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Abstract: Redistribution of food surplus helps to prevent waste production and feed hungry people.
But this has not been tested in the context of a wholesale market that redistributes fruit and vegetable
surplus to homeless shelters. We aimed to compare the amount of fruit and vegetable waste between
shelters that received or did not receive a surplus donation in Chile. We also explored possible
causes that explained the waste. Five homeless shelters that received donations (HS+DON) and
five that did not (HS) were included. For three days, fruit and vegetable waste was disposed into
containers for direct quantification. The amount of waste was compared between groups using the
Mann-Whitney U test, both in winter and spring. A questionnaire was applied to identify causes of
waste. For vegetables, we found no difference in the median (25th percentile-75th percentile) waste
of HS+DON vs. HS (winter: 152 (83-262) vs. 104 (63-163) g per person/day, p-value = 0.22; spring:
114 (61-229) vs. 63 (50-132) g per person/day, p-value = 0.41). HS had no fruit waste, thus, fruit waste
was higher in HS+DON in both seasons (winter: 74 (16-134); spring: 13 (6-40) g per person/day).
The main reasons explaining waste were excessive donation, looking badly, and smelling moldy.
In conclusion, redistribution of fruit and vegetable surplus helped to reduce waste at the wholesale
market and to feed homeless shelters’ beneficiaries with nutritious food. But efforts are still required
to avoid excessive donation of surplus soon-to-be spoiled. We propose a tailored donation plan to
reduce waste to the unavoidable one.

Keywords: food recovery; food surplus; food waste; redistribution; waste management

1. Introduction

Globally, about 1.3 billion-tons of food for human consumption are lost or wasted each year [1].
These data have raised awareness of the issue that food loss and waste (FLW) represents [2]. FLW entails
a misuse of resources—e.g., water, land, energy, fertilizer—that results in the emission of methane and
CO; to the environment due to the natural decomposition of food [3]. Paradoxically, despite the fact
that high amounts of food suitable for human consumption are lost or wasted, more than 820 million
people worldwide are undernourished [4]. This food insecurity often results from a problem of food
access rather than food supply [5]. Therefore, FLW represents an ethical issue worth studying to
better understand its origin and reasons, as well as the responsible execution of strategies for its
prevention [6,7].

Food is lost or wasted at any level of the food supply chain, from primary agricultural production
to household consumption [1,8,9]. Moreover, FLW occurs in all food categories [1]. Strategies to manage
FLW should therefore involve public and private actors throughout the supply chain to diminish the
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environmental, economic, and social impacts [6,10]. Indeed, several countries have adopted public
policies to manage FLW [6,11]. But the development of green business models faces the challenge of
delivering and capturing values within the triple bottom-line (i.e., environmental, economic, and social
results) to reach economically sustainable goals [12,13]. In this context, social enterprises should solve
contradictory pressures associated with sustainable practices; for example, reduction of CO, emission,
efficiency in resource use, and mitigation of food waste [14].

The development of waste hierarchies that provide environment-friendly actions has been
proposed worldwide as a strategy to manage waste—f{rom the most preferred to the least preferred
actions [5]. In Europe, waste hierarchies have been applied to food waste, recommending “prevention”
followed by “donation” as the most preferred actions [15]. In the USA, a waste hierarchy specific
to food exists; this Food Recovery Hierarchy recommends “source reduction” followed by “feed
hungry people” as the most preferred actions [16]. In this perspective towards a circular economy, it is
important to ensure that any new model of management for source reduction or feeding hungry people
is sustainable [11]. Therefore, food recovery must not only involve environment-friendly actions, but it
must also consider social and economic issues. Thus, Teigiserova et al. [11] proposes that food surplus
should only consider the food fit for human consumption, because people are inclined to eat leftovers
but not “waste.” Therefore, an effective management of food surplus is essential for food recovery
initiatives [5,6,11].

Herein, we focused on a donation model based on redistribution of food surplus by a wholesale
market in Santiago, Chile. To the best of our knowledge, there is no data on the food wasted by homeless
shelters that receive donations of fruit and vegetable surplus. We thus explored fruit and vegetable
waste in homeless shelters that receive surplus donation from a wholesale market to determine the
effectiveness of this strategy for reducing waste and feeding hungry people. This is important because
acquiring quantitative and qualitative data will allow us to understand whether the donation of fruit
and vegetable surplus to homeless shelters is effective in reducing waste. Our research questions were:

1. Do homeless shelters that receive donation of fruit and vegetable surplus produce a similar
amount of waste than homeless shelters that did not receive such a donation?

2. Are the reasons that explain waste similar between homeless shelters that receive a donation of
fruit and vegetable surplus and homeless shelters that did not receive such a donation?

Therefore, the main aim of this study was to compare the amount of fruit and vegetable waste
between homeless shelters that received or did not receive donations of food surplus. We also estimated
the financial and nutritional loss that such a waste represents and explored possible causes that explain
the waste. Our findings support that the redistribution of fruit and vegetable surplus is an effective
strategy to reduce waste. Based on the better understanding of this process, we have proposed
the development of donation plans tailored for each homeless shelter to help reduce waste to the
unavoidable one in the future.

