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ABSTRACT

Changes in the physical characteristics of UltrghHemperature (UHT) and
non-UHT treated whey-banana beverages were detedmfor samples
stored for 1, 3, 10 and 17 days at 4°C, 20°C, 3@3@ 40°C. Sedimentation
was greater for the non-UHT whey-banana beveragk iacreased with
increasing storage temperature. The flow behaunor @nsistency indexes
were comparable for both UHT and non-UHT treatedpdas.

While the flow behavior decreased with increasit@yage temperature, the
consistency increased. At 17 days, the volume nuameter (Qs;) was
greater for the UHT beverages at all storage teatpeys. However, the
surface area mean diametersfDwas greater for the UHT beverages and
independent of time and temperature. Except forctier value “H*” which
was significantly high for the non-UHT product, tbelor values a*, b*, c*
and L* were greater for the UHT beverages overté¢heday storage period at
all temperatures 4°C, 20°C, 30°C and 40°C.

Keywords: UHT processing, color, whey-banana beverages, hagpls,
browning, storage temperature

RESUME
Evolution des boissons a base de banane fortifiéesl lactosérum
apres pasteurisation

Des changements au niveau des caractéristiquesgpbgsont été mesurés
des boissons fortifiées au lactosérum avant etsgpasteurisation lors d’'un
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entreposage de 1, 3, 10 et 17 jours a 4°C, 20°%; 8040°C. Le dépot était
plus important dans la boisson n'ayant pas subiraiiement thermique et
s’accrut avec I'élévation de la température d’gmisage. L'indice de fluidité
et le coefficient de consistance étaient identigpesr les deux types de
boissons. Tandis que l'indice de fluidité chutarea 'augmentation de la
température d’entreposage, la consistance s’élevait

Apres 17 jours, le diametre moyen des particules j[@tait plus grand dans
la boisson pasteurisée quelle que soit la tempérailentreposage. Le

diamétre des particules était aussi indépendat¢mips et de la température
d’entreposage. Excepté le parametre de couleur ‘gius élevé pour la

boisson non pasteurisée, les autres paramétresutkuc que sont a*, b*, c*

et L* étaient plus élevés pour la boisson pastéarigendant les 10 jours
d’entreposage aux températures employées (4°C,, 30°C et 40°C).

Mots-clés : Procédé UHT (Ultra Haute Température), couleur,d30ins
fortifiees au lactosérum, pdigpols, brunissement, température
d’entreposage

I - INTRODUCTION

Ultra high temperature (UHT) (~140-145°C/ 4-10 s&eatment of whey
products is required for sterility in aseptic pagkg systems. However,
whey proteins denaturation is inevitable, and ptesea number of changes
taking place during storag¢l]. Beta-lactoglobulin {-Ig) and alpha-
lactalbumin §-lac) are the most abundant whey proteins thatiemite the
functional properties of the heated product. Sdviadors including protein
concentration, pH, total solids and mineral corgenhfluence the
denaturation proce$8].

The effect of pH on the whey proteins has beeniestudnd reports showed
that B-lg was less stable at alkaline pH, wheraatac stability was
independent in pH range 3 to 71.5. However, sulfhydryl group-disulfide
bond interchange reactions was demonstrated ateambémperature and
under acidic conditions (pH~ 4.5}]. An increase in viscosity of skim milk
upon heating and before gel formation during sterafj milk products as
well as factors affecting gel formation has beeouteented5].

All the sulphydryl groups became reactive after Utl3atmen{6]. Intra or
intermolecular reaction di-Ig with k-casein or the proteins of the milk fat
globule membrane can induce the formation of aetiglienensional protein
network which causes the milk to thicken and geil. iAcrease in viscosity
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after heating milk product was due to unfoldingBelfy and polymerization
products that acted as sticky agents between casdistainless steel to form
a fouling layer[7]. More severely heated milks (indirect heat) showed
resistance to gelation due to the fact that pracgssode takes place in the
presence of oxygen which has been found to be i c¢kaction break on
thiol-disulfide exchange reactiofS]. Thus, polymerization and denaturation
of B-lg is slowed by oxidation of thiol groups to disdés. However, the
direct steam injection removes oxygen from the pobénd UHT milk using
this method contains less denatured whey prot¢acladd to casein micelles
(and gels faster) than indirectly heat-treated ]k

Changes in milk composition including protein camtcation, pH, total solids
concentration and minerals influence thermal stgbéind heat-induced
interactions of whey protein§9-11]. Milk undergoes chemical changes
during storage, via the Maillard reaction betweantdse and the-NH;
groups of lysine residug¢&?] .The Maillard reaction proceeds during storage
and affects the physical and nutritional propertiethe producil13].

