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Abstract: Although it is difficult to clearly identify the extent to which the foodservice industry
contributes to food waste, its share is undoubtedly significant. As the hospitality and foodservice
industry develops, more and more food waste is produced. The reduction of food waste is a key
challenge for the sustainable development of the foodservice industry as it has negative economic and
environmental impacts and is ethically reprehensible. The objectives of the study were to develop a
risk management model of food waste based on the ISO 31000 standard for foodservice establishments,
to learn the causes of food waste, and, on this basis, to estimate the risk of food waste in foodservice
establishments. The survey was conducted in 130 foodservice establishments located in Poland using
a specially designed questionnaire. The risk of food waste was identified in the studied foodservice
establishments, manifested by throwing away of semi-finished products, hot and cold served dishes,
bread, vegetables and fruit, expired products, products with signs of spoilage, and products with
no visible signs of spoilage. Two risk levels were identified: medium risk for fruits and vegetables,
and bread, and high (not acceptable) for the other six foodstuffs. Two risk treatment options were
identified: prevention and tolerance.
Keywords: food waste; foodservice industry; hospitality; waste management; food waste prevention;
causes of food waste; risk management; risk analysis

1. Introduction
According to the definition proposed by the United Nations Food and Agriculture Organization
(FAO), “food loss” is the reduction in the total weight of food intended for human consumption.
It includes the amount of food that was originally produced for consumption but eventually was
naturally lost due to a reduction in weight (e.g., dried), became spoiled, or was used for other purposes
(e.g., for biofuel, compost, feed, etc.). Food loss does not include non-edible parts (e.g., bones, peelings,
etc.) and raw materials and products originally produced for non-consumption purposes (e.g., feed,
bio-components, bioenergy, etc.). Another concept in addition to food loss is food waste, which is
defined as the loss of food managed at the level of the foodservice industry and households [1].
The FAO estimated food loss and food waste at one-third of the total food produced, i.e., 1.3 billion
tonnes [1]. The European Commission estimates that between one-third and one-half of all food
produced in the world is lost or wasted (i.e., up to 2 billion tonnes of food). Eurostat estimates, based
on data provided by the EU-27, that in 2006 approximately 89 million tonnes of food waste were
generated, of which 42% came from households, 39% from production facilities, and the remaining
19% from other sources including distribution, shops, and the foodservice industry [2].
The foodservice industry has been identified by Beretta et al. [3] as the third-largest source of
food waste. The estimates carried out as a part of the FUSIONS project [4] prove that the foodservice
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produces about 12% of total food waste (53% households, 19% food industry). It has been estimated
that Italian restaurants are the source of about 21% of total food waste [5]. According to [6], in Western
Australia, hotels generate 4377 tonnes of food waste per day.
Bohdanowicz [7] estimated that about 1 kg of waste is produced daily by each consumer using
food services. According to Goh and Jie [8], although it is difficult to clearly identify the extent to
which the foodservice industry contributes to food waste, its significant share is undeniable.
In Poland,“other sectors” in the structure of food loss and food waste accounted for only 4%
according to EUROSTAT estimates from 2006 (processing held the first place with 73.2%, followed by
households with 22.8%) [2]. It should be emphasized, however, that in Poland, dynamic growth of
the foodservice industry has been observed in recent years. The value of sales revenues generated by
restaurants is systematically increasing, which is influenced by the level of services provided, which
translates into a higher frequency of use of food service. The development of foodservice is influenced
by many factors, such as the general economic situation in the country, which results in positive
consumer sentiment, increased professional activity of Poles, changes in time management, domestic
and foreign tourist traffic [9,10].
As the hospitality and foodservice industry develops, more and more waste, including food
waste, is produced [11]. Food waste in foodservice establishments is generated during storage and
processing in the cooking facilities, in the dispatch section (buffet), and in the consumer room in the
form of so-called leftovers.
The foodservice sector is subject to increasing controls related to food management and, in
particular, food waste, due to the disposal of large quantities of food during preparation and storage,
and the impossibility to reuse prepared but unsold food [12–14].
According to Martin-Rios et al. [15], the reduction of food waste is a key challenge for the
sustainable development of the foodservice industry as it has negative economic and environmental
impacts and is ethically reprehensible.
According to Tonini et al. [16], food preparation in households and in the foodservice industry
has a significant impact on the environment, including global warming. Kummu et al. [17] concluded
that food waste corresponds to about 23%–24% of the total use of arable land, freshwater resources,
and fertilizers used for food production.
As Beretta et al. [18] pointed out, the environmental significance of food loss depends not only
on the quantity but also on the type of food, the place in the food chain where it is lost, and the way
it is recycled or disposed of. Therefore, food loss should not only be measured but also evaluated
by life cycle assessment. It is estimated that the products with the highest consumption of natural
resources and potentially the highest possible negative impact on the environment are beef and dairy
products [19]. Products of animal origin have a particularly high demand for water per unit of
nutritional energy compared to food of plant origin. For example, the total water footprint (WF) of
pork (expressed in liters per kcal) is twice as high as the WF of pulses and four times as high as WF of
grains [20].
In conclusion, food waste in the foodservice industry is significant in terms of its scale, its financial
losses [21], and its negative impact on the global ecosystem alike [22]. Undoubtedly, a reduction of this
phenomenon is necessary, but also extremely difficult.
Currently, according to Filimonau and Coteau [23], there are few academic studies available on
food waste in the hospitality sector. Therefore, there is a need to conduct research in this sector to learn
about the causes of food waste, to identify barriers to the effective reduction of this problem, and to
take actions to eliminate these barriers.
The objectives of the study were (1) to develop a risk management model of food waste based on
the ISO 31000 [24] standard for foodservice establishments in foodservice establishments, (2) to learn
the causes of food waste, and (3) to estimate the risk of food waste in foodservice establishments.
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2. Materials and Methods
2.1. Data Collection
The study was carried out in 2019. In the selection of samples for the study, the non-random
sampling technique, i.e., targeted selection, was used. The study included establishments located
in 11 provinces of Poland. The selected 130 foodservice enterprises are not a representative ’sample’
for Poland, and all establishments types were represented. A pilot study was conducted on five
foodservice establishments in Warsaw. The establishments that underwent the pilot test were not the
sources of the data collected for this study.
A revised version of the questionnaire consisted of three sections: characteristics of the foodservice
establishments, procurement, storage, and preparation procedures, in the context of food waste.
One hundred and thirty completed questionnaires were collected. The surveys were delivered to
foodservice establishments by the authors of the study personally. If an establishment owner, manager,
or another person agreed to participate in the study, instructions were given on how to complete the
survey, and the questionnaire was then left in the establishment. One week after the survey was left
in the establishment, it was collected by the person who delivered it. All subjects were guaranteed
anonymity in their participation in the study. The survey also included closed-ended questions with
suggested multiple-choice answers. The characteristics of the establishments are presented in Table 1.
Table 1. Characteristics of the foodservice establishments participating in the study [%].
Characteristics

