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Abstract: The present research focuses on using plant waste from agricultural production chains
(vegetable outgrades) as ingredient sources for innovative food strategy developments. The quality
of multi-vegetable products made from frozen vegetable outgrades (broccoli, cauliflower, green and
yellow cut beans) for serving in gastronomy was evaluated. Vegetable outgrades were found to be
low-cost sources of nutritional components. The dietary fiber content varied from 2.35 (cauliflower
Giewont cultivar) to 4.40 g/100 g (green bean Rimember cultivar). The protein content varied
from 1.41 (green bean Opportune cultivar) to 2.58 g/100 g (broccoli Porthenon cultivar). Bioactive
compounds, including polyphenols and vitamin C, varied significantly depending on the vegetable.
The content of carotenoids (f3-carotene and zeaxanthin) in vegetables, in particular broccoli (Larson
cultivar) and green beans (Rimember and Opportune cultivars), was lower than in outgrades. Due
to the high nutrient quality of outgrades, the preparation of mechanically-formed vegetable patties
and paste proceeded. According to recommendations of NRF, NAS, NDS nutrient density indices,
both patties and pastes were classified as products with rich nutritional value and full-valuable
components of the human diet. Moreover, food production technology utilizing vegetable outgrades
can be potential solutions for food loss and waste management in gastronomy and in the food
production industry.
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1. Introduction

In recent years, implementation of sustainable development has been a dominating
worldwide trend (the important part of which is the limitation of biodegradable food waste).
Current attention is focused on the prevention and avoidance of food waste generation;
however, food is an inevitable aspect for humanity and its production requires significant
resources. Thus, food loss and waste reduction are approaches to decrease financial
and industrial production costs. Both loss and gains are generated in the food supply
chain system, starting at the production and processing stage, transportation, distribution,
wholesale, retail, and finally the consumption [1].

At the very preliminary stage of agricultural food chain, i.e., basic production, ‘food waste
is considered as every material that is disposed of, or which the owner is obligated to dispose
of. The term biowaste refers to biodegradable waste from gardens and parks, households,
warehouses, catering services, retail, as well as from food processing manufactures [2].

In the European Union member states, it is estimated that approximately 88 million
tons of food waste are generated annually [3] and most come from the consumers [4].
Nearly 47 million tons are wasted in households, and another 11 million tons in the sector
connected with food consumption, which accounts for around EUR 134 billions [3]. In 2014,
it was found that only 14.3% of food waste was ‘being recycled’, whereas edible leftovers
covered only 1.4% of food production [4].

Significant losses and discarded materials in unprocessed products and in the pro-
cessing industry have become serious nutrition, economic, and environmental problems.
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The Food and Agriculture Organization of the United Nations (FAO) estimated that fruit
and vegetables losses were the greatest among all kinds of foods, reaching up to 60% [5].
Fruit and vegetable processing generates relatively large amounts of byproducts, which
constitute around 25-30% of that food group. The major content includes seeds, peels, and
pomace, which contain, inter alia, potentially bioactive substances, such as carotenoids,
polyphenols, dietary fiber, vitamins, enzymes, and plant oils. These phytochemicals can be
potentially used in various industries, including the food industry, in terms of functional
or fortified food development, medicine, and pharmaceuticals preparation, as well as
textile applications [5].

Food waste in the gastronomy sector is considered part of a global character (it
has a worldwide impact). One of the 17 new sustainable development goals (for the
years 2015-2030) is to provide sustainable consumption and production [6]. According
to FUSIONS research (Food use for Social Innovation by Optimizing Waste Prevention
Strategies), the European Union member states’ gastronomy sector generates around 12%
of total amount of discarded food and, thus, is ranked in third place, right after households
(53%) and the food industry (19%) in food waste.

In the European Union member states, food waste accounts for around 89 million
tons annually. This is expected to increase by 40% in the next four years [3]. According
to the Food and Agriculture Organization of the United Nations [4] and the International
Food Policy Research Institute [7], an estimated one-third of food produced globally (thus
1.3 billion tons) is thrown away each year. Over half is generated at the final consumption
stage in food services (e.g., restaurants, school canteens) and households [8,9].

In Great Britain alone, the hospitality sector generated approximately 3 million tons
of food waste, while in Scandinavia, over 0.45 million tons of food waste were generated
in over a year [10]. Current estimations claim that Italian restaurants account for 21% of
total food waste, whereas in Eastern Australia hotels, the amount of wasted food reaches
4377 tons daily [11]. The gastronomy sector of the United States of America produces
nearly 16 million tons of food waste annually, constituting approximately 25.4% of the food
supply chain [12]. The gastronomy and hospitality sector developments result in more
intense waste production, which includes food waste that emerges from storage and food
processing in catering places and on-site from the consumers as discarded food [11].

The solutions for food waste and food loss management play important roles in
enhancing not only sustainable development and food safety but also environmental
awareness related to the exploitation of natural resources, including water and soil. Si-
multaneously, waste production increases greenhouse gas (GHG) emissions, including
biogenic gases, which contribute to greenhouse effects and climate change [13,14]. Ev-
eryday food waste materials are taken to landfills for disposal; however, their storage
generates anoxic environments that affect greenhouse gas emissions, in particular methane
and carbon dioxide. In Europe, food waste accounts for 15-16% of impacts on the whole
food chain supply environment; additionally, it generates around 186 million tons of CO,
equivalent annually. Current estimations show that food waste is responsible for a 23% loss
of purchased value [15].

In the last few decades, market globalization has induced the extension and sophistica-
tion of the food supply chain, which is directly connected with a greater distance between
the producer and the consumer, a longer cold food chain (CFC), greater broker numbers,
and increased food loss risks. Additional aspects involve increased demand and consumer
expectations on product diversity and quality. Factors contributing to food loss and waste
are presented in Table 1.
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Table 1. Contribution to food loss and waste during the food supply chain steps [11,16-18].

Food Supply Chain Stages

Factors

Agricultural
production

Sorting out products at the farm’s gate due to rigorous qualitative standards
set up by large-scale distributors, concerning weight, size, shape,

and appearance

Market prices inadequate to primary production costs

Overproduction due to supply agreements with retail chains

Crops damaged during harvesting

Weather conditions and environmental factors (storms, hail, floods, droughts)

Manufacturing

Irregularly-sized products, trimmed to fit or rejected entirely

Inconsistent manufacturing processes leading to the deformation or damage
of the products (washing, peeling, slicing, boiling)

Contamination in production processes resulting in quality loss

Food spoilage due to defective packaging problems

Surplus production of the supermarket’s own brands that cannot be

sold elsewhere

Excess stock due to ‘take-back” systems and cancellation of orders

Shelf life

Distribution and wholesale/retail

Lack of cold storage/interruption of the cold chain

Packaging defects resulting in product damage

Overstocking or shortages due to inaccurate ordering and

forecasting demands

Obligation for retailers to order a wide range of products and brands from
the same producer in order to obtain beneficial prices

Failure to comply with minimum food safety standards (e.g., microbial
contamination, pesticide residues)

Marketing strategies, such as ‘buy one get one free’

Hospitality industry

Oversized dishes

Offers buffets at fixed prices, encouraging people to take more than they
can eat