Polyphenol-rich extracts of tea (green and blac#gl, wine, cocoa powder,
coffee, coconut shell and oak leaves increasetiehe stability of skim milk
and concentrated skim milk as well as the rennaggtation time of milk
[14,13. Pectins prevent protein aggregation during heaicgssing by
adsorbing onto the surfaces of the proteins aridgaas a dispersing agent in
acid milk drinks[16]. Interaction between pectins and other componeints
heat processed beverages is likely to affect thgsipal properties of
products. Previous work with UHT whey-banana beyesahave shown that
particle size and whiteness did not change ove0 @&y storage period at
4°C, 20°C, 30°C and 40°C even though sedimentatimhserum separation
was observefll7]. Protein aggregation and particle growth is anesirdble
defect observed in milk beverages after heat peitgs

In banana-producing countries where malnutriticevpils, development of a
nutritious, shelf-stable whey-banana beverage potantial way to utilize
surplus banana fruit. Whey proteins possess mdphsucontaining amino
acids than casein, as well as a surplus of theakakamino acids, which are
often limited in plant proteinsThere is a need to better understand the
contribution of UHT process to the stability chaeaistics of the whey-
banana beverages. The objective of this work wasxtomine the effect of
UHT treatment on the particle size, rheologicaltiagy, properties and
stability parameters of whey-banana beveragesdstirearying temperatures
between 4 and 48C. A control with no heat treatment was used toviol®
information about the intrinsic developments in lieeerages.
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Il - MATERIEL ET METHODES
I1-1. Materials

Whey protein concentrate (80 % protein) was obthiftrem Protient (Lot
code LUV 1225 St. Paul, MN). High methoxyl pect®0(% uronic acid,
80 % DE, Genu pectin type JMJ) was provided by Hlesc (Wilmington,
DE) and acidified banana puree was donated by @hi¢Ghiquita Brands,
Inc., Cincinnati, OH).

[I-2. Preparation of UHT and non-UHT whey-banana bererages

A blend of 1 part of banana puree to 2 parts afiied (20 % citric acid to
pH 4.0) water and whey protein (5 %) was preparea isurge tank with
agitator and aseptic homogenizing valve of the MEBUnitherm IV
processing system (Cherry-Burrel Amc InternationAl, as described by
Shekilango[18]. Sucrose (15 % w/w) and pectin (0.15 % w/w) werg d
mixed and added to the whey and citric acid whileisg. The mixture was
homogenized at 3000 psi and heated for 5-7s atCl4Gth the indirect
heating method. The UHT processed beverages wka ifito pre-sterilized
450 ml glass bottles and stored at 4°C, 20°C, 33€ 40°C for 1, 7 and 17
days for further analyses. The non-UHT product waxessed and stored
under the same conditions without the heating step.

11-3. Color

The color of the UHT and non-UHT whey banana beyesavere evaluated
using a Minolta Chroma meter (CR-200/CR-231; Miaplfapan) which
determines the a* (green/red), b* (blue/yellow), (chroma), H* (hue) and
L* (whiteness or luminosity) valud49].

[I-4. Rheology

A Dynamic Stress Rheometer (Rheometrics, Piscataidy was used to
determine the flow behavior and consistency indexethe UHT and non-
UHT whey-banana beverages. The couette geometry dmameter = 32.0
mm, bob diameter = 29.5 mm, and bob length = 44m.)nwas used. A
steady stress sweep test was conducted to detetineifilew behavior data at
10°C with an initial and final rate of 10 ($Bcand 100 (seb) respectively
with a measurement time of 10 seconds at each shied?(].
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I1-5. Particle size

Particle size distribution of the UHT and non-UHTey-banana beverages is
determined by laser diffraction using a Malvern Mesizer (Worcestershire,
UK); Samples of banana beverages were introducethensample unit
containing deionized water and pumped through thical cell (code for
optical properties of the particles, “presentatjoBODH) while stirring at
2,000 rpm. Size distribution (volume and surfaceaanean diameters) were
estimated and expressed agdand D3 ».