Categories

%

Business location:

Cities with population of over 500,001
Cities with population over 100,001 and up to 500,000
Cities with population over 50,001 and up to 100,000
Cities with population up to 50,000
Villages

60.8
10
12.3
9.2
7.7

Type of establishment:

Bar
Restaurant
Hotel foodservice
Canteen
Foodservice point
Café
Other

9.2
50.8
9.2
2.3
3.8
15.4
9.3

Time in business:

<1 year
1–2 years
3–5 years
6–5 years
>9 years

6.2
13.8
23.8
13.8
42.4

Number of employees:

up to 10
11–20
21–50
51–70
More than 70

31.5
25.4
23.8
6.9
12.3

Number of consumers
served:

up to 100
101–200
201–400
More than 400

35.4
21.5
13.1
30

Position of the person
filling the questionnaire:

Manager
Chef
Owner
Supervisor
Other

40
17.7
16.2
6.9
19.2

Food safety management
systems in place:

GMP/GHP
HACCP
ISO 22 000

58.5
91.5
6.9
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2.2. Data Analysis
In the discussion of the results, elements of descriptive statistics, such as mean, median, mode,
kurtosis, and standard deviation (SD), were used. The percentage share of the correct answers was
calculated. All tests were performed using Statistica 12.1. PL (StatSoft, Cracow, Poland).
2.3. The Risk Management Model
The developed risk management model of food waste is based on the ISO 31000 [24] standard for
foodservice establishments. The specific stages of the risk management process and the methods used
are shown below:
2.3.1. Risk Identification
The starting point was a detailed analysis of the available publications and the data collected by
the foodservice establishments that were investigated.
2.3.2. Risk Analysis
Subsequently, the identified risks of food waste were analyzed to understand them in detail.
For this purpose, Ishikawa’s diagram was used to present the causes of food waste. To determine
the incidence of the causes of food waste, four questions included in the questionnaire were used.
A grading scale was used for assessment: always, usually, sometimes, occasionally, never. In case of a
question concerning the frequency of performance of individual activities in the storerooms, a 5-point
scale was used (more than twice a day, 1-2 times a day, 2-3 times a week, 1-2 times a month, never).
In monitoring the risk, a matrix of the probability of food waste (Table 2) and its consequences
(Table 3) was developed. The starting point for the development of the probability and consequence
matrix was a detailed analysis of the available literature [24–26]. To calculate the probability of food
waste risk, one of the questions in the survey was used, in which a 5-point scale was applied. A specific
number of points was awarded for the different answers: 5—every day, 4—almost daily, 3—sometimes,
2—occasionally, and 1—never. A five-point scale was adopted for the risk occurrence probability.
Table 2. Food waste probability matrix (P).
Assessment

Points

impossible
possible
very possible
almost certain
certain

1
2
3
4
5

Description
There Are Reasonable Grounds to Believe That:
food waste will not occur
food waste will occur occasionally
food waste will occur sometimes
food waste will occur almost daily
food waste will occur every day

Source: Own study based on [24–26].