2. Literature Review

2.1. Fruit and Vegetable Surplus and Waste

Food surplus represents a material suitable for consumption that is redistributed to humans [17].
The surplus often results from overproduction at the primary (agricultural) production level, as well
as at the distribution and consumption levels [5,18]. Redistribution of food surplus from wholesale
markets to food banks, soup kitchens, and shelters thus appears as an attractive strategy to reduce
food waste at the distribution level [19-21]. Food surplus becomes waste after leaving the food supply
chain [5,10,22]. A timely redistribution of food surplus can thus help to prevent waste production and
feed hungry people, two of the most preferred actions in the Food Recovery Hierarchy [16]. Then,
if beneficiaries manage the donation well, this would translate into less wastage. Different types of
food surplus could be considered to accomplish these purposes.
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Of note, recovery and redistribution of highly perishable foods is more costly and complex than
acquiring, storing, and distributing dried and staple foods [23]. It also requires specialized knowledge
and infrastructure to maintain the rigorous safety standards. Redistribution of highly perishable fruits
and vegetables is, however, essential for enhancing food-aid quality. Indeed, food baskets with fruits
and vegetables have been associated with healthier diets among beneficiaries in Israel [24]. Therefore,
the effectiveness of the redistribution of fruit and vegetable surplus is a challenge that deserves to be
tested empirically.

Fleshy fruits and vegetables are highly perishable commodities due to their elevated water
activity and moisture [25]. They have short shelf-lives due to their limited postharvest life [26].
But consumers are usually unaware of this, because fruits and vegetables sold at wholesale markets lack
information about expiration dates. Moreover, fruits and vegetables are relatively cheap commodities,
and therefore, consumers may care less about letting them spoil [22]. Fruits and vegetables also have
an inedible fraction that is always discarded, which depends on the type of fruits and vegetables and
on cultural preferences [5,22]. This fraction is used to calculate the unavoidable fruit or vegetable
waste intensity [22]. For example, De Laurentiis et al. [22] have estimated an unavoidable fruit waste
intensity of 17%, and an unavoidable vegetable waste intensity of 16% among EU households [22].
All these reasons explain why fruits and vegetables are highly lost and wasted along the food supply
chain worldwide [1].

Indeed, avoidable fruit and vegetable waste has been estimated in 43% of food wastage in a
typical household in the UK in 2008 [27]. And successive studies have shown that fruit and vegetable
waste represent between 30% (Dutch households) and 70% (Japanese households) of the total food
wastage [28-31]. Note, however, that the results among studies are not directly comparable, because of
their different quantification methods.

2.2. Methodologies to Quantify Fruit and Vegetable Waste in Households

Four types of methodologies have previously been applied to quantify food waste at households.
The first is based on either mass balance or extrapolation of existing waste databases. Using these
methodologies, fruit and vegetable waste has been estimated in 84 g per person/day in Spain [32],
and in 90-110 g per person/day in households from the EU [22]. The second type of methodologies
includes self-reporting methods, questionnaires, food waste diaries, and interviews. This way, fruit and
vegetable waste has been estimated in 202 g per person/day in Greek households [33], and in 63-82 g
per person/day in Western Europe [29]. The third type of methodologies involves composition analysis
of mixed commercial or municipal residual waste streams. Fruit and vegetable waste was estimated in
173 g per person/day using this methodology at the household level in Israel [28]. The fourth type of
methodologies involves direct quantification of waste. Fruit and vegetable waste has been estimated
in 21 g per person/day in Pakistan using direct quantification [34].

Of note, direct quantification of food waste is more accurate than self-reporting methods [17,35-38].
Indeed, self-reports may lead to underestimation of food waste. Previous studies showed that food
waste at households in the Czech Republic and Italy was three times lower using self-reports than using
direct quantification [36] or waste sorting analysis [39]. In a Swiss population, food waste was ten
times lower using a self-reported survey than using extrapolations from a national waste compositional
analysis report [40]. Importantly, Elimelech [41] noted that drivers affecting self-reported vs. measured
food wastage were not necessarily the same. Direct weighing, counting, or assessing volume has thus
been highly recommended for food waste prevention initiatives at households [17].

2.3. Reasons to Explain Fruit and Vegetable Waste in Households

In developed countries, wasteful behavior has been shown to influence the proportion of avoidable
and unavoidable waste at households [22]. This behavior depends on cultural and economic factors,
and also on consumption patterns [22]. Nevertheless, information about the reasons that explain fruit
and vegetable waste among emerging countries is scarce [42].
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Purchase planning has been related to the amount of food wasted in Czech households [43].
Lack of meal planning, excessive purchase, and incorrect purchase significantly contributed to food
wasted in South African households [44]. In Italy, some consumers overbuy and others overcook,
thus partially explaining food waste [45]. Furthermore, low preference for suboptimal products
(e.g., unusual appearance) has been reported as a reason for wasting [1]. Evidence on perception of
suboptimal food is, however, divergent. While some people reject food that does not look perfectly,
other people accept such food because of environmental consciousness [46]. A similar divergence has
been observed among households. A study in Uruguay showed that people recalled wasting leftovers,
fruits, and vegetables, with suboptimality as the main reason [42]. In Italy, certain consumers reported
“do not look or smell good” as a reason for wasting [45]. Based on the current literature, the reasons
that explain waste can be ascribed to issues in the purchase, cooking, consumption, or storage of food.
This reasons have been compiled in some surveys for qualitative research [34,35,47].

