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The primary aim of every post-harvest technology is to prolong shelf life and maintain produce quality. Recent

efforts to extend the shelf life of agricultural produces have culminated in the use of various methods, among

which some have dangerous side effects to human health and the environment, others are just too expensive due

to the high cost of production thereby making their usage unsustainable and uneconomical. Among the safe and

sustainable alternatives under development, Liquid Smoke (LS) appears to have very remarkable potentials. How-

ever, the Postharvest Loss andWaste (PHLW) reduction potential of LS have been highly underrepresented in both

scienti􀅭ic and non-scienti􀅭ic literature. This work, therefore, analyses and bring to light the potentials of LS for

reducing postharvest losses and prolonging the shelf life of agricultural produce. The usage against insect infesta-

tion, microorganism attack, and physiological disorder of products are discussed. A careful compilation of recent

literature reporting various wastematerials for producing LS is also reported in this work. The active components

(carbonyls, organic acids, and Phenols) responsible for its potency in reducing food loss are also discussed. Finally,

a simple conceptual framework is used to illustrate the strategic and systematic role playedbyLS in reducingPHLW,

conserving the environment, and contributing to Sustainable Development Goals (SDGs).

© 2019 The Author(s). Published by TAF Publishing.

I. INTRODUCTION

Solving the issue of Postharvest losses and waste (PHLW)

is very paramount in the achievement of Sustainable De-

velopment Goals (SDGs) of the United Nations (UN). As a

sign of commitment to 􀅭ight this menace, target 3 of Goal 12

(goal 12.3) has been dedicated to mobilization of resources

and efforts to half postharvest waste and losses globally

by the end of the year 2030. This target if achieved will

directly contribute to the achievement of Goal number 2

which is targeted at ending hunger and achieving food se-

curity [1]. The term food loss is de􀅭ined as the reduction of

eatable foodwhich occurs throughout the part of the supply

chain that supplies food speci􀅭ically for human consump-

tion [2, 3]. Furthermore, [4] in an attempt to shed light

on the difference between loss and waste referred to the

postharvest loss as unintended losses occurring right from

the beginning of the supply chain when harvesting is done

through to retail and consumption. They are often caused

by technical, institutional, and legal errors in the produc-

tion and supply chain systems of production. In contrast,

postharvestwaste is createdwhenwholesomeproduce ear-

marked for human consumption never gets eaten, instead,

it gets discarded [2]. [5] in an attempt to balance the two

terms de􀅭ined food waste to be a subset of the broader sub-

ject of food loss.

Loses can be either quantitative or qualitative, where quan-

titative losses are those often de􀅭ined based on volume and

weight. These two dimensions of measurement can also be

expressed in monetary and energy values, and then gives

rise to another derivative called economic loss. Qualita-
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tive losses, on the other hand, encompasses decays, physi-

cal damage, and unacceptable visual changes in aspects like

size, shapes, and colour of produce. These visual changes

are sometimes representations of nutritional losses hap-

pening within.

Agricultural products are generally classi􀅭ied into two dis-

tinct parts: horticultural produce and cereals grains andoils

seeds. when it comes to the post-harvest storage ability of

produce they are often grouped into perishable and durable

products. While the horticultural crops include fruits, veg-

etables, root, and tubers, the cereals grains and oils seeds

include nuts, most legumes, and dried beans.

Postharvest loss assessment researches have revealed that

perishable food commodities account for themost food loss

and generate the highest waste by weight. According to [5],

postharvest loss of perishable horticultural products glob-

ally has reached amaximum of 60% for some commodities.

In a worst-case scenario, [4] in their report documented

as high as 80% losses for fruits and leafy green vegetables

within tropical regions.

The variance in their storage behaviour can be explained by

the variation in their characteristics such as moisture con-

tent, texture, physiology, etc. The table below gives details

of some characteristics that distinguish perishable crops

from the durables.

