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1. Introduction

Enriching street-vended zobo (Hibiscus sabdariffa)
drink with turmeric (Curcuma longa) to increase
its health-supporting properties

a

Folake Idowu-Adebayo, & @ Mary J. Toohey,? Vincenzo Fogliano 22 and

Anita R. Linnemann*?

Street-vended foods are cheap, readily available and have been currently identified as possible means for
micronutrient fortification in an effort to prevent malnutrition in developing countries. The effect of
enriching street-vended zobo drink (Hibiscus sabdariffa) with turmeric (Curcuma longa) was studied to
assess the potential to increase health-supporting properties for its consumers. Two processing methods
were tested: boiled turmeric root in zobo and addition of fresh turmeric paste to zobo in different con-
centrations. Vitamin C in turmeric-fortified zobo ranged from 496-725 pg per 100 mL, delphinidin-3-
sambubioside from 52-69 mg per 100 mL, and cyanidin-3-sambubioside from 21-27 mg per 100 mL.
Micronutrients ranged from 10.9-14 mg L™ and 2.19-2.67 mg L™ for iron and zinc, respectively. Folic
acid, vitamin C, anthocyanins and iron showed the highest amounts in the 2% boiled turmeric zobo
samples. Ferulic acid (0.16-2.03 mg per 100 mL), and chlorogenic acid (20—-24 mg per 100 mL) did not
show the same statistically significant improvement for 2% boiled turmeric-fortified zobo. The zobo
samples with turmeric paste consistently had lower values of vitamins, polyphenols and minerals in com-
parison with the boiled turmeric-fortified zobo samples. Turmeric-fortified zobo can play a role in a
healthy diet by its health-supporting properties. Consumption of a typical one serving of 500 mL (repre-
sentative packaged bottle size of zobo drink by the street vendors in Nigeria) of turmeric-fortified zobo
would contribute 63-88% DV and 18-23% DV of iron and zinc. Overall, fortification with boiled turmeric
improves the antioxidant and nutritional quality of zobo, specifically regarding vitamin C, delphinidin-3-
sambubioside and iron.

Sudan and Egypt (where it is also called “drink of the
Pharaohs”). It is commonly known as karkanji, wonjo, zobo and

Street foods provide a high percentage of daily energy, ranging
from 13% to 50% in both children and adults, in developing
countries." A popular street food drink produced and sold in
Nigeria is zobo, which is produced from dried hibiscus
(Hibiscus sabdariffa L.) calyces, and optional flavorings such as
garlic, ginger, and fruit.” Similar to fruit juices, zobo is com-
monly consumed for its affordability, nutritive value and
refreshing quality.

Hibiscus is an underutilized crop grown in Africa, Asia,
Australia, Central America and Europe.® In English, it is com-
monly known as roselle, and has various local names depend-
ing on the continent. In Africa, Burkina Faso, Cote d’Ivoire
and Mali, it is referred to as dabileni. It is known as karkade in
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bissap in Chad, Gambia, Nigeria and Senegal, respectively. In
Asia, it is named mei gui qie, karkade and krajeap in China,
Saudi Arabia and Thailand, respectively. It is recognized as
asam belanda, asam susur, asam paya or ribena, in Malaysia.
The Indian subcontinent calls it by many tribal names such as
Indian sorrel, mesta, lal ambari, patwa, amta and amti. It is
known as rosella in Australia and flor de Jamaica in Mexico. In
Europe, it is referred to as Congo, Jamaica and karkade in
France, Spain and Switzerland, respectively.>® The many
names for this crop reflect its ubiquity and popularity.
Scientific studies have revealed that zobo calyces are rich in
flavonoids, minerals, organic acids, vitamins and polyphenol
compounds, which all contribute to the nutritive value and
biological activity of the drink.”® The two major anthocyanin
compounds in H. sabdariffa calyces are delphinidin-3-sambu-
bioside and cyanidin-3-sambubioside. These anthocyanins
have been reported as unstable and likely to degrade during
the preparation of the drink. However, processing conditions
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such as extraction temperature, protection from UV light, and
addition of food-grade organic acid have been reported to
impact anthocyanin stability.'® Recent study characterized the
physiochemical properties and non-volatiles of H. sabdariffa
calyces cultivated in Australia, China, Chad, Malaysia, Mexico,
Nigeria, Sudan and Thailand.” They concluded that variation
found in the characterization of the H. sabdariffa calyces
grown in different countries were mainly due to the practice of
sun drying. Sun drying is a traditional processing method to
obtain dried H. sabdariffa calyces that are easy to transport
and store in developing countries, including Nigeria.