Use of individual portion packs (e.g., for jams, cereals, juice, and milk) that
do not meet the customers’ needs

Difficulties in assessing the demand (number of customers)

EU hygiene rules, e.g., two-hour guarantee on unrefrigerated products

Households

Improper planning or lack of knowledge on food purchases and storage
Impulsive shopping (buying items that are not currently needed)
Purchasing of new products that the consumers then ‘do not like’
Inadequate packaging sizes (e.g., oversized ready to eat meals)

Poor storage management (e.g., inadequate wrapping)

Confusion about date labels (‘best before’, “‘use by”’)

Lack of skills on food preparation

Poor experience in planning meals; oversized meal preparation

Lack of skills on adjusting leftovers into new meals

Social trends

Emerging ideologies e.g., ‘zero waste’ create new perspectives for food waste man-

agement and its maximum usage, as well as minimization and its negative impact on
the environment. Considerably significant limitations of food waste (as a key factor in
terms of sustainable development for the hospitality sector and gastronomy) underline the
unbalanced production system and food consumption. The development of innovative
and environment-friendly technologies, using waste generated during the industrial pro-
duction of frozen vegetables, facilitates the reduction of raw material losses and, thus, the
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rational management of natural resources. Vegetable waste and ‘outgrades” generation is
an impulse for the cooperation between scientific units and the industry.

The objective of the present study was to estimate the quality of full-valuable frozen
vegetable outgrades and their potential appliances for the enrichment and preparation
of ready-to-eat food products. The vegetable outgrades, which were supposed to be
used in gastronomy, were prepared in the form of either multi-vegetable paste or formed
multi-vegetable patties.

2. Materials and Methods
2.1. Materials

Fresh potatoes, frozen vegetables (carrot, onion), and frozen vegetable outgrades,
considered as waste material from the industrial production of calibrated cauliflower and
broccoli (40-60 mm) and beans (20-40 mm), were used for the experiment. Frozen vegetable
outgrades included: cauliflower (5-20 mm; Dawid, Giewont cultivars), broccoli (5-20 mm;
Larson, Portheon, Titanium cultivars), green beans (<20 mm; Rimember, Opportune culti-
vars), and yellow beans (<20 mm; Orinoko, Golden goal cultivars). Frozen vegetables were
purchased from Unifreeze Sp. z o0.0. (Miesiaczkowo, Poland) company. Vegetable cultivars
were especially selected for the industrial usage during frozen product manufacturing.

Fresh potatoes, fiber (bamboo, flax, apple), inulin, potato flour, wheat flour, salt,
and spices were obtained from retail and used in the formation of vegetable patties and
vegetable paste.

2.2. Physicochemical Analysis of Raw Materials, Paste, and Vegetable Patties

Dry matter content [19], fat content according to AOAC International (2000), total
protein content according to the Kjeldahl method [19], ash content [19], and pH value by
potentiometry were determined in vegetable outgrades and vegetables [20]. Dry matter
content was determined using a Sartorius MA 40 dryer (Sartorius, Gottingen, Germany)
for 180 min at 105 =+ 2 °C. The determination of the total protein content according to the
Kjeldahl method [19] was performed using a K—425 digestion oven (BUCHI Labortechnik
AG, Flawil, Switzerland) and a B—324 steam distiller (BUCHI Labortechnik AG, Flawil,
Switzerland). Fat content according to AOAC International (2000) was determined using
a B—811 device (BUCHI Labortechnik AG, Flawil, Switzerland). Determination of ash
content was carried out [19] using a muffle furnace (type FCF22M model SM2002, CZYLOK,
Jastrzebie-Zdro¢j, Poland) and pH value was determined by the potentiometric method
using the CX—505 device (ELMETRON Sp.j., Zabrze, Poland) [20]. The dietary fiber content
was determined by the enzymatic method of the Sigma-Aldrich TDF 100A test based on
AOAC985.29 (1997).

In vegetables and vegetable outgrades, the content of ascorbic acid was determined [21].
The total polyphenol content was evaluated with the Folin—Ciocalteu method according
to Singleton and Rossi [22] with Gao et al. [23] modifications. The results are expressed in
gallic acid equivalents (GAE) per 100 g of vegetable sample weight (mg GAE/100 g).

Antioxidant activity determination (ABTS) was conducted according to Re et al. [24].
Preparation of the sample was carried out as described by Przygonski and Wojtowicz [25].
The obtained results are expressed in micromoles of Trolox equivalents per 100 g of veg-
etable sample weight (umol Trolox/100 g).

The presence of carotenoids was investigated by the HPLC method according to
Melendez-Martizez [26]. The sample preparation was done according to Mapelli-Brahm [27].

2.3. Color Determination of Raw Materials

The color (CIE L*a*b*) was determined using a Konica Minolta CM—5 spectrophotome-
ter, in accordance with the research methodology recommended by the device manufacturer.
A D65 illuminant (daylight at noon), a standard colorimetric observer with a 10° field of
view and a 30 mm aperture, were applied for color measurements. The following were
also calculated:



Sustainability 2022, 14, 12363

50f23

L*—lightness (from 0 (black) to 100 (white)).
a*, b*: -a* (green), +a* (red); b*: -b* (blue), +b* (yellow).
The color saturation degree was C* and was determined according to the follow-
ing equation [28]:
C* = [az + b2]0.5 (1)

Additionally, the hue (h) value [29], which determines the dominant wavelength in
the spectrum of that color, was evaluated. In the CIE Lab system, hue was the angle formed
by a straight line passing through the center of the system and a point with coordinates a*,
b* with the axis a.

2.4. Texture Determination of Raw Materials

The texture analysis was conducted using a CT3 TA texture analyzer (Brookfield
Ametek, Berwyn, PA, USA) by a compression test in the Ottawa chamber. Vegetables
were placed up to 3/4 of the chamber height (4042 g) and compressed with a steel probe
(40 x 40 mm) to a 10 mm penetration depth. The applied trigger force load was 3.0 N and
the probe speed was 1.0 mm/s. The maximum peak load occurring during the test cycle
was considered as the hardness of a sample [30]. The samples were tested in triplicates.
Measurement control and data processing were performed using the computer program
TexturePro CT V 1.2 Build 9.

2.5. Development of Vegetable Patties

The formulation of vegetable patties (Table 2) was modeled considering the type and
amount of vegetables in the final product as well as the degree of plant material prepara-
tion, so that the production process was easy and repeatable, while the product did not
deform and disintegrate. The preparation process was done according to the methodology
presented by the authors in the article on the usage of a model-forming device [31].

Table 2. The compositions of vegetable patties.

