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Abstract: Due to the growing global population and consequent increased demand for food, the
global production of cereal crops has increased. Wheat is one of the most important food crops in
the world, as its products, e.g., bread and crackers, have served as important sources of nutrition for
many years. However, the environmental impacts of wheat-derived food products are not frequently
explored. This study presents an environmental impact assessment of organic wheat crackers within
the context of Swedish winter wheat production using both primary and literature-based data. A
cradle-to-consumer gate life cycle analysis (LCA) approach using the functional unit (FU) of 1 kg
of crackers was applied while considering two cracker value chains: (i) without additives and
(ii) using nettle powder as a natural additive. Four environmental impact categories—cumulative
energy demand (CED), climate change impact (GWP), acidification, and eutrophication—were
explored, with a particular focus on CED and GWP. The analysis results indicated that the total CED
values were about 13 MJ/FU and 14 MJ/FU for crackers without and with the additive, respectively.
Similarly, the total GWP values were 379 g CO2 eq/FU and 464 g CO2 eq/FU, respectively. The
post-harvest processing and handling stage was an environmental hot spot in both cases. The
introduction of the nettle additive has increased the quantified values of all four of the investigated
impact categories. These insights will enable food processors and policy makers to communicate the
environmental impacts and make informed decisions to improve the sustainability of wheat crackers.
This paper contributes to a database of the environmental impacts of wheat products, specifically
LCA data of organic wheat crackers and the LCA method for further LCA studies of snacks and other
wheat products with plant-based functional additives.

Keywords: organic wheat; cracker value chain; life cycle analysis; nettle powder; natural additive

1. Introduction

Due to the growing population and consequent increased demand for food, the global
production of cereal crops increased by about 57% from 1995 to 2019 [1]. Wheat is one of
the most important food crops in the world. According to FAOSTAT data [2], the global
harvested area of wheat was about 219.15 million hectares in 2022 with an average yield
of about 3.69 t/ha. In 2022, the total wheat production of the European Union (27) was
about 134.33 million tons with an average yield of 5.55 t/ha. In 2023/24, the global wheat
production is estimated to be about 784.9 million tons [3].

Wheat and wheat products, e.g., bread and crackers, have served as important sources
of nutrition for many years [4]. Crackers are one category of biscuit [5]; the annual con-
sumption volume of cookies, wafers, and dry biscuits in Sweden increased from about
41,200 tons in 2015 to 72,200 in 2020 [6]. The estimated revenue of the confectionery and
snack market in Sweden is USD 5.07 bn with an annual growth of 4.21% [7], of which snack
foods represent about 26%.
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1.1. Organic Wheat Production in Sweden

In Sweden, the average yield of conventional and organic winter wheat are about
6900 kg/ha and 3950 kg/ha, respectively [8]. Wheat is the most widely produced cereal
in Sweden; it is mainly produced in the southern and central parts of the country, and the
majority is milled into flour while the remainder is exported to other countries. The current
study has focused on winter wheat, because the spring wheat in Sweden accounts only for
10% of the total wheat area [8].

One of the challenges of organic wheat production is its lower yield compared to
conventional wheat. In Sweden, on average, the organic winter wheat yield varied from
3.17 t/ha to 4.91 t/ha while that of conventional wheat varied from 4.9 t/ha to 8000 t/ha
during 2012–2019 (see Table 1). The yield of organic wheat in Sweden is less than the yield
in countries such as Italy and Switzerland [9]

Table 1. Average organic and conventional winter wheat yields (kg/ha) in Sweden [8].

Year Organic Winter Wheat (kg/ha) Conventional Winter Wheat (kg/ha)

