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Introduction 

Sea cucumbers have been harvested and utilized commercially for 
at least 1000 years in the Indo – Pacific region [1]. It is a product that is 
consumed in many tropical and subtropical countries [2,3] and in Fiji 
was first exploited for commercial purposes by Chinese exporters in 
the early 1820’s [4]. Sea cucumbers are processed into a dried and non-
perishable product known as ’bêche-de-mer’ (BDM), and processing of 
BDM offered a source of income for Fijian communities subsequent to 
the collapse of the sandalwood trade in the early 1800’s [4]. Still today, 
harvesting and producing appropriately processed and presented BDM 
offers good income opportunities for fishers in Fiji. Consumption of 
BDM is considered to be beneficial for human health as it is a good 
source of animal protein, vitamins, minerals, micronutrients and 
essential fatty acids [5-8]. 

Literature on the processing methods used for BDM and their 
effects on resulting quality is very limited. Processing BDM involves 
a number of steps including boiling, gutting, smoking and drying 
[9,10]. Each contributes to the resulting quality of the final product 
which determines the suitability of the processed product for Asian 
markets [2,9-11] and its value. Small developing nations such as Fiji 
are reliant on marine resources as their basis for income generation 
and livelihoods. Nevertheless, due to a lack of equipment required 
to optimize the quality of BDM, such as kerosene burners, smoking 
sheds and drying amenities, BDM is produced in Fiji using simple 
uncomplicated customary technologies principally through fire 
smoking and air or sun drying [9,12]. 

Bêche-de-mer processing entails an uncomplicated sequence of 
actions to accomplish a product that is non – perishable if stored in dry, 
dark conditions. Post-harvest steps include first boiling, slitting and 
gutting, second boiling, smoking and finally sun-drying [2,9,13,14]. 
Although these steps are uncomplicated, processing requires 

continuous attention to obtain a standard dry product. Failure to do 
so can result in reduced quality and value of the final product [9,10].

The main objectives of this study were to investigate the effects of 
harvesting and post-harvest handling techniques of Fijian communities 
and the main BDM processing agents on the quality of BDM produced 
in Fiji, and to identify difficulties faced by the BDM processors in 
producing a good quality product. The economic impacts of inadequate 
processing of BDM are detailed in a related study (Ram et al., in press) 
[15].

Materials and Methods 
Study site

This study was conducted in the Republic of the Fiji Islands. 
The sites of study were eastern and western Viti Levu, northern and 
southern Vanua Levu and two islands from outer Lau group (Vanua 
Balavu and Lakeba Island). The latter two islands have two main BDM 
buyers who also buy product from other islands in the Lau group 
(Figure 1). On this basis the data from Vanua Balavu and Lakeba Island 
represents the Lau Group as a whole. Catch analyses and interviews 
with sea cucumber fishers were done when the fishers visited the main 
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buyers on Vanua Balavu and Lakeba Island to sell their products in 
either fresh or dry form. However, fishers based on the main islands of 
Fiji (Viti Levu and Vanua Levu) were visited directly in their villages to 
collect data on harvesting and processing.

Data collection

Data on processing sea cucumbers was acquired through formal 
and informal interviews using a structured questionnaire given to 
fishers at the various study sites around Fiji (n=21; Figure 1). The key 
people targeted for interviews and collection of catch analysis data 
were artisanal fishers (n=86), middlemen (n=8) who purchase sea 
cucumbers and process them for a higher return from the exporters, 
the main agents for BDM exporters (n=5) located in Suva, Fiji and 
relevant fisheries officers at the Ministry of Fisheries and Forests, Fiji.

The questionnaire was designed to derive information about the 
species of sea cucumbers that were commonly harvested, total catch 
of each species harvested, methods used to store sea cucumbers in the 
sea after harvest, methods used for processing, difficult steps in the 
processing sequence, and sea cucumber species that were difficult to 
process or handle. A sea cucumber identification card and pictures of 
various sea cucumber species were shown to the fishers and buyers to 
assist with accurate sea cucumber identification [9]. 

