Revolutionizing Guava Food Processing: A Fresh Perspective

Abstract

This study investigates the contemporary shift in guava processing paradigms,
capitalizing on technological advancements, sustainable practices and value addition.
Exploring novel methods, the research aims to revolutionize traditional guava processing by
enhancing efficiency, quality and sustainability. Through the integration of cutting-edge
techniques, the article envisions a transformative era in guava processing, fostering
advancements in production and product utilization. This innovative approach responds to
consumer demands for healthier, sustainable choices, promising a future in guava processing
that aligns with dynamic global culinary preferences.
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Introduction

In recent years, the world of food processing has witnessed a groundbreaking

transformation and one of the most exciting developments is the revolution in guava food
processing. This newfound approach brings with it a fresh perspective on how we handle this
delicious and nutrient-rich tropical fruit (Ramos et al., 2018).
Guava is a delicious and nutritious fruit that is found in most countries. This fruit thrives well
in dry soil. The significance of guava lies in its nutritional properties and its economic
importance due to its medicinal uses(Barbalho et al., 2012). Guava fruit is naturally rich in
nutrients, including vitamin C, vitamin A, vitamin B, fibre, calcium, potassium and
phosphorus (Irshad et al., 2020). Regular consumption of guava helps keep the body healthy,
strengthens the immune system and improves digestion.

The processing and industrial productions of guava products are economically vital
for farmers. Cultivating guava can bring good profits to farmers, improving their financial
situation (Thaipong and Boonprakob, 2005). It also provides employment opportunities in
rural areas, contributing to economic development. Guava leaves, seeds and peels are utilized
to prepare various types of medical treatments (Uchoa-thomazet al., 2014), (Wang et
al.,2016) and (Wang et al., 2018). In India, guava is cultivated in Uttar Pradesh, Bihar, West
Bengal, Chhattisgarh, Maharashtra, Tamil Nadu, Karnataka, Madhya Pradesh, Gujarat and
Andhra Pradesh (Kumbhar et al., 2014). In the 2019-20 period, the area under guava
cultivation was 292 thousand hectares and the production reached 4,361 thousand metric
tons. According to the National Horticulture Board, guava cultivation covered an area of 94
thousand hectares in 1991-92, which increased to 155,000 hectares in 2001-02. Meanwhile,
production rose from 11 lakh tonnes to 17 lakh tonnes during this period (Anonymous, 2017).
For the 2022-2023 fiscal year, the estimated guava production in India is 4.92 million metric
tonnes, surpassing the previous financial year (Kumar et al., 2019).
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As Food: Guava is health-promoting and sweet in taste when used as food. It is utilized in
various forms such as fresh fruit, salad, chutneys, jams, jellies, fresh juice, puree and powder,
among others. People widely enjoy it due to its believed health benefits (Verma et al., 2013).
There are around 400 varieties of guava found worldwide (Wijeratnamet al., 2000). Several
countries across the globe cultivate 10 to 12 different varieties of guava. India is the primary
producer of guava, producing approximately 2.5 million tons of guavas annually. India
contributes 45% of the world's guava production, followed by Indonesia, China and Mexico.
The Global Impact of Guava Production: Guava production is crucial for the global
economy. It provides employment to many people and boosts the trade of agricultural
products. Its production enhances economic prosperity in both local and international markets
(Fernandez and Pelea, 2016). Additionally, its widespread health benefits lead to a broad
usage, promoting the wellbeing of people and encouraging the growth of production
facilities.

Challenges in Guava Production: Guava production faces several challenges. It is
considered a tropical fruit and requires favourable climatic conditions for optimal
productivity. Countries with tropical climates like India witness high guava production, while
regions with colder climates experience lower yields. Additionally, in many countries, guava
production may be good, but there may be a lack of proper processing facilities for the
fruits(Dos Santos et al., 2017).In India, the guava processing industry is progressing and
developing expertise in manufacturing various guava-related products(Costa et al., 2020).
Efforts are being made through different industrial initiatives and research to improve the
quality of guava products, leading to increased demand and preference in the market (Amutha
etal., 2016).

The development of the guava processing industry in India has not only increased production
but has also provided employment opportunities to many individuals. The guava processing
industry offers job opportunities to people with modest and middle-income levels, thereby
improving their financial status (Kapoor et al., 2020).

