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ABSTRACT

Secondary metabolites used in food industry majorly as a food additives and food preservatives.
Food additives are substances added to food to preserve flavor or enhance its taste, appearance, or
other qualities. secondary metabolites are organic compounds that are largely obtained by
extraction from plants or tissues. They are primarily used in the biopharmaceutical industry due to
their capability to reduce infectious diseases in human beings and animals and thus increase the
life expectancy. Many secondary metabolites have important antibacterial or antifungal agents,
anticancer drugs, cholesterol lowering agents, antiparasitic agents, herbicides, antibiotics, bacterial
pigment and plant terpenoids are also found to have anti-HIV, antitumor, antiaging,
immunosuppressants, antiprotozoal and anthelmintic activities. Secondary metabolites that have
complicated chemical structure are used as medicine raw material in pharmaceutical industry, food
additives in food industry. Products contain secondary metabolites are known as herbal drugs or
phytochemicals are widely demanded. Well known sources of secondary metabolites are plants,
bacteria, algae, microalgae, fungi and marine organisms such as sponges, tunicates and corals.
Many different classifications are present in literature, it is possible to classify secondary
metabolites as terpene, phenolic compound (such as anthocyanin, flavonoids, coumarin and lignin)
and alkaloids.
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INTRODUCTION

Food Additives from the plant cell cultures
are the reason for the use of metabolites
synthesized by the plant cell cultures as
food additives is not only that they are
difficult or impossible to synthesize
chemically, but consumers also more
easily accept a natural product than an
artificially produced one. Food additives
contribute to making food @,

Smetanska in 2008 also reported a
palatable stuff and attractive by enhancing
or improving their flavor, color, and
texture. Food technologies try to respond
to these criteria especially with regard to
the texture, taste, and aroma of the
foodstuff. The need to have the same taste
and aroma in order to suit the consumer
tastes makes it compulsory to use
additional natural or artificial aromas @,
Since the late 1950s, many food additives
have been questioned mainly by national
and international regulatory authorities
about their safety for long-term use and
consumption. At the same time, the
consumer associations, aware of the
inclusion of additives in foodstuffs, have
been exerting pressure on governmental
bodies to have chemical or artificial
additives replaced by natural additives
from plant tissues, or additives synthesized
by plant cell cultures @.

The most valuable food additives that can
be obtained from the plant cell cultures are
food colorants  (anthocyanins  and
betalaines), flavors (saffron and vanillin),
sweeteners (steviosides), pungent food
additives (capsaicin), and anti-bacterial
food preservatives (thiophene). Some food
additives obtained from plant cell cultures
are listed in @,

Aromas and fragrances natural aromas are
a mixture of numerous compounds; more
than 500 have been identified in roasted
coffee beans and 200 in apples. Natural
aromas are susceptible to the conservation
processes of  foodstuffs, such as

sterilization, pasteurization, freezing, etc.
Some aromas are altered by enzymatic or
chemical reactions and usually disappear if
stored for a long period ®. This is why
their substitutes have been sought since the
end of the 19th century. Artificial aromas
used to be manufactured from coal or oil
derivatives, and they used to be added in
very low concentrations (10-6-10-9). The
present trends are either to produce
synthetic molecules, which are identical to
natural molecules, or to use plant cell
cultures. Aromas from the cell cultures
have an advantage of a constant
composition and are independent on the
season. Thus, the characteristic aromas of
cocoa and coffee have been produced by
cell cultures of Tlaeobroma cacao and
Coffea arabica, respectively 9,

Pigments The use of additional pigments
was strongly criticized by the associations
of consumers in the 1970s, because most
of the colors are produced by chemical
synthesis and they are unrelated to any
naturally  occurring  material.  The
biotechnological methods used for
producing natural food colorants consist of
growing higher plant cells 0-12),

Terpenes and Terpenoids: These are the
largest group of secondary metabolites and
are classified according to their five
carbon units (monoterpenes, sequiterpenes,
diterpenes, triterpenes etc.)

Phenolic Compounds: These are present
in plants are divided into two groups as
phenolic acids (hydroxibenzoic,
hydroxicynamic acids) and flavonoids
(anthocyanidin, flavon). Phenolic
compounds can contribute the taste and
aroma of plant originated foods and are
also source of astringency and bitterness.
A wide group of flavonoids are also
responsible  from colours of foods.
Anthrocyanin is also a flavonoid and is
natural colour substances. It is responsible
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pink, red, blue and purple colours of
vegetables, fruits, fruit juices and wine 9.

