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SUMMARY

There has been an increased consumption of fic# ps consumers have become aware of the
nutritional and health benefits of fruit juices.iFimcreased consumption goes together with the
growth of varieties of fruit juices and beveragdtered for sale. Among these products is
roselle Hibiscus sabdariffal.) juice, or drink, which is a good source of anthanins,
vitamins (thiamine, riboflavin, niacin, ascorbiciddcand minerals (Ca, P, Fe). In addition,
roselle is also used as flavouring for saucedeglimarmalades, soft drinks and as colorant for
foods.

Roselle extract has low sugar content, and is @ca&b addition of sweetening products like
sugar or blending with tropical fruit juices canlgh¢o reduce the sourness and improve the
sweetness of the juice. The use of roselle exingatd with tropical fruit juices is also a way of
reducing post-harvest losses of fruits which occdue to lack of good knowledge in
processing, preservation, packaging and propespi@ah systems in most developing countries
like Tanzania.

Blending of roselle extract with different proportiof tropical fruit juices (mango, papaya and
guava) produces roselle-fruit juice blends with ioyed levels of anthocyanins, vitamin C,
total phenolics/phenols, minerals (Ca, Mg, P, F&Am). The amount of vitamin C and Fe were
enough to provide recommended daily requirements aftults according to WHO/FAO
recommendation while amount of anthocyanins proeideugh to meet recommendationBaf

mg and12.5 mg per day per person in Finland and UniteteS.

The roselle-fruit juices were found to be high iluapse and fructose. However, as the
concentration of roselle extract in the blendseased, the amount of sugars also decreased.
Organic acids (malic acid, succinic acid, tartadcid) increased also with increased
concentration of roselle extract in the blends,levkihe amount of citric acidic increased with
increased concentration of tropical fruit juices.

The sensory evaluation of the roselle fruit juitenids resulted in the highest acceptance of the
roselle-fruit juices with 20% roselle followed byehds with 40% roselle. This was probably
due to the reduced acidic taste by adding thesetwentrations of roselle to the tropical fruit

juices. Colour play a very important role in the accepigbibf foods as it is one of the

vii



principal characteristics perceived by the sen$as. strong colour is due to the presence of
anthocyanins in the roselle extract, which impattezired colour in the blends. The colour of
the roselle-fruit juice blends with 80% roselle b highest among all the sensory parameter
evaluated.

Storage temperature of the roselle-fruit juice tdkershowed to have high effect on the
anthocyanin content, total phenolic content, vitand with significantly losses at higher
temperatures. Lower temperature is therefore recamded for long-term storage.

Packaging material did not have significant infloeron the physicochemical properties of the
roselle-mango juice blends. Losses in total monararthocyanins, total phenols and vitamin
C were higher in blends stored in plastic bottlesnpared to glass bottles in higher
temperaturesStorage in glass bottles at lower temperaturethesefore recommended for

storage of roselle-fruit juice blends.
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SAMMENDRAG

Inntaket av fruktjuicer har gkt etterhvert som ksikapen om helsefordelene ved inntak av slike
produkter har blitt bedre kjent, noe som har fdrteh gkning i juiceutvalget. Blant disse
drikkeproduktene finner en ogsa varianter som infugr roselle Kibiscus sabdariffal..).
Roselle er en god anthocyaninkilde, og innehold&legg vitaminer (tiamin, riboflavin, niacin
og askorbinsyre) og mineraler (Ca, P og Fe). Redalh brukes som smakstilsetning i sauser,

syltetay, marmelade og drikkeprodukter og kan dgezedre farge pa produktet.

Roselle inneholder lite sukker og har hgyt syreaidhVed tilsetning av sgtningsstoff eller i
blanding med tropiske frukter kan en bedre smaksopisen. Bruk av tropiske frukter i
blanding med roselle kan ogsa bidra til bedre tétsg av disse, men det trengs kunnskap om
prosessering, konservering, forpakning og transpdigheter i de fleste utviklingsland,

inkludert Tanzania.

Ved a blande roselle i ulike blandingsforhold meabiske frukter som mango, papaya og
guava vil dette gi drikkeprodukter med hgyere indhav anthocyaniner, vitamin C,

fenolforbindelser og mineraler (Ca, Mg, P, Fe og).Zmnholdet av vitamin C og Fe i

juiceblandingene tilfredsstiller behovet for diskemponentene for voksne, i henhold til
WHO/FAOs anbefalte daglige inntak, mens innholdetaathocyaniner tilfredsstiller behovet
pa 82 mg og 12,5 mg pr person anbefalt i Finlant)84.

Innholdet av glukose og fruktose i roselle-juicelalimgene var relativt hgyt. Ved a tilsette mer
roselle i blandingene ble sukkerinnholdet derimatele. Innholdet av organiske syrer som
eple-, rav- og vinsyre gkte med gkende konsentragjoroselle, mens sitronsyre gkte med

hgyere konsentrasjon av fruktjuice.

Sensorisk vurdering viste at roselle-juiceblandmgeed 20 % roselle var best likt, deretter 40
% roselle. Dette kan henge sammen med at en vesbtiailsetting av roselle far lavere
syreinnhold og hgyere sukkerinnhold i blandingd®eselle bidrar med en attraktiv rad farge

pa grunn av innholdet av anthocyaniner, noe sokevitiltalende pa konsumenten. Dette var



en viktig parameter ved de sensoriske vurderingbuer blandinger med 80 % roselle fikk

hgyest poengsum for utseende.

Lagringstemperaturen for juiceblandingene med ledehdde innvirkning pa anthocyaniner,
fenoler og vitamin C. Hgyere lagringstemperatuitevisedgang i konsentrasjonen av disse
komponentene. Av den grunn bgr det ferdige produatges ved relativt lav temperatur hvis

det skal oppbevares lenge.

Valg av pakkemateriale hadde ogsa innvirkning pdidatdet av antioksidantegenskapene. Dette
ble bekreftet i forsgket med roselle-mangoblandinga fant stgrre tap av anthocyaniner,
fenoler og vitamin C ved lagring i plastflasker saemliknet med glassflasker. Lagring av

produktet ved 4 °C og i glassflasker vil vaere &timkke.
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1.0 INTRODUCTION

Fruits have been a part of the human diet for cegguThey contain high quantity of water,
carbohydrates, proteins, vitamins A, B1, B2, C,rid &; and minerals such as Ca, Mg, K,
Zn and Fe [1]. They are rich in antioxidants thalphin lowering incidence of degenerative
diseases such as cancer, arthritis, arteriosctgerd®art disease, inflammation, brain

dysfunction and acceleration of the ageing prof&s3].

Large quantities and different varieties of frute produced annually throughout the world.
However, a greater proportion of these fruits estlgan developing countries are wasted
during the season du® lack of good knowledge in storage, processingsegrvation,
packaging and proper transport systems. For examptezania has capacity of producing 2
000 000 metric tons of fruits worth at least USOB ®00, however, 40-60% of the fruits are
wasted [4]. Processing of fruits into juice willlpeeducing post-harvest loss and increase

consumption of fruits.

Worldwide, there has been increased fruit juicescomption, as consumers have been more
aware of the nutritional and health benefits oftffuices. This increased consumption is
due to the increased variety of fruit juices anddmages offered for sale. Beverages are

produced from various types of plants, especiaifyés, flowers and fruits [5].

One of such plants whose flowers are used to peepaces isHibiscus sabdiriffal.,
commonly known as roselle. Dried red roselle cadyaee usually extracted making a bright
red drink with a unique flavour. The drink is comsed hot or cold. The calyces contain
organic acids (tartaric, citric, malic, and hibiggiglucoside compounds, and phenolic
compounds, such as anthocyanins [6]. They alsoagonitamins (thiamine, riboflavin,
niacin and ascorbic acid) and minerals (Ca, Mg,nd &e). The extract is also used as
flavouring for sauces, jellies, marmalades, and dohks and as food colorant. Hibiscus
extracts are reported as having medical propestieb as decreasing serum cholesterol in
humans and animals [7, 8], protecting the liver imgjaoxidation stress [9], having
antihypertensive and cardio protective effects,[BD[d attenuating nephropathy in diabetes
[11].

Most people do not prefer beverages made from msgelle as it has an acidic and bitter

taste. Blending of the extract with juice from ficg fruits such as mango, papaya and

1



guava can improve the aroma, taste and nutritiandl antioxidant properties of the juice
blends. The main aim of this study was blendingltesextract with various tropical fruits
(guava, papaya and mango) to increase the utdizati roselle extracts, enhance nutritional

composition and acceptability of roselle-fruit jaiblends.

2.0 BACKGROUND

2.1 Hibiscus sabdiriffa L

The genudHibiscus consists of several hundred species of flowerilagtp in the family
Malvaceae These species are well known for their large eoldurful flowers.Hibiscus
sabdiriffaL., is one of the most known species of geHusscus[12]. It is an herbaceous
plant cultivated largely in tropical and sub-tradiof both hemispheres [13]. China and
Thailand are the largest producers and controlfemach of the world supply, while
Mexico, Egypt, Senegal, Tanzania, Mali, Sudan ardaica are important supplier but the
production is mostly used domestically [14]. RosdHiibiscus sabdariffal) is known in
different countries by various common name inclgdioselle, rozelle, sorrel, red sorrel,

Jamaican sorrel, Indian sorrel, guinea sorrel,-sour, Queensland jelly plant [15].

2.2 Morphological characteristics of roselle

The roselle plant is an annual shrub with growthrertban two meters. The leaves are dark
green to red divided into three to five lobes arela@ranged on the stem alternatively [12]
Stems may be green or red depending on the gdreatiground [15]. Flowers are usually
white to pale yellow while the colour of petal megry from white to pink, red, orange,
purple or yellow. The mature fruits are bright f&é] (Figure 1).



Figure 1 Morphology of roselle plant: leaves (A), flower (Bplyces (C), fruit (D) [17].

2.3 Phytochemicals

Phytochemicals, also known as bioactive compousrdssecondary metabolites synthesized
by plants [18] and can be described as chemicais filants that may affect health, but do
not act as essential nutrients [19here are several families of phytochemicals, sa€h

glucosinolates, flavonols, isoflavones, phenolicls@and flavones.

2.3.1 Phenolic compounds

Phenolic compounds or polyphenols are widely distad groups of phytochemicals, with

more than 8000 phenolic structures currently knolirey provide essential functions in the

reproduction and growth of the plants, act as defemechanisms against pathogens,

parasites, predators, and UV irradiation, and edsdribute to the colour of plants [20].

Polyphenols are divided into several classes aguptd the number of phenol rings and the
structural elements attaching the phenolic ringlse Thain groups of polyphenols are:
flavonoids, phenolic acids, tannins (hydrolysabiel a&ondensed), stilbenes and lignans
[21].



Flavonoids are the most abundant polyphenols. Esecllavonoid structure is the flavan

nucleus, containing 15 carbon atoms arranged @ethings (C6-C3-C6), which are labelled
as A, B and C (Figure 2).

Flavonoids forms six major subclasses based omsubstitution patterns of ring C (Figure

2). The position of ring B as well as the oxidatsiate of the furan ring is important in this

classification. Within each class, individual flamods are identified and characterized by
conjugation patterns of the hydroxyl groups on #eand C rings as well as the

hydroxylation and conjugation patterns of the Byrj1].

Anthocyanidin Flavan-3-col

Flavanone

Figure 2 Structure of the flavonoid skeleton [21]

The major flavonoids sub classes are distinguiswbrding to the oxidation state of the
central C ring and position of B ring in flavonelavonols, flavanols, flavanones,
isoflavones, and anthocyanins. The structure vaniah each subclass is partly due to the

degree and pattern of hydroxylation, methoxylatgnenylation, or glycosylation.

2.3.2 Anthocyanins
Anthocyanins are water-soluble plant pigments ared particularly evident in fruit and

flower tissue where they are responsible for ardweéange of red, blue, and purple colours.
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They have at least three functions in plant phggigl First, they assist in plant propagation
due to their bright colour which attracts insects pollination and animals for seed

dispersion [22].

Secondly, they prevent predation by imparting #ebitaste to plants and third, owing to
strong absorption of light, they may also be imaotin protecting plants from UV-induced
damage [23]. Chemically, anthocyanidins are polybyg or polymethoxy derivatives of 2
phenylbenzopyrylium: 2 benzoyl rings (A and B) saped by a heterocyclic (C) ring
(Figure 3)

Figure 3 The flavylium cation. R1, R2 = H, OH or OCH3; R3H or glycosyl; R4 = OH

or glycosyl[24]

Approximately 17 anthocyanidins are found in natupaely six of which are widely
distributed: cyanidin (Cy), delphinidin (Dp), petdim (Pt), peonidin (Peo), pelargonidin
(PI), and malvidin (Mv) [25, 26] (Figure 4).

R, R Anthocyanidin
H H Pelargonidin
OH H Cyanidin
OCH3; H Peonidin

OH OH Delphinidin
OCH3; OH Petunidin

OCH;3; OCH;3; Malvidin

Figure 4 structural classifications of six most common acgfanidins [27].
The structural variations of anthocyanins are dudifferences in the number of hydroxyl
groups attached to the molecule, the degree of ylagitbn of these hydroxyl groups, the

nature and number of the sugar moiety attacheldetphenolic (aglycone) molecule and the



position of the attachment, as well as the nataceraumber of aliphatic or aromatic acids
attached to the sugars [24].

Anthocyanins frequently occur as 3-monosides, 3ibdes and 3-triosides as well as 3, 5-
diglycosides and more rarely 3, 7-diglycosides eissed with the sugars glucose,
galactose, rhamnose, arabinose, and xylose. Thewndasspread anthocyanin is cyanidin
3-glucoside (27, 25). delphinidin 3-sambubiosidehis major pigment responsible for the
reddish-violet colour. cyanidin 3-sambubioside Isoapresent with lesser amounts of
delphinidin and cyanidin 3-glucosides [27].

These pigments have been identified in edible phaaterials as diverse as apple, berries
(blackcurrant, boysenberry, blueberry, bilberry,rasberry, blackberry, raspberry,
cranberry, elderberry, lingonberry, chokeberry)etolack carrot, cabbage, cherry, grape,
radish, red oniongpselle calyxand sweet potato, to mention only a few of the easay
known [28].

2.3.2.1 Anthocyaninsin roselle

The roselle calyces contain two main anthocyanuohaslphinidin-3-sambubioside, also
known as delphinidin- 3-xylosylglucoside or hibisciand cyanidin-3-sambubioside, also
known as cyanidin-3-xylosylglucoside or gossypidgarand two minor anthocyanins,
delphinidin-3-glucoside and cyanidin- 3-glucosid@®][ The calyx ofH. sabdariffaalso
contains other polyphenolic compounds includinggeatechic acid [30, 31].

2.4 Anthocyanins stability

The isolated anthocyanins are highly instable aargt susceptible to degradation [32]. Their
stability is affected by several factors such as gtidrage temperature, chemical structure,
concentration, light, oxygen, solvents, the presesfcenzymes, proteins and metallic ions
[24, 29, 33, 34].

2.4.1 pH influence

Anthocyanins are unique among flavonoids as theucgires reversibly undergo pH-
dependent transformation in aqueous solution (Eig)r Anthocyanins are more stable in
acidic media at low pH values than in alkaline sohs with high pH values-our major
anthocyanin forms exist in equilibria: the red fflavm cation, the blue quinonoidal base,
the colourless carbinol pseudobase, and the ceksirthalcone [35]. At a pH below 2,
anthocyanins exist predominantly in the red flawylication form. Rapid hydration of the

flavylium cation occurs at the C-2 position to gexte the colourless carbinol pseudobase at



pH values ranging from 3 to 6. As red colour isableed out in this transformation, the

mechanism of reaction has been extensively invasti[23].

The anthocyanidin’s stability is influenced by thieg B substituents and the presence of
additional hydroxyl or methoxyl groups which deseahe aglycone stability in neutral
media; therefore, delphinidin is the most stabléhacyanidin [36]. In contrast with
aglycons, monoglycosides, and mostly, diglycosidiesvatives are more stable in neutral
pH conditions [36]. The effective pH range for masithocyanin colorants is limited to

acidic foods because of the colour changes andhitisy that occurs above pH 4.

Neutral and 4

slightly
acidic pH
Neutral quinonoidal bases
{(purple to violet color)
Y || = "
-HY R, +H
OCH
Flavium cation HO S O R
pH<2 (red to orange color) O A, :
CH
Rl’ R_z = H, OH, or OCH3
R; = O-glycoside
pH from
3to6
Carbinol pseudobase Chalcone
{colorless) {colorless)

Figure 5 Scheme of the pH-dependent structural interconmerdsetween dominant forms

of mono-glycosylated anthocyanins in aqueous pf&de

2.4.2 Storage effects
Many studies have shown degradation of anthocyaghimmg storage treatments [38, 39]

storage time showing higher losses of total momamenthocyanins. The losses of total



monomeric anthocyanins were also accompanied bgased polymeric colour values [40].
The large increase in polymeric colour values andesponding loss of monomeric
anthocyanins may be due to several factors, inctudiesidual enzyme activity or
condensation reactions of anthocyanins with otlenplics [38]. There are also reports on
strong influence of storage temperature on theldgyabf anthocyanins. Higher stability of
anthocyanins can be achieved by using lower tertyrerand short time heating during

processing and storage [41].

2.4.3 Structural effects

The glycosyl units and acyl groups attached toatjgcone, and the site of their bonding,
have a significant effect on stability and read¢yivof the anthocyanin molecule. Also the
substitution pattern of the anthocyanidin, the naménd placement of the hydroxyl and
methoxyl groups in the aglycone, affect the chehbehaviour of the pigment molecule.
The increased hydroxylation of the aglycone stabdithe anthocyanidin; delphinidin is
more stable than cyanidin in acidic methanol [4&wever, there are discrepancies related
to the effect of hydroxylation of the aglycone onletule stability; in a buffered solution at
pH 3.1 cyanidin 3-glucoside was more stable thdargenidin 3-glucoside but delphinidin
3-glucoside was less stable than cyanidin 3-glasosAlso petunidin 3-glucoside, with two
hydroxyl groups in the B-ring, was less stable tpaonidin 3-glucoside, which has one

hydroxyl group in the same ring [43].

2.4.4 Temperature

The stability of anthocyanins and all pigments fdum foods decreases during processing
and storage as temperature rises [44]. Eventulkyntal degradation leads to brown
products, especially in the presence of oxygen.[4Bany authors have studied the
influence of temperature in the anthocyanins stgbitom different sources proving that

heating have a detrimental effect on the anthoecyeontent [40, 46-49].

2.5 Antioxidant activity

Antioxidants are strong scavengers of free radivdfsch are unstable chemical species that
react rapidly with other chemical species in adgatal system. Reactive species, such as
superoxides (O2e- and OOHe), hydroxyl (OHe), andopgl (ROOe) radicals, can attack

stable molecules in a healthy organism and prodlesses [50]. Antioxidants, including



flavonoids, acids, tocopherols, carotenoids, atahvn C [51], may neutralize the oxidative
effect of free radicals.

There is great number of methods for determinatibantioxidant capacity of foods and
beverages based on different principles: peroxgliced scavenging (Oxygen Radical
Absorbance capacity, ORAC; Total Radical-trappingtidxidant Power, TRAP), metal
reducing power (Ferric Reducing Antioxidant PoweRAP; Cupric Reducing Antioxidant
Power, CUPRAC), hydroxyl radical scavenging (detgse assay), organic radical
scavenging (2, 2-Azino-bis (3-ethylbenz-thiazoligesulfonic acid, ABTS; 2, 2-Diphenyl-
1-

Picrylhydrazyl, DPPH), quantification of productsrihed during the lipid peroxidation
(Thiobarbituric Acid Reactive Substances, TBARS;wttensity Lipoproteins, LDLs
oxidation), etc. [52]. Of all these methods, ABFRAP, DPPH and ORAC are some of the
most widely used [53]. In this thesis, the anti@xtl activity was assessed using Ferric
Reducing Antioxidant Power (FRAP) assay.

2.6 Organic acids, fatty acids, oils and aromaticolatiles

The compounds responsible for providing sour tastebods and beverages are organic
acids. Major organic acids i.sabdariffa L., include citric acid and malic acid in additio
to ascorbic acid, tartaric acid and succinic a6id5f4]. More than 25 volatile hydrocarbons,
alcohols and aldehydes have been detected in deafdHhsabdariffa L., variety of sterols
has also been detected in the seed oil such agsthal, campesterol, stigmasterol, -
sitosterol, a-spinalsterol and ergoterol [55] whil@- sitosterol, campesterol, delta-5-
avenasterol, cholesterol and clerosterol were thddny [56].

Different aromatic volatile constituents have beadantified in roselletea and major
components in fresh samples were 3-hexenol, 2-lodxamd 1-hexanol and alseterpineol
and eugenol [57]. Fatty acid esters have also mrtified in the pressed seed oil laf
sabdariffa The derivatives containing cyclopropene moietigsopoxide functionality;
malvalic acid, sterculic acid and epoxy oleic §&8]. However roselle oil is not removable
by hydrogenation hence present problem in the lsélprocessing.

2.7 Nutrients in H. sabdariffa
H. sabdariffais a plant consumed worldwide as a nutritious s®wf vitamins, minerals,
organic acid and minerals. The roselle extrachigxcellent source of vitamin C, calcium

and phosphorus containing 60%, 80% and 39% of ezsgective nutrient compared to the
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content found in orange [59]. A study by Nnam and/éke [60] on evaluation of vitamin

and mineral composition of the red and yellow catyshowed that roselle was a good
source of calcium, iron, phosphorus, zifie,carotene, thiamine, riboflavin and vitamin C.
The seed contains phosphorus, calcium, zinc, ma&asgamagnesium, copper, riboflavin in

addition to 18 amino acids [61].

2.8 Medicinal uses and biological studies

Hibiscus sabdariffaextract has been extensively studied to elucidatd verify the
medicinal activities due to its history in tradited medicines. It has shown a wide range of
pharmacological properties. Anti-inflammatory atfivhas been shown in HSE, mediated
by inhibition of cyclooxygenase enzymes 1 and 2 €ktract showed higher inhibition of
cyclooxygenase-1 (COX-1) than cyclooxygenase-2 (€pXndicating its potential use as
blood thinner as well [62]. Anthocyanins derivednr HSE have been screened against
certain human cancer cell lines (Chang et al., 200%e study shown to induce apoptosis in
human promyelocytic leukemia cells, thought to bedrated by the p38-FasL and Bid
pathway [63]. Aqueous hibiscus extract has also ls®wn to reduce the levels of LDL
and the ratio of LDL to HDL in rats [64]. Antihygensive activity of the hibiscus extract in
pre-hypertensive and mild-hypertensive adults reenlconfirmed by MacKay et al., [65]
whose results suggested the possibility of usifmsbus tea as a dietary supplement to

prevent and control hypertension in adults.