Traditional guava processing methods often involve manual labour, which can be time-
consuming, labour-intensive and result in significant wastage. However, with the advent of



cutting-edge technologies and innovative techniques, the landscape of guava food processing
has changed dramatically.

Guava Processing Industry in India: According to studies, the global market value of
guava puree production was equivalent to 313.8 million rupees in 2017. The expected
development rate of this market during the projected period from 2017 to 2025 is estimated to
be 5.6:1. In the coming years, there is hope for the guava puree segment to maintain its
prominence in the food industry (Serna-Cock et al., 2016). The Asia-Pacific region is
expected to experience the fastest growth rate from 2020 to 2025.

India is the largest producer and exporter of guava pulp. The market share for pink guava
puree is 55.3%, while for white guava puree, it is 40%. The remaining 5% is shared among
other variations. Furthermore, the lack of technology for guava processing has hindered the
global development of the guava industry (Naphadeet al., 2008). However, in recent years,
the advancement of excellent post-harvest techniques has benefited the food and beverage
processing industry Araujo et al., 2020).

Different Types of Guava Processing in India: White guava and pink guava are the most
popular varieties processed in India. Guava processing here refers to the transformation of
guava fruit into pulp or mash by removing the seeds and other characteristics. The processed
guava is then used in various forms, such as fruit puree, paste, juice, sherbet, jelly, chutney,
etc. White guava and pink guava are considered the main types in this industry(Shiva et al.,
2017).

The Allahabad Safeda and Sardar (Lucknow-49) varieties are the most extensively cultivated
guava types in India and they undergo significant processing. The Safeda guava has a white-
colored fruit with a white exterior skin, while the pink guava (Lalit) has a pink or pinkish-red
fruit with a pink outer skin (Wang et al., 2017). These varieties are preferred in the guava
processing industry due to their size and quick ripening, making them popular in the market
for their flavor and aroma (Todisco et al., 2018).

India experiences two peak seasons for guava processing. The first season lasts from January
to March when the weather is cool and the fruit production is high. The second season lasts
from August to December when the weather is warm and the fruit production is relatively
low. By maximizing production during both these seasons, guava processing factories in
India meet the demand for guava products throughout the year.

Guava processing industry in India is driven by the growing demand from consumers

in developed and developing nations due to increased income and urbanization. The industry
benefits both producers and consumers. Primary guava processed products include guava
puree, pulp and concentrate (Lima et al., 2018). These primary processed products serve as a
foundation for secondary guava products such as jellies, jams, marmalades, baked goods,
sweets, beverages and cosmetic products containing fruit extracts (Omitoyinet al., 2019).
The processed guava products find extensive use in food powders or squashes for making
beverages, confectionery, dairy and bakery products (Chen and Yen, 2007). The industry is
witnessing growth due to increased consumption of guava processed products in the
confectionery and dairy sectors, as well as the development of the market for bakery fillings,
puddings, ice cream mixes and baby fruit meals containing puree (Nobre et al., 2020). In the
beverage industry, guava puree and concentrate are added to the final products to enhance the
special flavor and aroma of guava.

Firstly, advanced machinery and automation have taken center stage, streamlining the
entire processing chain. Modern sorting machines can efficiently separate ripe guavas from
unripe ones, ensuring that only the best fruits move forward in the process (Khaleel and
Kumari, 2012). This not only optimizes production but also reduces food waste, making it an
eco-friendly approach.



Modern lifestyle, increasing urbanization and rapidly changing eating habits are inspiring
consumers to seek fresh and processed food products (Ciudad et al., 2019). Currently, there is
a growing demand for processed food products and guava puree plays a significant role in
this. Guava puree is primarily used for fruit juice production, as it enhances the taste and
quality of the juice more effectively than flavoring agents (Perez et al., 2008).
Compared to other fruits, guava puree's popularity is rising, especially as a substitute for
fresh fruits. The availability of fresh fruits is limited, but by processing guava into puree, its
availability can be maintained throughout the year (lha et al., 2018). As a result, products
made from guava puree are experiencing market growth and its future demand is also being
predicted positively.
Due to this development, there is a plan to focus on developing ready-to-eat food products by
guava processing industry producers. This will not only enhance their production but also
attract consumers towards these prepared food items (Laily et al., 2015).. It will also lead to
an improvement in the taste of food products and make them more appealing to consumers.
Furthermore, breakthroughs in preservation techniques have significantly extended
the shelf life of guava products. Innovations in vacuum packing and controlled atmosphere
storage have helped retain the fruit's natural flavors, colors and nutritional value without the
need for excessive artificial preservatives (Luo et al., 2019).
Another vital aspect of this revolution is the focus on value-added products. Guava puree,
nectar, juice concentrates and even dried guava snacks have gained popularity in the market.
These products cater to diverse consumer preferences and expand the potential of guava as a
versatile ingredient in the food and beverage industry.

