).

The essential understanding of fermenta-
tion, which could not be performed without 
microorganisms, happened in the 17th cen-
tury (around 1678), when Antony Van Leeu-
wenhoek developed his method of creating 
powerful lenses and applied them to the 
study of the microscopic world. The discov-
ery of the microscope ‘was the milestone for 
the development of classical biotechnology’ 
(Pele and Cimpeanu, 2012, p. 6), and was a 
prerequisite for Louis Pasteur, in the middle 
of the 19th century, to do his great research 
into microbial fermentation, which revolu-
tionized medicine, industry and agriculture.

The era of classical biotechnological evo-
lution lasted until the 1970s. Although in 
1665 the English scientist Robert Hooke had 
discovered cells while looking at a tiny slice 
of cork and van Leuwenhoek had discovered 
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single-celled organisms in 1673 using a 
handmade microscope, further progress in 
cell investigation occurred almost 200 years 
later. Theodor Schwann (1810–1882) and 
Matthias Schleiden (1804–1881), the found-
ers of cell theory (1838–1839), confirmed that 
all organisms are composed of one or more 
cells, and that cells are the basic units of life 
in all living things. The final major contribu-
tion to cell theory was made by the German 

pathologist Rudolph Virchow (1821–1902), 
who summed up his research as follows: 
‘Where a cell arises, there a cell must have 
previously existed (Omnis cellula e cellula), 
just as an animal can spring only from an 
animal, a plant only from plant’ (Moore, 
1999, p. 261).

Six years after Charles Darwin announced 
his theory of evolution to the world in 1859, 
in the book On the Origin of Species by Means 
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Fig. 1.3. The timeline of agriculture.



6 T. Brankov and K. Lovre

of Natural Selection, Gregor Mendel present-
ed his results on peas obtained after 12 years 
of systematic investigations in the famous 
paper Versuche über Pflanzenhybriden [Exper-
iments in Plant Hybridization]. Mendel dis-
covered the basic principles of heredity, and 
established the Law of Segregation (that 
there are dominant and recessive traits passed 
on randomly from parents to offspring) and 
the Law of Independent Assortment, later 
known as Mendel’s Laws on Inheritance 
(that traits were passed on independently of 
other traits from parent to offspring). He 
also proposed that this heredity followed ba-
sic statistical laws (Box 1.1). The scientific 
community failed to recognize the huge im-
portance of this research for 34 years, until 
the three botanists Carl Erich Correns, Erich 
Tschermak and Hugo de Vries in their re-
search independently came to the same 

conclusion about inheritance as Mendel. In 
this way, Mendel’s work was rediscovered in 
1900 and Mendel himself posthumously be-
came ‘the father of genetics’.

During the era of classical biotechnology 
the development of vaccines and immuniza-
tion started. Edward Jenner, a country doc-
tor living in Berkeley, England, created the 
world’s first vaccination for smallpox in 
1796 (Baxby, 1981). His assertion ‘that the 
cow-pox protects the human constitution 
from the infection of smallpox’, published in 
the work Inquiry into the Causes and Effects of 
the Variolae Vaccine, laid the foundation for 
modern vaccinology (Benenson et al., 1952). 
Louis Pasteur (1822–1895), a French chem-
ist and biologist, successfully tested the first 
human vaccine created in a laboratory, made 
of an extract gathered from the spinal cords 
of rabies-infected rabbits in 1885. Another 

Box 1.1. Mendel’s experiment on Pisum sativum. (Adapted from Mendel, 1865, pp. 6–11).

The pea plant that was the subject of Mendel’s experiment can either self-pollinate or cross-pollinate, 
because it has both male and female reproductive organs. Mendel successfully cross-pollinated pure 
bred plants with particular traits in order to observe the offspring over many generations. For the purpose 
of the experiment different characteristics of peas were selected: difference in the form of the ripe seeds, 
difference in the colour of the seed albumen, difference in the colour of the seed-coat, difference in the 
form of the ripe pods, difference in the colour of the unripe pods, difference in the position of the flowers, 
difference in the length of the stem. Each pair with differentiating characteristics were united by 
cross-fertilization.