Due to zobo’s popularity, any nutritional improvement of
the drink is likely to benefit many people in Nigeria, where
malnutrition is a major concern."* One approach to further
augment zobo would be through food-to-food fortification,
which is a solution for the population without changing food
consumption patterns in a radical way.'* Fortification of the
zobo drink with another food ingredient that is rich in bio-
active compounds could also improve the stability of the
anthocyanin content, based on reports that the structure of the
organic acid and food matrix in which it is combined would
have a strong effect on the stability of the anthocyanins."

Turmeric (Curcuma longa) can be used in zobo to fortify
and potentially improve the antioxidant and nutritional
quality of the drink. It is a shallow-rooted crop that is com-
monly grown throughout Nigeria, making it production and
sales regionally and economically beneficial."> Turmeric con-
tains curcumin, a well-known polyphenol with many acclaimed
health benefits in addition to anti-inflammatory and anti-
oxidant properties that have been researched extensively.'* In
addition to curcumin, turmeric has been found to contain
other antioxidants, such as ferulic acid.'® Ferulic acid exhibits
anti-inflammatory, antidiabetic, and anticancer activity. In
addition, ferulic acid has protective effects on organs, tissues,
and cells of the cardiovascular system and skin."®

In this study, turmeric was added to zobo in different con-
centrations using two processing methods: boiling of turmeric
root in the zobo and addition of fresh turmeric paste to the
final zobo drink. The research aimed at determining if
addition of turmeric could improve the antioxidant and nutri-
tional profile of zobo drink. Overall, the effect of processing on
the antioxidant and nutritional quality of turmeric-fortified
zobo was established.

2. Materials and methods

2.1. Materials

2.1.1. Food ingredients. Dried zobo (H. sabdariffa) calyces
were purchased from Dutse market, Abuja, Nigeria. Turmeric
roots were purchased from Omuooke-Ekiti market, Ekiti State,
Nigeria.

2.1.2. Chemicals. Ascorbic acid, folic acid, chlorogenic
acid, and trans-ferulic acid were purchased from Sigma Aldrich
(St Louis, MO, USA). Delphidin-3-sambubioside chloride and
cyanidin-3-sambubioside chloride were purchased from
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Extrasynthese (France). All solvents in the experiments were
HPLC grade.

2.2. Sample preparation

2.2.1. Preparation of turmeric paste. Turmeric paste was
made by combining 40 g of finely chopped turmeric root
(Fig. 1a) with 80 mL of tap water. The two components were
blended, using a Waring Commercial blender (United States),
for approximately four min at the highest speed, until smooth.
The final product can be seen in Fig. 1b.

2.2.2. Preparation of controls. Five control samples were
produced: the turmeric controls consisted of turmeric in
water, using two different preparation methods and two
different concentrations. The first method consisted of boiling
water with chopped turmeric root pieces (Fig. 1a) of approxi-
mately 2 x 2 mm for five min. The turmeric pieces were
allowed to soak in the water overnight, followed by sieving in
the morning. The second method consisted of boiling water
and allowing the water to cool overnight. The following
morning, fresh turmeric paste was added and stirred. Both
methods included utilizing turmeric at two different concen-
trations, 2% and 6% based on the weight of the water during
the addition: water with boiled turmeric 2% w/w, water with
boiled turmeric 6% w/w, water with fresh turmeric paste 2%
w/w, and water with fresh turmeric paste 6% w/w. The zobo
control was prepared by boiling water and H. sabdariffa
calyces, in a ratio of 2 : 25 by weight, in a large pot for five min.
The pot was then removed from the heat source and allowed to
soak overnight.

Next, the beverage was sieved. The final beverage samples
are shown in Fig. 1c.

2.2.3. Preparation of turmeric-fortified zobo samples. Four
turmeric-fortified zobo samples were produced: zobo with
boiled turmeric 2% w/w, zobo with boiled turmeric 6% w/w,
zobo with fresh turmeric paste 2% w/w, and zobo with fresh
turmeric paste 6% w/w. The turmeric-fortified zobo samples

Fig. 1 (a) Chopped turmeric for boiled turmeric samples. (b) Freshly
blended turmeric for turmeric paste samples. (c) and (d) Final samples
ready for analysis.

