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Abstract: Comprehensively compiled dietary polyphenol data is required to compare polyphenol
content between foods, calculate polyphenol intake and study its association with health and disease.
The purpose of this review was to identify data on the presence and content of polyphenolic com-
ponents in South African foods, with the aim of compiling the data into a database. An electronic
literature search was conducted up until January 2020 using multiple databases. Additional literature
was sourced from South African university repositories. A total of 7051 potentially eligible references
were identified, of which 384 met the inclusion criteria. These studies provided information on food
item name, geographical distribution, polyphenol type, quantity, and quantification method. Data
for 1070 foods were identified, amounting to 4994 polyphenols. Spectrophotometry was the main
method used for quantification of gross phenolic content in various assays such as total phenolic
content (Folin–Ciocalteu assay), total flavonoid content (AlCl3 assay) and condensed tannin content
(vanillin–HCl assay). Phenolic acids and flavonoids were the main polyphenol classes identified.
This review highlights that South Africa has abundant information on the polyphenol content of
foods, which could be utilised within a food composition database for the estimation of polyphenol
intake for South Africa.

Keywords: polyphenol database; diet; health; systematic review; food composition database

1. Introduction

According to the World Health Organisation (WHO), non-communicable diseases
(NCDs), such as cardiovascular diseases, cancer, diabetes and chronic respiratory diseases,
are the leading global cause of death, accounting for 74% of deaths worldwide [1]. The
most recently released Statistics South Africa (Stats SA) report on mortality and causes of
death in South Africa shows that apart from tuberculosis (TB) as the main cause of death,
diabetes mellitus was the second leading natural cause of death, followed by different
forms of heart and cerebrovascular diseases [2]. Over the last 20 years, South Africa
has experienced a significant nutritional transition, resulting in an increased intake of
processed foods high in sugar, salt and saturated fats and an inadequate intake of fruit
and vegetables [3]. A recent report found that the South African diet is unbalanced and
consists mainly of meat and starch [4]. These dietary patterns have contributed to the
high prevalence of obesity and other non-communicable diseases among the South African
population [5]. A key message of the food-based dietary guidelines for South Africa [6] is
to consume plenty of fruit and vegetables daily and there has been a multi-sector approach
to promote the increased consumption of plant-based foods, especially those endemic to a
specific area [4,5,7]. These approaches are deemed important as several epidemiological
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and intervention studies have reported positive correlations between plant food intake and
the prevention of non-communicable diseases [8–10].

The positive correlation between plant food consumption and disease reduction has
led the scientific community to identify specific compounds responsible for the observed
health benefits. Scientific evidence linking increased consumption of plant foods to im-
proved human health has been attributed in part to their content of beneficial polyphenols.
Polyphenols are secondary plant metabolites that comprise a heterogeneous group of
molecules that constitute a large family of more than 500 different compounds with highly
diverse structures, from simple molecules, such as phenolic acids, to large ones, such as
proanthocyanin polymers [11]. Polyphenols are common in many plant foods such as fruits,
vegetables, cereal grains and beverages such as wine, beer and tea [12], which are food items
consumed by many South Africans on a daily basis [13], while the most common phenolics
in the human diet are phenolic acids, flavonoids and tannins [12]. During the last decade,
interest in food polyphenols has increased substantially, especially among food scientists,
nutritionists, the agricultural/food industry, and consumers. This is mainly due to the
discovery of their antioxidant effects and their role in the prevention of non-communicable
diseases [14]. Polyphenols are strong antioxidants that complement and add to the func-
tions of antioxidant vitamins and enzymes as a defence against oxidative stress caused by
excess reactive oxygen species [11,12]. The antioxidant action of polyphenols could poten-
tially result in vasodilator, antithrombotic, anti-inflammatory, antiapoptotic, hypolipemic,
or antiatherogenic effects that have been associated with decreased cardiovascular risk [15].
The antidiabetic effects of polyphenols are also multifactorial, as polyphenols have been
shown to modulate the digestion of starch and other carbohydrates, induce satiety, mitigate
non-enzymatic glycation, modulate hormonal responses and stimulate the secretion of
glucagon-like peptide 1 (GLP1) [16]. Dietary polyphenols have also demonstrated anti-
cancer activity, showing biological activity against the main cancer molecular targets such
as kinases, pre- and anti-apoptotic proteins, enzymes that regulate energy metabolism and
regulatory proteins linked to proliferation and signalling pathways. In addition, polyphe-
nols have preventive effects against tumour initiation through numerous mechanisms, such
as the avoidance of genotoxic molecule formation, the blockade of mutagenic transforming
enzyme activity, the regulation of phase I and II enzymes, such as cytochrome P450s and
S-transferase, as well as preventing DNA damage [17,18].

Furthermore, dietary polyphenol data can be used to compare polyphenol content
between foods, to calculate polyphenol intake in populations and study its association with
health and disease, or to evaluate the relative contribution of a given food product to the
intake of a particular polyphenol as compared to other food sources [14]. Though there
are international dietary polyphenol composition databases available for these purposes,
research has shown that these databases lack variation and do not account for unique native
foods as they are typically not region specific [19].

The content and composition of polyphenols in several South African fruits, vegetables,
beverages, cereals and legumes have been documented in various publications. However,
these publications are scattered and published in formats that are neither readily available
nor formatted for the purpose of research and practice. Therefore, a need for a South
African-specific polyphenol composition database that will provide accurate and validated
composition data in a convenient, standardised and accessible format has been identified.
The purpose of this review was to identify data on the presence and content of polyphenolic
components in South African foods by means of a systematic review with the aim of
compiling the data in a South African dietary polyphenol database as a supplement for the
South African Food Data System (SAFOODS) [20].

2. Materials and Methods

A modified process based on the methodology used by Igwe et al. (2017) [19] and
Probst, Guan and Kent (2018) [21] was employed to obtain South African dietary polyphenol
data. The stages for this study consisted of (i) search strategy; (ii) eligibility screening; and
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(iii) data extraction and analysis. The structure of the review was conducted according
to the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA)
guidelines [22]. Though there are a limited number of reviews reporting on polyphenols
found in specific foods, food groups, medicinal plants, and alcoholic and non-alcoholic
beverages, to date, no systematic review has been done on South African polyphenol
content as consumed in a regular diet from typical foods.