Harvesting and processing of sea cucumber 

The daily harvest of the fishers was recorded by species and size. 
Sea cucumbers were left out of the water for approximately 5 min 
before length and weight were determined. The length of harvested 
sea cucumbers was measured using a standard ruler to the nearest 0.1 
cm and their weight was measured using an analytical balance to the 
nearest 0.1 g. Details of the processing techniques (harvesting, boiling, 
gutting, smoke drying and sun drying) used by the fishers were noted 
through critically evaluating all steps involved. Measurements (length 
and weight) of individuals were taken between steps in the processing 
sequence to determine water loss during processing and to assess 
whether the processed BDM satisfied Fiji’s export size limit of 7.62 cm 
or 3 inches [16] before shipment. Data on processing methods were 
analyzed using Logistic regression analysis and a Hosmer and Lemeshow 
Goodness-of-Fit Test was done to determine the relationships between 
processing variables (harvesting, smoking, first cook, cutting and 
gutting) at P<0.05. The Hosmer and Lemeshow Goodness-of-Fit Test 
was performed on the different steps of processing methods such as 
harvesting, boiling, cutting and gutting, smoking and drying so that the 
main step of the processing step could be determined leading to major 

quality losses. All data were expressed as percentages plus or minus 
standard error and were analyzed using SPSS software.

Results and Discussion 
Problems with harvesting 

Collection of all accessible sea cucumbers was done during low 
tide by communities involved in the BDM trade. A total of 19 species 
were captured and recorded during this study (Table 1). Daily harvests 
were stored in 20 litre drums that were cut in half. Our results revealed 
that fishers collected a large number of juvenile  sea cucumbers that 
were below the regulated minimum size limit of 7.62 cm (Table 1) 
[16]. The harvested species with the highest proportions of undersized 
individuals were Curryfish, Greenfish, Lollyfish, Sandfish (currently 
banned as a target species in Fiji), Curryfish ‘D’ grade (local name ‘Geci’: 
Stichopus horrens) (no size limit due to its small size), Stonefish, Surf 
Redfish, Tigerfish and sea cucumber (local name ‘Mundra’: Bohadschia 
marmorata) (Table 1). Harvesting of undersized individuals indicates 
over-exploitation of these sea cucumber species in Fiji. However, the 
Fisheries Division in Fiji lacks monitoring and a proper management 
plan for the sea cucumber fishery and this poses a significant threat to 
the future of Fiji’s BDM fishery. 

During the harvesting of sea cucumbers, villagers also targeted 
other species for sale or for local consumption including crabs, lobster, 
clams, fish and other shellfish. With the exception of Sandfish, sea 
cucumbers usually have a fragile and soft skin that is easily damaged 
as a result of improper handling [9,10]. Villagers in Fiji tend to mix sea 
cucumbers with other seafoods after collection and this causes deep 
scratches in the sea cucumber skin [10] (Figure 2). These scratches are 
sometimes severe and may affect the quality of the product after final 
drying [9,10,12]. 

High value species collected by fishers in Fiji are also affected by 
poor storage in the sea. Instead of being kept separately, White Teatfish 
is mixed together with other sea cucumber species and usually also with 
fish and crabs. Proper storage techniques for sea cucumbers have been 
described previously [9,10], yet our results show that 45% of harvested 
White Teatfish are damaged due to poor storage (Table 1 and Figure 
2). Curryfish (Stichopus hermanni) and Greenfish (S. chloronotos) 
also showed a high proportion of damage during harvesting (Table 1) 
resulting in skin deterioration (Figure 3). 

Sea cucumber species with handling issues 

Two species of sea cucumber, Curryfish (Stichopus hermanni) and 
Greenfish (Stichopus cloronotos) were determined to be the most difficult 
species for handling and storage in the sea by the fishers interviewed. 
This is because of skin and flesh deterioration which occurs as soon as 
they are removed from seawater and mixed with other sea cucumber 
species (Figure 3). The highly fragile skin and flesh of Curryfish and 
Greenfish discourages fishers from harvesting these two species for 
processing. This is despite them being ranked as medium to high value 
species in Fiji and a good revenue earner. Further research on skin 
and flesh disintegration needs to be done to determine the causes of 
this problem and to provide a basis for developing more appropriate 
harvesting and handling methods for these species. 

Post harvest processing

Sea cucumber processing is accomplished using two different 
techniques; the salting and unsalting methods (Figure 4). The salting 

Figure 1: Sites visited in Fiji for collection of data (source: Ram, 2008)
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Figure 2: Sea cucumbers damaged during harvesting as a result of mixing with 
other seafood.