2012 3590 6970

2013 3170 6490

2014 3870 7420

2015 4140 7780

2016 3960 6860

2017 4680 7540

2018 3280 4900

2019 4910 8000

1.2. Life Cycle Analysis of Wheat Food Products

The increasing demand for wheat and wheat-derived food products indicates the
need for data on the environmental impacts caused by their production and supply. Bux
et al. [10] conducted an LCA and investigated the environmental impacts of conventional
and organic wheat production in Italy. It was found that, when compared per hectare,
organic production methods reduced the use of synthetic chemicals by up to 100% and
diesel fuels by up to 15%. Di Cristofaro et al. [11] assessed the environmental footprints
of organic and conventional wheat production systems in Italy and reported that organic
production systems produced fewer emissions than conventional production systems.
A study in Belgium by van Stappen et al. [12] indicated that organic winter wheat had
almost the same impact as conventional winter wheat in terms of emission and cumulative
energy demand. Studies have also been conducted regarding sustainability of the baking
industry mainly in terms of bread production [1,13–17]. LCA studies on bread production
have indicated that the carbon footprint varies depending on the system boundary LCA
methodology and type of bread. For instance, Rayichuk et al. [1] reported 675 g CO2 eq
per kg of bread using a cradle-to-retail gate approach compared to about 1425 g CO2 eq
per kg of bread using a cradle-to-grave LCA approach. Ismayana et al. [13] conducted
an LCA of wafer biscuit production and reported a carbon footprint of 1.516 kg CO2 eq
per kg of biscuit. Noya et al. [18] conducted a cradle-to-grave LCA study of gluten-free
biscuit products from oat flour and reported a carbon footprint of about 3.3 kg CO2 eq per
kg of biscuit, with ingredient production and transport being the main environmental hot
spots. However, there are limited data on the environmental impacts of biscuit products,
especially crackers. Therefore, the current study contributes to address this research gap.
Especially in Sweden, there are limited LCA studies of wheat and wheat food products.
Sundberg H. [19] investigated the water footprint of winter wheat in Sweden and the wheat
flour derived from it. Röös et al. [20] investigated the carbon footprint of refined wheat
products such as pasta.
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Even though Sweden is a significant producer of organic wheat, there are limited data
and analyses of the environmental footprints of wheat cultivation and the production of
wheat food products. To the author’s knowledge, no LCA studies have been conducted
on organic wheat crackers produced in Sweden. This study contributes to knowledge of
the environmental impacts of wheat food products, and specifically provides LCA data for
organic wheat crackers; provides information for consumers regarding the environmental
impacts of the crackers they consume; and showcases a LCA method for similar future
studies of snacks and other wheat products with natural additives.

The objective of this study was to conduct LCA studies of organic wheat crackers
value chains both with and without nettle powder as a natural additive. More detail on the
objectives and scope is provided in the next section.

2. Materials and Methods

Two organic wheat cracker value chains were investigated within the context of
production and supply in Sweden. In the first value chain, organic crackers without
additives were considered. In the second, organic crackers with the natural additive of
nettle powder were introduced. A LCA study was conducted following the standardized
procedure ISO 14040:2006 [21] and 14044:2006 [22]. The product value chains were modeled
using SimaPro LCA software, v8.5.2. The cumulative energy demand (CED) V1.10 method
was used to assess the primary energy consumption while ReCiPe 2016 Midpoint (H) V1.02
was used to analyze different environmental impact categories.

2.1. Goal and Scope
2.1.1. Goal

The purpose of this LCA study was to evaluate the potential environmental impacts
of organic wheat cracker value chains both without and with additives. The primary
aims were to identify the environmental hot spots in organic cracker value chains and to
investigate how the use of nettle powder as a natural additive could influence the value
chains’ environmental impacts.

2.1.2. System Boundary and Product Value Chain Description

In this LCA study, a cradle-to-consumer gate approach was used. The major processes
from the farm stage to delivery to the consumer gate were included (see Figure 1). The
functional unit of 1 kg of crackers (excluding packaging weight) at the consumer gate was
used. Organic wheat production and supply were considered to take place in Sweden.
The production and supply of the crackers were considered to be in Sweden. The natural
additive considered in this case was stinging nettle powder. Figure 1 presents the simplified
flow chart of the cracker production system.

2.1.3. Agricultural Production Stage of Organic Crackers

The organic wheat yield used in this study was 3950 kg/ha. The diesel fuel consumed
by tillage operations in wheat fields was estimated to be 0.76 MJ and 0.71 MJ per kg of
crackers without and with the additive, respectively. In addition, the electrical energy
values of about 7.4 wh and 7 wh per FU were considered, respectively. For the harvesting
process, the values of 7.3 wh and 6.8 wh per FU were used, respectively. Similarly, the
values of 17 g and 16 g per FU of manure were considered for the use of organic fertilizer,
respectively. The collection of naturally field-grown stinging nettle and its processing into
nettle powder were also considered.
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Figure 1. Simplified flow chart of the organic cracker value chain. For the non-additive case, about
1.2 kg of wheat is required because the nettle powder is excluded from the system. The consumption
stage is not included in the system boundary.

