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Summary
The Food and Agriculture Organisation (FAO) under its technical cooperation programme is
providing assistance to the Government of Samoa (GOS), through the Ministry of Agriculture
and Fisheries (MAF) to implement a project entitled ‘Improving the capacity for evidencebased policy monitoring and development’. The project places much emphasis on developing
policies based on up-to-date data and information to assist in reducing food safety and
nutritional insecurity in Samoa.
SROS’s main objective was to provide support in determining post-harvest loss particularly
food safety risks for selected leafy vegetable chains as identified by a stakeholder
consultation. This specifically involved undertaking food safety risk assessment in three
selected vegetable chains by utilizing microbiological laboratory analysis to test for E.coli, L.
monocytogenes and Salmonella at different points along each chain from point of harvest to
point of domestic consumer purchase.
The produce included in the study were from different farms, and bought from a market
vendor and a store. The leafy green vegetables included ranged from Bok Choy cabbage,
lettuce, coriander, basil, rocket, watercress and round cabbages.
The study found E. coli to be the major concern not only from a hygienic perspective but also
for the potential health risk when consuming leafy green vegetables. Only two farms
provided produce that was completely compliant to the draft local food standards and who
were implementing thorough washing on farm with what was assumed to be clean water.
The quality of water available at the other farms may have been a contributing factor
hindering the farmers’ ability to produce contaminant-free vegetables. Cross-contamination
of produce was high as it travelled from farm through the supply chain, with results
indicating the poor cold storage conditions as well as during display for selling.
From this study, the occurrences of microbiologically related food safety risks for leafy green
vegetables in Samoa are most likely due to the following factors:
 availability of clean quality water for on farm use;
 practices implemented at the farms during growing, harvesting and post-harvest activities;
 storage facility conditions and its use;
 preparation and display of goods for sale; and,
 limited knowledge and/or concern for food safety by those involved throughout the chain.
In light of the above findings, it is recommended that:
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 good agricultural practices and practical code of hygienic practices for fruits and
vegetables should be developed and/or adopted;
 draft national regulations should include L. monocytogenes as it is an important food
health and safety indicator; and,
 Chemical (pesticide) residues in green vegetables and water sources downstream from
agricultural landsshould be investigated as another source of food safety concern.
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1. Background
The available information on the extent of post-harvest loss and incidence of food-borne
diseases directly attributed to microorganisms present in fresh fruits and vegetables in Samoa
is very limited. There is very minimal information as well as awareness of the risk of
microbial contamination for fresh produce and as such, information gathering through proper
scientific research and monitoring are a crucial starting point for the formulation of proper
interventions.
The Food and Agriculture Organisation (FAO) under its technical cooperation programme is
providing assistance to the Government of Samoa (GOS), through the Ministry of Agriculture
and Fisheries (MAF) to implement the TCP/SAM/3502 project titled ‘Improving the capacity
for evidence-based policy monitoring and development’. The project focuses on developing
policies based on up-to-date data and information to contribute towards the reduction of food
safety risks and nutritional insecurity in Samoa.
The Scientific Research Organisation of Samoa (SROS) with its capabilities in post-harvest
research work as well as having an internationally-accredited testing laboratory was
identified by FAO as a partner to work with the International Consultant (Professor Steven
Underhill, University of the Sunshine Coast) to carry out the activities related to food safety
risk for Output 2 of the project, namely “Improved capacity of policy-makers to use valuechain analysis to identify practical technologies for reducing post-harvest losses”.
The FAO and the International Consultant sub-contracted SROS to provide support in
determining post-harvest loss and food safety risk for selected fruit and vegetable chains.
Action value chain analysis was used by the project team to evaluate and determine
areas/issues causing problems which lead to post-harvest losses and/or food safety risks. In
this regard SROS’s main task was to determine the microbiological quality of selected fresh
vegetables along their value chains.
This report supports and complements Professor Underhill’s report on post-harvest losses as
most of the vegetables used for this food safety risks study were from the same farms.