TABLE 1

DIFFERENCES IN CHARACTERISTICS OF HORTICULTURAL CROPS AND CEREALS AND OILSEEDS

Horticultural Crops Cereals and Oilseeds

Moisture content is high, averagely 70%- 95% moisture content mostly low, 10%-20%

Individual produce sizes are larger, up to 5 kg Small individual sizes, often < 1 g

Rate of respiration comparatively higher Rate of respiration comparatively lower

Often produces heats as high as 0.5- 70megajoule/ton/day at a tem-

perature of 20oC

Often produces a smaller amount of heat (0.05 mega-

joule/ton/day)

Have soft texture hence easily gets bruised Posses very tough texture

Have shorter shelf life ranging from few days up to some months Shelf life relatively stable can last up to several years.

Losses often result from bacteria rotting, fungi rotting, and senes-

cence.

Losses often result from insects, rodents, and mould attack.

In some cases, sprouting and bruising

Losses in Less Developed Countries (LDCs) relatively higher

(15%-50%)

LDCs generally experience relatively lower losses 10%-20%

Source: [6]

Since the properties of the various food crops are not the

same, factors that cause their postharvest their loss also

vary. Generally, the factors that cause major postharvest

loss of production can be categorized into the forms below.

A. Biological and Microbiological

The main agents of attack here include insects, fungus bac-

teria, animals, etc. Usually, the pathogens do not attack

healthy or fresh products, they rather take advantage of

wounds, bruises, or other deteriorations on the fruit.

B. Chemical/Biochemical

A typical example is an oxidation reaction. Pesticides and

insecticides used can also in􀅭luence chemical and biochem-

ical reactions. These reactions sometimes result in both nu-

tritional and physical losses of commodities.

C. Mechanical

The problem causes by this factor becomes very rampant

during the harvesting period through to transportation.

The losses frommechanical damages often come in the form

of breaking, cracking, punctures, shape deformations, etc.

D. Physiological

These factors occur as a result of the development pro-

cess of the produce or the produce undertaking it natu-

ral metabolic activities such as respiration, photosynthesis,

etc. These factors though not intended to harm the crop of-

ten result in losses due to alteration from the normal way.

Hence, they are sometimes described as physiological dis-

orders.

E. Physical

Inappropriate environmental and climatic conditions can

be classi􀅭ied as physical factors that cause postharvest

losses. This includes extremes of temperature, relative hu-

midity, sunburn, wind, hail, etc [7].

[4] regrouped and simpli􀅭ied the previously mentioned fac-

tors and some additional ones under three names: biolog-

ical, environmental, and socioeconomic. All other ancillary
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causes of postharvest losses may be partially or fully repre-

sented by one of the factors already listed.

The Biological causes of deterioration are often linked with

the rate of respiration, production of ethylene, and changes

in characteristics such as nutritional composition, 􀅭lavour,

colour, and texture. These are also known as internal fac-

tors.

The environmental factors are also known as the external

factors, this included temperature, relative humidity, the ve-

locity of air, and composition of the gas in the atmosphere.

The main gases of concern include O2, CO2, and ethylene

(C2H4). The environmental factor has both a direct and in-

direct in􀅭luence on biological factors.

The socio-economic factors are quite broad and include is-

sues about transport and marketing systems, government

policies, availability of requisite tools and equipment, and

accessibility information. The magnitude and extent of the

other two factors (biological and environmental) are indi-

rectly in􀅭luenced by this one (socio-economic factors).

There are some disparities in the number of food losses oc-

curring in advanced and emerging nations. In the emerging

economies, a larger portion of the postharvest losses occur

between farm and themarket (> 40%), but in advanced and

developed economies, the chunk of losses (40%) occur at

the consumer levels [8].