2.9 Other roselle uses

Roselle is a multi-use plant, whose young shoetsyds and calyces are used as a cooked
vegetable or cut and used as vegetable sauceTBéy. can also be eaten raw in the salads,
the red freshly calyx lobes are chopped and usédiinsalads. The dried red calyces have
been used to prepare tea, syrup, jam and jelli@s THhe calyces can also be harvested as
fodder for livestock while roselle seed oil is usedoap and cosmetic industries. The seeds
can also be pounded into meal, added to cerealgasted and boiled as a coffee
replacement in some parts of Africa [16]. The seas also eaten roasted as snacks or
ground into meal to make cakes. Roselle is alsat@active garden plant. The cut flowers
and also the decorative red stalks with ripe redtdrhave been exported to Europe [67].
The bust fibres and sometimes the whole stem carsé&e in the paper industry in the USA
and Asia [17]. Figure 6 is an example of tea bagbsdried roselle calyces in sacks used to

make tea, which can be drunk hot or cold
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Figure 6 Roselle tea bags and dried roselle calyces inrsqaa4.

2.10 Exotic fruits

Tropical and subtropical fruits, known as “exotfalits, includes a number of tropical fruits
that are not yet commonly found in global markeishave the potential to do so in view of
their appearance, taste, and textural and nutakiguality parameters [68]. The exotic fruits
includes mango, guava, passion fruit, rose appépaya, lime, passiflora, pineapple,
carambola, sapodilla, mamey, lychee and longan,amadcommon ingredients which are
frequently used in varieties of juices, purees muaay fruit based deserts [69].

Countries in the tropics produce a large amourftwf species which could be interesting
for the food industry. Exotic fruits consumed rewtly, are gaining popularity in the
market due to their nutritional and therapeuticuealbut also because of their pleasant
flavors and variety of color [70-72]. The nutritalnand therapeutic value is mainly due to
the presence of bioactive compounds, secondarybwléts, which have potential effects
on human health [71]. In this study, mango, pamadguava were used as exotic fruits.
Mango Mangifera indical.) is a tropical fruit that originated from Soetkst Asia and has
been cultivated for at least 4000 years. Worldwitengo production has increased about
9% from 35.5 million metric tons in 2008 to 38.7llmh metric tons in 2010, highlighting
the economic importance of mango in the internali@emmodity market [73]. The mango
fruit are excellent source of fiber, vitamins A,add the B complex, iron and phosphorus
[74].

Carica papayabelongs to the small family Caricaceae and is dnthe major fruit crops
cultivated in tropical and subtropical zones. Wwiltke, in an area of 438 588 Ha, over 11.2
million tons of fruits were produced in 2010 [7Blpaya fruits are rich in vitamin A, C and
iron [75]. Guavasidium guajavd..) is one the most cultivated fruit crop in mangpical
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and subtropical countries. It is rich in vitamina@d A, dietary fiber, pectin, sugars, folic
acid, potassium, manganese, and copper. Guavgsaressed and preserved as jam, pulp,

puree, squash, nectar and juices [76].

2.11 Fruit juice

Fruit juice is a drink consisting of 100% pure fryuice, which typically contains no
preservatives or other added ingredients [77] Huites can be classified aBreshly
squeezed, concentrate, juice drinks, nectars, $nesotand fruit juices with added
ingredients.

Freshly squeezed juices are produced by ‘squeetiregyjuice from the fruit of choice,
which is then packaged and transported to theleetasually within 24 hours. These juices
are not pasteurization and often have a very siwelf life (2—3 days) [77]. Juices ‘from
concentrate’, are produced by ‘squeezing’ the jdroen the fruit, then concentrated (by
evaporating the water naturally present in thegui@7]. During production, fruit juices
from concentrate are typically heat-treated, tauemshat any unwanted spoilage pathogens,
including bacteria or moulds, are destroyed [78].

Juice drinks are products which contain anythirsg ldtnan 100% pure fruit juice. The level
of fruit juice contained in these drinks can berfdun the ingredients panel, usually on the
back of the pack. These drinks may include those déine purchased in a ready-to-drink
format, or those that are purchased as ‘cordidsp &nown as dilutable drinks [78].
‘Functional’ fruit juice products (‘functional fo@dbeing those that encompass potentially
healthful products that may provide a health berfyyond that provided by the traditional
nutrients it contains’) with added ingredients [78]

2.12 Materials used for fruit juice packaging

Package design and construction play a significale in determining the shelf life of a

food product. The right selection of packaging mate and technologies maintains product
guality and freshness during distribution and geraaterials that have traditionally been
used in food packaging include glass, metals (@itepl and tin-free steel), paper and
paperboards, and plastics.

Plastic materials are the most utilized materi@dutor food preserving/storage. The main
plastics used are: polypropylene, polystyrene, \poly chloride, polyethylene

terephthalate, high density polyethylene and lonsdg polyethylene. Polyethylene has low
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permeability to water, excellent electrical insidat resistance to acids, alkalis and organic
solvents [79].

Glass bottles provide excellent protection duedadgrt gas and aroma barriers. Insufficient
tightness around the metal closure is a potentarce of oxygen ingress, but can be
minimised by various liner solutions. Visible lighhd part of the ultraviolet light spectra

penetrate through clear glass, and may affect gbositive compounds, such as certain
vitamins. Addition of UV absorbers to the glasslvgtotect the bottle content against

ultraviolet rays [80] .

2.13 Chemical preservatives

The chemical preservatives are used to prevent $podage due to microbial attack and
thus are effectively used in combinations for brgtteservation [81]. No single preservative
is completely effective against all microorganisf&]. The most commonly used
preservatives are benzoic acid, sodium benzoatasgiam metabisulphite, sorbic acid and
sulphur dioxide. Acid is an essential universalstidnent of juice and the most commonly
used acid is citric acid. Sodium benzoate (SB),agmitim sorbate and potassium
metabisulphite (PMS) are commonly used as preseegfor long term storage of fruit
pulp because of their better antimicrobial actij&¢, 83]. The chemical preservative used
in this study was sodium benzoate.

2.14. Conducting of experiment

This study was conducted in two consecutive ye204X and 2012). Objectives one, two
and five were done in 2012 while objectives thred #our were done in 2012. The fruits
(mango, papaya and guava) were bought from hottiugarden at Sokoine University of
Agriculture and dried roselle calyces were bougbimf Morogoro Municipality. Dried
roselle calyces at a ratio of 1:10 (dried rosedilyces: water) were extracted af 80for 30
minutes. The roselle extracts were blended at warfroportions of fruit (mango, papaya
and guava) juices (ie roselle-mango, roselle-pa@aghroselle-guava were formulated in
the ratio of 100:0, 80:20, 60:40, 40:60, 20:80 &t00 roselle extract: fruit juice pulp
respectively) Sodium benzoate (1 g/L) and citric acid (1 g/L) evadded to all roselle-fruit
blends as preservative$he juices were filled in 100 ml plastic bottles glass bottle,
loosely capped and pasteurized in a water bathtemnperature of 82.%C for 20 min and

cooled rapidly to room temperature by immersinglhbtles in water bath (Z&). Samples
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were drawn for initial chemical analyses and thiteean one (Paper I) and two months
(Paper I, Il and IV) intervals.

2.14.1 Chemical analysis

The chemical analyses employed were physiocherpicglerties (pH, total soluble solids,
titratable acidity) and mineral analysis (Calciumagnesium, phosphorus, iron and zinc)
using AOAC methods [84]. Reducing sugars were asalyusingLuff-Schoorl [85],
vitamin C content byhe Folin-Ciocalteu reagent [86], total monomennthacyanin with
the pH differential method [87], total phenolic ¢emt by Folin-Ciocalteu reagent (FCR)
method [88], antioxidant activity analysed with tRRAP (Ferric Reducing Antioxidant
Power) assay [89]. The concentration of some ocganids (e.g. citric, succinic, tartaric
and malic) and carbohydrates (e.g. glucose andiokag in roselle-fruit blends was
analyzed by High Performance Liquid Chromatogra(tiyLC) as described b@astellar

et al [90]. Sensory analysis was carried out according B-point Hedonic scale where 9
was “like extremely” and 1 was “dislike extremeDetailed information on these methods
are given in the section of papers, however thacgal involved in determination of
antioxidant properties are explained as follows:

2.14.1.1 Total monomeric anthocyanin

The pH differential method is a simple, rapid, @wbnomical means for determining the
amount of anthocyanins in a sample, and this metfazdbeen verified by AOAC’s strict
validation guidelines. It is a good alternative faboratories that do not have access to a
HPLC.

The pH differentialmethod for the determination of total monomerichacyanincontent is

a spectrophotometric method based on the structah@inge of the anthocyanin
chromophore between pH 1.0 and 4.5 (Figure 7). Mkéhod is used in research and for
quality control of anthocyanin-containing fruit ga@s, wines, natural colorants, and other
beverages.

Monomeric anthocyanins undergo a reversible strattuansformation as a function of pH
(colored oxonium form at pH 1.0 and colorless hetakform at pH 4.5; Figure 7). Thus,
the difference in absorbance at ihg.max(ca 520 nm) of the pigment is proportional to the
concentration of pigment [87].

Absorbance should be measured at Xhemax Of the pigment solution, and the pigment
content should be calculated by using the molecwkeight (MW) and molar extinction

coefficient of the major anthocyanin in the matifsar example, the anthocyanin content of
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wines is customarily calculated as the content afvidin-3-glucoside (MW = 493.2) by

using a molar extinction coefficient of 26900.

-H*
-
R
O-gly O-gly
Quinonoidal base: blue Flavylium cation (oxonium form): orange to purple
pH=7 pH =1
R4
HO OH
Ol ==
— =
Ro>
O-gly o
Chalcone: colorless Carbinol pseudo-base (hemiketal form): colorless
pH =45 pH =45

Figure 7 Predominant anthocyanin structural forms presediffgrent pH levels [87].

2.14.1.2 Total Phenolic compounds

Folin-Ciocalteu ReagenfFCR) was initially intended for the analysis of fgiaos taking
advantage of the reagent’s activity toward protgiosine (containing a phenol group)
residue [91]. Many years later, Singleton and cokers extended this assay to the analysis
of total phenols in wine; since then the assayftvasd many applications [88]. The reagent
consists of a mixture of sodium molybdate, sodiwmgstate, and other reagents. Upon
reaction with phenols, it produces a blue coloriclwlabsorbs at 765 nm.

The Folin-Ciocalteu reaction has its basis in otxatdreduction chemistry. First, sample is
added to the FCR and the phenolate ions are mixttdoxidizing agents, which change
from yellow to blue once reduced. The mixture ofd@ing agents and sample is then
added to an alkaline solution. Under alkaline ctods, phenolics ionize completely to
their phenolate form and can be readily oxidizedtiy FCR. The oxidized phenolate
changes to the quinoid structure, while the oxidjzagents gain an electron going from a
6+ to a 5+ oxidation state. The color change is itboed with a spectrophotometer and
converted into a concentration using a standard.

The sample must be first mixed with the FCR anah tthee base because FCR is unstable
under alkaline condition. The reaction takes abiwd hours for completion at room

temperature. The temperature can be raised to ggeede reaction; however, there is a
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slight loss in sensitivity [92]. A sample blank hout FCR is necessary because of

significant background interference [88].

2.14.1.3 Antioxidant activity

The FRAP assay is commonly used in routine anafgsisvaluation of antioxidant activity
because it is simple, rapid, sensitive and inexpen3he reducing activity of a compound
might serve as a significant indicator of its paoi@rantioxidant activity.From a mechanistic
standpoint, FRAP is an electron transfer (ET)-baasshy like Folin, ABTS/TEAC, and
CUPRAC in the sense that the oxidant probe accaptelectron from the antioxidant
analyte to be converted into the reduced probemiicoloured. FRAP assay depends upon
the reduction of ferric tripyridyltriazine (Fe (HTPTZ) complex to ferrous
tripyridyltriazine (Fe(ll)- TPTZ) (Figure 8) withnaintensive blue colour by a reductant at
low pH [89]. Reductants polyphenols and anthocyariave strong electron-donating
capacity, which can induce the formation of a btdoured Fe (II)-TPTZ from the
colourless oxidized Fe (1ll) form [89]. The increas absorbance at 593 nA) due to Fe
(IN-TPTZ complex formation is proportional to theombined (total) ferric-reducing
antioxidant power (FRAP) of the antioxidants in Haenple [93].
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Fe(lN)(TPTZ))** [Fe(N)(TPTZ)2]%*, Amax = 593 nm

Figure 8 Electronic transfer reaction in FRAP assay [94].

2.14.2 Statistical analysis

Analysis of variance (ANOVA) was performed usingniiab Statistical Software (Version
16.0, 2008, Minitab Statistical Software, Minitaiicl, Enterprise Drive State College, PA,
USA). The main factor in the model were type ofnole (Paper | and V), storage time and
temperature (Paper Il and Ill) and packaging maltestorage time and temperature (Paper
IVV) with three parallels and two replicates.
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Physicochemical composition and antioxidant propgtor roselle fruit juice blends (Paper
lI-1V) were analysed by general linear model (GLMying Minitab Statistical Software
(Version 16.0, 2008, Minitab Statistical Softwaildinitab Inc., Enterprise Drive State
College, PA, USA). The treatments were separatédgusukeys test. From the results
obtained from different parameters measured, allrdselle-fruit juice blends (20%, 40%,
60%, and 80% roselle) showed similar trends. Tloeeefil0% roselle blend was chosen to
represent the blends in statistical analysis uBINQVA and PCA.

Principle component analysis (PCA) is a method usedtudy a data set with a large
number of interrelated variables [95]. The mairaidé PCA is to reduce a dimensionality of
data set (matrix) by transforming it into new sétvariables, the principle components
(PCs). The first PC (PC1) explains the main vasiatof the data, while the second PC
(PC2) shows the second largest variation. PCA Wwaefore used in Paper II-IV in order to
study the effects of storage time and temperatarthe roselle-fruit juices blends (Paper Il
and IIl). Effects of packaging material, storagediand temperature on roselle-mango juice

blends and effect of seasonality (Paper V)
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3.0 OBJECTIVES OF THE STUDY

3.1 Main objective
The main objective of this study was to utilize trteed Roselle calyces extract to increase

the nutritional value and antioxidant propertiegoéva, mango and papaya juice.

3.2 Specific objectives

» Formulation of different combinations of Roselldraxt and fruit
juices and determine physiochemical, antioxidaapprties and
mineral composition (Paper 1).

* To evaluate effects of storage time and temperatare
physiochemical and antioxidant properties of rasdtuit juice
blends packed in plastic bottles (Paper 11) andsghmttles (Paper
111)

« To evaluate effects of packaging materials, stordigee and
temperature on physiochemical and antioxidant ptogse roselle-
mango juice blends (Paper V)

* Organoleptic assessment of the formulated Rosétledb drinks so
as to determine the most acceptable blend (V).

* To determine organic acid and sugar content ofleobiends (V).
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4.0 MAIN RESULTS AND GENERAL DISCUSSION

4.1 Physiochemical, antioxidant properties and mimal composition
4.1.1 Physiochemical properties

4.1.1.1 pH and titratable acidity

The pH increased significantly (p<0.05) with thec®sed in concentration of roselle
extract in the blends (Paper The addition of fruit juices in roselle extract ieased pH is
due to high level of pH of the blends. The titrd¢éaficidity of the blends ranged from 1.28
to 1.92. The acidity in roselle-fruit juice blendscreased with the decreased concentration

of roselle extract in the blends as roselle extimkhown to be acidic.

4.1.1.2 Total soluble solids and reducing sugars

Total soluble solids and reducing sugars increaeimcreased amount of fruit juices in the

blends. Tropical fruit juices are good source ojas and roselle extract has low sugar
content [6]. The increase in TSS might be due toei@ase in total sugars by inversion in the
presence of organic acids from polysaccharidesdiech and cellulose into simple sugars

in course of time [96].

Total soluble solids and reducing sugars in thell@druit juice blends ranges from 5.6-
10.6°brix and 2.95-5.55 mg/100g respectively. Bothal soluble solids and reducing sugars
increased significantly (p<0.05) with decreasedcemitration of roselle extract in the blends
(Paper I). Roselle extract is low in sugar [6] whihe fruit juices are known to be high in
sugar content so the increased amount of sugaeiblends increased the sugar content in
the blends.

4.1.1.3 Colour

The lightness (1) and theyellowness (b) values for all blends increased while the redness
(a*) values decreased significantly (P<0.05) with desedaconcentration of roselle extract
in the blends. The lightness (L*) ranges from 18.64.7, the redness (a*) ranged from 20.0
to 15.4 while yellowness (b*) ranges from 8.5 t6 @&aper 1). The red colour in the roselle-
fruit juice blends was due to the anthocyanin cointef the roselle extract. The higher

redness (a*) values for the blends with high lewslsoselle extract were due to the lower
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pH (Paper I), which favoured the coloured flavylidonm of anthocyanins [24]. The pink
guava used in roselle-guava blends contributessdocolour due to carotenoid pigment
lycopene [97]. Tropical fruit juices such as mangapaya and guava are good source of
carotenoids [71] which is responsible for yellowmdas these fruits. The increase in
yellowness (b*) with increased concentration oftfjuice is due to presence of carotenoids
in these fruits.

4.1.2 Mineral composition

Mineral composition (calcium, magnesium, phosphorogn, sodium, zinc) increased
significantly (p<0.05) with increased concentratioh roselle extracts in all the roselle
blends (with exception of sodium). According to ithetary reference intakes (DRI), the
daily adequate intake of magnesium (mg) for antadu820 mg for female and 420 mg for
male [98, 99]. Therefore, 100 g of roselle fruicgiblends in this study would supply 3.6-
68% (female) and 2.7-51% (male) of the mg requirgnf@ the average adult.

The DRI for iron (Fe) is 320 mg for female and 4408 mg for male adult [98, 99].
Therefore, roselle-fruit juice blends (100 g) wosldpply (7.5-164%) for female and (17-
369%) for male while the DRI for calcium (Ca) isODdng for adults per day, roselle fruit-
juice blends would supply (2.3-55%) for adults.

4.1.3 Antioxidant properties

4.1.3.1 Vitamin C and total monomeric anthocyanins

Roselle-fruit juices blends (20% roselle to 80%etl®y were between 40.0-61.2 mg/100g.
Vitamin C content in all roselle fruit blends inase significantly (p<0.05) with increased
concentration (Paper ). Tropical fruit juices sueh mango, papaya and guava are good
source of vitamin C [71]. The increased amountitaain C content in the blends might be
due to high content of vitamin C in fruit juiceBotal monomeric anthocyanin (TMA) in
roselle fruit juices were between 493.5-118.2 m@YLOTMA increased significantly
(p<0.05) with increased concentration of roselléraot in the all the roselle-fruit juice

blends, this is due to contains high amounts di@yanins in roselle extract [6, 100].

4.1.3.2 Total Phenol content and antioxidant activity
Antioxidant activity measured by Ferric Reducingti@ridant Power (FRAP) and total
phenolic content (TPC) ranged between 1.80-1.37 hnmand 53.7-10.8 GAE mg/100g

respectively The FRAP value and TPC increasedfgignt with increased concentration of
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roselle extract in the all the roselle-fruit juickends Phenolic antioxidants in foods include
flavonoids, catechins, chalcones, hydroxybenzod laydroxycinnamic acids and many of
which are present in fruit juices. The tropicalitfrjuices used in this study contained
phenolic compounds, vitamin C and carotenoids whialght have contributed to the

antioxidant activity of the blends. However, theris containing higher concentration of
roselle extract have greatest antioxidant activitys shows that roselle extract containing
high anthocyanin content have greater contributiothe antioxidant activity of the roselle-

fruit juice blends.
4.2 Effect of storage time and temperature

4.2.1 Physiochemical properties

Retention or minimum increase in total soluble d®lcontent of juice during storage is
desirable for the preservation of good juice gualiiotal soluble solids (TSS) and reducing
sugar increased with increase storage period rlegardf the storage temperature (Paper Il
and IIl). The increase in TSS might be due to iaseein total sugargy inversion in the
presence of organic acids from polysaccharidesdikech and cellulose into simple sugars
in course of time [96]. pH increase as the storpgegressed while titratable acidity
decreased significantly with increased storageogeri\cidity in juice is important because
it determines proper acid: sugar ratio of blendgai Therefore, maintenance of juice
acidity is significance during storage Decreasadiycmight be due to acidic hydrolysis of
polysaccharides were acid is utilized for convegrtimon reducing sugars into reducing
sugars [101].

Colour is one of the most important parameters kickv consumer are sensitive when
selecting foods. In this study Lightness valuey,(kedness (a*) and yellowness (b*) values
of the roselle-fruit blends decreased significarfily< 0.05) with increased storage time
(Paper Il and I1l) with lower values measured afhleir temperature3hese decrease of a*
and L* values can be attributed to the degradatiopolymerization of anthocyanins [102].
Marti et al[103] also reported a significant decrease in lugauring storage period of 150
days at 25 °C, resulting in darker colour during $torage period of pomegranate juice.

4.2.2 Antioxidant properties
There was a significant (p<0.05) decrease in via@ii total monomeric anthocyanin, total
phenolic content and antioxidant activity regargleéthe storage temperature (Paper Il and

[l). Vitamin C content in roselle fruit juice blends f40roselle) decreased by 55-58%
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(28°C) and 41-43% (4°C) (Paper II) and 60-62% (98&@d 30-34% (4°C) (Paper IlI)
roselle-fruit juice blends respectively after 6 rtienof storageThe decrease in the vitamin
C content was probably due to the fact that ascaabid being sensitive to oxygen, light
and heat can easily be oxidized in presence of@xyy both enzymatic and non-enzymatic
catalyst [104, 105]. Also presence of anthocyamnihie blends might have caused mutual
degradation of both compounds through oxidatiorwali as to the direct condensation
reaction of the ascorbic acid (AA) on carbon 4haf &nthocyanin [32, 38, 106, 107].

The interaction between fruit juice, time and terap&re of storage on total monomeric
anthocyanins during the storage of roselle-fruitgublends (40% roselle) were significant
(P < 0.05). Total anthocyanins decreased by 86-65% (287d) 75-53% (4°C) (Paper 1)
and 71-74% (28°C) and 41-44% (4°C) (Paper lll) Hesteuit juice blends respectively after
6 months of storage and losses were higher at 4t®& decrease in anthocyanin
concentration in roselle-fruit juice blends maythe result ofanthocyanin polymerization
[40], non-enzymatic activity or condensati@actions of anthocyanins with ascorbic acid or
other phenolics [38, 40Dxygen can either directly react with anthocyaminexidize other
compounds that eventually react with anthocyanmgjive colorless or brown products
[108, 109]

Total phenolic content decreased by 66-58% (28td)%-22 (% (4°C) (Paper Il) and 55-
51% (28°C) and 28-25% (4°C) (Paper lll) roselletfrjuice blends respectively after 6
months of storage.

The decrease in TPC and antioxidant capacity cordenng storage was principally
attributed to condensation with ascorbic acid, ydrblysis reactions and to non-enzymatic
browning [110, 111]. Anthocyanins stability wasdiad by several authors, who observed
that monomeric anthocyanins diminished considerablyring storage. However,
condensation compounds or the resulting polymerdribuited to the overall phenolic
content and antioxidant capacity, as a consequainaich, less losses of these parameters
during storage [110].

