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15 ABSTRACT

16 The carotenoid composition of gari made from biofortiftadsava (BG) was compared to

17 that of existing gari of similar appearance but made framtevcassava with added red palm
18 oil (RPG). Storage of both yellow gari products was etied at ambient temperatures

19 typical of tropical areas (19-4G) over a 3 month-period at constant relative humidity.

20 Carotenoid content and hence vitamin A activity of the gaducts decreased markedly

21 with time and temperature. Trafszarotene degradation fitted well the kinetics predicted by
22  the Arrhenius model, in particular for BG. Activation enesgor transi-carotene were

23 | 63.160.4and82.331.0kJ.mol* for BG and RPG respectively {R 0.998 and @38997

24 respectively): hence the minimum energy to cause degrad#ticansp-carotene in gari was

25 lower with BG. Rates of degradation of 9-isarotene in gari were of the same order as
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with transg-carotene. Although the initial content of trglisarotene was twice as high in
the BG compared to RPG, trafiszarotene in BG degraded much faster. Results showed that
the average shelf life at ambient temperature for BG wadisigmtiy shorter than for RPG

and therefore carotenoids in BG were less stable than in RPG

Key-words: carotenoid degradation, biofortified cassava, gari, palnstoitage, temperature,

model prediction, vitamin A deficiency, nutritional impafttod composition

Abbreviations: BG: gari from biofortified yellow saava; RPG: gari from white cassava with added p#lm
FW: fresh weight basis; DW: dry weight basis; Rergion; RAE: Retinol Activity Equivalent; EAR: Estated

average requirement; VAD: vitamin A deficiency; p&#&: provitamin A carotenoids

1. Introduction

crop for food security for millions of people in sub-8edn Africa. The short shelf life (2-3
days) of the crop however is a major drawback because ti lithitransportation and
consumption in its fresh form (Westby, 2002). Henaepessed forms of cassava have been
developed. Gari is a dried granulated food product witlghtscidic taste is one of the most
common processed forms of cassava in West Africa. Garoduced by grating (to remove
cyanide inherent to the root) followed by fermentatienpitoduce flavour and make the
product sour — by lowering pH value, the shelf lifelsancreased) and drying (to extend
the shelf life). Gari presents as a dried form, whielkes it stable under ambient conditions,

easy to transport and can be stored for many months.

Recently biofortified varieties of cassava that contajniicant levels of provitamin A

carotenoids (pVACSs) have been developed by conventmaat breeding methods and
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released for use by the local populations. These biotattifarieties could be used to help
tackle vitamin A deficiency (VAD) (Saltzman et al., 20@®)important public health
problem in sub-Saharan Africa and in the world. In sonumtges higher mortality rates,
susceptibility to infections and blindness can clearly tiéated to VAD occurrence. The
new varieties have a different visible colour to the traddl varieties because they are
yellow compared to traditional cassava that is white andlgaryn provitamin A. These
biofortified varieties produce a gari that is very $amin colour to gari made with added
crude palm oil that also contains vitamin A (Abu et aD&0 However, there are some
disadvantages in adding palm oil. Firstly it is nodely consumed, and also, the addition of
palm oil adds to the production costs, and finally darignof gari occurs when added in
excess and rancidity can happen during storage (BultiZ2¥2). The use of gari made from
biofortified cassava would therefore solve the issumididity and without the additional
cost of palm oil help tackle vitamin A deficiency on a @idcale. Nigeria is the most
densely populated country in Africa and an emerging cpwrith a fast growing population
that could reach 300 million by 2050 (Oshikoya 2008) the impact of such a product could
potentially impact millions. But the challenges are t@suwge the stability of carotenoids in
gari made with biofortified cassava and also to comparélitgari made with crude palm oil

that also contains provitamin A.

Understanding how pVACs degrade during storage of vit@micontaining-gari is critical
because it will affect its nutritional impact. Storageyafi at ambient temperatures is a
current practice in Nigeria. Gari storage is not only gahepracticed at household level but
also at commercial level. Periods of storage are on averagalasibumonths but some
processors can store up to a year. Stability of carotemoigari made from white cassava

varieties with added palm oil has been studied duringgasing and storage at ambient
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temperature (Abu et al., 2006; Gouado et al., 2008maioet al., 2006). Gouado et al.
(2008) showed that during gari processing the produained a significant amount of the
carotenoids from palm oil. In contrast, authors reportsigmificant loss in carotenoid during
storage that followed processing: Abu et al. (2006asured a loss of 57% in total carotenoid
after 4 months at 2& in Nigeria. However Uzomabh et al. (2006) working alsB&C€ in
Nigeria reported different results: an average loss @f afier the 2 week of storage and of
50% by the 4 week. Some gari samples that had lower levels of palrostihhost of

vitamin A activity after only 2 weeks of storage (Uzonedlal., 2006). These dissimilar
findings appeal for more research to understand the caidtdegradation in palm oil gari

during storage under controlled conditions.