2.1.4. Post-Harvest Processing Activities in the Organic Cracker Value Chain

The ingredients considered were organic wheat flour (hard wheat), nettle powder,
table salt, yeast, rapeseed oil, and sugar (see Tables 2 and 3). Fresh nettle with an MC of
88% was collected and processed into nettle powder with a MC of ≤7% (see Figure 2).
About 120–150 g of nettle powder could be produced from 1 kg of fresh nettle. In this case,
about 333 g of fresh nettle was considered to be processed into 50 g of nettle powder per kg
of crackers. The energy consumed by drying and grinding the nettle was estimated to be
about 4.5 wh per FU.

About 900 g and 850 g wheat flour was used per FU of crackers without and with
the additive, respectively. The estimation was performed with the values of 76% flour
and 24% by-product. Other ingredients (other than flour and powder) constituted about
100 g per FU. For the baking process, about 550 g of water was used per FU. Energy for
wheat drying was estimated based on the data from Cederberg et al. [23]. Accordingly, for
crackers without and with the additive, the electrical energy of 48.2 KJ and 45.4 KJ per FU
was considered, respectively. Similarly, energy use in the milling and baking processes was
estimated and used in the modeling. For cracker packaging, both plastic and cardboard
materials were used. More detailed information is provided also in Table 2.
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For organic crackers without and with additives, the types and amounts of ingredients
considered are presented in Tables 2 and 3. In the case of crackers without the additive,
wheat flour comprises about 900 g per 1 kg crackers while about 850 g wheat flour and 50 g
nettle flour are required in the case of crackers with the additive (see Tables 2 and 3). The
final product (crackers) has a MC of about 5.5–9.8%. In the processing of nettle powder, the
fresh nettle could be commercial (organically produced) or wild (collected from field). The
MC of fresh nettle leaves is about 88%, which should be dehydrated to a MC of 7%. From
1 kg of fresh nettle leaves, about 150 g nettle powder can be produced.

Cracker packaging should be water-resistant and possess low vapor permeability.
Oriented polypropylene (OPP) and metalized OPP are the preferred packaging materials.
Metalized OPP is preferable due to its effective protection against gases, moisture, and
water vapor. The recommended maximum shelf-life of crackers is 9 months (if unopened),
while the recommended conditions for preservation include dry ambient conditions with a
temperature of 25 ◦C and a relative humidity of less than 35%.

2.1.5. Transport Segments

The transport distance of wheat from farm to mill was assumed to be 50 km. The
transport distance of flour to the cracker production plant was assumed to be 100 km. At
the distribution phase, the crackers were assumed to be transported about 300 km to the
distribution center. Then, the product was assumed to be distributed to retailers within a
50 km radius. From retailers to the consumer gate, a distance of about 3 km was applied.
About 1200 g/FU and 1130 g/FU of wheat was estimated to be transported from farm
to mill for cases without and with the additive, respectively. Similarly, about 900 g/FU
and 850 g/FU of wheat flour was considered to be transported from mill to bakery. The
transport activities related to nettle powder were considered, but were included in the
additive processing and supply stage (under the post-harvest stage) of the value chain of
crackers with the additive.

2.1.6. Life Cycle Inventory

In the current study, the life cycle inventory (LCI) data (see Tables 2 and 3) were
created for cracker value chains both without and with the natural additive. Primary data
and secondary data were obtained from appropriate data sources such as the Ecoinvent
database, peer-reviewed papers, and existing data sets in SimaPro software. The data
related to the agricultural production of organic wheat were mainly related to Swedish
cases. Regional (Europe) or global data were considered only in cases with a lack of
localized data. Data related to post-harvest activities and packaging were collected by
taking into consideration the specific process under inventory (e.g., wheat milling and
cracker packaging, which might not necessarily be affected by geographical location).

Table 2. Summary of LCI data along the organic cracker value chain. Values are provided per FU.

Description Unit *
Quantity

Reference
Without Additive With Additive

(1) Agricultural stage

Organic wheat yield (assumed
moisture content 16.1%) kg/ha 3950 3950 [8]

Amount of seed kg/ha 180–240 180–240 Estimated based on
[20,25].

Fuel tillage operations (note:
liter diesel = 36.9 MJ) MJ 0.758 0.713 [20]
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Table 2. Cont.