Guava Pulp Processing Method: Guava fruits are collected from orchards and transferred to
ripening chambers. The fruits are naturally ripened. Damaged guava fruits are separated using
a conveyor belt for making pulp (Dos Santos et al., 2018). To remove dirt, the fruits are
washed with chlorinated water. The clean fruits pass through a fruit mill and the collected
pulp is stored in a pulp collection tank. The guava pulp is then heated to 65-70 degrees
Celsius. The guava pulp is separated from uneven pulp chunks in guava puree using a mesh
strainer(Fitriet al., 2019). To thicken the pulp, a vacuum evaporator chamber is used to
remove the water content. Unwanted substances are removed from the pulp using a magnetic
sieve, strainer and metal detector(Serna-Cock et al., 2013).

Through the process of irradiation, guava puree is rid of pathogens and other biological
particles, ensuring the absence of infections in the pulp (Castro-Vargas et al., 2010). After
cooling the puree, it is packed in aseptic bags with a polyliner and placed in membrane dryer
drums. The temperature of the product is controlled in the warehouses to ensure the safe
preservation of the puree for an extended period.
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Figure 1 shows the flow sheet for the guava processing line (for frozen products, bypass
pasteurization and cooling belt). Adapted from Boyle F, Seagrave-Smith H, Sakrata S and
Sherman G (1957) Hawaii Agric. Exp. Stn., Bull. 111.

Guava Processed Products:

1.

2.

Guava Juice: Cut and peel guava fruits, extract the juice and mix it with sugar and water.
Bottle the juice and store it in a cool place.

Guava Puree: Also known as guava pulp, it is a fragrant and thick substance made by
processing fresh guava fruits. Guava puree retains the sweetness, taste and nutritional
elements of fresh fruits. It is made from carefully selected guava fruits. In India, guava
processing is equipped with advanced techniques and reliable production facilities to
meet the demand in both domestic and international markets (Martinez et al., 2012). Fruit
juice industry is the primary consumer of guava puree.

Guava Marmalade: Peel and deseed guava fruits, cut them into small pieces. Mix them in
a pot with sugar, water and lemon juice. When the mixture thickens, allow it to cool and
then fill it in bottles.

Guava Jam: Peel and deseed guava fruits, finely chop them. Mix them in a pot with sugar,
water and lemon juice. When the mixture sets, fill it into jam jars.

Guava Chutney: Peel and deseed guava fruits, cut them into small pieces. Blend them in a
blender with green chilies, onions, coriander leaves, saltand lemon juice. Bottle the
chutney and let it cool.

Guava Pickle: Peel and deseed guava fruits, cut them into small pieces. Mix them with
salt, red chili powder, turmeric powder, mustard seeds and mustard oil. Bottle the pickle
and let it cool.

The above-mentioned instructions can prove helpful for guava processing. Complete

the process with cleanliness and hygiene and use clean, dry jars to preserve the products with
high quality. It is essential to clean the guavas thoroughly and remove their seeds before



further processing (Narvaez-Cuenca and Inampues-Charfuelan, 2020). After that, the guavas
can be cut into pieces according to the desired size, making the preparation work for
processing easier (Rojas-Garbanzo et al., 2021).

Guava processing includes various methods such as making guava jam, marmalade, chutney
and pickles. These products are made to be enjoyed for an extended period and can be sold in
different markets.

Marketing channels for processed guava products, as per processing units, are outlined
as follows:

(a) Large scale

(I) Producer—+ Preharvest contractor -+  Commission agent —ProcessingUnit —
Commission and Forwarding agent*»Wholesaler - Retailer -+ Consumer.

(1) Producer- Commission agent &+ Processing unit - Commission and Forwarding
agent-»Wholesaler » Retailer -+ Consumer.