Table 3. Consequences matrix (C).
Assessment

Points

Description

insignificant

1

results in insignificant financial losses
does not adversely affect the environment

minor

2

results in minor financial losses
virtually does not adversely affect the environment

moderate

3

results in moderate financial losses
moderate negative impact on the environment

major

4

results in major financial losses
negative impact on the environment

extreme

5

causes serious financial losses
very negative impact on the environment

Source: Own study based on [24–26].
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A five-point scale was adopted for the assessment of consequences (Table 3). The consequences
taken into account are related to the type of product waste, the financial losses, and the impact on
the environment. The following factors were taken into account when estimating the environmental
impact: CO2 emissions [27] and water footprint [20,28,29].
The financial losses result from: purchase of ingredients and their storage, processing of purchased
ingredients into semi-finished products, production of food that was not sold with the expected
profit. From an economic point of view, the most significant are the financial losses resulting from
the production of semi-finished products and finished meals, because, in addition to the purchase of
raw materials, the company incurred the cost of the utilities (electricity and water) and the wages of
its employees.
Determination of the probability of occurrence of an unfavorable event provides baseline
information to determine the level of risk, which depends on the probability and the consequences,
and these parameters depend on the accuracy of the information input. The values for the probability
(P) and the consequences (C) were transferred to the consequence/probability matrix (R) (Table 4).
The values for R were calculated with the formula P × C.
Table 4. Consequence/probability matrix (R).
Consequence (C)
Probability (P)
Impossible
Possible
Very possible
Almost certain
Certain

Insignificant

Minor

Moderate

Major

Extreme

1
2
3
4
5

2
4
6
8
10

3
6
9
12
15

4
8
12
16
20

5
10
15
20
25

2.3.3. Risk Evaluation
To evaluate the risk, which has a significant impact on the decision-making process, the risk
matrix was used to determine whether the expected risk is within the acceptable limits or whether it is
outside these limits. The risk matrix defined the risk depending on the obtained value of PC. The risk
levels were divided into: “very low”, “low”, “medium”, “high”, and “very high.” For each of these risk
levels, adequate decisions were indicated. If the risk is not acceptable, further treatment is required
(Table 5).
Table 5. Risk matrix and risk treatment.
RISK MATRIX
Criteria

RISK TREATMENT
Evaluation

Risk Treatment Options

low

acceptable

1. tolerance

6–9

medium

acceptable, requiring
management decisions

1. tolerance
2. prevention

10–16

high

unacceptable

1. prevention
2. tolerance

16–25.

very high

unacceptable

1. avoidance
2. prevention
3. tolerance

Level

Risk

1–5

Source: Own study based on [24–26].
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very high

2. tolerance
1. avoidance
2. prevention
3. tolerance

unacceptable
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Source: Own study based on [24–26].

2.3.4. Risk Treatment
2.2.4. Risk Treatment
The results of the risk analysis formed the basis for the decision on what the identified risks are
The results of the risk analysis formed the basis for the decision on what the identified risks are and to
and to what extent they require that the organization implement proper risk treatment algorithms and
what extent they require that the organization implement proper risk treatment algorithms and prioritize
prioritize their application. For this purpose, a risk treatment matrix was developed based on [24–26].
their application. For this purpose, a risk treatment matrix was developed based on [24–26]. According to
According to ISO 31000:2018 Risk management – Guidelines [24], options for treating risk may involve,
ISO 31000:2018 Risk management – Guidelines [24], options for treating risk may involve, e.g., avoiding the
e.g., avoiding the risk, eliminating the source of the risk, changing the consequences, and preventing the
risk, eliminating the source of the risk, changing the consequences, and preventing the risk by informed
risk by informed decision. The following risk treatment options were adopted: tolerance, prevention,
decision. The following risk treatment options were adopted: tolerance, prevention, and avoidance (Table 5).
and avoidance (Table 5).