The effect of storage on carotenoid in products made frorortiftgd crops has also been
studied. Stability of carotenoids during storage of bitffed maize has been studied by
Mugode et al. (2014). It was shown that most of the eapitl degradation occurred in the
first weeks of storage and the degradation rate then loweetioff et al. (2011a) working
on biofortified orange-fleshed sweet potato similarfyorted that storage of dried chips had
a dramatic effect on carotenoid stability (~80% loss in #ths). Furthermore, the authors
demonstrated that the carotenoid degradation follawi#dt order degradation (logarithmic
curve), which explains why the degradation was high#rérfirst weeks of storage and then
stabilised with time. Temperature and oxygen were the faafars that caused the loss in
carotenoids whilst water activity only had a minor effect (i®dicet al., 2010). A
mathematical model was developed to predict the degradattcemsp-carotene, the main
carotenoid in sweet potato, under controlled conditioteraperature, oxygen and humidity

and the model was validated by field data (Bechoff ealLp).
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Little research has been done on biofortified cassava withorelat storage of gari. Ukenye,
et al. (2013) observed that the gari made with biofedi€assava was similar in appearance
to the gari made with palm oil (traditional gari). OmmelDlapeju (2011) studied the
degradation of total carotenoids in gari from the veasedf biofortified yellow cassava
developed in Nigeria (01/1371; 01/1368 and 01/1412). Afingrto the data presented by the
author, 50% on average of total carotenoids were ltst &fmonth-storage at 30%2.

However there was minimal information on the degradatate and the influence of
temperature.

There appears to be little published studies on the pi@uiaf carotenoid degradation during
storage although it is a critical issue for gari contgjruarotenoids and hence gari’s potential
impact on tackling VAD. More research is needed to undetdtenstability of gari from
biofortified cassava (BG). Traditional gari made withde “red” palm oil (RPG) is a
common product in Southern Nigeria and should alsodteddor stability to compare with
gari made from biofortified cassava. This informatwaii be useful to understand the
potential for the promotion and marketing of gari mden biofortified yellow cassava in

Nigeria and its contribution to reducing VAD.

2. Materials and Methods

2.1. Description of samples

Biofortified yellow cassavaoots (TMS 01/1371) were harvested from Ikenne (abbutre
south from IITA, Ibadan, Nigeria). White cassava rowetsiéty [ITA 3303, locally called
Oko-lyawo) were harvested from the Army Barracks fieldoisdian, Nigeria. Cassava roots
had a growing period of approximately 12 months aft@ntpng. Roots (50kg per variety)

were processed into gari by commercial processors basedfantlieBarracks, Ibadan:
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biofortified yellow cassava variety and white cassava vaviitty added red palm oil
(approximatively 0.45L/32.6kg or 0.328g/32.6kg of grateash). The amount of red palm

oil to add to the mash was selected by the commera@akpsors. All the processing
parameters (time, temperature, pH, quantities etc.) wenioned and the gari produced was
of commercial quality. A representative sample of gari wared in the freezer (-2€) and

maintained frozen during transport and up to starteftthrage experiment.

2.2. Storage experiment and sampl e collection for carotenoid analysis

Gari samples (about 1kg of from either BG or front3®vere divided into equal portions
using a riffle divider. Representative gari sub-samples (&@gg wrapped in a sewed cotton
bag and stored in Kilner jars (having metal lever catch alplolar seal) with a saturated salt
solution (Sodium Bromide (NaBr) that has a water actidty of about 0.5). The saturated
salt solution was used to maintain the ambient relativeidity constant around the gari
product so that only the effect of temperature coulthbasured. Jars in triplicate were
placed in incubators (LMS Cooled Incubator, Sevenoaks,dtK)e Natural Resources
Institute (NRI), University of Greenwich, UK and sefaur different ambient temperatures
(1941, 2641, 33+1 and 40+1 °C). The range of tempees was comprised between the
minimum and maximum ambient temperatures in Nigeria. eléme degradation of
carotenoids during storage of gari could be predictedrsidar temperature conditions as
those found in Nigeria. Samples were stored in jarsGatays (28 November 2012-%
February 2013). The storing system used in the inctdbatas similar to the one used with
dried sweet potato (Bechoff, 2010). Stored gari sasnfalbout 5g) were collected in a
representative manner by using a riffle divider andstooé content was checked at the

beginning and the end of storage. Sample collections’@ @@re on 2%; 49" 60" 8d"

day; collections at Z& were on 18; 24™ 49" 60", 83" day; collections at 3& were on
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10" 18M 24™ 49" 60" 80" day.; collections at 4€C were on 18; 18" 24" 315 49", 60"

day. Collected gari samples were immediately stored at -80°C.