Alkaloids: Alkaloids are the secondary
metabolites have been used as nutrient
supplement,  encolouring  compounds
(anthocyanin,  betalain,  Carotenoid),
acidulant, flavour enhancer such as aromas
(saphrane, vanilin), sweeteners
(steviosides), embittered taste substance
(capsaicin), texturizer, preservative such as
antibacterial food preservatives(tiyofen),
emulsifier, surfactants or thickener in food
industry. Examples of commercially useful
plant  secondary metabolites  are
carotenoids, terpenoids, alkaloids,
phenyalpropanoids and more specific
compounds such as corilagin, ellagic acid,
vincristine %),

Shikonin Compounds: Such as shikonin
and its derivatives acetyl and isobutyl
shikonin, accumulated in roots of
Lithospermum erythrorhizon. Because of a
shortage of this plant, the mass cultivation
of Lithospermum erythrorhizon cells to
produce shikonin compounds has been
successfully established (),

Anthocyanins: These are the large group
of water-soluble pigments responsible for
many of the bright colors in flowers and
fruit. They change color over the pH range
due to the existence of four pH-dependent
forms: at low pH they are red and at pH
over six they turn blue. They are
commonly used in acidic solutions in order
to impart a red color to soft drinks, sugar
confectionary, jams, and bakery toppings.
Many researchers describe the production
of anthocyanins using cultured cells of
various plant species; most of them seem
to use an anthocyanin-producing cell line
as a model system for secondary product
production because of their color, which

allows production to be easily visualized
(17, 18)

Crocin: These are the main pigment of
Crocus sativus stigma, is used extensively
as Yyellow food colorant. Commercial
production of saffron pigment is restricted
by its high price and limited availability.
The major components in the pigment are
alizarin, purpurine, and its glycoside,
ruberythric acid. Pure alizarin is an orange
crystal and is soluble in boiling water and
in other solvents. Alizarin shows a yellow
color in acidic to neutral pH and tends to
be reddish with increasing pH. It is highly
resistant to heat and light, which is
favorable to the food industry. Through the
selection of high-producing cell lines and
elicitor ~ application,  yellow-pigment-
producing cells of Rubia tinctorum were
obtained (921,

Capsaicin: Capsaicin an alkaloid is used
mainly as a pungent food additive in
formulated food. It is obtained from fruits
of green pepper (capsicum spp.). Capsaicin
is also used in pharmaceutical preparations
as a digestive stimulant and for rheumatic
disorders 22,

Saponins: Saponins are a group of
compounds which attract attention.
Structurally, they can be divided into
triterpenoids or steroids .

Saponins from Yucca show an inhibition
of food-spoilage yeast Debaryomyces
hansenii, Pichia nakazawae,
Zygosaccharomyces rouxii ¢4,

Y. schidigera are commonly used in Japan
as an additive against yeasts contaminating
cooked rice, pickled vegetables or fish
meat. Moreover, it was found that yeast
treated with saponin extract from Q.
saponaria  showed increased  cell
membrane permeability, as a result
facilitating the preparation of yeast
salt-free lysates much easier ),

Carotenoids: Such as B-carotene, lutein,
lycopene or zeaxanthin, are lipid-soluble
colour pigments occurring in vegetables
and fruits, giving them a yellow, orange
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and even a red colour. On the other hand,
some terpenes are toxins and play
important defensive roles against many
insects and mammals 9,

Pyrethroids and monoterpene esters:
These are from Chrysanthemum spp.,
show strong insecticidal activities.
However, it is believed that the most
important from all of the terpenes are
volatile monoterpenes and sesquiterpenes
known as essential oils (EOs). They occur
mainly in herbs and spices, as well as
some fruit, giving them a characteristic
aroma. Peppermint (M. piperita), lemon
(Citrus limon), basil (O. basilicum),
cinnamon (C. zeylanicum) and rosemary
(R. officinalis) are the examples of plants
that are rich sources of essential oils. EOs
are well-known bioactive compounds used
in aromatherapy 7).