This journal is © The Royal Society of Chemistry 2021
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were all prepared with water and H. sabdariffa calyces, in a
ratio of 2:25 by weight. The zobo with boiled turmeric was
prepared by boiling H. sabdariffa calyces with finely chopped
turmeric root pieces for five min, followed by soaking at room
temperature overnight and sieving in the morning. The tur-
meric pieces were added at either 2% or 6% of the weight of
the water during the addition. The zobo with fresh turmeric
paste was made using the same method as the zobo control,
but with the addition of either 2% or 6% turmeric paste after
the overnight soak and sieving. A schematic representation is
presented in Fig. 2.

2.2.4. Freeze drying. Samples were freeze dried for 140-144 h
in a freeze-dryer (Martin Christ Gefriertrocknungsanlagen
GmbH), until all moisture was evaporated. The sample was
weighed before and after freeze drying to accurately calculate orig-
inal values.

2.3. Chemical analysis

2.3.1. Measurement of pH

2.3.1.1. pH. The pH of the zobo samples was measured
with a pH meter (pHenomenal VWr pH 1000 L).

2.3.2 Proximate analysis

2.3.2.1. Moisture content. The moisture content was deter-
mined following the method described by Ekanem."”

2.3.2.2. Ash content. The ash content was measured by
heating the sample in a Carbolite CSF1100 ashing oven at
550 °C for 6 h, after the method of Ekanem."”

The ash content was calculated with the formula below.

Weight of the sample after ashing
Weight of the sample transferred before ashing

x 100%

Ash content =

2.3.2.3. Crude protein content. The protein content was ana-
lysed using LECO CN 628 Dumas analyser, Germany. Freeze-
dried samples and blank samples with cellulose (Sigma
Aldrich 310697, US) were weighed in tin cups (Interscience,
Belgium) and put in a sample tray. The samples were then oxi-

Add zobo calyces to
Method 1: boiling water (2:25,
add chopped —pt  calyces to water) for
turmeric 5 min.
Soak overnight
‘ Soaked
calyces
(and
turmeric
P> ?ieces
Sieve beverage or
method
v i
Method  2:
add fresh
turmeric Zobo beverage
paste —>) g

Fig. 2 Zobo production flow scheme for the two methods of the study.
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dised in the Dumas metal column filled with chemicals at
high temperature and water filters in a separation column, on
which nitrogen was separated and calculated into protein
content. The standard nitrogen to protein conversion factor,
6.25, was used to calculate the protein concentration.'®

As all food fractions should add up to 100%, the carbo-
hydrate content was calculated by the formula:"’

Carbohydrate content = 100% — moisture content
— ash content — fat content

— crude protein content.

2.3.3. Mineral determination. Mineral (iron and zinc) ana-
lysis was performed at the Chemisch Biologisch Laboratorium
Bodem (CBLB), Wageningen, the Netherlands, according to the
procedure described in the plant analysis procedure.'®
Samples were destructed with HNOs;-HCl (aqua regia) and
measured with the ICP-AES method for iron and zinc.

2.3.4. Vitamin determinations

2.3.4.1. Folic acid. Folic acid concentration was determined
by HPLC as described by Chen et al.*® A Thermo Scientific
(Germany) Ultimate 3000 HPLC machine with RS diode array
detector was used. Modifications made were: folic acid stan-
dards were prepared in KH,PO, buffer at pH 8-9. Alltech
prevail C18 5u column (4.6 x 250 mm) was used. The samples
were prepared by sonication of freeze-dried samples for 5 h at
40 °C. Centrifugation followed at 4000 rpm for seven min.
Samples were then filtered into amber HPLC vials.
Quantification based on measurement of peak areas was taken
with UV detection at 283 nm for 25 min.

2.3.4.2. Vitamin C. Ascorbic acid was determined as
described by Hernandez et al.*' using a Thermofisher HPLC
(Thermo Scientific, Germany). The samples containing zobo
were diluted twice, while samples containing just water and
turmeric were not diluted. A Varia Polaris 5 C18-A column (4.6
x 150 mm) was used.