Description Unit *
Quantity

Reference
Without Additive With Additive

Electricity (natural gas) wh 7.44 7.1 [26]

Organic fertilizer (manure) kg 0.017 0.016 [23]

Energy for harvesting wh 7.3 6.84

2. Post-farm activities

2.1. Wheat handling and
processing

Energy used for wheat drying
(drying oil) kJ oil 146 138

Electricity for drying kJ 48.192 45.38

Grain packaging (large
polypropylene bag) g 6.72 6.33

Energy for milling wheat MJ 0.93 0.874 [27]

2.2. Cracker-processing stage

White flour (bran separated) kg 0.9 0.85

[24]Nettle powder kg na 0.05

Yeast kg 0.017 0.017

Salt g 6.4 6.4 [5]

Rapeseed oil kg 0.077 0.077 [5]

Rapeseed oil to rapeseed ratio
in mass % 0.36 0.36 [28]

Rapeseed (organic) needed to
produce 0.077 kg rapeseed oil kg 0.214 0.214 [28]

Electricity for rapeseed oil
production kwh 0.009702 0.009702

Transport to supply rapeseed
to oil-production facility t-km 0.0107 0.0107 for 50 km

Transport to supply rapeseed
oil to cracker-production

facility
t-km 0.0077 0.0077 for 100 km

Moisture content of cracker % 7 7

[24]Water for baking process g 550 550

Energy for baking kwh 9 9

Energy for baking MJ 1.2 1.2
[5]

Energy for cleaning activities MJ 0.123 0.123
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Table 2. Cont.

Description Unit *
Quantity

Reference
Without Additive With Additive

2.3. Packaging of Crackers

Polypropylene (for primary
packaging) g 10.4 10.4

[5]

Cardboard (for secondary
packaging) g 38.2 38.2

LDPE (for tertiary packaging) g 0.47 0.47

LDPE (shopping bag) g 4.7 4.7

Energy for packaging MJ 0.36 0.36

2.4. Distribution/retailing
phase

Water consumption at DC
(cooling, cleaning, storing for a

month)
ml 6.93 6.93

Electricity at DC j 2.5 2.5

Water consumption (assuming
3 weeks storage at retailer) l 3.135 3.135

Energy consumption (lighting,
heating, etc.) kj 1.236 1.236

(3) Transport phase

Transport of grain from farm
milling facility km-t 0.06 0.0565 Estimated based on

50 km

Transport of flour to baking
place (assumed 40 t truck with

90% load rate)
km-t 0.09 0.085 Estimated based on

100 km

Transport from production
facility to distribution center km-t 0.3 0.3 Estimated based on

300 km

Distribution center to retailer km-t 0.05 0.05 Estimated based on
50 km

Retailer to consumer km 3 3 Single trip

*—All values are provided per FU unless indicated specifically.

Table 3. LCI data of nettle powder preparation. Values are provided per FU.

Description Unit * Quantity Reference

Raw material (fresh nettle) moisture content % 88
[24]Final nettle powder moisture content % 7

Raw material (fresh nettle) needed kg 0.333

Transport to collect wild nettle km 0.25 Based on 15 km

Energy for convective dryer wh 3.996 [29]

Energy for grinding nettle wh 0.5

[24]Packaging powder: low water vapor
transmission rate, e.g., polypropylene,

polyethylene
g 1.25

*—All values are provided per FU unless indicated specifically.
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2.2. Life Cycle Impact Assessment
2.2.1. Impact Categories

The cumulative energy demand (CED) and global warming potential (GWP) were the
focus of this study. In addition, the acidification potential (AP) and eutrophication potential
(EP) were quantified in both cases, i.e., cracker value chains without and with the additive.

2.2.2. Allocation Principle

Allocation problems in the current study were related to the by-products and wastes
of fresh food products. This enabled unnecessary environmental burden results to be
avoided. In wheat processing, the mass-based allocation criteria were assumed to be 76%
(flour) and 24% (by-product). During purchasing food stuff, allocation problems may
also exist, because different types of food are often purchased together. The specific food
under consideration (e.g., crackers) may constitute only a portion of total purchase and the
environmental burden was assigned accordingly using mass allocation.

3. Results and Discussions
3.1. Cumulative Energy Demand of Organic Crackers

The life cycle impact assessment results show that the total CED values have been
about 13 MJ/FU and 14 MJ/FU for crackers without and with the additive, respectively
(see Figure 3). The CED value increased due to the introduction of the additive.

Sustainability 2024, 16, x FOR PEER REVIEW 8 of 13 
 

 
Figure 3. CED values at different stages of the organic cracker value chain in MJ per FU. 