4.3 Effect of packaging, storage time and temperata

4.3.1 Physiochemical properties

The pH, total soluble solids, reducing sugar inrtheelle-fruit juice blends increased during
storage regardless of the packaging material usedstorage temperature, however the
increase was not significanthe pH of fruit juice plays an important role iretpreparation
of beverages. The pH of juice increased duringaggiof juice. The increase in pH of juice
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could be attributed to decrease in acidity of juiceing storage. The decrease in titratable
acidity in juice might be due to the chemical reactetween organic constituents, which
increased upon prolonged storage and temperatusealmeasure of the acidity, which not
only influences the flavor or palatability of a grect but also the shelf lif€hanges in TSS
and RS content were natural phenomenon that odounsg storage and it is correlated with
hydrolytic changes in carbohydrates during stofagé].

There was reduction in the values of the L* param@tarkening), a* parameter (loss of red
colour) and the b* parameter (loss of yellow cojofar the roselle-mango juice during
storage. The colour changes were more pronouncdkeinsample stored at the high
temperature and those stored in plastic botttewas possible to see colour changes with
human eye, the blends stored in glass and plastiteb at28 °C (Appendix 1 b & d)
showed clear changes on the colour of the blendgewer, the blends stored in plastic

bottles showed remarkable colour changes (Appehdi® d) at 28 °C and 4 °C.

4.3.2 Antioxidant properties

Vitamin C and anthocyanin content was found to el@ee with increase in storage time,
regardless of packaging material and storage teatyyer (Paper 1V). These results indicate
that ascorbic acid and anthocyanin loss is graateoselle-mango juice blends stored in
plastic bottles than those in glass bottles anal lalsses were higher at 28 °C compared to 4
°C storage temperature. Anthocyanins and vitaminar€ reported to be heat-labile
compounds and are unstable at high temperatureglprocessing or storage [11Pjespite
the vitamin C losses in roselle-fruit juice bler{d®% roselle), its content at the end of the
storage ranged from 26.2-31.3 mg per 100 mL, gy €00 mL of the blend provide 58-
70% the recommended daily allowance (RDA) of vitar@ for adults, which is 45 mg
(FAOWHO, 2001). Also at the end of storage the losantihocyanin ranges between 100-
127 mg/100g while recommended daily intake of acyhain isestimated to be 82 mg and
12.5 mg per day per person in Finland and UniteteSt[113].

4.2.3 Seasonality effects

Effect of seasonal variation, storage time and &raipre was well described by a bi-plot of
observations and variables (Appendix 2) Most ofwagation (85%) was explained by the
first two principle components (PC) with the ficktmponent (PC1) accounting for 68% and
associated with parameters (colour L*, a*, b* R®RAP and TMA ) and the second

components account for 17% of the total variati@soaiated with parameters (TSS,
Vitamin C and TPC). The PC1 explained roselle-mgage blends stored in plastic bottles
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at ambient temperature with more blends from se&dii while PC2 explained blends
stored at refrigerated temperature with more bldraia season 2012.

The results shows that most of blends 2012 bleadshigh levels of TPC, TSS and vitamin
C (Appendix 2). Regardless of season or storagpdemture , results on the bi-plot showed
the effects of storage time on the blends as stonas progressing with storage at four and
six months being on the negative side of the P@s. Bi plots also showed the TPC, TMA
and vitamin C being parameters mostly affectedhey dtorage time regardless of storage

temperature.
4.4 Organic acid, sugar content and sensory evaluah

4.4.1 Organic acid

The quantity of organic acid in roselle-fruit juibkends (100-0% roselle) were succinic acid
(21.7-0.7) x16mg/kg, citric acid (1.9-4.0)xFeéng/kg, tartaric acid (0.19-0) xidg/kg,
malic acid (0.76-0.14) xffhg/kg (Paper V). The results showed that as theestration of
roselle extract decreased in the blends, the gyamtiorganic acids (with exception for
citric acid) decreased significantlf? (< 0.05).The major organic acids in fruits are malic
and citric acid and their organic acid compositi@aries and depends on the fruit type,

ripening, environmental conditions, and culturalgtices.

4.4.2 Sugar content

The quantity of sugar in roselle-fruit juice blend90-0% roselle) were glucose (8.15-1.88)
g/kg and fructose (7.04-2.04) g/kg (Paper V). Tésults showed that as the concentration
of roselle extract decreased in the blends, thentquaof sugar increased significantly
(P<0.05). Roselle extract is low in sugar content [§, WRile tropical fruit juices have high

sugar content.

4.4.3 Sensory evaluation

Sensory characteristics of any food product coutebsignificantly to its consumer
acceptance or rejection. Appearance, flavour aducare the most important attributes
determining consumer’s choices of food productse 3$énsory attributes of the roselle-fruit
blends are showed thall roselle-fruit blends (20% roselle) scored altriaghest in all the
organoleptic properties (colour, flavor, taste,egmance, odour consistency (mouthfeel) and

acceptability).The increase in levels of roselle extract in aél thselle-fruit blends (60%
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and 80% roselle) resulted in decreased sensorye sghich might be due to increased
acidity in the blends.

Colour was the attribute that panelists rated higheall roselle fruit juice blends, however
roselle fruit juice blends with 80% roselle weréethhighest. The decreased concentration
of roselle extracts in the blends lowered colowrss in all the roselle fruit blends. This is
an indication that the red colour of roselle extnaas very attractive to panelisRoselle
extract is known to be a good source of anthocyaftn 54, 100] which imparts the red
colour to the blends. Colour is known to play a anaple in the acceptability of zobo

(roselle) beverage by consumers [59].
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5.0 CONCLUDING REMARKS AND FUTURE
PERSPECTIVES

5.1 Conclusions

Roselle extract can be mixed with other tropicaltfijuices and still produce a roselle-like
juice. The percentage of roselle extract in thendbland the type of blended juice greatly
affect the final product.

Results indicated that low temperature storageQ)i$ ideal for storage of roselle-fruit
juice blends as loss of vitamin C and anthocyasisignificantly lower compared to higher
temperature (28 °C).

Total phenols and total antioxidant activity ofebe-fruit juice blends were relatively lower
at higher temperatures. Thus, the effects of seocapditions on the antioxidant properties
of roselle-fruit juice blends should be considepedr to selection of storage conditions
Packaging in glass bottles and storage at refriggreemperature should be encouraged if

good long-term preservation of anthocyanins arahwih C is desired.

The addition of tropical fruit juice with high sugeontent in roselle extract can reduce the
sourness of the blend. However, the choice of fouadd to the blend should depend on the

availability of fruits.

5.2 Future Perspectives
1. Investigation of stability of the volatile profilend sensory characteristics (aroma
and flavour) of roselle-fruit juice blends duringage
2. Determination of browning index and polymeric calad roselle-fruit juice blends
during storage.
3. Investigation of microbiological and sensory quesitof roselle-fruit juice blends

during different storage periods.
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7.0 APPENDICES

Appendix 1: Colour change for roselle-mango juice blendseston glass bottle at 28°C (a)
and 4°C (b)

(@) (b)
Appendix 2: Colour change for roselle-mango juice blendsestan plastic bottle at 28°C

(c) and 4°C (d)
i

(€) (d)
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Appendix 2 Bi-plot of scores and loadings of the PC on reseibngo juice blends (40%

roselle) stored at ambient and refrigerated tentperdor six months (season 2011 and

2012)
Bi-plot
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PA Plastic ambient temperature, PR Plastic refaigel temperature, 2011,2012 seasons,
0,2,4,6 storage time (months), TSS Total solublielsoTA Titratable acidity, RS Reducing
sugars, L Lightness, a Redness, b Yellowness, VITViZamin C, TMA Total monomeric

anthocyanins, TPC Total phenolic content, FRAPiEeeducing ability power.
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ABSTRACT

Different varieties of fruit juices and beverages available globally and there has been an
increased consumption of fruit juices and beveratyesto consumer awareness of nutritional
and health benefits. Juice extracts are producad frarious parts of plants including leaves,
fruits and flowersHibiscus sabdiriffa(Roselle) is one such plant whose flowers are used
prepare juices. The roselle extract has a unigdecodéour, good flavour, low sugar and high
acidic content. The acidity makes the juice soumnckethe need for addition of sweetening
products. A study was conducted on the formulatbrroselle extract-tropical fruit blends
aimed at establishing its physiochemical, mineral antioxidant composition. Dried roselle
calyces at a ratio of 1:10 (dried roselle calyseater) were extracted at %D for 30 minutes.
The roselle extracts were blended at various ptapw of fruit (mango, papaya and guava)
juices. Physiochemical, mineral composition andoaidant properties were evaluated in all
the roselle fruit juice blends The results forraléelle-fruit blends (80% roselle to 20% roselle)
showed that pH ranged between (2.35-3.32), tothibs® solids (5.6-10%Brix), titratable
acidity (1.28-1.92 %), reducing sugars (2.95-5.5%)/100g, Calcium (555.3-23.4 mg/100g
DM), Magnesium (213.8-11.5 mg/100g DM), Phospho{88.8-9.0 mg/100g DM), Sodium
(2.3-5.47 mg/100g DM), Zinc (5.85-0.69 mg/100g DMjpn (29.5-1.36 mg/100g DM),
monomeric anthocyanin (493.5-118.2 mg cyanidintg&gtide/100g), vitamin C (40.0-86.5
mg/100g), total phenol (54.6-10.8 mg gallic aci@01g) and antioxidant activity (1.80-1.37
mmol/L). Blending of tropical fruit juices with refle extract have improved mineral
composition and antioxidant properties of fruitcgg as roselle is a good source of calcium,
magnesium and iron. Antioxidants acts as free eddicavengers inhibit lipid peroxidation and
other free radical mediated process, therefore wuopton of roselle-fruit juices with high
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anthocyanin will protect human body from severaledses attributed to the reactions of free

radicals.

Key words: Roselle, Fruit juice, Antioxidants, Minerals

INTRODUCTION

There has been a global increase in consumptidruibfjuice as consumers became aware of
nutritional and health benefits of fruit juices.[The increased consumption of fruit juices goes
together with increased variety of fruit juices delerages offered for sale. Juicy extracts are
produced from various types of plants especiallirttheaves, flowers of plants and fruits.
Hibiscus sabdiriffa commonly known as Roselle is one such plant wiiloseers are used to
prepare juices [2]. Roselle juice is also knownhdsscus tea, bissap, agua de Jamaica, Lo-
Shen, red sorrel, sudan tea, sour tea or karksdédely grown in Africa, South East Asia, and
some tropical countries of America [3, 4]. Rosgll®duces red edible calyces with unique

brilliant red colour, when extracted [3, 5].

Anthocyanins present in roselle are dephinidin @szbioside, cyanidin 3-sambubioside,
delphinidin 3-glucoside and cyanidin 3-glucosidgs][1They contribute benefit for health as a
good source of antioxidants as well as a natural foolorant [7]. Due to high acidity,
bitterness and astringency nature, the beverage fnach Roselle extract is not well accepted
by a large proportion of consumers in Tanzania.r@foee blending of Roselle extract with
other tropical fruit juices such as mango, guaved papaya can improve aroma, taste and

nutrients of the beverages.
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Guava Psidium guajavd..) belongs to the family Myrtaceae, commonly knoagnapple of the
tropics. It grows well in tropical and subtropigalgions. It is rich in ascorbic acid, contains
almost five times as much vitamin C as orange®[8,0]. Most of the guava produced around

the world is consumed fresh.

Papaya Carica papayal.) is grown in every tropical and subtropical coynlt has a pulpy
flesh yellow or orange coloured with shades ofowland red, depending on the fruit variety. It
has a flavour of a cantaloupe; sweet and juicy wiime muskiness [11]. The fruits have high

contents of vitamin A, C and iron [12].

Mango is the most important and widely cultivateditfin tropical and sub-tropical country
[13] and is the king of the tropical fruit [14]. €mango fruit is an excellent source of fibre,

vitamins A, C and the B complex, iron and phospkoru

The blending of roselle juice with tropical fruitiges is anticipated to give products with high
nutritional value and functional activity. The pees study was aimed at assessing the
possibility of blending roselle juice with threehet fruit juices (guava, papaya and mango) to

increase the utilization and establishing the tiatral composition of roselle-fruit juice.

MATERIALS AND METHODS

Raw materials

Dark red dried roselle calyces were purchased ftloen municipality market in Morogoro.
Guava pink variety, papaya yellow variety and mawgoe purchased from horticulture garden

at Sokoine University of Agriculture, Tanzania.
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Preparation of roselle extract

Dried roselle calyxes (10% moisture content) wereugd for 1 minute using a blender
(Kenwood BL 440, France). Grounded roselle calyates ratio of 1:10 (dried roselle calyces:
water) were extracted using water bath atCs5@or 30 minute [15]. Roselle extracts were
filtered with cheesecloth.

Fruit juice preparation

Fully matured and high quality fruits of mango, pgg and guava were used. Fresh mango
papaya and guava were thoroughly washed, peeledwndto small pieces (guava were not
peeled). Then the small pieces were transferrédetguice extractor (Kenwood JE 810 UK) to
obtain juice.

Preparation of roselle-fruit juice blends

Roselle-mango, roselle-papaya and roselle-guava Wemulated in the ratio of 100:0, 80:20,
60:40, 40:60, 20:80 and 0:100 roselle extractt fuice pulp respectivelySodium benzoate (1
g/L) and citric acid (1 g/L) were added to all rbséruit blends as preservativehe juices
were filled in 100 mL sterilized plastic bottlespkely capped and pasteurized in a water bath
at a temperature of 82 for 20 min and cooled rapidly to room temperatwygmmersing the
bottles in water bath (28). Samples were drawn for chemical analyses.

The pH, titratable acidity and total soluble solids

The pH, titratable acidity (TA) and total solublelids (TSS) of roselle-fruit blends were
determined according to AOAC [16]. The pH wagasured using Hanna portable pH meter

(HI9125, Romania). TA was determined using 0.1Ni@odHydroxide and phenolphthalein as
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an indicator and was expressed as % malic acid E®8 was measured with a hand

refractometer (Mettler Toledo, Switzerland) andresged as °Brix.

Colour measurements

The colour for Roselle fruit blends were measursihgi colour chart (Natural Colour system
[NCS],Stockholm Sweden) followed by measuring ttendard colour with a Chroma Meter
Minolta CR- 400/410 (MinoltaCo., Osaka, Japan) with the reflectance mode wigg D
illuminant and 2%bserver angle. Samples were measured againstta edramic reference
plate

C (L* = 94.0, a* = 0.3138, b* = 0.3199) D65 (L* %D, a* = 0.3163, b* = 0.3327). Colour
values were expressed as L* (whiteness or brightdaskness), a* (redness/greenness) and

b*(yellowness/blueness)

Reducing sugars

Reducing sugars were determined by Luff-Schoorlhoetas described by Ega al [17].
Sugar content was then determined by interpolatiantable (Egaet al,) after subtracting the
blank assay of the volume of sodium thiosulphatéheftitration. The results where expressed

in mg/100g.

Minerals analysis

Five gram of roselle-fruit blends were separateiglied into crucibles and dry ashed in muffle
furnace maintained at 550 for 2 hr. The ash was cooled in desiccators hed tveighed. After
weighing, the ash was dissolved in a solution &fratio of HO: HCI, in which the concentration
of the final mixture was 6NHCDetermination of calcium, magnesium, iron, zincogbhorus

and coppercontent of the samples was carried out by AOAChaetNo 968.08 using atomic
6
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absorption spectrophotometer (Shimadzu UNICAM 9C@mbridge, UK)[16]. Two replicates

were analyzed for each sample
Vitamin C assay

Vitamin C content for the roselle fruit juices wastermined according to the Folin-Ciocalteu
reagent (FCR) method [18]. A 20mL of sample wasetgd into 100 mL volumetric flask
followed by 2 mL of 10% TCA solution and diluted160 mL with distilled water. The sample
was poured into a conical flask, swirled gently fominute and left to stand for 1 minute and
filtered with Whatman filter (no 542). One mL ofetlsample and 1 mL of standard solution (3
mg ascorbic acid in 1 mL distilled water) was pipdtinto a test tube followed by 3 mL
distilled water and 0.4 mL of Folin reagent. Mixifglowed and thereafter the mixture was
incubated at room temperature for 10 min. The di@sure was read at 760 nm using Jenway
6405 UV/VIS Spectrophotometer, UK. The results wesgpressed in mg per 100g fresh

weight.

Determination of antioxidant activity

The antioxidant activity for the Roselle fruit bshrwas determined by the ferric reducing
ability of plasma (FRAP) assay with some modifioai [19]. Three mL of freshly prepared
FRAP solution (0.3 M acetate buffer (pH 3.6) comitag 10 mM 2,4,6-tripyridyl-s-triazine
(TPTZ) in 40 mMol HCI and 20 mM Fegl6H,0) and 100 puL of sample (standard) was
incubated at ¥C for 4 min and the absorbance was measured at r§83 using
spectrophotometer. An intense blue colour was fdrmken the ferric-tripyridyltriazine (B&

TPTZ) complex is reduced to the ferrous {Fdorm at 593 nm. A range of iron sulphate
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concentrations from 0.25 to 2.0-mMol/L was usegrepare the calibration curve. The results

were expressed as millimoles of {Beper liter of fresh weight (mg (F&/L FW)
Total phenolics assay

Total polyphenols content (TPC) for the Rosellatfblends was determined according to the
Folin-Ciocalteu method [20] with modifications. Aaliquot of 300uL sample solution was
mixed with 1.5 mL of Folin-Ciocalteu’s reagent (d&éd 10 times), and 1.2 mL of sodium
carbonate (7.5% wl/v). After incubation at room temgpure for 30 min in the dark, the
absorbance was measured at 765 nm using spectoopter. Gallic acid (0—500 mg/100g)
was used for calibration of a standard curve. Hsealts were expressed as milligrams of gallic

acid equivalents per 100 g of fresh weight (mg GAB/g FW).
The total monomeric anthocyanin content (TMA)

The total monomeric anthocyanin content for roseli& blends was carried out using the pH
differential method [21]. Absorbance was measured 520 and 700 nm using

spectrophotometer.

The absorbancé\] of the sample was then calculated accordingdhewing formula:

A= (As200A700) PH 1.0- (As20-A700) PH4.5

The monomeric anthocyanin pigment content in thgroal sample was calculated according
the following formula:

AC=A x MW x DF x 1000

el



170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

Where, A- difference of sample absorbance betwddnl® and 4.5g- molar extinction
coefficient for cyanidin-3-glucoside (26,900); Latp length of the spectrophotometer cell (1.0
cm), DL- dilution factor and molecular weight (MV8J cyanidin-3- glucoside (449.2 g/mol),
1000- factor for conversion from g to mg. The réswds expressed as mg cyanidin-3-glucoside
equivalent/100 g extract.

Data Analyses

All the results were expressed as mean valuesniatd deviation. All statistical analyses were
performed using Minitab Statistical Software vensit6.0 (Minitab Inc., State College, PA,
USA). The results were analyzed by one-way analydisvariance (ANOVA) and the

significant means separated by Tukey method (P<0.05

RESULTS

Physiochemical properties of roselle-fruit blends

Table 1 shows the changes in total soluble solidSS{, pH, titratable acidity (TA) and

reducing sugar (RS) in roselle-fruit blends. pH &tlr roselle-fruit juice blends and TSS for
roselle-mango blends decreased significantly (PX0u0th decreasing concentration of roselle
extract in all the blends while RS for all rosdleit juice blends increased significantly

(P<0.05) with increased concentration of roselleaet in all the roselle-fruit blends.

Total soluble solids (TSS) for roselle extract, g@npapaya and guava were 5.70, 14.03, 7.88
and 5.88 °Brix. Total soluble solids TSS for rosettango, roselle-papaya and roselle-guava

blends ranged from 10.62-5.6° Brix (Table 1). Tleducing sugars (RS) value for roselle
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extract, mango, papaya and guava were 2.42, 5.83,dmd 5.55 mg/100g, for roselle-mango

roselle-papaya and roselle-guava blends ranged5t66+2.95 mg/100g (Table 1).

The pH values for roselle extract, mango, papayhguava was 2.26, 3.37, 4.48 and 3.72. pH
for roselle-mango, roselle-papaya and roselle-gualeads were 3.32-2.35 (Table 1). The
titratable acidity (TA) for roselle extract, mangmpaya and guava were 1.92, 0.32, 0.20 and
0.57. TA for roselle-mango, roselle-papaya andl@ggiava blends ranged from 1.92-0.96%

(Table 1).

Mineral composition of roselle-fruit blends

The composition of minerals in roselle-fruit blendsshowed in Table 2. From the results as
amount of roselle extract decrease in all the l@$elit blends, the quantity of minerals (except
sodium) also decreased significantly (P<0.05). @alccontent (Ca) for roselle extract, mango,
papaya and guava was 880.8, 4.1, 16.9 and 18.6iu@afor roselle-fruit juice blends ranged
from 555.3-23.4 mg/100g while magnesium (Mg) contien roselle extract, mango, papaya
and guava was 316.6, 4.0, 6.6 and 22.4. Magnessumo$elle-fruit juices blends ranged from

213.8-11.5 mg/100g (Table 2).

Phosphorus (P) for roselle extract, mango, papayhguava was 40.2, 5.0, 36.5 and 36.5.
Phosphorus for roselle-fruit juices blends rangeanf39.81-37.8 mg/100g DM and iron (Fe)
content for roselle extract, mango, papaya andaguas 37.8, 0.1, 3.2 and 0.4. Iron content for
roselle-fruit juices blends ranged from 29.5-1.4/100g (Table 2). Sodium (Na) content for
roselle extract, mango, papaya and guava was 8622 and 2.2. Sodium content for roselle-

fruit juices blends ranged from 5.6-1.0 mg/100g levldinc content (Zn) for roselle extract,
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215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

mango, papaya and guava was 6.4, 0.1, 0.2 andid content for roselle-fruit juices blends

ranged from 5.7-0.6mg/100g (Table 2).

Antioxidant properties of roselle-fruit blends

Vitamin C content for roselle extract, mango, papagd guava were 37.4, 62.2, 73.5 and 92.2
mg/100g. Roselle-fruit juices blends were betweén0461.2 mg/100g (Table 3). Total
monomeric anthocyanins (TMA) values for rosellerast, mango, papaya and guava were
555.3, 48.0, 46.8 and 62.8 mg/100g. Total monomamihocyanins (TMA) for roselle- fruit
juice blends were between 493.5-118.2 mg/100g €r&bl Total phenol content (TPC) for
roselle extract, mango, papaya and guava were 5@.8, 6.8 and 27.3 mg/100g. Roselle-fruit
juices blends were between 53.7-10.8 GAE mg/10Qaplér 3). Ferric reducing ability of
plasma (FRAP) for roselle extract, mango, papayh@rava were 1.87, 1.28, 1.37 and 1.42
mMol/L. Roselle- fruit juice blends was 1.80-1.8Mol/ L (Table 3). The results showed that
as the concentration of roselle in all the blemisdased, the quantity of TMA and TPC in the

blends also increased significantly (P<0.05) whuentity of vitamin C decreased.