2.3.5. Anthocyanin determinations

2.3.5.1. Delphidin-3-sambubioside and cyanidin-3-sambubio-
side. Delphidin-3-sambubioside and cyanidin-3-sambubioside
were determined using HPLC (Thermo Scientific, Germany).
Zobo samples were prepared according to the previously men-
tioned protocol in 2.2.3. The zobo and water samples were
extracted using 0.1% HCI in methanol. 5 mL of sample was
combined with 5 mL of extraction liquid in a 15 mL greiner
tube and shaken for one h at maximum speed. All samples
were then centrifuged at 3000 rpm for 30 min. Next, samples
were filtered using 0.45 pm RC filters into amber HPLC vials.
HPLC analysis utilized 1% formic acid in Milli-Q® water as
eluent A and 100% methanol as eluent B. The gradient elution
started with 5% (B), which increased to 60% (0-20 min) and
then to 100% (20-25 min). The conditions were held at 100%
for 5 min prior to returning to 5% (30-31 min) with a final iso-
cratic run of 5% B (31-35 min). The flow rate was 1 ml min~"
and the injection volume was 20 pl. A Varian Polaris 5 C18-A
column (5 pm, 4.6 x 150 mm) was used. Calibration curves for
both delphidin-3-sambubioside and cyanidin-3-sambubioside
were made by making a stock solution of 1 mg mL ™" in metha-
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nol. The stock solutions were stored at —20 °C. The calibration
curve  consisted of seven  calibration  standards:
17.19-34.38-68.75-137.5-275-550 (ug ml™*) of delphidin-3-
sambubioside and cyanidin-3-sambubioside. The UV-Vis spec-
trum of 510 nm was used for analyzing data from
chromatograms.

2.3.6. Chlorogenic and ferulic acid determinations. Six
samples including all zobo containing samples and water with
boiled turmeric at both 2% and 6% were analyzed.
Chlorogenic acid and ferulic acid were determined using
method described by Beltran-Debén et al.>> An Ultimate 3000
HPLC machine (Thermo Scientific, Germany) with RS diode
array detector was used. Modifications made were: a Varian
Polaris 5 C18-A 4.6 x 150 mm column was used at a flow rate
of 1 ml min~". Stock solutions of 1 mg ml™" were made for
chlorogenic acid and ferulic acid and stored at —20 °C. A cali-
bration curve for each component was prepared with six work
solutions: 4.69-9.38-18.75-37.5-75-150 (pg mL™'). Fresh,
liquid zobo samples were used and diluted two times with
Milli-Q® water/trifluoroacetic acid pH 2.5 before filtering.
UV-Vis spectrum were recorded in the wavelength of 220 nm
for both chlorogenic acid and ferulic acid.

2.4. Statistical analysis

Data were analysed using Microsoft Office 2016, Chromeleon 7
and IBM SPSS Statistics. Analysis was performed in triplicate
with three independent batches for all samples except other-
wise stated in section 2.3. The differences between the
samples were determined using paired ¢-tests between batches
of the same sample and assumed equal variance #tests (two-
sample) between different sample means. To determine if data
was normally distributed, the test of Shapiro-Wilk was used
with p < 0.05, where H, = data is normally distributed and H, =
data is not normally distributed.

3. Results and discussion

3.1. pH

3.1.1. pH. The pH of the zobo was measured to determine
the amount of acid, which influences vitamin stability and
measurements. The pH of zobo slightly increased with increas-
ing turmeric concentration, and ranged between 2.4-2.6. The
addition of turmeric increased the pH and higher concen-
trations of turmeric paste increased the pH further (Table 1).

An higher pH, namely 3.6, was found by Ekanem'” using a
lower ratio of hibiscus calyces (1.5:25). Furthermore in his
study the zobo was boiled for a longer time (40 min) and not
soaked overnight. This could influence the composition of the
extracts, thus influencing the pH. Adesokan et al.*>® reported
an even higher pH of 3.94. Their preparation method used a
ratio of 15:25, much higher than the ratio used in this
research. Additionally, the calyces were added to boiling water
and only allowed to soak for 15 min. Consequently, the higher
PH in literature might be due to the shorter time the hibiscus
calyces were kept in the water. Letting the zobo soak overnight
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Table 1 pH and proximate composition (weight %) of zobo control and
turmeric-fortified zobo

Samples pH Moisture Ash Protein  Carbohydrates®
Control (zobo 2.4 + 96.2 047+ 0.18+ 3.1
with 0% 0.01® 0.29* 0.03* 0.01®
turmeric)

