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Summary

This task also aims at producing product samplaswiil be used as demonstration samples
for European food or ingredients companies. Sonegtjnizuropean companies have been
approached and invited to participate in the prédaocof samples in collaboration with
European partners of AFTER. Sensory analyses haen lsometimes organized for
comparison with standard European products.

This activity aims at identifying samples produnBoactivities in Europe allowing food
industrials and ingredients companies to accesgdbnical specifications and problems
related to these productions and then to raise th&rest for testing new products and
productions from African Countries in their progempanies.

Reproducibility in Europe of the same process dmmus used in African Countries was
sometimes not easy and the adaptation of the ivadltprocessing conditions by introduction
of modifications was sometimes necessary.

Sometimes, it was also important to use raw maseri@odstuffs and varieties coming from
Africa for facilitating reproducibility.

This sampling activity has also allowed a confrtinta between the product and European
consumer in order to test the opportunity of constion of such food products in Europe.
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Methodology

During the AFTER project a lot of sample of all tducts have been produced. For each
category of products, and for each product, idiatiion of production samples activities at
both laboratory scale and pilot scale has been.done

This identification has been performed by workingups organized during the last AFTER
meeting in Saly (Senegal). Each working group wealidg with one out of 3 groups of
products.

Results

A matrix has been fulfilled and completed for eaakegory of products and for each product
gathering all necessary information about samplaagvities which took place during
demonstration activities of the project.

This information is including:

Place of samples production

Team involved in the samples production

Dates of production

Scale of production (laboratory or pilot scale)
Technical specifications related to the samplesyetons
Main problems encountered

Contacts for more details

AN NN N N NN
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Products Place Team Date Scale (Laboratory or pilot scale) Technical specifications - Main problems Contacts

Produced from the functional ingredient

France, Montpellier CIRAD pilot scale )
: mayonnaise, nappage

Liquid concentrate and spray-dried
powder: high in anthocyans at about 2,50
% dm - Main conclusions: slight
differences between plant species (Koor
dried extracts). Chosen P P (

conditions: extraction at 25 °C and Vimto- preferred) and mainly

Bissap between years, easy extraction, filtration
with water (hydro-alcoholic years, easy ’

Laboratory and micro-pilot
scales (crude liquid
concentrated extracts and spay-

ibi i and concentration (non-sticky nor
(HIbISCUS Sabdar’ffa ) X extraction leads a 20-25 X . ( y
) Numerous experiments between ) foaming material), spray-drying .
France, Amiens CvVG %better extraction rate and ) . Philippe DAVID
January 2013 and June 2014 . . successful without dextrins but to be
purity but is slower and unsafe ) .
. confirmed on alarger scale in along run.
for craft operation) and then )
) o . The unconcentrated extract (pH = 2,0) is
simple filtration, concentration O
unstable, and anthocyans are sensitive to
under vacuum up to 20- 25% K )
. . ... apHrise,tolight, and to temperature
dm. Optionally: microfiltration
o and oxygen to some extent (to be
for sterilization and spray- X X .
. studied more carefully in various
drying up to 92-96 % dm. )
matrixes).
Ascorbic acid decay, browning and aroma
degradation (bitterness) on storage:
temperature seems the drivin
Bouye/ Baobab pulp ) Storage experiments between P . ! 8 o
. France, Amiens CVG January 2013 and June 2013 Laboratory scale parameter at least in the first weeks. A Philippe DAVID
(Adansonia digitata) i tight packaging (oxygen and light proof)
can only lead to a slight improvement
under some circumstances.
Jaabi
(Ziziphus mauritiana  France, Montpellier CIRAD April tu June 2013 pilot scale Cf scientific paper in appendix.
Lam.) Dominique PALLET

Table 1: product samples for Group 3
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For this group of products, the samples productias been realized at laboratory and pilot
scale.

No information about the involvement of food indies and/or ingredients producers in
these different samples productions has been tigtegim

Conclusions

For the group 3 of products, production activitigls samples have been identified and
collected all of them being performed at laboratsrsle.

Technical specifications as well as problems entsyead related to each sampling production
activity are available for food industrials and rnedients producers in Europe interested in
African food products and in diversifying their cemt production.
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Annex: Project of publication on formulation and fabrication of
Jujube cakes samples

Processed Z. mauritiana Lamk in the formula of highnutritional value cake
S. Zozio™? A. Servent?, A. Hiol*, D. Mbéguié-A-Mbéguié'? L. Cosmidis’, J.M. Lucien?, D.
Pallet?