Colour

The lightness () and theyellowness (b) values for all blends increased while the redness
(a*) values decreased significantly (P<0.05) with desedaconcentration of roselle extract in
the blends (Table 4). The lightnesst)lvalues for roselle extract, mango, papaya and guav
was 14.3, 42.4, 41.4 and 21.3. Lightness for redeliit juices blends ranged from 15.8 to 18.3
while the redness {a value for roselle extract, mango, papaya and gwas20.6, 6.6, 14.5

and 15.4. Redness value for roselle-fruit juicenté ranged from 20.0 to 15.4 (Table 4). The

11
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235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

yellowness (b) value for roselle extract, mango, papaya and guwsas3.9, 43.9, 48.0 and 8.3.

The Iy value for roselle-fruit juices blends ranged fr8rf to 4.5 (Table 4).

DISCUSSIONS

Physiochemical properties of roselle-fruit blends

Roselle extract is known to be highly acidic wittwlsugar content [4, 5, 22]. The increase in
TSS and RS is due to high sugar content in frutteg and roselle-mango blends showed
highest proportion of sugars among the three fused in the blending. The low pH of roselle
extract was increased by addition of tropical fruiices in roselle juice. The reduction of

acidity for roselle-fruit blends can be good to pleowith stomach problems (ulcers) and also

increase the shelf life of blends (3).

Mineral composition of roselle-fruit blends

Macro-minerals are needed in large amounts and mplggr structural roles (such as calcium
and phosphorus) and function as electrolytes (siscbodium and potassium). Micro-minerals
(trace minerals), often serve as catalysts in eezyeactions and are only needed in small
amounts [3] Roselle extract is known to be good source of gai¢imagnesium, iron and
phosphorus [3, 23]. The decrease in mineral cortipasiwith decreased concentration on
roselle extract in roselle-apple blends was algmnted by Fasoyiret al, [22]. The daily
recommended Fe requirements for humans are 10-1f6medildren, 18 mg for women and 12

mg for men [24]. The concentrations of Fe in 1008FR50%R for all the roselle fruit blends
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274

provide more than 100% DRI. The roselle-fruit blenthn be good source of Fe and can

thereforealleviate of iron deficiency

The vitamin C content of mango, papaya and guai@@guwere higher than the value of
recorded for roselle extract alone. Addition ofiffjuice has improved the vitamin C content of
the blends. However, all the roselle blends weredgsource of Vitamin C. The increased
vitamin C content with decreased content of solbgeglie) was also observed in sobo-orange

and sobo-pineapple mixture [25].

Anthocyanins are plant pigments responsible forréte blue, and purple colours of various
flowers and plants [21]. The determination of awcg@nins composition in food as well as
processed food has been of considerable interesist@blish their role as antioxidants in
determining their potential health benefits. Rasedxtract is a very good source of
anthocyanins [5, 6, 21Paily intake of anthocyanins is estimated to ber@2and12.5 mg per
day per person in Finland and United States [2B6& @mount of anthocyanin in the roselle-fruit
blends (80%R to 20%R) is equivalent to 6 - 1.4 §n&9 - 9 times) the recommended daily
intake for Finland and USA respectively.

Phenolic compounds including anthocyanins, flavdspand phenolic acids are known to be
responsible for antioxidant activities in fruitsoafiuits with higher phenolic contents generally
show stronger antioxidant activities [28]. The ogpicof antioxidant activities which describes
the ability of different food antioxidants in scaggng preformed free radicals is a tool for
investigating the health effects of antioxidantirioods. The reduction in FRAP was due to
decreased amount of anthocyanins and total phentia blend as concentration of roselle

extract is reduced in the blends.
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Colour

Colour is the most important quality attribute lhayiinfluence on consumer acceptability of
food as it gives the first impression of food qtya[B]. The red colour is due to presence of
anthocyanins [3, 6] in the roselle blends. Fromréseiltsas the concentration of roselle extract
decreased the redness decrease. The yellow cdodue to the presence of carotenoids in
(mango, guava and papaya) so as the concentrdtifsnitojuices increased in the blends the

yellowness also increased.

Conclusions

The combinations of roselle extract with fruit jesc(mango, papaya and guava) are rich in
essential minerals and vitamin C and these blewdddcreplace the existing commercially
available non-alcoholic beverages in stores andrsngrkets.

Antioxidants acts as free radical-scavengers, infiggd peroxidation and other free radical
mediated process, therefore consumption of ro$ellejuices with high anthocyanin (493.5-
118.2) mg/L will protect human body from severadedises attributed to the reactions of free
radicals.

The formulated roselle fruit (mango, papaya andvgu#s an ideal low cost blended beverage
as the addition of mango, papaya, guava in thelleogxtract could bring down cost of
production as these tropical fruit are sold atrawhaway price during their seasons and reduce

seasonal losses of these fruits.
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320

321 Table 1: Physiochemical properties of roselle-fblénds
322
Fruits  Blends TSS PH TA RS
°Brix % malic acid mg/100g
Mango  OR 14.03+0.50  3.37°%0.12 0.32°#0.43 5.87% £0.05
20R 10.62 #0.49  2.76"+0.14 1.44°+0.00 5.55° +0.00
40R 9.97 +0.19 2.6% +0.01 1.92° +0.43 5.06° +0.00
60R 7.48 £+0.63  2.40°+0.06 3.12°0.40 4.51° +0.00
80R 6.90 +0.20  2.35°+0.01 1.40°+0.00 3.48°+0.0°
100R 5.76+0.10  2.26°+0.01 1.92° +0.00 2.42" +0.00
Papaya OR 7.880.45  4.48°+0.03 0.207+0.00 5.737+0.02
20R 6.90 +0,35  3.32°0.01 1.28°+0.25 5.18" +0.00
40R 7.60+0.15  2.94°0.01 1.36° +0.2 4.87°+0.00
60R 7.86+0.00  2.69"+0.01 1.60° +0.47 3.45°+0.02
80R 6.79+0.08  2.54°+0.00 2.00% +0.47 2.95°+0.01
100R 5.70+0.37  2.26' +0.02 1.92% +0.00 2.42"+0.00
Guava  OR 5.88+0.10  3.72°+0.01 0.577+0.66 5.557 +.01
20R 5.60 +0.10  3.13°+0.01 1.92%+0.00 4.35"° .01
40R 5.87+0.00  2.53°+0.03 1.36° £0.20 4.10° .02
60R 6.30 +0.00  2.83"20.01 0.9620.0 3.88 +.00
80R 6.70 £0.00  2.41°+0.01 1.68" +0.26 3.23°+.00
100R 5.70+0.00  2.26' +0.00 1.92% +0.42 2.42"+.01
323

324 Data in columns for each fruit with different supaipt are significantly different using
325 Tukey's pair-wise comparison test (p<0.05). 100R®240Roselle; 80R=80% Roselle;
326 60R=60% Roselle; 40R=40% Roselle; 20R=20% RoseR=100% Mango orl00%Papaya or
327  100%Guava.

328
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329

330 Table 2: Minerals composition of roselle-fruit blerds
331
Fruit juice Blend Calcium Magnesium Phosphorus Iron Sodium Zinc
mg/100 g DW
Mango OR 4.1+0.00 4.07+0.00 5.0' +0.00 0.1+0.00 1.0 +.00 0.17+.00
20R 37.3+0.20 11.5°+0.10 9.0°+0.00 1.4 +0.00 6.6+.00 0.6°+.00
40R 97.5'+0.00 24.9940.10 14.4° £0.00 6.4 £0.00 11.87+.01 1.19+.01
60R 255.4+3.70 100.4 +0.40 225°4#0.00  15.7°+0.00 13.7°+.00 4.9°+.00
80R 555.8+2.00 213.8 +0.80 30.8°+0.00  28.2"+0.00 15.5" £.02 5.6’ +.02
100R 880.8+0.01 316.6 0.30 40.0°+0.04  37.8°%0.00 6.6° +0.00 6.4° +0.00
Papaya OR 16/9:0.02 6.6"+0.31 36.5'+0.02 3.217+0.03 2.2°0.01 2.22¢+0.01
20R 36.2+0.02 33.9°+0.00 36.8°+0.31 5.3 +0.00 234012  2.31°%0.12
40R 85.4 +0.18 88.8" +0.02 38.87+0.05 8.6°+0.01 2.9°+0.00  2.94°10.00
60R 148.6 +0.23 124.4+0.07 37.5°#0.00  19.2°+0.00 3.7°#0.01  3.67°+0.01
80R 459.8+0.25 190.4 +0.04 39.3°+0.03  28.4°+0.00 5.6 +0.01 5.6°0.01
100R 880.8+0.01 316.6 0.30 40.0°+0.04  37.8£0.00 6.6° +0.00 6.4° +0.00
Guava OR 18.5+0.16 22.4"+0.23 36.5'+0.01 0.4"+0.01 2.2'+0.01 0.2'+0.01
20R 23.£+0.16 54.6° +0.22 37.8¢+0.01 2.7¢+0.01 3.5¢40.12 0.7¢+0.12
40R 58.6 +0.07 64.5°+0.35 38.3'+0.00 6.0°+0.01 4.89+0.00 1.4°+0.00
60R 120.5+0.43 78.7°+0.16 39.340.00  14.1°%0.01 5.5°+0.01 2.6+0.01
80R 420.6 £0.28 116.6° +0.30 39.8+0.00 29.5°+0.01 6.1°+0.01 5.6°+0.01
100R 880.8+0.01 316.6° +0.27 40.2°+0.04  37.8°+0.00 6.6° +0.00 6.4° +0.00
DRI(mg/day) 1000 320; 420 700 18;8 1500 811
332

333 Data in columns for each fruit with different supaipt are significantly different using
Tukey's pair-wise comparison test (p<0.05). Dietaference intakes (DRI) are established by
335 the US Food and Nutrition Board of the (IMO, 20@P04) National Academy of Sciences.

334

336  Values given are for adult females and males, 46e50 years.

337
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339

340

341
342

343

344

345

Table 3: Antioxidant properties of roselle-fruit blends

Fruits Blends Vitamin C TMA TPC FRAP
mg/100g mg/100g mg/100g mMol/L

Mango OR 62.2° +0.00 48.0' +0.75 10.9°45.22 1.28" +0.00
20R 58. 5° +0.00 134.7° +1.50 21.3°+0.01 1.45° +0.00

40R 53.0° +0.00 282.6"+1.81 28.8°+0.03 1.58" +0.00

60R 44.4° +0.00 335.% +1.54 37.9°+0.03 1.66° +0.00

80R 40.0° +0.00 493.5° +5.15 53.7° +0.02 1.80° +0.00

100R 37.4'+0.00 555.% +2.03 54.6% +0.80 1.87°+0.01

Papaya OR 73.5% +0.00 46.8" +1.00 6.8 +0.06 1.28" +0.02
20R 61.2° +0.00 146.0°F +6.20 10.8°+0.00 1.37° +0.00

40R 54.3°+0.00 290.2" +8.83 19.8Y+0.01 1.59 +0.00

60R 47.9° +0.00 339.% +3.31 39.5° +0.01 1.63° +0.00

80R 41.4° +0.00 454.6° +3.03 51.3° +0.00 1.76° +0.00

100R 37.45 +0.00 555.3 +0.30 54.6% +0.80 1.87°+0.01

Guava OR 92.2°+0.01 62.8" +1.38 27.3"+0.00 1.42" +0.03
20R 44.3° +0.00 118.2° +0.95 47.3° +0.00 1.75° +0.00

40R 57.3%+0.00 167.8 +2.51 39.9 +0.00 1.62° +0.00

60R 74.7° +0.00 218.9°+2.15 32.0°+0.01 1.56" +0.00

80R 86.5° +0.00 373.2°+1.38 29.8°+0.01 1.49° +0.04

100R 37.4" +0.00 555.3 +0.5 54.67 +0.28 1.87°+0.01

Data in columns for each fruit with different sup@ipt are significantly different using

Tukey's pair-wise comparison test (p<0.05).
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346

347 Table 4.The colour measurements values (L* a* b*)dr roselle-fruit blends

Blends Mango Papaya Guava

L* a* b* L* a* b* L* a* b*

OR 424azx0.7 06.6e+0.3 43.9a+0.6 41.4a+0.2 14.5f+0.1 48.0a+0.3 21.3ax0.1 15.4e+0.4 8.3a#0.1
20R 186b*0.4 16.4d+0.2 85b+0.2 18.3bx+0.1 15.4e+0.3 74b+0.1 19.6bx0.4 16.5d+0.2 7.3b+0.4
40R 17.6c+0.3 18.1c+0.7 7.7cx0.5 17.8cx0.4 16.2d+0.4 6.4d +0.1 16.3cx0.0 17.2c+0.4 6.4c 0.0
60R 16.1d+0.2 19.2a+0.4 56d+0.2 16.6d+0.0 18.8c+0.1 6.0cx0.0 15.8d+0.1 17.6c +0.0 5.3d +0.0
80R 14.7e#0.1 20.0a#0.5 4.7e+0.6 15.8e+0.0 19.9b+0.1 5.7c+1.8 15.1ex0.0 19.5b+0.1 4.5e +0.2

100R 14.3e+0.0 20.6a+0.0 3.9f+0.0 14.3f+0.0 20.6a+0.0 3.9d+0.0 14.3f+0.0 20.6a+0.0 3.9f+0.0

348

349 Data in columns for each fruit with different supaipt are significantly different using
350 Tukey's pair-wise comparison test (p<0.05).

351
352
353

354
355

356
357
358
359
360
361
362

363
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Introduction

Abstract

Roselle-fruit juice blends were made from roselle extract and mango, papaya,
and guava juices at the ratio of 80:20, 60:40, 40:60, and 20:80, % roselle: fruit
juice, respectively. The blends were pasteurized at 82.5°C for 20 min and stored
in 100 mL plastic bottles at 28 and 4°C for 6 months. The effects of storage
time and temperature on physicochemical and bioactive properties were evalu-
ated. Total soluble solids, pH, and reducing sugars increased significantly
(P < 0.05) in some blends while titratable acidity decrease with increasing stor-
age time. Vitamin C, total monomeric anthocyanins (TMA), total phenols
(TPC), and antioxidant activity (ferric reducing ability of plasma, FRAP) in all
roselle-fruit blends (40% roselle) decreased significantly (P < 0.05) at 28 and
4°C as storage progressed. Vitamin C in all roselle-fruit blends (40% roselle)
decreased from 58-55% to 43—-42% when stored at 28 and 4°C, respectively.
TMA losses were 86—65% at 28°C and 75-53% at 4°C while TPC losses were
66-58% at 28°C and 51-22% at 4°C. Loss of antioxidant capacity (FRAP) was
18-46% at 28°C and 17-35% at 4°C. A principal component analysis (PCA)
differentiated roselle- juice fruit blends into two clusters with two principle
components PC1 and PC2, which explained 97 and 3% (blends stored at ambi-
ent temperature) and 96 and 4% (blends stored at refrigerated temperature) of
the variation, respectively. PC1 differentiated roselle-guava juice blends which
were characterized by vitamin C, TPC, FRAP, and pH, while PC2 from another
cluster of roselle-mango and roselle-papaya juice blends and was characterized
by TSS, RS, and color parameters (L* a* b*). However, TMA was the main
variable with the highest effect on all roselle-fruit juice blends regardless of the
storage time and temperature.

cream, and flavour (Tsai et al. 2002; Tsai and Huang
2004; Duangmal et al. 2008). The beverages produced by

Hibiscus sabdariffa L. (family Malvaceae), commonly
known as roselle, red sorrel, or karkade, is widely grown
in Africa, South-East Asia, and some tropical countries
of America (Abou-Arab et al. 2001; Sagayo-Ayerdi et al.
2007; Amor and Allaf 2009; Cisse et al. 2011). Roselle
produces red edible calyces with a unique flavor and
brilliant red color. The calyces are commonly used to
make jelly, juice, jam, wine, syrup, pudding, cake, ice

roselle calyces are called hibiscus tea, bissap, roselle, red
sorrel, agua de Jamaica, Lo-Shen, Sudan tea, or karkade
(McKay et al. 2010).

The calyx contains two main anthocyanins, delphini-
din-3-sambubioside, also known as delphinidin-3-xylo-
sylglucoside or hibiscin, and cyanidin-3-sambubioside,
also known as cyanidin-3-xylosylglucoside or gossypicya-
nin, and two minor anthocyanins, delphinidin-3-gluco-
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side and cyanidin-3-glucoside (Wong et al. 2002; Amor
and Allaf 2009; Cisse et al. 2011). Roselle anthocyanins
can contribute to health benefits as a good source of
antioxidants as well as a natural food color (Tsai et al.
2002; Duangmal et al. 2008). They are derivatives of the
basic flavylium cation structure with an electron-deficient
nucleus, which makes them highly reactive and their reaction
involves discolorization of the anthocyanin pigments
(Chumsri et al. 2008). Factors like light, pH, temperature,
oxygen, ascorbic acid, and sugar are contributing factors in
degradation or stability of anthocyanins (Fennema 1996; Tsai
and Huang 2004; Chumsri et al. 2008; Cisse et al. 2011).

Most people do not prefer beverages made from roselle
extract as it has an acidic and bitter taste. Blending roselle
extract with tropical juice from fruits such as mango, guava
and papaya could improve the aroma, taste, nutritional, and
antioxidant properties of the roselle-fruit blends. The fruits
chosen in this study were due to the availability of these
fruits during the season. Papaya and guava are also among
the underutilized fruits in fruit juice production.

Guava (Psidium guajava L.) belongs to the family
Myrtaceae, commonly known as the apple of the tropics.
It grows well in tropical and subtropical regions. The
fruits are rich in vitamin C and are almost fivefold higher
when compared with oranges (Jawaheer et al. 2003;
Ashaye et al. 2005; Thaipong et al. 2006) Most of the
guava produced around the world is consumed fresh
(Jawaheer et al. 2003).

Papaya (Carica papaya L.) is grown in every tropical
and subtropical country. A tree-like herbaceous crop, it
is a member of the Caricaceae family. It is one of the
largest in size of the tropical fruits; it has a pulpy flesh
yellow or orange colored with shades of yellow and red,
depending on the fruit variety. It has the flavour of a
cantaloupe; sweet and juicy with some muskiness (Par-
ker et al. 2010). The fruits are very nutritious due to
high contents of vitamin A, C, and iron (Chowdhury
et al. 2008).

Mango (Mangifera indica L) is one of the most impor-
tant and widely cultivated fruits of the tropical and sub-
tropical world (Akhter et al. 2012). It is also known as
the king of the tropical fruits (Gerbaud 2008). It is an
excellent source of fiber, vitamins A, C, and B complex,
iron, and phosphorus (Akhter et al. 2012).

Many studies have been conducted on physicochemical
and antioxidant properties of roselle extract (Tsai and Huang
2004; Chumsri et al. 2008; Cisse et al. 2011). However, few
studies have been conducted on roselle-fruit juice blends,
and practically none on the effects of storage time and
temperature on roselle-fruit juices. The aim of the present
study was to investigate the influence of storage time and
temperature on the physicochemical and antioxidant
properties of roselle-fruit blends stored in plastic bottles.
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Materials and Methods

Plant material

Dark red dried roselle calyces were purchased from the
municipality market in Morogoro. Guava (pink), papaya
(Solo), and mango (Dodo) were purchased from the hor-
ticulture garden at Sokoine University of Agriculture,
Tanzania.

Preparation of roselle extract

Dried roselle calyces (10% moisture content) were ground
for 1 min using a blender (Kenwood BL 440, Kenwood,
Boulogne, France). Roselle calyces were ground at a ratio
of 1:10 (roselle:water) and extracted using a water bath at
50°C for 30 min as described previously (Chumsri et al.
2008), and filtered through a cheese cloth.

Fruit juice preparation

Fully matured and high-quality fruits of mango, papaya,
and guava were used. Fresh fruits were thoroughly washed,
peeled, cut into small pieces (guava were not peeled), and
put in a juice extractor (Kenwood JE 810, Edinburgh, U.K.).

Preparation of roselle-fruit juice blends

Three beverage product categories of roselle-mango,
roselle-papaya and roselle-guava were formulated in the
ratio of 80:20, 60:40, 40:60, and 20:80 roselle extract: fruit
juice, respectively. Sodium benzoate (1 g/L) and citric
acid (1 g/L) were added to all roselle-fruit blends as pre-
servatives.

The juices were filled in 100 mL plastic bottles, loosely
capped, and pasteurized in a water bath at a temperature
of 82.5°C for 20 min and cooled rapidly to room tempera-
ture by immersing the bottles in a cold water bath. Sam-
ples were drawn for initial chemical analyses and thereafter
analyses were carried every month for 6 months.

pH, titratable acidity and total soluble
solids

pH, titratable acid (TA) and total soluble solids (TSS) of
roselle-fruit blends were determined according to AOAC
(1995). pH was measured using a Hanna portable pH
meter (HANNA HI9125, Cluj-Napoca, Romania). TA was
determined using 0.1 N sodium hydroxide and phenol-
phthalein as an indicator and was expressed as % malic
acid, while TSS was measured with a hand refractometer
(Mettler Toledo, Schwerzenbach, Switzerland) and
expressed as Brix.
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Reducing sugars

Reducing sugars (RS) were determined by the Luff-Schoo-
rl method as described by Egan et al. (1981). Two grams
of sample was weighed in a 100-mL measuring flask and
90 mL hot distilled water, 5 mL Carrez I and 5 mL Car-
rez II solution were added. The solution was mixed and
filtered using a Whatman filter (no. 542), and 10 mL of
filtrate was transferred into a 250-mL Erlenmeyer flask,
followed by adding 10 mL of copper reagent and swirled.
The solution was then boiled in a direct flame for 3 min,
cooled in a water bath followed by the addition of 1 g
potassium iodide and 10 mL 6 N HCL. The mixture was
then titrated with 0.1 N Na,S,0; until a yellow color
appeared, 1 mL of starch solution was added and the
mixture was titrated continuously until a blue color
appeared. RS was determined by interpolation in a table
(Egan et al. 1981) after subtracting the blank assay to the
volume of sodium thiosulfate of the titration. The results
are expressed as mg/100 g fresh weight (FW).

Vitamin C assay

Vitamin C content for the roselle fruit juices was deter-
mined according to the method of Dashman et al. 1996
with some modifications using Folin-Ciocalteu reagent
(FCR). Twenty milliliters of sample was pipetted into a
100-mL volumetric flask followed by 2 mL of 10% tetra-
chloroacetic acid solution and diluted to 100 mL with
distilled water. The sample was poured into a conical
flask, swirled gently for 1 min and left to stand for 1 min
and filtered with a Whatman filter (no. 542). One millili-
ter of sample or standard solution (3 mg ascorbic acid in
1 mL distilled water) was pipetted into a test tube fol-
lowed by the addition of 3 mL distilled water and 0.4 mL
of FCR and incubated at room temperature for 10 min.
The absorbance was read at 760 nm using a Jenway 6405
UV-VIS spectrophotometer (Essex, U.K.). The results
were expressed as mg/100 g FW.