Figure 3: Flesh deterioration observed in Curry fish (Stichopus hermanni) after 
harvesting 

Common name Fijian name Value
% undersized 

species 
harvested

% species 
damaged 

during harvest

%
over cooked

% poorly 
cutting and 

gutting
% smoke burnt % semi dried 

product % spoilt

Amberfish Dri volavola Low 11.2 ± 2.3 14.4 ± 2.6 10.6 ± 2.2 4.3 ± 1.5 8.0 ± 2.0 6.9 ± 1.9 0.0 ± 0.0
Blackfish Dri loa Medium 12.5 ± 1.4 26.6 ± 1.9 23.0 ± 1.8 50.9 ± 2.1 15.0 ± 1.5 7.9 ± 1.1 17.0 ± 1.6

Black teatfish Loaloa High 17.4 ± 2.0 14.6 ± 1.9 5.7 ± 1.2 1.7 ± 0.7 7.1 ± 1.4 0.0 ± 0.0 2.3 ± 0.8
Brown sandfish Vula Low 1.3 ± 0.3 23.1 ± 1.2 35.5 ± 1.4 72.8 ± 1.3 18.9 ± 1.1 31.6 ± 1.3 59.2 ± 1.4

Curryfish Lokoloko; 
Laulevu

Low – 
Medium 36.3 ± 1.2 36.0 ± 1.2 30.6 ± 1.1 42.6 ± 1.2 32.4 ± 1.2 26.7 ± 1.1 44.0 ± 1.2

Deepwater 
redfish Dritabua Low – 

Medium 0.0 ± 0.0 13.4 ± 1.9 4.5 ± 1.2 10.5 ± 1.7 10.8 ± 1.8 0.0 ± 0.0 0.0 ± 0.0

Elephants 
trunkfish Dairo ni cakau Low 0.0 ± 0.0 8.8 ± 2.2 9.4 ± 2.3 13.1 ± 2.7 8.8 ± 2.2 7.5 ± 2.1 0.0 ± 0.0

Greenfish Dri votovoto; 
Tarase

Medium  - 
High 46.1 ± 1.1 32.4 ± 1.0 14.5 ± 0.7 11.4 ± 0.7 14.7 ± 0.8 2.1 ± 0.3 18.3 ± 0.8

Lollyfish Loliloli Low 46.5 ± 1.1 4.7 ± 0.5 14.2 ± 0.8 39.3 ± 1.1 27.6 ± 1.0 29.4 ± 1.0 12.5 ± 0.7
Pinkfish Dri damu Low 9.0 ± 1.7 0.0 ± 0.0 12.0 ± 1.9 0.0 ± 0.0 19.3 ± 2.3 14.7 ± 2.0 0.0 ± 0.0

Prickly redfish Sucudrau Medium- 
High 8.1 ± 1.6 16.3 ± 2.1 0.7 ± 0.5 4.4 ± 1.2 0.0 ± 0.0 6.8 ± 1.5 0.0 ± 0.0

Sandfish 
[banned] Dairo High 41.2 ± 2.7 0.0 ± 0.0 32.5 ± 2.6 0.0 ± 0.0 45.5 ± 2.8 0.0 ± 0.0 0.0 ± 0.0

Curryfish ‘D’ 
grade* Laulevu; Geci low 100.0 ± 0.0 0.0 ± 0.0 10.7 ± 0.8 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Stonefish Dri vatu Medium 34.2 ± 2.3 12.5 ± 1.6 0.0 ± 0.0 2.4 ± 0.7 8.3 ± 1.3 0.5 ± 0.3 0.0 ± 0.0
Surf redfish Tarasea Medium 21.9 ± 1.9 4.1 ± 0.9 9.0 ± 1.3 16.2 ± 1.7 38.4 ± 2.2 9.4 ± 1.3 3.3 ± 0.8

Tigerfish Vula ika Low – 
Medium 32.9 ± 1.5 25.9 ± 1.4 11.8 ± 1.0 38.7 ± 1.6 22.3 ± 1.3 23.9 ± 1.4 19.7 ± 1.3