1CIRAD, UMR QUALISUD, F- 97130 Capesterre-Belle-Eau, Guadeloupe, France

ZCIRAD, UMR QUALISUD, F-34398 Montpellier, France

“CIRAD, UMR QUALISUD Université de la Réunion — ESIROI, Spécialité agroalimentaire, PTU - 97490 St
Clotilde

Corresponding author: Dr. S. ZOZIO
E-mail: suzie.zozio@live.fr

Key words: jujube process, cake, phytochemical bioactivitytritianal, polyphenols, vitamin C,
rheological parameters, antioxidant

Highlights

Enhanced phytochemical compounds in jujube flour
Reviewed process leading to more nutritional cake
Optimization rheological parameters by steam oven
Postharvest diet valorization of jujube fruits

Abstract

The nutritional value of jujube fruitsZiziphus mauritiana Lamk) was process reengineering

through an optimized traditional cake making praced Initially, the characteristics of jujube

fruit polysaccharides from an accession known asv®® determined for each of the 5 ripening

stages. Therefore, the content of the Alcohol msiel Materials (AIM), Water Soluble

Polysaccharide (WSP) and Galacturonic Acid (GuAa}determined at each ripening stage. The

degree of methylation (DM) of jujube pectins wasslehan 50%, and so was classifiedas

methoxylated (LM) pectinUsing the % and the B ripening stage to make the cake, the impact

of the drying and cooking was evaluated on selectedtional characteristics, including vitamin
C, total phenolics content and antioxidant capad®gmarkably, using the fruits from thé&' 3

stage, the drying process decreased the vitamon@iwt (74%) whereas an increase of 20 % was

observed for the cake during the cooking step. i&ingly, the antioxidant activity was

unchanged during the drying process. In contrdigr the cooking process the phenolics content

and the antioxidant capacity had both increase®48y and 30% respectively.
Overall, our results indicated that stage 3 frwisuld exhibit higher nutritional qualities than

stage 5 fruits. We strongly recommend stage 3sfroit accession P3 for food applications,

including jujube cake processing.
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1. Introduction

The jujube fruit Ziziphus mauritiana Lamk.), known as gomme surette’ in Guadeloupe, is
underutilized despite its high nutritional valuedaits biological properties, underlined by
various triterpenoid acids, flavonoids, phenoliédac cytokinins and tannin@Pawlowska,
Camangi, Bader, & Braca, 2009) Furthermore, previous studies have revealed & hig
antioxidant capacityJ.-W. Li, Fan, Ding, & Ding, 2007; Zhang, Jiang, ¥, Ye, & Ren,
2010; Zozio, Servent, Cazal, et al., 2014).

Nevertheless, a huge range of food products haea lestablished, including compotes,
alcoholic beverages, flours, chutneys, pickles smthe cakes in IndiéShobha & Bharati,
2007) However, rapid perishability is a problem for fh@svest management and further
processingPareek, Kitinoja, Kaushik, & Paliwal, 2009).

Depending on their ripening stages, the fruit slator shifts from green to yellow, eventually
reaching a reddish-brown color. Then, the harveltets can be classified into five ripening
stages as showed in the previous w@wzio, Servent, Hubert, et al., 2014).

A recent study on polysaccharides frafiziphus mauritiana indicates that they have
rheological propertie§Thanatcha & Pranee, 2011) High DM pectin (high methoxylated
(HM), DM >50%) can form a gel in acidic conditions the presence of high sugar
concentration. Conversely, gelation of low methopgctin (LM, DM < 50%) occurs at
higher pH in the presence of divalent ions, suckasium, which acts as a bridge between
pairs of carboxyl groups of different pectin chaii$ie main industrial sources for pectin
extraction are apple pomace and citrus peels, whiokide HM pectin. LM pectin can be
obtained after chemical de-esterification of HM tpez However, this process often induces
pectin depolymerization, thus reducing the gel-iognability of pectin(Fraeye, Duvetter,
Doungla, Van Loey, & Hendrickx, 2010)

Furthermore, polysaccharides extracted from plants fungi have been identified for their
anti-oxidative and hepatoprotective effed. (Wang et al., 201 and also for their
immunobiological, anti-viral, anti-tumor and othbiological activities(Garcia-Gonzalez,
Alnaief, & Smirnova, 2011). Hence, the composition of polysaccharides frbm $pecies
Ziziphus jujuba growing in China have been elucidatédw. Li, Ding, & Ding, 2007; J. Li,
Shan, Liu, Fan, & Ai, 2011).