I1-6. Sediment

Centrifugation of the UHT and non-UHT whey-bananevdrages were
performed and supernatants were separated aftaifegation at 3000 x g
(Marathon 3200, Fisher Scientific, Pittsburgh, RP#é) 20 minutes at ambient
temperature and weighed after draining for 10 n@sufhe relative weight
of the pellets was reported as an indication djikta

[I-7. Serum separation

Samples were placed in 5 ml disposable pipettekedest both ends and
incubated at 4°C, 20°C, 30°C and 40°C to assessnsseparation under
gravity. The pipettes were inspected at varioug timervals within 17 days.
When sedimentation occurred, a layer of clear s\giant was left at the top
and volume of this was recorded as an indicationnefability. The %
volume of serum separated from the total volume ngperted.

[1-8. Statistical analysis

Analysis of variance of the data was applied adogrdo a factorial design
with temperature and storage time nested withircggsing mode (UHT /
non-UHT treatment). Interaction between storagestused as covariate and
the processing mode (treatment) was checked faifisignce before running
the analysis. Differences between UHT and non-Ukgatiment means were
determined by the Tukey’'s procedure at p < 0.05gudhe Statistical
Analysis System software (SAS Inc., NC).

[l - RESULTS AND DISCUSSION

The analysis of variance for data collected at,11® and 17 days indicate
that there were significant interactions (p < 0.68)ween time, temperature,
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and heat treatmer(Table 1). Therefore, comparisons between processing
mode (UHT/no UHT) were made at each time and teatpes.

Table 1 : .Summary of Anova data for factors influencingghgsical
properties of UHT and non-UHTeykbanana beverages

Factors 9% Sed " K® D, ®Ds, a? p*I° oI H*12 <13
Main
effects

Procesg S**** NS S**** S**** S**** S**** S**** S**** S**** S****
Ti me2 NS Grkxk (S NS S* Gkxk Gkxk i S NS
'|'ernp’s S**** S**** S**** S**** NS S**** S**** S**** S**** S****
Inter-

actions

Process/ S**** NS S* NS NS S**** S**** S**** S**** S**
Time

Process/ S**** S*** S* S**** N S S**** S**** S**** S**** S*** *
Temp

T|me/ S* S**** S**** S* S** S**** S**** S**** S**** S****
Temp

Process/ S** NS S*** S**** NS S**** S**** S**** S**** S****
Time/

Temp

S**** represents a significant effect at p < 0.0001,
S*** represents a significant effect at p < 0.001,
S** represents a significant effect at p < 0.01,

S* represents a significant effect at p < 0.05,

NS indicates no significant effectX.05).

The processing mode (UHT or not UHTjStorage time,3Storage temperature,
“Sedimentation (% w/w§Flow behavior index®Consistency coefficienfParticle volume

mean diameter’Particle surface area mean diametéredness,*“yellowness'Chroma,

?Hue, *Whiteness.

I1-1. Sediment

The data inFigure 1 show the plot of sediment versus storage time and
storage temperature for both UHT and non-UHT tekatehey-banana
beverages. The analysis of variaii€able 1) showed that heat treatment and
storage temperature were the major factors influgncsedimentation.
Storage time effect was not significant. The intéve effects of heat
treatment-storage time, heat treatment-storage @manye, storage time-
storage temperature, heat treatment-storage tiomage temperature were
significant. Sedimentation was highest at 40°Choth UHT and non-UHT
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whey banana beverages. At day one the non-UHT \Wwhegna beverage
exhibited significantly (p < 0.05) higher sedimdita percentage than the
UHT treated whey-banana beverage at all storagpeetures. At day 3, the
non-UHT beverage exhibited significantly (p < 0.08yher sedimentation
than the UHT beverages at 4°C, 20°C and 30°C. Ssdation was
comparable in the non-UHT and UHT beverages statetD°C for 3 days.
At ten or seventeen days, the non-UHT beverage stiagignificantly (p <
0.05) higher sedimentation compared to the UHT fa@mes at any of the four
temperatures 4°C, 20°C, 30°C and 40°C.
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Figure 1 : % Sediment measured after centrifugation (300020gnin) of
whey-banana beverage (12 g sarsize) as a function of
storage time.