1st experiment 60 fertilizations on 15 plants.
2nd experiment 58 fertilizations on 10 plants.
3rd experiment 35 fertilizations on 10 plants.
4th experiment 40 fertilizations on 10 plants.
5th experiment 23 fertilizations on 5 plants.
6th experiment 34 fertilizations on 10 plants.
7th experiment 37 fertilizations on 10 plants.
Mendel found that the hybrid plants obtained looked like only one parental strain, but produced 

progeny that resembled both parental strains. Mendel referred to the trait that was expressed in the 
F1 plants as dominant and to the alternative form, which was not expressed in the F1` plants, as reces-
sive. In the first generation from the homozygous parent plants for all of the crosses, the progeny re-
sembled both parental strains in the ratio of three dominants to one recessive. The plants in the F1 
generation were all heterozygous. The same ratio apparently occurs in the later F2 generations as well, 
but Mendel distinguishes that ‘it is actually 1:2:1, the ratio of true-breeding dominant to non-true-breeding 
dominant to true-breeding recessive’. The following figures show the example of yellow and green pea 
seeds (Y–yellow allele, G–green allele):

YY GG Parental generation
YG YG YG YG F1 generation
YY YG YG GG F2 generation

YY YY YY YY YY YG YG GG YY YG YG GG GG GG GG GG
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of his achievements was the development of 
a vaccine for anthrax, a breakthrough im-
portant for agriculture (Pasteur and Cham-
berland, 2002).

A lot of genetics-related discoveries were 
made in the 19th century: in 1831 a botanist,  
Robert Brown, discovered the cell nucleus 
and described it in the paper On the Organs 
and Mode of Fecundation in Orchideae and 
Asclepiadeae; and in 1868 a Swiss doctor, Fred-
erich Miescher, performed laboratory exper-
iments that led to deoxyribonucleic acid 
(DNA) discoveries (because he had isolated it 
from the cells’ nuclei, he named it nuclein). 
However, an understanding of the impor-
tance of Miescher’s discovery, which can be 
seen as the birth of molecular genetics, did 
not occur until 75 years later. In 1881 at the 
International Medical Congress in London, 
Robert Koch, a German doctor, demonstrat-
ed a new solid medium technique which 
could be used both to isolate pure cultures of 
bacteria and to sub-culture them. One year 
later Fannie Hesse suggested replacing gela-
tin with agar, and after that agar became the 
most commonly used solid medium because 
of its remarkable physical properties. Clearer 
than gelatine, it resists digestion by bacterial 
enzymes, melts when heated to around 85oC, 
and yet when cooled, does not gel until it 
reaches 34–42oC. And in 1888, the famous 
German anatomist Heinrich Wilhelm Gott-
fried von Waldeyer-Hartz coined the word 
‘chromosome’, in his paper Über Karyokinese 
und ihre Beziehungen zu den Befruchtungsvorgän-
gen [Karyokinesis and its Relation to the Pro-
cess of Fertilization].

After 1900, ‘systematics, evolution, phys-
iology, cytology, embryology and practical 
breeding were in close contact at the birth of 
genetics’ (Roll-Hansen, 2014, p. 2432). In 
1902, a German physiologist, the father of 
tissue culture Gottlieb Haberlandt, devel-
oped the concept of in vitro cell culture 
(whereby ‘cultured plant cells could grow, 
divide and develop into embryo and then to 
whole plant’, or, in one word, ‘totipotency’, 
as coined by Steward in 1968) (Rai, 2007). In 
1909, the Danish biologist Wilhelm Jo-
hannsen coined the terms ‘gene’ (an abbre-
viation of Darwin’s and De Vries’ pangene, 
from Greek gennao, to breed), ‘genotype’ 

(from gennao, to breed, and typos, an im-
print), and ‘phenotype’ (Greek phain-omai, 
to appear and typos, an imprint). He used the 
word gene to refer to the discrete determin-
ers of inherited characteristics: ‘The word 
gene is fully free from any hypothesis; it only 
expresses the securely ascertained fact that 
at least many properties of the organism are 
conditional on individual, separable and thus 
independent “states”, “bases”, and “disposi-
tions” found in the gametes – briefly, just 
what we want to call genes.’ (Johannsen, 
1909) [English translation (by N.R.)].