In Africa, a traditional cake known as “yaabande’made with harvested mature fruits and
dry grains fallen from jujube trees onto the gro(@Ddirou, Biyanzi, Pallet, & Ndjouenkeu,

2014) However, the ripening stage has not been cleaiyneld. Thus, in order to combine
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processing and the biochemistry characteristicgljobe during the ripening, we evaluated
the nutritional value of an optimized cake. Henee,first characterized the polysaccharides
during ripening in order to assess the rheologmalperties. Subsequently, we chose 2
ripening stages based on nutritional properties #ued traditional processing method, to
evaluate the impact of ripening on the quality ofupe cake, previously optimized. In

addition, the impact of the process (drying an@rsteooking) on the content of vitamin C,

total phenolics and antioxidant capacity of thailpg cake was investigated. The optimized
process was set as follows: drying parameters (@8 6€), size grading of jujube flour (465

pm) and cooking parameters (10 mins/ 100°C in ansteven). The present investigation was
carried out to help determine added-value usewjob¢ fruits, and also to preserve this
seasonal fruit for a longer period in flour and ed&rm. Our results strongly suggested that
jujube fruits taken at stage 3 may provide highriiahal value and elevated antioxidant

activity, in both the flour and the cake.

2. Material and methods

2.1. Fruit harvest and sampling

The cultivar P3 fruits were harvested in January226n a local farm based in the south of the
island under wild conditions, following the fivepening stage as described in the previous
work (Zozio, Servent, Hubert, et al., 2014).The fruits were washed with 1% chlorinated
water and rinsed with water. Then the fruits wdogesl for four days in air at 20°C in order
to homogenize their internal temperature and teakany putative injured fruits that might
not have been observed during harvesting. Ethypoduction was measured in order to
check the physiological stage of the fruit samplé® ripening stage 3 and 5 fruits were kept,
the stage 2 fruits were matured until stage 3,thadstage 4 fruits until stage 5. Then 2 jujube
lots were frozen before processing: stage 3 fiudge designated “3 fruits” and stage 5 fruits,

as “5 fruits”.

2.2. Total soluble solids and titratable acid measurement

The fruits, flours or cakes were homogenized witllemder and centrifuged for 1 h at 10,000
x g and 4°C. The supernatant was collected foryarsalof total soluble solids, pH and
titratable acidity. The level of total soluble sidiwas determined using a digital Refracto

30PX/GS refractometer from Mettler Toledo, (GroeserSaint-Herblain, France). pH and

Page8 of 21



AFTER (G.A n245025) — Deliverable 7.2.6
Technical specifications and product samples for Gr oup 3

titratable acidity expressed as citric acid wertedsined by titration with 0.1N NaOH using
a TitroLine easy apparatus from SCHOTT Instrum8ml§lock, Ilikirch, France).

2.3. Determination of ascorbic acid content

Five hundred milligram of fruits, flours or cakeem stirred in 10 ml of methaphosphoric
acid 4% for 10 mins, and then centrifuged for 1(hsnat 10,000 rpm. The remaining
supernatant was then filtered through a 0.45 pter f{Millipore) and then analyzed by HPLC
using a 1200 series HPLC Agilent System.

2.4. Determination of jujube flour grading

The patrticle size was determined by the Mastersg0 laser diffraction particle size
analyzer (Malven Instruments, Malvern, WorcesteeshUK) at a grinding speed of 1500

rom. The mean of 6 measurements was used to estiheaparticle size of 3 grading flours.

2.5. Determination of jujube cake firmness

Jujube cake firmness was measured by a textureyzama{Stable Micro Systems TAXT
PLUS). Preliminary experiments were conducted tbnupe the process conditions with a
ball probe adjusted for 70% deformation of the ¢cakith a speed of 0.7 mm/s. The force
recorded in Newtons (N) was given as firmness. Til®surement corresponds to the force
needed to give a deformation of 70%. The more lflexine cake, the less it was deformed.