Formula
Ingredients I II III v
Content [%]
Potatoes 0.0 9.0 10.0 10.0
Bean (green/yellow) * 30.0 26.0 24.0 22.0
Broccoli * 26.0 22.0 25.0 25.0
Cauliflower * 26.0 22.0 25.0 25.0
Carrot 0.0 13.0 8.0 8.0
Onion * 8.0 0.0 0.0 1.0
Potato flour 3.0 3.0 4.0 4.0
Wheat flour type 500 t 3.0 0.0 0.0 0.0
Bamboo fiber 3.0 0.0 0.0 0.0
Flax fiber 0.0 3.0 1.5 0.0
Apple fiber 0.0 0.0 1.5 0.0
Inulin 0.0 0.0 0.0 4.0
Salt 0.9 0.8 0.9 0.8
Spices 0.1 0.2 0.1 0.2

* Vegetable outgrades.
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2.6. Development of Vegetable Paste

The vegetable paste compositions were vegetable outgrades: broccoli (35.0%), cauliflower
(35.0%), cut beans—green (5.0%), yellow (5.0%), and fresh potato (20.0%). Frozen veg-
etable outgrades (—25 °C) were thawed to the temperature —1.5 °C £ 0.5° and taken for
mechanical shredding (shredding device, J 4 mm). The temperature of vegetable pulp
after shredding was in the range of —0.8 °C to —0.5 °C. Vegetable pulp together with
water (22 °C) were put in a pasteurizing device (Technogel mixpasto110, Bergamo, Italy) to
undergo mixing and pasteurization at +80 °C for 20 min.

2.7. Nutrient Density Profiles for Vegetable Patties and Paste

The following nutrient density models were chosen for the determination of profiling
indicators for vegetable patties and vegetable paste (Table 3).

Table 3. Summary of the selected models of nutrient density profiling.

Model

Variants

Nutrients Covered by the Model

Characteristics of

Macronutrients Vitamins Minerals Nutrients the Model
to Limit
ACD.E Arithmetic mean based on
Protein, P 14 nutrients in 8368 kJ (2000 kcal)
B1, B6, B12,
monounsatu- . and truncated at 2000% DV
NNR - folate/folic Ca, Fe, Zn, K - . .
rated fatty acid for respective nutrients;
acids,fiber B5 ’ the version with 16 nutrients
adds vit. B5 and fiber
NRF6 (n = 6) Protein, fiber A, C Ca, Fe -
NRF9 (n=9) Protein, fiber A,CE Ca, Fe, Mg, K - Arithmetic mean of %DV for
_ L A,C D, Ca, Fe, Mg, n nutrients; based on
NRF1I (n = 11) Protein, fiber E, B12 Zn, K ) nutrient content in 418 kJ
Protein, fiber A, C, D, E, (100 kcal) portion; NRn,
NRE monounsatu- thiamin nutrient-rich score based on
NRF15 (n = 15) . . Ca, Fe, Zn, K - n desirable nutrients (n
rated fatty riboflavin, depends on the subindex);
ids (MUFA B12, folat ’
acids ( ) olate LIM3, limited nutrient score,
Saturated fatty  consists of three nutrients
LIM3- - - - acids (SFA), to limit
total sugar, Na
A,C,D,E,
thiamin,
riboflavin,
B6. B12 Mean of %DV for
NAS - Protein, fiber N Ca, Fe, Mg - 16 nutrients in 100 g of
uacin, edible parts
folate, p
pantothenic
acid
NDS5 (n = 5) Protein, fiber C Ca, Fe -
NDS6 (n = 6) Protein, fiber AC Ca, Fe -
NDS9 (n =9) Protein, fiber ACE Ca, Fe, Mg, K - Index based on calculations
A,C,D,E, for nutrients in 418 kJ
NDS thiamin, (100 kcal) portion.
riboflavin, NARn, nutrient adequacy
NDS16 (n=16)  Protein, fiber niacin, Ca, Fe, Mg - ratio for n nutrients
pantothenic
acid, B6,

B12, folate
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Naturally nutrient rich score (NNR) defines to what extent the product (which covers
the energy needs at the level of 2000 kcal) simultaneously covers the demand for 14 or
16 (extended version) nutrients [32],

Nutrient adequacy score (NAS) indicates how good the sources of the selected 16 nu-
trients are 100 g of the edible parts of the products [33],

Nutrient density score (NDS) presents the values for 100 kcal [34],

Nutrient rich food index (NRF) extends the assessment of the nutritional density of
the product by reducing the results by ingredients that are considered unfavorable; it
is recommended to limit their consumption [35].

In the abovementioned models, foods that provide substantial amounts of nutrients

are ranked higher, whereas foods that supply calories, but small amounts of nutrients,
score lower.

Models and their variants take into account various sets of nutrients. Scores are

comparable only within specific models (variants) [36—41].

Algorithms adopted:
Naturally nutrient rich score (NNR)

NNR = X1.14((Nutrient/DV) x 100)/14 (2)
NNR = £1_1¢((Nutrient/DV) x 100)/16 3)
Nutrient rich food index (NRF)

NR 00 keal = (1.0 (Nutrient/DV) x 100)/ED @)
LIM3100 keal = (Z1.n (Nutrient/DV) x 100)/ED ®)
NRF n.3100 kcal = NRnygg kel — LIM3100 kcal (6)

Nutrient adequacy score (NAS)

NAS = (X(Nutrient/DV) x 100)/16 )
Nutrient density score (NDS)

NAR;, = Z((Nutrient/DV) x 100)/n (8)
NDS,, = NAR,/ED x 100 )

where:

DV (daily value)—daily average reference values of nutrients for adult men and
women (18-59 years old) with low active lifestyles (sedentary).

ED (energy density)—energy density; amount of energy available from mass units of
food (kcal/100 g of edible parts).

Nutrients—amount of nutrients (g, mg, or pg) in 100 g of edible parts of the product
or provided by the product in 100 kcal portions.

2.8. Statistical Analysis

One-way analysis of variance (ANOVA) was performed, using Statistica® 10.0 PL

software (StatSoft Poland Sp. z o.0., Krakow, Poland). Statistical significance was given
as the p-value; differences at 95% confidence level (p < 0.05) were considered statistically
important. The final results are expressed as mean values & standard deviation.
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3. Results and Discussion
3.1. Raw Material Quality Analysis

Vegetable outgrades and vegetables used as sources in this research were characterized
by parameters presented in Table 4. Dietary guidelines suggest increased consumption
of plant-based food, including fruits and vegetables, because they are excellent sources of
bioactive phytochemicals [42].

The results prove that vegetables form, i.e., calibrated or shredded (outgrades), pos-
sess different levels of nutrients. The highest content of dry matter was observed for
cut yellow beans (9-12 g/100 g) while the lowest value corresponded to cauliflower (ap-
proximately 6 g/100 g). The kind of plant material and the cultivar did not affect the
pH (Table 4). According to the research, dry matter content in vegetable outgrades was
lower in comparison to that identified in vegetables. This trend was also identified in
protein, fiber, and ash content. The highest protein amount was found in broccoli, both
outgrades and calibrated vegetables (2.30-3.13 g/100 g). The differences between dry
matter content and biologically active compounds may originate from the specificity of
plant material as well as its biodiversity or the cultivar. For example, the dry matter content
of raw cauliflower with white florets was 8.42 g/100 g [43]. Lower dry matter values were
obtained by Rutkowska et al. [44] (6.96-7.22%) and Gebczynski et al. [45] (7.3 g/100 g).
Furthermore, a variable dry substance content in Romanesco cauliflower was reported by
Florkiewicz [46] and Osiriska et al. [47]. In studies conducted by Gajewski [48], the dry
matter content in cauliflowers with green florets was equal to 9.1 g/100 g. The amount of
fat in all investigated samples was very low, not exceeding 0.3 g/100 g.