In the 3rd edition of his book, Johannsen 
wrote a sentence similar to what appeared 
the 2nd edition from 1913: ‘On one side 
there is the genotype as the constitution of 
the organism; on the other side, there is the 
environment – and the often rather compli-
cated cooperation between the genotype 
and the environment conditions the realized 
personal character of any organism, its phe-
notype.’ (Johannsen, 1926).

In 1926, Thomas Hunt Morgan, an Amer-
ican embryologist and Nobel Prize winner, 
used the name ‘gene’ in his book The Theory 
of the Gene, where he described the five prin-
ciples of the gene: segregation, independent 
assortment, crossing over, linear order and 
linkage groups. In the same year, Fritz Went 
discovered the first plant growth regulator 
(PGR), indoleacetic acid, important for fur-
ther improvement in tissue culture (Rai, 
2007). A new era in genetics development 
was opened by the Nobel Prize winner Her-
mann Joseph Muller, an American geneticist 
known as the founder of the field of radia-
tion genetics. Muller’s 1927 paper, Artificial 
Transmutation of the Gene, demonstrates that 
X-rays can induce mutations in the fruit fly 
Drosophila melanogaster at a much higher 
 frequency than occurs in nature: within a 
few weeks, more than 100 mutations were 
discovered in the resulting progeny, about 
half the number of all mutations discov-
ered in Drosophila over the previous 15 years. 
H. J. Muller was also the first scientist to pro-
pose that bacteriophages might be related to 
genes; and he made a prophetic statement in 
1922: ‘Perhaps we may be able to grind genes 
in a mortar and cook them in a beaker after 
all’ (Sapp, 2003, p. 141).
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The first decades of the 20th century 
brought big changes in agricultural produc-
tion, with the invention and commercializa-
tion of high-yield hybrid crops. Twenty years 
after Harrison Shull and Edward Murray 
East, working independently in 1908, re-
discovered and deepened Charles Darwin’s 
research into inbreeding depression and 
hybrid vigour in maize (‘heterosis’ was the 
term Shull coined for this process), and 
10  years after Donald F. Jones, in 1918, 
made an announcement of the double cross 
 method, US farmers started to produce hy-
brid crops on a large-scale. Diffusion of hy-
brid crops in the 1930s had an important 
socioeconomic impact, because farmers be-
gan to abandon the practice of keeping their 
own seeds and started buying hybrid maize 
seed on an annual basis (Duvick, 2001).

The first half of the 20th century brought 
discoveries that saved millions of lives. In 
1928, Sir Alexander Fleming discovered 
penicillin and described the results of the 
experiments in a paper for the British Jour-
nal of Experimental Pathology (Fleming, 1929). 
Twelve years later, in 1940, Howard Florey 
and Ernst Chain at Oxford University per-
formed a rat and mouse test and published 
their results in the Lancet. The test was of 
huge importance, because human testing of 
penicillin began soon after that. The discov-
ery of penicillin led to the exploration of 
many other antibiotics and metabolites and 
was a huge step technically towards the first 
scaled-up microbial mass culture under ster-
ile conditions (Fiechter, 2000). This saw the 
start of ‘the golden age of industrial microbi-
ology’, and a new phase in the development 
of a large number of commercially impor-
tant primary and secondary metabolites 
(Demain and Fang, 2000).

The mid-20th century was characterized 
by findings which paved the way for the de-
velopment of genetic engineering. In 1944, 
Oswald T. Avery, Colin M. MacLeod and Ma-
clyn McCarty reported that DNA is the sub-
stance that causes bacterial transformation 
(Streptococcus pneumoniae); in 1950 Barbara 
McClintock, a pioneer in the field of cytoge-
netics, discovered transposable elements 
known as ‘jumping genes’ using maize as a 
model organism, and proved that ‘the genome 

