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Abstract: This study critically investigates the aluminium chloride–based colorimetric determination
of the total flavonoid content (TFC) of honey. Following a comprehensive review of the recent
literature reporting the use of the assay in the determination of TFC in honey, 10 honeys of different
botanical origins were investigated using the colorimetric method alongside an artificial honey
that was used as a control. Using spiking experiments, this study demonstrates that the flavonoid
concentrations commonly found in honey are too low for a direct measurement and thus some of the
TFC data reported in the literature might more likely be a reflection of the honey’s inherent colour
rather than a product of the coordination complex formed specifically between flavonoids and Al3+

ions. This paper highlights the importance of correct blanking and suggests alternative approaches to
the traditional TFC assay for honey to ensure analysis results that are truly reflective of honey’s TFC.

Keywords: total flavonoid content (TFC) assay; AlCl3; honey; UV–Vis spectrophotometry; blanking

1. Introduction

Honey, a supersaturated sugar solution, is not only a popular food and flavouring
agent, but also a commonly used natural remedy. Its use as complementary medicine stems
primarily from its antibacterial and antioxidant activities [1,2]. Honey is mainly produced
from the nectar of flowers, which bees collect and convert into honey with the help of bee-
derived enzymes [3]. Honey contains 80–85% carbohydrates (mainly fructose and glucose),
15–17% water, approximately 0.3% protein, and about 0.2% minerals. Furthermore, amino
acids, organic acids, phenolics such as flavonoids, and vitamins are also present at low
levels, together making up about 3% of the honey’s total weight [1,2,4–6].

Many of the therapeutic effects ascribed to honey, such as its antioxidant and anti-
inflammatory properties [7–11], are mainly related to its polyphenol profile, which captures
heterogeneous classes of compounds that can be categorised into flavonoids and phenolic
acids [8–13]. They are secondary metabolites of plants and transferred from the flower
nectar into honey by bee activity. Thus, the amount and type of polyphenols present in
honey mainly depend on its botanical source. However, geographical factors might also
come into play as ecological and climatic features, such as weather conditions, soil type,
rainfall, or soil mineral content, also influence the nectar’s chemical composition [14,15].
Thus, honeys derived from the same botanical source but from different geographical
regions may differ in their chemical composition, including their flavonoid profile, and
with this also their levels of bioactivity.

Flavonoids are an important class of natural products. They serve as flower pigments
to attract pollinators in most Angiosperm families, but their occurrence is not restricted to
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flowers as they are found in all parts of plants where they promote growth and are involved
in various defence mechanisms [16–18]. They are also associated with a broad spectrum of
health-promoting effects due to their antioxidative, anti-inflammatory, anti-mutagenic, and
anti-carcinogenic properties due to their capacity to interact with key cellular enzymes such
as xanthine oxidase (XO), cyclo-oxygenase (COX), lipoxygenase, and phosphoinositide
3-kinase [17–20]. Subsequently, there is a strong interest of consumers in plant extracts and
food items that are rich in flavonoids.

Chemically, flavonoids can be divided into different subgroups (Figure 1) [21], compris-
ing flavonols, flavononols, flavan-3-ols, flavones, flavonones, and isoflavones, depending
on which carbon of the C ring the B ring is attached to and the molecules’ substitution,
degree of saturation and oxidation [16,22,23].

Methods Protoc. 2024, 7, x 2 of 17 
 

 

geographical regions may differ in their chemical composition, including their flavonoid 
profile, and with this also their levels of bioactivity. 

Flavonoids are an important class of natural products. They serve as flower pigments 
to attract pollinators in most Angiosperm families, but their occurrence is not restricted to 
flowers as they are found in all parts of plants where they promote growth and are in-
volved in various defence mechanisms [16–18]. They are also associated with a broad spec-
trum of health-promoting effects due to their antioxidative, anti-inflammatory, anti-mu-
tagenic, and anti-carcinogenic properties due to their capacity to interact with key cellular 
enzymes such as xanthine oxidase (XO), cyclo-oxygenase (COX), lipoxygenase, and phos-
phoinositide 3-kinase [17–20]. Subsequently, there is a strong interest of consumers in 
plant extracts and food items that are rich in flavonoids. 

Chemically, flavonoids can be divided into different subgroups (Figure 1) [21], com-
prising flavonols, flavononols, flavan-3-ols, flavones, flavonones, and isoflavones, de-
pending on which carbon of the C ring the B ring is attached to and the molecules’ substi-
tution, degree of saturation and oxidation [16,22,23]. 

 
Figure 1. General structure and subclasses of flavonoids [21]. 

Flavonoids are frequently detected components in honey and have been linked to its 
antioxidant, anti-inflammatory, and antimicrobial effects [16–20,22,23]. Consequently, 
there is strong interest in the continued identification and quantification of flavonoids in 
various honeys harvested around the world. 