Reis et al. [49] reported that organic cauliflower (Brassica oleracea var. Alphina) in-
florescences dry matter content was equal to 7.77 g/100 g dry weight, which included
18.40 g/100 g proteins, 0.90 g/100 g fat, 11.37 g/100 g ash, 22.00 g/100 g carbohydrates,
46.00 g/100 g insoluble fiber, and 1.43 g/100 g soluble fiber. Lower contents of ash
(9.19 g/100 g), carbohydrates (19.53 g/100 g), and total fiber (46.93 g/100 g) were ob-
served in organic broccoli (Brassica oleracea var. Avenger) florets [49].

According to the definition by the American Association of Cereal Chemists (AACC) [50],
the term “dietary fiber” includes all the non-starch polysaccharides, such as celluloses,
hemicelluloses, pectins, modified cellulose, polyfructans (inulin, oligofructans), indigestible
dextrin, polydextrose, methylcellulose and hydroxypropyl methylcellulose (hypromellose,
HPMC), resistant starch, gums, and mucilage. In the presented research, a variety of
dietary fiber in vegetables was observed. The yellow bean Golden Goal cultivar contained
4.92 g fiber per 100 g while cauliflower Giewont cultivar contained 2.31 g fiber per 100 g
(Table 4). From all examined vegetables, the highest content of fiber was observed in cut
beans. It was found that the identified fiber content was not dependent of the form of
analyzed vegetables. In the case of frozen vegetables, the quality and presence of bioactive
compounds were of high importance, especially after the thermal processing (boiling,
steaming, baking, frying, etc.).

Traditional cooking (boiling) contributed to the decrease in the total dietary fiber con-
tent in white cauliflower, cauliflower Romanesco type, broccoli, and Brussels sprouts [46].
In broccoli cooked by steam and sous-vide, and the white-floret cauliflower cooked with
sous-vide, the increase of total dietary fiber content in comparison to fresh vegetables
was observed.
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Table 4. Physicochemical parameters of vegetable outgrades and vegetables.
(A) Physicochemical Parameters of Broccoli and its Cultivars
Broccoli
Cultivars
Parameter Larson Portheon Titanium
Outgrades Vegetables Outgrades Vegetables Outgrades Vegetables
Dry matter 7.85+007°  810+£0.14" 7.70 £ 0.04 8.85+£0.079  7.25+0.21% 7.70 £ 0.14
Fat 0.16 £0.02° 0.17 £0.00* 024 +0.01° 0.27 £0.02 ¢ 0.23 +0.02° 016 £0.02
Protein 252 +0.012 2.82 +0.014 2.58 +£0.01 ¢ 313 £0.01¢ 2.50 £0.02° 230 +0.02°
Fiber g/100g  2.5040.022 2.88 £0.01°¢ 2.78 £ 0.01 b¢ 347 £0.01¢  274+0.04° 2.56 £0.032
Ash 0.46 £0.05° 0.70 £0.05 ¢ 0.34 +0.01° 0.40 £ 0.02 0.54 + 0.014 0.47 £0.012
Carbohydrates * 1.20 1.54 1.76 1.58 1.24 221
Total acidity 0.16 £0.01° 0.16 £0.01° 0.16 £0.022 0.16 £0.01° 0.17 £0.02° 0.17 £0.01°
pH - 6.05+0.02° 6.07 £0.01° 6.08 £0.01° 6.08 £0.01° 6.08 £0.02° 6.08 £0.02°
Hardness N 2273 +443% 413 4+6.53° 20.81 £3.97¢ 3442 £230°¢ 2847 1+4.09°¢ 32.03 £3.76 ¢
(B) Physicochemical Parameters of Cauliflower and its Cultivars
Cauliflower
Cultivars
Parameter Dawid Giewont
Outgrades Vegetables Outgrades Vegetables
Dry matter 5.95 + 0.05° 6.20 +0.022 6.05 +£0.07° 6.05 +£0.07°
Fat 0.20+£0.012 0.18 £0.01° 0.19 £0.01° 0.18 £0.01°
Protein 1.94+0.022 2.0240.02? 2.00£0.032 2.00£0.01°
Fiber g/100 g 2.35+0.032 232 £0.04° 2.43 £0.06° 2.31£0.03°
Ash 0.56 £0.01° 0.55+0.01° 0.45 4+ 0.02° 0.62 +0.01 ©
Carbohydrates * 0.89 1.13 0.98 0.94
Total acidity 0.10 £0.022 0.10 £0.012 0.10 £0.012 0.10£0.012
pH - 5.85+£0.032 5.89 £0.02? 590 +0.02° 595+ 0.02°
Hardness N 22,05+ 4467 37.92 +236° 21.87 £1.227 30.99 £1.07 ¢
(C) Physicochemical Parameters of the Beans and its Cultivars
Yellow Beans Green Beans
Cultivars
Parameter Orinoko Golden Goal Rimember Opportune
Outgrades Vegetables Outgrades Vegetables Outgrades Vegetables Outgrades Vegetables
Dry matter 925+0212  1025+0.07¢ 9654021 11.25+0079 9.65+0217 1035+021°> 6.65+021¢ 79540219
Fat 0.07 £0.012 0.06 £0.012 0.06 £0.012 0.08 £0.012 0.06 £0.012 0.06 £0.012 0.04 £0.00? 0.05 £ 0.00?
Protein 220+£0.012 216 +£0.01° 2.00 +0.01° 2.30 £0.01°¢ 2.08+0.032 2344001° 141+£0.01°¢ 1.76 £ 0.01 ¢
Fiber g/100 g 3.49 +£0.032 3.71+0.03° 3.60 + 0.01 % 492 +£0.05°¢ 4.40 £0.04* 4.63 +0.06 © 2.93 4+ 0.03° 3.16 £0.04 4
Ash 0.75 £0.04 ¢ 0.63 +0.04" 0.50 +0.03° 0.43 £0.022 0.43 £0.032 0.65+£0.02°  057+£003> 057+0.02°
Carbohydrate * 274 3.69 3.49 4.02 2.68 2.64 1.70 241
Total acidity 0.11+£0.012 0.11+£0.012 0.13 £0.02° 011 £0.01° 0.16 £0.02° 017 £0.01° 0.16 £0.01° 0.16 £0.01°
pH - 6.34£0.012 6.35+£0.012 6.39 £0.012 6.39 £0.012 6.10 £0.022 6.09 £0.012 6.11£0.012 6.12£0.012
Hardness N 1537 £2.33% 2398 +445° 1375+128° 2144+077° 1626+1.10° 21.39+410° 17.03+£1.00° 20.52+332°

(A)—" carbohydrates (dry matter-protein-ash—fat—fiber); ni—not identified. Values are expressed as means
(n = 3) + standard deviations. Mean values with different letters (a, b, ¢, d, e) in the row are statistically
different (p-value < 0.5); (B)—* carbohydrates (dry matter—protein-ash—fat-fiber), ni—not identified. Values are
expressed as means (n = 3) £ standard deviations. Mean values with different letters (a, b, c) in the row are
statistically different (p-value < 0.5); (C)—* carbohydrates (d.m.—protein-ash—fat-fiber), ni—not identified. Values
are expressed as means (n = 3) &+ standard deviations. Mean values with different letters (a, b, ¢, d) in the row are
statistically different (p-value < 0.5).