Among the various causes of PHLW, physiological microbi-

ological, and mechanical factors were named as the largest

contributors to losses in horticultural commodities [6]. On

the part of durable products like grains and legumes, bio-

logical factors in the form of insect attack is a big enemy to

extended storage of most cereals, legumes, and grains. In-

sect infestation can cause a reduction in thequality of stored

cereals, dried seeds, pulses, and legume products that are

kept in humid and warm environments. Insects damage in

stored cereals can result in a 5–10% loss of stored products

in the temperate zones while the tropical zone could go as

high as 20–30% [5]. These insects often cause quantitative

losses by chewing and boring holes into the commodities

while quality losses are often characterized by residues, for-

eign bodies, frass, dead remains, and sometimes pathogenic

organism which leads to issues of food safety. Insect attack

also causes a reduction in the nutritional composition of the

target commodity.

The reduction of PHLW is therefore very important because

it does not only make food available but also causes other

positive externalities such as environmental protection, re-

duced food prices, better nutrition, etc. A study by [9] re-

veals PHLW of perishable commodities including animal-

based products causes the loss of more than 60% of all mi-

cronutrients except vitamin B12.

As part of the PHLWreduction strategies developed, the use

of chemicals plays a vital role. Initially, the use of these

chemicals appeared to be 􀅭lawlessly and effective until ex-

cessive and indiscriminate usage became rampant conse-

quently creating problems for human health and the nat-

ural atmosphere. Some researchers recorded teratogenic-

ity, residual toxicity, carcinogenicity, prolonged degradation

period, ecological pollution, exorbitant cost, and develop-

ment of resistance among target pests to be associatedwith

some of the commonly used chemicals [10, 11].

10 reported health risks related to ethyl chlorpyrifos,

methylchlorpyrifos, and omethoate residues in tomato

fruits. Dichlorvos, methyl-chlorpyrifos, monocrotophos,

ethyl-chlorpyrifos, and omethoate residues were also

found in eggplant. [12] likewise sampled vegetables

from the market and discovered that 23% of them con-

tained organophosphorus chemicals above their Maximum

Residue Limits (MRL). Most of the chemicals for treating

farm produce pose a threat to the environment [13]. There

has also been a report on insect resistance to known chemi-

cal treatments that used to be effective. [14] reported resis-

tance in strains of Lasioderma serricorne and Trogoderma

granarium Everts to phosphine.

F. Objectives of Work

Given the situation above, this review work was carried

out to bring to light the bene􀅭its associated with the use

of LS produced from agricultural waste for food preserva-

tions and postharvest loss reduction. The rest of the work

is put into sections that discussMethodology used, the 􀅭ind-

ings: an overview of LS, agricultural waste sources for pro-

ducing LS, various application of LS in PHWL reduction, the

systemic function of LS in food security and environmental

conservation, then the conclusion.

II. MATERIALS ANDMETHODS

A. Duration and Place of Work

Most of the contributions and resources used for complet-

ing this work were largely obtained from Institut Pertanian

Bogor (IPBUniversity), Indonesia. Thework lasted for a pe-

riod of 6 months (January–June 2020).

B. Gathering of Information

Apart from the expert knowledge contributed directly by

the authors, othermajor sources of information are: (i) per-

sonal communications and discussions, (ii) Library and in-

ternet sources. During the information gathering process,

literature obtained from the various sources were checked
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by 􀅭irst reading the abstract, and if found relevant, a further

reading of the other parts is continued. Bibliographies of

searched materials also serve as a good stepping stone for

searching for other relevant and related materials.

C. Personal Communications and Discussions

Experts such as lecturers and researchers who worked in

the 􀅭ield of Postharvest technology, plant protection, anden-

vironmental science were consulted. This source of inputs

was particularly relevant in building the conceptual frame-

work (heart model) in this review article.

D. Library and Internet Sources

Of􀅭line library sources of literature were sourced from the

IPB University library in Bogor, Indonesia. Online sources

of literature came largely from, Google Scholar and Re-

search gate. Supporting data from the websites of Food and

Agricultural Organization (FAO), World Resources Institute

(WRI), and the UN were also used.

Preferred articles included peer-reviewed articles, books,

and research reports. The majority of the literature used

were published in the English language with a handful be-

ing in the Indonesian language.