Typically, total flavonoid content (TFC) is used to capture the entirety of flavonoids 
present in honey and other natural products. TFC is also employed as a quality parameter 
with the assumption that a higher TFC is associated with stronger antioxidant and thus 
health-beneficial activities. A colorimetric assay using aluminium chloride (AlCl3) was 
first proposed by Christ and Müller in 1960 for the determination of the content of flavonol 
derivatives in drugs [24] and the approach has since been frequently used to determine 
the TFC in honey. The traditional assay (which has undergone several modifications, for 
example, the addition of NaNO2 and NaOH to the reagent to enhance the sample response 
or the addition of KC2H3O2 to AlCl3 or using Al(NO3)3 with KC2H3O2. These modifications 
are, however, outside the scope of this study, and the traditional assay, using only AlCl3 
as a reagent, is referred in this paper simply as ‘colorimetric assay’ or ‘TFC assay’) is based 
on the formation of a coordination complex involving the Al3+ cation, either as an acid-
stable complex involving the flavonol’s C-4 keto group and its C-3 or C-5 hydroxyl group, 
or an acid-labile complex based on vicinal dihydroxyl groups in the B-ring of flavonoids 
(Figure 2) [21]. The absorbance maximum of the Al (III)-flavonoid chelates is around 400 

Figure 1. General structure and subclasses of flavonoids [21].

Flavonoids are frequently detected components in honey and have been linked to its
antioxidant, anti-inflammatory, and antimicrobial effects [16–20,22,23]. Consequently, there
is strong interest in the continued identification and quantification of flavonoids in various
honeys harvested around the world.

Typically, total flavonoid content (TFC) is used to capture the entirety of flavonoids
present in honey and other natural products. TFC is also employed as a quality parameter
with the assumption that a higher TFC is associated with stronger antioxidant and thus
health-beneficial activities. A colorimetric assay using aluminium chloride (AlCl3) was
first proposed by Christ and Müller in 1960 for the determination of the content of flavonol
derivatives in drugs [24] and the approach has since been frequently used to determine
the TFC in honey. The traditional assay (which has undergone several modifications,
for example, the addition of NaNO2 and NaOH to the reagent to enhance the sample
response or the addition of KC2H3O2 to AlCl3 or using Al(NO3)3 with KC2H3O2. These
modifications are, however, outside the scope of this study, and the traditional assay, using
only AlCl3 as a reagent, is referred in this paper simply as ‘colorimetric assay’ or ‘TFC
assay’) is based on the formation of a coordination complex involving the Al3+ cation,
either as an acid-stable complex involving the flavonol’s C-4 keto group and its C-3 or C-5
hydroxyl group, or an acid-labile complex based on vicinal dihydroxyl groups in the B-ring
of flavonoids (Figure 2) [21]. The absorbance maximum of the Al (III)-flavonoid chelates is
around 400 nm. The TFC of a sample is then expressed as quercetin equivalent per gram of
the investigated sample using a standard curve prepared from various concentrations of
the reference flavonoid [25].
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Though widely popular, the traditional AlCl3 colorimetric assay for the determination
of TFC has several inherent flaws, such as high false-positive or false-negative results
drugs [24]. Moreover, the method does not identify the types of flavonoids present, and it
is also unsuitable for the determination of certain flavonoid subtypes, such as isoflavones
where specific ring substitutions do not allow for complexation with Al3+ [25]. Additionally,
by virtue of it being a simple colorimetric method, the TFC assay does not immediately al-
low for differentiation between sample constituents that naturally have absorption maxima
of about 400 nm even without complexing with AlCl3 and the flavonoids that produce an
absorbance reading at 400 nm only after complexation with AlCl3. This potential limitation
is of particular relevance to the determination of TFC in honey as the typical yellow, golden
or brown colouration of honeys can be expected to produce a natural absorbance around
400 nm that could potentially interfere with the AlCl3 colorimetric assay. In the light of
these challenges, a careful consideration of a suitable blanking solution is warranted if the
AlCl3 colorimetric assay is used for TFC determination in honey.

The objectives of the present study were firstly to conduct a comprehensive review
of the literature to gauge the popularity of TFC determination in honey and to document
commonly adopted assay conditions. This was followed by a critical exploration of the
TFC assay with a particular focus on the use of a suitable blanking solution, and the impact
of blanking on the assay results. Based on the findings of this investigation, alternative
approaches to the traditional TFC assay for honey are suggested.

2. Literature Review

A review of the literature published over the past four years (2021–2024) was con-
ducted using the Scopus database and the search terms ‘honey’ and ‘total flavon’ to de-
termine the current frequency of use of the AlCl3 method as an analytical tool for TFC
determination in honey. A total of 54 research publications were retrieved that had reported
the use of this assay for the determination of TFC in honeys (Table 1). The honey samples are
well described and comprise a wide range of monofloral and multifloral honeys harvested
from different regions in the world (e.g., Asia, Africa, Europe). The assay methodologies
show several similarities (Table 1), for example detection wavelengths employed are within
the narrow range of 405 to 437 nm. Quercetin emerged as the preferred standard (45 out of
54) for quantifying the flavonoid equivalence in the honey samples facilitating comparisons
of flavonoid levels across different honey types. However, of the 54 reviewed papers, only
11 stipulate the specific blanking solution used in the assay. This lack of detail in many
of the published assay methodologies served as the impetus for this study, which was to
explore and validate assay conditions that allow for a reliable determination of the TFC of
honey, while minimizing overestimation caused by the honey’s inherent colour.
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Table 1. Variations in analytical methods and standards to determine TFC in honey.

