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of the ways to reach the above goalis to use current knowledge about 
food packaging. In other words, considering the role and position of 
packaging in the supply system of agricultural products in the four 
important axes of food security, increasing added value, reducing 
wastes, and saving energy [2], addressing the position of packaging 
in different research areas and industries can be taken a small step 
towards the above axes. In the past, the main role of packaging was 
to preserve the quality characteristics of the foods to provide the 
safety of the consumers. In addition to the consumer safety, the 
packaging features mentioned above are important now. Although 
the researches and investigations related to new materials in food 
packaging are extensive at the national and international levels, due 
to the multiplicity of technologies, the dispersion of treatments and 
the difference in research findings, it is difficult and forbidden to draw 
conclusions and general recommendations for the use of appropriate 
technology or treatment. These researches and investigations are 
sometimes not free of risks and the results of their findings, analyzes 
and final decisions may pose problems [3]. Therefore, it seems that the 
summary of previous researches can satisfy the request of the public 
and private sectors for more information about the role and position 
of packaging in the supply system of manufactured products. Then, by 
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Abstract
Vitamins, minerals and essential fatty acids are vital to health. In the UK, the National Diet and Nutrition survey rolling programme estimates the 
intake of a range of these essential nutrients and foods that contain them. Since this programme began in 2008/2009 nutrient intakes have not 
improved. The aim of this paper is to evaluate vitamin and mineral intakes in the latest iteration of the National Diet and Nutrition Survey and 
compare these intakes with those in 2008/2009 and where possible with similar data from UK surveys going back to 1997. This paper also analysed 
findings from a survey of reviewing people’s knowledge, habits and opinions on nutrition, vitamin and mineral intakes and supplementation to 
contribute to the interpretation of findings from the NDNS. Consumption of the majority of the micronutrients measured in the NDNS fell from 
2008/2009 to 2018/2019. These decreases were greater in women than men and particularly worrying in younger women especially for vitamin A, 
riboflavin, folate, calcium, magnesium, iron, zinc, iodine and selenium. Reductions of the same micronutrients in young men were also evident and 
only zinc intakes have improved in older men. Poor dietary intakes are due to confusion and lack of knowledge as to what constitutes a healthy diet, 
lack of time and the cost of healthy eating which has increased during recent years. Nutrients can be provided from a healthy diet, but this is not 
being achieved. Hence a multivitamin and multi mineral food supplement is the best policy to bridge these dietary gaps.

Keywords: Vitamins; Minerals; Essential fatty acids; National diet and nutrition survey; Healthy diet; Knowledge; Opinion; Cost of food; Food 
supplements; Dietary gap

Introduction
Nowadays, in the world of research for the field of agriculture and 

natural resources, the path towards research is activities with the aim 
of "food security", "reducing the waste of agricultural and livestock 
products in the stages of post harvesting, processing and distribution", 
"protect of production resources", and "wealth production for the 
agricultural society" [1].

In the world of competition and business, in order to gain more 
customer satisfaction, successful industries are those that update 
their products and have development plans along with the progress 
of science and technology. In addition, what is important in food 
marketing and exchange policies is special attention to objectives 
such as supply, storage, conversion, distribution, and healthy and 
quality food consumption. Food packaging is closely related to supply, 
storage, transformation, distribution, and healthy and quality food 
consumption. Today, the role of engineered packaging is to protect the 
product against any pollution, maintain the integrity of the product, 
preparation, identify and introduce the product, attractiveness, ease of 
transportation, increasing productivity, raising awareness by printing 
the necessary information on the package, and the easy using. One 
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reviewing the types of packaging materials and the packaging methods 
for various products, it is possible to express different strategies and 
prominent areas in which scientists have made significant progress 
in order to reach practitioners can get a reliable guide to use in their 
work.

As a result, to obtain the interpretations of numerous researches 
carried out over the past years in food packaging materials, a model 
can be used to summarize and analyze the projects implemented in 
the field of food packaging materials. It is possible to highlight the 
superiority of using food packaging materials (for example, nano 
packaging materials) over conventional materials.

Considering the worldwide dispersion of findings in the field of 
new materials in the food packaging, it is necessary to reach a final 
finding in this field. Therefore, the purpose of this article is to show 
the possibility of conducting a systematic study (that combines study 
data in a number of ways to reach a total understanding of the data) 
and meta-analysis (a type of statistical synthesis) method in food 
packaging materials, especially in terms of improving the quality and 
safety of foods, so that interested parties can use it for the effectiveness 
of their research in introducing suitable packaging materials.