2. Microbiological contamination
Food safety has been recognised as a public health issue and has become one of the key
integral functions for health authorities because of the impact on the health of individuals as
well as societies. The changing consumption patterns of Samoans with an increasing
emphasis on healthy living and as promoted by the Health authorities has led to the demand
for fresh fruits and vegetables. This is a global trend that is further intensified by consumers’
demand for variety and availability (FAO/WHO, 2008; Jung et al., 2014).
Fresh fruits and vegetables generally carry a non-pathogenic epiphytic microflora (ECSCF,
2002) but they usually become contaminated by pathogens of human or animal origin via
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various means. They are therefore a vehicle for the transmission of pathogens (bacterial,
parasitic and viral) causing food-borne illnesses as they are consumed raw (Abadias et al.,
2007; AIFST, 2003). Vegetables thus need not only be nutritious but more importantly be
safe for consumers.
Leafy green vegetables were ranked as the top priority food type posing the greatest concern
in terms of microbiological hazards (FAO/WHO, 2008). This was based on various criteria
including the frequency and severity of disease, the potential for multiplication of food-borne
pathogens along the supply chain, and diversity and complexity of the production chain.
In Samoa, water-borne disease outbreaks are usually reported while food related outbreaks
are quite rare and may be non-existent for fruits and vegetables. The FAO/WHO (2008)
report discussed that some countries do not consider fresh produce as a source for food safety
risks mainly due to the lack of evidence while some developing countries highlighted the
high burden of diseases due to lack of clean water for growth and washing. Both points are
quite relevant to Samoa with the lack of evidence and with some areas still not having access
to clean water for daily use.
Samoans get their fruits and vegetables by either growing their own, purchasing from stores
and supermarkets, buying directly from the local markets or from the road side stalls. The
percentage, variety and quality of fresh produce supplied and sold by each source is not well
monitored and documented.
Microbiological hazards are the main focus for fresh produce, fresh cut vegetables and fruits
as illnesses attributed to the physical and chemical hazards are very rare (Jung et al., 2014).

2.1 Bacterial contaminants
Bacterial pathogens like Salmonella, Escherichia coli (E. coli) O157:H7, and Listeria
monocytogenes (L. monocytogenes) have been isolated from vegetables which were
contaminated at some point of the value chain, from farm to table and all three microbes
linked to food-borne outbreaks (AIFST, 2003; Abadias et al., 2007). Jung et al. (2014)
reported that in the United States, bacterial agents mostly the abovementioned three were
associated with 86% of outbreaks, followed by parasites (11.6%) and viruses (1.9%). These
outbreaks involved both imported and locally produced vegetables and mostly leafy greens
and sprouts.
2.1.1 Eschericia coli (E. coli)
E. coli has more than a 1000 known strains and they occur naturally in the gut of warm
blooded animals including a wide range of farm animals. It is the universal indicator for
microbial quality of water and food for faecal contamination and most are non-pathogenic.
Four specific strains have been identified as pathogenic including E. coli O157:H7 which
causes diarrhoea, gastroenteritis, vomiting and other serious infections with severe
consequences (AIFST, 2003). Pathogenic strains can survive in soils for up to two months
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and longer in water and these are the usual means by which fresh food are contaminated
(FAO/WHO, 2008). Contaminated hands as well as equipment used for handling the
produce along the value chains are other common sources for cross contamination.

2.1.2 Salmonella
Salmonella bacteria are mostly found in the intestinal tract of vertebrates and also widely
distributed in nature. It is responsible for Salmonellosis a major public and animal health
disease which causes worldwide morbidity and mortality for humans and animals (AIFST,
2003). Typhoid fever is a systemic infectious disease caused by Salmonella tyyphi which is
host specific for humans, thus the ultimate significant source for contamination are infected
humans. The common symptoms for both are fever, vomiting, diarrhoea and abdominal
cramps (AIFST, 2003). Salmonella can survive in soil from two to eight months.

2.1.3 Listeria monocytogenes
L. monocytogenes is widely distributed in soils and water and is also present in animal and
human guts. The bacteria is responsible for listeriosis in humans of which the symptoms
range from mild flu-like symptoms to more serious illnesses like meningitis. This is a highly
adaptable pathogen as it can grow and multiply in the general environment. Thus once they
have established themselves they will be found in packhouses, equipment and even in cold
rooms (AIFST, 2003). Vulnerable groups like pregnant women are particularly at risk due to
severe effects of L. monocytogenes which can result in abortion or still born.