Elkner et al. [51] proved that boiling carrots and beetroots increased the total dietary
fiber content in the final products. Komolka et al. [52] claimed, as a result of thermal
treatment, the content of dietary fiber changed both quantitatively and qualitatively. Veg-



Sustainability 2022, 14, 12363

10 of 23

etable type and the cultivar appeared to be important as well. According to the report
by Komolka et al. [53], the preliminary thermal treatment applied to carrots and potatoes;
boiling significantly influenced the changes of dietary fiber content in the product.

Regarding the water-boiling of carrots, it was found that in unpeeled (a) ones and
peeled and shredded (b) ones, the content of fiber decreased compared to raw vegetables,
whereas in peeled and non-shredded carrots, an increase in fiber content was observed.

Technological techniques impact the amount of bioactive compounds. The level of
ascorbic acid (vitamin C) in plant material was various while comparing outgrades and
vegetables of different cultivars. The highest amount (47.92 - 86.77 mg/100 g dry matter)
was found in broccoli while the lowest one (4.41 < 11.51 mg/100 g dry matter) in green
beans (Figure 1). Vegetable outgrades were characterized by significantly lower levels of
ascorbic acid. This could be explained by technological conditions, including blanching,
which strongly affects smaller vegetable parts, resulting in ascorbic acid reduction. Varia-
tions in ascorbic acid content in the range 44 < 123 mg/100 g were also identified in the
waste material of seven types of vegetables—beetroots, turnips, carrots, sweet potatoes,
radishes, potatoes, and ginger [54].

In the research by Severini et al. [55], it was found that ascorbic acid content in raw
broccoli was equal to 151.32 mg/100 g of dry matter and the blanching process in hot water
and steam significantly decreased its level to 80.13 and 112.92 mg/100 g, respectively. The
concentration of ascorbic acid in vegetables depends on their maturity, different growing
conditions, soil conditions, and post-harvest storage [56]. Extended blanching time results
in higher losses of ascorbic acid and nutrients from vegetables through washing out.
Blanching by immersion in hot water causes even greater losses of ascorbic acid than
steaming [57,58]. These losses should be taken into consideration when calculating the
nutrient intake with the cooked broccoli diet [59,60].

On the contrary, microwave thermal treatment resulted in the increase of several
organic compounds, such as glucosylans [61,62]. In the presented research, a similar
trend was observed for polyphenols present in vegetables and the outgrades (Figure 2).
The probable reason for this phenomenon is the biodiversity of raw materials and their
individual characteristics. Polyphenols in the analyzed vegetables was the highest in
broccoli, in particular Porthenon and Titanium cultivars. Broccoli outgrades (Larson and
Portheon cultivars) were characterized by lower contents of polyphenols than vegetables.
Interestingly, the amount of present polyphenols in green beans was higher in outgrades
than in vegetables (but the differences were not statistically important).

According to Severini et al. [55] the content of polyphenols present in broccoli did
not change significantly upon various thermal treatment time intervals. On the other
hand, microwave blanching resulted in their moderate increase. Similar results were
obtained in previous studies concerning green beans, pepper, and broccoli subjected to
steam and microwave blanching. Such an increase in polyphenol content was explained by
Stewart et al. [63] as the response of those compounds to heating.

Figure 3 represents the carotenoid profile of vegetables and vegetable outgrades.
[3-carotene dominates in broccoli while zeaxanthin dominates in green beans. Moreover,
the presence of zeaxanthin in two broccoli cultivars (Portheon, Titanium) was not identified.
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Figure 1. The content of ascorbic acid (vitamin C) in vegetables and outgrades. Mean values with
different letters (a, b, ¢, d, e, f) in the row are statistically different (p-value < 0.5).
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Figure 2. The content of polyphenolic compounds in vegetables and outgrades. Mean values with
different letters (a, b, c) in the row are statistically different (p-value < 0.5).
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Figure 3. The content of carotenoids in vegetables and outgrades. Mean values with different letters
(a, b, ¢) in the row are statistically different (p-value < 0.5).

Thermal treatment, including cooking, might improve the availability of bioactive
compounds [64-68]. In the study by Mazzeo et al. [67], the authors proved the increase
of quercetin with a simultaneous decrease of kaempferol in steam-boiled cauliflower.
Sikora et al. [68] analyzed the impacts of cooking on flavonoid content in different sub-
species and cultivars of Brassicaceae family, including broccoli (Brassica oleracea var. Botrytis
Italica cv. Sebastian), white cauliflower (B. oleracea var. Botrytis cv. Rober), and green
cauliflower (B. oleracea var. Botrytis cv. Amphora). The content of quercetin and kaempferol
in all analyzed vegetable inflorescences differed substantially. Moreover, fresh vegetable
samples exhibited higher amounts of those bioactive compounds than boiled vegetables.

Reis et al. [49] claimed that in the case of broccoli, thermal treatment (sous-vide or mi-
crowave cooking) had a positive impact on the phenolic compound content when compared
to fresh vegetables. Similar conclusions were made by Martinez-Hernandez et al. [66].

In the case of cauliflower, the content of phenolic compounds after microwave cooking
was similar to what was observed in fresh vegetables [49]. According to Mazzeo et al. [67],
the analysis of polyphenol content in fresh, water-boiled, and steamed cauliflower proved
that the steaming process results in a 17% increase of polyphenols. Similar research was
conducted by Wachtel-Galor et al. [68] concerning fresh broccoli and cauliflower, steamed,
and cooked in the microwave. The authors claimed that the highest level of polyphenols
was observed for vegetable samples subjected to steaming. Zhang and Hamauzu [69]
evaluated the content of carotenoids (lutein, vioxanthin, 3-carotene) in broccoli (fresh
and subjected to thermal treatment). It was found that only the lutein content increased
while cooking had a negative effect on the total carotenoid content. Gebczynski and
Kmiecik [63] showed that blanching caused a decrease in vitamin C content (by 21%) in
white cauliflower and 26% in green cauliflower. Antioxidant activity decreased by 13%
in both types of cauliflower, and dry matter content by about 10%. Carotenoid levels in
the green type decreased by about 14%. These results are similar to those obtained for
blanched broccoli [70-72].

The results obtained for the antioxidant activity of selected vegetables are presented
in Figure 4. According to the ABTS+ method, vegetables possessed stronger antioxidant
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activity compared to outgrades, except for green bean Opportune and Rimember cultivars.
For those two vegetables, the difference in ABTS+ test results was insignificant. The highest
antioxidant potential (approximately 300 tM /100 g) was noted for broccoli Larson and
Portheon cultivars.
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Figure 4. Antioxidant activities of vegetables and outgrades. Mean values with different letters
(a, b, ¢) in the row are statistically different (p-value < 0.5).