(b) Small scale

(1) Producer—Pre-harvest contractor Casmission agent  Processing unit -»>
Commission and Forwarding agent -»Wholesaler - Retailer -» Consumer.

(1) Producer+»Commission agent - Processing unit - Commission and Forwarding
agent» Wholesaler - Retailer -» Consumer.

(c)Cottage scale

(1) Producer— Pre-harvest contractor -  Commission agest Processing -
unitCommissionand Forwarding agest Consumers.

(1) Producer+Commission agent - Processing unit -+ Commission and Forwarding
agent+»Consumer.

Guava processing can lead to the creation of health-enhancing and safe products that
can be used in other food products or consumed directly. Processing guava can increase the
quantity of fruits and benefit farmers by fetching better prices.However, the guava processing
industry in India faces several challenges. One significant challenge is the lack of appropriate
technical knowledge and techniques (Liu et al., 2014) and (Diaz-de-Cerio et al., 2016).
Proper processing techniques ensure the quality of products, but their absence can lead to
lower estimated demand for the products, hindering industry growth. There is also a change
in the preferences of guava consumers (Liu et al., 2015). The market for guava products is
becoming highly competitive, necessitating the use of appropriate products and the latest
technologies in the industry.

Table.1: Processing of guava by processing units in the growing area.

S. Category of | Average Capacity | Average Quantity of | Capacity

No. | Processing Unit | of 3 months (Qtl.) | Guava Processed (Qtl.) | Utilization (%0)
1 Cottage Scale 51.25 44.45 86.73

2 Small Scale 150.62 120.33 79.89

3 Large Scale 2312.82 2131.52 92.16

4 Aggregate 838.23 765.43 91.31

Additionally, sustainability has become a core principle in this new approach to guava
food processing. Farmers are now encouraged to adopt eco-friendly cultivation practices,
such as organic farming and water-efficient irrigation systems, to promote biodiversity and
minimize environmental impact (Diaz-de-Cerio et al., 2015).

Moreover, research and development have played a pivotal role in the continuous
improvement of guava processing techniques. Scientists and food technologists are working
hand in hand to develop innovative methods that enhance the nutritional profile of guava



products (Pelegriniet al., 2011). This includes fortification with essential vitamins, minerals
and antioxidants, further elevating the fruit's health benefits.From a global perspective, this
revolution in guava food processing has opened up new market opportunities for countries
with favorable climates for guava cultivation. It has spurred economic growth and provided
employment opportunities in regions where guava farming is a prominent livelihood(Flores et
al., 2015).

Conclusion

The development of guava processing industry in India is an important challenge at the global
level. The industry needs to enhance its capabilities through appropriate technical knowledge,
responding to changes in consumer preferences and improving product quality. Guava
processing is not only a viable option for producers but also a suitable option for consumers
(McCook-Russell et al., 2012). It is an industry that evolves in tandem with the evolution of
food products and changes in consumer habits and has the potential to guide future prosperity
and growth. With advancements in technology, sustainability practices and value addition,
this approach brings forth a new era of efficiency, quality and innovation in guava
management. As consumers are looking for healthier and more sustainable food options, the
future of guava processing looks really promising, with abundant potential to meet the ever-
evolving culinary preferences of people around the world.

References

Amutha Gnana Arasi, M.A.S., Gopal Rao, M.andBagyalakshmi, J. (2016). Optimization of
microwave-assisted extraction of polysaccharide from P. guajava L. fruits. Int. J. Biol.
Macromol., 91, 227-232.

Anonymous. (2017). “Indian Horticulture Database.” National Horticulture Board, Ministry of
Agriculture and Farmer’s Welfare, Government of India, Gurugram. Accessed on 29 June
2019. http://www.nhb.gov.in

Araujo, C.M., Sampaio, K.B., Menezes, F.N.D.D., da Almeida, E.T.C., Lima, M.D.S., Viera, V.B.,
Garcia, E.F., Gomez-Zavaglia, A., de Souza, E.L.and de Oliveira, M.E.G. (2020). Protective
effects of tropical fruit processing co-products on probiotic Lactobacillus strains during
freeze-drying and storage. Microorganisms, 8(1), 96.