2.2 Guidelines and Regulations
As with developed countries, developing countries are facing challenges in formulating and
implementing suitable measures to ensure the safety of vegetables for consumption. The
identification and acceptance of the high risk contaminated fresh produce poses to human
health has lead to a considerable global effort to try and improve the safety of fruits and
vegetables (Jung et al., 2014). The establishment of science-based minimum standards for
production and harvesting is a positive move towards minimising this risk and many
countries have established standards setting limits for the microbiological hazards in fresh
ready to eat produce.
Tables 1 and 2 below details the limits established under the draft National Food Regulations
and the Food Standards Australia/New Zealand (2001) for E. coli, Salmonella and L.
monocytogenes. L. monocytogenes is not included in the second schedule listing the limits
for microbiological contaminants in food.
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Table 1: Limits for E. coli and Salmonella for fruits and vegetables in the draft National
Food Regulations
Standard
Samoa National Food
Standards (draft)

Produce

Microbe

Limits (cfu↑)

Pre-cut fruit and vegetables

Escherichia coli/100g

0

Salmonella/25g

0

(ready to eat)

↑

colony-forming unit

Table 2: Guidelines for the microbiological examination of ready to eat foods.
Test
Microbiological quality (cfu/g)
Satisfactory

Marginal

Unsatisfactory

Potentially Hazardous

<3

3 -100

≥ 100

*

Indicator
Escherichia coli
Pathogen
Salmonella

Not detected in 25 g

Listeria monocytogenes

Not detected in 25 g

Detected
Detected
but < 102

≥ 102

(Source: FSANZ, 2001)
*Pathogenic strains of E.coli should be absent

3. Objective
The objective that SROS was tasked to realise was to provide support in determining postharvest loss particularly food safety risks for selected vegetable chains. This involved the
undertaking food safety risk assessments in three selected fruit and vegetable chains by
utilizing microbiological laboratory analysis to test for E.coli, L. monocytogenes and
Salmonella at 6 points along each chain from point of harvest to point of domestic consumer
purchase.
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4. Methodology
The stakeholder consultation workshop conducted on the 16th February, 2015 at the
University of the South Pacific (Alafua Campus) resulted in a priority list of vegetables and
fruits for the project team to focus on. At the end of the consultation workshop, the leafy
green vegetables were agreed to be the focus of the food safety risk assessments. During the
assessments of the selected farms, it was found that the chains were very short (farmer to
market or restaurant) and so the SROS team decided to include a range of vegetables from
farms as well as markets.
The vegetable samples were picked from farms during harvest (morning or afternoon) or
bought directly from the local markets. They were packed in sterile bags and transported in a
cooler to the Microbiology laboratory for testing.

4.1 Sampling approach
Due to the sensitive nature of the microbiological data collected as well as conditions of
accreditation in which the SROS laboratories are bound, the identity of clients and their
results are confidential and for clients eyes only. Consequently, the farms and vendors
involved are labelled as Clients A, B, C, D, E.
Clients A, B, C and E were also assessed by the International Consultant for post-harvest
losses and thus the findings in this report support and complement the information detailed in
his report.
Six samples were collected from Client A located in Aleisa (figure 1). Bok Choy cabbages
were harvested early in the morning and three unwashed samples were collected along with
three washed samples ready to be delivered to retail stores. At the end of the day, the
samples at the store were all sold and so no samples could be collected the following day.
Client A uses compost and organic fertiliser as soil amendments for crop production.
A total of 12 samples were collected from Client B located in Afiamalu (figure 2) when
harvested in the afternoon. Unwashed samples of three Bok Choy cabbages and three lettuce
were collected from the field. The last six samples of washed samples were collected the next
day from the storage facility before they were delivered to a client. Client B uses composted
pig manure as fertiliser and handles unwashed and washed samples in the same area.
Four different leafy greens were collected from Client C located in Poutasi (figure 3). All
samples were pre-washed on site and packed in different bags for Coriander, Rocket, Basil
and Mix (Gale, Mustard, Tat soy and Mizuna). Upon arrival at the SROS Microbiology
laboratory, the bags of rocket, basil and mix were halved and washed again using chlorinated
tap water before testing. There was not enough sample for coriander and so it was taken to
the laboratory as is.
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For watercress from client D located in Apia (figure 4), three samples were collected from the
farm site. On the following day, another three samples from the same farm were bought from
the vendor in the local market.
Three samples of head cabbage were bought from the outlet store for one of the big farms
assessed by the International client for post-harvest loss (figure 5).