2.3. Carotenoid analysis

The extraction stage was based on Rodriguez-Amaya and Kig@fd)(and described in
Bechoff et al. (2011a). Analyses were carried out at NRL, ldrief, gari samples (0.6-2.0g
depending on the carotenoid content in sample) were rehydratéd foinutes in 10 mL
tepid deionised water (water was heated at 30°C to fagibtataction). The samples were
homogenised with 50mL methanol:tetrahydrofuran (THEY)for 1 minute and filtered. The
homogenised extract was rinsed with methanol: THF (nfi) there was no yellow colour
left in the residue. Partition between the aqueous phakerganic phase containing the
carotenoids was achieved by the addition of petroleum @aied0-60°C) and sodium
chloride (NaCl) solution (10%). The PE phase was funti@eshed with deionised water,
dried by addition of anhydrous sodium sulphate, fiiemmed and made up to volume (50
mL). For the determination of individual carotendiysHPLC, the carotenoid extracts in PE
(26m20mL) were dried by flushing with nitrogen in a dry blagkstem at 35° C. Extracts
were then dissolved in 5QQ.THF: Methanol (1:1). After vortexing, dissolved saeplwere
collected into a vial with septum for HPLC analysis. Rarse-phase high performance liquid
chromatography using an Agilent 1200 system (UK) was wsida polymeric C30 reverse
phase column (250 x 4.6 mm i.duirB YMC (EUROP GmbH Germany) having a flow rate of
1 ml.min?, a temperature of 25°C, a running time of 40 minutes ardjection volume of
10uL. The isocratic mix consisted of Methanol: MTBE (8D).2Detection of compounds was
performed at 450nm. Concentrations on a fresh weight Wasesdetermined by comparing
with standard curve of pure trafiszarotene (Sigma, UK). Percentages of cis-isomers and

other minor compounds such as epoxides were also deter(Bieeloff et al. 2011b). Minor
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compounds (epoxides pfcarotene) were tentatively identified when these werery
small amounts. Trang-carotene was identified by injection of a mixture of caroigsfrom

carrot extract (Sigma, UK).

2.4. Retention

Retention of trang-carotene (TR) was calculated using a simplified equatidhe true
retention assuming that the dry matter content was corestdrtherefore the weight of gari
did not vary in the samples stored (at constant humidlitycubators) (Equation 1).

trans- 3 - caroteneontentperkg of storedd&4  (Equation 1)

R(%) =100x -
trans- S - carotengoerkg of unstorect;arll85

2.5. Kinetics modelling and statistical analysis

Carotenoid content was determined on a fresh weight @Fasfs at different storage times
and temperatures in triplicate. Carotenoid degradatibovfed a first order kinetics. Hence
logarithms of carotenoid content were linear as a funcif@torage time (Excel, Windows
2007) (Equation 2):

InC =InCJ9%t (Equation 2)

Where: C: Carotenoid content of garg(g) at storage time t; &£Carotenoid content of

food (ug.g*) at initial time (before storage); t: storage time {¢&ydegradation constant rate

(dayY). k was determined graphicakiyid using linear regression (XLStat 285bftware.

http://www.xlstat.com) for the three replicate data poobegtther

Carotenoid degradation kinetics can be evaluated usiregetitf models as in Bechoff et al.

(2010). The most common model is Arrhenius model. Thibekius model (Equation 3) is
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200 an empirical collision model that describes the relatignbbiween reaction constant rates
201 and temperature using activation energy éad a pre-exponential factor.jk
202 (Equation 3)
k=k,e R
203
204  Where: T: temperature (K)
205 k.. value of k at infinite time t = (day®)
206 Ea: Activation energy (kJ.mo)
207 R:gas constant = 8.314 J *nol™*
208

209 The prediction model (Equation 4) is calculated by the émuatised on the Arrhenius

210 model and using temperature (T) expressed in Kelvin:

¢ 281 (Equation 4)
—k, [eRT dt

- 212
C=C,e °
213

214 Determination of Ea and.kparameters helps predict carotenoid degradation forknow

215 | storage temperatures and times.and k were determined using linear regression (XLStat

216 | 2014 software).
217
218
219

220

223

224

225
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AS*: activation equpf! (J.:H_é-]-K-l}

Data were processed on SPSS 20.0 software GsiegiayAnalysis-of/ariance-tat-test

to determine if there were significant differences (p<0.05)beh model parameters of the

two gari products (BG and RPG).