Barbalho, S. M., Farinazzi-Machado, F. M., de Alvares Goulart, R., Brunnati, A. C. S., Otoboni, A.
M.and Ottoboni, B. J. (2012). Psidium guajava (Guava): A plant with multipurpose
medicinal applications. Medicinal and Aromatic Plants, 1(4), 1-6.

Castro-Vargas, H.l., Rodriguez-Varela, L.l., Ferreira, S.R.S.and Parada-Alfonso, F. (2010).
Extraction of phenolic fraction from guava seeds (P. guajava L.) using supercritical carbon
dioxide and co-solvents. J. Supercrit. Fluids, 51, 319-324.

Chen, H.Y. and Yen, G.C. (2007). Antioxidant activity and free radical-scavenging capacity of
extracts from guava (P. guajava L.) leaves. Food Chem., 101, 686-694.

Ciudad, M., Fernandez, V., Matallana, M.C. and Morales, P. (2019). Dietary fiber sources and
human benefits: The case study of cereal and pseudocereals. Advances in Food and Nutrition
Research. 90, 83-134.

Costa, R.G., Cavalcanti, M.C.D.A. Nobre, P.T. Queiroga, R.D.C.R.D.E. Medeiros, G.R.D. Silva,
N.V.D. Batista, A.S.M. and Araujo Filho, J.T.D. (2020). Sensory quality of meat from Santa
Ines lambs fed with guava (Psidium guajava L.) agroindustrial by-product. Food Science and
Technology. 40, 653-658.



Diaz-de-Cerio, E., Gomez-Caravaca, A.M., Verardo, V., Fernandez-Gutierrez, A.and Segura-
Carretero, A. (2016). Determination of guava (P. guajava L.) leaf phenolic compounds using
HPLC-DAD-QTOF-MS. J. Funct. Foods, 22, 376-388.

Diaz-de-Cerio, E., Pasini, F., Verardo, V., Fernandez-Gutierrez, A., Segura-Carretero, A.and Caboni,
M.F. (2017). P. guajava L. leaves as source of proanthocyanidins: Optimization of the
extraction method by RSM and study of the degree of polymerization by NP-HPLC-FLD-
ESI-MS. J. Pharm. Biomed. Anal., 133, 1-7.

Diaz-de-Cerio, E. Verardo, V. Gomez-Caravaca, A. Fernandez-Gutierrez, A. and Segura-Carretero,
A. (2015). HPLC-gqTOF-MS platform as a valuable tool for the exploratory characterization
of phenolic compounds in guava leaves at different oxidation states. Mol2Net. 1, 1-8.

Dos Santos Pereira, E.,Vinholes, J.,Franzon, R.C. Dalmazo, G. Vizzotto, M. and Nora, L. (2018).
Psidium cattleianum fruits: A review on its composition and bioactivity. Food Chem., 258,
95-103.

Dos Santos, W.N.L. da Silva Sauthier, M.C. dos Santos, A.M.P. de Andrade Santana, D. Almeida
Azevedo, R.S. and da Cruz Caldas, J. (2017). Simultaneous determination of 13 phenolic
bioactive compounds in guava (P. guajava L.) by HPLC-PAD with evaluation using PCA
and Neural Network Analysis (NNA). Microchem. J., 133, 583-592.

Fernandez, E. andPelea, L. (2016). Revision bibliografica. Mejoramientogenetico de guayabo (P.
guajava L.). Cultiv. Trop., 36, 96-110.

Fitri, R.A., Wirakusuma, A., Fahrina, A., Roil Bilad, M.and Arahman, N. (2019). Adsorption
performance of low-cost Java plum leaves and guava fruits as natural adsorbents for the
removal of free fatty acids from coconut oil. International Journal of Engineering
Transactions A: Basics, 32(10), 1372-1378.

Flores, G., Wu, S.B., Negrin, A.and Kennelly, E.J. (2015). Chemical composition and antioxidant
activity of seven cultivars of guava (Psidium guajava) fruits. Food Chem., 170, 327—-335.

Iha, O.K., Martins, G.B.C., Ehlert, E., Montenegro, M.A., Sucupira, R.R.and Suarez, P.A.Z. (2018).
Extraction and characterization of passion fruit and guava oils from industrial residual seeds
and their application as biofuels. Journal of the Brazilian Chemical Society, 29(10), 2089
2095.