is not a stationary entity, but rather is sub-
ject to alteration and rearrangement’ (Pray 
and Zhaurova, 2008, p. 169). Two years lat-
er, Joshua Lederberg and Norton Zinder dis-
covered transduction, the process by which a 
virus transfers genetic material from one 
bacterium to another. A groundbreaking 
moment in the development of genetics and 
the cornerstone of the development of mo-
lecular genetics, which would lead to the cre-
ation of genetically modified organisms 
(GMOs) a few decades later, was the discov-
ery of the structure of DNA. In 1953 Francis 
Crick, James Watson and Maurice Wilkins 
discovered that DNA consists of two chains 
twisted around each other – double helixes, 
but in the opposite direction. The circular 
structure of Escherichia coli DNA and enzyme 
polymerase was discovered in 1957. Inter-
bacterial gene transfer was first described in 
Japan by Ochiai and colleagues in a publica-
tion in 1959 that demonstrated the transfer 
of antibiotic resistance between different 
species of bacteria Shigella and Escherichia 
with a plasmid, extrachromosomal circular 
DNA (Kasuya, 1964). This transfer has 
proved very important for the development 
of transgenic techniques. The 1960s brought 
discoveries about the regulation of gene ex-
pression and protein synthesis. A DNA seg-
ment (lac region) was moved from Escherichia 
coli to another microorganism. Thus it was 
shown that genes can be transferred and 
chromosomes can be redesigned (Beckwith 
and Signer, 1966).

In the 1960s other fields of science also 
evolved, each at their own pace. The field of 
biochemical engineering began to develop 
after Hixson and Gaden’s article about oxy-
gen transfer was published in 1950 (Hixson 
and Gaden, 1950). In the same period, ‘the 
field of chemical engineering was maturing’ 
(Katzen and Tsao, 2000, p. 79) as well.

During the 1970s with the advent of re-
striction enzymes, tissue culture headed to-
wards a new research area (Rai, 2007). It was 
demonstrated that DNA could be cut into 
pieces by restriction enzymes, which were 
isolated for the first time by Smith and Na-
thans from Haemophillus influenzae, and that 
the clipped DNA part can be transferred to 
the clipped plasmid part. Recombinant DNA 
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created in this way may be/is biologically 
active, and can replicate in the host bacterial 
cell (Dimitrijević and Petrović, 2004). Re-
garding the technology of recombinant 
DNA, the most important discoveries were: 
(i) the tumour-inducing principle of Agro-
bacterium tumefaciens (Ti plasmid) in 1973 
by Zaenen et  al. (Rai, 2007), the first gene 
transfer into Escherichia coli (Fiechter, 2000), 
which is generally accepted as the first true 
success of gene technology; and (ii) the crea-
tion, by Hargobind Khorana in 1976, of an 
artificial gene that functions in a bacterial 
cell. A new era of technology related to diag-
nostics and therapeutics started after the 
first production of monoclonal antibodies in 
1975 (Liu, 2014). Regarding agricultural 
production, the 1970s brought, among oth-
er things, production of the first somatic hy-
brid of Nicotiana by protoplast fusion (Rai, 
2007), cryopreservation development, and 
the commercialization of the embryo transfer 
technology, stimulated by worldwide accept-
ance of artificial insemination technology 
(Foote, 2002).

In the 1980s, great progress was made in 
agriculture production, medicine and genet-
ics. This period saw the beginning of the 
commercial application of plant tissue cul-
ture for the production of pathogen-free 
plants and of the conservation of rare and 
endangered species (Tsay, 2002); Karl Mullis 
invented the polymerase chain reaction 
(PCR), a process that has multiple applica-
tions in medicine, genetics, biotechnology, 
forensics and paleobiology; insulin, the first 
pharmaceutical made by genetically engi-
neered bacteria, was approved for use in the 
UK and the USA (1982); and the first trans-
genic animals (mice) were produced.

In the early 1990s DNA fingerprinting 
methods found extensive use in the areas of 
forensics and establishing paternity, but also 
in agriculture for the characterization and 
detection of genetic diversity, origin authen-
tication, variety identification, parentage 
testing and breeding of animals, and detec-
tion of GMOs. The production of recombi-
nant vaccines and hormones used in animal 
production also started in that period. In 
addition, the 1990s saw the largest life 
science project ever conducted, the Human 

Genome Project, aimed at ‘reading’ the 
whole genome; Dolly the sheep was the first 
animal to be cloned from an adult cell; and 
the first field trials of genetically engineered 
plant varieties were followed by the first 
commercial release, as a result of which, 
GMOs entered the food chain.