Literature Review
In the packaging of a food stuffs, there are several important aspects 

regarding to the food safety. Since products must be safe for consumers, 
producers are responsible for this. Packaging materials that are in direct 
contact with food products should not pose a risk to human health. It 
is a fact that certain substances migrate from packaging materials to 
food, which is not prohibited, but migration may harm human health 
[4,5]. As the safety of materials in polymers is very important [6,7], 
for various packaging materials and specific chemicals, the European 
Commission has prepared guidelines for materials in contact with 
foods and regulations for plastics. They contain requirements and 
restrictions for the presence of potentially harmful substances. Based 
on the research, it has been determined in what amounts there may 
be a risk to health. If the migration exceeds this set value, there is a 
possibility of health risk. The manufacturer and producer of packaging 
materials is responsible for preparing the Declaration of Compliance 
(DoC). This declaration shows that the packaging materials comply 
with European directives. The buyer of the packaging material must 
confirm this DoC and ensure that the conditions of use correspond 
to the intended use of the packaging material. Therefore, both the 
producer and the buyer are responsible for controlling potential 
food safety risks that can be caused by migration. For example, in 
the European Plastics Regulation (EU) 10/2011, migration limits 
are set for various poly- and perfluoroalkyl substances. Substances 
that may migrate from packaging materials to food stuff above the 
permitted migration limits [8]. Polystyrene is also one of the most 
commonly used compounds for packaging of foods. It is used in 
beverage cups, meat, egg, yogurt and cheese containers and ready-
to-eat foods [9,10,3]. Styrene of polystyrene is used in polystyrene, 
polyamide (a very suitable and practical packaging material using in 
vacuum packaging), and acrylonitrile-butadiene-styrene and it has 
the ability to migrate to food [11]. In another example, mineral oils 
are chemical oils that are mostly obtained from petroleum and may 
enter food in various ways and cause contamination. For instance, 
through the use of lubricants on machines during food production, or 
through hydraulic oils in production and harvesting machines, there 
is a possibility of mineral oils entering food. Another possible source 
of contamination is packaging materials. There are many foodstuffs 
in packages made of paper and cardboard. Paper and cardboard are 
often made from recycled paper, which may contain contaminants 

such as mineral oils from newsprint ink. These contaminants may 
migrate from packaging materials to food and possibly pose a risk to 
consumers. There are still many doubts about the dangers of mineral 
oils and the requirements that must be met to use packaging materials 
in a food-safe manner, in order to prevent or minimize migration [12]. 
For more example of the relationship between packaging materials 
and food, the coatings used for plastic and metal packaging contain 
the chemical Bisphenol A (BPA) may be a threat to food safety. 
Polycarbonate food containers may also contain BPA, which is used 
to make the containers transparent or more resistant to heat. BPA 
can pose a risk to public health. However, BPA can be safely used 
in food contact packaging materials. This material has been used in 
the production of plastics and resins (epoxy) since the 1960s. The 
European Chemicals Agency (ECHA) classifies BPA as a hazardous 
substance. When BPA is used in food packaging, its excessive amount 
can be transferred from the packaging to the food, and whether or not 
it is a risk to people's health depends on the amount that enters the 
food [13]. It is not bad to mention micro plastics, which may not be 
directly related to food safety, but they are not completely irrelevant 
either. They can appear in the packaging and end up in food, or when 
the plastic packaging is thrown away in the nature and decomposes 
into small particles, they are placed in the environment. Research is 
still too limited to comment on the impact of micro plastics in food 
on human health and more research is needed. Micro plastics, like 
nano plastics are small plastic particles. The difference between micro 
and nano plastics is their size. The size of micro plastics is microscopic 
and they are between 0.1 and 5000 micrometers (or 5 mm), and the 
size of nano plastics is much smaller and they are between 1 and 100 
nanometers (or 0.0001 mm) [14]. The presence of heavy metals should 
not be neglected, and of course the definitions used for the term heavy 
metals are different. However, highly toxic metals that may be present 
in packaging materials with legal restrictions include lead, cadmium, 
mercury, and chromium [15].