Microbiology and Agroindustry: It has
been shown that terpenes exhibit various
pharmacological  properties such as
anti-inflammatory, anticarcinogenic,
antitumor,  antibacterial,  antimalarial,
antiviral, antibacterial as well as
hepatoprotective. B- carotene is produced
by a range of mucorales. This can be
added to a variety of foods. Natural
sources  fermentation of  Monascus
purpureus_on rice to prepare "koji" Or
"ang-kak" (Red rice) has been as a
traditional cheese food and medicine 2830,

Socomlary
wetaboliies

Fig 1: List of main secondary
metabolites of natural products

Production of Secondary Metabolites
and Recent Improvements of
Production Process

VOL 10, ISSUE 03, 2019

For improving production of plant
secondary metabolites was mainly focused
on the following aspects:

Manipulation of plant cell cultures to
improve productivity of target compounds,
by improving chemical processing and

bioreactor performance or employing
elicitors, a biotic stress, and other
approaches, regardless of their
mechanisms

1. Studying  signal  transduction

pathways underlying various effective
strategies leading to biosynthesis of target
secondary metabolites

2. Studying transcription factors and
their regulation mechanisms, includes
genetic manipulation of regulator genes to
improve production of target secondary
metabolites

3. Cloning of secondary metabolite
biosynthetic genes, and genetic
modification of key genes to engineer the
metabolic flux to target compounds.

4. Studying metabolic flux and
profiling metabolic intermediates to
understand whole pathways and overall
regulation and accumulation of target
compound.

5. Studying gene transcripts for plant
secondary metabolism by profiling and
analyzing global gene expression under
different conditions to make sure the
regulation of plant secondary metabolism
in a whole sense.
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Fig 2: Shows the secondary metabolites
and their derivatives
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CONCLUSION

Consumers are looking for safe food with
natural ingredients and great taste. They
are asking for ingredients they can
understand, simple labeling, balanced
nutrition  panels, and  trustworthy
sourcing.”In terms of health claims,
consumers are also demanding a ‘clean
label’ product, meaning no additives
and/or preservatives, which is seeing
strong growth within the food sector.To
sum up, there is great potential that plants
and their extracts be used as effective
naturally occurring food preservatives that
perform similar functions as their chemical
counterparts.

REFERENCES

1.  Smetanska I. (2008). Production of
secondary metabolites using plant
cell cultures. Advances in
biochemical
engineering/biotechnology, 111,
187-228.
https://doi.org/10.1007/10_2008 103

2.  Smetanska, I. (2018). Sustainable
Production of Polyphenols and
Antioxidants by Plant In Vitro
Cultures. In: Pavlov, A., Bley, T.
(eds) Bioprocessing of Plant In Vitro
Systems.  Reference  Series in
Phytochemistry.  Springer, Cham.
https://doi.org/10.1007/978-3-319-
54600-1_2

3. Rao, S. R., & Ravishankar, G. A.
(2002). Plant cell cultures: Chemical
factories of secondary
metabolites. Biotechnology
advances, 20(2), 101-153.
https://doi.org/10.1016/s0734-
9750(02)00007-1

4.  Negre-Zakharov, F., Long, M.C,
Dudareva, N. (2009). Floral Scents

10.

11.

VOL 10, ISSUE 03, 2019

and Fruit Aromas Inspired by Nature.
In: Osbourn, A., Lanzotti, V. (eds)
Plant-derived  Natural  Products.
Springer, New  York, NY.
https://doi.org/10.1007/978-0-387-
85498-4 19

Bridgeman, M. B., & Abazia, D. T.
(2017). Medicinal Cannabis: History,
Pharmacology, And Implications for
the Acute Care Setting.P & T : a
peer-reviewed journal for formulary
management, 42(3), 180-188.

Ding, Y., Wu, F., & Tan, C. (2014).
Synthetic Biology: A Bridge between
Artificial and Natural Cells. Life
(Basel, Switzerland), 4(4), 1092—
1116.
https://doi.org/10.3390/1ife4041092
Nemhauser, J., Torii, K. Plant
synthetic biology for molecular
engineering of signalling and
development. Nature Plants 2, 16010
(2016).
https://doi.org/10.1038/nplants.2016.
10

Hrazdina G. (2006). Aroma
production by tissue cultures. Journal
of agricultural and food
chemistry, 54(4), 1116-1123.
https://doi.org/10.1021/jf053146w
Georgiev, V., Slavov, A., Vasileva, 1.,
& Paviov, A. (2018). Plant cell
culture as emerging technology for
production of active cosmetic
ingredients. Engineering  in  life
sciences, 18(11), 779-798.
https://doi.org/10.1002/elsc.2018000
66

Rodriguez-Amaya, D.B. (2019).
Natural Food  Pigments and
Colorants.  In:  Mérillon, JM.,,
Ramawat, K.G. (eds) Bioactive

Molecules in Food. Reference Series
in Phytochemistry. Springer, Cham.
https://doi.org/10.1007/978-3-319-
78030-6_12

