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The Future of Food and Agricultural Biotechnology

ROY H. DOI

S u m ma ry. Tlre trse of food and agricultural biotechnolory will play an important role
irt uorld affain as the world population continues to grow, as the quality of the environ-
ment becomes a rnore pressing wclrld issr.te, and as tlre e4)ectatiol) of all consumers for
better aud safer foods continues to grow. Biotechnolory will play a major role in providing
many of tlre answers to questions concerrtirtg production and safety, since it c:rn provide
techniques that will impact on the quality, tlre productivity, and tlre processing of crops,
and tlre safety of food products. Biotechnolory practices in agriculture will also safeguard
our environment by reducing tlte couttmination of our soil, water, aud air. Thus tlre bene-
fits of biotechnology make it an intportant tool for fulfilling our over-all expectations for
a healthier life. This paper will briefly surnrnarize some of the current activities and
concepls iu the area of agricultural and food biotechnolory.

General Benefits of Food and Agricultural Biotechnology

Some of the practices of the new biotechnology will benefit consumers
and producers alike and ciin be summarized as litllows:

1. There will be less dependence on thc use of agricultural chemicals. Foods
willbe less contaminatcd with chcmicals and therefore safer lirr consump-
tion. The use of chemical pesticides will be reduced as crops that are
naturally resistant to pcsts are developed. The use of biodegradable
herbicides and herbicide resistant plants will allow a lower levelusage of
chemiczrl herbicides. This will reduce chemical contaminirtion of w:rter
and soil.

L The quality of crops will be improved lbr their nutritionirl value and their
products will also be of benclit lbr dictary rr: ilsons. For instance the vita-
min content can be increased ttr the lipid content can be decrezsed.

3. The imprt-rvements in agronomic clualities of plants will improve food
production and processing. ()rops may produce more products with less
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water and over a shorter growing season. Marginal f arm lands will be more
productive.
New and improved products will be devcloped which will open up new
markr.:ts. For instance, plants producing different types of fatty acids and
lipids will allow the development of ncw products with different fat
properties.
Biotechnology should profit both the consumers and producers. Flighcr
quality foods should result in hcttcr nutrition, health, and environment
for the consumers.l'he producers will benefit fronr cost effective proper-
ties of the product, e.g. longer shelf-life ttf market crops, increased stability
of the product prit'rr to processing, controlled ripcning.

New Tcchnology Used for Improvement of Agriculture

The progrcss that is being mitdc involves a number of new techniclucs
developed in thc last 10-15 ycitrs.'l'hese ars listcd in Ttrble 1. These new
technologies arc bringing about a revolution in agriculture and food produc-
tion. These tcchnolt'rgies will rcsult in products that will not be perceivcd by

the public as nccsssurily bcing iI nt:w or novel prttduct, since one cannot
distinguish a biotechnology produced tomato or potato lrom a traditionally
derived products. This is particularly truc il'thc tomato is made into a pzute or
if the potato is c:rtcn in zr mishcd or lricd lirrm. Irrost resistirnt strawberrics
will not look or taste difl'erently lrom the ordinirry strawberry. Flerbicide and
pesticide resistant crops will ktok the same to the consumcr. Although there
is some cttntrovcrsy itbout the use of thc ncw hiotcchnology for production of
foods, it is highly like ly that this ncw tcchnokrgywill rcsult in great benefits for

'Iirblc I. New 
-ltchniclttes for Agricrrlttrrrrl Intprovernents.
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the consumers and producers. The number of oversight committees
in the USA at the university, state, and federal levels ensures the development
of crops that are safe for the American public.

What are some of the techniques being employed for food and agricul-
ture? A brief summary is listed below:

- The Bacillusthuingierrsls (BT) toxin gene is beingincorporated into plants
so that they will be resistant to host specific insects.

- Tissue cultures are grown free of viruses and nematodes.
- A non-plant gene is inserted to control ethylene production in plants.
- RFLP screening is used to analyze and compare plant genomes.
- Cells and protoplasts are fused.
- Genes are inserted for herbicide resistance.
- Micropropagation is used.
- Better modulation is obtained for nitrogen fixation.
- Proteins with higher amounts of sulfur obtained byuse of Brazil nut gene.
- Gene deletions are used to prevent synthesis of unwanted compounds,

e.g. cyanogenic glycos ides.
- Rapid propagations of trees by somaclonal variation.
- Anti-freeze gene is inserted for protection against frost and freezing.
- Engineer baculovirus to contain genes that inhibit caterpillar eating and

growth.
- Obtain high starch potato by inserting an E. coli gene for ADP glucose

pyrophophorylase.
- Tomatoes are obtained with high solid or sucrose content.
- New varieties of flc-rwers are obtained by transposons.

These are just a few examples of the types of modifications that are being
employed to develop new types of crops.