The 2000s were the years of the develop-
ment of the ‘omics’ technologies ‘aimed 
primarily at the universal detection of genes 
(genomics), [messenger ribonucleic acid] 
mRNA (transcriptomics), proteins (proteom-
ics) and metabolites (metabolomics) in a spe-
cific biological sample in a non-targeted and 
non-biased manner’, integrated into systems 
biology, which represents ‘biological research 
focusing on the systematic study of complex 
interactions in biological systems using in-
tegration models’ (Horgan and Kenny, 2011, 
p. 189).

1.1.1 Biotechnology as a reflection  
of human history

The brief review of the development of bio-
technology presented above is also a reflection 
of human history. From the very beginning, 
basic human needs have remained the same. 
Ensuring a reliable food supply has certainly 
been an equally vital concern of all states, 
whether ancient or modern. In other words, 
from the first proper cities in southern Mes-
opotamia (beginning with the city of Uruk) 
during the Uruk (c. 3400–3200 bc) and Jam-
det Nasr (c. 3200–3000 bc) periods, until the 
present time, food technology and rise of 
the state have been interconnected and have 
continued to develop in parallel.

When we consider the number of plant 
and animal species used for human con-
sumption today, we can see that not much 
has changed when compared with ancient 
times. Our survival still depends on the 100 
higher plants that were domesticated out of 
200,000 accessible species, and the 14 domes-
ticated large terrestrial mammalian herbi-
vores and omnivores weighing 45 kg or more 
(out of 148 possible species) (Diamond, 
2002). Wealthy Romans enjoyed a wider 
range of animals than is commonly eaten 
these days: pork, mutton, goat, lamb, horse, 
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wild boar, deer, hare, and beef, but also ass, 
fox, hedgehog, and dog (including puppy). 
They also routinely consumed oat and millet, 
beans and pulses, peas, chickpeas, lentils, 
vetches, linseed, sage, lupin seeds, hedge- 
mustard, cucumber seeds, sesame, safflower, 
eggs, cheese, wine, vinegar and honey. Their 
diet also included a wide range of fruits and 
vegetables such as apples, pears, mulberries, 
quinces, figs, grapes, almonds, lettuce, cab-
bage, anise, onion, garlic, asparagus, mint, 
spinach, etc. (Wilkins and Hill, 2006). The 
world oldest recipes, the ‘Yale Culinary Tab-
lets’, dating from 1700 bc, describe a varied 
and sophisticated cuisine in the ancient 
Near East (Curtis, 2001), with dishes pre-
pared by cooking on an open fire – using dif-
ferent kinds of meat, such as lamb, mutton 
and stag, spiced with onion, garlic, leek, 
mustard, and cumin and coriander – and a 
large selection of stews and broths.

The Romans experienced food shortages, 
with meat and fish often being high-status 
foods. Homer’s heroes feasted on beef. We 
are still fighting against hunger; and meat 
demand is still associated with higher income 
and, compared with other commodities, meat 
is characterized by high production costs 
and high output prices.

What has changed? Man has walked away 
from nature. Firstly, he largely destroyed 
it; and then he has tried to re-establish the 
former equilibrium. The most obvious re-
flection of this can be seen in the high valua-
tion of organic, pure food in the modern 
diet, which is almost the same as the food 
consumed by the vast majority of ancient 
Romans, particularly poor Romans, who 
survived on vegetables, chickpeas, beans, 
apples, figs and birds as the most common 
meat. Secondly we have seen the severe en-
vironmental collapse of the cradle of civili-
zation, the Fertile Crescent, particularly 
regarding soil erosion, deforestation, salini-
zation and climate change threat. Thirdly, we 
have seen changes in nutritional diseases. In 
ancient times, cases of metabolic, diet-related 
diseases were rare, although an early African 
Homo erectus, classified as KNM-ER 1808, 
could have had hypervitaminosis A (Ungar, 
2007). Even in the bc era, the importance of 
proper nutrition and appetite control was 

recognized, including by those of the high-
est rank. A good example of this was Alexan-
der the Great (356 bc–323 bc), a moderate 
eater who successfully resisted pressure 
from his mother Olympia to eat more cakes 
and bakery products. Despite this early un-
derstanding of nutrition, in the 21st century 
we are facing a global obesity pandemic as 
the leading cause of soaring rates of differ-
ent metabolic diseases.