In the study by Martinez-Hernandez et al. [66], thermal treatment applied to broccoli,
sous-vide, in particular, had increased antioxidant activity. Mazzeo et al. [67] observed a
negative effect of traditional cooking and steaming on cauliflower inflorescences as the
total antioxidant activity was lower than in fresh vegetables. Wachtel-Galor et al. [70]
analyzed the antioxidant activities of fresh, water boiled, steamed, and microwave-cooked
(5-10 min.) broccoli and cauliflower using the FRAP method. The authors observed the
highest antioxidant activity for vegetables subjected to five minutes of steaming. Moreover,
the longer the cooking time was, the lower the antioxidant activities of vegetables.

Fruits and vegetables are the main sources of bioactive compounds. In a majority of
cases, waste and by-products generated by the food industry contain a similar or even
higher content of antioxidant compounds [73,74].

An important feature of plant material is its color (Table 5).

The technological process for outgrade production, including blanching, shredding,
and freezing, had no negative effect on its color. Vegetables and outgrade colors were
similar and characteristic for each cultivar. As expected, cauliflower was characterized
by the greater brightness, with the highest L* coefficient value. Samples of broccoli and
green beans had typical green color characteristics for those vegetable types. Few identified
differences in the broccoli Portheon cultivar coloring resulted from botanical properties.
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Table 5. Color parameters of vegetable outgrades and vegetables.

(A) Color Parameters of Broccoli and its cultivars

Broccoli
Cultivars
Larson Portheon Titanium
Parameter
Outgrades Vegetables Outgrades Vegetables Outgrades Vegetables Outgrades Vegetables
Florets with Buds
Florets with Buds Groen Part Yellove Part Florets with Buds
L* 39.25+£0.152 40.65 £1.782 38.90 +0.09 2 38.90 +0.50 ° 58.85 +0.24° 6225 +1.40° 39.87 +£0.99° 40.27 £2.40°
a* —572+£025% —573+£0.63%® —7.00+£096% —629+039% —518+£0.73d —415+0319 —7.67£026¢  —549 £ 0453
b* 843 £0.46° 10.27 +£1.37° 9.82+1.77% 11.39 £1.18? 27.84 +0.64° 34.85 £2.64°¢ 11.95 4+ 0.55° 10.37 £2.27*
c* 10.19 £0.44* 11.77 £1.37? 12.06 £1.96* 13.02+1.23° 2832 +£0.76° 3510 £2.59°¢ 1420 £0.59 2 11.75+2.16°
h 12418 £1.55% 11930 £3.07% 12562 +2.12> 11899 £0.982 10051 £1.24°¢ 96.84 £1.03 122.70 £ 040>  118.40 +£4.23°
Stems
L* 61.21 £1.99" 64.38 £ 2.65° 66.23 &= 1.57° 62.25 +1.40° 66.23 £ 1.57" 6225 +1.40" 531242347 54.62 +0.38°
a* —3.75+£0.75° —2.34 £ 084" —3.44 +£0.15" —4.15+0.31% —344 £0.15° —4.15+031° —9.09 £049 ¢ —8.62 £1.34°¢
b* 21.86 +0.70 20.154+ 0917 21.06 +0.24 7 34.85 +2.64° 21.06 +0.24° 34.85 £ 2.64° 23.044+0.89° 20.62 +1.27°
c* 22.19+0.772 20.30 +0.84° 21.34+0.26° 35.10 +£2.59° 21.34+£0.26° 35.10 £2.59 25.05 4 1.00 22.36 & 1.67 *¢
h 99.71 £1.772 96.68 + 2.54 99.28 £0.30 96.84 £1.032 99.28 £0.30* 96.84 +1.03° 11125 +£031° 11260 £2.09°
(B) Color parameters of cauliflower and its cultivars
Cauliflower
cultivars
Parameter Dawid Giewont
outgrades vegetables outgrades vegetables
Florets
L* 7132+ 0.76 7 79.52 £ 1.31° 7353 +£0.38° 80.58 = 1.13°
a* —223+£0.18? —1.73 £0.28 % —1.16 £0.32b¢ —0.62 £0.28 ¢
b* 18.51 +£0.22 2049 +1.49° 15.60 + 0.74 ° 21.01+£1.35°
(G 18.65 + 0.20 * 20.57 +1.47° 15.65 + 0.72° 21.024+1.35°
h 96.97 £0.14¢ 94.87+£1.09 2 94.28 +1.322 91.69 +£0.73 7
Stems
L* 70.30 + 0.46 ° 73.80 £1.15° 76.33 £0.90* 74.36 +1.89 2
a* —325+£031° —2.804+0.10° —2.09 £ 0.06° —1.59 £0.02°¢
b* 16.36 +-0.31 ¢ 12.64 +0.28° 14.03 £0.33* 14.824+0.79°
Gy 16.68 £ 0.34 © 12,95 +0.26® 1418 £0.32? 1491+ 078
h 101.24 £0.97 2 102.51 £0.68* 98.46 + 0.41 ¢ 96.13 £ 0.33°
(C) Color parameters of the beans and its cultivars
Yellow Beans Green Beans
cultivars
Parameter Orinoko Golden Goal Rimember Opportune
outgrades vegetables outgrades vegetables outgrades vegetables outgrades vegetables
L* 61.30 £ 1.00® 64.56 = 1.47° 66.97 & 0.95 © 6452+ 0.64a 3449 £1.33" 3254 £1.26° 4486 +0.80° 45.14 +£2.29°
a* —094+044%  —145+018% —241+042°¢ —0.86+£0352  —12.89+087% —1265+027° —9.71+0.63° —9.07 £1.26°
b* 4145+ 3.37°¢ 30.09 £ 0.63° 26.19+0.76° 28.96 + 0.49° 20.39 £2.00 19.07 £ 0352 15.59 +0.89° 14.99 +2.66°
Gy 41.46 +3.36°¢ 30.13 £ 0.63° 26.80+0.75° 28.98 + 0.49 *° 2413 £2.11° 22.88 + 043" 18.37 £1.07° 17.53 £2.91°
h 90.89 +0.93? 92.75 +0.33 b 95.17 £ 0.95 ¢ 91.71+£0.69°®  12237+1212  12357+£0272  121.89+£0592 12141 +1.672

(A)—Values are expressed as means (n = 3) & standard deviations. Mean values with different letters (a, b, c) in
the row are statistically different (p-value < 0.5); (B)—Values are expressed as means (n = 3) + standard deviations.
Mean values with different letters (a, b, c) in the row are statistically different (p-value < 0.5); (C)—Values are
expressed as means (n = 3) £ standard deviations. Mean values with different letters (a, b, c) in the row are
statistically different (p-value < 0.5).
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The parametric analysis showed that the saturations of outgrade colors were similar
or slightly stronger compared to vegetables. The variable measurement results could be
explained by the natural vegetable colors, which originate from the presence of natural
pigments in plant material tissues. The kind and concentration of pigments can change
upon several factors, such as the plant cultivar, growing stage, or plant maturation. The
basic pigments responsible for plant coloring include chlorophylls (green), carotenoids
(yellow, orange, red), anthocyanins (red, blue), flavonoids (yellow), and betalains (red).
Furthermore, enzymatic and non-enzymatic browning reactions induce the development
of brown, grey, and black pigments. Industrial processes applied to vegetables and fruits
also contribute to color changes. Chlorophylls are prone to heating and acids, however,
their stability in alkaline environments remains unharmed. Carotenoids are susceptible to
light and oxidation but they exhibit a moderate resistance to elevated temperatures. On the
contrary, anthocyanins are sensitive to pH and temperature, whereas flavonoids remain
prone to oxidation and are relatively stable in higher temperatures [75].