2.6. Total phenolics (TP) content

Total phenolics content was evaluated spectronadlyienethod using the Folin-Ciocalteu
reagent as per the methodSihgleton, Orthofer, and Lamuela-Raventés (1999nodified

for a TECAN Infinite 200 96-well plate reader. Gaien was used as a standard to
guantifying the TP content in fruits, flours andkea. The results were expressed in mg
catechin equivalent (CE) /100 g.

2.7. Antioxidant capacity determination
The FRAP assay was carried out on a TECAN Infidid® 96-well plate reader (TECAN

Austria GMBH) as pefZozio, Servent, Cazal, et al., 2014Yrolox was used as a standard to
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qguantify the TP content in fruits, flours and cakébe results were expressed in mg Trolox
equivalent (TE) /100 g.

2.8. Polysaccharide analysis

2.8.1. Extraction method

Polysaccharide extraction from jujube fruits wasgied out as per the modified method based
on (J. Li, Fan, & Ding, 2011) Lyophilized jujube fruits were refluxed with 96@thanol at
70°C for 1 h, and this step was repeated 3 tinfsbsequently, the dried ethanol-extracted
residue was extracted with distilled water at 886€3 h. After one night of decantation at
4°C, the aqueous part was recovered by centrifoigai4°C/20 mins/10000g) and
concentrated. The polysaccharide was isolated ByngB volumes of cold 96% ethanol. The
precipitate was recovered by centrifugation (4°CA2s/ 10000g), and finally lyophilized.

Brown water-soluble polysaccharide (WSP) was okthin

2.8.2. Galacturonic acid content

A method based ofChang, Hsu, & Chen, 2010was modified to determine galacturonic

acid content. Five milligrams of polysaccharidenfreach ripening stage was poured into a
screw-capped tube, then 1 ml of sulfuric acid wdded for hydrolysis for 3 h at ambient

temperature. After dilution and filtration thougiguze, 500 pl was mixed thoroughly with

2.5 ml of 0.125M sodium tetraborate in sulfuriccaand immediately cooled in an ice-bath.

Then, all the tubes were heated to 80°C for 6 miogled, added to 50 pl of 0.15% m-

hydroxybiphenyl in 0.125M sodium hydroxide, andtearagitated; the absorbance at 520 nm
was then measured every 2 mins for 20 mins. Theirmar absorbance was used to
determine the galacturonic content based on thlatd curve, which was prepared using 7
concentrations (5, 10, 20, 40, 60, 80 and 100 py/ofLgalacturonic acid standard. The

straight-line equation obtained for the standardrewas y = 0.0112x-0.0147 with an R2

value of 0.9902.

2.8.3. Degree of methylation (DM) estimation

The degree of methylation of jujube pectins frore flve ripening stages was determined
using a modified method based @tuisman, Oosterveld, & Schols, 2004)The pectin DM

is expressed as the percentage of the total nuailgadacturonic acid residues esterified with
a methoxyl group. SPME/CG by standard addition wsed to quantify methanol released
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from pectic material by saponification. Five nghams of WSP was weighed into a
headspace vial (in quadruplicate) and 1 ml of 2NDNavas added. 1 ml of deionized water
was added to the samples (duplicate), and 1 ml ethamol to the spikes (duplicate). The
vials were sealed and kept at 4°C for 1 h, and th@m€mins at room temperature, and
subsequently analyzed. The vials were heated t&€ 86f 15 mins in a the head-space
sampler, then an SPME fiber PDMS/DVB (85 um stagkefChromoptique, Courtaboeuf,
France) was exposed to the headspace vials whlextract was continuously stirred for 15
mins. Methanol was desorbed by inserting the SPMWEr finto a GC injector (injector

temperature 250°C) for 30 s in splitless mode cotaewith DB-WAX column (30 m, 0.25

mm ID, 0.25 um film thickness) for 60 mins. Theeigtation was achieved using MSD

ChemStation software. The degree of methylationestisnated using Equation 1 below:

DM = M Methanol x MM yronic acid x 100
MM pmethanol M yronic acid

(Equation 1)

Where: m= mass (g9), MMethanoi= 32g/mol, MM yronic acid= 176 g/mol

2.9. Jujube cake processing

The processing of jujube cake comprised three iddal steps: drying, grinding and cooking
(Fig.1). The drying was optimized with a horizontal airtleti dryer (UTA, Marmande,
France) with three parameters: temperature, timed afruit configuration
(whole/sliced/grinded). The impact of the flour djreg on the consistency of the cake was
also evaluated. The cooking parameters (time, gyaot flour and type of mold) were
optimized with an Emeraude 3 steam oven (Thirodé&;jkhory, France).