3. Materials and Methods

3.1. Design

Ten homeless shelters were included, all located in the Santiago Metropolitan Region, Chile.
Five shelters received donations of fruit and vegetable surplus from a wholesale market (HS+DON),
and five did not (HS). Table 1 shows the general characteristics of the homeless shelters. Fruit and
vegetable waste produced by each homeless shelter was quantified through direct weighing [17,34] in
August (winter season) and November (spring season). The financial and nutritional loss of the waste
was then calculated using reference values. Finally, a structured face-to-face survey was conducted
to the kitchen personnel to explore the reasons that explained the waste. The results were analyzed
separately in winter and spring, because these seasons are characterized by clear differences in the
availability of fruits and vegetables in Chile due to seasonality.

Table 1. General characteristics of homeless shelters.

Received Fruit

ID and Vegetable Beneficiaries (n) Mea.ls- (n per Distance from the
. Beneficiary/day) Wholesale Market (km)
Surplus Donation

1 Yes 43 4 45

2 Yes 100 4 35

3 Yes 45 4 36

4 Yes 30 4 37

5 Yes 120 4 12

6 No 89 4 13

7 No 100 4 10

8 No 126 4 14

9 No 54 4 10

10 No 120 4 14

3.2. Fruit and Vegetable Surplus

Fruit and vegetable surplus was obtained from the main wholesale market in Santiago,
Santiago Metropolitan Region, Chile. Since 2016, this market has applied a model of management
of food surplus that includes recovery and redistribution to 40 organizations that assist vulnerable
people (Figure 1).

According to the management models on food recovery—i.e., front-line, logistical, and hybrid [48],
the wholesale market acts as hybrid. Wholesale market has a direct relationship with donors and
beneficiaries to address the needs of waste management and people nutrition. Market tenants thus
donate fresh fruits and vegetables which are collected in a specific area of the market. Then, wholesale
market staff and volunteers from non-profit organizations distinguish food surplus from food waste.
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Note that the organoleptic quality and the maturity stage of fruit and vegetable surplus can vary due
to the criteria of the wholesale market staff and the volunteers. Finally, boxes with food surplus are
redistributed to HS+DON. At HS+DON, kitchen personnel and/or the Technical Director receive the
donation. Residents could also help in this task. For the current study, the quantification of waste
began at this moment, and thus included the fruits and vegetables wasted while cleaning the donation.

| Food waste l—b |Compost|
Fresh fruits and Donation by Collection of <:

vegetables supply wholesale tenants donation

Recovery of ) Redistribution to

homeless shelters

food surplus

Non-profit organizations

Figure 1. Model of management of food surplus recovery and redistribution in this study.

3.3. Homeless Shelters

To obtain fruits and vegetables, homeless shelters in Chile either purchase or receive donations
from wholesale markets or other sources. For the present study, a non-profit organization put us
in contact with nine HS+DON within the Santiago Metropolitan Region. Five HS+DON agreed
to participate. The non-profit organization also put us in contact with five HS, which all agreed
to participate. The Technical Director of each homeless shelter provided a record of the fruits and
vegetables purchased or received through donation. Before any measurement, all procedures were
explained to each Technical Director, who signed a written informed consent. The Ethical Board at the
Pontificia Universidad Catolica de Chile approved the protocol for the present study (ID190820004).

3.4. Direct Quantification of Fruit and Vegetable Waste

Waste was considered as any edible and inedible part of fruits and vegetables that resulted after
cleaning, handling, and preparation of meals. A methodology of direct weighing was used to quantify
fruit and vegetable waste [17,34], including the following elements described by Elimelech et al. [28]:
(i) capture food waste at the point at which it enters the waste stream; (ii) collect waste samples at the
doorstep; (iii) use the individual households as a sampling unit; and (iv) collect and sort waste daily.
Note that, in our study, the sampling units were the homeless shelters, and we collected the waste
accumulated after three consecutive days of production.

In HS+DON, the measurement began on Saturday, which corresponded to the day of reception
of donation. In HS, the measurement began on Monday, which corresponded to the day of fruit
and vegetable purchase. During these days, the homeless shelters are thus supplied with fruits and
vegetables, and kitchen staff clean and arrange the pantry and refrigerators. Two plastic containers
were delivered to each homeless shelter to collect waste; one container to dispose fruit waste and the
other to dispose vegetable waste. All research procedures were explained to the kitchen personnel the
day when plastic containers were delivered. Briefly, written informed consent was read, emphasizing
that food waste is commonly produced at kitchens (to minimize desirability bias). Infographics about
what should and should not be disposed into the containers were also explained and displayed in each
kitchen (Figure 2). Note that plate leftovers were not considered in the measurement.

Containers were recovered after three days, and the accumulated waste was revised and weighed
on an electronic scale on site (seca 813, SECA, Hamburg, Germany; capacity 200 kg, graduation 100 g).
The amount of fruit and vegetable waste was expressed in grams per person/day. The calculation
was based on the number of beneficiaries consuming meals on the specific period of measurement.
Total waste was considered as the sum of fruit and vegetable waste. Since it was not possible to
weight separately each fruit and vegetable type, only a qualitative analysis of the types of fruits
and vegetables was performed. Then, the unavoidable fruit or vegetable waste intensity (in %) was
estimated assuming the inedible fraction of each fruit and vegetable following the equation proposed
by De Laurentiis et al. [22].
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The measurement was first conducted in August (i.e., winter season), and then repeated in
November (i.e., spring season). These seasons were selected due to the differences in fruit and
vegetable seasonality, and thus their availability and price in the market in Santiago, Chile.