III. RESULTS AND DISCUSSION

Production of LS

LS can be described in simple terms as the condensed liquid

products derived from the destructive distillation of woods

or woody materials. While there may be some variation in

the setup of the equipment for generating LS, the key tools

necessary for successful generation are always the same for

all setups. These include a regulated source of heat, cham-

ber to hold the raw material or reactor, a connection pipe,

a cooling chamber or condenser, and a collection vat (Fig-

ure 1). Some key factors of the set up to consider include:

walls of the reactor must be designed to support anaerobic

reaction within, the source of heat must be capable of being

regulated and capacity to produce heat varying from 100 oC

to1000 oCdepending on the rawmaterials and the intended

grade of the product. [15, 16] in their reports showed the

setup of a LS generation unit installed with multiple 􀅭ilters

and nitrogen gas sources connected to the reactor to reg-

ulate the gaseous composition. During the manufacturing

process of the LS, the smoke generated from the pyrolysis

of the rawmaterial is condensed and collected as a solution.

Pyrolysis is de􀅭ined as the thermal breakdown of materi-

als at higher temperatures in an inert atmosphere and nor-

mally involves a modi􀅭ication of the chemical constituents

[17]. Most published reports about LS are unequivo-

cal about the fact its antimicrobial properties, insecticidal

properties, colour, and 􀅭lavour of LS are determined by the

temperature, moisture content of the wood and the kind

of wood used to produce the smoke [16, 18]. According

to [19], the temperature used and conditions of process-

ing contribute a greater variation between the condensates

yielded than the differences between common wood types

used. Other factors such as feed rate of particle size, vapour

residence time, temperature, and oxygen in􀅭iltration can

have substantial effects on the yield and composition of the

LS. It is therefore appropriate that literary reports on LS

compositions also include the process used and the condi-

tions prevailing during the production.

Fig. 1. Schematic diagram of the setup for LS production

A. Components of LS

Most wood and woody materials are made up of three ma-

jor components: structures of cellulose, hemicellulose, and

lignin. Cellulose is the 􀅭irst major component andmakes up

about 40 to 45% of the total dry weight of normal wood tis-

sue. The second major component is hemicellulose which

accounts for nearly 20-35% of the total dry mass of normal

wood, the third key component of wood is lignin and can

be found in amounts of 18-38% [20]. Apart from the three

major components, the remaining component of wood is
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generically referred to as resins. According to [21], resins

typically contain stilbenes, terpenes, 􀅭lavonoids lignans, and

aromatic compounds that are often found in softwoods.

During the preparation of LS, pyrolysis ofmaterial occurs in

a series of four stages: evaporation of remnant water from

material, decomposition of the hemicelluloses, decomposi-

tion of cellulose, and 􀅭inally decomposition of lignins. A re-

port by [22] mentioned that evaporation of water from the

raw material takes place at approximately 170oC with the

concomitant production of acetic acid. The report also had

it that decomposition of hemicellulose produces furans, fu-

ran derivatives, and a chain of aliphatic carboxylic acids. In

other research works, the pyrolysis of cellulose and hemi-

cellulose took place at 180-350 oC and generated carboxylic

acids and carbonyl compounds. lignins, on the other hand,

get pyrolyzed at 300- 500 oC. This produced phenols and

phenolic esters [21].

In addition to the main products of carbonyls, acids, and

phenols, the pyrolysis process also generates undesirable

compounds known as Polycyclic Aromatic Hydrocarbons

(PAHs). Some of these PAHs, are naturally occurring, while

others are produced as a result of incomplete combustion

of the raw material. According to [19], the amount of PAHs

formed is also dependent on the source of raw material.

B. Agricultural Waste as RawMaterial for LS

The basic requirement that quali􀅭ies a material to be used

for the production of LS is the possession of cellulose, hemi-

cellulose, and lignin components. Thermal degradation of

the material will generate a complex blend of compounds

whichwill, in turn, characterize the organoleptic, antioxida-

tive, antibacterial and insecticidal properties of the gener-

ated LS [22, 23].