2.1. Search Strategy

A literature search of studies published (in the English language) was performed using
Scopus, Science Direct, PubMed, Web of Science and ProQuest databases. A wide range of
quantitative study designs were included if extractable data were available. Additional
literature was sourced from South African university repositories. Web-based university
repositories were used to search for relevant theses and dissertations. Search results were
saved in Microsoft Excel © (Microsoft®® Excel®® for Microsoft 365 MSO, Version 2303)
worksheets with hyperlinks to the abstract via the title. The theses/dissertations were
independently screened via their abstracts. Discrepancies were resolved by consensus
among the reviewers. The search terms and strategy used for the study selection were
adjusted according to the database concerned but consisted of a combination of “South
Africa” AND Food AND Diet AND drink AND Polyphenol OR flavonoids OR phytochem-
icals OR phenolic acid OR anthocyanidins OR isoflavones OR flavones OR flavonols OR
flavanones OR hydroxycinnamic acid OR stilbenes.

2.2. Eligibility Screening

The studies included in this review had no date limitations as this was the first review
of its kind and the aim was to obtain the maximum possible amount of data, though data
was collected until January 2020. The dietary polyphenol database will be specifically
focused on South African foods; therefore, data on foods not consumed in South Africa
were excluded. Only studies published in English were considered for inclusion. All
supplements, nutraceuticals, extracted and encapsulated forms of polyphenols, extracts
from herbal/medicinal sources and purified or modified versions of polyphenols were
excluded as the focus was on the inclusion of food items as consumed in a regular diet.
Using a pre-defined eligibility criterion, the texts obtained via database searches were
independently screened by their title and abstracts using the Rayyan web application in
blind mode [23]. Theses/dissertations were also independently reviewed using an Excel
spreadsheet with links to the abstracts of the theses/dissertations via the universities’ online
repositories. Discrepancies between the two reviewers were resolved by re-evaluation
of the specific texts until consensus was reached. If the data reported in an article and
dissertations were identical, it was assumed that the source of the information was the same
and therefore the information source with the least amount of information was excluded.
The authors of the publications were contacted when necessary to obtain missing data or
supplementary information.

2.3. Data Extraction and Analysis

The full texts of papers meeting the inclusion criteria were retrieved, further assessed
for relevance, and summarised in tables. The following information was collected: Full pub-
lication reference, publication year, title, geographical location (province, town) of where
the food item was obtained, food item name, food group, method of analysis/quantification,
polyphenol class and polyphenol quantity. Discrepancies during the extraction phase were
resolved by consensus of the reviewing team. The corresponding authors of papers were
contacted when necessary to obtain missing or supplementary information. Data that were
presented only in graph format were excluded from the final extraction. Data from the
same food but from different publications were considered separately.

The extracted food items were grouped according to the SAFOODS food grouping
system [15]. The total number of polyphenol values was calculated per individual food
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item as described using means with standard deviations, as reported in the original sources,
when this information was available. Initial data aggregation was performed for the same
food item with samples from various locations within the same province and/or analysed in
different years and seasons. Polyphenols extracted from the included studies were grouped
into polyphenol classes and subclasses according to Probst, Guan and Caldwell (2019) [21]
and Phenol-Explorer [24]. The methodology used to group the polyphenol content extracted
from the included studies was according to the classification used by Ignat, Volf and Popa
(2011) [25]. Data collected were recorded in a Microsoft Excel© spreadsheet and basic
analysis was performed using the Microsoft Excel Data Analysis Toolpak.

3. Results
3.1. Study Selection

The search of the electronic databases identified 5127 potentially eligible articles.
Additional records identified through South African university repositories identified 1931
potentially eligible master and doctoral dissertations/theses. After removing duplicates,
4944 records were screened. Subsequent to the initial screening based on title and abstract,
4369 records were excluded and 575 records remained for further full-text assessment. A
total of 384 reports met the inclusion criteria and were ultimately included in the analysis.
A PRISMA flow chart of the search strategy and selection process is depicted in Figure 1.
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3.2. Year of Publication

Figure 2 presents the distribution of included publications by year of publication. As
shown, an upward trend in the number of publications was observed, with peaks in 2015
and 2018.
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Figure 2. Number of publications per year in articles/theses/dissertations on polyphenols in South
African dietary sources from over review period.

3.3. Data Sources

Scientific databases were the main sources of included publications (n = 218), while
university repositories contributed 166 theses/dissertations. From the university repository
data, Stellenbosch University was the main contributor of theses/dissertations, followed
by the University of Pretoria and the University of KwaZulu-Natal (Table 1).

Table 1. University included reports distribution.

University Theses/Dissertations Included

Stellenbosch University 59
University of Pretoria 31

University of KwaZulu Natal 18
Cape Peninsula University of Technology 17

Tshwane University of Technology 7
University of Limpopo 6

Durban University of Technology 5
North-West University 4

University of Johannesburg 4
University of the Western Cape 4

University of South Africa 3
University of Zululand 3

University of Venda 2
Central University of Technology 1

University of Cape Town 1
University of Fort Hare 1

3.4. Geographical Distribution of Included Studies

An additional objective of the review was to identify the geographical location of
the foods analysed in the studies. Thus, the city and province where food was sampled
were extracted from the full text and calculated. If a publication sampled data from more
than one province, the total number of provinces listed was added to the total. Figure 3
represents the provincial distribution of the studies.
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3.5. Food Groups, Food Items and Total Polyphenols

The food items found in the publications fell into 12 of the SAFOODS food group
categories, as shown in Table 2. The food group with the majority of food items and
polyphenols is the miscellaneous group. This group contains food items such as wine and
tea, which make up most of the food items extracted for this group. As expected, the meat
and milk groups contained the least amount of food items and polyphenols. The legumes
and legume products yielded the third highest amount of polyphenol data points, though
they ranked only 5th highest in the total number of foods per food group.