Crops that are being improved by the new technology.

In California about 250 diff'erent crops are produced. They include vege-
tables, melons, fruits, cereal grain, fiber plants, nuts, oil producing and bever-
age plants. Thus there is a great diversity of crops and each has to be handled
in a specific way or fcrr a specilic purpose. ?rble 2 shows a partial list of plants
that are being improved by biotechnology in the USA and the world. The major
benefits from biotechnology can be arbitrnrily summariyed as follows:

1. Resistance of plants to pathogens and pests including viruses, bacteria,
fungi, nematodes, and insects of verrious sorts.

2. Herbicide tolerance in order to reduce the amount of herbicide used.



Alfalfa

Apples

Asparagus

Banana

Broccoli

Canola Oil

Carrots/Celerv

Chicory

Coffee

Cabbage

Cantaloupe

Com

Cottonseed

Cuctrmber

Euromelon

Grape,s

Lettuce

Mustard

Pahn

Peaches

Pntrto

Raspberries

Soybean

Squash

Strawberries

Sunflower

Tomatoes

Wheat
*Not a complete list. Zoznam nie je riplny.

J.

Table 2. Crops Being Improved by Biotechnolory'.
Thbu Ika 2. Tnnnm plodin biotechnlogicky zdokonalenych*.

Improvement of food quality:
slow ripening, slow softening, extended shelf-life,
retain crispiness after harvesting,
allow wider shipping radius,
control composition of fatty acids, lipids, oils,
improved nutrition: higher vitamin content, less caffeine and fats, higher
fructans and starch,
new varieties: seedless fruits and melons; individual size lettuce,
higher sulfur-containing proteins.

Other qualities and benefits:
higher yields,
cold tolerant plants for earlier planting season, use of colder climate
farmlands,
better use of water and fertilizer,
improved production of seeds,
higher solids and higher viscosig of products,
resistance to post-harvest rot,
resistance to frost and freezing,
salt tolerant plants,
shorter growth seasons resulting in less water usage,
reduced costs to producers,
more and higher quality products ft'rr the consumers at a reasonable cost.

Engineered microorgunisms
and their products in food biotechnology

Several types of microorganisms have been developed for use in the food
industry. A few examples are (a) bacteriophage resistant bacterial strains and
more rapid ripening strains for the production c'rf cheese; (b) bacteriocin

4.
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producing strains of bacteria that inhibit the growth of spoilage organisms and
pathogens and (c) microorganisms with higher levels of maltose permease and
maltase for more consistent and improved leavening.

A number of useful enzymes for the food industry h:rve been derived from
senetically engineered microorganisms. These enzymes include (a) p-galac-
tr)sidase to reduce the level of lactose in order to allow lactose-intolerant
persons to utilize milk in their diet; (b) a-amylase to produce low calorie ,,lite"
beer; (c) chymosin ftrr the production of cheese; (d) industrial enzymes such
as amylases, cellulises, isclmerises, lipases, pectinases, and proteases.

Another use of enzymes depends on their substrate specificity and several
cnzymes are used as biosensors to detect certain compounds in food products.
In Table 3 is a list of biosensors itnd their target compounds.

Tnble 3. Biosensurs for Food Ingredients.
Tabu I'ka 3. Biosenzory pre potraviniirske iugrediencie.

Microbially derived fbod ingredients play :tn important part in various
types of food and include (a) organic acids such its acetic acid and citric acid;
(b) flavourcompounds such iN diacetyl and monosc'tdium glutamate; (c) amino
acids such zs glutamic acid, leucine, phenylalirnine, lysine and aspartic acid.

BIOSENSORS I C]OMPOTTNDS DETECITED 2

Alcolrol delrydrogenase

Amino acid dehyd rogenase

Aminopeptidase

Antibody-e nzyme conjtr ga te

L-aspartase or alcolrrtl oxidase

Ascorbate oxidase

p-galactosidase

Glucose oxidase

L-glutamate oxidase

p- Hyd rorybe nz<;a te hydroxylase

Lrvertase

Lactate dehydrogenase

Sulfite <:lxidase

Etlranol

Amino acids

Peptides

Penicillin

Aspartame

Ascorbic acid

Lactose

Ghrcose

Glutarnate

Polyhyd rorybu tyrate

Srrcrose

Lactate

Sulfite

I - bicrsenzory, 2 - zisfovand zktiky.



Value added products
from biotechnological treatment of agricultural wastes

Another way that biotechnology will help in agriculture is to turn agricul-
tural wastes into value added products. Examples of agricultural wastes that
could be converted by biotechnology to useful products are as follows:

- Whey proteins from cheese manufacturing; amino acids and peptides.
- Blood, bone, collagen from meat processing; amino acids and peptides.

- Feathers from poultry processing; conversion to amino acids and peptides
for feed.