In an attempt to reduce the negative environmental im-

pact and better manage agricultural waste especially those

resulting from postharvest activities, some of the organic

waste materials and by-products from the food value chain

have been utilized as raw materials for the production of

LS. The approach has not only yielded environmental value

but also economic and social value as well. Some of the

main agricultural waste currently in use for the prepara-

tion of LS include empty coconut shell, coconut 􀅭ibre, rice

hull, rice husk, corn cob, corn husk, palm kernel shell, palm

fronds, empty cocoa pod, cocoa bean skin, durian skin, to-

bacco stem, candle nutshell, etc (Table 2).

TABLE 2

AGRICULTURALWASTE SOURCES OF RAWMATERIALS FOR PRODUCING LS IN RECENT YEARS

Agricultural Waste Sources References

Coconut shell uses [24], [25], [26], [27], [28], [29], [30], [31]

Coconut 􀅭ibre [29], [32]

Oil palm shell [30], [31], [33], [34]

Empty Cocoa pod/shell [35], [36], [37], [31]

Rice hull [38], [39]

Rice husk [28], [31], [40]

Corncob [41]

Kenari (Canariun indicum L.) [42]

Cocoa bean skin waste. [25]

Palm kernel shell [34], [43], [44]

Tobacco stem [45]

Candle nutshell [46]

Durian Skin [30]

ISSN: 2414-3103

DOI: 10.20474/japs-5.2.1



2019 C. Y. Krah, Sutrisno, Samsudin, I. S. Harahap – Use of liquid smoke for sustainable food . . . . 42

C. Grades and Uses oF LS in PHLW Reduction

LS has gained multiple applications across diverse 􀅭ields.

Some of the uses include industrial raw materials and

sources of energy. For instance, biochar produced from the

pyrolysis of corncob is capable of being processed to be-

come bio-briquettes (alternative solid fuel for homes and

industries) or better still activated carbon which can serve

as adsorbents for treatment of waste andwater puri􀅭ication

[47]. In addition to the uses motioned above, LS has also

become popular in its use for food preservation and farm

produce protection and the ultimate reduction of posthar-

vest waste. LS is usually put into three grades based on its

purity level and suitability for human consumption. Grade

1 is considered as the safest for direct human consumption.

It is normally subjected to very high levels of puri􀅭ication to

eliminate dangerous compounds like PAHs that could cause

consumer poisoning. This makes it safe for direct treat-

ment of meats and other products that are consumed di-

rectly. Grade 2 follows with a lower level of puri􀅭ication.

Though may pass through some level of puri􀅭ication, direct

consumption is not encouraged. Grade 3 LS is not recom-

mended for direct consumption. It is also considered as the

lowest quality of LS. Raw materials for production can be

sourced from anywhere provided they meet the lignocellu-

losic composition standard. The higher the quality level of

LS the better the chances of being used in food industries.

D. Use as Biopesticides Against Insect Attack

Research works to develop biopesticides advanced signi􀅭i-

cantly only at the commencement of the twentieth century.

These came about when concerns about negative environ-

mental impacts, toxicity, residues, and insect resistance to-

wards conventional pesticides begun rising [48]. When us-

ing LS as raw materials for insecticide, Grade 3 LS is often

used [16].

[31] tested LS from coconut shells, cacao pod husks, saw-

dust, coconut shells, and rice husks against Coffee Berry

Borers (CBB). All samples exhibited toxicity against CBB

imagos. The highest mortality occurred from treatment

with coconut shell LS at concentrations of 2.5%. The re-

port concluded that the major component in LS that func-

tioned as insecticides is benzenesulfonic acid, 4-hydroxy,

and acetic acid.

[33] observed that insects were repelled from LS treated

dried 􀅭ish even though LS was not lethal as conventional in-

secticides. This repellency property was attributed to the

phenolic content of the LS.

[45] used LS of tobacco stem waste to control the larvae

of Spodoptera litura under laboratory conditions. It was

reported that the application of LS by using the spray-

ing method (direct method) gave better results against the

feeding/indirect method.