Table 2. Distribution of food items and polyphenols from included publications per food group.

Food Group Number of Food Items Number of Polyphenols

Miscellaneous 383 2482
Vegetables 187 458
Fruit 163 839
Cereal and cereal products 145 432
Legumes and legume products 75 508
Beverages 74 213
Soups, sauces, seasonings and flavourings 17 32
Fats and oils 11 11
Nuts and seeds 10 12
Sugar, syrups and sweets 3 5
Meat and meat products 1 1
Milks and milk products 1 1
Total 1070 4994

3.6. Polyphenol Class and Subclass

Figure 4 shows the distribution of polyphenol classes and subclasses from the included
studies. Total polyphenols were reported in 73% of included studies (n = 280). Total
flavonoids were reported in 96 studies. It must be noted that “total polyphenols” and “total
flavonoids” referred to in this instance give only gross phenolic content and do not provide
information about specific phenolic compounds. Looking at the flavonoid subclasses,
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flavonols and anthocyanidins were reported in 98 and 86 studies, both resulting in the
identification of 273 polyphenols, respectively. Of the phenolic acids, hydroxycinnamic
acids were identified in 57 studies, resulting in 180 polyphenols analysed at the study level,
while some studies also reported on total phenolic acids (n = 12). The “other” polyphenol
class was identified in 30 studies and resulted in 83 polyphenols. Only two studies reported
on stilbenes and lignans, with 5 stilbenes and only 2 lignan types identified.
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3.7. Polyphenol Quantification Methods

The main methods used for quantification of the extracted polyphenols are shown in
Figure 5. Spectrophotometric methods were used by the majority of studies (74%) to quan-
tify polyphenols followed by chromatography (21%). A combination of spectrometry and
chromatography methods was used for analysis in approximately 3% of included studies.
Spectrophotometric methods used to quantify gross polyphenol content include the Folin–
Ciocalteu/Folin–Dennis method (total polyphenols), the vanillin/butanol–HCl method
(tannin content), the aluminium chloride method (total flavonoids), pH differentiation (total
anthocyanins), the 4-dimethylaminocinnamaldehyde (DMAC) method (proanthocyanidins)
and the ferric ammonium citrate method (total polyphenols). Chromatographic techniques
included high-performance liquid chromatography and gas chromatography. The majority
of “other” techniques focused on precipitation-based methods.
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4. Discussion

Food composition tables are an important and necessary tool for studying the rela-
tionships between diet and health, dietary intake assessments, nutrition labelling, policy
development, as well as monitoring the quality of foods available to the consumer [26,27].
It is well recognised that adequate nutrition is a critical component of public health. Prior
to the development and implementation of intervention programs to improve nutrition at
the population level, it is important to first assess the nutritional status of a population [28].
Food composition databases are critical to converting food intake to nutrient intake to
elucidate the relationship between food and specific dietary components consumed and
their effect on various health outcomes. Over and underconsumption of certain dietary
components could be indicative of the origin of certain health conditions. Furthermore,
results from national health and nutrition surveys are used to inform food and nutrition
policy in the form of food supplementation and fortification, dietary advice for pregnancy
and the formulation of preventative diets for reducing diet-related non-communicable
disease rates [29].

Although most food composition tables focus on energy and macro- and micronu-
trients, interest in non-nutritive components is increasing [28]. Polyphenols are of par-
ticular interest as their consumption is consistently linked with protection against non-
communicable, chronic diseases [21]. This review showed numerous South African dietary
polyphenol data available across multiple publications and study types.

Figure 2 demonstrates the increase in publications containing qualitative data on the
number of polyphenols in food items over the last two decades. This shows the growing
trend and, thereby, interest in studying and quantifying polyphenols in South African
foods. This trend was also observed internationally across Europe, North America, South
America, Asia and Australia [12,19,30–32].

It is known that knowledge syntheses such as systematic reviews are important to
provide essential evidence to inform healthcare decision making [33]. Systematic reviews
represent a rigorous approach to synthesizing and evaluating available scientific evidence.
Findings from systematic reviews can be viewed as independent scientific publications
to document the state of the scientific evidence, identify knowledge gaps and research
needs, provide input into program and policy decision-making processes, and serve as the
foundation for later updates as new data emerge [34]. Although systematic reviews are
well known in the broader scientific/medical fraternity, their use in food composition is
relatively new [19,21,35,36]. This systematic review was thus conducted due to the gap
in knowledge of available polyphenol data and the need for such data in the country, as
well as to provide scientific evidence to inform the South African Food Data System. It
is also important to note that a critical component of a well-conducted systematic review
is an objective, sensitive, and reproducible literature search of multiple sources, as was
done in this review. Additionally, grey literature is deemed an important source of relevant
information [37], as it may reduce publication bias, increase reviews’ comprehensiveness
and timeliness, and foster a balanced picture of available evidence. Since failing to identify
grey literature on a topic might affect the results of a systematic review. The repositories
of all South African universities were used to search for grey literature, which yielded
more detailed information in master’s and doctoral theses/dissertations. It is also standard
practice to include theses/dissertations in the compilation of nutrient databases, as ob-
served during the systematic update of the Argentinian food composition database, which
included bachelor’s, master’s and doctoral theses [35].

An important objective of this review was to observe the geographical distribution of
studies on dietary polyphenols throughout South Africa (Figure 3) and determine whether it
follows the agricultural trends of the provinces. From the distribution of studies throughout
the nine provinces of South Africa, the findings in this review support the notion that the
distribution of studies on dietary polyphenols in South Africa mirrors the distribution
of agriculture and food production trends in South Africa. According to the Census of
Commercial Agriculture (CoCA) [38] in South Africa conducted in 2017, the Western Cape is
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the province that generates the most income from commercial agriculture, with the second
highest number of commercial farms. The Western Cape is also the leading producer of
grapes, apples, peaches, pears and plums and the number one producer of wheat, barley
and onions. Furthermore, most of the included theses and dissertations originated from the
University of Stellenbosch, while Cape Peninsula University of Technology contributed the
4th most included theses/dissertations (Table 1). Thus, it is expected that most data sources
on the polyphenol content of food items would originate from the Western Province, as
fruit and wine are large contributors of polyphenols to the human diet [31].