A B

QUANTIFICATION OF FRUIT WASTE QUANTIFICATION OF VEGETABLE WASTE

You should ONLY dispose FRUITS in this container You should ONLY dispose VEGETABLES in this container

What should be disposed ~ What should NOT be disposed What should be disposed  What should NOT be disposed
\‘; Pee_ls ) X Waste of other foods \‘; Peels X Waste of other foods
v Fruit pit X plate leftovers v Leaves X plate leftovers
. Seeds Inorganic waste Y, Seeds Inorganic waste

Spoiled fruits X Plastic containers or bags Spoiled vegetables X Plastic containers or bags
V Rests of fruits not X Wrappers V Rests of vegetablesnot )¢ Wrappers

considered in X Boxes considered in X Boxes

preparations. preparations.
Should you have any question, please contact us : Should you have any question, please contact us :
3 00 3 00

Carrera de Nutricidn y Dietética Carrera de Nutricidn y Dietética
Departamento Ciencias de la Salud Departamento Ciencias de la Salud

Figure 2. Infographics displayed in the homeless shelters to guide kitchens’ personnel about (A) fruit
disposal and (B) vegetable disposal.

3.5. Financial Value and Nutritional Content of Waste

Each fruit and vegetable (purchased or donated) was qualitatively identified, and its price was
obtained for each measurement period using a price database for wholesale markets products [49].
Then, we averaged the price of all the fruits identified in the winter season, obtaining 0.0008 USD/g
of fruit; the average price in the spring season was 0.0006 USD/g of fruit. For those vegetables
priced as USD/unit, we converted the price to USD/g (artichoke, broccoli, cabbage, carrot, cauliflower,
chard, celery, cucumber, garlic, lettuce, onion, spinach, pepper, and zucchini). Thus, for the vegetables
identified, the average price in winter was 0.0007 USD/g and in spring was 0.0005 USD/g. These average
prices were used to compute the financial value of fruit and vegetable waste, expressed as per person/day.

Similarly, we estimated the nutritional content of each fruit and vegetable qualitatively identified
using the FoodData Central database [25]. We then computed the average content of specific nutrients
(i.e., energy, carbohydrate, dietary fiber, vitamin C, and potassium) per gram of fruits and per gram of
vegetables. These average values were used to compute the nutritional content of fruit and vegetable
waste, expressed as per person/day.

3.6. Reasons to Explain Fruit and Vegetable Waste

A structured face-to-face survey was applied to one or two members of the kitchen personnel
at each homeless shelter in both measurement periods. Each survey was applied the day when the
containers were recovered, after waste was revised and weighed. The survey was an adaptation of
previous surveys [34,35,47] to make it specific to fruit and vegetable waste. It included nine possible
reasons to explain the waste generated for each fruit and vegetable category. Nine categories of fruits or
vegetables were considered, according to their availability in the Chilean market [49]. Fruits were split
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into citrus (grapefruit, lemon, mandarine, and orange), pomaces (apple, quince, and pear) and banana;
vegetables were split into leafy (arugula, cabbage, chard, chicory, lettuce, and spinach), fruit (cucumber,
pepper, tomato, and zucchini), stem (celery), inflorescence (artichoke, broccoli, and cauliflower),
bulb (garlic and onion), and root-and-tuber (carrot, radish, and sweet potato). For each category,
kitchen personnel responded whether or not they recognized each of the possible reasons leading to
waste. Respondents could abstain if they were unsure. They could also add comments if necessary.
Data were expressed as a percentage of homeless shelters that recognized each reason for each fruit
and vegetable category.

3.7. Analyses

Data for continuous variables were expressed as median (25th percentile-75th percentile)
throughout the manuscript. Differences in the amount of total, fruit, and vegetable waste between types
of homeless shelters (HS vs. HS+DON) were tested with the Independent-Samples Mann-Whitney
U test. Data for categorical variables (i.e., responses to the survey) were expressed as percentages.
Associations between type of homeless shelters (HS, HS+DON) and the response to each reason in
the survey (no, yes) were tested with the Pearson Chi-Square test. All analyses were conducted in
winter and spring separately. ®1BM ®SPSS Statistics v.26 was used for analyses. A p-value < 0.05 was
considered statistically significant.

4. Results
4.1. Fruit and Vegetable Waste at Homeless Shelters

4.1.1. Winter

Considering all homeless shelters, total waste was 165 (103-241) g per person/day, ranging from
26 to 351 g per person/day. Vegetable waste was higher than fruit waste in nine out of ten homeless
shelters. HS+DON had a higher total waste than HS (Figure 3A). The difference was explained
by the null fruit waste among HS; note that HS barely purchased fruit during winter. Moreover,
they purchased mainly banana and mandarine, whose peel was probably wasted as plates leftovers
and were thus not considered in our calculations. On the other hand, HS+DON wasted a larger variety
of fruits, including apple, banana, mandarine, lemon, orange, and pear (Appendix A). The difference
in the amount and type of fruits between homeless shelters was a confounding factor for total waste;
this is because total waste was equivalent to vegetable waste in the HS.