3. Results and discussion

3.21. Nutritional value of stored gari

The nutritional value (vitamin A activity) of the gari jphacts at different storage times and
ambient temperatures was determined (Table 1). Vitaminitaet per daily “100 g”
portion of BG and RPG based on the classical estimate2#&t6l26 and84-835 RAE,
respectively. On the other hand unstored BG and RPGuizdantial average vitamin A
activity based on the new estimate (30dnd 2035 RAE, respectively). The Estimated
Average Requirement (EAR) for a child is 200 RAE base8A@/WHO (2002) and 275
RAE based on the National Academy of Sciences/Instituteedfidihe (2001) s’
recommendations. According to the standard estimate ddr fopig.g Retinol Activity
Equivalent (RAE) corresponds to 12 pgajl-trans-BC or 24 pg.d minor carotenoids
(National Academy of Sciences / Institute of Medicine, 20BEcent studies on the
bioconversion of provitamin A from cassava productscatdid that the factor might be
lower: working with women, Liu et al (2010) showedtttiee bioefficacy of the BC from
porridge made with biofortified cassava was as goodaofta BC supplement (2:1). Later,
La Frano et al. (2013) calculated a bioconversion factorsof 4or biofortified cassava

meals and Phorbee et al. (2013), a factor of 6:1. Theréfereonversion factor 5:1 was
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273

suggested here as ‘new’ estimated bioconversion factith. ather estimate (classical or
new), the potential daily contribution of yellow gaaia child’s vitamin A intake is close or

superior to 50% of EAR.

However, during storage, vitamin A activity of garogucts sharply decreased. Our results
using the classical estimate showed that after 60 d&min A activity was 54t and 642
RAE per 100g at 2&; 243 and 534 RAE at 33C, and 243 and8-69 and 334 RAE at 40C

for BG and RPG, respectivelgalculations on estimation of vitamin A activity preseht

here highlighted that the choice of adequate bioconvefaior (classical or new) is critical

because it will be determinant to provide advice on shelblifthe gari product.

Using the new estimate, values superior to 50 RAE wonlg be achieved with BG stored at
33°C for up to 60 days or at 40 for 35 days. The decrease was temperature dependent.
Uzomah et al. (2006) analysed gari products from sferdift locations in Eastern parts of
Nigeria where red palm oil gari is the most common fofmgasi consumption. Their results
similarly reported that vitamin A activity of palm ahriched gari significantly decreased
when stored at ambient temperature. Initial vitamin A &gtin freshly made gari was very
variable ranging between 23723 RAE per 100g (using classical estimate), which slkeows
wide variation in levels of palm oil added by different comitias. Uzomah et al. (2006)
reported a loss of 25% in activity after 2 weeks and 8626 3 weeks of storage at ambient
temperature of Z&. This loss was higher that the results presentel(i8% for RPG after
15 days) but other factors under field storage such asdighhumidity might have

contributed to additional loss (Uzomah et al., 2006).
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3.12. Carotenoid composition of unstored gari from yellow cassava and white cassava with

palm oil

Transp-carotene and other carotenoid (9-cis, 13-cis, 5,6 epo3-6arotene and trans-
carotene) contents were determined on a fresh weight bakifeegnt storage durations and

temperatures (Fig. 2).

Transg-carotene content on a fresh basis (FW) in unstoredrganiTMS 01/1371 variety
was 10.9:9.g* on average and 13;@.g" as a maximum. Carotenoid content of gari from
yellow cassava (BG) obtained by conventional cross bre¢eiéhgiques has been
determined (Chavez et al., 2007; La Frano et al., 2014; lg&iyon et al., 2009; Onadipe
Olapeju et al., 2011; Thakkar et al., 2009). Chavez €2@07); Frano et al. (2014) reported
lower transp-carotene content in gari, between 3 andy4j* on a dry basis (DW) whilst
Maziya-Dixon et al. (2009) and Onadipe Olapeju et al. (R@ditking on the variety TMS
01/1371 indicated total carotenoid content of 16 ahd@2g" FW, respectively that was in
accordance with our data: in this study, maximal totalteamd content determined by
spectrophotometer was approximatively,t8g* FW (data not shown). In addition, Thakkar
et al. (2009) found a traffscarotene content in gari from TMS 01/1371 variety ardlsd
ug.g’l DW, which would be approximately l@.g'l FW for a product with approximatively
10% moisture content. Our data on unstored gari frelfow cassava TMS 01/1371 is

therefore mostly in agreement with previously publishedkwith the same variety.
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Carotenoid content of gari from genetically modifiedsezas has also been measured (Failla
et al., 2012). Nonetheless levels of tr@asarotene reported between 3:@&g* DW were

lower than in our study.

Differences in initial carotenoid content of gari desatibg different authors may be
explained by cassava varietal differences but also by ergain processing steps that

influences carotenoid retention from roots into gari.