Figure 1: Client A (date of sampling, 20th May 2015).

A total of 12 samples were collected from Client B when harvested in the afternoon.
Unwashed samples of Bok Choy cabbages (3), and lettuce (3) were collected from the field.
The last 6 samples of washed samples were collected the next day from the storage facility
before it was delivered to a client. Client B uses composted pig manure as fertiliser and
handles unwashed and washed samples in the same area.

Sample Date: 26/05/2015
Figure 2: Client B (date of sampling, 21st & 22nd May 2015).

6|Page “SROS-An alysis of mirobiological risks for selected leafy
green vegetable chains in Samoa”

Figure 3: Client C (date of sampling, 26th May 2015).

For watercress from client D, 3 samples were collected from the farm site. A day later 3
samples from the same farm were bought from the vendor in the local market.

Sample Date 04/06/2015
Figure 4: Client D (date of sampling, 5th June 2015).

Client E

Figure 5: Client E.
Figure 5: Client E (date of sampling, 4th June 2015).
The farms selected were based on customer reach as they supply to various stores,
supermarkets,
Sample: Roundrestaurants
Cabbage and hotels.
7|Page “SROS-An alysis of mirobiological risks for selected leafy
green vegetable chains in Samoa”

4.2 Test Methods
The SROS Microbiology laboratory is accredited under the International Accreditation New
Zealand (IANZ) accrediting body for the test methods to analyse for E. coli, Salmonella as
well as L. monocytogenes in food. All are based on international methods for the enumeration
and detection of the microbial contaminants.
For E. coli, the standard operating procedure (SOP) MA 3.1 (APHA 8.935, Petrifilm: 2001)
entitled ‘Enumeration of Coliform and Escherichia coli in food products’ was used to
enumerate and quantify general E. coli but not specifically the pathogenic strains. The SOPs
MB1.1 (ISO 6579: 2002E) entitled ‘Detection and identification of Salmonella in food’ and
MB2.1 (FDA BAM 2011) called ‘Detection of Listeria in Food’ were used for the
enumeration and detection of the two pathogens. These last two methods are qualitative in
nature in that they only test for the presence or absence of Salmonella and Listeria.
All samples submitted to the Microbiology laboratory were analysed in triplicates for
quantitative analysis and in duplicates for qualitative analysis. Results therefore in the
Results and Discussion section following represent the average for each kind of vegetable
(washed, unwashed) for triplicate or duplicate readings. The reporting guidelines for
accreditation are also adhered to for both the quantitative and qualitative tests.
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5. Results and Discussion
The results for E. coli indicate some potential issues about the quality of water used for
washing and recontamination along the supply chain (table 3). Clients A and C had
vegetables washed on site using their water supply and results for Client A indicate that the
washing procedure used sufficiently reduced contamination which also indicated the quality
of their water supply. All vegetables sampled from Client C were prewashed on farm site and
were halved upon arrival at SROS premises and further washed using the chlorinated water
supply.
The results indicate that washing on the farm site did not remove the microbial contaminants
from the produce while using clean town water supply thoroughly cleaned the produce.
Results for Clients B, D and E indicate that samples which were transported and stored
(Client B) and those sold at the markets and stores (Clients D & E) had high counts for E. coli
contamination. It is interesting to note that the watercress harvested and washed using the
surrounding water was very clean compared to that handled and sold at the market.
It is important to note that these results indicate the presence of general E. coli and not
specifically the pathogenic strains. The counts for most of the produce reported as >250
cfu/g were quite numerous.
The qualitative results for pathogens do not indicate a problem of contamination with either
Salmonella or L. monocytogenes for any of the sampled vegetables from the farms (table 4).
This is very encouraging results for the leafy green vegetable farmers as well as consumers of
local fresh produce.