[@HS [ HS+DON

A _ B _
Winter Spring
4204 420
> >
3 3
c c
g 280— 8 280—
g g
9] @
S 1404 S 140—@
(2] ]
£ S *
o g
0] 0]
0—— T T 0= T
Total Fruit Vegetable Total Fruit Vegetable
Waste Waste

Figure 3. Total, fruit, and vegetable waste produced by homeless shelters in (A) winter and (B) spring.
Boxes represent the 25th and 75th percentiles, with a horizontal line denoting the median; whiskers
denote the minimum and maximum values. * p-value < 0.05 between groups. HS, homeless shelters
that did not receive donation; HS+DON, homeless shelters that received donation.
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As for vegetable waste, we found no difference between HS and HS+DON (Figure 3A).
Leafy vegetables were wasted by both types of homeless shelters. HS+DON wasted other types of
vegetables as well (Appendix A).

4.1.2. Spring

Considering all homeless shelters, total waste was 69 (59-188) g per person/day, ranging from
45 to 258 g per person/day. Vegetable waste was higher than fruit waste in all homeless shelters.
No differences between HS and HS+DON were observed for total or vegetable waste (Figure 3B).
Fruit waste was higher in HS+DON; but this again was explained by the null fruit waste in HS. Even so,
this difference in fruit waste was not large enough to manifest into significant differences in total
waste. Indeed, in HS+DON, fruit waste in spring was only one sixth of the fruit waste in winter
(13 (640) vs. 74 (16-134) g per person/day, respectively; Figures 2A and 2B). The fewer types of fruits
wasted in spring than winter may explain the difference in fruit waste between seasons (Appendix A).
Once again, the null fruit waste at HS could be explained by a limited purchase.

As for vegetable waste, leafy vegetables were wasted by both types of homeless shelters.
But HS+DON wasted other types of vegetables as well (Appendix A).

4.2. Financial Value and Nutritional Content of Waste

4.2.1. Winter

Considering all homeless shelters, the financial value of fruit and vegetable waste was 0.13
(0.07-0.18) USD per person/day, ranging from 0.02 to 0.27 USD per person/day. This financial value
was higher in HS+DON than HS (Table 2).

Table 2. Financial value and nutritional content of waste.

HS (n =5) HS+DON (n = 5)
Winter
Financial value, USD 0.08 (0.05-0.12) 0.16 (0.13-0.25) *
Energy, kcal 26 (16-40) 75 (64-106) **
Carbohydrate, g 5.5 (3.3-8.6) 17.8 (14.8-24.8) **
Dietary fiber, g 2.1(1.3-3.2) 4.3 (34-6.8)*
Vitamin C, mg 25 (15-38) 58 (46-87) *
Potassium, mg 261 (159-409) 479 (356-789) #
Spring ¥
Financial value, USD 0.03 (0.02-0.06) 0.08 (0.04-0.12)
Energy, kcal 16 (12-33) 46 (25-61) *
Carbohydrate, g 3.3 (2.6-7.0) 10.7 (5.7-13.4) *
Dietary fiber, g 1.2 (1.0-2.6) 3.0 (1.6-4.7)
Vitamin C, mg 15 (12-31) 38 (20-57)
Potassium, mg 158 (125-333) 344 (183-592)

Values were calculated as per person/day. Data represent median (25th percentile-75th percentile). HS, homeless
shelters that did not receive donation; HS+DON, homeless shelters that received donation. * p-value < 0.10, * p-value
< 0.05, ** p-value < 0.01 vs. HS. ® n = 4 for HS+DON.

The estimated nutritional content of fruit and vegetable waste represents the loss of nutrients.
We observed a higher loss of most nutrients in the HS+DON compared to HS. This is because HS+DON
had a higher amount of total waste than HS in winter (Figure 3A).

4.2.2. Spring

Considering all homeless shelters, the financial value of fruit and vegetable waste was 0.03
(0.02-0.09) USD per person/day, ranging from 0.02 to 0.13 USD per person/day. This financial value
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was similar between HS and HS+DON (Table 2). The range of financial value was lower in spring than
winter due to the low amount of total food waste and low prices of fruits and vegetables in spring.
Regarding the nutritional content of waste, we only found a trend (p-value < 0.10) towards a
higher content of kilocalories and carbohydrates in HS+DON compared to HS. This result was expected
considering that homeless shelters had a similar amount of total waste in spring (Figure 3B).

4.3. Reasons to Explain Waste

Our survey summarized deficiencies in the purchase, cooking, consumption, and storage of
food within nine reasons to explain the waste generated. We found that less than 40% of homeless
shelters recognized as reasons “low acceptance,” “low freezing or refrigeration capacity,” and “large
inedible portion.” Indeed, kitchen personnel commented that: “we try to find different recipes for fruit
and vegetables,” “residents, in general, have high acceptance for all of fruits and vegetables,” and
“we do not associate problems of acceptance in any fruit or vegetable.” Consistent with low freezing
or refrigeration capacity not being recognized as a reason for waste, we observed that all homeless
shelters had sufficient frozen or refrigeration capacity. This is important, as an adequate refrigeration
storage enhances fruits and vegetables shelf-life by reducing their respiratory rate in the postharvest
life [26]. Note that, following the methodology described by De Laurentiis et al. [22], we estimated
the unavoidable fruit waste intensity in 27% in winter, and 20% in spring; the unavoidable vegetable
waste intensity was 20% in winter, and 21% in spring. Although these estimations reached at least 20%,
“large inedible portion” was barely reported as a reason to explain waste.