Average trang-carotene and transcarotene content in unstored RPG were fd@* and
3.10pg.g" respectively, on a fresh basis (FW). Trarsarotene content in RPG was about
six times more than in BG. The higher concentration oktsacarotene in RPG can be
explained by the composition of red palm oil (Fig. I 8): red palm oil is known to
contain both trang-carotene and transcarotene (Bonnie Tay & Choo, 2000). The
carotenoid content of this gari would depend on the ainofupalm added during the
process, which can be variable according to practices opgaréssors (Gouado et al.,
2008).Alpha and3-carotene contents of gari reported by Gouado et al. [200@& at least
100 times greater than ours (transarotene: 352.6-1572,6).g" and trang3-carotene:
309.7-1624.319.g", for 2 and 8 ml of oil respectively for 210g of garifaherefore indicate
that the analysis was done on the palm oil and notegah product itself (2mL for 210g is
actually quite close to the amount of oil added in thidygt Mortensen (2005) reported that
palm oil identified on a C30 HPLC column mainly contaitreshsf-carotene and trans-
carotene and the other compound identified was 1B-carotene. Although many minor
carotenoids (about 15, including lycopene gwudrotene) are present in palm oil (Bonnie
Tay & Choo, 2000; Mortensen, 2005) they were nobléspn the present chromatogram

(Fig. 1B). Andreu-Sevilla et al. (2009) equally reporteat the main carotenoids absorbed in
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potato fried in palm oil were andp-carotene, which was in accordance with this present
study. In addition, Andreu-Sevilla et al. (2009) repodatbunts of lutein, 5,6 epoxy-
caroteney-carotened-caroteneg-carotene; 15-cis and 9-disearotene in palm oil that were
partially absorbed in fried potato. The minor carotenagidsommon for BG and RPG that
were identified in our study were all frofftcarotene, being 13-cis, 9-cis, 5,6 and 5,8 epoxy-
B-carotene. In some cases, minor carotenoids were in rety @mount, which made their

identification more difficult (Fig21).

3.3. Kinetics of carotenoid degradation in gari during storage

Globally major and minor carotenoids compounds degradedgistorage (Fig. 2). The
degradation of the minor compounds was more difficuthtmel than that of major
carotenoids because of the very low concentrations recorderhda¢ign kinetics of 13-cis-
B-carotene content was globally similar to that of trgutsirotene and 9-cig-carotene but
slightly more irregular. According to Achir et al. (&)15,6 and 5,8 epox§-carotene were
formed from cis-isomers on dried and stored sweet pdtatoefore irregular pattern for
epoxides may be explained by their formation that prece@esatkidation. Besides, 5,6 and
5,8-epoxy-3-carotene were in very small concentrations, which madkemstical
modelling difficult. Overall it appears that all minor cemaoids decreased quite sharply

during storage and degradation was increased with taope and storage duration.

Transg-carotene and 9-cig-carotene were both the main carotenoids present in BG and
RPG (Fig. 2). Degradation of trafiszarotene followed logarithmic first order kinetics during
storage between 19 and 40°C. Similarly, the degradati®rciEp-carotene also followed a

first order kinetics equation.
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Degradation rates (k) for major carotenoids are found iteTalRates of carotenoid
degradation were determined from the first order kineitiesat curves for BG and RPG
stored in incubators. The higher the temperature andtiget the storage time, the greater
was the tran§-carotene degradation and this was greatest for thengale from yellow
cassava (BG) and least for the gari made with palm &R Coefficients of determination

(R?) showed thabveraligloballythe first order kinetics equation fitted carotenoid

first order degradation as well as B& around 0.5-0.7but the reasons are not clear.

Degradation rates (k) of trafisearotene and 9-ci@-carotene clearly differ in BG and RPG

Degradation rates of traffisearotene and 9-ci3-carotene were greater for BG compared to
RPG stored under the same conditions. Although the itisiakg-carotene content and the
initial vitamin A activity was about twice higher in B@ropared to RPG, trarfscarotene in

BG degraded much faster.

More research would be needed to understand the diffeirekiestics of carotenoid
degradation in these two types of gari. The more compbgxix of palm oil gari including
several different carotenoids having different types nét#ts might explain why the
degradation of some minor carotenoids did not fit a éirder degradation and why the major
carotenoids (tranB: 9-cisf3-carotenexnd-tanse-carotenp did not fit well a first order

degradation at lower temperature. Possibly the lower comtiems of carotenoids in palm

Pagel5 of 26

_ - { Formatted: Superscript ]

Page 15 of 37



374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

oil gari might also make the linearisation more diffic@terall, the fitness of the models
demonstrates that mathematical modelling for the negootenoids present is possible when
working with yellow cassava in spite of the relativielwer concentrations in cassava

compared to orange-fleshed sweet potato (Bechoff et aD)201

3.4. Moddl prediction of -carotene degradation in gari products

3.4.1. Activation energy of carotene degradation based on model prediction

The degradation of trarfscarotene was further modelled using an ArrheaisEyring

modek (Table 3). The models fitted well trans and 9{&isarotene degradation in incubators
between 19 and 4Q for both BG and RPG gari preparations. Degradatioetics of trans-
a-carotene and also more minor carotenoid compounds piasent small amounts in gari
(Fig. 2) could not be clearly described by the above mso@®ncentrations might be too

weak to be accurately predicted.