2% boiled 2.4+ 95.9 + 054+ 023+ 3.4
turmeric in ~ 0.03*"¢  0.45"" 0.06* 0.01*

zobo

6% boiled 2.6 + 95.8 + 0.56+ 022+ 3.4
turmeric in ~ 0.02¢  0.18* 0.06*  0.01*

zobo

2% fresh 2.4+ 95.9 + 045+ 0.18+ 3.5
turmeric 0.01¢ 0.158 0.04%  0.03*"

paste in zobo

6% fresh 2.5 + 95.8 + 0.47 + 0.20 + 3.5
turmeric 0.02* 0.24% 0.05*  0.04*®

paste in zobo

Significant differences (p < 0.05) in the same column are indicated
with different superscripts. “ The carbohydrate content was calculated
from the other fractions to have an indication of the carbohydrate
content of our samples.

allows for a longer extraction time, in which more acid com-
pounds might be dissolved, thus resulting in the lower pH
found in our study. The slight increase in pH by adding tur-
meric to zobo is unlikely to significantly affect product
properties.

3.2. Proximate composition

3.2.1. Moisture content. The moisture content of the zobo
control found in our study (Table 1) was in accordance with
values found by Adeniji et al.** who measured the moisture
content of commercial (95.1% moisture) and locally prepared
(94.5% moisture) zobo. However, other authors reported
lower moisture contents, in the range of 82-88%.'7*°> The
higher dry matter content they found could be due to the
addition of flavouring ingredients, such as ginger and fruits,
or sugar.

3.2.2. Ash content. For the ash content, values between
0.6-1.8% were reported in the literature.>*>® The ash content
in this study is slightly lower than this range, which can be
explained by the moisture content of the zobo. Turmeric in
water control samples contained 0.03-0.06% ash with 6%
fresh turmeric paste in water having the highest value.
However, zobo with boiled turmeric 2% and 6% had higher
ash contents than the zobo control and the 2% and 6% fresh
turmeric paste in zobo. This implies that boiled turmeric
samples would have higher mineral contents'® and this was
also proven in this present study as the highest values of iron
and zinc were recorded in 2% and 6% boiled turmeric in zobo,
respectively. Moreover, turmeric has been reported to contain
a low ash content, namely of 2.9%. Other medicinal plants
contains higher ash contents, such as Acalypha racemosa
(13.1%) and Acalypha marginata (10.3%).”

3.2.3. Crude protein content. A low protein content was
found in this study (Table 1). However, addition of turmeric

This journal is © The Royal Society of Chemistry 2021
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seemed to increase protein content. Turmeric contains 6.3%
protein,*® which is much higher than the amount of protein
found in the zobo control. This was reflected in the zobo with
boiled turmeric samples (2% and 6%), which contain signifi-
cantly more protein that the zobo control.

3.3. Mineral content

Iron and zinc deficiencies are globally predominant, classified
oth and 11th, respectively, in the category of the main risk
factors for world-wide problem of ailment and they mostly
occur in developing nations.?® The amount of iron and zinc in
the water used for zobo preparation was negligible: —0.01 and
0.02 mg L™ for iron and zinc, respectively. The iron and zinc
in the turmeric-fortified zobo were from both the hibiscus
calyces and turmeric. The average amounts of iron and zinc in
our samples ranged between 10-14 mg L™' and 2.1-2.7 mg
L7, respectively with the highest values of iron and zinc
recorded in 2% and 6% boiled turmeric in zobo respectively.
These ranges are within the interval reported in literature.**>'
In children aged 2 to 5 years, the daily recommended intake of
iron is 8 mg and the daily recommended intake of zinc is
6 mg.**** Consumption of a typical one serving of 500 mL
(representative packaged bottle size of zobo drink by the street
vendors) of turmeric-fortified zobo would contribute 63-88%
DV and 18-23% DV of iron and zinc respectively. In agreement
to the recent literature®® on the use of nutrition information
and understanding of percentage Daily Value (DV) based on
the health Canada campaign message (“5% DV or less is a
little; 15% DV or more is a lot”), thus, drinking turmeric-forti-
fied zobo would contribute significantly towards the required
intake of iron and zinc.