Determination of antioxidant activity

The antioxidant activity for the roselle fruit blends was
determined by the ferric reducing ability of plasma
(FRAP) assay (Benzie and Strain 1996) with some modifi-
cations. Three milliliters of freshly prepared FRAP solu-
tion (0.3 mol/L acetate buffer [pH 3.6] containing
10 mmol/L 2,4,6-tripyridyl-s-triazine [TPTZ] in 40 mmol
HCI and 20 mmol/L FeCl;-6H,0) and 100 pL of sample
or standard was incubated at 37°C for 4 min and the
absorbance was measured at 593 nm using a spectropho-
tometer. An intense blue color is formed when the ferric-
tripyridyl-s-triazine (Fe’*-TPTZ) complex is reduced to
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the ferrous (Fe*!) form. A range of iron sulfate concen-
trations from 0.25 to 2.0 mmol/L was used to prepare a
calibration curve. The results are expressed as millimoles
of Fe** per liter of FW (mmol Fe**/L FW).

Total phenolic assay

Total phenolic content (TPC) for the roselle fruit blends
was determined according to the Folin-Ciocalteu method
(Singleton et al. 1999) with modifications. An aliquot of
300 uL sample solution was mixed with 1.5 mL of Fo-
lin-Ciocalteu reagent (diluted 10 times), and 1.2 mL of
sodium carbonate (7.5% w/v). After incubation at room
temperature for 30 min in the dark, the absorbance was
measured at 765 nm in using a spectrophotometer. Gal-
lic acid (0-500 mg/100 g) was used for calibration of a
standard curve. The results are expressed as milligrams
of gallic acid equivalents per 100 g of FW (mg GAE/
100 g FW).

Total monomeric anthocyanin content

Total monomeric anthocyanin (TMA) content for roselle-
fruit juice blends was determined using the pH differen-
tial method (Lee et al. 2005). The absorbance was mea-
sured at 520 and 700 nm using a spectrophotometer. The
absorbance (A) of the sample was then calculated accord-
ing to the following formula:

A = (As20 = A700) 1 0 — (As20 = A700) s 5

The monomeric anthocyanin pigment content in the
original sample was calculated according to the following
formula:

A XMW x DF x 1000
N eL

AC

where A is the difference of sample absorbance between
pH 1.0 and 4.5, ¢ is the molar extinction coefficient for
cyanidin-3-glucoside (26,900 L/mol/cm), L is the path
length of the spectrophotometer cell (1.0 cm), DL is the
dilution factor and molecular weight (MW) of cyanidin-
3-glucoside (449.2 g). The results are expressed as mg cy-
anidin-3-glucoside equivalent/100 g extract (mg/100 g)
FWwW.

Statistical analyses

Analysis of variance (ANOVA) was applied using a facto-
rial design with two factors including storage temperature
(28 and 4°C) and storage time (0, 1, 2, 3, 4, 5, and
6 months). The effect of each factor on the response vari-
able (TSS, pH, TA, RS, vitamin C, FRAP, TMA, TPC) as
well as the effects of interactions between the different
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factors were tested. Significance was accepted at P < 0.05
using Minitab Statistical Software (Version 16.0, 2008;
Minitab Statistical Software, Minitab Inc., Enterprise
Drive State College, PA). ANOVA was only performed on
all roselle-fruit juice blends with 40% roselle (40R) as all
blends showed a similar trend. Principal component
analysis (PCA) was applied to analyze the relationship
between roselle-fruit blends (80, 60, 40, 20% roselle) and
storage time (0, 1, 2, 3, 4, 5, 6 months) and temperature

Table 1. Physicochemical and antioxidant properties of roselle-fruit blends stored 0-6 months at 28°C and 4°C.

B. Mgaya-Kilima et al.

(ambient and refrigerated) using Unscrambler X 10.2
(Camo Process AS, Oslo, Norway).

Results and Discussions

Total soluble solids

A slight increase in the TSS of the roselle-fruit blends during
6 months of storage at both storage temperatures was

Mango Papaya Guava
28°C 4°C 28°C 4°C 28°C 4°C
Blends
Parameters 0 6 6 0 6 6 0 6 6
TSS 20R 10.6 11.0 12.0 6.9 6.0 8.8 5.6 5.8 6.4
40R 9.9 11.2 11.2 7.6 6.3 8.3 5.9 6.2 6.8
60R 7.5 7.4 10.2 7.8 7.7 8.3 6.3 6.9 7.7
80R 6.9 7.6 7.5 6.7 8.4 7.3 6.7 7.5 6.6
pH 20R 2.76 2.70 3.03 3.32 4.37 3.38 3.13 3.17 3.25
40R 2.65 2.57 2.77 2.94 2.93 2.92 2.53 2.58 2.64
60R 2.40 2.43 2.56 2.69 2.65 2.64 2.83 2.60 2.59
80R 2.34 2.42 1.90 2.54 2.50 2.54 2.41 2.47 2.40
TA 20R 2.92 1.44 1.44 1.36 2.40 1.36 1.92 1.24 1.92
40R 3.12 1.44 1.32 2.92 1.28 1.28 1.36 2.40 1.36
60R 2.34 2.92 2.40 1.60 1.44 1.60 2.40 1.96 1.96
80R 1.92 2.40 1.40 2.00 1.68 1.92 1.68 2.88 1.68
RS 20R 3.48 6.36 7.35 2.95 2.95 7.00 3.32 6.97 7.01
40R 4.51 5.22 8.46 3.45 7.70 7.71 3.88 8.16 7.92
60R 5.06 7.87 8.93 4.87 8.19 8.87 4.10 7.96 8.58
80R 5.55 9.92 9.32 5.18 9.24 9.24 4.35 9.19 8.98
80R, 80% roselle; 60R, 60% roselle; 40R, 40% roselle; 20R, 20% roselle; TSS, total soluble solids; TA, titratable acidity; RS, reducing sugars.
Table 2. Color parameters (lightness [L*], redness [a*] and yellowness [b*] of roselle-fruit blends stored 0-6 months at 28°C and 4°C.
L* a* b*
Parameters
28°C 4°C 28°C 4°C 28°C 4°C
Storage temperature
Storage time 0 6 6 0 6 6 0 6 6
Mango
20R 18.6 14.7 16.6 18.3 16.2 17.2 19.6 18.1 19.0
40R 17.6 15.2 16.1 17.8 15.8 171 16.3 14.7 15.6
60R 16.1 14.8 15.4 16.6 14.8 15.6 15.8 13.8 14.8
80R 14.7 13.8 14.5 15.8 13.8 15.1 15.1 14.2 14.2
Papaya
20R 16.4 14.8 14.8 15.4 13.0 14.6 16.5 14.7 14.7
40R 17.6 16.1 14.3 16.2 13.5 13.5 17.2 16.2 16.2
60R 19.1 14.7 14.7 18.8 17.3 17.3 17.6 15.8 15.8
80R 20.0 17.9 17.4 19.1 17.5 19.1 19.5 17.4 17.4
Guava
20R 8.5 6.8 7.4 7.3 5.4 6.7 7.3- 5.4 6.9
40R 7.7 5.8 5.3 6.4 5.4 4.9 6.4 5.4 5.4
60R 5.6 43 43 6.0 4.0 4.9 5.3 3.2 4.5
80R 4.6 3.9 3.9 4.9 2.7 4.3 4.5 2.7 3.7

80R, 80% roselle; 60R, 60% roselle; 40R, 40% roselle; 20R, 20% roselle.
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observed. TSS for roselle-fruit blends ranged from 5.6 to
11.2 brix (28°C) and 5.6-12.0 brix (4°C) during the 6 months
of storage (Table 1). Retention or minimum increase in
TSS content of juice during storage is desirable for preser-
vation of good juice quality (Bhardwaj and Pandey 2011).

pH

The roselle-fruit juice blends ranged from 2.34 to 4.37
(28°C) and 2.34-3.38 (4°C) during the 6 months of stor-
age (Table 1). An increase in pH was observed at 28°C and
4°C in some roselle-fruit blends. The increased pH was due
to the decrease in acidity of the juices. Fruit juices have a
low pH because they are comparatively rich in organic
acids (Tasnim et al. 2010). Kumar et al. 2012 also observed
a significant increase in pH over a period of 120 days of
storage at ambient temperature of guava blended with aloe
vera and roselle juice nectars.

Titratable acidity

TA for roselle-fruit juice blends ranged from 3.12 to 1.28
(28°C) and 3.12-1.24 (4°C) during the 6 months of
storage (Table 1). The TA for some of the roselle-fruit
juice blends was found to decrease significantly
(P < 0.05) at 28°C as well as at 4°C (Tables 3 and 4).
Decreased acidity might be due to acidic hydrolysis of
polysaccharides where acid is utilized for converting non-
RS into RS (Bhardwaj and Pandey 2011).

Reducing sugars

Sugars are one of the most important constituents of fruit
products, essential for and also act as a natural food
preservative (Bhardwaj and Pandey 2011). The RS value
for roselle-fruit ranged from 2.95 to 9.92 mg/100 g (28°C)
and 2.95-9.32 mg/100 g (4°C) during the 6 months of
storage. The results show a significant increase (P < 0.05)
in RS with increasing storage period. The sugar content of
fruit juices usually increases with increased storage period.
The increase is probably due to the hydrolysis of polysac-
charides like starch, cellulose, pectin, etc. and conversion
into simple sugars (glucose, fructose). Kausar et al. (2012)
reported increased RS with increased storage time of a
cucumber—melon functional drink and 70% increased RS
during the 6 months of storage of bottled gourd-basil
leave juice (Majumdar et al. 2011).

Effects of storage temperature and time on
color

Visually, no color change was observed in all of the
roselle-fruit blends during the 6 months of storage at
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4°C. However, minimal loss in visual color was observed
in all roselle-fruit blends stored for 4-6 months at 28°C.
The results are similar to the findings of Saeed and Ah-
med (1977), who did not observe any visual color change
in carbonated beverages prepared from roselle calyces
during 3 months of storage at ambient temperature.
Lightness values (L*) of the roselle-fruit blends ranged
from 19.6 to 13.8 (28°C) and 19.6-14.2 (4°C) for
6 months of storage while redness values (a*) of the
roselle-fruit blends ranged from 20.0 to 13.0 (28°C) and
20.0-13.5 (4°C) respectively after 6 months of storage
(Table 2). Anthocyanins are responsible for the red
color in roselle-mango juice blends and color of antho-
cyanin is pH dependent (the red flavylium is stable at low
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Figure 1. Vitamin C content for roselle-fruit blends (40R) stored for
six months at ambient (A) and refrigerated (R).
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Figure 2. Total monomeric anthocyanin content for roselle-fruit
blends (40R) stored for six months at ambient (A) and refrigerated (R).

pH) as the pH changes were substantial hence the color
changes of the roselle-fruit blends. Yellowness (b*) values
of the roselle-fruit blends ranged from 8.5 to 2.7 (28°C)
and 8.5-3.7 (refrigerated) during the 6 months of storage.

Effect of time and temperature of storage
on vitamin C content

The vitamin C contents for roselle-mango, roselle-
papaya, roselle-guava juice (40R) blends were 54.4, 53.0,
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Figure 3. Phenolic content for roselle-fruit blends (40R) stored for six
months at ambient (A) and refrigerated (R).

74.7 mg/100 g FW initially and changed to 24.5, 23.2,
31.3 mg/100 g FW (28°C) and 31.5, 31.5 42.6 mg/100 g
FW (4°C) during the 6 months of storage (Fig. 1). Vita-
min C content of all roselle-fruit blends decreased dur-
ing storage with the advancement of storage period,
which was probably due to the fact that vitamin C
being sensitive to oxygen, light and heat are easily
oxidized in the presence of oxygen by both enzymatic
and non-enzymatic catalysts (Ziena 2000). A decrease in
vitamin C was observed in guava blended with aloe vera

© 2014 The Authors. Food Science & Nutrition published by Wiley Periodicals, Inc.



B. Mgaya-Kilima et al.

and roselle during 120 days of storage at ambient tem-
perature (Kumar et al. 2012).

Effect of time and temperature of storage
on TMA

The TMA for roselle-fruit juice blends (40R) is shown in
Figure 2. TMA for roselle-mango, roselle-papaya, and
roselle-guava juice (40R) blends was 282.6, 268.6, and
167.8 mg/100 g FW initially and changed to 97.8, 37.4,
and 31.3 mg/100 g FW (28°C) and 131.4, 68.0, and
63.7 mg/100 g FW (4°C) after 6 months of storage
(Fig. 3). The losses in TMA for roselle-fruit juices were
higher at 28°C than 4°C. The TMA for roselle-fruit juice
blends was found to be decreased during storage but this
decrease was statistically significant (P < 0.05) at 28°C as
well as at 4°C (Tables 3 and 4). The presence of ascorbic
acid and higher pH of the prepared roselle-fruit juice

Antioxidants, Phenols, Roselle Fruit Juices

blends could have accelerated anthocyanin degradation. It
is also known that interaction of ascorbic acid with an-
thocyanins may result in the degradation of both com-
pounds through a condensation reaction (Choi et al
2002; Gonzalez-Molina et al. 2009). From the results
roselle-guava blends with higher vitamin C content had
greater loss of anthocyanin than roselle-mango and
roselle-papaya blends.

Effect of time and temperature of storage
on the total phenolic content

TPC for roselle-mango, roselle-papaya, roselle-guava juice
(40R) blends were 19.8, 28.8, and 32.0 GAE mg/100 g
FW initially and changed to 6.7, 12.2, 11.1 GAE mg/100 g
FW (28°C) and 9.71, 22.3, 21.2 GAE mg/100 g FW (4°C)
at 6 months of storage (Fig. 3). The data reveal that the
TPC decreased during storage and significantly (P < 0.05)

Table 3. Influence of treatment effects on physicochemical and bioactive properties of roselle-fruit juice blends (40R).

Parameters 7SS pH TA RS Vit C FRAP TMA TPC L* a* b

Fruit <0001  <0.001  <0.001 <0001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001
Temp ns <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001
Time <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001
Fruit x Temp ~ <0.001  <0.001  ns <0.001  <0.001  <0.001  <0.001  <0.001 0031  <0.001  <0.001
Fruit x Time ~ <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001 0.008  <0.001  <0.001
Temp x Time  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001 0022  0.004

TSS, total soluble solids; TA, titratable acidity; RS, reducing sugars; Vit C, vitamin C; FRAP, ferric reducing ability of plasma; TMA, total monomeric
anthocyanins; TPC, total phenolic content; ns, not significant.

Table 4. Main effects of fruit juice, storage temperature and time on the physicochemical and bioactive properties of roselle-fruit juice blends
during storage.

Parameters TSS pH TA RS Vit C FRAP TMA TPC L* a* b*
Fruit juice
Mango 9.3a 2.6a 1.7a 6.4a 39.6b 1.2b 105.0b 25.2a 17.0a 16.9a 6.8a
Papaya 9.1b 2.6a 1.4b 6.0b 39.3c 1.2b 175.8a 19.2b 16.5b 15.2¢ 5.8¢
Guava 6.2¢ 2.5b 1.4b 5.6¢ 53.7b 2.5a 177.8a 17.8c 15.7¢ 16.7b 6.2b
Storage temperature (°C)
28 8.2a 2.5b 1.5b 5.6b 41.7b 1.6b 137.7b 16.8b 16.2b 16.1b 6.2b
4 8.2b 2.6a 1.6a 6.3a 46.7a 1.7a 168.1a 24.7a 16.6a 16.4a 6.4a
Storage time (months)
0 7.7d 2.7a 1.5b 4.5e 60.7a 1.8a 236.5a 26.9a 17.2a 17.2a 6.8a
1 7.7d 2.7a 1.5b 4.6e 53.4b 1.8a 207.2b 24.9b 16.8b 16.9a 6.7a
2 8.2c 2.4c 1.4bc 4.6e 48.0c 1.8a 181.4c 22.9¢ 16.4c 16.6b 6.7a
3 8.2¢ 2.3d 1.3c 5.3d 42.9d 1.7b 154.6d 21.1d 16.2¢ 16.2bc 6.5b
4 8.4b 2.5b 1.4bc 6.5¢C 39.5e 1.5¢ 121.7¢ 18.9e 16.2¢ 16.1¢ 6.1c
5 8.5b 2.4c 1.6b 7.1b 34.6f 1.4d 94.1f 16.6f 16.1c 15.5d 5.7d
6 8.7a 2.7a 1.9a 8.5a 30.4g 1.3e 71549 139¢ 15.7d 15.2d 5.3c

TSS, total soluble solids; TA, titratable acidity; RS, reducing sugars; Vit C, vitamin C; FRAP, ferric reducing ability of plasma; TMA, total monomeric
anthocyanins; TPC, total phenolic content; L*, lightness; a*, redness; b*, yellowness. Means separated in columns by main effects of Tukey’s test.
Numbers followed by the same letter are not significantly different (P < 0.05).
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more decrease was found at 28°C than at 4°C, irrespective
of storage intervals (Tables 3 and 4).

During storage, some monomeric anthocyanins might
have been transformed into polymeric compounds (Iver-
sen 1999; Ochoa et al. 1999). This might be the reason
for less reduction of TPC and high losses in TMA in the
blends.

Antioxidant activity

FRAP values for roselle-mango blends ranged from 1.8 to
0.76 mmol/100 g (28°C and 4°C) during the 6 months of
storage (Fig. 4). The antioxidant capacity of fruits and
vegetables, which benefits human health, is highly corre-
lated with their anthocyanin and TPC (Fang et al. 2006).
The results showed that antioxidant activity levels did not
decrease substantially.

Despite marked losses of monomeric anthocyanins in
the roselle-fruit juice blends, FRAP values were not
higher during storage, suggesting the possibility of for-
mation of polymeric compounds from monomeric
anthocyanins during storage which were able to com-
pensate the loss of antioxidant capacity due to
decreased monomeric anthocyanins (Brownmiller et al.
2008).

PCA of roselle-fruit blends

A PCA was applied to characterize the different roselle-
fruit blends by their storage time and storage temperature
(Fig. 5A and B). The two principal components were able
to explain all total variation. The principal component 1
(PC1) and PC2 divided the roselle-fruit juice blends into
two clusters depending on the type of fruit mixed with
roselle extract. PC2 was used to explain roselle-guava
blends and was characterized by high levels of vitamin C,
TPC, FRAP, and pH, while PCl1 explained roselle-mango
and roselle-papaya juice blends with high level of TMA,
total soluble solids, RS, lightness (L*), redness (a*), and
yellowness (b*).

The roselle-guava juice blends stored at ambient tem-
perature formed a cluster with blends stored at 0 and
1 months on the positive side of PC2 and blends stored
from 2 to 6 months on the negative side of PC. The
roselle-papaya and roselle-mango juice blends form the
second cluster with blends stored at 0-3 months
(roselle-papaya) and 0—4 months (roselle-mango) on the
positive side of PC1 and blends stored at 4-6 months
(roselle-papaya) and 5-6 months (roselle-mango) on the
negative side of the PC (Fig. 5A).

The roselle-guava juice blends stored at refrigerated
temperature formed a cluster with blends stored at 0—
2 months on the positive side of PC2 and blends stored
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Figure 4. Antioxidant activity (FRAP) for roselle-fruit blends (40R)
stored for six months at ambient (A) and refrigerated (R).

from 3 to 6 months on the negative side of PC. The
roselle-papaya and roselle-mango juice blends form the
second cluster with blends stored at 0-3 months (roselle-
papaya) and 0-2 (roselle-mango) on the positive side of
PCl and blends stored at 4-6 months (roselle-papaya)
and 3-6 months (roselle-mango) on the negative side of
the PC (Fig. 5B). Regardless of the storage time, TMA,
TPC, and vitamin C were mostly affected during storage
of roselle-fruit juice blends stored for 6 months. This
shows that the storage temperature had a clear effect on
the loss of TMA.

© 2014 The Authors. Food Science & Nutrition published by Wiley Periodicals, Inc.
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Figure 5. (A, B) Bi-plot (PCA) showing the effects of storage time and
temperature.

Conclusions

The roselle-fruit blends have high content of vitamin C,
anthocyanin, and total phenol. However, these compounds

© 2014 The Authors. Food Science & Nutrition published by Wiley Periodicals, Inc.

temperature on the roselle-fruit blends at ambient and refrigerated

were lost during 6 months of storage at 28°C and 4°C. The
loss of vitamin C and anthocyanin was more pronounced
at 28°C; therefore, storage at 4°C should be encouraged
when the products need to be stored for long time.
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ABSTRACT

Roselle extract as it has an acidic and bitteetaBtending roselle extract with tropical juice
from fruits such as mango, guava and papaya cogulave the aroma, taste, nutritional and
antioxidant properties of the roselle-fruit blend®oselle extract have large quantities of

anthocyanin which are known to be unstable durimggssing and preservation. Therefore the
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aim of this study was tassess the effect of storage temperature and tmghgsiochemical
and antioxidant properties in roselle-fruit juiderxs.Different blends with roselle extract and
fruits (mango, papaya and guava) were prepare@@8®@0:40, 40:60, 20:80, % roselle: fruit
juice, respectively). The juice blends were preséivy pasteurization (82.& for 20 min) and
by addition of 1g (Sodium benzoate and citric adglgnds were stored in 100mL glass bottles
at ambient (2&) and refrigerated (&) temperatures for up to six months and analyzéda
month intervals for physiochemical properties, mita C, total monomeric anthocyanin
(TMA), total phenolic content (TPC) and antioxidadtivity (FRAP assay). The changes in
pH, titratable acidity, total soluble solids anddweing sugars were not significant with
increased storage period. Vitamin C in all roséllet blends decreased with ranged from (60-
62) % and (30-34) % when stored at@@&nd 4C, respectively. TMA losses were (71-74) % at
(28'C) and (41-44) % (€) while TPC losses were (51-55) % @Band (25-28) % (€). Loss

of antioxidant capacity (FRAP) loss were less t58% at 28C and less than 30% at34 From
the results the storage at4is desirable if long term storage of rosellesfjuices is required.

A principal component analysis (PCA) differentiatedelle- juice fruit blends into two clusters
with two principle components PC1 and PC2, whiclplaxed all of the variation. PC1
differentiated roselle-guava juice blends which eveharacterized by vitamin C, TPC, FRAP
and pH, while PC2 form another cluster of rosell@ago and roselle-papaya juice blends and
were characterized by TSS, RS and colour param@t&rsaa*, b*). However, TMA was the

main variable affected in all roselle-fruit juickebd regardless of the storage temperature.

Key words: Roselle fruit juices, anthocyanins, storage
INTRODUCTION

The increased consumption of fruit juices goes ttugrewith increased variety of fruit juices
and beverages offered for sale. Among these jodsbeverages is roselle juice and/or drink
which tastes good and contains large amounts dfoagénins and ascorbic acid. Roselle
produces red edible calyces with a unique flavad arilliant red colour. The calyces are
commonly used to make jelly, juice, jam, wine, $yrpudding, cake, ice cream and flavour [1,

2]. The beverages produced by roseléyces are called hibiscus tea, bissap, roselle, reckorr
2
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agua de Jamaica, Lo-Shen, Sudan tea, or karkad@&H8]fleshy flowers provide a soft drink

consumed as a cold or hot beverage [1, 2]

Hibiscus sabdariffd_. (family Malvaceag, commonly known as roselle, red sorrel, or kaé&ad

is widely grown in Africa, South East Asia, and sotropical countries of America [4, 5, 6]

The calyces are rich in anthocyanins, ascorbic anil hibiscus acid [7]. There are four main
types of anthocyanins in roselle; dephinidin 3-sabibiside, cyanidin 3-sambubioside,

delphinidin 3-glucoside and cyanidin 3-glucoside{p Roselle anthocyanins can contribute to
health benefits as a good source of antioxidantgedisas a natural food colourant [1]. They are
derivatives of the basic flavylium cation structuvgh electron deficient nucleus which make

them highly reactive and their reaction involvecdisrization of the anthocyanin pigments [8].