Activation energy for trang-carotene in BG&360.1-4 kJ.mol*) was of the same order as in

dried orange-fleshed sweet potato (64.2 kJ¥nduring ambient storage (Bechoff et al.,

2010) though the carotenoid content in yellow cassavanwas less than in orange-fleshed

sweet potatok

kd-molt-and-77-1-Jmel ™ respectively-inthis studynd-61-AJ-mol*-and-74.3-Jmol™;
- . lso_similar

Activation energy (Ea) was greater for RPG compared t¢@®G81.0and6360.1-4 kJ.mol*
for transp-carotene, respectively, afé-673.7 and64-161.2kJ.mol* for 9-cisf-carotene,

respectively). It is therefore confirmed that the energy est¢al degrade trarfscarotene
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414
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416

417

418

419

420

421

was higher in RPG. Palm oil might have coated tfaxearotene present in gari from white
cassava and this might have limited degradation. Oxidafifatty acids and carotenoids was
similarly reported to be a free radical mechanism (Lidl9&3). It is therefore possible that
fatty acids present in palm oil might have been oxidisdhérplace of tranB-carotene and
hence acted as a protection against carotenoid degradationetta. (2010) reported that
Ea of trans3-carotene in pure palm oil was comparable, being 86 k3,rand this was in
accordance with this present study. More research shadboéed to understand how
different matrices (i.e. different oil types; vegetablesjadbn affect activation energy of

carotenoids.

3.4.2. Modé prediction of retention during storage of gari

Relationships between storage time, storage temperatupgedidted retention of trars-
carotene are described in Fig. 3. Predicted nutritionakgdior gari (vitamin A activity)
were also calculated. According to the Arrhenius model pieditif BG with an initial
nutritional value of 304 RAE (based on the new conversion factor) was stored fdage
(2 months) at an ambient temperature gf28&nd constant humidity, abog®44% of the
initial transf-carotene would be retained (equivalent3s-136 RAE in the product).
Periods of storage are 5-6 months on average under tramuadtatures (about 25 in the
daytime) in sub-Saharan Africa (i.e. Nigeria). If BGsvgdiored for 5 months at 25, only
1213% of transB-carotene (equivalent to 41 RAE) would be retainedifihdvas stored for
6 months, about 8% of trafisearotene would be retained (equivalen2¥28 RAE) and the
nutritional value would be negligible. If the same geais stored at a lower temperature of
20°C about2526% would be preserved after 5 months leading to a nutitiemue of about

79 RAE.If the initial carotenoid content were the same as fo(Bith further addition of
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446

palm oil), RPG could be stored three times longer, faloug days according to the

Arrhenius model predictionslence the traditional practices of storage for gari ireN&

should not be recommended when working with BG. On@pptiay be to lower storage

temperature but this would require facilities sucla &gdge or freezer.

On the other hand, RPG with an initial nutritional wabf 203.5 RAE would retain about
80% of the initial trang-carotene after 60 days (2 months) at an ambient tewopernof
25°C and constant humidity (corresponding to 142 RAE).uAB657% would be retained if

the same gari was stored for 5 months 4C2@&bout 82 RAE). TransB-carotene contained

in RPG was therefore more stable during stordgbe-initial-carotenoid-contentaw the

While provitamin A was more stable in RPG, the presefipalm oil created quality issues
such as rancidity (Abet al. 2006; Burri et al., 2012): Abu et al. (2006) reportieat whilst
half of the initial carotenoid content was lost durirgyrmonth-ambient storage there was a
concomitant increase in the peroxide index (six times i@ the initial value) of the gari

product.

4. Conclusions

The effect of temperature on carotenoid stability was meagutbd two types of gari; from
yellow cassava (BG) and from white cassava with palnmR#iG). Carotenoid content was

temperature and storage time sensitive. Trans- ans{Bazrotene contents in BG or RPG
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followed a first order (logarithmic) degradation eqoattluring storage. Although the initial
content of trang-carotene and the initial vitamin A activity was abouttnhigher in BG
compared to RPG, trarfisearotene BG degraded much faster. Trans- and g-césotene
degradation in BG and RPG was accurately described by therms and Eyring models.
The mathematical model can therefore be used to predict storeggeat various storage
temperatures. The addition of red palm oil significaimbreased the shelf life of gari in
terms of carotenoid retention: fatty acids present in pay have protected carotenoids
against degradation. More research would be needed to wrdketise role of oil in
preserving carotenoids in gari over time. Although gade with added palm oil could be
stored longer, issues of oil rancidity of the lattethini the typical market turn-around time
for such product will need to be explored. In conclusthis work has proven that gari made
with biofortified cassava has a limited carotenoid stahilitger ambient temperature
conditions and breeders, processors and marketers orwipmhould be aware of this

constraint.
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‘ Table 1. Estimation of vitamin A activity (ug retinol equivalent) for a 100g portion of gari made from yellow biofortified cassava (BG) and from white cassava

with palm oil (RPG) (ug RAE®) during storage and maintained at constant humidity (a,, = 0.5 for NaBr)