In the recent years, systematic reviews and meta-analysis have been 
carried out in the various fields, especially medical and pharmaceutical 
cases. These research methods are powerful tools that can overcome 
implementation problems and research errors [16, 17]. However, there 
is not more meta-analytic researches that have been carried out on 
different areas of food packaging including the relationship between 
packaging materials and the safety of packaged foods. Evidently, there 
have been published systematic studies on consumers' understanding 
of smart food packaging technologies [18] and systematic studies on 
packaged foods with polystyrene to search for the level of styrene 
contamination in foods [4]. Sadeghizadeh Yazdi, et al. (2019) [19] 
used a systematic review and meta-analysis for application of edible 
and biodegradable starch-based films in food packaging. First, all of 
the studies related to the title were searched by using some keywords 
(edible and biodegradable starch-based films and food packaging) in 
the English databases including Google, Google scholar, PubMed, 
Embase, CINAHL, PsycInfo, SCOPUS and ISI web of Science during 
the 2010 to 2018. Data were collected based on study characteristics, 
edible and biodegradable starch-based films, food packaging. In the 
initial search, 589 articles were found that after reviewing the titles and 
abstract and removing repetitive and non-related, 33 possible related 
articles were examined. Of these, 24 articles were omitted from the 
abstract because of lack of access to the original article and lack of 
sufficient information. Finally, 13 papers were included in the study. 
Different needs in the food packaging industry for bio-films have led 
to the diverse sources of starch being studied, because each source has 
its own specific characteristics. Extending the use of starch structure 
techniques and the use of this material in combination with other 
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materials to reduce the inherent weaknesses of this natural polymer 
has led to its further development in various industries, especially 
packaged industries. Optimizing conditions will produce transparent, 
non-odorous, non-flavored, and color-free films with improved 
mechanical, optical and deterrent features. Sharafi, et al. (2023) [20] 
reviewed the use of Plant Essential Oils and Extracts (PEOE) in the 
development of antimicrobial edible films for dairy application by way 
of a systematic review and meta-analysis. According to the results, the 
inter quartile range of pathogen reduction potential of Essential Oil 
(EO) in dairy products, irrespective of EO, film and product type, was 
0.10 - 4.70 log CFU g-1 percent concentration. The findings from 38 
articles indicate that the choice of PEOE at appropriate concentrations 
with the selection of appropriate edible film may improve the safety, 
sensory, and shelf life of dairy products. In the other study, a two-
dimensional probabilistic model has been developed to estimate the 
short-term dietary exposure of UK consumers to migrants from food 
packaging materials. The current EU approach uses a default scenario 
of assuming that all individuals are 60 kg weight and consume 1 kg 
of food packaged in the material of interest per day. Using survey 
for around 2000 individual’s supplies detailed information on 
the consumption of food. As a result it is possible to address the 
variation in consumption of food amongst individuals, and account 
for actual body weights providing a more accurate representation of 
the 'true' exposure. Bisphenol A Diglycidyl Ether (BADGE), Di-2-
Ethylhexyl Adipate (DEHA) and styrene migrants were considered as 
specimen compounds. The methodology employed has the flexibility 
to adapt to other migrants and packaging types and indeed other 
food contaminants. Exposure for each individual is estimated by 
calculating and summing the individual exposure from each item in 
their diet, and is repeated for all individuals in each survey to produce 
a distribution of exposures for the population. The packaging type of 
each food item is assigned by utilizing known packaging types from the 
database or, by sampling from a distribution based upon market share 
information. The parameters contributing towards the exposure from 
a packaged dietary item are migrant concentration and item weight. 
The probabilistic approach allows sensitivity analysis to evaluate the 
relative importance of the input parameters and places confidence 
bounds on the outputs to show the effect of the uncertainties and the 
contribution of each food type toward the overall exposure [21].

The above relevant matters show that how are packaging materials 
widespread, how are their uses different in the food industry, and how 
likely they are to create a risk to human health. Therefore, there is a 
need for scientists and researchers in the field of food and health, as 
often as possible (according to the speed of technology development 
today, the shorter the better), to study the findings of new technologies 
in food packaging globally and reach a final finding as much as possible. 
Such an achievement requires the use of comprehensive statistical 
methods, such as the systematic reviews and meta-analysis method, 
which shows the possibility of examining and combining the results of 
research conducted in the past years regarding new technologies and 
materials in food packaging.

Materials and Methods
Materials

To assess the risk and receive exposure to toxins and chemical 
compounds, it is necessary to measure the amount of these compounds 
in foods. A comprehensive and systematic study of these compounds 
not yet been performed. Due to the carcinogenicity of these 
compounds, in the systematic study and meta-analysis, the amount of 
these compounds and the type of food containing these compounds 

should be studied. So as to achieve the above goals, first of all, the studies 
and investigations carried out on new technologies in food packaging 
during the past years should be reviewed. These studies and reviews 
include all kinds of reports and scientific-research articles published 
in reputable scientific journals using keywords such as packaging, 
packaging materials, safety of packaging materials, migration of 
hazardous materials from packaging material to foods, shelf life, smart 
packaging, active packaging, nano packaging, packaging composites, 
packaging nano composites, biodegradable packaging, Vacuum 
Packaging, Modified Atmosphere Packaging (MAP), etc. in databases 
such as Wiley Online Library, Springer, Google Scholar, Direct Science, 
PubMed, ISC, etc. The information and data examined from these 
articles include the title of the research, various aspects of technology 
in terms of improving the quality and safety of food, applicability and 
economic variables. Then, this information is examined, screened 
and analyzed froman Excel file using a special meta-analysis format 
containing the columns of sources, country, control treatment, and 
experimental treatments (Figure 1).