(®) UHT treated whey-banana beverage stored at(4X), non-UHT treated whey-banana
beverage stored af’€,

(A) UHT treated whey-banana beverage stored &20A) non-UHT treated whey-banana
beverage stored at 2@

(M) UHT treated whey-banana beverage stored &tC3Qq[J) non-UHT treated whey-
banana beverage stored at“g0)

(===) UHT treated whey-banana beverage stored &tG4qC) non-UHT treated whey-
banana beverage stored at4D

Destabilization is most likely to occur in pasteed acid milk beverage
compared to the non-pasteurized bevef2dg Storage time of whey-banana
beverages did not significantly affect sedimentegation in UHT milk, nor
the non-UHT milk (p > 0.05). The difference in tAmount of sediment for
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the UHT and non-UHT beverages could be due to énamesm similar to the
fouling phenomenon observed in whole milk duringogassing [22].
According to this author, the material available $edimentation in whole
milk will appear in the carton only if it does nbturn or deposit on the
interior of the heat exchanger. Both UHT and nonfUWhey-banana
beverages contain sedimentable material, howewassilple fouling in the
UHT system left less material available for seditagan in the UHT treated
beverages.

[1I-2. Rheology

The plot of the mean values for the flow behaviatex for all data collected

at each storage period and temperature for UHTnandUHT treated whey-

banana beverages is presentedrigure 2. The analysis of variance of the
data (Table 1) showed that time and storage ternpesmawere the major
factors influencing flow behavior. The time effecas strongly dependent on
the storage temperature. There was no signifidéttedue to heat treatment
(p > 0.05).

The interactive effects of heat treatment-storagigod-temperature were not
significant (p > 0.05). The flow behavior of the UHand non-UHT
beverages stored at D exhibited significantly (p < 0.05) lower flow
behavior indexes (~ 0.4) than the beverages staedll 3 lowest
temperatures with flow indexes close to 0.6. Dédferes if any between UHT
and non-UHT beverages were observed only at thmieg of storage (day
one) and disappeared during the rest of the stqraged.

The decrease in flow behavior index at 40°C congparet°C, 20°C or 30°C
could be due to the enhancement of the interattgiween pectin and whey
proteins at the elevated temperature. The differebetween the flow
behavior index of the UHT and the non-UHT treateddrage is likely due to
the higher concentration of reactive sulfhydryl alslilfide generated by the
UHT treatmen{7] compared to the non-UHT treated beverage.

The data inFigure 3 shows the consistency index as a function of geora
time and storage temperature for both UHT and nbii-Ureated whey-

banana beverages. The analysis of variance ofatee(d@iable 1) showed that
heat treatment, storage temperature, and stonagewere the major factors
influencing consistency. The storage time effecs waongly dependent on
the storage temperature. The interactive effectdheddt treatment-storage
time, heat treatment-storage temperature and heatntent-storage time-
storage temperature were significant (p < 0.05¢ ifitrease in consistency
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of the UHT and non-UHT beverages at 40°C compaveiti¢ lower storage
temperatures is likely due to structure buildingha beverages enhanced by
the elevated storage temperature.

One of the important attributes of whey proteinsthsir ability to form
complexes with themselves, other proteins and pegtil]. No difference
was observed between the UHT and non-UHT beverag® eC probably
due to a slow rate of UHT-induced changes. Simisults have been
reported for UHT whole milk23] while other authors have found increased
viscosity after UHT 24, 23.
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Figure 2 : Flow behavior index of whey-banana beverages ametion of
temperature and storage time.

(®) UHT treated whey-banana beverage stored at @) non-UHT treated whey-banana
beverage stored at’€,

(A) UHT treated whey-banana beverage stored &C2@A) non-UHT treated whey-banana
beverage stored at 2@

(M) UHT treated whey-banana beverage stored atC30(]) non-UHT treated whey-

banana beverage stored at%

(==) UHT treated whey-banana beverage stored &CG}QC) non-UHT treated whey-

banana beverage stored at4D
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Consistency index

Storage time (days)

Figure 3 : Consistency index of whey-banana beverages asctdarof
storage temperature and time

(®) UHT treated whey-banana beverage stored at(4X), non-UHT treated whey-banana
beverage stored af’€,

(A) UHT treated whey-banana beverage stored &20A) non-UHT treated whey-banana
beverage stored at 2C

(M) UHT treated whey-banana beverage stored &tC3Qq[J) non-UHT treated whey-
banana beverage stored at“g0)

(===) UHT treated whey-banana beverage stored &tG4qC) non-UHT treated whey-
banana beverage stored at4D

At day 1, the UHT and non-UHT beverages had conigh@reonsistency at
4°C. However, the UHT beverages exhibited signifiga(p < 0.05) higher

consistency at 20°C, 30°C and 40°C. At day 3, thHé¢Tlbeverage had
significantly (p < 0.05) higher consistency thae thon-UHT beverage at
4°C. However, the UHT and non-UHT beverage had @aige consistency
at 20°C, 30°C and 40°C At day 10, the non-UHT bagerexhibited a higher
consistency at 4 and 20°C while the consistencyhigtser (p < 0.05) for the
UHT beverage at 40°C compared the non-UHT treagxiage. At day 17,
the consistency was comparable for the UHT andWidii-beverages stored
at 4°C and 40°C whereas the consistency was higher0.05) for the UHT

beverage at 20°C and 30°C compared to the non-Ui&rage.