Factors like light, pH, temperature, oxygen, asiwodgeid and sugar are contributing factors in
degradation or stability of anthocyanins [2, 5, Mpst people do not prefer beverages made
from roselle extract as it has an acidic and bitéste. Blending roselle extract with tropical
juice from fruits such as mango, guava and papayéddmprove the aroma, taste, nutritional
and antioxidant properties of the roselle-fruitrale. The fruits choicen in this study were due
to the availability of these fruits during the smasPapaya and guava are also among

underutilized fruits in fruit juice production.

Guava Psidium guajavd..) belongs to the familjMyrtaceae commonly known as Apple of
Tropics. It grows well in tropical and subtropicabions. The fruits are rich in vitamin C and

contain almost five times as in oranges [9].

Papaya Carica papayal.) is grown in every tropical and subtropical nty. A tree-like
herbaceous crop, it is a member of @aricaceaefamily [10]. It is one of the largest in size of
the tropical fruits; it has a pulpy flesh yellowatange coloured with shades of yellow and red,
depending on the fruit variety. It has a flavouraotantaloupe; sweet and juicy with some
muskiness [11]. The fruits are very nutritious daehigh contents of vitamin A, C and iron
[12].

Mango Mangifera indical) is one of the most important and widely cultec fruit of the
tropical and subtropical world [13]. It is also kmo as the king of the tropical fruit [14]. They

are an excellent source of fiber, vitamins A, C #m&B complex, iron and phosphorus [13].
3
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Many studies have been conducted on physiocheraiwalantioxidant properties of roselle
extract [2, 5, 8]. On the other hand, only few sgtgchave been conducted on roselle-fruit juice
blends, and practically none on the effects ofagfertime and temperature on roselle-fruit
juices have been studied. The aim of the presemlysivas to investigate the influence of
storage time and temperature on physiochemical aanbxidant properties of roselle-fruit

blends stored in glass bottles.

MATERIALS AND METHODS
Plant material

Dark red dried roselle calyces were purchased ftioen Municipality market in Morogoro.
Guava (pink), papaya (Solo) and mango (Dodo) warelased from the horticulture garden at

Sokoine University of Agriculture, Tanzania.
Roselle extract preparation

Dried roselle calyxes (10% moisture content) wereugded for 1 minute using a blender
(Kenwood BL 440, France). Grounded roselle calyatea ratio of 1:10 (roselle: water) were
extracted using water bath at°60for 30 minutes as previously described [8] artbriéd
through a cheese cloth.

Fruit juice preparation

Fully matured and high quality fruits of mango, pg@ and guava were used. Fresh fruits were
thoroughly washed, peeled and cut into small pi¢égeava were not peeled) and put in a juice
extractor (Kenwood JE 810, UK).

Preparation of roselle-fruit juice blends

Three beverage product categories of roselle-maragelle-papaya and roselle-guava were
formulated in the ratio of 100:0, 80:20, 60:40,60):20:80 and 0:100 roselle extract: fruit
juice, respectivelySodium benzoate (1 g/L) and citric acid (1 g/L)revadded to all roselle-
fruit blends as preservatives.

The juices were filled in 100 ml sterilized glassttkes, loosely capped and pasteurized in a

water bath at a temperature of 8Z5or 20 min and cooled rapidly to room temperatoye
4
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immersing the bottles in cold water bath @ Samples were at drawn at 0, 2, 4 and 6 months
for chemical analyses.
pH, titratable acidity (TA) and total soluble solids (TSS)

pH, TA and TSS of roselle-fruit blends were deteri according to AOAC [15].pH was
measured using Hanna portable pH meter (HI9125,dRah TA was determined using 0.1N
sodium hydroxide and phenolphthalein as an indicata was expressed as % malic acid,
while TSS was measured with a hand refractometeett(d Toledo, Switzerland) and

expressed as °Brix.

Reducing sugars

Reducing sugaréRS) were determined by Luff-Schoorl method as describgdEganet al
[16]. Two grams of sample were weighed into a 100mLsumeag flask and 90mL distilled
water; 5mL Carrez | and 5mL Carrez Il solution waded. The solution was mixed and
filtered using a Whatman filter (no. 542), and 10wfLfiltrate was transferred into a 250mL
Erlenmeyer flask, followed by adding 10mL of coppeagent and swirled. The solution was
then boiled in a direct flame for 3 minutes, cooleda water bath followed by adding of 1g
potassium iodide and 10mL 6N HCL.

The mixture was then titrated with 0.1N 48205 until a yellow colour appeared, 1mL of starch
solution was added and the mixture was titratedicoously until a blue colour appeardiS
was determined by interpolation in a table (Egaaletl981) after subtracting the blank assay
to the volume of sodium thiosulfate of the titratid he results are expressed were expressed as
mg/100g fresh weight (FW).

Vitamin C assay

Vitamin C content for the roselle fruit juices wastermined according to the Folin-Ciocalteu
reagent (FCR) method [17]. 20mL of sample was pgoetnto 100mL volumetric flask
followed by 2mL of 10% Tetrachloroacetic acid (TC#9lution and diluted to 100mL with
distilled water. The sample was poured into a arlask, swirled gently for one minute and
left to stand for one minute and filtered with aatrhan filter (no. 542). [Equal amounts (1mL)
of both sample and standard solution (3 mg ascaditt in 1mL distilled water)] was pipetted
into a test tube followed by adding 3mL distilleéter and 0.4 mL of FCR and incubated at
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room temperature for 10 min. The absorbance wak aed60 nm using a spectrophotometer
(Jenway 6405 UV/VIS Spectrophotometer, UK). Theaultsswere expressed as mg per 100g
fresh weight (FW).

Total phenol content

The total phenolic content (TPC) in the extracts watermined spectrophotometrically, using
the Folin—Ciocalteu method [18]. The added reagehimes were proportionally reduced so
that the final reaction volume amounted to 2 mL andld be prepared in disposable plastic
cuvettes. Gallic acid was used as a standard andeults were expressed as milligram of
gallic acid equivalents per 100 g of fresh weighty(GAE/100 g FW).

Total anthocyanin content

Anthocyanin quantification was performed by the giHerential method [19]. Calculation of
the anthocyanins concentration was based on a digaBiglucoside molar extinction
coefficient 26,900 and a molecular mass of 44920¢/ Results were expressed as miligrams

(mg) of cyanidin-3-glucoside equivalents (CGE) p@d g of fresh weight (FW).
Antioxidant activity
Ferric reducing antioxidant power (FRAP assay)

The FRAP assay was used to estimate the reducpagita of tested extracts, according to the
original method by Benzie and Strain [20]. A caditton curve was prepared, using an aqueous
solution of ferrous sulphate Fes@HO and the results, obtained from three replicate
extractions, were expressed as mmol Fe380 per 100 g of fresh weight (mmol ¥&.00 g
FW).

Statistical analyses

Analysis of variance (ANOVA) was applied using attaial design with two factors including
storage temperature (38 and 4C) and storage time (0, 2, 4, 6 months) for onkete-fruit

blends (40% roselle) since other blends (80, 60%2bselle) also showed similar trend. The
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effect of each factor on the response variable (P&S TA, RS, vitamin C, FRAP, TMA, TPC)
as well as the effects of interactions betweerdifferent factors were tested. Significance was
accepted at p<0.05 using Minitab Statistical Sofenv@/ersion 16.0, 2008, Minitab Statistical
Software, Minitab Inc., Enterprise Drive State @gk, PA, USA) for Microsoft Windows.
Principal component analysis was applied to anatyee relationship between roselle-fruit
blends (40 % roselle) and storage time (0, 2, 4ndhths) and temperature (Ambient and
refrigerated) using Unscrambler X 10.2 (Camo Pre@es, Oslo, Norway).

RESULTS

Effect of storage time and temperature on physiocheical and antioxidant properties
Total soluble solids and reducing sugar

A slightly increase in the total soluble solids 8)®f the roselle-fruit blends during six months
of storage at both storage temperatures was olitser&S for roselle-fruit blends ranged from
13.8-7.2%rix (28°Q and 13.8-4brix (4°C) during the 6 months of storage (Table Data
reveals that the TSS increased during storage tatsstally (p<0.05) more increase was

found under ambient conditions than refrigerateadagons (Table 3).

Reducing sugar (RS) content for roselle-fruit juidends ranged from 2.5-5.7mg/10@&B{0
and 2.5-5.1 mg/100g4¢C) during the 6 months of storage (Table 1). Theultesshow
significant increase (p<0.05) in RS with increaseagye period (Table 3).

pH and titratable acidity.

The roselle-fruit juice blends ranged from 4.19-3at28°C and 4°C during the 6 months of
storage (Table 1). An increase in pH was obsertd@&C) and ¢°C) in roselle-fruit blends.
The increased pH was due to corresponding decneasxdity of the blends. Titratable acidity
(TA) for roselle-fruit juice blends ranged from 2:0.58 ¢8°C) and 1.84-0.584CC) during six
months of storage (table T)he titratable acidity was found to be decreaseathdistorage but
this decrease was statistically was signific§p&0.05) for storage time and interaction
time*temperature (Table 3).

Colour



192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222

One of the most important parameters to which coesuare sensitive when selecting food is
colour. Table 2 shows the changes in colour parmsdor roselle-fruit juice blends during
time and temperature storage. Lightness valuéy ¢f the roselle-fruit blends ranged from
19.6-13.6

(28°Q and 19.6-14.440C) for six months of storage while redness (a*) Heskuit blends
ranged from 20.7-14.28°C and 20.7-14.3°C) respectively after six months of storage (table
2). The reduction in the redness (a*) color in roséligt juices blends could be related to a
decrease in TMA, which is responsible for this cetbr. Yellowness (b*) values roselle-fruit
juice blends ranged from 8.5-3.28°Q and 8.5-3.9 4°C) for the six months of storage.
Statistical analysis showed that interaction time gemperature factor had significant effect
(p<0.05). The decrease of yellowness (b*) with increase gwrame was due to loss of
carotenoids

Vitamin C content

The Vitamin C content for roselle-mango, rosell@ga, roselle-guava juice (40R) blends
were 55.1, 58.9, 76.2 mg/100g FW initially and djech to 22.2, 22.4, 28.6 mg/100g FW
(28'C) and 36.3, 40.5, 53.5 mg/100g FWQ¥ at 6 months of storage (Fig Bll variables
(time, temperature, and interaction term interactierm, time x temperature) were significant
contributors P < 0.05) to the loss of vitamin C (table 3). Theuettbn was higher with longer
Total monomeric anthocyanin

The total monomeric anthocyanin (TMA) for roselteif juice blends (40R) is shown in fig
TMA for roselle-mango, roselle-papaya, roselle-guavice (40R) blends were 230.4, 236.3,
166.4 mg/L FW initially and changed to 62.0, 62,5 mg/L FW (2&) and 135.8, 147.4,
93.1 mg/L FW (4C) after 6 months of storage (Fig Zemperature affected significantly the
decrease in anthocyanins and the decrease wassafastest at room temperature @B
followed by storing at €, respectively (p < 0.05).

Total phenolic content

Total phenolic content (TPC) for roselle-mango,etlespapaya, roselle-guava juice (40R)
blends were 30.9, 27.6, 34.3 GAE mg/100g FW inytiahd changed to 13.8, 12.5, 16.7 GAE
mg/100g FW (2&) and 23.1, 20.4, 24.6 GAE mg/100g FWQ)after 6 months of storage
(Fig 3). As it was shown in Table 3, time and terapgre of storage significantly affected the

total polyphenol content as determined by Folin€@iteu assay. All variables (time,
8
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temperature, and interaction term interaction tetrme x temperature) were significant
contributors P < 0.05) to the loss of TPC.

Antioxidant activity

Antioxidant activity (FRAP) for roselle-mango, rdlsepapaya, roselle-guava juice (40R)
blends were 1.58, 1.66, 1.33 mmol/L FW initiallydachanged to 1.17, 0.78, 0.59 mmol/L FW
(28'C) and 1.32, 1.42, 0.94 mmol/L FW @) after 6 months of storage (Fig 4)

Principal component analysis (PCA) of roselle-fruitblends

A Principal component analysis (PCA) was applieccharacterize the different roselle-fruit
juice blends by their storage time and storage &zatpre (Fig 5a & b)The two principal
components were able to explain all total variatibhe principal component 1 (PC 1) and
principal component 2 (PC 2) divided the rosellgtfjuice blends into two clusters depending
on the type of fruit mixed with roselle extract. P@as used to explain roselle-guava blends
and characterized by high levels of vitamin C, Itpteenolic content, FRAP and pH while PC1
explained roselle-mango and roselle-papaya juieadd with high level of total monomeric
anthocyanins, total soluble solids ,reducing sudayistness (L*), redness (a*) and yellowness
(b*).

The roselle-guava juice blends stored at ambiempéeature formed a cluster with blends
stored at zero months on the positive side of tB&Rnd blends stored from 2, 4,6 months on
the negative side of PC. The roselle-papaya arglleashango juices blends forms the second
cluster with blends stored at 0 and 2 months orptsétive side of the PC1 and blends stores at
4 and 6 months on the negative side of the PCshasn in score plot (Fig 5a)

The roselle-guava juice blends stored at refrigefaémperature formed a cluster with blends
stored at 0-6 months on the negative side of the2P®e roselle-papaya and roselle-mango
juices blends forms the second cluster with blestdsed at zero months on the positive side of
the PC2 while blends stores at 2-6 months on th& B shown in score plot (Fig 5c).
Regardless of the storage time, TMA was mostlycadig during storage of roselle-fruit juice
blends stored for six months. This shows that theage temperature had a clear effect on the
loss of TMA (Fig 5 b&c).
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DISCUSSIONS

The increase in TSS might be due to increase al tatgars by inversion in the presence of
organic acids from polysaccharides like starch eeltllose into simple sugars in course of
time [21]. Increased TSS was also observed by Kwrhat [21] in guava blended with aloe
vera and roselle and stored for 120 days at amiéenmperature. Boghamit al [10] reported
increased TSS blended papaya-aloe vera juicesisgtaiss bottles at refrigeration temperature
for 4 months. The increased RS was also reportedbyar et al [21] for guava RTS and

nectar blended with aloe vera and roselle and dtimre120 days at ambient temperature.

The significant increased pH was also reporteduavg blended with aloe and roselle juice
nectars [21] Decreased acidity might be due toiatigdrolysis of poly saccharides were acid
is utilized for converting non reducing sugars in¢olucing sugars [22] Decrease in TA was
also observed in guava RTS and nectar blended akgth vera and roselle and stored for 120
days at ambient temperature [21].

It is well known that anthocyanin properties, irdihg colour expression, are highly influenced
by anthocyanin structure and pH [23].The lossagdmess might be due to loss of anthocyanin
which impart red colour to the blends. Carotenaits known to be responsible to yellowness
of the blends, howeverarotenoids are highly susceptible to degradatiprexiernal agents
such as heat, low pH and light expos[#4].Therefore losses in yellowness might be due to

degradation of carotenoids during storage.

According to the literature data, the content d¢awiin C in different juices decreases during
storage, depending on storage conditions, suchnagerature, oxygen and light access [9].The
storing temperature has been previously shown tectathe stability of anthocyanins in
different juices [25, 26]. Several factors can uefice the stability of anthocyanins in juices,
e.g. pH, ascorbic acid and anthocyanin degradirayreas [25]. Martiet al [27] found that
anthocyanin losses in pomegranate juice storethfomonths were about 60% at5and 85%

at 25C. The retention in antioxidant capacity duringrate conflicts with the marked losses
observed in total anthocyanins, and may be explaibg the formation of anthocyanin

polymers [1, 2], which compensated for the lossnohomeric anthocyanins.
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CONCLUSION

The results of this study showed that total monaerenthocyanin, vitamin C and total phenol
content of roselle-fruit juice blends decreasedificantly with storage time. The most affected
parameter was total monomeric anthocyanin. Thedot®n time-temperature had a significant
effect on the TMA, TPC and vitamin C content ofeltes-fruit juice blends with higher losses
observed at ambient temperature. Storage of realtejuice blends at room temperature
should be avoided if good long-term preservatioranthocyanin, phenols and vitamin C is
desired.
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Table 1: Physiochemical and antioxidant propertie®f roselle-fruit blends stored (0-6)

months at28°C and 4°C.

Mango Papaya Guava
Parameters Blends 28°C 4°C 28°C 4°C 28°C 4°C
0 6 6 0 6 6 0 6 6
TSS 20R 13.8+0.08 13.7+0.11 14.1+0.08 13.8+0.08 13.7+0.11 13.8+0.08 7.8+0.08 8.3%x0.14 =*0.@7
40R 11.2+0.14 13.0+0.17 11.5+0.15 11.2+0.14 13.0#0.17 11.5+0.15 7.5+0.09 7.4+0.14 0.8
60R 10.0£0.15 12.2+0.20 12.2+0.42 10.0+0.15 12.0+0.20 10.0+0.19 7.2+0.09 7.3%x0.08 =*0.35
80R 8.0£0.10 9.6+0.12 8.5+0.09 8.0+0.12 9.6+0.12 8.5+0.09 6.1+0.08 6.3+0.09 7.260.
pH 20R 2.9+0.01 3.1+0.01 3.2#0.01 4.2+0.1 3.4+0.01 4.0+0.01 3.4#0.01 3.2+0.02 3.3310.0
40R 2.5+0.01 2.8+0.01 3.0£0.01 3.1+0.01 3.0+0.01 3.1+0.01 3.1+0.01 2.9+0.01 2.610.
60R 2.4+0.01 2.6+0.01 3.0£0.03 3.0+0.01 2.7+0.01 2.7+0.02 29+0.01 2.7+0.09 2.620.
80R 2.2#0.01 2.5+0.01 3.0£0.02 2.8+0.01 2.8+0.01 2.6+0.06 2.8+0.01 2.5+0.06 2.810.
TA 20R 0.8+0.02 1.3+0.03 0.8+0.02 0.8+0.02 1.2#0.020.9+0.02 0.8+0.02 1.6+0.02 0.8+0.01
40R 1.5+0.03 1.3+0.02 1.4+0.02 1.3+0.03 1.3+0.02 1.4+0.02 1.2+0.03 1.8+0.03 1.610.
60R 1.5+¢0.03 1.9+0.02 1.5+0.02 1.5+0.03 1.8+0.02 1.6+0.15 1.5+0.01 1.9+0.01 1.020.
80R 1.7+0.02 2.1+0.02 1.6+0.09 1.6+0.02 2.0+0.02 1.8+0.09 1.7#0.01 2.0+0.01 1.820.
RS 20R 44+0.01 5.7#0.01 5.1+0.01 4.0+0.01 5.4+0.01 5.1+0.01 3.5+0.02 4.7+0.01 4.0%0.
40R 3.6£0.01 4.9+0.00 4.2#0.01 3.7+0.00 4.8+0.01 4.2+0.01 3.2+0.03 4.3x0.01 3.010.
60R 2.9+0.01 4.0+0.01 4.0+0.01 3.1+0.01 4.2+0.18 4.0+0.01 2.9+0.02 4.1+0.05 3.610.
80R 2.5+0.00 3.7+0.01 3.2+0.01 2.7+0.01 3.9+0.01 .1+@.01 2.4+0.01 3.4+0.01 3.1+0.01

80R=80% Roselle; 60R=60% Roselle; 40R=100% Ros2lIR=20% Roselle;

TSS Total soluble solids; TA Titratable acidity; R8ducing sugars

12



315

316 Table 2: Colour parameters (Lightness (L*), rednesga*) and yellowness (b*) of roselle-

317  fruit blends stored (0-6) months a28°C and 4°C.

Parameters L* a* b*

Storage 28°C 4°C 28°C 4°C 28°C 4°C

temp

Storage 0 6 6 0 6 6 0 6 6

time

Mango

20R 14.9+0.03 14.4+0.41 14.5+0.04 20.6+0.0319.5+0.03 19.8+0.05 4.7+0.093.3+0.02 4.3+0.05
40R 16.3+0.40 15.4+0.03 15.7+40.02 19.8+0.0318.3+0.04 18.7+0.03 5.7+0.064.4+0.040 4.6+0.04
60R 17.9+0.04 16.4+0.02 16.5+0.06 18.3+0.5317.2+0.06 17.4+0.04 7.8+0.076.6+0.07 7.1+0.02
80R 18.6+0.03 17.3+0.04 17.6+0.05 16.7+0.05 14.6+0.06.440.03 8.5+0.07 7.3+£0.05 7.5+0.05
Papaya

20R 18.3+0.13 16.5+0.18 17.3x0.08 15.4+0.34 1323%#0.14.7+0.24 7.4+0.14 5.8%+0.06 7.0+0.15
40R 17.8+0.38 16.2+0.89 17.2+0.12 16.2+0.38 13330.15.6+0.07 6.4+0.11 4.9+0.11 5.6+0.07
60R 16.6+0.03 15.2+0.05 15.8+0.08 18.8+0.09 17@#0.18.2+0.15 6.0+0.03 4.4+0.11 5.0+0.19
80R 15.8+0.02 14.2+0.43 15.2+0.06 19.9+0.07 1732&0.19.3+0.07 4.9+0.07 3.7+0.04 4.4+0.04
Guava

20R 19.6+0.41 18.4+0.64 19.1+0.47 16.5+0.24 15.0+0.1%.740.67 7.3+0.46 5.7+0.28 7.0+0.50
40R 16.3+0.03 15.0+0.64 15.7+0.07 17.2+0.38 16.4+0.06.540.09 6.4+0.04 5.8+0.04 6.0+0.54
60R 15.8+0.56 14.2+0.10 15.0+0.10 17.6+x0.04 16.1+0.14.640.41 5.3+0.02 3.8+0.34 4.6+0.06
80R 15.1+0.02 13.6+0.12 14.4+0.25 19.5+0.10 17.8+0.06.84#0.09 4.5+0.18 3.1+0.53 3.9+0.17

318

319 L* Lightness; a* redness; b* yellowness; 80R=80%selte; 60R=60% roselle; 40R=100%
320 roselle; 20R=20% roselle
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Table 3: Main effects of fruit, temperature, blendsand time on the physicochemical and

antioxidant properties of roselle-fruit juice blends during storage

Parameters TSS pH TA RS VITC TMA TPC FRAP L* a* b*

Fruit juice

Mango 11.7a 2.8c 15c 4.1a 41.0b 179.7b 24.2c 1.447.2a 17.9a 7.4a
Papaya 11.7a 3.2a 13c 4.0b 39.0c 203.4a 25.6b 1.487.2a 17.0b  6.0c
Guava 73b 3.0b 14b 3.6c 59.6a 104.8c 27.0a 1.0b5.9c1 16.8c 6.3b
Storage

temperature

(°C)

28°C 104a 3.0a 1l4a 4.1a 456b 159.6b 24.6b 1.3a 16.96.4b  6.4b
4°C 10.1b 3.0a l.4a 3.7b 47.4a 165.7a 26.5a 1.3a .6b16 18.0a 6.7a
Storage time

(Months)

0 10.6a 29b 1.2d 3.5d 62.1a 213.0a 32.0a 15a al7.417.8a 6.9a
2 10.2b 3.1a 13c 3.6c 48.8b 1658b 26.4b 1.4b bl7.017.6b 6.7b
4 10.2b 3.1a 15b 4.0b 41.8c 159.9b 23.6¢ 1.3c ¢l16.417.0c 6.6¢
6 10.0c 29b 16a 4.4a 33.4d 111.8c 20.4d 1.1d d16.116.6b 6.0d

TSS, total soluble solids; TA, titratable acidiB/S, reducing sugars; Vit C, vitamin C; FRAP,
ferric reducing antioxidant power; TMA, total monerit anthocyanins; TPC, total phenolic
content; L*, lightness; a*, redness; b*yellownegkeans separated in columns by main effects

of Tukeys test. Numbers followed by the same letternot significantly different (P<0.05).
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Figure legends

Figure 1: Vitamin C content for roselle-fruit blengtored for six months a8°Cand4°C

Figure 2: Total monomeric anthocyanin content &setle-fruit blends stored for six months at
28°Cand4°C

Figure 3: Total phenol content for roselle-fruiebhtls stored for six months28°Candi°C.