3.4. Vitamins

Vitamin By, or folate, is synthetically produced as folic acid for
food fortification and supplementation. Folic acid was
detected in all samples containing zobo, whereas no folic acid
was found in the turmeric in water samples. Folic acid ranged
from 256-301 pg per 100 mL (Table 2). The Recommended
Dietary Allowance (RDA) for adults is 400 pg day ', with preg-
nant and lactating women needing an additional 100-200 pg
day '.*> Further 400 pg day ' of synthetic folic acid from
either supplements or fortified-foods is recommended for
females capable of becoming pregnant to lessen the risk of the
neural tube defects (NTD).*® Drinking turmeric-fortified zobo
would contribute in excess to the recommended daily intake of
folic acid as one serving contains 320-376% DV, 213-251% DV
and 160-188% DV for adults, lactating and women capable of
becoming pregnant recommended daily intake respectively.
Zobo is usually sold by street vendors in 500 mL bottles in
Nigeria. Hence, drinking a half bottle (250 mL) is enough to
exceed the daily required amount of folic acid for all ages and
genders. Adequate daily intake of folic acid is important to
prevent neural tube defects, which are four times more likely
to occur in developing countries, such as Nigeria, than in
developed countries.*”

This journal is © The Royal Society of Chemistry 2021

Table 2 Polyphenols, anthocyanins and vitamins contents in turmeric-fortified zobo and water samples

Ascorbic acid

Folic acid

Delphinidin-3-sambubioside

(mg per 100 mL)

Cyanidin-3-sambubioside

Chlorogenic acid
(mg per 100 mL)

Ferulic acid

(ng per 100 mL)

(ng per 100 mL)

(mg per 100 mL)

(mg per 100 mL)

Samples

577 + 59
725 + 84°

295 + 3628
301 +37%
297 + 274
256 + 518

58.1 +13.3*
68.8 +2.2°
60.3 +5.1%

22.3 +2.1°8 23.0 + 5.4*

24.1 +3.3%

1.9 +0.6°

Control (zobo with 0% turmeric)

2% boiled turmeric in zobo

26.9+09"
24.2 +1.8*
22.1 +5.4*
20.6 + 5.1

0.1¢

535 + 146"¢

533 + 48"
496 + 75°

22.7 + 1.9%8

6% boiled turmeric in zobo

55.6 + 12.9

21.1 + 1.25¢
20.0 + 1.4

2% fresh turmeric paste in zobo

View Article Online
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ND
ND
ND
ND

276 + 8748

ND
ND
ND
ND

52.2 +12.6"

NA
NA
NA
NA

NA
NA
NA
NA

ND
ND
ND
ND

+ 0.6
2+0.1
+0.38

1
0
0
ND
ND
Different letters represent significant differences within the same column (p < 0.05). ND represents not detected and NA represent not applicable.

6% fresh turmeric paste in zobo
2% fresh turmeric paste in water
6% fresh turmeric paste in water

2% boiled turmeric in water
6% boiled turmeric in water

Food Funct, 2021,12, 761-770 | 765
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Vitamin C was measured as the total amount of ascorbic
acid. The four control samples containing turmeric in water
resulted in no detectable peaks, corroborating that turmeric
does not contain ascorbic acid.*® The amount of vitamin C in
the samples ranged from 496-725 pg per 100 mL (Table 2).
Samples fortified with 6% turmeric paste had the lowest value
with no significant difference with the zobo boiled with 6% tur-
meric root. However, the value found in the control sample (0%
turmeric) was lower than in other scientific articles, which
ranged from 1500-3000 pg per 100 mL.>*? The difference in
vitamin C content could be due to the process applied to dry
the H. sabdariffa calyces used for production of the zobo, as
vitamin C can be lost through heating.*® Additionally, the quan-
tity of H. sabdariffa calyces used for the production of zobo also
has an effect, as research has shown that vitamin C content
increases when the amount increases from 2% calyces to 15%
calyces in water.*® In this study, the quantity of H. sabdariffa
calyces used in zobo was 8%. According to the previous
research, increasing H. sabdariffa calyces above the 8% used in
our study could increase the total ascorbic acid content. The
vitamin C content in the sample with 2% boiled turmeric in
zobo was significantly higher than in all other samples,
showing a similar pattern as for the anthocyanin in the samples
(Table 2). Ascorbic acid was not detectable in the four control
samples containing turmeric in water. The highest value
reported in 2% boiled turmeric in zobo, which was significantly
different from the control (zobo with 0% turmeric), could be
attributed to the effect of food-to-food fortification,*" as the
effect of a bioactive may differ between the whole food (matrix
effect) and the isolated compound.*”** Research has also
shown that a heat treatment, such as boiling, can release bound
antioxidant principles from turmeric, resulting in a higher
ascorbic acid content.** Other studies, focusing on curcumin,
have suggested that the activity following the heating step could
be a result of the degradation products, which provide similar
activity."> Vitamin C contents in 6% boiled turmeric in zobo
appeared to be significantly lower than the vitamin C content
found in 2% boiled turmeric in zobo, which we suspect to be
due to aggregation and/or precipitation at a higher concen-
tration. The Recommended intake for vitamin C is 75 mg for
women and 90 mg for men.*® For children, the RDA is 40 mg,
which is necessary to prevent wasting in sub-Saharan Africa.*’
The vitamin C content in one serving (one bottle of 500 mL) of
the 2% boiled turmeric zobo could moderately®* contribute 5%
DV, 4% DV and 9% DV for women (75 mg), men (90 mg) and
children (40 mg) recommended intake respectively. Addition of
fruit juices, common in zobo processing, could increase the
overall content of vitamin C.>