It was interesting that the second-largest number of studies originated from the
Limpopo Province, although this province ranked 7th on the list of the number of commer-
cial farms. However, according to the CoCA report, Limpopo is the leading producer of
tomatoes and citrus fruits such as oranges, grapefruit, lemons, mangoes and tangerines [38].
Flavanones are a polyphenol subclass mostly associated with citrus fruits. Naringenin
and hesperidin in particular are well-known polyphenols found in high volumes in the
peel of citrus fruits [39]. Data from this review also found that the flavanone subclass
was analysed in 46 of the included studies and yielded 117 individual polyphenols at
the study level (Figure 4). Additionally, the Limpopo region is also the number one pro-
ducer of avocado and butternut [38], which are both good sources of phenolic acids and
flavonoids [40,41]. The Northern Cape was the province with the least number of included
studies. Though it is the largest province in South Africa, it generates the least amount
of income from commercial agriculture and the agricultural income generated is almost
entirely centered around livestock [38]. Though there has been growing interest in the
bioactivity of meats [32], they are not known sources of polyphenols.

Climate is an important driver of food production in South Africa, as the region is
semi-arid [42]. Furthermore, rain is the main source of water for field crops in South
Africa [38]; therefore, most agricultural production is focused on areas such as KwaZulu-
Natal, Mpumalanga and Limpopo, where most rainfall occurs. The Northern Cape is
the driest province in South Africa, with the lowest annual rainfall levels, indicative of
the lowest percentage of agricultural activities, further explaining the reason for the least
number of included studies [42]. Climate is also important for the production of wine, and
the Mediterranean-like climate of the Western Cape is favoured in wine production, which
yields the majority of wine produced in South Africa and thereby compares to the number
of wine-related polyphenol studies seen in this review [43].

Besides the region-specific agricultural factors mentioned, population density is also
a big driver for food production within a region and thus plays a role in the observed
distribution of the included studies. According to the mid-year population estimates of
2022 conducted by Statistics South Africa [44], Gauteng comprises the largest contributor
to the South African population, with approximately 16,10 million people (26.6%) living in
this province. Though it is the densest province, it is also the province with the smallest
agricultural surface. From this study, we observed that 62 studies were conducted in
Gauteng, which ranked third after the Western Cape and Limpopo. Gauteng also houses
four of the tertiary institutions from which theses and dissertation data were obtained
(Table 1). KwaZulu-Natal is the province with the second-largest population, with an
estimated 11.54 million people (19.0%) living in this province. KwaZulu-Natal Province
houses three of the tertiary institutions from which repository data was obtained and
fifty-three of the included studies were conducted in this province (Table 1; Figure 3).
The Northern Cape remains the province with the smallest share of the South African
population, and thus it was expected that the least amount of studies would originate from
this province.

The two most widely used international polyphenol databases for the estimation of
dietary polyphenol intake are the American USDA Database for the Flavonoid Content
of Selected Foods [30] and the European Phenol-Explorer [24]. Although data quality
assessment and data aggregation could lead to attrition in the number of food items finally
included in the user database, this review found a preliminary number of 1070 food items
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that could potentially be included in the database, which is promising in light of the fact
that the USDA Flavonoid Database and Phenol Explorer currently contain polyphenol data
on 452 and 506 foods, respectively.

The distribution of foods according to the SAFOODS food groups follows the expected
trend of consisting mainly of plant-based food items (>99%), as polyphenols are exclusive
to plants. The miscellaneous food group, which contained the most food items (Table 2),
mainly consists of wine and tea. Rooibos tea was investigated in the majority of studies
involving tea. Rooibos tea is prepared from unfermented and fermented plant material
from the Cape fynbos plant, Aspalathus linearis, and is a popular beverage among South
Africans [45], while tea in general is one of the most frequently consumed foods [13].
Aspalathin and nothofagin, a xanthone subclass of polyphenols, are found in high concen-
trations in Rooibos tea, and many of the uniquely associated health benefits of Rooibos tea
are attributed to these compounds [45,46]. Interestingly, the 2016 Tea Industry Landscape
Report found that South African consumers are shifting from black tea consumption to
Rooibos tea, most likely due to the health benefits associated with its consumption [47].

Wine is a well-known source of polyphenols, and thus it was no surprise that it
accounts for a large number of food items extracted from the included studies. South
Africa, in particular the Cape Winelands, is one of the largest producers of wine in the
world, ranks eighth in overall volume production of wine and produces 4.1% of the world’s
wine [43]. Therefore, research on the quality and quantity of polyphenols found in wine
is of great importance for this industry. It was surprising to find so few articles analysing
stilbenes (n = 2) since resveratrol is produced in grape skins and some of this solubilises
into red wine during fermentation [48]. However, according to Vincenzi et al. (2013) [49],
the concentration of resveratrol in red wine is too low to elicit a therapeutic effect, which
could be the reason why there is not much research interest in quantifying it in wine.

Fruits were the third-largest food group and ranked second in terms of the number
of polyphenols found within the group. South Africa is well known for its exportation
of various citrus, apples and table grapes [38,50]. The country also has a rich diversity of
indigenous fruit species that are often underutilised but have gained research interest due
to their unique polyphenol content. A study conducted by Kucich and Wicht (2016) [51]
compared, amongst others, the Carissa macrocarpa (num num), Carpobrotus edulis (sour fig),
Olea europaea subsp. Africana (wild olive) and Harpephyllum caffrum (wild plum) fruits to
commercial blueberries and cranberries. The sour fig, which is popular in the Western
Cape, was found to have a total phenolic level comparable to cranberries. They also found
that the wild plum, well known in the KwaZulu-Natal region, was found to have a high
total polyphenol content, comparable to the total phenolic content of blueberries, which are
popularly promoted as a “superfood” due to their bioactive components.