- Shells from egg and nut processing.
- Starch from potato processing.
- Crllulosic wastes from fruit and vegetable processing; conversion to more

readily utilizable energy sources.

- Enzymes and other compounds from chicken eggs.

- Conversion of animal and plrtnt werstes to utilizable energy compounds,
e.g: ethanol and methane.

trood and Agricultural Biotechnc'rlogy in the Future

Many of the techniques that are currently being applied to crops are still
in experimental stages, but it is likely thert in the next 10 years, there will be an

explosion of new crops. The US Department of Agriculture has reported that
there are currently 220 permits issued for field testing of transgenic plants and

there have been 1,583 notifications fcrr field releases.

Some areas for future investigiitions in fcrod and agriculturalbiotechno-
logy include agronomic properties of plants, food processing traits, nutritional
value of plants, use of plants to obtain chemicals and polymers, biofertilization,
bioremediation, plant factories, photosynthetic systems, and crop morphology.

Some examples tor study include the use of modified fern-blue green algae

to fertilize fields; the accumulation of selenium by clover to detoxiff soil and
water; the production of important precursor compounds, peptides, and pro-
teins for chemical and medicinitl use; the alterirtic-rn of morpholc-tgy to produce
dwarf plants, to facilitate harvesting, and to produce one-portion crops (e.g.

a small lettuce head); to improve photosynthetic processes; to obtain value
added products from agricultural products, e.g. there are some 20 different
high value proteins that can be isolated from a chicken egg.

A most impt'rrtirnt aspect of the future of tbod and agricultural biotech-
nolory is to improve the public perception of food and agricultural biotech-
nolory. This will include the education of the public at all levels by providing
factual information concerning the new technology. The public in all its
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lr'isdom hopefully will make the proper chc'rices if all the facts are provided in
an objective and unemotional manner. Furthermore a good consumer and

market analysis should be undertaken prior to the development of any new
crops to ensure good public acceptance.

Since food and agricultural crops now compete in the world market, it is
critical that biotechnology be used to improve yields and quality. This makes
it imperative that sound biotechnolc'rgy processes be taught at academic insti-
tutions and employed in the production elreas.

The future of biotechnology in agriculture appears bright and promising
and should develop rapidly in the next 10 years.

This paper is based on a lecture given at the Food Research Institute,
Bratislava, Slovakia in JulY 1994.

Acknowledgment
The author acknowledges the itssistance of Ms. Martina McGloughlin

of the University of California at Dttvis Biotechnolory Program who provided
data and other useful information concerning food and agricultural biotech-
nolory.

References

1. BEC:K C.I. - IILRICH, T: Biotechnolory in tlre food industry. Bio/fbchnology, 11,1993,
p.895-902.

2. HARIANDER, S.: Engineering the foods of the futtrte. Cereal Food World, 35, p. 1106-

1 109.

3. US Department of Agricultttre, Biotechnr:lory Notes, 8, 1995, p. 8.

Do redakcie do5lo 26.4.199-5.

Budricnosf biotecbnol6gif v potravin6rslve a polnohospod{rstve

ROY H. DOI

Sf hrn. Biotechnol6gie zohruivajfi vyznarnnri tilohu pri rieienf problimov vznikajricich
rastom obyvatelstva, najmd potraviuovych zdrojov, ekologickych probldmov a problematilT
srrrovfrr. Zohraj(t svojtr r,ilohu aj pri zvy5ovanf bezpeduosti potravfir, vzniku novyclr odr6d rastlin
a skvalitriovanf a zvy$ovanf {rody a zefektfvnenf technol6gif. V konednom d6sledku ich vplyv
pozitivne ovplyvnf tak vyrobcov, ako aj spotrebitelh: zvy5i sa rirodnosf, znrZi kontaminricia



rastlin, potravfn, zeme a vodnfclr zdrojov. Novd surovinovd zdroje pozitfvne ovplyvnia potra-
viniirsku vyrobu a obchod. Tieto skutoduosti s"r zabezpedia novymi biotechnologicky'mi tlchni-
kami. Tieto sf uZ aplikovand. V potravirrrinkych technol6giiiclr sa dfm dhlej, tlm viac uplatnia
mikroorganizmy so Zelatelitfmivltstnost'ami, napr. rezistel)tnd kmene k bakteriofrigom, bukte-
riocfir produkujtice kmene a kmene s cielenymi vlastnost'ami enrymu, enzjmy so Specifickou
substri{tovou aktivitou sa rrplatnia v arralytike ako bioserzory. Biokonverziou odpadov z potra-
vindrskeht' pricmyslu je moZnd ziskat'cenni komponenty pre humiinne a veterindme rldely.
Aplik6cia biotechnolclgif v polirohospodiirstve a potravindrstve sa bude v priebehu desatrodia
rychlo rozvrjat'.