3.5. Anthocyanins

Cyanidin-3-sambubioside has been identified as one of the
two major anthocyanin components of H. sabdariffa.>'°
However, it has not been determined if the addition of tur-
meric affects the anthocyanin content. Cyanidin-3-sambubio-
side was present in all zobo samples in a range of 21-27 mg
per 100 mL (Table 2).
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It accounts for approximately 30% of the total anthocyanin
content in turmeric-fortified zobo, which is similar to values
reported in previous research. An increase in the amount of
calyces used for production and boiling time of the turmeric-
fortified zobo beverage could potentially result in a higher
quantities of total anthocyanins found in this study.

Turmeric-fortified zobo processed with 2% boiled turmeric
is significantly higher in Cyanidin-3-sambubioside than all
other samples. This is in line with the theory explained in the
vitamin C section, stating that heat treatment of turmeric can
impact other compounds. As turmeric alone contains no
anthocyanins, heat treatment cannot release bound anthocya-
nin principles. Rather, the heat treatment can result in degra-
dation products that act similarly to anthocyanins.*®

Delphinidin-3-sambubioside is the other primary anthocya-
nin in H. sabdariffa.>"° Delphinidin-3-sambubioside in the tur-
meric-fortified zobo is present in a range of 52-69 mg per
100 mL (Table 2). Delphinidin-3-sambubioside constitutes
approximately 70% of the total anthocyanins, across all
samples. This result correlates with previous research, which
has shown that delphinidin-3-sambubioside accounts for
between 75-85% of the total anthocyanins in zobo.*®*

The effect of turmeric processing has similar outcomes for
both delphinidin-3-sambubioside and cyanidin-3-sambubio-
side. The highest amount of delphinidin-3-sambubioside was
recorded for 2% boiled turmeric in zobo, as 69 mg per 100 mL
was significantly higher than the contents of all other
samples. In fresh calyces of H. sabdariffa, both delphinidin-3-
sambubioside and cyanidin-3-sambubioside have concen-
trations more than double of that found in the turmeric-forti-
fied zobo beverage.*® The significant loss of anthocyanins is
most likely due to heat degradation during drying.>° Juhari
et al.® confirmed that variation in the anthocyanin content of
H. sabdariffa calyces grown in different countries was mainly
due to sun drying.

Addition of food-grade organic acids has been reported to
improve anthocyanin stability.'® These findings were corrobo-
rated by the increase in the anthocyanin content of the 2%
boiled turmeric zobo. This increased amount of anthocyanins
could contribute to the anti-inflammatory, visual and neuro-
logical-health improving properties of turmeric-fortified
zobo.”"*?

3.6. Ferulic and chlorogenic acid

H. sabdariffa contains several polyphenols: chlorogenic acid,
hydroxycitric acid, protocatechuic acid, quercetin, ferulic acid,
and caffeic acid.>*”*** In an exploratory trial at the beginning
of this study, the peaks with the largest area were determined
to identify the polyphenols present in the highest concen-
trations. The polyphenols analyzed via HPLC for identification
were: caffeic acid, ferulic acid, protocatechuic acid, gallic acid,
quercetin, catechin, rutin, naringin, benzoic acid, and chloro-
genic acid. Five major peaks (Fig. 3) were consistently found in
either zobo or boiled turmeric in water, namely ferulic acid,
chlorogenic acid, two anthocyanin peaks, and a major poly-
phenol peak that remained unknown. The anthocyanin peaks

This journal is © The Royal Society of Chemistry 2021
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Fig. 3 HPLC chromatogram of zobo control polyphenol extraction. Peak profiles of (1) unknown peak, (2) cyanidin-3-sambubioside, (3) chlorogenic

acid, (4) delphinidin-3-sambubioside, and (5) ferulic acid.

were characterized by their high UV maximum (515 nm).
These peaks were identified as cyanidin-3-sambubioside and
delphinidin-3-sambubioside. The two other main peaks were
phenolic acids, namely ferulic acid and chlorogenic acid.