In addition, the centres of power in food 
production have changed over time. As Dia-
mond points out, there is almost no overlap 
between the most productive areas for farm-
ing in the past and today. In ancient times, 
the most productive areas were: ‘The Fertile 
Crescent, China, Mesoamerica, Andes/Ama-
zonia, Eastern North America, Sahel, Tropi-
cal West Africa, Ethiopia and New Guinea’, 
areas rich in native plant and animal species. 
Today, the most suitable areas for farming 
include ‘California, North America’s Great 
Plains, the pampas of Argentina, the South 
African Cape, the Indian subcontinent, Java 
and Australia’s wheat belt’ (Diamond, 2002, 
p. 702). The reasons for this change are very 
complex and touch upon economic, political 
and cultural issues.

Advances in science and huge technolog-
ical changes have certainly improved the 
quality of life, but have also increased man’s 
expectations and led to more sophisticated 
methods of conflict with rivals, compared 
with ancient warfare. In opposition to the 
efforts of many scientists who put their 
knowledge at the service of mankind and 
who have been working towards the com-
mon good in order to save human lives, 
anti-humanist movements have also devel-
oped. One  example is the eugenics move-
ment. Eugenic ideology is based on the 
belief that genetic traits determine social 
stratification. Francis Galton, a European 
theorist who coined the term ‘eugenics’ in 
1883, in his book Inquiries into Human Facul-
ty and Its Development stated, ‘Eugenics is 
the study of all agencies under social control 
which can improve or impair the racial qual-
ity of future generations’ (Signil, 2012, 
p. 114). Some members of the white Ameri-
can elite have accepted a belief that lower 
classes and minorities (black Americans, 
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Mexicans, non-assimilated European im-
migrants, poor white Americans) are genet-
ically inferior and therefore only capable of 
reproducing genetically inferior offspring. 
Under the leadership of Charles Davenport, 
a zoologist, and with the financial help of 
the Carnegie Institute, the Rockefeller 
Foundation and wealthy individuals, polit-
ical leaders and other supporters of the 
movement started to promote the superior-
ity of the Nordic race. This politics led to the 
sterilization of more than 80,000 people in 
the USA, as the idea of eugenics began to 
spread around the globe. A particularly fer-
tile ground was found in Nazi Germany 
(Daniels, 2005). Under the influence of the 
eugenic ideology, the USA adopted the Im-
migration Act in 1924, the federal law that 
set immigration quotas for individual coun-
tries in order to exclude Asians and people 
from Southern and Eastern Europe (pri-
marily Jews and Slavs), while allowing sig-
nificant immigration from northern and 
Western Europe.

Similarly, new transgenic technology, 
apart from having unsuspected beneficial 
applications, can also be used for destruc-
tive purposes such as bioterrorism; it can 
lead to the deepening of social inequalities, 
establishing the monopolistic position of 
multinational corporations, the leadership 
of certain countries and the subjection of 
others. Unlike maize hybrids, which were 
accepted without public outcry in the 
1930s (Duvick, 2001), GMOs have caused 
a lot of dissatisfaction, fear and resistance 
around the globe, and opened a broad de-
bate that is still going on. Two decades 
after the first transgenic crops were com-
mercialized, we are still ‘not in heaven or 
on earth’ when it comes to definitive an-
swers from the scientific community. There 
is still no consensus about whether or 
not genetically modified foods are safe for 
human health and the environment. Dif-
ferent countries follow different policies 
regarding GMOs; trade wars cease, and 
start again; multinational corporations 
propagate their policies, often using all 
possible means; and non-governmental or-
ganizations (NGOs) opposing transgenic 
technology continue with their activities, too. 

Nevertheless, genetically modified food has 
entered the food chain, and there is no 
doubt about that.

1.2 Definitions of Biotechnology

The word biotechnology is a cross between 
the Greek words ‘bios’ (everything to do 
with life) and ‘technikos’ (involving human 
knowledge and skills). The term ‘biotechnol-
ogy’ was coined by a Hungarian expert, Karl 
Ereky, in his book Biotechnologie der Fleisch-, 
Fett- und Milcherzeugung im landwirtschaftli-
chen Grossbetriebe [The Biotechnology of 
Meat, Fat, and Milk Production in the Agri-
cultural Plant] published in 1919. The term 
was used to denote production processes by 
which products (bread, cheese, wine) were 
derived from raw materials with the help of 
living organisms.