3. Results
3.
Results
3.1. Risk Identification

The risk of food
food waste
waste identified
identified in
in the
the studied
studied foodservice
foodservice establishments
establishments was
was manifested
manifested by
by throwing
away semi-finished
products, products,
hot and cold
served
and fruits,
throwing
away semi-finished
hot and
colddishes,
servedbread,
dishes,vegetables
bread, vegetables
andexpired
fruits, products,
withand
no products
visible signs
spoilage.
productsproducts,
with signs
of spoilage,
expired
products
with and
signsproducts
of spoilage,
withofno
visible signs of spoilage.
3.2.
Risk Analysis
Analysis
3.2. Risk
3.2.1.
Causes of
of Food
Food Waste
Waste
3.2.1. Causes
Nearly
wasted
food
occasionally
duedue
to overlooked
expiry
Nearly half
half of
ofthe
theestablishments
establishmentssurveyed
surveyed
wasted
food
occasionally
to overlooked
expiry dates
dates
and
excessive
purchases
(Figure
1).
On
the
other
hand,
one-third
of
the
respondents
declared
and excessive purchases (Figure 1). On the other hand, one-third of the respondents declared that they
that
they occasionally
threwfood
awaydue
foodtodue
to ill-considered
purchases
inappropriate
storageconditions.
occasionally
threw away
ill-considered
purchases
andand
inappropriate
storage
conditions.
Preparation
of
too
much
food
was
one
of
the
most
common
reasons
for
wasting
food,
ashalf of the
Preparation of too much food was one of the most common reasons for wasting food, as almost
almost
half
of
the
studied
establishments
threw
food
away
for
this
reason
“usually”
or
“sometimes.”
studied establishments threw food away for this reason "usually" or "sometimes." Nearly three-quarters of
Nearly
three-quarters
of the
respondents
declared
they
didfood
not throw
food due
to a to use the
the respondents
declared
that
they did not
throw that
away
their
due toaway
a lacktheir
of ideas
on how
lack
of
ideas
on
how
to
use
the
products
for
other
dishes.
In
half
of
the
studied
establishments,
food
products for other dishes. In half of the studied establishments, food was sometimes or occasionally thrown
was
or occasionally
thrown away due
qualifications,
and
in more of
than
awaysometimes
due to inadequate
staff qualifications,
and to
in inadequate
more than staff
one-third,
due to the
purchase
poor-quality
one-third,
due
to
the
purchase
of
poor-quality
products.
products.

8
7
6
5
4
3
2
1
0

20

40

60

80

100

%
always

usually

sometimes

occasionally

never

Figure of
1. Causes
of food
waste
in the foodservice
studied foodservice
establishments
[%].
Figure 1. Causes
food waste
in the
studied
establishments
[%]. 1—ill-considered
purchases, 2—excessive purchases, 3—purchases of low-quality products, 4—inadequate storage
conditions, 5—preparing too much food, 6—overlooking the expiry date, 7—lack of ides for other use
of products for preparation of other dishes, 8—inappropriate staff qualifications.
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Results of descriptive statistics concerning causes of discarding food in catering establishments
are shown in Table 6.
Table 6. Results of descriptive statistics concerning causes of discarding food in catering establishments.
Causes

Mean

Median

Mode

Kurtosis

SD

ill-considered shopping
too many products bought
buying low-quality products
inappropriate storage conditions
preparing too much food
overlooking the expiry date
lack of ideas for other use of products
inappropriate staff qualifications

2.0
2.1
1.6
1.8
2.4
2.1
1.5
1.8

2.0
2.0
1.0
2.0
2.0
2.0
1.0
2.0

1.0
2.0
1.0
1.0
2.0
2.0
1.0
1.0

0.143
0.451
1.711
0.509
–0.715
–0.704
3.448
0.782

0.948
0.913
0.948
0.825
0.966
0.854
0.941
0.969

5—always, 4—usually, 3—sometimes, 2—occasionally, 1—never.

The next stage consisted of checking how the respondents prepared for shopping and how they
acted during shopping (Table 7). A vast majority of the respondents checked the amount of food they
had in store and prepared a list of the products they needed before shopping. More than half of the
respondents occasionally or sometimes bought food products that they had not planned to buy and
made purchases to stock up on food. Almost half of the respondents “never” bought products with a
short expiry date, and almost the same number of respondents did so “occasionally” or “sometimes.”
Table 7. Frequency of performance of the listed activities [%].

Frequency

Checking the
Stock of Food
Products before
Shopping

Preparing a
List of
Products
Needed

Buying Food
Products that
Have not been
Planned

Shopping to
Stock Up on
Food

Buying
Products with
a Short Expiry
Date

always

80.0

80.8

3.8

6.9

3.2

usually

19.2

13.8

8.5

15.4

3.2

sometimes

0.8

3.1

30.0

35.4

15.1

occasionally

0.0

0.0

38.5

26.2

30.2

never

0.0

1.5

19.2

16.2

48.4

An important issue is an assessment of the quality of food products received at the establishment.
More than two-thirds of the respondents “always” checked the expiry dates and the condition of the
packaging and assessed the appearance and smell of unpackaged products (Table 8. Rarely performed
activities include checking the hygiene of the supplier and checking the cleanliness of the means of
transport; only one-third of the respondents “always” performed these activities. Only half of the
respondents “always” checked the temperature of the means of transport and/or the refrigeration
products, and almost one fifth “never” did so.
The products must be stored in suitable conditions, which should be monitored regularly. The
results indicate that in most of the examined establishment, temperature control in cold storage rooms
and freezer storage rooms and quality control of unpackaged products is carried out at least once a day
(Table 9).
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Table 8. Frequency of performance of the listed activities at the time of receipt of goods [%].