It was noteworthy that the third and fourth highest number of polyphenol data points
were obtained from the legume and legume products group and the cereals and cereal
products group, respectively. The legumes and legume products group accounted for
508 total polyphenols from only 75 food items (Table 2). This indicates that there is a
particular interest in legume polyphenols in research conducted on South African foods.
Legumes have been found to be an excellent source of polyphenols, including phenolic
acids, flavonols, flavones, flavanols, flavanones, isoflavones, anthocyanins, tannins and
other phenolics [52,53]. The Bambara groundnut and cowpeas make up the majority of
food items within this group. Although the South African food-based dietary guidelines
state that dry beans, split peas, lentils and soya should be consumed regularly [6], the
Knorr Plate of the Nation report of 2020, which looks at the food consumption patterns
of South Africans across various demographics, found that overall, South African meals
contain minimal amounts (5 to 7%) of legumes [4]. However, with the global movement
towards more plant-based diets, legumes have become important as a good source of plant
protein [52]. Interestingly, in a recent review, Tian et al. (2019) [54] found that the content
of polyphenols in grains is similar to that of fruits and vegetables and that some highly
active phenolic compounds only exist in whole grains. Furthermore, the Knorr Plate of the
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Nation report also found that the current South African plate consists mostly of starches
derived from refined grains [4]. The promotion of legumes and whole grain consumption
could thus be an avenue to introduce more polyphenols into the South African diet.

A variety of polyphenol classes were extracted from the included studies. As fruit and
vegetables were the food groups with the highest number of food items extracted, it was
expected that high numbers of phenolic acids and flavonoids would be extracted, as was
observed in Figure 4. Spectrophotometric methods provide useful qualitative and quantita-
tive information and are the main technique used for the quantification of gross polyphenol
content due to their simplicity and relatively low costs [25]. Thus, it is no surprise that
spectrophotometric methods were the main methods used to quantify the polyphenol
contents extracted in this study (Figure 5). However, it is known that spectrophotometric
methods lack specificity for individual compounds and interference from non-polyphenol
substances can cause false readings leading to overestimations [11]. High-performance
liquid chromatography is a preferred method for the analysis of polyphenols in fruits due
to the technique’s ability to separate compounds prior to analysis in order to accurately
quantify and identify the individual polyphenols in foods [11,25]. With advances in the
field of analytical chromatography, liquid chromatography-mass spectrometry has emerged
as the go-to state-of-the-art analytical method for the identification and quantification of
specific polyphenolic compounds in foods.

The main strength of the study is that the information obtained using the systematic
process has delivered data that is diverse across the country, and the foods analysed varied
according to the agricultural characteristics of each region. Inclusion of the university
repository search in the strategy has provided numerous data that would not have been
identified if only scientific databases were searched. Furthermore, upon completion of the
user database, the possibility of an enhanced scope of improved study results is possible
for South African dietary polyphenol intake studies. Some limitations include the exclusion
of date restrictions when conducting the search and thus some data that met the inclusion
criteria were analysed using methods that are currently not considered good quality. The
Folin–Ciocalteu method has been critiqued as it lacks specificity for phenolic compounds
and is known to overestimate values when other reducing agents are also present in the
foods, compared to the more specific high-performance liquid chromatography (HPLC)
methods [55]. Nonetheless, as this was the first stage in the process leading to the develop-
ment of a national polyphenol database and in the absence of any prior knowledge of the
extent of data available, it was deemed important to obtain as much data as possible.

Future studies should include the assessment of data quality through adaptations
of internationally available tools such as EUROFIR’s Quality Index guidelines [56] and
the USDA’s data quality evaluation system [57,58] to the South African-specific data.
Additionally, the obtained data should be compiled into a reference database to enable
comparisons and estimations of dietary intake. Moreover, a process of data validation of
the compiled data is envisioned to further strengthen the quality of the compiled data.

5. Conclusions

In this study, dietary polyphenol data from South African foods were systematically
searched for using various sources. This review highlights that South Africa has numerous
sources of data on the polyphenol content of foods. Furthermore, it has shown that it could
be utilised within a food composition database for the estimation of dietary polyphenol
intake in the South African population.

Author Contributions: Conceptualization, M.J. and A.v.G.; methodology, M.J., A.v.G. and K.G.D.;
formal analysis, M.J.; writing—original draft preparation, M.J.; writing—review and editing, M.J.,
A.v.G. and K.G.D., project administration, M.J. All authors have read and agreed to the published
version of the manuscript.



Nutrients 2023, 15, 2426 12 of 14

Funding: This research was funded by the South African Medical Research Council. M.J. is thankful
for the funding received from the University of Pretoria’s Postgraduate PhD bursary and the South
African Medical Research Council’s Intramural Unit’s postgraduate study support.

Institutional Review Board Statement: Ethical approval for this study was granted by the ethics
committee of the Faculty of Natural and Agricultural Sciences of the University of Pretoria (Reference
number: NAS091/2019).

Informed Consent Statement: Not applicable.

Data Availability Statement: Data presented in this study are available on request from the corre-
sponding author.

Acknowledgments: Natasha Langdown from the South African Medical Research Council’s Knowl-
edge and Information Management Services for her excellent technical assistance.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript or
in the decision to publish the results.

References
1. World Health Organization. Noncommunicable Diseases Progress Monitor 2022; World Health Organization: Geneva, Switzerland, 2022.
2. Statistics South Africa. Mortality and Causes of Death in South Africa, 2018: Findings from Death Notification; Statistics South Africa:

Pretoria, South Africa, 2018; pp. 1–149.
3. Swart, R. Executive Summary in Foods Procured, Nutritional Status and Dietary Intake of People Living in South Africa: Desktop Review;

National Department of Health, South Africa & DSI-NRF Center of Excellence in Food Security: Pretoria, South Africa, 2022;
pp. 1–408.

4. Unilever Food Solutions. Plate of the Nation. Available online: https://www.unileverfoodsolutions.co.za/chef-inspiration/all-
themes/inspiration-from-our-brands/Knorr/plate-of-the-nation.html (accessed on 15 November 2022).