RAE? estimate 5:1° 12:1°
T (°C) Storage days BG RPG BG RPG
| Initial 301-45+7-36 203:49+5.886 125.61260+3-07 84-7985+2.452
| 19 24 256-5+11:4 208:9209+10-811 106-9107+4-75 87-0+4.5
| 49 20524545 161.5+24.0 85:5+2.2 67-3+100
| 60 199.72007-3 174.8175+12.713 83.2£3.0 72.873%5.35
| 80 155.5156+9-% 139.8140+18:2 64-865+3-84 58.2+7.68
| 2% 18 244.8245+23.523 1811482 102:6+9:810 75:4+3:4
| 24 250.5+25.726 190-3+10.911 104:4+10.711 79:3+4.5
| 49 150:3£29:2 135:1£7:0 62:663£12:2 56:3+2.93
| 60 129.8130+20-% 154.0+8-79 54.1+8:4 64.2+3.64
| 80 99.2+15.1 130-1£12:3 41.36:3 54.245.1
| 33 10 200-8201+14:1 147.6148+15:716 83-784+5.96 61-5+6:5
| 18 203:9204+11.612 199.6200+5-76 85:0+4-85 83-2+2:4
| 24 172.4+14.815 188.7189+8.2 71.972+6.2 78.679+3.4
| 49 87. 44677 137-3+9:910 36:4+2.83 572441
| 60 58-3+1.82 123:3+5:86 24.3+0:81 51:4+2:4
| 80 40-841+2.83 92.993+3-84 17:0+1:2 38-739+1-62
| 0 10 147.8148+25.926 164-0+4-75 61:662+10-811 68-3+2-0
| 18 139.614047-1 182.7183+5.2 58.243.0 76:1:42.2
| 24 99.4£3.4 157.0£9.5 414514 65:4£3.94
| 31 64-668+1-72 143.7144+6:67 28:1+0-71 59.960+2-73
| 49 28:629+1.52 99-3+3:5 11.912+0.61 41:4+1.5
| 60 20-621+0.91 80-1+6-67 8-69+0.4 33:4+2.83
80 12:5+0.2 42:3+0.61 5:240.1 17.618+0.3

Mean of triplicate determinations * standard deviation. *Retinol Activity Equivalent. ® RAE was calculated for a bioconversion factor of 5:1 (La Frano et al., 2013) estimate = {All-trans-f-
carotene content /5 + minor B-carotene content/ 10} x unit (g) or for a bioconversion factor of 12:1 (National Academy of Sciences / Institute of Medicine, 2001). Classical estimate = {All -trans-
fB-carotene content /12 + minor B-carotene content/ 24} x unit (g). Minor compounds are epoxy and cis B-carotene that are estimated to possess half of trans B-carotene activity.

{ Formatted Table
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Table 2. Carotenoid rate of degradation (k) % in gari made from biofortified cassava (BG) (A) and from white cassava with palm oil (RPG)

Gari Temperature (°C) 19 26 33 40
Trans-B- k  0.0083+0.0004 0.-01580144+0.00070011 0.:02760271+0.00100008 0.04790430+0.66140013
carotene R? 0.979+0.009 0.948900+0-04% 0.990984+6.013 0.987981+0.014
p  <0.0001* <0.0001* <0.0001* <0.0001*
BG 9-cis-p- k  0.0071+0.66650004 0.03250123+0.00060010  0.82340230+0.66160008 6-64290.0375+0.66160010
carotene R? 0.968+0.0190.951 0:900+0.0540.887 0:984+0.0140.980 0-991+0.0690.983
p  <0.0001* <0.0001* <0.0001* <0.0001*
Trans-B- k  0.00270020+0.06310006  0.89390040+0.66110006 0.66890086+0.06130006 0.64840189+0.66630011
carotene R?  0.634+0.2820.589 0-869+0.0430.769 0-896+0-0790.939 0-934+0.0200.930
p 0.016* <0.0001* <0.0001* <0.0001*
9-cis-p- k  0.00300023+0.00340008  0.69460038+0.00160008 0.00850080+0.09160005 0.0170+0.866630010
RPG carotene R 0.679+0.2260.516 0-837+0.0580.641 0:910+0.0610.937 0-935+0.0180.926
p 0.029* 0.0001* <0.0001* <0.0001*
ans-e k  0.0037+0.0010 0.0049+0.0009 0.0084+0.0009 0.0132+0.0006
: +0. . +0. : +0. . +0.
R? 0.761+0.357 0.883=0-120 0.911+0.103 0.918=0.001

“expressed in day™ at storage temperatures on a fresh weight basis and maintained at constant humidity (a,, = 0.5 for NaBr)
R?: Coefficient of determination. Mean of triplicate determinations + standard deviationerror (linear regression; XLSTAT 2014).- Standard error is standard deviation divided by the square root of

the number of analyses.