Articles and reports are selected in such a way that they contain the 
necessary information for meta-analysis. This information includes 
the average of the investigated indicators in the control treatment and 
experimental treatments, the standard deviation of the mean and the 
variance of the test error and the number of repetitions [22].

Methods

The research steps of systematic reviews and meta-analysis in this 
study are briefly described below:

1 - In the systematic review aimed to investigate the level of pollution 
materials (in terms of quality improvement and food safety) in packed 
foods, the original articles including keywords packaging materials 
(such as styrene, bisphenol A, polystyrene, mineral oils, etc.), foods, 
contamination, pollution, food packaging, shelf life, etc. Should be 
searched in the English databases including Google, Google scholar, 
PubMed, Embase, CINAHL, PsycInfo, and scientific bases like Web 
of Science, Medline, Scopus, and Science Direct during the certain 
period of time [19]. For better results, in addition to English databases, 
should also pay attention to the local language scientific databases.

2 - Data were collected based on study characteristics, therefore, the 
articles that did not meet the inclusion criteria are excluded with the 
initial evaluation from the total of studies.

3 - The quality assessment is conducted for selected full papers and 
finally data are extracted from the selected articles.

4 - All necessary analysis is also conducted with some software such 
as Comprehensive Meta-Analysis (CMA) software.

 

Figure 1: Meta-analysis form to extract the primary information.
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5 - The examined samples may be any type of packaged food in the 
various packaging materials.

6 - As the shelf life of product has effect on migration of packaging 
materials, the overall average of migrated material is estimated in food 
matrix.

7 - The permissible level of dangerous substances of packaging 
materials in foods should be specified in accordance with the 
standards. For example, the Committee of the World Health 
Organization (WHO) and the World Food Organization have 
announced a tolerable daily intake of 40 mg /kg-body weight per day 
for styrene [21]. In addition, the European food safety authority, has 
announced the maximum permissible limit for styrene in food as 0.6 
mg/kg. Furthermore, according to the Food and Drug Administration 
(FDA), the maximum allowable styrene in bottled water is 0.1 mg/L 
[23]. Where data on concentrations for a particular type of food are 
lacking, expert judgment is used to extrapolate from available data for 
other food types [21].

8 - The obtained amount of the number 6 should be less than the 
permissible level of number 7.

9 - The description of meta-analysis steps can be seen in the research 
of [24] as follows:

9.1 - Since the intensity or number of relationships between 
variables cannot be determined only with statistics or statistical tests 
[25], it is necessary to use the effect measurement indicators. One of 
these indicators is The Effect Ratio Index (R).

The Effect Ratio (R) is obtained from the ratio of the average 
measured traits in the research treatment (which will be determined 
after screening all the articles according to the above keywords) to 
the average traits in the control treatment (conventional technology 
or material compared to the research treatment resulting from the 
screening of all articles) [22]. In line with the subject of this article, 
these traits can be indicators for improving food quality and safety, 
applicability, and economy.

To investigate, reject or confirm the null hypothesis, tests of the 
significance level and the magnitude of the effect size will be studied 
both individually (in one research) and in a group (among all 
researches) [26].

9.2 - Due to the fact that a non-parametric weighted function is 
used for meta-analysis, the weight of each effect size is calculated as 
follows (Equation 1):

i
nW
y

=

Where in:

n: The number of replicate measurements 

y: The number of years or measurement samples

9.3 - The average effect size is obtained from the Equation 2 [27]:

(InRi Wi) iInR W= ∑ × Σ

Where in:

InRi: Effect size for measured traits in the i comparison.

9.4 - The percentage of changes in traits resulting from the research 
treatment (CH %) compared to the traits resulting from the application 
of the control treatment (conventional technology or material) is 
obtained from Equation 3:

% (R 1) 100CH = − ×

Where in:

R: The effect ratio

9.5 - To analyze changes in food quality, regression analysis and 
mathematical functions are used if necessary.

Discussion and Conclusion
Since this article deals with the application of the systematic review 

and meta-analysis method in food packaging from its safety viewpoint, 
determining the effect ratio for each of the examined indicators will 
determine the popularity and effectiveness of that indicator, that is, 
what we are looking for it. In other words, by determining the ratio of 
the effect, and the percentage of changes of the investigated attribute 
(for example, the safety of the food in contact with the packaging 
material contain styrene, bisphenol A, mineral oils, etc.), a more 
accurate statement can be made. Therefore it was pointed out, in this 
paper how to use the systematic review and meta-analysis method 
step by step to help that using this approach to integrate the findings 
of numerous researches conducted over the past years regarding new 
technologies or materials in food packaging, shows the effectiveness 
and the achievement of superior results.
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