Sensory evaluation of the cake samples was caaugdoy 5 semi-trained panelists from
CIRAD Montpellier.

3. Statistical analysis
The data were subjected to Analysis of Variance @QMA) using Statistica software
(Statsoft, version 7). The means were separated &éach other by Duncan’s Multiple Range

test p < 0.05). Analyses were performed on three bioldgiealicates.

4. Results
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4.1. Characteristics of polysaccharide extramifiujube

WSPs from jujube fruits were obtained by precipitatwith alcohol from the aqueous extract
of the alcohol-insoluble material (AIM). The AlMdreased slowly until the"4ripening stage
(38% to 47% DW), before a decrease at the endeofipiening (8 stage: 39.16% DW). The
resulting WSPs exhibited a constantly high vak@24) during ripening. Previous studies by
Kannan and Susheela Thirumaran (2003pointed to very low pectin content in unripe and
ripe Z. mauritiana (0.39% and 0.18% respectively). However, an irgsgewas observed
during ripening in unripe~0.7% DW) and ripex3%DW) fruits of theZ. jujuba Huanghua
cultivar, whereas a constant value3% DW) was obtained for the Zhanhua cultiak.
Wang et al., 2012) The content of uronic acid extracted from theulpgg WSP increased
slowly until the &' ripening stage (40.58 to 46.81 %), and then reh&®25% at the s
stage. For the DM, a significant decrease was wbddrom the % ripening stage (36.07%)
(Tab.1).

4.2. The jujube cake processing

4.2.1. Impact of temperature and fruit configuration on quality of drying

The temperature and fruit configuration have a hingpact on quality of drying, as shown in
table 2 Whole and scalped fruits were dried only on tkm,sand were finally burned,
whereas the pulp was cooked. However fruits slibetbre drying exhibited acceptable

drying. Conversely, the ground fruits formed a méghng drying, and became very hard.

4.2.2. Impact of cooking time

The cooking time was optimized in relation with tbake consistency. The consistency
changed and became more compact as time increadatiting loss of the flavor and aroma
characteristics. Firmness was determined 2 h anld &4er baking, to evaluate the possible
modification of the consistency due to water absonp

The cake firmness increased with cooking time, Bthand 24 h after the end of cooking.
However an insignificant increase was observedr aftemins and 10 mins of cooking,
regardless of the measurement (2 h or 24 h). litiaddno significant difference between 2h
and 24h was observed after 7 mins of cookkig.p).

4.2.3. Impact of flour grading on cake consistency
The flour grading was shown to have an impact enctike consistency. The fine and coarse

grading gave a worse consistency irrespective@ttoking time. However, the intermediate
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grading (465 pum) was chosen for baking jujube caesause of the soft and melting texture
(Tab.4).

4.3. Effect of process on nutritional qualityjofube cake

Flour from the ripening stage 3 was designated|d@rf, and flour from stage 5 “5 flour”.

Likewise, fruits from stage 3 were designated t8t§” and fruits from stage 5 as “5 fruits”.

4.3.1. Impact of ripening stages on nutritional quality of jujube cake

In order to evaluate the impact of ripening stagethe nutritional quality of jujube cake, 3
fruits and 5 fruits were used in processing to makabe cake, as shown in figure 6.
Chemical analyses were carried on fruits, flourd eakes Table 4). 3 fruits exhibited high
ascorbic acid content (133.35 mg/ 100 g DW), witlarge decrease in 5 fruits (95%). This
last ripening stage 5 fruit also showed a lowealtphenolics content (61%) and antioxidant
capacity (87%) than stage 3 fruit. Previous woragehhighlighted the decrease in nutritional
quality during ripenindZozio, Servent, Cazal, et al., 2014; Zozio, Servermubert, et al.,
2014)