Frequency

Checking the Temperature of
the Means of Transport and/or
Refrigeration Products

Checking the
Hygiene of the
Supplier

Checking the
Cleanliness of the
Means of Transport

Checking
the Expiry
Date

Checking the
Packaging Condition

Evaluating the
Appearance and Smell
of Unpackaged Products

always

47.2

32.0

32.0

75.0

72.6

77.4

usually

12.2

17.2

14.8

12.9

20.2

9.7

sometimes

8.9

18.9

13.9

3.2

0.8

0.8

occasionally

14.6

5.7

11.5

3.2

0.8

4.0

never

17.1

26.2

27.9

5.6

5.6

8.1

Table 9. Frequency of particular activities in storerooms.

Frequency

Checking the
Temperature in Cold
Storage Rooms

Checking the
Temperature in Freezer
Storage Rooms

Checking the
Cleanliness

Checking the
Expiry Dates

Checking the
Packaging
Condition

Checking the Appearance
and Smell of Unpackaged
Products

more than 2 times a day

10.3

11.3

9.7

8.9

10.5

7.3

1–2 times
a day

72.2

71.0

68.5

55.6

46.0

71.0

2–3 times
a week

8.7

8.9

10.5

25.0

26.6

12.1

1–2 times
a month

7.1

7.3

11.3

9.7

13.7

7.3

never

1.6

1.6

0.0

0.8

3.2

2.4
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the 4.5 *;
hygiene
the supplierof3.2
the cleanliness
of theand/or
meansrefrigeration
of transport 3.1
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4.5
*
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*;
4.4
*
the packaging condition 4.5 * and evaluating the appearance and smell of unpackaged products
2.
Buying food products that have not been planned 2.4 *
4.4 *
3.
Preparing a list of products needed 2.7 *
Buying food products that have not been planned 2.4 *
4.
Checking the stock of food products before shopping 4.8 *
Preparing
a list ofthe
products
neededin
2.7cold
* storage compartments/cabinets 3.8 *; the temperature in
5.
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temperature
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of food products before3.8shopping
4.8 * cleanliness of cold storage cabinets, storage
refrigerated
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racksthe
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*; the packaging
condition 3.6 3.8
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of
Checking:
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storage
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temperature
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unpackaged
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3.8
*
refrigerated compartments/cabinets 3.8 *; the surface cleanliness of cold storage cabinets, storage
6.
Buying food products with a very short expiry date 1.7 *.
racks 3.8 *; the expiry dates 3.7 *; the packaging condition 3.6 *; the appearance and smell of

unpackaged
products
3.8 *
3.2.2. Methods
of Management
of Unsold Food and Food Waste in the Studied Foodservice
Establishments
Buying
food products with a very short expiry date 1.7 *

The most popular way to manage unsold meals in the studied foodservice establishments was to
3.2.2. Methods
of in
Management
Unsold Food
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Studied
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store them
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untiland
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next Waste
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The next
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Establishments
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In almost half of the studied establishments, it was found that food waste management methods
In almost half of the studied establishments, it was found that food waste management methods
were inappropriate (Table 10). Over 40% of the studied establishments disposed of plant and animal
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Table 10. Method of management of food waste in the studied foodservice establishments.
Table 10. Method of management of food waste in the studied foodservice establishments.
Frequency

frequency
waste of plant
origin

Disposed of
into
a Public
disposed
of
Garbage
into a public
Container

garbage
container
44.4

Disposed
Handed over
Drained into the
drained into the
of in a
Fed to over
Sewer System Thanks
Not
disposed
ofto behanded
sewer system
Food
Waste
Farm
to
the
Installed
Food
Applicable
not
in a food
to be fed to
to the
Container
Animals
Wastethanks
Grinders

waste
container
29.0

farm
animals
10.5

installed food
1.6
waste grinders

applicable

14.5

waste
plant
used of
cooking/
44.4
9.7
50.029.0
4.8 10.5
2.4 1.6
33.1 14.5
frying
originoil
usedfood
expired
48.4
36.9
8.2
0.0
6.5
cooking/frying
9.7
50.0
4.8
2.4
33.1
waste of animal
41.8
43.4
5.7
0.0
9.1
oil
origin
expired food
48.4
36.9
8.2
0.0
6.5
waste
of
animal
3.2.3. Risk Level Estimation
41.8
43.4
5.7
0.0
9.1
origin
Food disposed of most often (daily and almost daily) by more than one-third of the respondents
was products with signs of spoilage, expired products, and wilted vegetables and fruits (Table 11).
3.2.3. Risk Level Estimation
Every day, in one-quarter of the studied establishments, hot dishes and in one in five plants, cold-served
disposed
most often
(daily and
daily) by
more than
one-thirdthe
of least
the respondents
dishesFood
and bread
wereof
disposed
of. Disposal
of almost
semi-finished
products
was declared
frequently.
was products with signs of spoilage, expired products, and wilted vegetables and fruits (Table 11).
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Table 11. Frequency of disposal of food products in foodservice establishments [%].