Nectar or Honeydew Floral Source Bee Species Blank Wavelength
(nm) Standard Reported Range of

Results * Reference

Multifloral Stingless bee not specified 420 Rutin 23.7 mg RE/100 g [26]

Ailanthus (Ailanthus altissima), fennel (Foeniculum sp.), and
raspberry (Rubus idaeus) Honeybee honey and methanol 415 Quercetin 4.51 to 9.57 mg QE/100 g [27]

mint (Mentha spp.) Honeybee honey and methanol 415 Quercetin 6.70 to 12.50 mg QE/100 g [28]

Juazeiro (Ziziphus joazeiro Mart.), malícia (Mimosa quadrivalvis L.),
jurema branca (Mimosa arenosa Willd Poir), and velame branco

(Croton heliotropiifolius Kunth)
Meliponini honey and methanol 415 Quercetin 1.90 to 4.40 mg QE/100 g [29]

Multifloral, combretaceae, vitellaria (Vitellaria paradoxa), acacia
(Acacia spp.), and lannea (Lannea spp.) Honeybee honey and methanol 415 Quercetin 0.17 to 8.35 mg QE/100 g [30]

Multifloral Stingless bee not specified 415 Quercetin 2.31 to 2.77 mg QE/100 g [31]

Multifloral Honeybee not specified 437 Quercetin 1.64 to 3.01 mg QE/100 g [32]

Multifloral Stingless bee not specified 437 Quercetin 0.05 to 0.07 mg QE/g [33]

Eucalyptus (Eucalyptus sp.), orange blossom (Citrus sinensis),
acacia (Acacia sp.), sucupira (Pterodon emarginatus), and multifloral Honeybee not specified 415 Quercetin 1.14 to 13.52 mg QE/100 g [34]

Multifloral Honeybee not specified 415 Quercetin 8.06 mg QE/100 g [35]

Multifloral Stingless bee not specified 435 Quercetin 242.57 µg QE/g [36]

Coconut (Cocos nucifera L.), burmese rosewood (Dalbergia benthami
Prain), red silk cotton tree (Bombax ceiba L.), chinese chestnut

(Castanea mollissima Bl.), and mangrove (Rhizophoraceae)
Apis cerana not specified 405 Rutin 4.02 to 29.22 mg RE/100 g [37]

Multifloral Honeybee honey and methanol 405 Quercetin 17.06 to 58.47 mg QE/g [38]

Tamarisk (Tamarix gallica) Honeybee not specified 415 Rutin 63.60 to 83.10 mg RE/100 g [39]

Rubus (Rubus spp.), chestnut (Castanea sativa), broom (Cytisus spp.),
heather (Erica spp.), eucalyptus (Eucalyptus spp.), clover (Trifolium

spp.), oak (Quercus spp.), and viper’s bugloss (Echium spp.)
Honeybee not specified 425 Quercetin 1.28 to 16.70 mg QE/100 g [40]
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Table 1. Cont.

Nectar or Honeydew Floral Source Bee Species Blank Wavelength
(nm) Standard Reported Range of

Results * Reference

Rapeseed (Brassica napus) Honeybee methanol 415 Quercetin 9.16 mg QE/100 g [41]

Arabica coffee (Coffea arabica), macrostachys coffee (Coffea
macrostachyus), niger seed (Guizotia abyssinica), ironweed (Vernonia
spp.), eucalyptus (Eucalyptus spp.), and umbrella tree (Schefflera

abyssinica)

Honeybee not specified 415 Quercetin 18.60 to 65.00 mg QE/100 g [42]

Multifloral Stingless bee methanol 415 Quercetin 0.20 mg QE/ kg [43]

Orange (Citrus sinensis), eucalyptus (Eucalyptus spp.), coffee
(Coffea Arabica), cipo uva (Cissus rhombifolia), quince (Cydonia

oblonga), monjoleiro (Acacia polyphylla), mangrove, and honeydew
Honeybee not specified 425 Quercetin 0.04 to 0.63 mg QE/100 g [44]

Multifloral Honeybee not specified 430 Quercetin 0.46 to 5.27 mg QE/100 g [45]

Multifloral Stingless bee not specified 425 Quercetin 32.00 to 91.16 mg QE/100 g [46]

Buckthorn (Rhamnaceae), wild mustard (Sinapis arvensis), pea
family (Fabaceae), toothpickweed (Ammi visnaga), carrot family

(Apiaceae), mint family (Lamiaceae), rosemary (Rosmarinus
officinalis), thyme (Thymus vulgaris), and multifloral

Honeybee not specified 425 Quercetin 5.52 to 20.69 mg QE/100 g [47]

Multifloral Honeybee not specified 415 Quercetin 1.92 to 7.39 mg QE/100 g [48]