First order equation:
INnC=InC, —kt

k was the slope on the logarithmic carotenoid concentration (Y -axis) vs storage time (X-axis) graph_and was obtained by linear regression.-

Where: C: Carotenoid content of gari (ug.g") at storage time t; Co: Carotenoid content of food (ug.g-1) at initial time (before storage); t: storage time (day); k: degradation constant rate (day-1).

* indicate a significant correlation at p<0.05 (linear regression; XLSTAT 2014).

{ Formatted Table

{ Formatted: Not Highlight

{ Formatted: Superscript
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Table 3. Parameters of the Arrhenius® and-Eyring®-models for the carotenoids degradation in gari on a fresh weight basis between 19-40°C and maintained at
constant humidity (a,, = 0.5 for NaBr) in gari made from yellow cassava (BG) -tA)-and from white cassava with palm oil (RPG)

Type of gari

Carotenoid Parameter .
LdlOEnold Fardimicticr & RPG p { Formatted Table
Trans-B-carotene Ln k., (days™) 20.1+0.9 27.1+1.2 0.039*

E.(kJ.mol™) 60.4+2.1 81.0+3.1

R? 0.998 0.997
9-cis-B-carotene Ln k. (days™) 20.2+0.6 24.242.1 0.034*

E.(kJ.mol™) 61.2+1.6 73.745.2

R 0.999 0.988

a .
Arrhenius model
Ea

k = kme7ﬁ Where: T : temperature (K); k: degradation rate constant at T (day™); k..: value of k at T = o (day™); Ea: Activation energy (kJ.mol™); R: gas constant = 8.314 J - K™' - mol'

b,

Eyring-meodel
Kk _AH"-TAS”
WWEMWSW%%+%MW%%MMWM4MW4%4)

RZ: Coefficient of determination.

Mean of triplicate determinations * standard deviationerror (linear regression; XLSTAT 2014).
Yellow cassava 01/1371 (*¥€BC); White cassava IITA 3303 with added palm oil (Re-\WERPG).
* indicate a significant difference between BG and RPG at p<0.05 (Onre-Way-ANOVAT -test).
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Fig. 1. HPLC Chromatogram® of gari from TMS 01/1371 biofortified variety (BG) (A) Fig—1B- and HPLG-Chromatogram®-of Gari-gari from ~{ Formatted: Not Superscript/ Subscript |
IITA 3303 variety with palm oil (RPG) (B) ®Identification of minor carotenoids (i.e. 5,6 and 5,8 epoxy-B-carotene) is tentative. Alpha-carotene was identified by \(Formatted: Font: Not Bold
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NaBr) over 80 days. Mean of triplicate determination.

Z4
7

o2

.
<l/
/
I

T T T T T T T T T T .
10 20 30 40 S0 60 70 80 90 100 110 120 130 140 150

Storage time (days)

=o=19°C
—-20"C
—*—22°C
—-——24"C
——26°C
-o-28°C
=+=30°C
=—32°C
—34°C
——36"C
~-38°C
~#—40°C

Vitamin A activity for 100g iof gari (RAE?)

Vitamin A activity for 100g iof gari (RAE?)

300

250 -

150

100

125

75

50

25

[}

a

Concentration for all the carotenoids was

determined from standard curve of pure trans-

—

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Storage time (days)

N

B

i

0

10 20 30 40 S0 60 70 80 90 100 110 120 130 140 150
Storage time (days)

(=g
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Fia. 3. Relationships between

stc B time, temperature, trans-f-
caiuwciie true retention (TR) and
vitamin A activity2 of gari made
from yellow cassava (BG) (A) and
from white cassava with palm oil
(RPG) (B) based on Arrhenius
model predictions.

& Retinol Activity Equivalent (RAE)
estimate-estimate was calculated for a
bioconversion factor of 5:1 (La Frano et al.,
2013) RAE = {all-trans-B-carotene content
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/5 + minor B-carotene content/ 10} x unit (g).
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Highlights

Trans-p-carotene degradation was modelled during storage of BG and RPG

Trans and 9-cis B-carotene degradation fitted well the Arrhenius and Eyring models
Initial trans-p-carotene was twice as high in the BG compared to RPG

Activation energy was lower (~20%) with BG compared to RPG

Based on carotenoid stability, shelf life of BG was much shorter than RPG
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