Frequency

Semi-Finished
Products,

Cold-Served
Dishes

Warm Served
Dishes

Bread

Wilted
Fruits and
Vegetables

Expired
Products

Partly Consumed
Products with
Signs of Spoilage

Partly Consumed
Products without Visible
Signs of Spoilage

every day

18.6

21.7

25.6

20.9

22.5

24.0

24.8

16.3

almost daily

7.8

14.0

6.2

10.1

10.9

11.6

15.5

11.6

sometimes

17.8

27.9

19.4

21.7

35.7

28.7

26.4

18.6

occasionally

28.7

25.6

23.3

24.8

22.5

30.2

27.9

31.8

never

27.1

11.6

26.4

23.3

9.3

6.2

6.2

22.5
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Disposal
of Food
Products
Mean
Mode
Kurtosis SD SD
disposal
of food
products
mean Median
median
mode
kurtosis
semi-finished
products
2.0
–1.08
semi-finished
products
2.62.6
2.0
repeated
–1.08 1.461.46
cold-served dishes
3.1
3.0
3.0
–1.10
1.31
cold-served dishes
3.1
3.0
3.0
–1.10
1.31
warm-served dishes
2.8
3.0
1.0
–1.36
1.52
warm-served
dishes
2.82.8
3.0
1.0
–1.36 1.441.52
bread
3.0
2.0
–1.22
2.83.2
3.0
2.0
–1.22 1.251.44
wilted bread
fruits and vegetables
3.0
3.0
–0.94
expired
products
3.0
2.0
–1.11
wilted fruits
and vegetables
3.23.2
3.0
3.0
–0.94 1.261.25
partly consumed products with signs of
expired products
3.23.3
3.0
2.0
–1.11 1.271.26
3.0
–1.16
spoilage
partly consumed
products
with signs
of spoilage
3.3
3.0
2.0
–1.16
1.27
partly consumed
products
without
visible
2.7
2.0
2.0
–1.01
1.37
signs ofwithout
spoilagevisible signs
partly consumed products
2.7
2.0
2.0
–1.01
1.37
of spoilage
Based on the frequency of disposal of food products in foodservice establishments on a 5-point
scale (where: 5—every day, 4—almost daily, 3—sometimes, 2—occasionally, and 1—never) and the
Based on the frequency of disposal of food products in foodservice establishments on a 5-point
percentage of answers, the probability was calculated (see Table 2). In the next stage, a specific
scalenumber
(where:of5—every
day, 4—almost daily, 3—sometimes, 2—occasionally, and 1—never) and the
points (see Table 3) was awarded for the different food products: 2—wilted vegetables
percentage
of
answers,
the
probability
was calculated
(see Table
2). In with
the next
a specific
number
and fruits; 3—bread; 4—expired
products,
partly consumed
products
signsstage,
of spoilage,
partly
of points
(see Table
3) was
awarded
theofdifferent
products: 2—wilted
vegetablesdishes,
and fruits;
consumed
products
without
visiblefor
signs
spoilage;food
5—semi-finished
products, hot-served
3—bread;
4—expired
partly
consumed
products
signs of of
spoilage,
consumed
cold-served
dishes.products,
The values
for the
probability
(P) of with
the disposal
food inpartly
foodservice
establishments
and thesigns
values
the consequences
(C) shownproducts,
in Figure hot-served
4.
products
without visible
offor
spoilage;
5—semi-finished
dishes, cold-served
The
values
for
the
probability
and
the
consequences
(R)
were
transferred—
each of the eight
dishes. The values for the probability (P) of the disposal of food in foodservicefor
establishments
and the
food
the consequence
matrix (see Table 4). The obtained values ranged
values
forproducts—to
the consequences
(C) shown/probability
in Figure 4.
from 6.4 (fruits and vegetables) to 15.5 (cold-served dishes).