Technological processing involving thermal treatments influence vegetable coloring
to various extents [76]. Literature data indicate that chlorophyll “a”, which is responsible
for the green color in plants, possesses a low stability in increased temperatures [77-79].
Yuan et al. [80] observed that both cooking broccoli in hot water and in the microwave has
a negative effect on chlorophyll content, resulting in its high losses, whereas steaming does
not change chlorophyll content significantly. Additionally, fresh broccoli inflorescences
exhibited greater brightness of L* parameters than after heating. Short boiling times in
hot water caused an increase in the redness parameter (a*) resulting from intensification of
red-green pigments.

On the contrary, green peas subjected to blanching were visually brighter compared
to raw and frozen ones [81]. Lau et al. [82] reported an initial increase of the a* (redness)
parameter in green asparagus heated up to 70-98 °C. Analogous results were obtained for
broccoli blanched in hot water and steam [55]. Vegetable blanching processes change their
colorings, but the degree of changes depends on the type of blanching. It was proven that
vegetables blanched with steam exhibited less intense changes than vegetables blanched
in hot water. According to Florkiewicz et al. [43], all analyzed cruciferous vegetables
prepared via the sous-vide method had colors similar to raw vegetables, with the exception
of cauliflower.

Simultaneously, the greatest color changes were noted for broccoli, cauliflower Ro-
manesco type, and Brussels sprouts boiled in hot water, which probably resulted from
negative chlorophyll transformations. Greve et al. [83] and Heaton and Marangoni [84]
indicate that high temperatures during the hydrothermal treatments of green vegetables
induced chlorophyll pigment degradation as well as plant tissue deformation, which fa-
cilitate the deterioration of a product’s structure. In the case of broccoli and cauliflower
with white florets, all tested thermal treatments resulted in a decrease of brightness (L*)
when compared to raw material samples. These results are consistent with research by
Reis et al. [49], who observed a significant (p < 0.05) reduction of the L* parameter of
broccoli and cauliflower after boiling, steaming, sous-vide, or microwave treatments.

3.2. Vegetable Patties and Paste Properties

The applied technological solutions, including the introduction or modification of
technologies and practices, aim for the prevention of food wasting [31,85-88]. Current
strategies and techniques for the prevention of food waste are the subjects of scientific
research and gastronomy companies [10,11,89]. The activities implemented in selected
gastronomy companies, i.e., identification systems and quantitative food waste measure-
ments, resulted in an approximate 44% reduction of discarded food [90]. Eriksson et al. [91]
conducted a data analysis, and obtained information from 735 hotels, restaurants, and
canteens; they reported that due to monitoring systems for waste management, 61% of
catering units reduced the amount of waste. Constantly growing awareness on food quality
forces food producers to meet the requirements of customers (who are more demanding
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every year). To meet their needs, fruits and vegetables are carefully selected in order to
supply the customers with products that are attractive (in terms of sensory and organoleptic
features). The consequences of fruit and vegetable selections are waste and outgrades,
which should be managed to avoid adverse effects on the environment and to minimize
food wasting, in which there has been intense growth in recent years. Food waste is gener-
ated from various steps of the food production chain and food storage, from agricultural to
household consumption. According to a WRAP Report [92], the reduction in food waste
during the early preparation stage is equal to 45% and Sustainable Restaurant Association
(SRA) [93] estimations claim that possible avoidance of food waste at this step could be 65%.
Many catering units offer their customers seasonal menus that are rich in fruits, vegetables,
and mushrooms, and are available only during certain seasons of the year. To maintain
high standards of served food, frozen food is a great alternative to fresh and seasonal
products. As crops are prepared and subjected to the freezing process immediately after
harvesting, the preservation of their nutritional values is allowed. Thus, similarly to their
fresh equivalents, they enrich the tastes and flavors of dishes. Vegetable blanching prior to
packaging significantly accelerates the processing in the restaurant’s kitchen.

Manufacturers and producers are attempting to find new solutions for full usage of
the available products, including post-production residues, which remain a great source
of nutrients and health-promoting elements [94]. Special attention is paid to food product
quality, especially in restaurants. Choosing low-quality products can result in great losses
due to insufficient customer satisfaction. Apart from food quality, other key factors are the
availability of resources and regular and on-time deliveries, which contribute to the profits
of particular catering units.

Vegetable outgrades are reported to contain as many beneficial components as the
original products and can be transformed into new functional types of food. Vegetable
patties and vegetable pastes are examples of such solutions. New sources of dietary fiber,
e.g., fruit and vegetable by-products, can serve as cheap and low-calorie substances used
as food additives in the partial replacement of flour, fat, or sugar [95]. The majority of fruit
and vegetable by-products possess very high nutritional values, which are useful in new
product developments.

As a part of the BIOSTRATEG III project, technologies for the preparation of new
full-valuable nutritional products (vegetable patties and vegetable pastes) were developed.
Similar to the previous research [31], the recipe for both proposed products involved the
use of vegetable outgrades (Table 6). Both vegetable patties and vegetable pastes appeared
to be great sources of essential vitamins, minerals, proteins, and dietary fiber that contained
low amounts of fat. They appeared to be attractive alternatives for meat-based products.
On the dietary level, replacing a portion of meat in the daily diet could reduce the negative
impact on the environment and simultaneously improve sustainable consumption [96-98].

Table 6. Parameters of prepared vegetable patties and vegetable paste.

Parameter Formula I Formula IT Formula III Formula IV Paste
Fat (g/100 g) 0.32 +0.02 0.50 = 0.03 0.28 +0.03 0.20 £+ 0.05 0.09 + 0.02
Protein (g/100 g) 2.28 +0.04 2.70 £0.03 241 +£0.44 2.02 +0.03 1.37 £ 0.02
Fiber (g/100 g) 4.90 £ 0.05 3.55 £0.07 3.62 +0.05 5.51 £ 0.05 1.70 £ 0.01
Total carbohydrates (g/100 g) * 6.93 5.19 8.40 7.80 3.99

*—carbohydrates (dry matter—protein—ash—fat—fiber); Values are expressed as means (n = 3) &+ standard deviations.

The technological preparation process involved the usage of vegetables and whole
vegetable outgrades; therefore, the final products were perceived as visually attractive by
the consumers (Figure 5).
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Figure 5. A photographic representation of vegetable patties and vegetable paste.

Efficient meal serving in gastronomy can be greatly facilitated by the use of frozen
fruits and vegetables. Apart from swift preparation, they allow serving dishes that require
seasonal agriculture produce (independent of the season). Additionally, they retain the
taste and nutritional values. Both vegetable patties and paste were found to be nutrient
dense (Table 7).