Multifloral
Apis cerana cerana, Apis

dorsata, and
Lepidotrigona flavibasis

not specified 415 Quercetin 3.39 to 11.67 mg QE/100 g [49]

Mint (Mentha spp.) Honeybee not specified 415 Quercetin 6.70 to 11.50 mg QE/100 g [28]

Multifloral Honeybee not specified 420 Rutin 77.97 to 92.87 µg RE/g [50]

Acacia (Robinia pseudoacacia), linden (Tilia spp.), rapeseed (Brassica
napus), sunflower (Helianthus annuus), and mint (Mentha spp.). Honeybee not specified 430 Quercetin 0.44 to 3.97 mg QE/100 g [51]

Sidr (Ziziphus spp.) Honeybee not specified 415 Rutin 45.1 to 83.1 mg RE/100 g [52]
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Table 1. Cont.

Nectar or Honeydew Floral Source Bee Species Blank Wavelength
(nm) Standard Reported Range of

Results * Reference

Rapeseed (Brassica napus) Honeybee not specified 415 Quercetin 77.86 to 425.85 mg QE/kg [53]

Rhododendron (Rhododendron ponticum L.), chestnut (Castanea
sativa Mill.) lavandula, (Lavandula Stoechas L.), astragalus

(Astragalus microcephalus Willd.), chaste tree (Vitex agnus castus),
polyfloraland honeydew honeys oak (Quercus robur L.), and pine

(Pinus L.)

Honeybee not specified 415 Quercetin 0.67 to 6.50 mg QE/100 g [54]

Sidr (Ziziphus lotus) and multifloral Honeybee not specified 415 Quercetin 20.44 to 338.56 mg
QE/100 g [13]

Tualang (Koompassia excelsa), acacia (Acacia mangium), pine
(Pinus spp.), kelulut, and sumar (Vachellia tortilis)

Honeybee, Stingless
Bee, and Apis cerana not specified 430 Quercetin 0.03 to 0.11 µg QE/g [55]

Ling-heather (Calluna vulgaris (L.) Hull) Honeybee not specified 415 Quercetin 0.71 to 1.69 mg QE/100 g [56]

Giant goldenrod (Solidago gigantea), canada goldenrod
(Solidago canadensis) Honeybee not specified 425 Hyperoside 0.53 to 2.21% hyperoside [57]

Ulmo (Eucryphia cordifolia) Honeybee not specified 415 Quercetin 6.09 to 62.44 µmol QE/L [58]

Azir (Salvia rosmarinus), bouchnikha (Ammi visnaga), daghmouss
(Euphorbia resinifera), sadra (Ziziphus lotus), latchin (Citrus sinensis),
multifloral blends, kharob (Ceratonia siliqua), khzama (Lavandula

angustifolia), hamd (Citrus limon), chouk (Silybum marianum),
kebbar (Capparis spinosa), bakhenou (Arbutus unedo), zandaz

(Bupleurum spinosum), z’îtra (Thymus vulgaris), and zaatar
(Origanum vulgare)

Honeybee not specified 420 Quercetin 0.70 to 23.30 mg QE/100 g [59]

Brazilian monoflorals and manuka Honeybee not specified 417 Rutin,
Quercetin

0.92 to 7.58 mg RE/100 g,
2.24 to 20.43 mg QE/100 g [60]

Multifloral Honeybee honey and methanol 417 Catechin,
Quercetin

3.20 to 7.40 mg CE/100 g,
1.67 to 5.08 mg QE/100 g [61]

Multifloral Stingless bee honey and water 417 Quercetin 1.80 to 2.30 mg QE/g [62]
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Table 1. Cont.

Nectar or Honeydew Floral Source Bee Species Blank Wavelength
(nm) Standard Reported Range of

Results * Reference

Multifloral Honeybee not specified 417 Quercetin 5.62 to 6.79 mg QE/g [63]

Multifloral Stingless bee ethanol 417 Quercetin 28 to 300 µg QE/g [64]

Saharian sidr (Ziziphus spina-christi) Honeybee not specified 415 Quercetin 2.13 mg QE/100 g [65]

Black locust (Robinia pseudoacacia), plectranthus
(Plectranthus rugosus), and multifloral Honeybee not specified 415 Quercetin 1.48 to 4.98 mg QE/100 g [65]

Multifloral, citrus (Citrus spp.), knapweed (Centaurea hyalolepis) honeybee and stingless
bee not specified 425 Rutin 70.62 to 237.25 mg RE/kg [66]

Arbutus (Arbutus unedo), multifloral, dryas (Dryas octopetala),
asphodelus (Asphodelus albus), eucalyptus (Eucalyptus spp.),

ziziphus (Ziziphus jujuba), euphorbia (Euphorbia spp.), thymus
(Thymus vulgaris), citrus (Citrus spp.), and quercus (Quercus spp.