5. National Department of Health South Africa. The National Strategic Plan for the Prevention and Control of Non-Communicable Diseases,
2022–2027; National Department of Health: Pretoria, South Africa, 2022; pp. 1–55.

6. Vorster, H.H.; Badham, J.; Venter, C. An introduction to the revised food-based dietary guidelines for South Africa. S. Afr. J. Clin.
Nutr. 2013, 26, S5–S12.

7. Department of Basic Education South Africa. National School Nutrition Programme: Guidelines for Tuck Shop Operators; Department
of Basic Education: Pretoria, South Africa, 2014; pp. 1–20.

8. Aune, D.; Giovannucci, E.; Boffetta, P.; Fadnes, L.T.; Keum, N.; Norat, T.; Greenwood, D.C.; Riboli, E.; Vatten, L.J.; Tonstad, S.
Fruit and vegetable intake and the risk of cardiovascular disease, total cancer and all-cause mortality—A systematic review and
dose-response meta-analysis of prospective studies. Int. J. Epidemiol. 2017, 46, 1029–1056. [CrossRef] [PubMed]

9. Jiang, X.; Huang, J.; Song, D.; Deng, R.; Wei, J.; Zhang, Z. Increased consumption of fruit and vegetables is related to a reduced
risk of cognitive impairment and dementia: Meta-analysis. Front. Aging Neurosci. 2017, 9, 18. [CrossRef] [PubMed]

10. Li, M.; Fan, Y.; Zhang, X.; Hou, W.; Tang, Z. Fruit and vegetable intake and risk of type 2 diabetes mellitus: Meta-analysis of
prospective cohort studies. BMJ Open 2014, 4, e005497. [CrossRef]

11. Tsao, R. Chemistry and biochemistry of dietary polyphenols. Nutrients 2010, 2, 1231–1246. [CrossRef]
12. Pérez-Jiménez, J.; Neveu, V.; Vos, F.; Scalbert, A. Identification of the 100 richest dietary sources of polyphenols: An application of

the Phenol-Explorer database. Eur. J. Clin. Nutr. 2010, 64, S112–S120. [CrossRef]
13. Mchiza, Z.J.; Steyn, N.P.; Hill, J.; Kruger, A.; Schönfeldt, H.; Nel, J.; Wentzel-Viljoen, E. A Review of Dietary Surveys in the Adult

South African Population from 2000 to 2015. Nutrients 2015, 7, 8227–8250. [CrossRef]
14. Neveu, V.; Perez-Jiménez, J.; Vos, F.; Crespy, V.; du Chaffaut, L.; Mennen, L.; Knox, C.; Eisner, R.; Cruz, J.; Wishart, D. Phenol-

Explorer: An online comprehensive database on polyphenol contents in foods. Database 2010, 2010, bap024. [CrossRef]
15. Quiñones, M.; Miguel, M.; Aleixandre, A. Beneficial effects of polyphenols on cardiovascular disease. Pharmacol. Res. 2013, 68,

125–131. [CrossRef]
16. Domínguez Avila, J.A.; Rodrigo García, J.; González Aguilar, G.A.; De la Rosa, L.A. The antidiabetic mechanisms of polyphenols

related to increased glucagon-like peptide-1 (GLP1) and insulin signaling. Molecules 2017, 22, 903. [CrossRef]
17. Dai, J.; Mumper, R.J. Plant phenolics: Extraction, analysis and their antioxidant and anticancer properties. Molecules 2010, 15,

7313–7352. [CrossRef] [PubMed]
18. Lambert, J.D.; Hong, J.; Yang, G.-y.; Liao, J.; Yang, C.S. Inhibition of carcinogenesis by polyphenols: Evidence from laboratory

investigations. Am. J. Clin. Nutr. 2005, 81, 284S–291S. [CrossRef] [PubMed]
19. Igwe, E.; Neale, E.; Charlton, K.E.; Morton, K.; Probst, Y.C. First stage development of an Australian anthocyanin food composition

database for dietary studies—A systematic process and its challenges. J. Food Compos. Anal. 2017, 64, 33–38. [CrossRef]
20. SAFOODS-South African Food Data System. SAFOODS: South African Food Data System. Available online: https://safoods.

mrc.ac.za/ (accessed on 12 September 2022).

https://www.unileverfoodsolutions.co.za/chef-inspiration/all-themes/inspiration-from-our-brands/Knorr/plate-of-the-nation.html
https://www.unileverfoodsolutions.co.za/chef-inspiration/all-themes/inspiration-from-our-brands/Knorr/plate-of-the-nation.html
https://doi.org/10.1093/ije/dyw319
https://www.ncbi.nlm.nih.gov/pubmed/28338764
https://doi.org/10.3389/fnagi.2017.00018
https://www.ncbi.nlm.nih.gov/pubmed/28223933
https://doi.org/10.1136/bmjopen-2014-005497
https://doi.org/10.3390/nu2121231
https://doi.org/10.1038/ejcn.2010.221
https://doi.org/10.3390/nu7095389
https://doi.org/10.1093/database/bap024
https://doi.org/10.1016/j.phrs.2012.10.018
https://doi.org/10.3390/molecules22060903
https://doi.org/10.3390/molecules15107313
https://www.ncbi.nlm.nih.gov/pubmed/20966876
https://doi.org/10.1093/ajcn/81.1.284S
https://www.ncbi.nlm.nih.gov/pubmed/15640492
https://doi.org/10.1016/j.jfca.2017.04.001
https://safoods.mrc.ac.za/
https://safoods.mrc.ac.za/


Nutrients 2023, 15, 2426 13 of 14

21. Probst, Y.; Guan, V.; Kent, K. A systematic review of food composition tools used for determining dietary polyphenol intake in
estimated intake studies. Food Chem. 2018, 238, 146–152. [CrossRef]

22. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA statement. Ann. Intern. Med. 2009, 151, 264–269. [CrossRef]

23. Ouzzani, M.; Hammady, H.; Fedorowicz, Z.; Elmagarmid, A. Rayyan—A web and mobile app for systematic reviews. Syst. Rev.
2016, 5, 210. [CrossRef]

24. Explorer, P. Phenol-Explorer: Database on Polyphenol Content in Foods. Available online: http://phenol-explorer.eu/ (accessed
on 18 October 2022).