The post-harvest stage was found to be a hot spot in both options, i.e., crackers with 
and without nettle powder (see Figures 3 and 4). The main contributors to energy con-
sumption at the post-harvest stage were processing the additive and baking the crackers. 
The nettle was considered to be dehydrated from a moisture content of about 88% to 7%. 
As illustrated in Figure 5, non-renewable energy sources, such as fossil fuels and nuclear 
power, had a greater contribution to the total CED, followed by renewable hydropower 
energy. This indicates that shifting energy use (for food processing) to renewable sources 
could enable an increase in the sustainability of the (organic) food sector. 

 
Figure 4. Contribution of different life cycle stages represented as percentage of total CED values, 
i.e., 13 MJ/FU and 14 MJ/FU without and with the additive, respectively. 

 
Figure 5. Illustration of components of different energy sources and their contribution to total CED, 
i.e., 13 MJ/FU and 14 MJ/FU without and with the additive, respectively. 

The findings of the current study indicate that the post-harvest processing and han-
dling stage was an environmental hot spot in both cases, i.e., crackers without and with 
the nettle additive. Konstantas et al. [5] investigated the environmental sustainability of 

Figure 3. CED values at different stages of the organic cracker value chain in MJ per FU.

The post-harvest stage was found to be a hot spot in both options, i.e., crackers
with and without nettle powder (see Figures 3 and 4). The main contributors to energy
consumption at the post-harvest stage were processing the additive and baking the crackers.
The nettle was considered to be dehydrated from a moisture content of about 88% to 7%.
As illustrated in Figure 5, non-renewable energy sources, such as fossil fuels and nuclear
power, had a greater contribution to the total CED, followed by renewable hydropower
energy. This indicates that shifting energy use (for food processing) to renewable sources
could enable an increase in the sustainability of the (organic) food sector.
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The findings of the current study indicate that the post-harvest processing and han-
dling stage was an environmental hot spot in both cases, i.e., crackers without and with
the nettle additive. Konstantas et al. [5] investigated the environmental sustainability of
crackers and biscuits and found that reducing the energy consumption in the manufac-
turing of these food products could reduce CED by 8–12%. The authors also reported
that the primary energy demand of the cracker value chain was about 17.5 MJ per kg
crackers (including the consumption and waste management phases). In the current study,
the CED value was about 12.5 MJ/kg of crackers (excluding the consumption and waste
management stages). For organic crackers, baking, packaging, and nettle powder were
the main contributors to the energy demand of the post-harvest stage. Therefore, efforts
to improve the efficiency of these activities could increase the performance of the organic
cracker value chain.

3.2. Climate Change Impact of Organic Crackers

Figure 6 presents the emission values of different stages of the process. Due to the
introduction of nettle powder as an additive, the total GWP was increased by about 22.4%,
i.e., from 379 to 464 g CO2 eq per FU. Similar to the case of CED, the post-harvest stage was
a hot spot for emissions (see Figures 6 and 7). For the non-additive case, the total GWP was
about 379 g CO2 eq per FU, of which 48% was from the post-harvest stage and about 29%
from transport activities. This supports the findings of Noya et al. [18].
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When compared to the non-additive case, the use of the nettle additive increased the
emission of the post-harvest stage by about 51% while the emissions of the agricultural
stage were reduced by about 7% (see Figure 7). This reduction is due to the fact that less
wheat flour is required per FU than in cases of crackers without additive. Considering
conventional wheat from southern Sweden, Röös et al. [20] estimated the emission values to
be 0.31 kg CO2 eq per kg of wheat before milling. In the current study, the emission values
of the agricultural production stage were 0.82 and 0.88 kg CO2 eq per FU, respectively, for
crackers produced without and with nettle powder. In both options (without and with the
additive) the post-harvest processing and handling stage was found to be the hot spot. At
the cracker-processing stage, ingredients such as rapeseed oil and salt contributed about
0.073 kg CO2 eq/FU and 0.032 kg CO2 eq/FU, respectively.

3.3. Acidification and Eutrophication of Organic Crackers

Similar to the CED and GWP values, the acidification and eutrophication impacts
increased in the cases of crackers with the additive when compared to the product without
the additive (see Table 4). For instance, the total values of acidification, freshwater eutroph-
ication, and marine eutrophication impacts increased by 14%, 41%, and 0.6%, respectively.
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Table 4. Quantified acidification and eutrophication values of cracker value chains per FU.