4.3.2. Impact of drying process and cooking on nutritional quality of cake

Unexpectedly, the drying process did not affectttital phenolics content or the antioxidant
capacity, irrespective of the ripening stage. Cosely, ascorbic content was reduced
dramatically: 80% for 3 flour and 76% for 5 flo(ifable 4). A previous study o&.jujuba
showed a decrease of vitamin C (65%), phenolicedn(32%) and antioxidant activity
(40%) during drying at 65°CAbozeid, Helmy, Nadir, & Abou-Arab, 2011). Surprisingly,
the cakes from 3 flour (3 cakes) and cakes froodr (5 cakes) exhibited a 30% increase of
total phenolics content, and 60% for the antioxideepacities from the flours. A similar
antioxidant improvement during steam cooking wamitbin jujube cakéDairou, Biyanzi,
Pallet, & Ndjouenkeu, 2014) This enhancement may be due to naturally ocayrrin
compounds or formation of new compounds, such adlavth reaction products with
antioxidant activity(Nicoli, Anese, & Parpinel, 1999) Furthermore, cooking was found to
increase total phenolics in green beans, peppetberatoli (Turkmen, Sari, & Velioglu,
2005) It was reported that heat treatment increasedetred of free flavonols in tomatoes by
releasing conjugated quercetin as rithtewart et al., 2000) A study on phenolic acids of
citrus peel showed that the free compounds incdeafier heat treatment; as opposed to ester,
glycoside and ester-bound compounds which decliagdlid flavanone glycosid€Xu, Ye,
Chen, & Liu, 2007). Phenolic compounds are present in different bostatkes in plants
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(Nwaichi & Anyanwu, 2013; Yao & Ren, 2011)and may be cleaved and rearranged into
more soluble forms by thermal processing, whichide® an increase in antioxidant activity
(Dini, Tenore, & Dini, 2013).

In a previous study, an increase of p-coumaric étié to 4.3 mg/kg DW) and ferulic acid
(48%) were found after sun-drying afjujuba (Gao, Wu, Wang, Xu, & Du, 2012)and after
microwave, vacuum and roasting treatment gezoumaric acid(Ravichandran, Ahmed,
Knorr, & Smetanska, 2012) Likewise, ascorbic acid content showed a bigease from 3
and 5 flours to 3 cakes (48%) and 5 cakes (73%).

5. Discussion

Jujube cake preparation was optimized in a steasn,owith various temperatures and
cooking times, different flour grading and tins, ander to achieve the flavor, aroma and
consistency characteristics ascribed to the tawti jujube cake found in Africa. The
optimized drying parameters were 45°C/24 h/slicedd, and the cooking parameters were 3
g of jujube flour cooked for 10 mins with an intexdiate grading of flour (465 punlrig.1).
After 7 mins of cooking, jujube flour was compactbdt the cake was finished after 10 mins,
when the specific jujube flavor was released. naperty of compaction may be attributed
to the gelling ability of pectin polysaccharid@svageliou, Richardson, & Morris, 2000;
Wang, et al., 2012) Indeed, our results showed a high WSP contenhgluipening (6%),
with a high content of galacturonic acid (50%).tharmore, with regard to its DM (less than
50%), jujube polysaccharides were classified aw ‘thoethylated” polysaccharide. Therefore,
the gel was created with bivalent ions such asiwalcZ.mauritiana lamk cv Gola from
Senegal revealed a high calcium content (488 mgglDW/) (Danthu et al., 2002a)
Traditionally in Cameroon, jujube cake was bakeshgishe last ripening stage 5. However,
the nutritional quality was very low in fresh frygicked at this stage, as described in previous
work (Zozio et al., 2013) 3 fruits exhibited a higher total phenolic cortesscorbic acid
content and antioxidant capacities than 5 fruibspéarticular, 3 fruits have a similar WSP
content(Tab.1). Then jujube cake was prepared with ripening sggad 5 fruits, in order to
evaluate their impact on nutritional quality of tlesulting cakes. Whereas the drying process
decreased the ascorbic acid in 3 and 5 floursiditndt affect the total phenolic content or
antioxidant capacity. Surprisingly, cooking hadig lmpact on the flour, producing cakes
with higher nutritional quality. However, the stutty Kavitha showed that the blanching
process on jujube fruit increase the total flavdnaontent and phenolic content, and
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Thiobarbituric Acid Reactive Substance (TBARS) dtyi whereas it reduces the scavenging
radical activity, reducing power activity and tofathenolic contentKavitha & Aparna,
2014. During baking, the change in rheological pmtips of polysaccharides may involve
the synergy of other phytochemicg@lditta & Nishinari, 2005), leading to an increase of the
antioxidant activity. Moreover, it should be notedat pectins with high degree of
esterification (49%) fronZ. jujuba have greater immunological activify. Li, Liu, Fan, Ali,

& Shan, 2011)