Irshad, Z. Hanif, M.A. Ayub, M.A. Jilani, M.1. andTavallali, V. (2020). Guava. In Medicinal Plants
of South Asia, 1st ed.; Muhammad, A.H., Hagq, N., Muhammad, M.K., Hugh, J.B., Eds.;
Elsevier Ltd.: Cambridge, MA, USA, pp. 341-354.

Kapoor, S. Gandhi, N.Tyagi, S.K. Kaur, A. and Mahajan, B.V.C. (2020). Extraction and
characterization of guava seed oil: A novel industrial byproduct. LWT Food Science and
Technology, 109882.

Khaleel, S. and Kumari, S. (2012). In vitro antidiabetic activity of P. guajava leaves extracts. Asian
Pacific J. Trop. Dis., 2, $98-s100.

Kumar, R., Kumar, N., Dhillon, A., Bishnoi, D. K. and Malik, A. K. (2019). Economic Analysis of
Guava (Psidium guajava L.) in Sonepat District of Haryana. Economic Affairs, 64(4), 747-
752.

Kumbhar, J.S., Pawar, P.P., Patole, S.D. and Gavali, A.S. (2014). “Economics of Production and
Marketing of Guava in Maharashtra.”Int. J. Agril. Sci., 10(2): 592-599.

Laily, N., Kusumaningtyas, R.W., Sukarti, I. and Rini, M.R.D.K. (2015). The Potency of Guava P.
guajava (L.) Leaves as a Functional Immunostimulatory Ingredient. Procedia Chem., 14,
301-307.

Lima, R.S. Ferreira, S.R.S., Vitali, L. and Block, J.M. (2018). May the superfruit red guava and its
processing waste be a potential ingredient in functional foods.Food Research International,
115, 451-459.

Liu, CW., Wang, Y.C., Hsieh, C.C., Lu, H.C.and Chiang, W.D. (2015). Guava (P. guajava Linn.)
leaf extract promotes glucose uptake and glycogen accumulation by modulating the insulin



signaling pathway in high-glucose-induced insulin-resistant mouse FL83B cells. Process
Biochem., 50, 1128-1135.

Liu, C.W., Wang, Y.C., Lu, H.C.and Chiang, W.D. (2014). Optimization of ultrasound-assisted
extraction conditions for total phenols with anti-hyperglycemic activity from P. guajava
leaves. Process Biochem., 49, 1601-1605.

Luo, Y., Peng, B., Wei, W., Tian, X.and Wu, Z. (2019). Antioxidant and anti-diabetic activities of
polysaccharides from guava leaves. Molecules, 24(7), 1343.

Martinez, R., Torres, P., Meneses, M.A., Figueroa, J.G., Pérez-Alvarez, J.A. andViuda-Martos, M.
(2012). Chemical, technological, and in vitro antioxidant properties of mango, guava,
pineapple, and passion fruit dietary fiber concentrate. Food Chem., 135, 1520-1526.

McCook-Russell, K.P., Nair, M.G., Facey, P.C. and Bowen-Forbes, C.S. (2012). Nutritional and
nutraceutical comparison of Jamaican Psidium cattleyanum (strawberry guava) and P.
guajava (common guava) fruits. Food Chem., 134, 1069-1073.

Naphade, S. A. and Tingre, A. S. (2008). Economics of production and marketing of guava in
Buldhana district of Maharashtra. Indian Journal of Agricultural Marketing, 22(2), 32-41.

Narvaez-Cuenca, C. andlnampues-Charfuelan, M. (2020). The phenolic compounds, tocopherols,
and phytosterols in the edible oil of guava (Psidium guava) seeds obtained by supercritical
CO; extraction. Journal of Food Composition and Analysis, 89, 103467.

Nobre, P.T.,Munekata, P.E.S., Costa, R.G., Carvalho, F.R., Ribeiro, N.L., Queiroga, R.C.R.E.,
Sousa, S., da Silva, A.C.R. and Lorenzo, J.M. (2020). The impact of dietary supplementation
with guava (P. guajava L.) agro-industrial waste on growth performance and meat quality of
lambs. Meat Sci., 164, 108105.

Omitoyin, B.O., Ajani, E.K., Orisasona, O., Bassey, H.E., Kareem, K.O.and Osho, F.E. (2019).
Effect of guava (Psidium guajava (L.)) aqueous extract diet on growth performance,
intestinal morphology, immune response, and survival of Oreochromis niloticus challenged
with Aeromonas hydrophila. Aquaculture Research, 50(7), 1851-1861.