Impact Category Unit Agricultural
Production

Post-Harvest
Processing Transport Total

Crackers without additive

Terrestrial acidification g SO2 eq/FU 0.2949 1.1196 0.5748 1.9892

Freshwater eutrophication g P eq/FU 0.0023 0.0564 0.0057 0.0643

Marine eutrophication g N eq/FU 0.0004 0.3157 0.0007 0.3167

Crackers with additive *

Terrestrial acidification g SO2 eq/FU 0.2774 1.4209 0.5728 2.2710

Freshwater eutrophication g P eq/FU 0.0021 0.0828 0.0057 0.0905

Marine eutrophication g N eq/FU 0.0004 0.3176 0.0007 0.3186

*—Organic nettle powder considered as the additive.

The collection, processing, and supply of nettle additives, as well as the baking
process, contributed more to acidification and eutrophication than agricultural wheat
production. The long fossil fuel-based transport stages in cracker value chains led to a
greater contribution of acidification and eutrophication impacts.

In this study, the focus was to assess how the introduction of a natural additive influ-
ences the environmental performance of wheat products. Nettle is one of plants that can be
used as natural additives in food processing, e.g., in bakery. It has nutritional and bioactive
components with potential health benefits [30]. It can be used as a nutritional ingredient in
bakery, e.g., in baking wheat crackers. However, the environmental performance of food
products with such a natural additive is less known. In this regard, this study fills a gap
that exists in LCA research. In general, the introduction of the nettle additive increased
the quantified values of all impact categories, CED, GWP, AP, and EP, in cracker value
chains. The insights will enable food processors and policy makers to communicate the
environmental impacts and make informed decisions to improve the sustainability of
wheat crackers. The findings lay the basis for further impact assessments of food products
processed with alternate plant-based additives.

However, there were limitations in this study. Only the nettle powder was considered,
without addressing other potential plant-based additives. In addition, the nettle was as-
sumed to be collected from the field and its cultivation stage was excluded in the LCI, but
should be explored in future studies. In addition, the use of additives should also be inves-
tigated in terms of other food values [30] such as economic benefit, consumers’ satisfaction,
and nutritional benefits. A comparison of the LCA can also be conducted for crackers made
from organic wheat with wheat produced by integrated and conventional methods.

4. Conclusions

The main objective of this study was to assess the environmental impacts of organic
cracker value chains using a cradle-to-consumer gate life cycle analysis (LCA) approach.
Two options were investigated: organic crackers both without and with an additive (nettle
powder). The main focus was investigating how the introduction of additives could
influence the environmental impacts of wheat cracker value chains. This study was based
on organic wheat produced and supplied in Sweden. The LCA was based on the functional
unit of 1 kg crackers. The main environmental impact categories investigated in this study
were cumulative energy demand (CED), climate change impact (GWP), acidification, and
eutrophication, although the focus was on CED and GWP. Agricultural production, post-
harvest activities (such as storing, packaging, and processing), and transport activities
were the main life cycle stages used to present the results. The findings indicate that the
post-harvest processing and handling stage was an environmental hot spot. The main
contributors to environmental impacts include the production and supply of additives,
processing (baking crackers), packaging, and transport activities. Due to the introduction of
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nettle powder as an additive, the total CED value increased from 12.5 MJ (without additive)
to 13.72 MJ (with additive) per FU (i.e., 1 kg cracker). Similarly, the GWP value increased
from 379 g CO2 eq to 464 g CO2 eq per FU, respectively.

The results of the current study can be used to create a new database of the LCA of
organic cracker value chains, and indicate the importance of improving the energy and
process efficiency at the post-harvest stage (including efficient production and processing
of additives) to increase the sustainability of organic wheat cracker value chains. Based on
the findings of the current study, the following future research is recommended: the identi-
fication of organic additives with reduced environmental impacts is vital for improving the
sustainability of the investigated (and other) organic food value chains with additives. This
could be achieved by improving the production and processing of the additives in addition
to improving the processing of the main food item (e.g., crackers). Future studies could be
carried out to compare organic and conventional wheat products including cracker value
chains. The introduction of the nettle additive increased the environmental impacts of the
cracker value chains. Therefore, the use of nettle powder as an additive should be further
investigated in terms of other aspects of added food values, such as economic benefit,
consumer satisfaction, and nutritional benefits.
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