3.6.1. Ferulic acid. Ferulic acid was detected in seven
samples, in a range of 0.16-2.03 mg per 100 mL (Table 2),
including those samples in which turmeric was added to
water. These results agree with previous research that states
that ferulic acid is present in turmeric, as a major decompo-
sition product of curcumin.">*® The absence of ferulic acid in
the fresh turmeric paste in water samples is attributed to the
absence of a heat treatment. Ferulic acid is typically formed
after thermal degradation of curcumin.'’

The zobo and the turmeric-fortified zobo did not differ in
the quantities of ferulic acid they contained. This demon-
strates that turmeric, whether boiled or in paste form, does
not affect the total ferulic acid in turmeric-fortified zobo in the
quantities that we tested. The only two samples with signifi-
cantly lower amounts were the water samples with boiled tur-
meric. Yet, when 6% of turmeric was added instead of 2%, the
total ferulic acid content significantly increased. This shows
that more heat degradation products are formed with a higher
amount of added turmeric. According to Vankar et al,** the
boiling of turmeric could potentially release bound anti-
oxidant principles, which could allow for a detectable amount
of ferulic acid. Other research has also shown that total pheno-
lic content can increase after heat treatment due to the inacti-
vation of polyphenol oxidase.>® This supports the findings that
turmeric paste in water has no detectable ferulic acid or phe-
nolics. In the zobo samples, most of the ferulic acid originated
from H. sabdariffa, making the differences between boiled tur-
meric and turmeric paste insignificant. The processing of tur-

This journal is © The Royal Society of Chemistry 2021

meric had no impact on the overall ferulic acid content,
making the addition of turmeric not an extra source of ferulic
acid in zobo.

3.6.2. Chlorogenic acid. Chlorogenic acid only was present
in samples containing H. sabdariffa, in line with previous
research.”>*" The range of chlorogenic acid is approximately
20-24 mg per 100 mL (Table 2). There is no significant differ-
ence between the zobo control and zobo samples fortified with
boiled turmeric, which shows that the addition of boiled tur-
meric does not increase the chlorogenic acid content of zobo.
Addition of turmeric paste to zobo slightly lowered the chloro-
genic acid content. We contribute this effect to natural vari-
ation in the raw material in the absence of scientific knowl-
edge that would indicate otherwise. Previous research has
found isomers of chlorogenic acid in dried H. sabdariffa
leaves, specifically neochlorogenic acid and cryptochlorogenic
acid.>® We expect that the unknown peak in Fig. 3 is a stereoi-
somer of chlorogenic acid.

4. Conclusions

The present study contributes to the potential utilization of
turmeric root in the production of street-vended zobo drink.
The results show that the antioxidant and nutritional quality
of zobo (H. sabdariffa) drink can be improved by the way of
processing (heating/boiling) and the addition of a second
ingredient (i.e. turmeric) which could be easily adopted by the
street vendors in Nigeria. Nowadays there is an increasing
awareness of the relation between food intake and health,
which has boosted the demand for health-supporting food
products by consumers. Ascorbic acid, cyanidin-3-sambubio-
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side, delphinidin-3-sambubioside, ferulic acid, and chloro-
genic acid were present in turmeric-fortified zobo. Overall, the
addition of 2% boiled turmeric in street-vended zobo could
contribute beneficially to the Nigerian diet, due to the
increased content of vitamin C and anthocyanins. Thus, by
inclusion of turmeric in zobo production street-vendors can
prepare what consumers want to be able to make healthier
food choices. Presently the Nigerian Government is promoting
the turmeric crop, which is relatively cheap and widely avail-
able within the country, hence making turmeric-fortified zobo
affordable for the public.

The heat treatment applied in our study resulted in
increased concentrations of vitamin C and anthocyanins.
Further research is needed to determine the binding, precipi-
tation, or aggregation effects that play a role at higher concen-
trations of boiled turmeric (6%) in zobo. We followed the tra-
ditional processing methods of the zobo street vendors in this
study by boiling the zobo with the turmeric. Addition of tur-
meric powder to zobo instead of turmeric paste could be
another processing method that warrants follow-up research.
Studies of the effect of turmeric-fortification on other street-
vended drinks like soymilk, which is rich in protein, are also
recommended to determine the influence of a different food
matrix.
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