Honeybee not specified 415 Quercetin 15.11 to 38.23 mg
QE/100 g [67]

Multifloral honey and methanol 415 Quercetin 7.97 to 44.99 mg QE/100 g [68]

Caralluma (Caralluma europaea), eucalyptus (Eucalyptus spp.),
thyme (Thymus spp.), orange blossom (Citrus x sinensis), carob

(Ceratonia siliqua), jujube (Ziziphus lotus), spurge (Euphorbia spp.),
and multifloral

Honeybee not specified 430 Rutin 10.43 to 58.28 mg RE/100 g [69]

Multifloral Honeybee not specified 415 Catechin 26.74 to 101.53 mg CE/kg [70]

Multifloral Stingless bee not specified 430 Quercetin 3.74 to 14.85 mg QE/100 g [71]

Sahrawy (desert plants), zater (Thymus vulgaris), flower (various
flowers), bardakosh (Origanum majorana), black seed (Nigella

sativa), aashab (wild herbs), and manuka
(Leptospermum scoparium)

Honeybee not specified 415 Rutin 20.30 to 32.90 mg RE/100 g [72]

Multifloral Honeybee not specified 415 Quercetin 8.90 to 80.02 mg QE/100 g [73]

Cactus (Cactaceae), citrus (Citrus spp.), gramineae (Poaceae),
conifers (Pinophyta), walnut (Juglans spp.), and multifloral Honeybee not specified 415 Quercetin 1.28 to 7.63 mg QE/100 g [74]

Multifloral Honeybee not specified 415 Quercetin 1.90 to 6.40 mg QE/100 g [75]

Multifloral Stingless bee not specified 415 Quercetin 261.6 to 273.0 mg QE/kg [76]

* CE—catechin equivalent, QE—quercetin equivalent, RE—rutin equivalent.
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3. Materials and Methods
3.1. Chemicals and Reagents

All reagents and solvents were of analytical grade. Quercetin was obtained from
ChemFaces (Wuhan, China), and methanol was purchased from Scharlau (Barcelona,
Spain). Anhydrous aluminium chloride was obtained from Sigma-Aldrich (Darmstadt,
Germany). Aluminium chloride solution (10% w/v) was prepared by dissolving 10 g of the
reagent in methanol and making the volume up to 100 mL.

3.2. Honey Samples and Organic Honey Extracts

This study used a range of honeys of different floral origins (Table 2) alongside an
artificial honey. The artificial honey was prepared by dissolving 1.5 g sucrose, 7.5 g maltose,
40.5 g fructose, and 33.5 g glucose in 17 mL of deionised water [77]. All honey samples,
including the artificial honey, were prepared for analysis as follows:

(1) 20% (w/v) aqueous solutions.
(2) 20% (w/v) aqueous solutions spiked with quercetin to serve as positive controls. For

this, a 0.05% (w/v) quercetin solution in methanol was prepared. Each honey sample
(0.4 g) was spiked with 140 µL of the quercetin solution (70 µg of quercetin) before
being dissolved in and made up to 2 mL of deionised water.

(3) Honey extracts were also prepared by dissolving 5 g of each honey in 10 mL of deionised
water, followed by three extractions with 5 mL of acetonitrile and dichloromethane (1:1,
v/v). The combined organic extracts were dried with anhydrous MgSO4, filtered, and
the solvent evaporated under a nitrogen stream before being reconstituted in 2 mL of
water to yield aqueous honey extracts. The same extraction method was also used for
the artificial honey spiked with 70 µg quercetin.

Table 2. Botanical origin of honey samples.

Honey Botanical Origin

Red Clover Honey Trifolium pratense

Sainfoin Clover Honey Onobrychis viciifolia

Manuka Honey Leptospermum scoparium

Jarrah Honey Eucalyptus marginata

Marri Honey Corymbia calophylla

Peppermint Honey Agonis flexuosa

Blackbutt Honey Eucalyptus patens

Melaleuca Honey Melaleuca alternifolia

Watermelon Honey Citrullus lanatus

Bush Honey N.A. (multifloral)

3.3. Quercetin Calibration Curve

A stock solution of 0.05% (w/v) quercetin was prepared by dissolving 5 mg of quercetin
in 10 mL of methanol. Using different blanking approaches, two 5-point standard curves
were prepared using 20, 40, 60, 80, and 100 µL of the stock solution made up to 2 mL with
deionised water.

3.4. Colorimetric Assay

To 2 mL of each of the 20% (w/v) aqueous honey samples, 2 mL of 10% AlCl3 solution
was added and the resulting absorbance was measured after 30 min at 400 nm. To inves-
tigate the impact of blanking on the absorbance reading, two types of blanking solutions
were used: (a) a mixture of 2 mL of water and 2 mL of methanol and (b) 2 mL of the
respective aqueous honey solution mixed with 2 mL of methanol (Table 3).



Methods Protoc. 2024, 7, 95 9 of 17

To 2 mL of all quercetin-spiked honey solutions, 2 mL of 10% AlCl3 solution was
added, and the resulting absorbance was measured after 30 min at 400 nm. In this assay,
two types of blanking solutions were also used: (a) a mixture of 2 mL of water and 2 mL of
methanol and (b) 2 mL of the respective spiked aqueous honey solution mixed with 2 mL
of methanol (Tables 4 and 5).