25. Ignat, I.; Volf, I.; Popa, V.I. A critical review of methods for characterisation of polyphenolic compounds in fruits and vegetables.
Food Chem. 2011, 126, 1821–1835. [CrossRef]

26. Church, S. EuroFIR synthesis report No 7: Food composition explained. Nutr. Bull. 2009, 34, 250–272. [CrossRef]
27. Pennington, J.A. Applications of food composition data: Data sources and considerations for use. J. Food Compos. Anal. 2008, 21,

S3–S12. [CrossRef]
28. Elmadfa, I.; Meyer, A.L. Importance of food composition data to nutrition and public health. Eur. J. Clin. Nutr. 2010, 64, S4–S7.

[CrossRef]
29. Greenfield, H.; Southgate, D.A. Food Composition Data: Production, Management, and Use; Food and Agriculture Organization:

Rome, Italy, 2003.
30. Bhagwat, S.; Haytowitz, D.B.; Holden, J.M. USDA Database for the Flavonoid Content of Selected Foods, Release 3; United States

Department of Agriculture: Washington, DC, USA, 2011. Available online: http://www.ars.usda.gov/nutrientdata/flav (accessed
on 19 September 2022).

31. Del Bó, C.; Bernardi, S.; Marino, M.; Porrini, M.; Tucci, M.; Guglielmetti, S.; Cherubini, A.; Carrieri, B.; Kirkup, B.; Kroon,
P. Systematic review on polyphenol intake and health outcomes: Is there sufficient evidence to define a health-promoting
polyphenol-rich dietary pattern? Nutrients 2019, 11, 1355. [CrossRef]

32. Plumb, J.; Lyons, J.; Nørby, K.; Thomas, M.; Nørby, E.; Poms, R.; Bucchini, L.; Restani, P.; Kiely, M.; Finglas, P. ePlantLIBRA: A
composition and biological activity database for bioactive compounds in plant food supplements. Food Chem. 2016, 193, 121–127.
[CrossRef] [PubMed]

33. Lavis, J.N. Moving forward on both systematic reviews and deliberative processes. Healthc. Policy 2006, 1, 59. Available online:
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2585328/ (accessed on 23 August 2022). [CrossRef] [PubMed]

34. Lichtenstein, A.H.; Yetley, E.A.; Lau, J. Application of systematic review methodology to the field of nutrition. J. Nutr. 2008, 138,
2297–2306. [CrossRef]

35. Defago, M.D.; Bardach, A.E.; Levy, L.Y.; Irazola, V.E.; Comande, D.; Rubinstein, A.L.; Balaciano, G.; Nessier, M.C.; Elorriaga, N.
Food composition data in Argentina: A systematic review of the literature. J. Food Compos. Anal. 2015, 43, 39–48. [CrossRef]

36. Wood, A.; Baxter, G.; Thies, F.; Kyle, J.; Duthie, G. A systematic review of salicylates in foods: Estimated daily intake of a Scottish
population. Mol. Nutr. Food Res. 2011, 55, S7–S14. [CrossRef] [PubMed]

37. Lefebvre, C.; Manheimer, E.; Glanville, J. Searching for studies. In Cochrane Handbook for Systematic Reviews of Interventions Version
5.1.0; Updated March 2011; Higgins, J.P., Green, S., Eds.; John Wiley & Sons Ltd.: West Sussex, UK, 2011; pp. 95–150.

38. Statistics South Africa. Census of Commercial Agriculture 2017; Statistics South Africa: Pretoria, South Africa, 2020; pp. 1–104.
39. Nogata, Y.; Sakamoto, K.; Shiratsuchi, H.; Ishii, T.; Yano, M.; Ohta, H. Flavonoid composition of fruit tissues of citrus species.

Biosci. Biotechnol. Biochem. 2006, 70, 178–192. [CrossRef]
40. Sellamuthu, P.S.; Mafune, M.; Sivakumar, D.; Soundy, P. Thyme oil vapour and modified atmosphere packaging reduce

anthracnose incidence and maintain fruit quality in avocado. J. Sci. Food Agric. 2013, 93, 3024–3031. [CrossRef]
41. Yang, Z.; Shi, L.; Qi, Y.; Xie, C.; Zhao, W.; Barrow, C.J.; Dunshea, F.R.; Suleria, H.A.R. Effect of processing on polyphenols in

butternut pumpkin (Cucurbita moschata). Food Biosci. 2022, 49, 101925. [CrossRef]
42. South African Weather Service. Annual State of the Climate of South Africa 2022; South African Weather Service: Pretoria, South

Africa, 2023; pp. 1–30.
43. Wines of South Africa. The Industry Overview. Available online: https://www.wosa.co.za/The-Industry/Overview/ (accessed

on 5 January 2023).
44. Statistics South Africa. Mid-Year Population Estimates of 2022; Statistics South Africa: Pretoria, South Africa, 2022.
45. Beelders, T.; Sigge, G.O.; Joubert, E.; de Beer, D.; de Villiers, A. Kinetic optimisation of the reversed phase liquid chromatographic

separation of rooibos tea (Aspalathus linearis) phenolics on conventional high performance liquid chromatographic instrumentation.
J. Chromatogr. A 2012, 1219, 128–139. [CrossRef]

46. Marnewick, J.L. Antioxidant Properties of Rooibos (Aspalathus linearis)—In Vitro and In Vivo Evidence. In Systems Biology of Free
Radicals and Antioxidants; Springer: Berlin/Heidelberg, Germany, 2014; pp. 4083–4108. [CrossRef]

47. Piek, H.; Venter, I.; Rautenbach, F.; Marnewick, J.L. Rooibos herbal tea: An optimal cup and its consumers. Health SA Gesondheid
(Online) 2019, 24, 1–9. [CrossRef]