White teatfish sucuwalu High 12.6 ± 1.9 45.0 ± 2.8 3.2 ± 1.0 12.9 ± 1.9 4.2 ± 1.1 0.0 ± 0.0 3.9 ± 1.1
Sea cucumber Mundra Low 31.8 ± 1.2 14.8 ± 0.9 20.1 ± 1.0 16.4 ± 0.9 21.7 ± 1.0 10.3 ± 0.8 12.3 ± 0.8

Snake fish Loliloli Low 0.0 ± 0.0 0.0 ± 0.0 21.2 ± 2.0 0.0 ± 0.0 6.3 ± 1.2 0.0 ± 0.0 0.0 ± 0.0

 *Species with no export size limit of 7.62 cm.
Table 1: The main species of sea cucumbers processed in Fiji and the percentages of each influenced by factors affecting product quality and value.

Figure 4: Sea cucumber processing by fishers and the main agents in Fiji 
Islands. Process A is the ‘unsalting’ method and process B is the ‘salting’ 
method. (Source: Ram, 2008)
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method is generally used by the main agents of bêche-de-mer exporters 
in Fiji and the middlemen engaged in this trade. The simpler unsalting 
method is generally used by fishers in Fiji because of their lack of 
required processing resources. Some major product quality issues 
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relating to production of a ‘grade A’ BDM are linked to the unsalting 
method of processing. 

Bêche-de-mer processing and problems (post-harvest 
processing)

Analysis of data using logistic regression analysis and a Hosmer 
and Lemeshow Goodness-of-Fit Test showed that in addition to first 
cook (P<0.05), cutting and gutting (P<0.06) and (smoking) (P<0.04) 
were the major issue leading to loss of BDM quality as a result of poor 
processing at the fisher’s level (Table 2). Improperly smoked products 
have a tendency to deteriorate rapidly due to case hardening. When 
sold to the marine product agents these products are generally rejected 
or receive reduced grading with lower value. 

The major issue affecting BDM product quality and value in Fiji is 
that fishers do not follow the standard procedure for processing bêche-
de-mer [9]. In general they process sea cucumbers with little regard 
for quality to obtain a quicker source of income [17]. Similar research 
in Madagascar revealed that, to generate quick income, sea cucumber 
fishers missed fundamental steps in the processing procedure which 
badly affected the quality of the final product [18]. If the standard 
processing steps for BDM are followed, good quality product will result 
that earns greater income for fishers and communities than poorly 
processed product [12]. 

First boiling

Our interviews revealed that 100% of fishers boil all the sea 
cucumber species of all sizes together without any sorting or grading 
before processing. Larger sizes of sea cucumber require ample time for 
cooking during first boil [9,10]. However, attention to this component 
of processing by Fijian fishers is poor and a high proportion of sea 
cucumbers are overcooked (Table 1). Overcooked sea cucumbers often 
burst affecting product quality [10]. 

Inappropriate cooking also results in skin peeling of high value 
sea cucumber species such as White Teatfish and Black Teatfish, when 
cooked in boiling water instead of warm water (50–65°C). In addition, 
Blackfish should be cooked at a high temperature (90–95°C) but not 
boiled. Introducing commercial sea cucumbers into boiling water 
results in skin peeling that affects their appearance after drying and 
reduces value [9,10].

Cutting and gutting 

After first boiling sea cucumbers are cut and gutted to remove the 
viscera. The cutting methods used by fishers in Fiji are generally not of 
standard quality [9]. Instead of making small cuts in the anal region 
for species that do not require cuts in the body wall (such as Tigerfish, 
Stonefish, Deepwater Redfish and Brownspotted Sandfish) [9], very 
long cuts are made. These cuts are also generally not straight in the case 
of high value species. Chinese markets prefer BDM products with neat 
cuts which enhance their appearance; this is usually not considered 
during local processing in Fiji. Products may also be incompletely gutted 
resulting in a product containing gut contents that are contaminated 
with sand, ash and dust (Table 1). The data for cutting and gutting 
shown for Sandfish in Table 1 (0%) reflects the fact that this species 
is generally harvested and sold frozen to the main agents. Processing 
of Sandfish is currently banned in Fiji and our data are incomplete 
because the main agents are very secretive regarding Sandfish export 
data. There could still be significant harvesting of Sandfish in Fiji and, 
without monitoring and harvesting records, this could have serious 
consequences for the recovery of Sandfish stocks in Fiji. 