Table 3: Quantitative results for E. coli tests.
Clients
A

B

C

D

Sample Description
Bok Choy cabbage (washed at farm)
Bok Choy cabbage (unwashed from farm)
Bok Choy cabbage (unwashed from farm)
Lettuce (unwashed from farm)
Bok Choy cabbage (from storage after 1 day)
Lettuce (from storage after 1 day)
Coriander (prewashed at farm)
Basil (washed at SROS)
Basil (prewashed at farm)
Mix (washed at SROS)
Mix (prewashed at farm)
Rocket (washed at SROS)
Rocket (prewashed at farm)
Watercress (direct from farm)

E.coli (cfu/g)
<1
34
<1
8
>250
>250
>250
<1
>250
<1
>250
<1
>250
<1
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E

Watercress (Market Vendor)
Round cabbage (store)

>250
>250

Table 4: Qualitative results for Salmonella and L. monocytogenes.
Clients

Sample Description

A

Bok Choy cabbage (washed at
farm)

Absent

Absent

Bok Choy cabbage (unwashed
from farm)

Absent

Absent

Bok Choy cabbage (unwashed)

Absent

Absent

Bok Choy cabbage (from
storage after 1 day)

Absent

Absent

Lettuce (unwashed)

Absent

Absent

Lettuce (from storage after 1
day)

Absent

Absent

Coriander (prewashed at farm)

Absent

Absent

Basil (washed at SROS)

Absent

Absent

Basil (prewashed at farm)

Absent

Absent

Mix (washed at SROS)

Absent

Absent

Mix (prewashed at farm)

Absent

Absent

Rocket (washed at SROS)

Absent

Absent

Rocket (prewashed at farm)

Absent

Absent

Water cress (direct from farm)

Absent

Absent

Water cress (market vendor)

Absent

Absent

Round cabbage (from store)

Absent

Absent

B

C

D

E

Presence/Absence of
Salmonella spp in 25 g
sample

Presence/Absence of
Listeria monocytogenes in
25 g sample
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E. coli is considered a hygienic criterion for processing while Salmonella and L.
monocytogenes are a food safety criterion at the market place (Abadias et al., 2007).
However for leafy greens intended for direct consumption the presence of E. coli is a safety
concern especially when it also indicates the possible presence of the pathogenic strains.
The produce from Client A and watercress from Client D (table 3) were the only produce free
of contamination after harvesting and washing which also met the local food standards before
distribution to clients. Client B only had a few counts of E. coli originally present for
unwashed produce but which subsequently increased when it was transported and stored in
the cool room used for storing all sorts of produce from meat to processed goods as well as
fruits and vegetables. Results for Clients D and E obviously indicate high bacterial
contamination for produce as displayed and sold at the markets and stores which is a real
concern but was expected with the favourable conditions in the markets and stores for
bacterial growth.
Despite the high counts for E. coli found, none of the produce had visible signs for spoilage
and as reported by Abadias et al. (2007), high counts do not necessarily indicate the presence
of pathogenic E. coli O157:H7. The high counts on produce after washing on farm and at the
point of sale may be attributed to the quality of water and unhygienic handling potentially
contributing as major sources for produce cross contamination. Washing with poor quality
water was found to be the means for spreading Salmonella causing an outbreak in the United
States (Jung et al., 2014). The results indicate that thorough washing with clean water will
most likely be sufficient to significantly reduce contamination with E. coli and this is also
supported by Abadias et al. (2007). The quality of irrigation water as well as the means of
application (drip, sprinkle) was highlighted by many reports (ECSCF, 2002; Jung et al.,
2014) as having a big impact on the safety of produce. Sprinkle irrigation was the least
favoured as it presented the most risk by directly contaminating produce
The absence of Salmonella and L. monocytogenes from all produce indicates that direct and
indirect contamination by carrier animals’ faecal waste and/or contaminated water is very
limited. The use of manure (solid, slurry or liquid) as fertiliser was reported to be used by
some farms and proper composting may be eliminating the occurrence of these two
pathogens with none detected for the produce sampled and tested. The use of organic
fertiliser (manure or sewage sludge) as soil amendments however does carry a high risk
because of the possible presence of pathogens which can contaminate the produce (ECSCF,
2002).
A similar study was conducted by the New South Wales Food Authority (2007) in Australia
involving similar fresh produce (lettuce, mix green leaf and watercress) but in the packaged,
loose fresh cut state and tested for the same bacterial contaminants. The results were much
better with 99% of the produce sold at supermarkets attaining satisfactory status with only
indicator E. coli found on 1% of produce and a non-detection for either Salmonella or L.
monocytogenes.
The sources of contamination are numerous and are a direct result of pre-harvest (soil
amendments, irrigation water, farm practices) and post-harvest (harvesting, handling and
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packaging) factors (NSW Food Authority, 2007). During this study, it was observed that
handling practices, non-separation of areas for unwashed and washed produce, storage
conditions, hygiene status of equipment used during harvest and transportation to markets
plus limited knowledge and concern for food safety, may have been key contributors to
contamination. The producers or farmers need to be reminded of the importance of
implementing good agricultural practices to minimise microbial risks for their produce. The
other players involved especially those handling produce for each farmer’s supply chain also
need to be made aware of the importance of proper handling and how it impacts on produce
safety and loss. For consumers, it is imperative that they understand the importance of
thoroughly washing fresh produce with quality water when preparing for consumption.
Imported fruits and vegetables pose the same risk for consumers although there is a common
misconception that they are safer than the locally produced equivalents. The global demand
and trade for fruits and vegetables have increased and developed countries have experienced
major outbreaks linked to imported fresh, ready to eat produce (Jung, et al., 2014; Abadias et
al., 2007, NSW Food Authority, 2007). Therefore, the safety of imported fruits and
vegetables and its supply chains will also need to be ascertained and/or determined as they
may have the similar effects on the health and safety of consumers.
The study focussed on produce from the farms as well as those from the markets and stores
but did not include the road side vendors which are becoming a major source for vegetables
for most families as they are more convenient for obvious reasons.
The National Food Bill 2014 has been formally enacted and the regulations which follow
should ensure that the appropriate microbiological safety limits are established. L.
monocytogenes is not listed as a regulated microbe and should be included in Schedule Two
for microbiological contaminants. The emphasis on good agricultural practices as well as
adoption of the code for ‘Hygienic Practices for Fresh Fruits and Vegetables’ as developed by
the Codex Alimentarius Committee of Food Hygiene can be a starting point for developing
practical codes of practice for local farmers.
The results and key findings from this study were presented at the FAO Workshop held on
15th and 16th of July 2015 at Tanoa Tusitala Hotel, which reviewed the work undertaken on
post-harvest losses in Samoa’s fruit and vegetable supply chains by the International
Consultant Professor Steven Underhill.