Tanaka, Y., Sasaki, N. and Ohmiya,
A. (2008), Biosynthesis of plant
pigments: anthocyanins, betalains

188


https://doi.org/10.1007/10_2008_103
https://doi.org/10.1007/978-3-319-54600-1_2
https://doi.org/10.1007/978-3-319-54600-1_2
https://doi.org/10.1016/s0734-9750(02)00007-1
https://doi.org/10.1016/s0734-9750(02)00007-1
https://doi.org/10.1007/978-0-387-85498-4_19
https://doi.org/10.1007/978-0-387-85498-4_19
https://doi.org/10.3390/life4041092
https://doi.org/10.1038/nplants.2016.10
https://doi.org/10.1038/nplants.2016.10
https://doi.org/10.1021/jf053146w
https://doi.org/10.1002/elsc.201800066
https://doi.org/10.1002/elsc.201800066
https://doi.org/10.1007/978-3-319-78030-6_12
https://doi.org/10.1007/978-3-319-78030-6_12

12.

13.

14.

15.

16.

17.

Journal of Cardiovascular Disease Research

ISSN:0975 -3583,0976-2833

and carotenoids. The Plant Journal,

54: 733-
749. https://doi.org/10.1111/j.1365-
313X.2008.03447.x

Sen, T., Barrow, C. J., & Deshmukh,
S. K. (2019). Microbial Pigments in
the Food Industry-Challenges and the
Way Forward. Frontiers in
nutrition, 6, 7.
https://doi.org/10.3389/fnut.2019.00
007

Ashour, M., Wink, M. and
Gershenzon, J. (2010). Biochemistry
of  Terpenoids:  Monoterpenes,
Sesquiterpenes and Diterpenest. In
Ann*ual Plant Reviews Volume 40:
Biochemistry of Plant Secondary
Metabolism, M. Wink
(Ed.). https://doi.org/10.1002/978144
4320503.ch5

Lin, D., Xiao, M., Zhao, J.,, Li, Z.,
Xing, B., Li, X., Kong, M., Li, L.,
Zhang, Q., Liu, Y., Chen, H., Qin,
W., Wu, H., & Chen, S. (2016). An
Overview of Plant  Phenolic
Compounds and Their Importance in
Human Nutrition and Management
of Type 2 Diabetes. Molecules
(Basel, Switzerland), 21(10), 1374.
Matsuura, H.N., Fett-Neto, A.G.
(2015). Plant Alkaloids: Main
Features, Toxicity, and Mechanisms
of Action. In: Gopalakrishnakone, P.,
Carlini, C., Ligabue-Braun, R. (eds)
Plant Toxins. Toxinology. Springer,
Dordrecht.
https://doi.org/10.1007/978-94-007-
6728-7_2-1

Yazaki K. (2017). Lithospermum
erythrorhizon cell cultures: Present
and future aspects. Plant
biotechnology (Tokyo, Japan), 34(3),
131-142.
https://doi.org/10.5511/plantbiotechn
ology.17.0823a

de Pascual-Teresa, S., Sanchez-
Ballesta, M.T. Anthocyanins: from
plant to health. Phytochem Rev 7,
281-299 (2008).

18.

19.

20.

21.

22.

23.

24.

VOL 10, ISSUE 03, 2019

https://doi.org/10.1007/s11101-007-
9074-0

Khoo, H. E., Azlan, A., Tang, S. T.,
& Lim, S. M. (2017).
Anthocyanidins and anthocyanins:
colored pigments as  food,
pharmaceutical ingredients, and the
potential health benefits. Food &
nutrition research, 61(1), 1361779.
Srivastava, R., Ahmed, H., Dixit, R.
K., Dharamveer, & Saraf, S. A.
(2010). Crocus sativus L.: A
comprehensive

review. Pharmacognosy

reviews, 4(8), 200-208.
https://doi.org/10.4103/0973-
7847.70919

Karimi, E., Oskoueian, E., Hendra,
R.,, & Jaafar, H. Z. (2010).
Evaluation of Crocus sativus L.

stigma phenolic and flavonoid
compounds and its antioxidant
activity. Molecules (Basel,

Switzerland), 15(9), 6244-6256.
Chen, Sa., Wang, X., Zhao, B.et
al. Production of crocin using Crocus
sativus callus by two-stage culture
system. Biotechnology  Letters 25,
1235-1238 (2003).
https://doi.org/10.1023/A:102503672
9160

Srinivasan K. (2016). Biological
Activities of Red Pepper (Capsicum
annuum) and Its Pungent Principle
Capsaicin: A Review. Critical
reviews in food science and
nutrition, 56(9), 1488-1500.