Smoking 

Smoking is performed after cutting and gutting (Figure 4). In the 
salting procedure (Fiji’s current standard procedure), after cutting and 
gutting, the products are usually salted in grade 11 coarse solar salt for 
2-3 days before they are boiled again and smoked (Figure 4). Instead of 
producing a gentle smoke for the smoking step, fishers in Fiji generate 
fire that either roasts the products (Figure 5) or generates a hard skin 
on the product known as “case – hardening” [19]. “Case – hardening” is 
described as burnt skin resulting from high temperature that prevents 
moisture loss from the product resulting in spoilage. The proportion 
of burnt product resulting from smoke drying during sea cucumber 
processing by fishers in Fiji is shown for all harvested species in Table 1. 

Usually the smoking process is done for 24 – 48 hours and the 
resulting product is sun dried for four to five days to accomplish a 
‘grade A’ product [9,10]. However, to generate rapid income, village 
processors in Fiji generally perform the smoking and sun drying 
process together for a day and sell the product to middlemen or 
the main agents. The products contain 25-35% moisture and due to 
poor storage, a high proportion of the product may spoil as a result 
of insufficient drying (Table 1). Insufficient drying is a major issue 
in local processing of BDM in Fiji. This problem results because sea 
cucumbers are generally piled on top of each other during processing 

 B S.E. Wald df Sig. Exp(B)

Step 1(a)
 

Smoking 2.132 1.038 4.218 1 .040 8.431

Harvesting .690 .426 2.627 1 .105 1.993

First cook 1.214 .625 3.775 1 .052 3.367

Cutting and  gutting 1.296 .689 3.542 1 .060 3.655

Constant -1.652 1.345 1.510 1 .219 .192

Table 2: Logistic Regression analysis and Hosmer and Lemeshow test for beche-
de-mer processing techniques in Fiji.

Figure 5: Various examples of smoke burnt sea cucumber species.

Figure 6: Poorly processed sea cucumbers for export from Fiji
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which hinders moisture loss. The products are kept like this for days 
and this result in spoilage (Table 1). 

Bêche-de-mer quality standard at the main buyer’s warehouse 
before export

The main BDM exporters in Fiji either process sea cucumbers 
themselves to a marketable standard before exporting to Asian markets, 
or purchase product processed by local fishers and reprocess prior to 
export. Reprocessed product is given a low grade and has reduced 
value. Data generated from the main agent’s ware house revealed that 
nearly all the bêche-de-mer (all species) exported from Fiji to Asian 
markets were of poor quality (Table 3). Factors that influenced this 
grading included:

•	 Undersized (less than 7.62 cm) (Table 1)

•	 Damaged (skin damage, flesh ripped, skin peeled and holes in 
the tissue)

•	 Product had poor appearance (shape distorted, gut cavity 
contaminated with sand, dust and remaining gut contents, 
poorly cut for gutting) (Figure 6)

•	 Products were over-dried (Table 3) and burnt as a result of 
smoking at higher temperatures.

When BDM products are traded by village processors to the main 

agents or exporters, they are sometimes rejected due to extremely bad 
odour resulting from spoilage, insufficient drying and burning during 
the smoking process. Buyers however, do purchase the product but 
when graded by size and quality, extremely poor quality products 
that cannot be reprocessed for the market are rejected or discarded 
as waste (Table 3). High value species such as White Teatfish, Black 
Teatfish are not rejected if they are processed by the fishers but instead 
purchased and reprocessed as a low grade product (e.g. ‘Grade D’) and 
exported to Asian markets for low value. Because populations of the 
high value species of sea cucumbers are declining rapidly in Fiji [20], 
buyers tend to purchase the product in perishable state from the fishers 
for little value and process themselves to obtain a higher return from 
Asian markets (Table 3). The results in Table 3 show that 43% of White 
Teatfish (a high value species) is exported as damaged product that was 
processed by fishers. As a result, processors now prevent fishers from 
processing the higher value species. 

The percentages of damaged individuals are high for higher value 
species (Table 3) due to flesh and skin damage caused during harvesting 
and processing. In addition, high value species are generally purchased 
raw from the villages and extended exposure of the sea cucumbers to 
the air or to sun may result death or very poor condition. The skin may 
also peel as a result of the drying effect from the air or sun [9]. Data for 
the percentage of damaged individuals shown in Table 3 also includes 
smoke burnt products that were processed by village processors.