To 2 mL of all honey extracts and the quercetin-spiked artificial honey extract, 2 mL of
10% AlCl3 solution was added, and the resulting absorbance was measured after 30 min at
400 nm after blanking with 2 mL of the respective quercetin-spiked aqueous honey extract
mixed with 2 mL of methanol (Table 6).

To 2 mL of the different concentrations of quercetin standards, 2 mL of 10% AlCl3
solution was added, and the resulting absorbance was measured after 30 min at 400 nm to
prepare the quercetin calibration curve. To investigate the impact of blanking, two types of
blanking solutions were used: (a) 2 mL of methanol and (b) 2 mL of methanolic quercetin
solution (Figure 3).

4. Results

To investigate the impact of blanking, the assay was first carried out with the various
honey samples and also the artificial honey using either a water–methanol solution or
an aqueous honey–methanol solution for blanking. The results of this investigation are
summarised in Table 3.

Table 3. Impact of blanking on absorbance readings of 20% aqueous honey solutions.

Honey
Absorbance at 400 nm

Blanking with
Water–Methanol Solution

Blanking with Aqueous
Honey–Methanol Solution

Red Clover Honey 0.378 0.067

Sainfoin Clover Honey 0.365 0.061

Manuka Honey 0.747 0.174

Jarrah Honey 0.751 0.176

Marri Honey 0.403 0.071

Peppermint Honey 0.795 0.161

Blackbutt Honey 0.608 0.093

Melaleuca Honey 0.419 0.091

Watermelon Honey 0.777 0.172

Bush Honey 0.778 0.177

Artificial Honey 0 0

To increase the flavonoid concentration and thus ensure that absorbance readings were
within the Beer–Lambert range (absorbance between 0.3 and 0.8), the above experiment was
repeated with honeys spiked with quercetin, again using two different blanking solutions
(Table 4).

Figure 3 shows two 5-point calibration curves (calibration curve 1 and 2) prepared
using two types of blanking solution as described in Sections 3.3 and 3.4.

A quantitative assay was also carried out using the artificial honey sample spiked with
a known amount of quercetin as described in Section 3.2, using either quercetin-spiked
aqueous honey–methanol solution or a water–methanol solution for blanking (Section 3.4).
In the former case (using calibration curve 1), 98.3% of the theoretical amount of quercetin
was detected in the spiked sample, whereas blanking with methanol (using calibration
curve 2) resulted in a significant (124.84%) overestimation of quercetin content in the spiked
artificial honey sample. Table 5 presents the TFC content of the flavonoid-spiked honeys
expressed as quercetin equivalents (QE) per gram of the sample, which is a quantification
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approach commonly used in TFC determination, using calibration curve 1. For this, the
actual amount of total flavonoid content present in these natural honeys was determined
by subtracting the determined TFC of the spiked artificial honey (69.18 µg QE/g) from the
respective TFC of the spiked natural honeys using the quercetin-spiked aqueous honey–
methanol solution for blanking.

Table 4. Absorbance readings of different honeys spiked with quercetin after blanking with a spiked
aqueous honey–methanol or a water–methanol solution.

Honey
Absorbance at 400 nm

Blanking with Quercetin-Spiked
Aqueous Honey–Methanol Solution

Blanking with
Water–Methanol Solution

Red Clover Honey 0.41 0.988

Sainfoin Clover Honey 0.404 0.969

Manuka Honey 0.517 1.464

Jarrah Honey 0.517 1.468

Marri Honey 0.414 1.017

Peppermint Honey 0.504 1.499

Blackbutt Honey 0.436 1.244

Melaleuca Honey 0.434 1.053

Watermelon Honey 0.515 1.492

Bush Honey 0.520 1.497

Artificial Honey 0.343 0.652
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To enhance the respective flavonoid concentration and in doing so lifting the ab-
sorbance reading for the natural honeys into the Beer–Lambert range, an alternative assay
protocol, using honey extracts, was also investigated. Table 6 presents the TFC of all
honey extracts, expressed as micrograms of quercetin per gram of extracted honey, after
blanking with the respective aqueous honey extract–methanol solution using the quercetin
calibration curve 1.
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Table 5. Quantitative determination of flavonoids in quercetin-spiked natural and artificial honey
using calibration curve 1.

Flavonoid-Spiked Honey

Flavonoid Content
(µg QE/g of Honey)

(Blanking with Quercetin-Spiked Aqueous
Honey–Methanol Solution)

Calculated Natural Flavonoid Content
(µg QE/g of Honey)

Red Clover 81.38 12.20

Sainfoin Clover 80.28 11.10

Manuka 100.99 31.81

Jarrah 100.99 31.81

Marri 82.12 12.94

Peppermint 98.61 29.43

Blackbutt 86.15 16.97

Melaleuca 85.78 16.60

Watermelon 100.62 31.44

Bush 101.54 32.36

Artificial honey 69.18 Not applicable

Table 6. TFC of natural honey extracts and quercetin-spiked artificial honey extract using calibration
curve 1.