There is no single definition of biotechnol-
ogy. Different countries and different organ-
izations define it differently. Most often the 
European Commission (EC) and the Food 
and Agriculture Organization (FAO) use the 
definition stated by the United Nations Con-
vention on Biological Diversity (UN CBD): 
‘any technological application that uses bio-
logical systems, living organisms, or deriva-
tives thereof, to make or modify products or 
processes for specific use’ (EC, 2010, p. 3).

The European Federation of Biotechnology, 
a non-profit organization aimed at promoting 
biotechnology, defines biotechnology as ‘the 
integrated use of biochemistry, microbiology, 
and engineering sciences in order to achieve 
technological (industrial) application of the ca-
pabilities of micro-organisms, cultured tissue 
cells, and parts thereof’ (Bull et al., 1982, p. 60).

The Organization for Economic Coopera-
tion and Development (OECD) has used a 
single broad definition, which says that bio-
technology consists of ‘the application of 
science and technology to living organisms, 
as well as parts, products and models there-
of, to alter living or non-living materials for 
the production of knowledge, goods and ser-
vices’ (OECD, 2016a).

The American Chemical Society (ACS) 
considers that ‘Biotechnology (biotech) in-
volves the study and use of living organisms 
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or cell processes to make useful products’ 
(ACS, 2016).

There are many other definitions of bio-
technology, such as:

‘Biotechnology is the use of living organ-
isms or other biological systems in the man-
ufacture of drugs or other products or for 
environmental management, as in waste re-
cycling: includes the use of bioreactors in 
manufacturing, microorganisms to degrade 
oil slicks or organic waste, genetically engi-
neered bacteria to produce human hormones, 
and monoclonal antibodies to identify anti-
gens’ (Academic Dictionaries and Encyclo-
pedias, 2016).

‘Biotechnology is the controlled use of bi-
ological agents such as microorganisms or 
cellular components for beneficial use’, US 
National Science Federation (Biotechnology 
4u, 2016).

Biotechnology is ‘the application of bio-
chemistry, biology, microbiology and chemi-
cal engineering to industrial processes and 
products and on the environment’, Interna-
tional Union of Pure and Applied Chemistry 
(Biotechnology 4u, 2016).

‘Biotechnology is an activity to modify 
living organisms or processing biological 
material according to anterior design, which 
is based on modern life science, and com-
bined with advanced engineering technolo-
gy and other basic science theory, to provide 
products or services’, China, Shanghai Science 
and Technology Commission (OECD, 2016b).

‘The technology of living systems: (i) a dis-
cipline that studies the possibility of using 
living organisms, their systems or their meta-
bolic products to solve technological problems, 
as well as the possibility of creating living 
organisms with the necessary properties by 
genetic engineering; and (ii) use of biological 
structures for production of food and indus-
trial products and for targeted transforma-
tions. Biological structures in this case are the 
microorganisms, plant and animal cells, cell 
components, such as membrane cells, ribo-
somes, mitochondria, chloroplasts, as well as 
biological macromolecules (DNA, RNA, pro-
teins – mostly enzymes)’, Russian Ministry of 
Economic Development (GAIN, 2012).

From the foregoing definitions, although 
each is different from the others, it can be 

concluded that biotechnology encompasses a 
wide segment of activities; and that it covers 
traditional, borderline and modern technolo-
gies used in industry, medicine and agricul-
ture, thanks to its ability to apply to all living 
entities and organisms: viruses, bacteria, 
plants and animals. Thus, it is more appro-
priate to narrow the definition, and in fact to 
define traditional biotechnology and modern 
biotechnology separately, as has been done 
in the Cartagena Protocol on Biosafety. The 
Protocol defines modern biotechnology as 
the application of: (i) in vitro nucleic acid 
techniques, including recombinant DNA and 
direct injection of nucleic acid into cells or 
organelles; or (ii) fusion of cells beyond the 
taxonomic family, that overcome natural 
physiological reproductive or recombination 
barriers and that are not techniques used in 
traditional breeding and selection.

In addition to the widely accepted defini-
tions of the CBD, the FAO have used a narrow 
definition which states that biotechnology is 
‘a range of different molecular technologies 
such as gene manipulation and gene transfer, 
DNA typing and cloning of plants and ani-
mals’ (FAO, 2004, p. 8).