Common name Grades of 
product

Percentage 
undersized species 

exported

Percentage damaged 
species exported

Percentage over 
dried species 

exported
Percentage discarded as waste

White teatfish

A+ 0 4 ± 7.4 0 0
B 0 17 ± 5.3 0 0
C 0 26 ± 6.2 0 0
D 14 ± 3.5 43 ± 5.0 0 0

Black teatfish

A 0 17 ± 5.3 0 0
B 0 16 ± 5.2 0 0
C 10 ± 3.0 42 ± 4.9 0 0

Sandfish Banned Banned Banned Banned Banned
Prickly redfish 1 grade 0 12 ± 4.6 0 0

Stonefish 1 grade 82 ± 3.1 0 9.0 ± 2.9 1.3 ±  1.5

Surf Redfish
A 4.0 ± 1.9 12 ± 3.2 0 0
B 40 ± 5.0 36 ± 4.8 0 1.0 ±  1.3

Blackfish

A+ 0 12 ± 4.6 0 0
B 44 ± 4.9 13 ± 3.4 0 0
C 86 ± 3.5 29 ± 4.5 7.0 ± 2.6 2.2 ±  1.9

Elephant  Trunkfish 1 grade 0 0 0 0
Greenfish 1 grade 80 ± 4.0 5 ± 2.2 11 ± 3.1 1.7 ±  1.7

Curryfish

A 0 5 ± 3.1 0 0
B 12 ± 3.2 10 ± 3.0 3.0 ± 1.7 0
C 48 ± 5.0 30 ± 4.6 12 ± 3.2 4.0 ±  2.5

D (Geci) 100 0 0 0
Amberfish 1 grade 0 15 ± 5.0 0 1.0 ± 1.3

Brown sandfish 1 grade 8.0 ± 2.7 8 ± 2.7 0 0.7 ± 1.1
Deep water redfish 1 grade 0 10 ± 4.2 0 0

Lollyfish
A 36 ± 4.8 0 1.0 ± 1.0 0
B 80 ± 4.0 0 3.0 ± 1.7 0.5 ±  0.9

Tigerfish
A 0 23 ± 6.0 0 0
B 16 ± 3.7 44 ± 5.0 2.0 ± 1.4 1.7 ±  1.7

Snake fish 1 grade 17 ± 3.7 0 0 2.5 ±  2.0
Pinkfish 1 grade 26 ± 4.4 4 ± 2.0 0 0

Sea cucumber (Mundra) 1 grade 98 ± 1.4 20 ± 4.0 26 ± 4.4 0.8 ±  1.2

Table 3: Percentages of poor quality bêche-de-mer products exported by the main buyers in Fiji.
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The proportion of over-dried product for the major exported 
species is also shown in Table 3. Over-dried BDM has reduced nutritive 
value [21,22] and, especially after over boiling, may have skin and 
flesh that is fragile and may easily break leading to serious product 
quality issues [9,10]. Greenfish, Amberfish, Surf Redfish and Curryfish, 
in particular, show a high proportion of damaged product (Table 3) 
because of the fragility of their skin and flesh and their susceptibility to 
damage during harvesting. 

Conclusion 
Bêche-de-mer processing in Fiji is generally done rapidly to obtain 

income as soon as possible. As a result essential processing steps are 
shortened or missed completely and this has serious consequences 
for the quality of the final product. Processing steps in Fiji involved 
first boil after harvest, slitting and gutting, followed by salting (main 
agents only), smoke drying and finally sun-drying. Fishers found 
smoke drying and first boiling to be difficult steps during processing 
and this result in poor quality products being produced in the Fiji. The 
final dried product generally has poor exterior appearance, distorted 
or twisted shape, and particulate matter present in the gut cavities and, 
perhaps of most importance, a high rate of spoilage due to improper 
storage. These factors reduce the grade of the final product from ‘A’ to 
‘B-D’ grade. Further research is required into the impacts of processing 
methods on the quality of BDM produced in the Fiji and to develop 
ways to add value to BDM exported from Fiji. The results of our study 
have prompted immediate awareness and education activities for sea 
cucumber fishers and processors in Fiji supporting improvements in 
product quality and improved income from this important coastal 
livelihood. 
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