Figure 4:Antioxidant activity (FRAP) for roselle-fruit blesdstored for six months @88°Cand
4°C

Figure 5: a & bScore and loading plots showing the effects ofegfertime the roselle-fruit

juice blends at stored a8°C

Figure 5: ¢ & dScore and loading plots showing the effects ofagfertime the roselle-fruit

juice blends at stored 4fC.
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Abstract

A study was conducted to determine the effectsackpging materials, seasonality and storage
temperature and time on physiochemical and antamtigproperties of roselle-mango juice
blends. Roselle extract (20, 40, 60 and 80%) wasdnivith mango juice and stored in glass
and plastic bottles at 4°C and 28°C. Total soldoléds, pH, titratable acidity, reducing sugar,
colour, vitamin C, total monomeric anthocyaninsakphenols and antioxidant activity (FRAP)
were evaluated in freshly prepared juice, and afied and 6 months of storage. The results
showed that total soluble solids, reducing sugams, pH increased with storage times under
different storage time, irrespective of packagimgtlbs. The acidity, colour, total monomeric

anthocyanin, vitamin C, total phenols and antiomtdactivity decreased during storage
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irrespective of storage temperature and packagegnmal. Loss of anthocyanins, total phenols
and vitamin C content were higher in blends st@te28°C than 4°C.

Keywords: roselle; mango; juice blend; physiochehproperties; storage conditions
Introduction

Hibiscus sabdariffd.. (family Malvaceag, commonly known as roselle, red sorrel, or Kagkad
is widely grown in Africa, South East Asia, and sotropical countries of America (Abou-Ara
et al, 2011, Amor and Allaf., 2009, Cisst al, 2011., Sayago-Ayerdt al, 2007} Roselle
produces red edible calyces with unique brilliaetl rcolour and flavour. The calyces are
commonly used in the production of jelly, juicemjawine, syrup, gelatine, pudding, cake, ice
cream and flavouring (Duangmel al, 2008, Husseiet al, 2010, Tsai and Huang 2004 and
Tsaiet al, 2002). The beverages producedHilpiscus sabdariffacalyces are called hibiscus
tea, bissap, roselle, red sorrel, agua de Jamaie8hen, Sudan tea, or karkade (Mckatyal,
2009)

Two anthocyanins are dominant in roselle calyxefphdnidin-3-sambubioside, also known as
delphinidin-3-xylosylglucoside or hibiscin, and oy@in-3-sambubioside, also known as
cyanidin-3-xylosylglucoside or gossypicyanin. In damn, two minor anthocyanins,
delphinidin-3-glucoside and cyanidin- 3-glucoside present (Amor and Allaf., 2009, Cisste
al., 2011, Wonget al, 2002). Roselle anthocyanins render health bisna$ a good source of
antioxidants as well as a natural food colorantgiymalet al, 2008, Tsaiet al, 2002).
Anthocyanins possess antioxidative, antitumor, anticarcinogenic activity (Fasoyiret al,
2005 and Gonzaleet al, 2009). They are derivatives of the basic flawylication structure
with electron deficient nucleus which make themhhjgreactive and their reaction involve
discoloration of the anthocyanin pigments. Facli&eslight, pH, temperature, oxygen, ascorbic
acid and sugar are contributing factors in degradair stability of anthocyanins (Ciss¢ al,
2011, Chumsret al, 2008, Tsai and Huang 2004).

Most people do not prefer beverages made from ms&le as it has an acidic and bitter taste
(Wonget al 2002). Blending of the extract with juice from ®t¢ropical fruits such as mango

can improve the aroma, taste and nutritional andxdant properties of the juice blends. The

2



55
56
57

58
59
60
61
62
63
64
65
66
67
68
69

70

71
72
73

74
75
76
77

78
79
80
81
82

choice of mango fruits in this study was due toalundance seasonal availability, which
normally led to high postharvest losses due ovelymton, lack of sufficient market outlets,

transport, storage facilities and commercial fpugcessing industries.

Packaging is an important aspect in the food psiegsindustry as it serves the important
functions of containing the food, protecting againkemical and physical damage whilst
providing information on product features, nutmta status and ingredient information (Anin
et al 2010). Various packaging materials such as highsitie polyethylene (HDPE),
polypropylene (PP) and glass are commonly usegdokaging of juice (Marsh and Bugusu,
2007). Different packaging materials influence thelity of the stored products differently.
Therefore the study of the effect of packaging malften the quality parameters during storage
is essential. In this study, roselle-mango juicenidk were stored in plastic and glass bottles at
ambient and refrigerated temperatures. The aimhisf $tudy was to determine effects of
packaging materials, storage temperature and timghgsiochemical changes and antioxidant
properties of roselle-mango juice blends.

Materials and Methods
Raw material and preparation of extract

Dark red dried roselle calyces were purchased ftben Morogoro municipality market in
Tanzania. Mango fruits (cv. ‘Dodo’) were purchasidm horticulture unit at Sokoine

University of Agriculture, Tanzania.

Dried roselle calyxes (10% moisture content) wereugded for 1 minute using a blender
(Kenwood BL 440, Boulogne, France). Grounded caywere mixed with water (1:10 w/v)

and extracted using a water bath a&Gér 30 minutes (Chumrgt al., 2008). The extract was

filtered with a cheese cloth.

Mango juice preparation

Fully matured and high quality fruits of mango wersed. Fresh fruits were thoroughly
washed, peeled and cut into small pieces and gaesfto a juice extractor (Kenwood JE 810,
Edinburgh, UK).

Preparation of roselle-mango juice blends
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Roselle-mango juice blends were formulated in #igrof (80:20, 60:40, 40:60 and 20:80)
roselle extract: mango juice pulp, respectivelyi8odbenzoate (1 g/L) and citric acid (1 g/L)
were added to all roselle-fruit blends as presereat

The juices were filled in 100 ml sterile plastiaddagiass bottles, loosely capped and pasteurized
in a water bath at a temperature of 82.%or 20 min and cooled rapidly to room temperature
by immersing the bottles in cold water bath (Ndabieet al, 2010). The bottles were tightly
capped, labeled and stored &€ 4nd 28C for six months. Samples were drawn for chemical
analyses at 0, 2, 4 and 6 months of storage.

Determination of pH, titratable acidity and total soluble solids

The pH, titratable acidity (TA) and total solublelids (TSS) of roselle-mango blends were
determined according to AOAC (1999he pH wagneasured using Hanna portable pH meter
(HANNA, Cluj-Napoca, Romania). TA was determinettimetrically using 0.1N Sodium

Hydroxide and phenolphthalein as an indicator aad expressed as % malic acid, while TSS
(°Brix) was measured with a hand refractometer (Meffloledo, Schwerzenbach, Switzerland)

and expressed as %.

Colour measurements

The colour for roselle-mango blends were measusatjLcolour chart (Natural Colour system
(NCS), Stockholm Sweden) followed by measuringstendard colour with a Chroma Meter
Minolta CR- 400/410 (MinoltaCo., Osaka, Japan) with the reflectance mode wigg D
illuminant and 2%bserver angle. Samples were measured againstta edramic reference
plate

C (L*=94.0, a* = 0.3138, b* = 0.3199) D65 (L* 49, a* = 0.3163, b* = 0.3327).

Colour values were expressed as L* for lightnes$praredness and b*for yellowness.

Reducing sugars

Reducing sugars were determined by Luff-Schoorhoettas described by Egahal (1981).
Two grams of sample were weighed into a 100 mL nmm&ag flask and 90 mL distilled water,
where 5 mL Carrez | and 5 mL Carrez Il solution evedded. The solution was mixed and
filtered with Whatman filter (no. 542), and 10 mk fdtrate was transferred into a 250 mL

Erlenmeyer flask, 10 mL of copper reagent was adaiedl then swirled. The solution was
4
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boiled in a direct flame for 3 minutes, cooled wiip water, and 1g potassium iodide and 10
mL 6N HCI were added. This mixture was titratedhw@1N NaS,0O; until a yellow colour
appeared followed by adding a few drops of staathti®n, titrated continuously until a blue
colour disappeared. Sugar content was then detednig interpolation in a table (Egabal,
1981) after subtracting the blank assay to themelof sodium thiosulfate of the titration. The

results are expressed in mg/100g fresh weight (FW).
Determination of Vitamin C

Vitamin C content for the roselle-mango juice blemeere determined according to the Folin-
Ciocalteu reagent (FCR) method with modificatioBaghmanet al, 1996), where 20mL of
sample was pipetted into 100 mL volumetric flaskofeed by 2 mL of 10% TCA solution and
diluted to the 100 mL with distilled water. The gaewwas poured into a conical flask, swirled
gently for one minute and left to stand for one uignand filtered (Whatman filter no 542). One
mL of the sample or 1 mL of standard solution wigetted into a test tube followed by 3 mL
distilled water and 0.4 mL (1:10) Folin reagentxMg followed and thereafter the mixture was
incubated at room temperature for 10 min. The di#zsuare was read at 760 nm using a Jenway
6405 UV/VIS Spectrophotometer (JENWAY, Essex, URhe results are expressed in
mg/100g FW.

Determination of antioxidant activity

Antioxidant activity for the roselle-mango blendaswdetermined by the ferric reducing ability
of plasma (FRAP) assay (Benzie & Strain, 1996) veitime modifications. 3 mL of freshly
prepared FRAP solution (0.3 M acetate buffer (p6) 8ontaining 10 mM 2,4,6-tripyridyl-s-
triazine (TPTZ) in 40 mMol HCI and 20 mM Fe@H,0O) and 100 pL of sample (standard)
was incubated at 8C for 4 minutes, absorbance was measured at 593usimg a
spectrophotometer. An intense blue colour was fdrmbken the ferric-tripyridyltriazine (B&
TPTZ) complex is reduced to the ferrous{fréorm. A range of iron sulphate concentrations
from 0.25 to 2.0-mmol/L was used to prepare théraion curve. The results are expressed as
millimoles of (Fé") per litre of fresh weight (mmol (F&/L FW).

Total phenolic content
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Total phenolic content (TPC) for the roselle-marjends was determined according to the
Folin-Ciocalteu method with modifications (Singletet al, 1999). An aliquot of 30QiL

sample solution was mixed with 1.5 mL of Folin-Gitieu’s reagent (diluted 10 times), and 1.2
mL of sodium carbonate (7.5% w/v). After incubatiahroom temperature for 30 min in the
dark, the absorbance was measured at 765 nm. Gallic (0-500 mg/100g) was used for
calibration of a standard curve. The results arpressed as milligrams of gallic acid

equivalents per 100 gram of fresh weight (mg GAB/G@W).
The total monomeric anthocyanin content (TMA)

The total monomeric anthocyanin content for roselengo blends was carried out using the
pH differential method (Leet al 2005). Absorbance was measured at 520 and 700smg a
spectrophotometer. The absorbance (A) of the samglge then calculated according the

following formula:

A= (As520-A700) pH 1.0- (As20A700) pH4.5

The monomeric anthocyanin pigment content in thgireal sample was calculated according
the following formula:
AC=A x MW x DF x 1000

el
Where, A- difference of sample absorbance betwddnl® and 4.5g- molar extinction
coefficient for cyanidin-3-glucoside (26,900 L/mohk); L- path length of the
spectrophotometer cell (1.0 cm), DL- dilution factmd molecular weight (MW) of cyanidin-

3- glucoside (449.2 g/mol), 1000- factor for corsten from g to mg. The result are expressed
as mg cyanidin-3-glucoside equivalent/L extract @gyg-3-glu/L) FW.

Statistical analyses

All the tests were performed in triplicate and tlesults averaged (n=3). Similar trends were
observed in all the roselle-mango juice blends besrdy one blend (40% roselle) was used in
analysis of variance (ANOVA) using Minitab statisti software (Release 16.1 Minitab Inc,
state college, PA, USA). Multifactorial analysisvariance (General Linear Model (GML) was

applied using a factorial design with three factoiduding packaging bottles (plastic, glass),
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storage temperature (ambient A, refrigerated R)stathge time (0, 2, 4, 6 months). Principal
component analysis (PCA) was used to evaluate sabsariation of blends stored in plastic
bottles (2011 and 2012 seasons) using Unscrambl€r. X(CAMO Software AS, Norway).
Results and discussion

The initial physiochemical properties of rosellenga juice blends (2011 and 2012) are shown
in Table 1. The total soluble solids and reducingass were increasing with the increased
concentration of mango juice in the blends as thé juice is known to contain high sugar
content while roselle extract is low in sugar coni@Vonget al, 2002). The pH of the roselle-
mango fruit juices was increasing with decreasiogcentration of roselle extract as roselle is
low in pH while titratable acidity was increasinghwincreased concentration of roselle extract.
Total monomeric anthocyanins, total phenol and FR¥d3 also decreasing with decreased
concentration of roselle extract in the blendshasrbselle extract is known to be a good source

of anthocyanins (Wongt al, 2002) .

Total soluble solids (TSS) for roselle-mango blesttsed in glass and plastic bottles ranged
from 8.0-13.7 °Brix (28°C) and 8.0-14.1 °Brix (4°@hile reducing sugars (RS) ranged from
5.7-2.5 mg/100g (28°C) and 5.1-2.5 mg/100g (4°Q)rdusix months of storage (Table 2). The
results showed TSS and RS of roselle-mango blemtfeased during storage under all the
storage temperature. The increase in TSS and RSsiga#icant (p<0.001) with storage
temperature and storage time and packaging*stdaesgperature (Table 5).

The TSS and RS increased gradually throughout gaoridnis might be due to hydrolysis of
polysaccharides into monosaccharides and oligosaidgds (Bhardwaj & Pandey., 2011).
Similar trend of increased TSS with increased g®réime were observed in mango-sea
buckthorn blended juice stored for 90 days (Kkeaml 2012) and pomegranate kokum mango
blends stored for 150 days (Waskar & Gaikwad 2004).

pH for roselle-mango blends stored in glass anstipl&ottles ranged from 3.3-2.2 (28°C) and
3.5-2.2 (4°C) while titratable acidity (TA) rangdéebm 1.61-0.79 % (28°C) and 1.61-0.8 %
(4°C) during six months of storage (Table 3). Riesektract is known to have low pH and
addition of mango juice has influence on the inseelapH of the blends. The changes of TA

were affected significantly by storage temperafpre0.05) and packaging*storage temperature
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interaction (p<0.001) while pH was affected by atm temperature, storage time and their
interactions (p<0.001).

Lightness (L*) for roselle-mango blends stored iasg and plastic bottles ranged from 18.6-
13.3 (28°C) and 18.6-13.5 (4°C) for six months tofage as shown on Table 4. The L* value
which is can be an indicator of lightness of colalecrease with increased storage time. The
decrease might be due to non enzymatic browningtioges occurred to mango juice during
storage. Faladet al (2004) reported 47.4 and 36.8% decrease of L*emln sweetened Julie
and Ogbomoso mango juices stored af@5Marti et al (2002 also reported a significant
decrease irL value during storage period of 150 days at 25 ®Sulting in darker colour
during the storage period of pomegranate juice

Redness (a*) for roselle-mango blends stored issgiend plastic bottles ranged from 20.6-14.6
(28°C) and 20.6-15.2 (4°C) for six months of steragellowness (b*) for roselle-mango

blends stored in glass bottles ranged from 8.4287C) and 8.2-2.8 (4°C) after six months of
storage. The yellowness in roselle-mango juiceddas due to presence of carotenoids in
mango juiceHowever, these carotenoids are highly susceptibteegradation by external
agents such as heat, low pH and light exposure @dharanaet al2013).The effect of
packaging material, storage time, storage temperatud their interactions, significantly
(p<0.001) affected the yellowness b*for roselle-g@juice blends (Table 5).

According to results shown in Figure 1, total moroin anthocyanin of the roselle-mango
juice blends (40%R) stored in glass bottles at w&e higher than those stored at 28°C. The
decrease was significant (p<0.05) during storagespective of storage temperature and
packaging material (Table 5 and 6). Waskar & Gatkw2004) observed similar trends on
pomegranate kokum mango based blends stored forda$®. The amount of anthocyanin
remaining after six months (127.7-144.1 mg/100g3°& and 100-107 mg/100g at 28°C in all
roselle-mango blends (40%) stored in glass andiplasttles , these amounts were sufficient to
provide the amount recommended by United StateSnaérica and Finland (82 and 12.5 mg
per day) by Wet al, (2006).

Vitamin C content of the blends decreased sigmtiga(P<0.05) with increased storage period
because vitamin C being sensitive to oxygen, lagit heat can be easily oxidized in presence

of oxygen by both enzymatic and non-enzymatic gatalJawaheeet al, 2003).Vitamin C
8
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losses was lower in roselle-mango juice blendsestor glass bottles (Figure 2). Similar results
were observed by Alaka et al., 2003 wheango juices were packaged in polyethylene films,
polyethylene tetraphthalate (PET or plastic) betdad transparent glass bottles and stored at 6
°C, 26C and 34C. Despite the fact that the vitamin C losses in lfeseango blends (40 %
roselle) stored at 4°C for 2 months was more tiamg per 100 mL, i.e. only 100 mL of the
blends will contain sufficient vitamin C to providbe recommended daily allowance (RDA)
for adults, which is 45 mg (FA@/HO, 2001).

Polyphenols are the most abundant antioxidanteandiet and are widespread constituents of
fruits and vegetables (Faegal, 2006). However, they are susceptible to durtogagie, which
was demonstrated by the value of 30.9 mg GAE/100tglly for roselle-mango blends
(40%R) which decreased to 18.8 (28°C ) and 20.C)4fter 6 months of storage (Fig c). All
variables (time, temperature, and packaging anceraoction term, time*temperature,
time*packaging and temperature*packaging) signifibacontributed to the loss of TPC (Table
5).

Ferric reducing ability of plasma (FRAP) for rogethango blends stored in glass and plastic
bottles ranged from 1.86-1.04 mMol/L (28°C) and6t1819 mMol/L (4°C) after six months of
storage. Despite marked losses of TMA in all theelle-mango blends, FRAP value losses
were less than 30 % during storage, suggesting gbtmeric compounds formed during
storage might have compensated the loss of an#dokid¢apacity due to degradation of

monomeric anthocyanins (Tsai and Huang 2004).

For the case of seasonal variation and storage dimdetemperature, a bi-plot of observations
and variables is shown in Figure 2. Most of thaataim (85%) was explained by the first two

principle components (PC) with the first compon@h€1) accounting for 68% and associated
with parameters (colour L*, a*,b* RS, FRAP and TMAnd the second components account
for 17% of the total variation associated with paegers (TSS, Vitamin C and TPC). The PC1
explained roselle-mango juice blends stored intgldmttles at ambient temperature with more
blends from season 2011 while PC2 explained blestoi®d at refrigerated temperature with

more blends from season 2012.

The roselle-mango juice blends stored at refriger&mperature for zero and two months were

on the positive side of PC2 while those blendsestdor four and six months were on the
9
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negative side of PC2. Those blends stored at ambeemperature for zero and two months
were on the positive side of PC1 while those blesidsed at ambient temperature for six

months were on the negative side of the PC1.

These results showed the effect of seasonalitytl@ndtorage conditions as PC1 contained most
of the blends from season 2011 and those blendsdstéd ambient temperature while the PC2

contained most blends from season 2012 and thesd®ktored at refrigerated temperature.

The results shows that most of blends 2012 bleadshigh levels of TPC, TSS and Vitamin C
(Figure 5 and Table 1). Regardless of season oag#otemperature , results on the bi-plots
showed the effects of storage time on the blend$ciage was progressing with storage at four
and six months being on the negative side of the F@e Bi plots also showed the TPC, TMA
and Vitamin C being parameters mostly affected iy $torage time regardless of storage

temperature.

Conclusions

The roselle-mango blends presented some chemiealgels during six months storage. The
most affected components were total monomeric aytmns, total phenols and vitamin C.
The blends stored at 28°C showed remarkable ladsERIA, TPC and vitamin C as compared
to 4°C, hence storage at 28°C should be avoidgdall long-term preservation of the roselle-
mango juice blends is desired due to retention@fenTMA, TPC and vitamin (Packaging in
glass bottles and storage at 4°C should be encedrag it retains more vitamin C and total
monomeric anthocyanin essential in antioxidant ciépaof fruits and fruit products.
Seasonality and packaging material, storage tinde@mperature have shown to influence total
monomeric anthocyanin contents, total phenol atadinin C content of the roselle-mango juice
blends. The quantity of total monomeric anthocyamd vitamin C remaining after six months
of storage of the roselle-mango juice blends (40%Ry more than sufficient to provide

recommended amount for daily intake of vitamin €ddults.
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Table 1: Initial physiochemical and antioxidantpedies of roselle extract, mango juice and

roselle-mango juice blends (2011, 2012)

Year Blends TSS (%) pH TA (%) RS L* a* b* VitC  TMA (mg/L) Tl
(mg/100g (mg/100g (mg/10

FW) FW) GA

2011 OR 14.0a+0.50 3.4a+0.12 0.3 c+0.43 59 424a+0.7 06.6e +0.3 43.9a+0.6 62.2a 48.0f+0.75 10.
a+0.05 +0.00 +5.

20R 10.6 a+0.49 2.8b +0.14 1.4 bt0.00 56 18.6bx0.4 16.4d+0.2 8.5b#0.2 58.5b 134.7 e 21.:

b+0.00 +0.00 +1.50 +0.