Pelegrini, P.B. and Franco, O.L. (2011). Antibacterial glycine-rich peptide from Guava (P. guajava
L.) seeds. In Nuts and Seeds in Health and Disease Prevention; Academic Press: Cambridge,
MA, USA, 577-584.

Perez, R.M., Mitchell, S. and Vargas, R. (2008). Psidium guajava: A review of its traditional uses,
phytochemistry, and pharmacology. Journal of Ethnopharmacology, 117, 1-27.

Ramos Vargas, S., Alfaro Cuevas, R., Huirache Acuna, R.and Cortés Martinez, R. (2018). Removal
of fluoride and arsenate from aqueous solutions by aluminum-modified guava seeds. Applied
Sciences, 8(10), 1807.

Rojas-Garbanzo, C., Rodriguez, L., Perez, A.M., Mayorga-Gross, A.L., Véasquez-Chaves, V.,
Fuentes, E.and Palomo, 1. (2021). Anti-platelet activity and chemical characterization by
UPLC-DAD-ESI-QTOF-MS of the main polyphenols in extracts from Psidium leaves and
fruits. Food Res. Int., 141.

Serna-Cock, L., Garcia-Gonzales, E. and Torres-Leon, C. (2016). Agro-industrial potential of the
mango peel based on its nutritional and functional properties. Food Rev. Int., 32, 364-376.

Serna-Cock, L., Mera-Ayala, J.D., Angulo-Lopez, J.E. and Lucia, G.S.A. (2013). (P. guajava L.)
Seed flour and dry mycelium of Aspergillus niger as nitrogen sources. Dyna, 80, 113-121.

Shiva, B., Nagaraja, A., Srivastav, M., Kumari, S., Goswami, A.K., Singh, R. and Arun, M.B.
(2017). Characterization of guava (Psidium guajava) germplasm based on leaf and fruit
parameters. Indian J. Agric. Sci., 87, 634-638.

Thaipong, K.andBoonprakob, U. (2005). Genetic and environmental variance components in guava
fruit qualities. Scientia Horticulture, 104, 37-47.

Todisco, K., Soares, N., Barbosa, A.,Sestari, F. and Aparecida, M. (2018). Effects of temperature and
pectin edible coatings with guava by-products on the drying kinetics and quality of dried red
guava. Journal of Food Science and Technology, 55, 4735-4746.



Uchoa-thomaz, A.M.A., Sousa, E.C., Carioca, J.0.B., De Morais, S.M., De Lima, A., Martins, C.G.,
Alexandrino, C.D., Ferreira, P.A.T., Rodrigues, A.L.M. and Rodrigues, S.P.(2014). Chemical
composition, fatty acid profile and bioactive compounds of guava seeds (P. guajava L.).
Food Sci. Technol., 34, 485-492.

Verma, A.K., Rajkumar, V., Banerjee, R., Biswas, S. and Das, A.K. (2013). Guava (P. guajava L.)
powder as an antioxidant dietary fibre in sheep meat nuggets. Asian Australas. J. Anim. Sci.,
26, 886-895.

Wang, L., Bei, Q., Wu, Y., Liao, W.and Wu, Z. (2017). Characterization of soluble and insoluble-
bound polyphenols from P. guajava L. leaves co-fermented with Monascusanka and Bacillus
sp. and their bio-activities. J. Funct. Foods, 32, 149-1509.

Wang, L., Luo, Y., Wu, Y.and Wu, Z. (2018). Impact of fermentation degree on phenolic
compositions and bioactivities during the fermentation of guava leaves with Monascusanka
and Bacillus sp. Journal of Functional Foods, 41, 183-190.

Wang, L., Wei, W., Tian, X., Shi, K.and Wu, Z. (2016). Improving bioactivities of polyphenol
extracts from P. guajava L. leaves through co-fermentation of Monascusanka GIM 3.592 and
Saccharomyeces cerevisiae GIM 2.139. Ind. Crops Prod., 94, 206-215.

Wijeratnam, R. S. W., Herregods, M., Nicoli, B., Jager, A. D. and Roy, S. K. (2000). Identification
of problems in processing underutilized fruits of the tropics and their solutions. Acta
Horticulture, 518, 237-240.