48. Pezet, R.; Cuenat, P. Resveratrol in wine: Extraction from skin during fermentation and post-fermentation standing of must from
Gamay grapes. Am. J. Enol. Vitic. 1996, 47, 287–290. [CrossRef]

49. Vincenzi, S.; Tomasi, D.; Gaiotti, F.; Lovat, L.; Giacosa, S.; Torchio, F.; Segade, S.R.; Rolle, L. Comparative study of the resveratrol
content of twenty-one Italian red grape varieties. S. Afr. J. Enol. Vitic. 2013, 34, 30–35. [CrossRef]

https://doi.org/10.1016/j.foodchem.2016.11.010
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1186/s13643-016-0384-4
http://phenol-explorer.eu/
https://doi.org/10.1016/j.foodchem.2010.12.026
https://doi.org/10.1111/j.1467-3010.2009.01775.x
https://doi.org/10.1016/j.jfca.2007.02.005
https://doi.org/10.1038/ejcn.2010.202
http://www.ars.usda.gov/nutrientdata/flav
https://doi.org/10.3390/nu11061355
https://doi.org/10.1016/j.foodchem.2015.03.126
https://www.ncbi.nlm.nih.gov/pubmed/26433297
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2585328/
https://doi.org/10.12927/hcpol.2006.17877
https://www.ncbi.nlm.nih.gov/pubmed/19305655
https://doi.org/10.3945/jn.108.097154
https://doi.org/10.1016/j.jfca.2015.04.006
https://doi.org/10.1002/mnfr.201000408
https://www.ncbi.nlm.nih.gov/pubmed/21351247
https://doi.org/10.1271/bbb.70.178
https://doi.org/10.1002/jsfa.6135
https://doi.org/10.1016/j.fbio.2022.101925
https://www.wosa.co.za/The-Industry/Overview/
https://doi.org/10.1016/j.chroma.2011.11.012
https://doi.org/10.1007/978-3-642-30018-9_164
https://doi.org/10.4102/hsag.v24i0.1090
https://doi.org/10.5344/ajev.1996.47.3.287
https://doi.org/10.21548/34-1-1078


Nutrients 2023, 15, 2426 14 of 14

50. Fruit South Africa. Fruit South Africa Annual Report 2020/2021; Fruit South Africa: Pretoria, South Africa, 2021; pp. 1–24.
51. Kucich, D.A.; Wicht, M.M. South African indigenous fruits–Underutilized resource for boosting daily antioxidant intake among

local indigent populations? S. Afr. J. Clin. Nutr. 2016, 29, 150–156. [CrossRef]
52. Maphosa, Y.; Jideani, V.A. The role of legumes in human nutrition. In Functional Food-Improve Health through Adequate Food; Hueda,

M.C., Ed.; IntechOpen: London, UK, 2017; Volume 1, p. 13.
53. Nicolás-García, M.; Jiménez-Martínez, C.; Perucini-Avendaño, M.; Camacho-Díaz, B.H.; Jiménez-Aparicio, A.R.; Dávila-Ortiz,

G. Phenolic Compounds in Legumes: Composition, Processing and Gut Health. In Legumes Research; Jimenez-Lopez, J.C., Ed.;
IntechOpen: London, UK, 2021; Volume 2. [CrossRef]

54. Tian, S.; Sun, Y.; Chen, Z.; Yang, Y.; Wang, Y. Functional properties of polyphenols in grains and effects of physicochemical
processing on polyphenols. J. Food Qual. 2019, 2019, 2793973. [CrossRef]

55. Vidal-Casanella, O.; Arias-Alpizar, K.; Núñez, O.; Saurina, J. Extraction and Characterization of Flavanol-Rich Nutraceuticals
Based on High-Performance Liquid Chromatography. Separations 2022, 9, 87. [CrossRef]

56. Oseredczuk, M.; Salvini, S.; Roe, M.; Møller, A. EuroFIR Work Package 1.3, Task Group 4 Guidelines for Quality Index Attribution to
Original Data from Scientific Literature or Reports for EuroFIR Data Interchange; European Food Information Resource: Brussels, Bel-
gium, 2008; Available online: https://www.eurofir.org/guidelines-for-quality-index-attribution-to-original-data-from-scientific-
literature-or-reports-for-eurofir-data-interchange/ (accessed on 15 July 2022).

57. Holden, J.M.; Bhagwat, S.A.; Haytowitz, D.B.; Gebhardt, S.E.; Dwyer, J.T.; Peterson, J.; Beecher, G.R.; Eldridge, A.L.; Balentine, D.
Development of a database of critically evaluated flavonoids data: Application of USDA’s data quality evaluation system. J. Food
Compos. Anal. 2005, 18, 829–844. [CrossRef]

58. Holden, J.M.; Bhagwat, S.A.; Patterson, K.Y. Development of a multi-nutrient data quality evaluation system. J. Food Compos.
Anal. 2002, 15, 339–348. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1080/16070658.2016.1219470
https://doi.org/10.5772/intechopen.98202
https://doi.org/10.1155/2019/2793973
https://doi.org/10.3390/separations9040087
https://www.eurofir.org/guidelines-for-quality-index-attribution-to-original-data-from-scientific-literature-or-reports-for-eurofir-data-interchange/
https://www.eurofir.org/guidelines-for-quality-index-attribution-to-original-data-from-scientific-literature-or-reports-for-eurofir-data-interchange/
https://doi.org/10.1016/j.jfca.2004.07.002
https://doi.org/10.1006/jfca.2002.1082

	Introduction 
	Materials and Methods 
	Search Strategy 
	Eligibility Screening 
	Data Extraction and Analysis 

	Results 
	Study Selection 
	Year of Publication 
	Data Sources 
	Geographical Distribution of Included Studies 
	Food Groups, Food Items and Total Polyphenols 
	Polyphenol Class and Subclass 
	Polyphenol Quantification Methods 

	Discussion 
	Conclusions 
	References