Honey Extract
Flavonoid Content

(µg QE/g of Extracted Honey)
(Blanking with Aqueous Honey Extract–Methanol Solution)

Red Clover 12.00

Sainfoin Clover 9.40

Manuka 31.23

Jarrah 31.37

Marri 15.80

Peppermint 31.94

Blackbutt 20.01

Melaleuca 18.36

Watermelon 31.19

Bush 32.35

Quercetin-spiked artificial honey 68.52

5. Discussion

UV spectrophotometers must be calibrated using a ‘blank’ solution that contains all
of the components of the solution to be analysed except for the compound(s) tested for
and, in case of a colorimetric assay, the reacting reagent(s) to produce the assay’s typical
colour. This blanking step ensures that the recorded absorbance reading only reflects
the presence of the analyte without any interference that otherwise would likely result
in an overestimation of the assay result. In the colorimetric TFC assay using AlCl3 as a
reagent, the compound of interest is the Al3+ flavonoid coordination complex with its
distinct absorbance at around 400 nm. Any inherent honey constituents that naturally also
absorb around that wavelength need to be treated as interferences that would lead to an
overestimation of flavonoid content and thus their contribution to the absorbance reading
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needs to be removed in the blanking step. This can be achieved by using an aqueous
honey–methanol solution for blanking.

The significance of appropriate blanking can be seen in a comparison of absorbance
readings obtained for a range of natural honeys that have been blanked either against a
water–methanol solution or a blanking solution consisting of aqueous honey–methanol. In
the former case, significant absorbance readings could be detected ranging from 0.365 to
0.778 for the 20% aqueous honey solutions of the 10 honeys of different floral origins that
were analysed in this study, whereas the same honey solutions blanked appropriately only
recorded negligible absorbance readings ranging from 0.061 to 0.177 (Table 3). These low
readings are outside the Beer–Lambert range (0.3–0.8), which ensures linearity between
the concentration and absorbance readings, thus should underpin any quantitative UV–
Vis spectrophotometric assay. Data obtained for the artificial honey demonstrate that
the absorbance seen in natural honeys without appropriate blanking indeed stems from
honey’s inherent colour. For the analysis of the artificial honey solution, both blanking
approaches resulted in no absorbance reading because this concentrated sugar solution is
colourless and not only void of any flavonoids that could complex with Al3+ but also does
not contain any other constituents that might absorb around 400 nm [25,78].

This finding is interesting as it questions many of the TFC results published for
honey. Based on this study, none of the 20% aqueous solutions derived from a range
of honeys from different floral sources recorded an absorbance reading within the Beer–
Lambert range when appropriately blanked. This does not allow the determination of
TFC and thus stands in contrast to many TFC results for honeys reported in the literature,
which were derived with inappropriate blanking (e.g., methanol or ethanol) or for which
information on the blanking solution used in the assay was not provided (Table 1). The
presence of flavonoids has been confirmed in honeys, but their natural flavonoid levels
might not produce absorbance readings within the Beer–Lambert range. As previously
discussed, being a highly concentrated sugar solution, honey contains only about 3%
‘other’ constituents that comprise simple phenolics, phenolic acids, proteins, amino acids,
organic acids, enzymes, and also flavonoids. Thus, it can be assumed that only a very small
fraction of the investigated honey sample is accounted for in this assay. This makes the TFC
determination using the AlCl3 colorimetric method more challenging for honey compared
to other natural products.

To confirm that the assay is capable of detecting flavonoids in honey when they are
present in sufficient concentration, spiking experiments were carried out. As a model
flavonoid, the same amount of quercetin was added to all honey samples, which then,
even when blanked against an aqueous honey–methanol solution, resulted in significant
absorbance readings within the Beer–Lambert range (Table 4). As the same quantity of
quercetin was added to any naturally present flavonoids in the investigated honeys, the
final absorbance readings of the spiked honey samples varied, presenting the same trends
that had been seen in the honeys prior to spiking; Bush Honey recorded the highest
absorbance reading in both studies whereas Sainfoin Clover Honey was the honey with
the lowest response, reflecting natural variations in their flavonoid content. The success of
the spiking experiment in lifting the absorbance readings into the Beer–Lambert range can
also be seen when comparing the absorbance reading of the artificial honey and the spiked
artificial honey (Tables 3 and 4).