Table 7. Results of the algorithms for the selected nutrient profiling methods.

Vegetable Patty
Model Paste Formula
1 II III v

Naturally nutrient rich score (NNR)

NNR14 491.73 323.59 417.38 366.43 364.96
NNR16 474.50 337.10 410.72 364.38 382.27
Nutrient-rich foods (NRF)
NRF6.3 203.46 122.68 180.58 146.86 163.69
NRF9.3 247.01 150.24 210.80 175.69 192.58
NRF11.3 254.70 156.30 216.93 181.36 198.21
NRF15.3 348.07 220.52 276.74 239.64 256.39
Nutrient adequacy score (NAS)
NAS 7.22 9.22 10.69 10.10 10.41
Nutrient density score (NDS)
NDS5 36.70 28.53 25.81 25.30 28.02
NDS6 33.31 25.06 35.03 29.65 31.96
NDS9 28.29 21.05 27.65 23.84 25.42
NDS16 24.66 17.51 21.19 18.37 19.76

Nutrient density is the key attribute in describing the nutritional quality of food
and an essential concept in dietary guideline formulations [32]. In recent years, nutrient
density has become the connecting factor between nutritional science and environmental
aspects [39-41,99]. Nutritional quality, expressed as the content and quality of individual
nutrients (i.e., quantity and quality of protein) or as a nutritional density assessment, is
considered a promising approach to better represent the functions of food.

Different food groups contribute different nutrients to the total diet. Quantitative
methods for the nutrient density assessment, implementing a range of models, are used in
food profiling [32]. One objective of nutrient profiling (NP) is to identify and differentiate
foods that are nutrient-rich from those of lesser nutritional value [36,39]. Calculations are
based on 100 kcal, 100 g, or the serving size [35,100]. A healthy diet profile includes whole
grain products, low fat dairy, fruits, vegetables, as well as a variety of protein foods, such
as seafood, lean meats, poultry, eggs, legumes, nuts, seeds, and soy, along with healthy
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oils [38,40]. NP models provide the scientific basis for labeling information, health, and
nutrition claims for different groups of consumers [101-106].

According to Sluik et al. [37], vegetables represent a food group with the highest
NRF9.3 index score (Table 7). Food items that had the lowest NRF9.3 index scores were
sugar, confectionary items, cakes, biscuits, condiments. and sauces.

Hess and Slavin’s research [107] regarding the comparison of the nutrient densities
of popular snacks confirmed that vegetables and coffee/tea scored best in both NRF9.3
and NRF15.3 indices, while cakes/cookies/confectionary and sweets scored the lowest
(Table 8). The NREF results can help the consumer identify more nutritious options. The
differences between the results of NRF 9.3 and NRF 15.3 generated for the same food, and
the limitations of these indices, underline the need to carefully consider which nutrient
density profiling should be included in food labels, as well as the necessity for consumer
education. Assigning food to a category based on its nutritional composition will allow
consumers to identify and choose foods that are high in nutrients [32,39]. The nutrient
density approach may find applications in nutritional policy making, nutrition labeling,
health claims, marketing, and advertising. Nutrient profiling can also be used to monitor
and improve the quality of products from large companies [108].

Table 8. Average NR9, NRF9.3 and NRF 15.3 index scores on food-item [37,107].

Mean Index Scores

Food Groups

NR9 NRF9.3 NRF15.3
Potatoes and tubers 56.9 53.6 -
Potatoes - 35.0 43.0
Vegetables 224.7 193.1 -
Onion - 126.0 -
Lettuce - 226.0 302.0
Whole fruit - 44.0 51.0
Fruits, nuts and olives 72.8 51.2 -
Fruit juice - 128.0 144.0
Fruit drinks - 39.0 41.0
Ice cream - -8.0 14.0
Milk desserts - -11.0 13.0
Cereal products 28.7 74 -
xzﬁuﬁ‘: meat 526 —0.2 -
Beef - 10.0 67.0
Total fish 69.4 25.4 -
iffjfg‘: c88 87.5 487 -
Fats 41.3 6.4 -
Sugar and
confectionery 14.1 —13.4 -
products
Cake, cookies and 20.0 —101 )

biscuits

Outgrades as by-products of frozen vegetables may be utilized directly as snacks and
salad ingredients without additional processing (shredding), in a paste form as a soup
or sauce base, or shaped as vegetable patties. The multi-vegetable pastes and vegetable
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patties introduced as part of the BIOSTRATEG III project are interesting offers for mass
catering, bars, and restaurants. Considering how difficult it is to foresee the amount
of sales, the ready-to-eat pieces of vegetable patties or multi-vegetable paste units are
attractive proposals for thoughtful meal planning/preparing dishes in a short time, and can
contribute to minimizing the risk of product deficiency. Food banks report that the most
common fresh food waste are salads and lettuce (40.9%). Cold or hot snacks (34.4%) and
dishes made of potatoes and vegetables (34.2%) are less often discarded. Soups, broths, and
sauces (20.2%), as well as flour products (25.8%) are the least wasted [11]. The losses may
be reduced by employing outgrades and their premade dishes. Salads prepared from fresh
ingredients and in advance are mostly defined as products of worse quality or are discarded
after a whole day of storage in the workplace. Incorporating the proposed products in
gastronomic practices may constitute an alternative for forward buying. According to
the report by the Federation of Polish Food Banks, for the year 2020, more than 1/5 of
restaurateurs (22%) bought products “in stock”. Over-stocking is also one of the main
causes of food waste [11]. Having the gastronomic offer products from the outgrades may
reduce the amount of waste. Products made of outgrades can lead to the utilization of
fresh, perishable vegetables with hidden defects that are invisible at the time of delivery.
According to the owners of gastronomic establishments, peelings, skins and other parts of
vegetables and fruits that cannot be used in the kitchen are the most commonly thrown
away [11,13]. The use of frozen outgrades in the form of ready-to-use vegetables or products
(vegetable patties, paste) eliminates the steps of peeling and grinding with simultaneous
workload reductions.

4. Summary and Conclusions

Food loss and waste takes place at every step of the global food value chain, from
agricultural production to consumption. Consumption, including gastronomy and house-
holds, generates as much as 40% of total food losses. Thus, waste management has become
a priority, relating to all activities connected with waste avoidance, reduction, or recycling
along the entire production and consumption chain. The technologies for food waste man-
agement may prove beneficial for industries and gastronomy, significantly reducing water
consumption, waste disposal, and energy costs, and improving access to healthy foods
of high nutritional value. This research contributes to the control of the negative impacts
of food production processing on climate change, together with the reduction of carbon
dioxide emissions by the industry. Technology surrounding post-production outgrade
utilization is a systemic solution that can potentially induce positive impacts on public
health by increasing vegetable intake. According to the research, vegetable outgrades are
valuable components of vegetable food products (vegetable patties and vegetable paste),
with high nutrient densities. Products in this form fulfill the requirements of “clean label”
trends, are attractive for the consumers, and constitute high nutritional components of
healthy diets. Moreover, they provide the catering industry with wholesome products for
versatile use in fast and easy handling forms. The results of the presented study can be put
into practice for sustainable environmental and social development, to reduce agricultural
and food waste.
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