12 | P a g e “ S R O S - A n a l y s i s o f m i r o b i o l o g i c a l r i s k s f o r s e l e c t e d l e a f y
green vegetable chains in Samoa”

6. Conclusions and Recommendations
The safety of food supplies are a paramount concern for every country and the global trend
for healthy living leading to increased trade for fresh produce has significantly increased the
risk for consumers health and safety.
The study found E. coli to be the major concern not only from a hygienic perspective but also
for the potential health risk when consuming leafy green vegetables. Only two farms
provided vegetables that were completely compliant to the draft national food standards and
who were implementing thorough washing on farm with what was assumed to be clean water.
The quality of water available at the other farms may have been a contributing factor
hindering the ability of the farmers to produce contaminant-free vegetables. Crosscontamination of produce was high as it travelled from farm through the supply chain, with
results indicating the poor cold storage conditions as well as during display for selling.
From this study, the occurrence of microbiologically related food safety risks for leafy green
vegetables in Samoa are most likely impacted upon by the following factors:
 availability of clean quality water for on farm use;
 practices implemented at the farms during growing, harvesting and post-harvest activities;
 storage facility conditions and its use;
 preparation and display of goods for sale; and,
 limited knowledge and/or concern for food safety by those involved throughout the chain.
In light of the above findings, the recommendations for improvement and future work are as
follow:
(1)

Good agricultural practices and the Codex code for proper hygienic practices for fruits
and vegetables to provide guidelines for formulating practical interventions;

(2)

Produce easy to understand information sheets or promotional materials targeting
farmers (domestic and commercial) as well as consumers relaying the important link
between produce safety and consumer health;

(3)

Interventions for each commercial farm needs to be specific, hands-on and practical
rather than classroom based;

(4)

Quality of water used for agricultural and processing purposes should be regularly
tested to monitor microbial contamination levels;
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(5)

The draft national regulations need to include L. monocytogenes as it is an important
food health and safety indicator; and,

(6)

Chemical (pesticide) residues in vegetables and water sources downstream from
agricultural lands to be investigated as another source of food safety concern.
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