When one considers agriculture alone, 
there are many biotechnologies that differ 
significantly, ‘from biotechnologies that are 
relatively “low-tech” (such as biofertilizers, 
biopesticides or tissue culture in crops/trees; 
artificial insemination in livestock; fermen-
tation and use of bioreactors in food pro-
cessing), to those that are more “high-tech” 
(such as use of PCR-based methodologies for 
disease diagnosis, marker-assisted selection, 
genomics or in vitro fertilization in live-
stock)’ (FAO, 2016). Unlike recombinant 
DNA technology, these technologies ‘do not 
normally require any specific regulatory ap-
proval, meaning that they can be quickly 
adopted by farmers and that the costs of re-
lease are low’ (FAO, 2016).

1.2.1 Biotechnology classification  
by colour

Biotechnology classification by colour in rela-
tion to application, as proposed by Martinez 
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(Martinez, 2010), is quite accepted nowa-
days. According to this classification, there 
are five types of biotechnology: red, white, 
grey, green, and blue. Red biotechnology is 
used to define various types of biotechnol-
ogies applicable in medical science, such as 
developing of new drugs and therapies, 
production of vaccines, antibodies and anti-
biotics, cell and gene therapy, and regen-
erative medicine. White biotechnology or 
industrial biotechnology brings together all 
biotechnologies used in industrial processes. 
Relevant examples of white biotechnology 
are industrial fermentation (use of microor-
ganisms for this purpose), production of 
new materials (plastic, paper, detergents, 
and textiles), or production of biofuels. Grey 
biotechnology refers to applications used in 
regards to the environment. There are two 
main issues in the focus of grey biotechnolo-
gy: biodiversity maintenance and contami-
nant removal. For this purpose, different 
techniques (e.g. cloning) and tools (e.g. mi-
crobes) of molecular biology are used for 
species analysis or for isolation and disposal 
of harmful substances. Green biotechnolo-
gy includes all activities, procedures and 
approaches connected with agriculture, re-
gardless of whether they are traditional 
(e.g. selection and crossbreeding) or modern 
(e.g. transgenic technology), with the ten-
dency to improve resistance to pests and 
crop diseases and nutritional value, and to 
develop bio- factory plant varieties. Finally, 
blue biotechnology is focused on marine and 
aquatic resources – in fact, on their exploita-
tion in order to obtain industrially impor-
tant products.

1.2.2 Definitions of genetic engineering, 
GMOs and GM food

For a single definition of genetic engineering, 
also known as recombinant DNA technolo-
gy, genetic modification, gene technology or 
transgenic technology, the following formu-
lation might be useful: ‘The formation of 
new combinations of heritable material by 
the insertion of nucleic acid molecules into 
any virus, bacterial plasmids or other vector 

system, so as to allow their incorporation 
into a host organism in which they do not 
naturally occur, but in which they are capa-
ble of continued propagation’ (EC, 1998).

Using recombinant DNA technology, 
one or more genes (called transgenes) from 
one organism can be introduced into the 
genetic material of another organism. This 
gives birth to a new organism without sex-
ual reproduction, which is called a GMO. 
The World Health Organization (WHO) de-
scribes GMOs as: ‘organisms (i.e. plants, 
animals or microorganisms) in which the 
genetic material (DNA) has been altered in 
a way that does not occur naturally by mat-
ing and/or natural recombination,’ while 
‘foods produced from or using GMOs are 
often referred as to genetically modified 
foods’ (WHO, 2016).

The diversity of the use of biotechnology 
for scientific, medical, agricultural, and indus-
trial purposes, as well as the diversity of tech-
niques used, regardless of whether they are 
traditional or modern, clearly indicate a need 
to separate the term biotechnology from the 
term genetic engineering. That is why we can-
not agree with the authors who suggest the 
term biotechnology can be used as a synonym 
for (a single biotechnology-) transgenic tech-
nology, i.e. genetic engineering.

Considering that the term agriculture re-
fers to crops, livestock, fish, and forestry 
products, the phrase genetic engineering in 
agriculture covers the use of transgenic tech-
nology in any of these sectors. Since there  
is no commercially important application of 
recombinant DNA technology in livestock, 
fish, and forestry production, the phrase 
genetic engineering in agriculture usually 
refers to crops only.
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