4.3.1. Winter

Al least 60% of homeless shelters recognized “excessive donation” and “look badly” as reasons for
explaining all categories of fruit waste (Table 3). For banana waste, “look badly” and “too perishable”
were reported by all HS+DON. Banana is a tropical climacteric fruit with a quick rise in respiratory
rate and ethylene production during maturity [26]. Surplus of banana is thus difficult to handle.
“Smell moldy” was also frequently reported for citrus (80%) and pomace (60%) categories.

Table 3. Reasons to explain waste in homeless shelters.

Excess of Purchase Not Received According Few Ways to Smell Looked Too
or Donation to Meal Planning Prepare Meals Moldy Badly Perishable
Fruit waste
Citrus
HS+DON (%) 60-25% 60-25% 0-0% 80-0% 80-50% 40-25%
Pomace
HS+DON (%) 80-50% 20-25% 20-0% 60-50% 60-100% 60-0%
Banana
HS+DON (%) 60-25% 20-25% 0-0% 40-0% 100-25% 100-25%
Vegetable waste
Leafy
HS (%) 20-0% 0-0% 0-0% 20-20% 100—40% 0-20%
HS+DON (%) 40-25% 20-25% 20-0% 40-50% 80-100% * 80 *-75% *
Fruits
HS (%) 20-0% 0-0% 0-0% 80-0% 20-40% 0-20%
HS+DON (%) 100 *-25% 20-25% 0-0% 40-0% 80 #-50% 60 *~75% *
Stems
HS (%) 0-0% 0-0% 40-0% 0-0% 80-40% 20-20%
HS+DON (%) 20-0% 20-25% 40-0% 0-0% 20 #-75% 0-0%
Inflorescences
HS (%) 20-0% 0-0% 0-0% 20-40% 60-40% 0-40%
HS+DON (%) 0-0% 0-25% 20-0% 0-0% 0*-75% 0-0%
Bulbs
HS (%) 20-0% 0-0% 0-0% 100-40% 80-20% 0-0%
HS+DON (%) 40-50%" 0-25% 0-0% 20 *-75% 20 #-100% * 20-0%
Root and tubers
HS (%) 0-0% 0-0% 0-0% 40-20% 60-20% 0-0%
HS+DON (%) 20-25% 0-25% 0-0% 20-25% 20-100% * 20-0%

Values represent the percentage of homeless shelters in which each reason for explaining waste was recognized
(winter %-spring %). HS, homeless shelters that did not receive donation (n = 5); HS+DON, homeless shelters that
received donation (n = 5). # p-value < 0.10, * p-value < 0.05 vs. HS.
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The reason “excess of purchase or donation” for fruit vegetables was more frequent in HS+DON
than HS (Table 3). This agrees with the observation that tomato and cucumber appeared as waste only
in HS+DON (Appendix A). HS+DON also reported more frequently the reason “too perishable” for
leafy and fruit vegetables. This suggests that HS+DON received donation of vegetable surplus at the
end of the postharvest stage, and vegetables were thus quickly spoiled.

4.3.2. Spring

Compared to winter, “excess of purchase or donation” was less frequent for all fruits (> 55% in
winter vs. < 55% in spring). All HS+DON recognized “look badly” as a reason for pomace waste,
which may be explained by an excessive donation (50%) (Table 3).

HS+DON trended (p-value < 0.10) to recognize “excess of purchase or donation” for bulb
vegetables more frequently. This agrees with the onion waste observed into the containers (Appendix A).
HS+DON also recognized more frequently “look badly” to explain the waste of the vegetables leafy
(p-value < 0.10), bulbs and root-and-tubers. HS+DON also trended (p-value < 0.10) to recognize more
frequently “too perishable” for leafy and fruit vegetables.

5. Discussion

Redistribution of food surplus is a strategy recommended to reduce waste and feed hungry people.
Our current study explored the effectiveness of this strategy in the context of redistribution of fruit and
vegetable surplus from a wholesale market to homeless shelters. The redistribution served to diminish
the waste at the wholesale market because, if not sold, those fruits and vegetables had been wasted.
The strategy thus allowed to reduce waste at the distribution level. At the homeless shelters, we found
that shelters that received the donation (HS+DON) produced higher total (fruits plus vegetables)
waste than shelters that did not receive a donation (HS). But notably, this difference was not explained
by an inadequate handling of the donation. Instead, it was mostly explained because of HS had a
limited purchase of fruits and vegetables. This suggests that the redistribution of fruit and vegetable
surplus to homeless shelters improves the access to nutritious food to vulnerable people. Nevertheless,
our analysis about the causes that explain waste suggests that attention need to be paid to the quantity
and quality of donation in the future.