35 also tested LS generated from coconut 􀅭ibre waste, they

obtained80%mortality of insects at a concentrationof 10%

against Estoloides sparse insects.

[40] experimented with various LS on soybean pod sucking

insects (Nezara viridulla, Riptortus linearis, and Piezodorus

hybneri). The results showed that the application of three

types of LS could decrease the pest attack signi􀅭icantly. The

percentage of pest attack on soybean plant with LS treat-

ment was signi􀅭icantly lower as compared to that without

LS treatment. The ef􀅭icacy of the three types of LS was com-

parable to that of the commercial/synthetic pesticide used

in the study.

E. Use as Food Crop Protectant and Preservative

Phenolic compounds in LS function by disturbing the mem-

branes of the bacteria’s cytoplasm leading to the leakage of

the intracellular 􀅭luids. The ef􀅭icacy of carbonyls as an an-

timicrobial can be attributed to the 133 different aldehy-

des and ketones present in LS [49]. [22] explained that car-

bonyls inhibit the growth of microbes by penetrating their

cell walls and deactivating the enzymes positioned both in-

side the cytoplasm and the cytoplasmic membrane. LS can

serve as a preservative because of its antimicrobial and an-

tioxidant properties.

The microbial attack is responsible for the loss of 25-80%

of most fresh produce before they get to the consumer. Re-

cently, the available technologies used by fresh produce in-

dustries for reducing spoilage is progressively becoming so-

phisticated and complicated [50]. According to [51], com-

monly detected foodborne bacterial pathogens of fresh veg-

etables include Salmonella sp. coliform bacteria, Staphylo-

coccus aureus, and Escherichia coli.

In an experiment conducted by [52], LS with concentra-

tions 0.05-1%were evaluated against STEC strains of E. coli

for their antimicrobial properties. Results showed a 1-day

delay in microbe growth at 0.125% concentration, and at

0.25% concentration, zero growth was recorded. [53] re-

ported very low Minimum Inhibitory Concentration (MIC)

values for numerous commercial LS against E. coli O157:

H7. Effective concentrations were found to range from 6%

to as low as 0.75% based on the commercial brand of LS.

The same group investigated the MICs of some commercial

LS samples against Salmonella typhimurium by using a mi-

crodilution technique. The LS samples were separated into

2 groups (groups 1 and 2) depending on the raw material

used for their production. Group 2 LS was more effective at
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reducing Salmonella with MIC values ranging from 0.5% to

4%.

Research and daily usage of LS for the preservation of hor-

ticultural crop are still limited compared to the other uses.

F. For Preservation of Animal Food

Theusage of liquid for thepreservation of animal foodprod-

ucts is one of the widely known uses of LS. This is due to

its antimicrobial, antioxidants, and 􀅭lavouring properties.

When subjecting LS to uses that involve direct contact with

edible products, extra caution is taking to further purify the

LS through processes like distillation to enhance food safety

andprotect the consumer. HenceGrade 1 LS is used for such

purposes.

20 reported that LS posed antimicrobial properties against

a variety of Gram-positive and Gram-negative bacteria,

moulds, and yeast. The most effective LS fraction with the

highest antimicrobial activity had a low pH and high car-

bonyl content. The report concluded that phenols did not

signi􀅭icantly in􀅭luence the antimicrobial properties of LS.

According to [17], LS is frequently used for preserving

protein-based foods like cheese, meat, 􀅭ish due to the pleas-

ant 􀅭lavour it leaves in food, besides, it also inhibits the pro-

liferation of foodborne pathogens. The use of LS for pre-

serving 􀅭ish and meat have numerous advantages over con-

ventional smoking techniques. Some of the advantages in-

clude the simplicity of the application process, a faster rate

of the smoking process, replicability of desirable features

smoked food, and elimination of dangerous PAH's [17].