Moses, T., Papadopoulou, K. K., &
Osbourn, A. (2014). Metabolic and
functional diversity of saponins,
biosynthetic intermediates and semi-
synthetic derivatives. Critical
reviews in  biochemistry  and
molecular biology, 49(6), 439-462.
Mugford, S. T., & Osbourn, A.
(2012). Saponin  Synthesis and
Function. Isoprenoid  Synthesis in
Plants and Microorganisms: New
Concepts and Experimental

189


https://doi.org/10.1111/j.1365-313X.2008.03447.x
https://doi.org/10.1111/j.1365-313X.2008.03447.x
https://doi.org/10.3389/fnut.2019.00007
https://doi.org/10.3389/fnut.2019.00007
https://onlinelibrary.wiley.com/action/showCitFormats?doi=10.1002%2F9781444320503.ch5#fn1
https://doi.org/10.1002/9781444320503.ch5
https://doi.org/10.1002/9781444320503.ch5
https://doi.org/10.1007/978-94-007-6728-7_2-1
https://doi.org/10.1007/978-94-007-6728-7_2-1
https://doi.org/10.5511/plantbiotechnology.17.0823a
https://doi.org/10.5511/plantbiotechnology.17.0823a
https://doi.org/10.1007/s11101-007-9074-0
https://doi.org/10.1007/s11101-007-9074-0
https://doi.org/10.4103/0973-7847.70919
https://doi.org/10.4103/0973-7847.70919
https://doi.org/10.1023/A:1025036729160
https://doi.org/10.1023/A:1025036729160

25.

26.

27.

Journal of Cardiovascular Disease Research

ISSN:0975 -3583,0976-2833

Approaches, 405-424.
https://doi.org/10.1007/978-1-4614-
4063-5_28

Challinor, V.L., De Voss, J.J. (2013).
Plant Steroidal Saponins: A Focus on
Open-Chain Glycosides. In:
Ramawat, K., Meérillon, JM. (eds)
Natural Products. Springer, Berlin,
Heidelberg.
https://doi.org/10.1007/978-3-642-
22144-6_139

Milani, A., Basirnejad, M., Shahbazi,
S., & Bolhassani, A. (2017).
Carotenoids: biochemistry,
pharmacology and treatment. British
journal of pharmacology, 174(11),
1290-1324.
https://doi.org/10.1111/bph.13625
Dhifi, W., Bellili, S., Jazi, S.,
Bahloul, N., & Mnif, W. (2016).
Essential Qils' Chemical
Characterization and Investigation of
Some Biological Activities: A
Critical Review. Medicines (Basel,
Switzerland), 3(4), 25.
https://doi.org/10.3390/medicines304
0025

28.

29.

30.

VOL 10, ISSUE 03, 2019

Nagoor Meeran, M. F., Javed, H., Al
Taee, H., Azimullah, S., & Ojha, S.
K. (2017). Pharmacological
Properties and Molecular
Mechanisms of Thymol: Prospects
for Its Therapeutic Potential and
Pharmaceutical

Development. Frontiers in
pharmacology, 8, 380.
https://doi.org/10.3389/fphar.2017.0

0380

Brahmkshatriya, P.P.,
Brahmkshatriya, P.S. (2013).
Terpenes: Chemistry, Biological

Role, and Therapeutic Applications.
In: Ramawat, K., Mérillon, JM. (eds)
Natural Products. Springer, Berlin,
Heidelberg.
https://doi.org/10.1007/978-3-642-
22144-6_120

Ghorbani, A., & Esmaeilizadeh, M.
(2017). Pharmacological properties
of Salvia officinalis and its
components. Journal of traditional
and complementary medicine, 7(4),

433-440. https://doi.org/10.1016/j.jtcme.2016.12.014

190


https://doi.org/10.1007/978-1-4614-4063-5_28
https://doi.org/10.1007/978-1-4614-4063-5_28
https://doi.org/10.1007/978-3-642-22144-6_139
https://doi.org/10.1007/978-3-642-22144-6_139
https://doi.org/10.1111/bph.13625
https://doi.org/10.3390/medicines3040025
https://doi.org/10.3390/medicines3040025
https://doi.org/10.3389/fphar.2017.00380
https://doi.org/10.3389/fphar.2017.00380
https://doi.org/10.1007/978-3-642-22144-6_120
https://doi.org/10.1007/978-3-642-22144-6_120