5.1. Production of Fruit and Vegetable Waste

There are no previous data on waste production in homeless shelters. Therefore, we compared
our results to those previously obtained in households. In agreement with our findings, a previous
study reported lower fruit waste than vegetable waste in EU households, explained by a lower
purchase of fruits than vegetables (52 vs. 71 kg per person/year, respectively) [22]. Considering all
homeless shelters, we found a fruit and vegetable waste of 165 (103-241) g per person/day in winter
and of 69 (59-188) g per person/day in spring. These values are higher than the 21 g per person/day
reported in Pakistan using direct quantification [34]. The cost—i.e., the proportion of household income
spent—of fruits and vegetables could partially explain the difference. This cost is higher in low-income
countries (e.g., Pakistan) than in upper-middle income countries (e.g., Chile). Consequently, there is
less consumption of fruits and vegetables in low-income countries, and thus less waste [50]. A higher
food purchase, consumption, and waste is thus expected in Chile compared to Pakistan.

In our study, direct quantification allowed us to distinguish fruit and vegetable waste and to weigh
those wastes separately. We were also able to discriminate the avoidable waste from the unavoidable
waste using a qualitative analysis. This unavoidable waste included leaves, peels, apple core, fruit
pit, and seeds, which constitute the inedible proportion of fruits and vegetables (i.e., unavoidable
waste intensity, expressed as percentage) [5]. Silvennoinen et al. [51] considers the inedible parts
of vegetables as an integral part of kitchen waste. Thus, fruits and vegetables at homeless shelters’
kitchens will produce unavoidable food waste, independently of the efficacy in the management of
the donation. We found unavoidable fruit and vegetable waste intensity values of at least 20% in our
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homeless shelters. These results were higher than those estimated among EU households (17% for
fruits and 16% for vegetables) [22]. The difference may be explained by the different types of fruits and
vegetables included in the calculations, as this depends on the availability in each country.

5.2. Economical Cost and Nutritional Content of Waste

Previous reports have shown that citizens from Western Europe throw away 108-140 euros/year
in fruit and vegetable waste (i.e., about 0.40 USD/day) [29]; while 60 euros per person/year has been
estimated in Spanish households (i.e., about 0.19 USD/day) [32]. These values are higher than the
values observed in our homeless shelters, which may be explained by the different income among
countries. But note that, for HS+DON, fruits and vegetables do not carry a direct cost; instead, there are
indirect costs associated with the transport, storage, and handling of the donation. If part of the
donation ends up as waste, this represents an economic loss. Directors of homeless shelters should thus
promote strategies to reduce this indirect economic loss by minimizing waste production. Homeless
shelters should also be aware that throwing away food has environmental and social impacts. In this
context, our estimation of the economic and nutritional loss of waste in homeless shelters is necessary
to assess future strategies aimed to reduce and manage food waste [17,32].

Fruits and vegetables are good sources of dietary fiber, vitamin C, and potassium. It is recommended
to consume two servings of fruits and three servings of vegetables per day [52]. This represents an
average daily intake of 147 kcal, 35 g of carbohydrates, 8 g of dietary fiber, 110 mg of vitamin C,
and 882 mg of potassium (calculated using USDA [25]). Considering all homeless shelters in winter,
we found a loss (per person/day) of 52 (25-76) kcal, 11.4 (5.4-17.8) g of carbohydrates, 3.3 (2.0-4.8) g
of dietary fiber, 45.9 (24.2-62.1) mg of vitamin C, and 383.6 (258.8-559.4) mg of potassium. In spring,
we found a loss (per person/day) of 19 (14—49) kcal, 4.1 (3.1-10.7) g of carbohydrates, 1.3 (1.1-3.7) g of
dietary fiber, 16.2 (13.8-45.1) mg of vitamin C, and 172.6 (147.5-464.6) mg of potassium. These losses
represent about 39% and 15% of the daily recommendations in winter and spring, respectively.

5.3. Reasons that Explain Waste

Our current results agree with previous findings of reasons that explain waste in other contexts:
“excessive purchase or donation” was the main reason to explain fruit and vegetable waste [43—45].
Furthermore, our findings agree with previous evidence in suboptimal products [1,42,45,46].
“Look badly” was frequently reported as a reason to explain waste for fruits in winter and for
vegetables in spring. As for citrus and pomace in winter, “look badly” and “smell moldy” were
reported. It is worth noting, however, that the fact that food “do not look or smell good” may denote
spoilage and decomposition. This was specifically reported for banana, tomato, cucumber, and onion
in HS+DON. The actual reason for wasting would thus be beyond aesthetics.

5.4. A Tailored Donation Plan for Fruit and Vegetable Surplus: A Practical Contribution

Food waste prevention or source reduction has been described as the most preferred practice in the
Food Waste Hierarchy [5,6,11]. Thus, better donation plans to redistribute food surplus to even more
organizations can further reduce food waste at the distribution level. In the current study, “excessive
donation” was a major reason to explain waste. We thus propose that a donation plan tailored for
each homeless shelter would reduce waste to the unavoidable one. To determine the appropriate
amount of donation, we considered the recommended consumption of fruits and vegetables (i.e., two
serving of fruits and three servings of vegetables per person/day [52]) and their unavoidable waste.
The unavoidable waste intensity for fruits and vegetables was calculated using the equation described
by De Laurentiis et al. [22]. Then, we propose calculating the appropriate amount of donation (in kg)
for each homeless shelter as:

Donation of fruit surplus = [F X (1 + UnFWI)] xn x d 1
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Donation of vegetable surplus = [V X (1 + UnVWI)] xn x d )

where F represents the servings of fruits per person/day (in kg); UnFWI represents the unavoidable
fruit waste intensity (in %); V represents the portion of vegetables per person/day (in kg); UnVWI
represents the unavoidable vegetable waste intensity (in %); n represents the number of residents;
and d represents the frequency of donation (in days). The unavoidable waste expected (in kg) can be
computed as:

Unavoidable fruit waste = Donation of fruit surplus X UnFWI 3)

Unavoidable vegetable waste = Donation of vegetable surplus X UnVWI 4)

Using these formulas, we calculated, as an example, the appropriate amount of donation (in kg) for a
homeless shelter that hosts 100 residents. We considered two serving of fruits (i.e., 0.16 kg) per person/day,
three servings of vegetables (i.e., 0.24 kg) per person/day, an UnFWI of 27% (winter), an UnVWI of 20%
(winter), and a frequency of donation of 7 days. Thus, we estimated that the appropriate amount of
donation to this homeless shelter was 142 kg of fruits plus 202 kg of vegetables per week. Considering the
number of types of fruits (8 in winter, 6 in spring) and vegetables (13 in winter, 11 in spring) available as
surplus at the wholesale market in Santiago, the donation could be very diverse.

The method we propose could be a valuable tool for future donation plans. Based on the appropriate
donation, we calculate that the total unavoidable waste would reach 78 kg per week, which represents
111 g per person/day ([78 kg x 1000]/[7 days x 100 residents]), with the unavoidable waste for fruits
being 54 g per person/day, and for vegetables 57 g per person/day. Of note, our calculations demonstrate
that fruits and vegetables produce—by default—a high amount of unavoidable waste. This unavoidable
waste can be home-composted [53]. Our calculations for the unavoidable waste thus estimate the
potential mass of food waste that can be home-composted by homeless shelters. This information is
useful for initiatives that aim to encourage composting practices and/or organic-waste recycling programs
(e.g., green bin) by homeless shelters, in agreement with initiatives proposed for households [54]. Indeed,
previous evidence has shown that households with access to green bins dispose less food waste than
households without such an access [41,55]. Future studies should determine the impact on food waste
of this tailored donation plan.

6. Limitations

Our study has certain limitations. First, its small sample size. As an exploratory study, we did not
have preliminary data to conduct a sample size calculation. The small sample size may have decreased
the possibility of detecting differences between homeless shelters; however, the direct quantification
allowed us to get accurate measurements of the waste. Second, the inclusion of a convenience sample,
which makes our findings not representative of all homeless shelters in Chile. Nevertheless, our
findings are a base for the design of future studies aimed to analyze the effectiveness of fruit and
vegetable donations in homeless shelters. Third, the qualitative nature of the determination of the
categories of fruits and vegetables wasted. We were thus unable to calculate the percentage of each
category within the total waste, which would have allowed us to conduct more in-depth analyses.
Note, however, that the qualitative analysis agreed with the results of the survey, highlighting the
impact of certain fruits (e.g., banana) and vegetables (e.g., tomato, cucumber and onion) on waste.
Fourth, the short measurement period. The European standard (SWA—Tool), and the US standard
(ASTM D5231-92) recommend at least one week of measurement. We analyzed only three days of waste
production, because we deemed this period as appropriate to ensure a safe management of waste at the
homeless shelter (i.e., to avoid bad odors and the presence of rodents). Fifth, the lack of measurement
of the inputs (purchase or donation). Future research must consider the measurements of both inputs
and outputs to better assess the effectiveness of the donation. This would allow to determine whether
the differences in the output (i.e., waste production) between shelters are explained by differences in
the input. Finally, a possible social desirability bias of the kitchen personnel. It is possible that the
kitchen personnel engaged in an extra effort to reduce waste during measurement period.
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7. Conclusions and Future Perspectives

We have shown, for the first time, that a donation model based on redistribution of fruit and
vegetable surplus is effective in Chile; this model avoided the vegetable waste that had been produced
if the vegetable surplus had not been donated from the wholesale market. It also helped to provide
nutritious food to vulnerable people. Nevertheless, the reasons for wasting among the homeless
shelter that received the donation suggest that attention should be paid to the quantity and quality of
donation. Homeless shelters should receive an amount of fruit and vegetable surplus tailored to their
needs. Herein we have proposed a formula that can be used for that purpose. This strategy should be
evaluated in future studies to minimize waste. Additionally, the donation should be in an appropriate
post-harvest stage, thus avoiding any surplus soon-to-be spoiled. This information is valuable to
policymakers to better regulate the quantity and quality of donation of fresh fruits and vegetables.
A better management of these aspects could thereby reduce the waste to the unavoidable one.
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Appendix A

1 Winter 2 Spring

A A
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Fruits Vegetablas Fruits Vegetables Fruits Vegetables Fruits Vegetables

@ Leafy ¥ Banana @ Leafy @ Leafy C_ Orange @ Leafy
'4« Orange é Tomato L Lemon é Tomato
*& Mandarine | @ Cucumber @ Apple ‘ Broceoli
L Lemon i‘ Artichoke Oriory
_J{ Reei; wp, Garlic
@ Apple o Carrot

Figure A1. Qualitative analysis of fruits and vegetables wasted by homeless shelters in (1) winter and
(2) spring.
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