Figure 4. The values for the probability (P) of disposal of food products in foodservice establishments
on a 5-point scale, (where: 5—daily, and 1—never) and the values for the consequences (C) (where:
5—extreme, and 1—insignificant).
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The values for the probability and the consequences (R) were transferred— for each of the eight
food products—to the consequence /probability matrix (see Table 4). The obtained values ranged from
6.4 (fruits and vegetables) to 15.5 (cold-served dishes).
3.3. Risk Evaluation and Risk Treatment
In the next stage, the obtained values were compared to the risk matrix and the risk treatment
(Table 5), and two risk levels were identified: medium for fruits and vegetables, and for bread
(acceptable, requiring management decisions), and high (not acceptable) for the six food products.
Two risk treatment options were identified: prevention and tolerance.
4. Discussion
According to Parfitt et al. [30], the focus should be on avoidable hospitality food waste as food
becomes waste due to improper transport, storage, or preparation techniques [31]. According to
the WRAP Report [21], avoidable food waste at the preparation stage is 45%, at the consumption
(so-called plate waste) stage is 34%, and due to spoilage, including expired food, is 21%. Estimates
of the Sustainable Restaurant Association (SRA) [32] indicate that at the stage of food preparation,
avoidable food waste is 65%, and waste due to spoilage is 5%. As our research indicates, almost half
of the studied establishments wasted food occasionally due to overlooking the expiration date, and
the most frequently disposed of foods were partly consumed products with signs of spoilage, wilted
vegetables and fruits, expired products, and cold-served dishes. It should be noted that one of the
reasons for food waste may be too much stock due to unplanned purchases, which is declared by more
than half of the respondents with different frequencies. It can be stated that persons responsible for
catering supplies are susceptible to promotional campaigns, just like consumers.
According to Papargyropoulou et al. [33], in hotel foodservice, the main fraction of wasted food
that can be avoided are fruits and vegetables, followed by cereal products, fish and seafood, and
meat. Identification of the groups of food that are most often disposed of is important to reduce this
undesirable practice. This is because it makes it possible to indicate which operating processes should
be modified to minimize the amount of food disposed of at a given establishment [23]. For example,
to reduce the risk of disposal of wilted fruits and vegetables, thought should be given to the way in
which they are stored and/or to better organization of production (order planning, menus). Pirani and
Arafat [34] wrote about the appropriate way of storing fruits and vegetables as a strategy to minimize
food waste. They pointed out that in many hotels operating in the United Arab Emirates, fruits and
vegetables are stored in wire boxes to ensure air circulation and thus reduce microbial growth and
spoilage processes.
The most common reason for wasting food in the studied Polish foodservice establishments
was the preparation of too much food. In their research, similar conclusions were reached by
Silvennoinen et al. [35], who stated that most of the food wasted in Finnish foodservice establishments
was generated by preparing too many meals that could not later be stored or served as another dish.
A problem with estimating the necessary number of servings exists, especially in the case of self-service
establishments [33,34]. Goh and Jie [8] also pointed out that it is necessary to implement measurements
that will make it possible to prepare the right number of meals based on accurate forecasting.
According to Filimonau and de Coteau [23], reducing food waste in foodservice should focus on
three main stages: pre-kitchen, kitchen, and post-kitchen. At the pre-kitchen stage, it is necessary to
forecast the demand and to order the ingredients and the products necessary for food preparation
optimally according to the needs.
Despite the fact that a vast majority of the Polish respondents declared that they checked the
condition of their stocks of food products and prepared lists of the products needed before shopping,
more than half of them admitted that sometimes their shopping was ill-considered and excessive.
However, it should be emphasized that in the studied establishments, expiry dates were checked with
high frequency. Betz et al. [12] emphasized that optimization of stock management, minimization
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of stock, and training of employees are an important part of food waste reduction. According to
Dergui [36], at the storage phase, the critical areas include proper stock management through the use
of a FIFO (First-In, First-Out) system and checking the expiration dates.
As Pirani and Arafat [34] pointed out, many hotels providing food services have procedures in
place to minimize food waste associated with spoilage/expiry of food products, e.g., the FIFO principle,
and planning of dishes to be prepared with products with short best before dates. Sometimes it may be
suboptimal to use a FIFO policy and might be preferable to issue items in a FEFO (First Expiration,
First Out) manner to minimize wastage [37]. According to Jedermann et al. [38], the FEFO method
was first introduced at the end of the 1980s. The basic idea is to use stock rotation in such a way that
use products with the shortest expiry date as a priority [38]. This method is particularly important in
catering, where many raw materials are used, and there are many different food suppliers.
It can be assumed that the implemented food safety management systems in almost all examined
foodservice establishments reduce the risk of food waste by minimizing the probability of obtaining an
unsafe product.
Another important aspect is the handling of unsold food in foodservice establishments. Based
on the model that was developed, we found a high and therefore, unacceptable level of risk for the
following food products: semi-finished products, hot- and cold-served dishes, expired products, partly
consumed products with signs of spoilage, and partly consumed products with no visible signs of
spoilage. One of the necessary measures to be taken is “prevention.” The Food Waste Hierarchy,
which supports food waste management in this sector [39], also recommends “prevention.” In every