[36] recommended that redistilled LS produced from oil-

palm shells can serve as a good 􀅭ish preservative and can

alsobe combinedwith other preservationmethods like salt-

ing and cooling. The effects of LS on E. coli in a model meat

system was reported by [54], beef trimmings were inocu-

latedwith 7 log10 CFU/g of the STEC strain E. coli O157: H7

and treated with a 􀅭inal concentration of 8% LS fraction, LS

treated trim potions exhibited a 2.3 log10 CFU/g decrease

after 3 days of chilled storage.

G. Impact of FoodWaste on Environment

Data from [55] shows that globally, the total food that ends

up in the garbage rather than the plate comes as the third-

largest emitter of Greenhouse Gases (GHG), just behind

China and the US.

Fig. 2. The position of food waste as a contributor to GHG

emission [56]

H. Systemic Function of LS in Food Security and Envi-

ronmental Conservation

According to the [57] interventions put in place to re-

duce PHLW should not be designed to just achieve a sin-

gle targeted goal but should also lead to the achievement

of other socio-environmental goals and help promote sus-

tainable food systems. Figure 3 is a conceptual framework

that shows the interdependent system effects createdwhen

LS produced from postharvest waste is used to manage

postharvest losses. The diagram portrays the system di-

rectly contributes to the achievement of SDG goal number

12.5 whiles goals number 1.5, 2.6, 11.6, and 13 are also ad-

dressed indirectly [1].

Fig. 3. Conceptual framework (heart model) showing the

bene􀅭its derived from using LS for reducing PHLW

(solid lines represent strong direct effect while the bro-

ken lines represent indirect effects. The positive and

negative signs indicate increasing and decreasing ef-

fects on the direction of the arrow)
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The loops in the framework above depict the self-sustaining

system created when waste from agricultural products is

managed well and used in the form of LS to reduce PHLW.

Since PHLWdirectly increases environmental pollution, cli-

mate change, and hunger LS as a PHLW reduction method

automatically reduce the magnitude of this problem too

[58]. Besides, the sourcing of raw materials for LS from

the agricultural waste materials reduces the volume of

waste material that could have been discarded improperly

thereby causing environmental pollution and greenhouse

gases leading to climate change. On other extended effects,

forest destroyed during land preparation, water and fertil-

izers (manure & synthetic) expended during production all

together contributes remotely to environmental pollution

and climate change. About 1.4 billion hectares, (30% of fer-

tile land globally) are used inproducing food that either gets

lost or wasted [8].

Climate change on its own is also a threat to food security. It

often creates extremeweatherwhich is unfavourable for the

production and storage of food. Under such extreme condi-

tions, farms get 􀅭looded or too dried, the yield is greatly re-

duced, diseases andpests are rampant and storage becomes

a problembecause of continuous rain that allows for proper

drying of excessive heat from the sun which hastens the

physiological activities of horticultural products [59, 60].

Pest and disease also occupy a signi􀅭icant place in the PHLW

system. It creates a ripple effect that increases losses and re-

duces food security. Conversion of waste into a solution for

managing PHLW, therefore, creates a self-sustaining system

for the achievement of food security.

IV. CONCLUSION

Factors identi􀅭ied to be responsible for postharvest losses

of crops have been categorized into groups of physiological,

mechanical, biological, and microbiological, chemical, and

biochemical factors. Concerns about consumer health, neg-

ative environmental impacts, toxicity, residues, and insect

resistance towards conventional chemical pesticides led to

the research of natural and sustainable alternatives like

LS. LS possesses antimicrobial, antioxidant, and insecticidal

properties due to its lignocellulosic composition. Another

reason that makes LS a more sustainable option among

other close options is its cheap sources of raw materials

such as agricultural waste which in turn reliefs the envi-

ronment of pollution. Sustainable PHLW reduction strate-

gies often leave positive externalities on the environment

and other areas. This happens by the reduction of waste on

land􀅭ills, indirect reduction of food prices, and the ultimate

reduction in negative environmental impacts resulting from

the cultivation of forest land. These properties among oth-

ers havemade LS an all-round ingredient to be used for food

preservation and reduction of postharvest losses.
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