40R 9.9a+0.19 2.7b £0.011.9 b +0.43 5.1 17.6¢c+0.3 18.1c 0.7 7.7c£0.5 53.0c 282.6d 28.

¢c+0.00 +0.00 +1.81 +0.

60R 7.5b+0.63 2.4c+0.06 3.1at0.40 45 16.1d+0.2 19.2a+0.4 5 6d+0.2 44.4d 335.2¢c 37.

d+0.00 +0.00 +1.54 +0.

80R 6.9+0.20 2.6c+0.01 1.4b+0.00 3.5e+0.0 14.7e+0.1 20.0a+0.5 4.7e +0.6 40.0e 4935b 53.

0 +0.00 +5.15 +0.

100R 5% +0.10 2.3d+0.01 1.9b+0.00 2.4f+0.00 14.3e 0.0 20.6a 0.0 3.9f+0.0 374 f 555.3a 54 .1

+0.00 +2.03 +0.

2012 OR 15.5a+0.13 3.1a+0.01 0.3f+0.02 5.2a+0.02 42.4a+0.80 14.6e+0.02 44.5a+0.05 65.3a+0.01  32.9f+0.01 14.5£0.
20R 13.8b+0.07 2.9b+0.01 0.8e+0.02 4.4b+0.00 18.6b+0.03 16.7d+0.04 8.5b+0.06 60.5b+0.01 82.4e+0.05 23.4et0.

40R 11.2c+0.12  2.5¢+0.01 1.3d+0.03 3.6c+0.01 17.9b+0.03 18.3c+0.49 7.8c+0.07 55.1c¢+0.02 236.3d+0.38 30.8dt0.

60R 10.0d+0.13  2.4d+0.01 1.5¢+0.03 2.9d+0.01 16.3c+0.36 19.8b+0.03 5.7d+0.06 47.2d+0.03 280.5c+0.01 38.4ct0.

80R 8.0e+0.10 2.2e+0.01 1.7b+0.01  2.5e+0.00 14.9d+0.03 20.7a+0.02 4.7e+0.09 42.7e+0.05 464.2b+0.00 54.6h0.

100R 5.9f+0.07 2.1f+0.01 1.8a+0.03 2.0f+0.03 14.5e+0.02 20.9a+0.02 3.7f+0.04 39.3f+0.08 572.3a+0.01 56.3a0.

100R=100% roselle, 80R=80% roselle; 60R=60% rosé0&=40% roselle; 20R=20% roselle

and 0=0% roselle.

Data in columns for each year with different supeps are significantly different using

Tukey's pair-wise comparison test (p<0.05).
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Table 2. Initial and final total soluble solids §)Sand reducing sugar (RS) of roselle-mango

juice blends with stored in glass and plastic bettbr six months

TSS (%) RS
(mg/100
g FW)

Packaging Glass Plastic Glass Plastic
materials
Storage (M) 0 6 6 6 6 0 6 6 6 6
Temp 28°C 4°C 28°C 4°C 0 28°C 4°C 28°C 4°
80R 8.0+0.10 8.4+0.12 8.5+0.09 8.4+0.10 8.5+0.09 2.610. 3.7+0.01 3.2+0.01 3.7+0.01 328
60R 10.0+0.15 11.9+0.2 12.2+0.42 11.9+0.05 12.2+0.42 9+Q201 4.1+0.01 4.0+0.01 4.0£0.01 4008
40R 11.2+0.14 11.2+0.1 11.5+0.15 11.4+0.04 11.5+0.15 3.6+0.01 4.9+0.00 +3.21 4.9+0.00 4.230

7
20R 13.8+0.08 13.7£0.1 14.1+0.08 13.7+0.11 14.1+0.08 4.4+0.01 5.7+0.01 +6.01 5.7+0.01 5.160

1
TSS Total soluble solids, RS Reducing sugar, M Misn80R=80% roselle; 60R=60% roselle;
40R=100% roselle; 20R=20% roselle
Table 3: Initial and final pH and titratable acid{fTA) of roselle-mango juice blends stored in
glass and plastic bottles at 28°C and 4°C.

pH TA (%)

Packaging Glass Plastic Glass Plastic
material
Storage (M) O 6 6 6 6 0 6 6 6 6
Temp 28°C 4°C 28°C 4°C 0 28°C 4°C 28°C 4°
80R 2.2+0.01 2.7+0.01 3.0+0.02 2.5+0.01 2.6+0.01 1.7020 1.57+0.02 1.6+0.09 1.58+0.05 1.97
60R 2.4+0.01 2.8+0.01 3.0+0.03 2.6+0.01 2.7+0.01 1.5030 1.51+0.02 1.5+0.02 1.51+0.02 1.52
40R 2.5+0.01 2.9+0.01 3.0+0.01 2.8+0.01 2.9+0.15 1.3030 1.3+0.02 1.4+0.02 1.34+0.02 1.36
20R 2.9+0.02 3.1+0.01 3.2+0.01 3.1+0.01 3.1+0.01 0.8820 0.79+0.02 0.8+0.02 0.80+0.02 0.179

TA titratable acidity, M months, 80R=80% rosell®QR6=-60% roselle; 40R=100% roselle;
20R=20% roselle
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Table 4. Initial and final colour parameters (ligggés L*, redness a* and yellowness b*) of
roselle-mango juice blends stored in glass andiplasettles at 28°C and 4°C

L* ax b*
Storage 28°C 4°C 28°C 4°C 28°C 4°C
temp
Storage 0 6 6 0 6 6 0 6 6
time
Glass

80R 14.9+0.03 14.4+0.41 14.5+0.04 20.6+0.0319.5+0.03 19.8+0.05 4.7+0.093.3+0.02  4.3+0.05

60R 16.3+0.40 15.4+0.03 15.7+0.02 19.8+0.0318.3+0.04 18.7+0.03 5.7+0.064.4+0.040 4.6+0.04

40R 17.9+0.04 16.4+0.02 16.5+0.06 18.3+0.5317.2+0.06 17.4+0.04 7.8+0.076.6+0.07  7.1+0.02

20R 18.6+0.03 17.3+0.04 17.6+0.05 16.7+0.05 146&0.15.4+0.03 8.5+0.07 7.3+0.05 7.5+0.05

Plastic

80R 14.940.03 13.3+0.03 13.5+0.05 20.6+0.0317.8+0.06 17.9+0.07 4.7+0.092.8+0.06 2.7+0.06

60R 16.3+0.40 13.8+0.05 14.2+0.05 19.8+0.0317.1+0.05 17.2+0.04 5.7+0.063.3+0.05 3.7+0.05

40R 17.9+0.04 14.7+0.06 15.1+0.04 18.3+0.5315.3+0.07 15.240.05 7.8+0.074.6+0.41  5.9+0.05

20R 18.6+0.03 16.5+0.08 16.8+0.05 16.7+0.0516.1+0.02 16.7+0.04 8.5+0.076.4+0.08 6.4+0.05

80R=80% roselle; 60R=60% roselle; 40R=100% ros2ll&®=20% roselle
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Table 5: Probability level of significance (ANOVA)n the quality of roselle-mango juice

blends (40% roselle).

Source of TSS pH TA RS TMA Vit.C TPC FRAP L* a* b*
variation (%) (%) (mg/100g (mg/L (mg/100g (mg/100g (mmol/100g

FW) FW) FW) GAE FW)

FW)

Packaging ns ns ns ns (001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
(A)
Temperature <0.001 <0.001 0.037 <0.001 <0.001 0.006 <0.001 ns 0.05 ns 8.001
of storage(B)
Time of <0.001 <0.001 ns <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
storage (C)
AXB <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ns ns €.001
AXC ns <0.001 ns ns €.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
BXC ns ns ns ns 6001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

ns =non significant

TSS, total soluble solids; TA, titratable acidiR/S, reducing sugars; Vit C, vitamin C; FRAP,

ferric reducing ability of plasma; TMA, total monenic anthocyanins; TPC, total phenolic

content; L*, lightness; a*, redness; b*yellowness.
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Figure caption

Figure 1: Total monomeric anthocyanin for (TMA) etle-mango juice blend (40% roselle)
stored in glass and plastic bottles for 6 montZ3a€ and 4°C.
Figure 2: Vitamin C content for roselle-mango judend (40% roselle) stored in glass and

plastic bottles for 6 months 28°C and 4°C

Figure 3: Total phenol content (TPC) for roselleaga juice blend (40% roselle) stored in

glass and plastic bottles for 6 month28tC and 4°C

Figure 4: Antioxidant capacity (FRAP) for roselleango juice blend (40% roselle) stored in

glass and plastic bottles for 6 month8&tC and 4°C

Figure 5: Bi-plot of scores and loadings of thedJoselle-mango juice blends (40R) stored at

ambient and refrigerated temperature for six mofghason 2011 and 2012)
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Abstract

Roselle extract was blended with mango, papayagaasia to produce roselle-fruit blends
and organic acids (malic, succinic, citric andaad) and sugars (glucose and fructose) were
determined using HPLC. In addition, consumer aaigfty of roselle-fruit blends was
evaluated using un-trained judges. The results sHosignificant (p<0.05) reduction of
glucose and fructose with increased amount of geltract in the blends .The organic
acids (malic, succinic and tartaric were decreasgdificantly (p<0.05) with increased
concentration of roselle extract.

All roselle-fruit blend (20R) scored almost highastll the organoleptic properties (colour,
flavor, taste, appearance, odour consistency (nfieei)hand acceptability) with roselle-
mango blends highly acceptable by panelists folthlvg roselle-papaya and roselle-guava.
Addition of fruit juices in the roselle extract hathown to increase sugar content and

reducing the acidity of the roselle-fruit juicesnise high acceptability of blends with high

1
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sugar contents. The increase in roselle extraittarblends led to high colour score in all the
roselle fruit juice blends.

Keywords: roselle extract, fruit juices, organicds¢ sugars, sensory attribute
INTRODUCTION

Juicy extracts are produced from various typeslaftp, mostly their leaves, flowers and
fruits. There has been high demand for these judoesto their nutritive values, varying in
attractive colours, aroma and flavour [1]. One splemt whose flowers are used to prepare
juices isHibiscus sabdiriffacommonly known as roselle.

Roselle is a tropical plant initially cultivatedrfthe use of its leaves, seed and stem, but is
now grown commercially for the use of the calyde@sselle juice is known to be highly
acidic with a mixture of organic acids such asigitmalic and tartaric acids, and low sugar
content [2, 3, 4]. Organic acids and sugars hatectwsf on the chemical and sensorial
characteristics of the fruit. While organic acidsegdifferent perception of acidity, sugars
present different sweetness level [5].The wholenplean be used as raw material for
beverage, or the dried calyces can be soaked erwaprepare a colourful drink, consumed
either cold or hot [6].

The low pH of roselle extract is known to causersagte, hence the need for intensive
sweetening and flavouring to attain consumer aet#ly. Roselle extract can be blended
with various fruits to produce fruit-flavoured rdisedrinks. Blending will give beverages
with improved organoleptic quality and higher niidg values richer in vitamins and
minerals. Organoleptic assessment is influenceatlgrby the relative and total amounts of
sugars and acids in fruits and fruit juices [7]eTdetermination of organic acids and sugars
in beverages is very important, as their presemck ralative ratio have effect on both
chemical and sensory characteristics of the proohetading, pH, total acidity, sweetness
and consumer acceptability. It will also providéormation on food wholesomeness or how
to optimize some selected technological processes

Organic acids are natural compounds in fruits aegetables [5, 8]. They originate from
biochemical processes or from the activity of somieroorganisms such as yeasts and
bacteria [5]. The nature and concentration of ai@acids (malic, citric, tartaric, succinic)
and sugars (including glucose, fructose and suritusee effect on the organoleptic quality
(flavour, colour, and aroma) in fruits and fruitoducts. The flavour of the flesh fruits
dependent on the balance between soluble sugarsn@mdolatile organic acids. The
presence of sugars gives different sweetness levigle the organic acids give different

perception of acidity [9] also have influence oe 8tability and microbiological control of
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fruits and fruits products [10]. Consequently, twmposition of these sugars and organic
acids, as well as sugar/acid balance, probablyenfies the taste of the flesh [5].

In this study, roselle extracts were blended witango, guava and papaya in different
volume ratios. The aim was to determine the orgaocid and sugars in these blends as they
directly affect flavor and taste and hence genemateptability. In addition, sensory
evaluation of the same blends was carried outdesssthe acceptability of the blends.
MATERIALS AND METHODS

Fruit material

Dark red dried roselle calyces were purchased fitwenMunicipality market in Morogoro,
Tanzania. Guava (pink variety), papaya (‘Solo’) anmgngo (‘Dodo’) were purchased from
the horticulture garden at Sokoine University ofridglture (SUA), Tanzania, and brought

to the Department of Food Science and Technology.
Roselle extract preparation

Roselle extract was prepared according to [11] witbdifications. Dried roselle calyxes
(10% moisture content) were grounded for 1 minugimgia blender (Kenwood BL 440).
Dried and grounded roselle calyces were mixed wistilled water (1:10), extracted in a
water bath at 5 for 30 minutes followed by filtration with a clesecloth. The extract was
kept at 4C before further mixing and analyses.

Fruit juice preparation

Fully matured fruits of premium quality of mang@paya and guava were used. The fruits
were thoroughly washed, peeled and cut into smetlgs, except for guava, which were not
peeled. The fruit pieces were put into a juice aotor (Kenwood JE 810) to make juice.
The different fruit juices were stored &C4before mixing with roselle and further analysed.

Preparation of roselle-fruit juice blends

Three different beverage products of roselle-mangselle-papaya and roselle-guava were
mixed in the ratio of 80:20 (80R), 60:40 (60R),6M(40R) and 20:80 (20R) roselle extract:
fruit juice pulp, respectively. In addition, pureselle extract (100R) and fruit juices (OR)
were analysedSodium benzoate (1 g/L) and citric acid (1 g/L)revadded to all roselle-
fruit blends as preservatives.

Juices were bottled in 100 ml sterilized plastittlbs, loosely capped and pasteurized in a
water bath at a temperature of 8Z5or 20 min and cooled rapidly to room temperatwye
immersing the bottles in a cold water bath.
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Sensory evaluation

The panelists were semi-trained and randomly ssdeftom the student, academic and non-
academic staff of the Department of Food ScienakTathnology, at Sokoine University
of Agriculture, Morogoro, Tanzania. Participantd diot receive any information about the
nature, content, nutritional value or potential ltkeébenefits of the fruit juices they
evaluated. They were only informed that the studgcerned tropical fruit juices mixed
with a plant extract.

The panellists were asked to read through the iquestires, and the meaning of each
attribute (colour, taste, flavour, odour, consistefmouthfeel), and overall acceptability)
was explained to avoid any misinterpretation. F@che roselle-fruit juice sample,
participants were asked to score each attributerdog to a 9-point Hedonic scale where 9
was “like extremely” and 1 was “dislike extremelyi total, 90 questionnaires integrating
sensory tests of three Roselle tropical fruit btemé. Roselle-mangon€ 30), Roselle-
papaya 1t=30) and Roselle-guavan£30). The roselle-fruit blends (20R, 40R, 60R and
80R), labeled with a random 3-digit code were sgrkefrigerated in transparent plastic
cups (30 mL juice in a 50 mL cup) to the panelists.

Determination of organic acids and sugars

The concentration of some organic acids (e.g.cgitsuccinic, tartaric and malic) and
carbohydrates (e.g. glucose and fructose) in md$elit blends was analyzed by High
Performance Liquid Chromatography (HPLC) as desdriby Castellar et al [12].Perkin
Elmer series 200 HPLC system (Norwark, CT, USA)igoed with a pump system, a
refractive index detector (RID-200 SERIES) for sugaalysis, and a UV/Vis detector
(SPD-20A) monitored at 210 nm, for the analysismfanic acids. Sugars and organic acids
were simultaneously analyzed onto an Aminex HPX-88Himn (300x7.8 mm) (Bio-Rad)
and kept at 32 °C. The analytical conditions usetewas follows: flow 0.4 mLmin-1,
eluent 0.05N KHSO, with 6% acetonitrile (v/vResults are presented as mg of sugar or acid
per kg of sample.

Statistical analysis

Data obtained from the study were analyzed usingn®@nd standard deviations. Analysis
of variance (ANOVA) and Tukey method was used &t tgnificant difference between
means. Significance was accepted at P<0.05 usimitd¥i (Version 16.0, 2008, Minitab
Statistical Software, Minitab Inc., Enterprise Qxi8tate College, PA, USA).

Results and discussions
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The quantity of organic acid and sugar for ros&l&-blends (0-100% roselle) are shown in
figure 1. The quantity of organic acid and sugareaguccinic acid (21.7-0.7) xd@ig/kg,
citric acid (1.9-4.0)x1%ing/kg, tartaric acid (0.19-0) xi@g/kg, malic acid (0.76-0.14)
x10’‘mg/kg, glucose (8.15-1.88) g/kg and fructose (2M%) g/kg.

The major sugars in roselle were found to be gledoiowed by sucrose and fructose
(Amusa et al., 2012, Wong et al 2002). Succinic aitric acid was found to be higher in
the roselle extract while Wong et al 2002 and Balbadt al., 2001 identified oxalic, tartalic,
and succinic acids and however succinic acid aradioacid were predominant acids. The
main acids encountered in fruits are tartaric, epaitric, succinic, lactic and acetic acids
(Tasnim et al., 2010)

The results showed that as the concentration @lleosxtract decreased in the blends, the
guantity of organic acid, except for citric acidecteased and the sugar concentration
increased (Table 1). Pure roselle extract is kntiwioe low in sugar and highly acidic (Jung
et al 2013) while the different fruits used in thlends have high sugar content. Succinic
acid was the predominant acid in the roselle-folginds with high concentration of roselle
(80R) while citric acid was the predominat acid naselle-fruit blends with low
concentration of roselle (20R) (Table 1). The antairiructose and glucose in blends with
high fruit content (20R) was higher compared taontewith high roselle content (80R).
Sensory characteristics of any food product coutebsignificantly to its consumer
acceptance or rejection. Thus, sensory evaluafiéood using panelists is routinely carried
out to evaluate the acceptability of food produ@][ Appearance, flavour and colour are
the most important attributes determining consumeioices of food products. The sensory
attributes of the roselle-fruit blends are showitable 2.

All roselle-fruit blend (20R) scored almost highastll the organoleptic properties (colour,
flavor, taste, appearance, odour consistency (neelhhand acceptability) however the
roselle-mango had the highest acceptability by lsteefollowed by roselle-guava and
roselle-papaya blendhe increase in levels of roselle extract in adl tbselle-fruit blends
(60% and 80% roselle) resulted in decreased sessorg which might be due to increased
acidity in the blends.

The maximum scores for all sensory attributes (odoonsistency (mouthfeel) and overall
acceptability) in roselle-fruit blends was foundr f20% roselle and 40% roselle, and
minimum for all roselle blends with 80% and 60%seits Colour was the attribute that
panelists rated higher &l roselle fruit juice blends, however roselleiffijuice blends with

80% roselle were rated highest. The decreased otyatien of roselle extracts in the blends
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(Table 1) lowered colour scores in all the ros&llgt blends. This is an indication that the
red colour of roselle extract was very attractivgpanelistsRoselle extract is known to be a
good source of anthocyanins [2, 3, 14, 15], whitiparts the red colour to the blends.
Colour play a very important role in the accepifbibf foods as it is one of the principal
characteristics perceived by the senses and ishysednsumers for the rapid identification
and ultimate acceptance of fodd$]. Colour and taste is known to play a major roléhia
acceptability of zobo (roselle) beverage by congsifiE/].

Conclusion

Addition of tropical fruit juice in roselle extradtas shown to reduce the acidity of the
blends and also increased sweetness of rosellesfands All roselle-fruit blends with 20%
roselle had higher acceptability

The addition of tropical fruit juice with high sugeontent in roselle extract can reduce the
sourness of the blentHowever, we suggest that the choice of fruit to &idhe blend

should depend on the availability of fruits.
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203
204 Table 1 Organic acid and sugar composition of tedalit blends of 0-100% roselle.

x10°mg/kg x16mg/kg
Blends Citric Succinic Tartaric Malic Fructose Gise
Mango
100R 1.4 9.7 0.25 0.9 1.9 2.0°
80R 1.7 8.3 0.18" 0.38 1.8 2.2
60R 1.9 1.9 0.18" 0.31° 2.3¢ 2.4
40R 2.8 1.¢" 0.14* 0.26° 3.0 2.7
20R 3.4 1.0 0.07° 0.21° 3.1 2.7
OR 4.6 0.7 0.04' 0.20 8.1 7.0
Papaya
100R 2.9 22.1 0.19 0.76 1.9 2.8
80R 3.f 21.0 0.18 0.32 1.9 2.6
60R 3.6 16.6 0.1 0.30 2.0° 2.7
40R 4.1 14.9 0.10* 0.26 2.6 3.3
20R 4.1 8.3 0.08 0.24 3.1 4.0
OR 4.6 3.2 n.d 0.2% 7.4 6.6
Guava
100R 1.7 23.7 0.19 0.3¢8 1.1° 2.0°
80R 3.t 11.7 0.18 0.26* 1.9* 2.0°
60R 3.2 11.4 0.17 0.28 2.2 2.4
40R 3.4 8.1° 0.15 0.23 2.3 2.8
20R 39 5.2 n.d 0.2% 2.3 2.9
OR 7.3 1.0 n.d 0.14 2.8 5.0°

205

206 Means in the same columns followed by differertelstare significantly different at
207  p<0.05. 80R=80% roselle/20% fruit juice, 60R= 6Q3%%alle /40% fruit juice, 40R= 40%
208  roselle /60% fruit juice, 20R= 20% roselle /80%iffjuice.
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216

217  Table 2 Sensory assessments of roselle-fruit blames30).

Fruit Blends Colour Taste Flavour Odour Consistency Overall
juice acceptability
Mango 80R 7.0ab 3.9c 4.4c 5.8b 4.9c 4.7b
60R 7.5a 6.0b 6.1b 6.4ab 6.0b 5.9b
40R 6.3b 6.7ab 6.6ab 5.6b 6.3b 6.3ab
20R 7.1ab 7.3a 7.1a 7.2a 7.3a 7.3ab
Papaya 80R 7.4a 4.2c 4.8b 5.4a 5.2a 5.3a
60R 7.0a 5.1b 5.3ab 5.2a 5.4a 5.6a
40R 5.8b 6.7a 6.4a 6.0a 5.0a 5.8a
20R 6.3b 6.1a 5.7ab 5.4a 5.8a 5.9a
Guava 80R 7.0a 3.9d 4.4b 5.8b 4.7c 4.9c
60R 7.0a 5.2¢c 5.3b 5.5b 5.4bc 5.7b
40R 7.1a 6.2b 6.2a 6.2b 5.8b 6.1b
20R 6.9a 6.9a 6.7a 6.8a 6.7a 7.1a

218

219  Means in the same columns followed by differertelstare significantly different at
220 p<0.05. 80R=80% roselle/20% fruit juice, 60R= 6Q3%%alle /40% fruit juice, 40R= 40%
221 roselle /60% fruit juice, 20R= 20% roselle /80%itfjuice.
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