company, people are the key factor responsible for errors. The level of knowledge and qualifications of
employees should be appropriate to the type of work they do. Lack of experience and appropriate
qualifications may result in errors leading to food losses. That is why it is so important to improve
employee skills through mandatory training, which should be carried out periodically to update
and consolidate their knowledge [40]. In addition, Lipińska et al. [41] noted that employee training,
together with investments in logistics, can favorably reduce the scale of food losses and food waste at
the transport stage.
Although we found in our research that throwing food away due to inadequate qualifications of
workers was rare, the education of staff can certainly bring measurable benefits.
It seems that it is also important to strengthen the employees’ responsibility for food management
at all stages of the production process. One can assume that if a dedicated person had a given
responsibility to reduce the amount of food wasted, that this would have a positive effect towards
reducing food waste.
Another recommendation related to the food waste hierarchy concerns the use of food for
consumption, e.g., by redistributing it to non-profit organizations. Redistributing food for social
purposes can be one of the key and desirable ways to reduce food losses. This solution offers many-sided
benefits; among them, the most important one is improved access to food for low-income people [42,43].
Many authors emphasize the possibility of giving surplus food from the foodservice industry to people
in need [4,39]. Such practice is used by many foodservice companies, e. g., the TFE Hotel Group
gives food to the Ozharvest food charity company that helps homeless persons [44]. Circa 100 KFC
restaurants in the UK donate meals to charities [45]. However, it should be emphasized that such
activities pose numerous challenges due to food safety standards and sanitary laws. Donors may fear
the consequences of the beneficiary contesting the quality of the products supplied. One of the possible
ways to help and reduce food loss and waste is to support the activities of businesses by developing
procedures that allow for rational use of food for socially useful purposes, within the framework
of existing legal rules on the preservation of food health safety [46]. As Filimanou and Coteau [23]
pointed out, thanks to the growing popularity of food donations from the foodservice industry, it is
possible to reduce food waste in this sector, to reduce the operating costs, and to alleviate poverty, but
other important points must be borne in mind. Specifically, food banks and non-profit organizations
must have the necessary equipment, labor, and time to safely store and redistribute unsold hospitality
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food [23]. According to Halloran et al. [47], there are several restrictions related to the donation of
food for charity purposes, e.g., donated food must remain unopened and must not exceed the last
selling day.
Other possible options are to give unsold food to employees or to sell it at a reduced price. Based
on our research, we found that these are not common practices among Polish foodservice companies.
Nearly half of the studied foodservice establishments declared that unsold food was disposed of
in a container for municipal waste. This way of handling waste makes impossible its composting, for
example. Hu et al. [22] pinpointed the importance of recycling and composting to handle food waste
whose occurrence was in the hospitality sector. According to the WRAP Report [21], recycling and
composting food waste is preferable to landfill disposal. Despite the environmental and economic
benefits, composting is not popular in Europe [48]. As Singh et al. [49] pointed out, composting can
reform the composition of food waste. When composting is not feasible, on-site anaerobic digestion of
food waste can be adopted [23]. As Filimonau and de Coteau [23] noted, a number of programs have
been developed across the world to mitigate food waste in the hospitality sector.
In conclusion, it must be stated that the reduction of food waste in the foodservice industry is a
major challenge related to, among others, a complicated and long production process and difficulties
in estimating the demand. For this reason, further research is needed that focuses on this issue to
implement food waste reduction programs.
Limitation
The key limitation is the relatively small sample size. One limitation of this study is that behavior
was self-reported by respondents, meaning that it could be biased. In particular, the self-estimated
measure of the frequency of food waste used for this study can under-estimate the overall amount
of food waste. In the future, other measurement methods should be used, e.g., the diary method, in
which respondents would record the amount of food thrown away along with the reason on a running
basis. From a methodological point of view, the proposed approach can be used for risk management
of food waste. However, additional research and data are necessary to develop the model.
5. Conclusions
Based on the study conducted in foodservice establishments in Poland, an Ishikawa diagram
was developed showing the causes of food waste divided into 4 categories: materials, management,
methods, and people. The risk of food waste identified in the studied foodservice establishments was
manifested by throwing away semi-finished products, hot and cold served dishes, bread, vegetables
and fruits, expired products, products with signs of spoilage, and products with no visible signs of
spoilage. Two risk levels were identified: medium risk for fruits and vegetables, and bread, and high
(not acceptable) for the other six foodstuffs. Two risk treatment options were identified: prevention
and tolerance. The risks must be prevented by eliminating any errors that may result in food waste.
To some extent, the risks must be tolerated, and products that are unsuitable for human consumption
should be disposed of.
The risk management model for food waste that was proposed in this study is based on ISO
31000:2018 [24] and can be used in companies in different segments of the foodservice industry.
We recommend that companies use a risk management model in their operations so that the generation
of food waste can be included in their operational processes. In our opinion, such actions can contribute
to a reduction in food waste.
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