To further confirm that the TFC assay for honey is challenged by its naturally low
levels of flavonoids, honey extracts were prepared and investigated using the TFC assay.
The extraction can be assumed to remove most of the honey’s sugar matrix and thus amplify
the concentration of its minor ‘other’ constituents, including its flavonoids. All investigated
honey extracts produced absorbance readings within the Beer–Lambert range (0.391 to
0.519) when blanked against an aqueous honey extract–methanol solution, similar to what
was seen in the investigated spiked honeys. The trends previously observed for the honeys
with and without spiking were also replicated in the honey extracts, with Bush Honey
recording the highest and Sainfoin Clover Honey the lowest absorbance reading.
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A question arising from these findings is whether the TFC determination for honey
using AlCl3 is still a feasible method. Based on the generated data, it can be concluded
that it is, however, with some modifications to the traditional assay protocol. It is essential
that a honey-based blanking solution, for example an aqueous honey–methanol solution as
prepared in this study, is used to avoid any overestimation of TFC. It is also recommended
that honeys are spiked with a known amount of a model flavonoid such as quercetin to
elevate individual absorbance readings into the Beer–Lambert range. Alongside this, an
artificial honey also needs to be spiked with the same quantity of the model flavonoid
and the TFC of the investigated natural honeys can then be determined by subtracting the
absorbance reading of the spiked artificial honey from the respective absorbance reading of
the spiked natural honeys. An alternative approach could be to work with honey extracts
rather than pure honeys, but in this case, a comparison of the TFC of different honey extracts
is only possible if the same extraction protocol is followed, which limits the widespread
adoption of this approach. Furthermore, depending on the chosen extraction solvent, not
all flavonoids might be accounted for when carrying out the assay with honey extracts.

Quantification of TFC using the difference in absorbance readings of the investigated
honeys and also the artificial honey after spiking with the same amount of quercetin was
carried out in this study to demonstrate the application of the suggested modification of
the assay protocol. The TFC content of the flavonoid-spiked honeys is shown in Table 5
alongside the calculation of their natural flavonoid level, with both values expressed as
quercetin equivalents (QE) per gram of the sample, a unit of measurement frequently
used to determine TFC. The following equation can be used to calculate the natural total
flavonoid content (TFC) of a honey, expressed as Quercetin Equivalents (QE) per gram of
the sample:

ANH = ASNH − ASAH (1)

where ANH is the absorbance readings of actual flavonoid levels in natural honey, ASNH is
the absorbance readings of flavonoid-spiked natural honey, and ASAH is the absorbance
readings of flavonoid-spiked artificial honey.

The natural TFC of the honey is then derived from the linear equation of the calibration
curve of quercetin standards obtained after blanking with a quercetin–methanol solution.

Adopting this approach to the quantification of natural total flavonoid levels in the
investigated honeys, 12.20, 11.10, 31.81, 31.81, 12.94, 29.43, 16.97, 16.60, 31.44, and 32.36 µg
QE/g of honey were determined for Red Clover, Sainfoin Clover, Manuka, Jarrah, Marri,
Peppermint, Blackbutt, Melaleuca, Watermelon, and Bush Honey, respectively (Table 5),
illustrating the natural variation in TFC in honeys.

As suggested in this study, an alternative to this approach could be the investigation of
honey extracts rather than pure honey in the TFC assay while blanking with the respective
aqueous honey extract–methanol solution (Table 6) and then to express the TFC of the
sample as quercetin equivalent per gram of extracted honey, rather than per gram of
honey. Next to being more time-consuming and requiring larger quantities of honey for the
analysis due to the incorporated extraction step, it also needs to be acknowledged that in
this potential modification of the typical assay protocol, the choice of extraction solvent
will influence the determined TFC, so a comparison of the TFC of different honey extracts
is only possible when extraction protocols are standardised. In this study, an established
extraction method for honey was followed [79] and the trends seen in the TFC of all tested
honey that were extracted in this way (Table 6) were comparable to that of the TFC of the
honeys themselves (Table 5).

6. Conclusions

The findings of this study suggest that the total flavonoid content of honey cannot
be reliably determined using the commonly used traditional colorimetric assay protocol.
This is not reflective of a general issue with the assay but directly related to the specific
chemical composition of honey, a highly concentrated sugar solution with only low natural
flavonoid levels. This puts into question the TFC of honeys reported in some previous
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studies that have followed the traditional assay protocol without appropriate blanking. As
a review of recent literature has found that in many studies the adopted blanking solution
is not even mentioned, it is possible that reported TFC levels in honey might frequently be
overestimated as the recorded absorbances might be influenced by the honey’s inherent
colour rather than only its specific flavonoid fraction.

Therefore, in this study, the use of a suitable blanking solution and its impact on
the assay was comprehensively explored. Honeys spiked with a known concentration of
quercetin, a flavonol commonly used as model flavonoid, served as positive control. An
artificial honey, a highly concentrated sugar solution representing the typical sugar and
water composition of a natural honey void of its ‘other’ around 3% constituents that gives
the honey its usual colour, served as a negative control. Furthermore, the use of organic
honey extracts to amplify non-sugar honey constituents was also investigated following
the same assay protocol.

It was found that the use of an aqueous honey–methanol solution for blanking is crucial
to remove interferences that otherwise lead to an overestimation of the TFC of honey. To lift
absorbance readings into the Beer–Lambert range to allow accurate quantification, it is also
recommended to spike natural honey and also an artificial honey with a known amount
of a model flavonoid such as quercetin. The accurate absorbance reading of the natural
honey can then be recorded after subtracting the absorbance reading of the artificial honey.
This information can be used to express the sample’s TFC as quercetin equivalent per gram
of the sample with reference to a standard curve of the model flavonoid. An alternative,
though more laborious approach, is the preparation of honey extracts and an expression of
their TFC as quercetin equivalents per gram of extracted honey.
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