The increase of ascorbic acid in cake should belagygd by the reduction of
dehydroascorbate formed during the drying prockssling to ascorbate during cooking
(Barycki et al., 2007)

A previous study on jujube cake showed high qualitsibutes of some jujube-based products
such as beverages, compotes, jam, dried candyy syrdi cakegHelmy, Abozeid, & Nadir,
2012) Furthermorecakes with 20% dried jujube exhibited better nigmi&l qualities than
conventional cakefAbozeid, Helmy, Nadir, & Abou-Arab, 2011) This study revealed the
real nutritional advantage of processing a cakenfacdefined ripening stage of jujube fruits.
6. Conclusion

Overall, our results gave a jujube cake preparatethod with high nutritional qualities and
flavors. The elevated nutritional value of jujulverh ripening stage 3 and 4 can be preserved
and enhanced by cooking. Thus, the limited postdsdrlife of jujube fruits can easily be
overcome by processing. This study revealed thé gelinary advantage of cooking to
produce high added-value products from jujube.Harmore, the high biological activities of
jujube polysaccharides bring consumers more befmefit this fruit.
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Figure 4: Effect of drying and cooking on the antioxidant capcity measured by
FRAP assays on fruits from ripening stages 3 and 5

Table 1: Characteristics of polysaccharides extraeid from jujube cultivar P3 during ripening

AIM WSP GuAc DM (%)
Ripening stage| (%DW) (% DW) (% WSP
DW)
38.35 6.06" 40.584°
1 (4.69) (1.08) 046 | 4652 (3.75)
42.87 5.65 40.994°
2 (6.99) (1.21) @32) 47.3T (2.61)
455" 44.45% 45,77
3 (7.13) 5.44'(1.40) (2.42)b (4.73)
47.39 46.81
4 (5.63) S14(L12) 54y 36.07 (3.93)
39.16 4.67 57.25°¢
5 (5.99) (0.83) (2.68) 37.6F (2.53)

AIM: Alcohol Insoluble Material
WSP: Water Soluble Polysaccharide
GuAc: Galacturonic acid

DM: Degree of Methylation
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Table 2: Impact of fruit configuration and temperature on quality of drying. The quality of drying was
defined by the number of (+) symbols: slightly dry(+), moderately dry (++) and correctly dry (+++).

Step of Configuration  Temperature  Quality of
experiment of fruits applied °C drying Observations
____________ 1 ... Whoe 60 .+ . Bumntskin, Pulp notdried
____________ 2 ... Whoe 4 .+ . Pulpnotdried
____________ 3 ... .. Scalped 50 .+ . _Skinburned
A Sliced .8 Correctly dried
____________ S ... Ground .3 . **+ . Pulpnotdried
6 Sliced 45 +++ Formation of a hard mesh

Table 3: Impact of the jujube flour grading on cakeconsistency

Grading Grading (um) Consistency of
nomenclature cake
Fine 75 (1.70) Pasty and sticky
Intermediate 465° (24.70) Soft and melting
Coarse 817 (61.78) Grainy

Table 4: Physico-chemical characteristics of jujub fruits, flours after drying and cakes after cookng

from ripening stages 3 and 5

Fruits Flours Cakes
Characteristics Stage 3 Stage 5 _Stage 3| Stage 5 _Stage 3 Stage 5
Pulp (%) 88.89 84.25 - - - -
(0.28) (1.48)
pH 3.33 3.52 3.43 3.43 3.43 3.43
(0.05) (0.03) (0.01) (0.02) (0.04) (0.06)
TSS (% DW) 60.2 81.27 82.63 74.47 80.12 75.21
(3.67) (0.40) (1.19) (1.2) (2.32) (1.21)
Titratable acidity (%) 1.23 141 7.29 7.38 6.54 6.66
(0.01) (0.049) (0.05) (0.02) (0.06) (0.04)
TSS/Titratable acid 9.75 10.71 11.11 9.65 12.25 10.60
Total sugar ) - - 24.00 24.42 23.65 23.84
(0.67) (0.72) (0.86) (0.97)
Dry matter (%) 19.92 18.58 98.05 95.63 96.77 93.89
(0.09) (0.38) (0.02) (0.05) (0.75) (0.37)
Ascorbic acid 267.78 5.64 68.23 1.37 82.21 6.60
(mg/100g DW) (7.54) (0.32) (4.43) (0.04) (6.23) (0.09)
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