[11-3. Particle size
The data inFigure 4 show the plot for the volume mean diametess)[@f
particles as a function of storage time and tentpegafor both UHT and

non-UHT treated whey-banana beverages. The anaysisriance of the
data(Table 1) showed that heat treatment and storage tempenaene the
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major factors influencing particle mean diametene Theat treatment effect
was strongly dependent on storage temperaturee™&s no significant (p >
0.05) effect due to storage time. However, theratigve effects of storage
time-storage temperature and heat treatment-stoiragestorage temperature
were significant. At day 1, the particle volume mediameter was
significantly higher (p < 0.05) for the non-UHT [eages at 4 and 30°C
whereas a significantly (p < 0.05) higher value waserved for the UHT
beverage at 40°C.
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Figure 4 : Average of volume mean diameter obtained from Malve
Mastersizer of whey-banana bages as a function of storage

temperature and time.

(®) UHT treated whey-banana beverage stored at(4X), non-UHT treated whey-banana
beverage stored at 4°C,

(A) UHT treated whey-banana beverage stored at 2Q8Lnon-UHT treated whey-banana
beverage stored at 20°C

(W) UHT treated whey-banana beverage stored at 3@FQ), non-UHT treated whey-

banana beverage stored at 30°C,

(mm==) UHT treated whey-banana beverage stored at 4Q@},non-UHT treated whey-

banana beverage stored at 40°C.

Comparable particle mean diameters were obtain@0°& for the UHT and
non-UHT beverages at day 1. At day 3, the non-UldVebage stored at 4
and 20°C had significantly (p < 0.05) higher pagticolume mean diameter
than the UHT beverage. Significantly (p < 0.05)h@gparticle volume mean
diameter was observed for the UHT beverage at 4@t@pared to the non-
UHT beverage. The UHT and non-UHT beverages st@ed®d0°C had

comparable volume mean diameter of particles. Atidy the UHT and non-
UHT beverage exhibited comparable particle siz¢ and 20°C. The particle
volume mean diameter was significantly (p < 0.0fghhr for the non-UHT
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beverage compared to the UHT beverage at 30°C.

However, the UHT beverage exhibited significanfly<(0.05) higher particle
size at 40°C. At day 17, the non-UHT beverage atddbhigher (p < 0.05)
particle size at 20, 30 and 40°C. The changeshienariable are not as clear
cut. This could be due to the complex interacti@twieen whey proteins,
pectin and polyphenols present in the whey-banavarages. Association
and dissociation reaction betwefractoglobulin and casein andcasein
have been reported during age gelation of UHT fdf}. Further, denatured
proteins are also susceptible to aggregation \tabsdges and hydrophobic
interactiong 27].

The data irFigure 5 shows the plot of surface area mean diametg)) @3 a

function of storage time and storage temperaturédth UHT and non-UHT
whey-banana beverages. The analysis of vari@hade 1) showed that heat
treatment was the major factor (p < 0.001) influegcthe surface mean
diameter of particles. There was no significanteeff(p > 0.05) due to
storage temperature. Storage time and storage stionage temperature
effects were significant with minor effects (p <0B8.and p < 0.01
respectively). The interactive effects of heat ttrent-storage time, heat
treatment-storage temperature and heat treatmamatgst time-storage
temperature were not significant (p > 0.05).

11

D32 (surface area mee
diameter)
o
|

0 2 4 6 8 10 12 14 16 18
Storage time (days)

Figure 5 : Average of surface area mean diameter of partiotgained
from Malvern Mastersizer of wiignana beverages as a
Function of storage temperatungl dime.

The surface area mean diameter of particles wasfisantly higher (p <
0.05) for the non-UHT than the UHT beverages at falir storage
temperatures 4°C, 20°C, 30°C and 40°C for the 1y starage period.
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Further, storage time and storage temperature basigmificant (p > 0.05)
effect on the particle sizes. The smaller partgiee of the UHT treated
beverage could be due to the inhibitory effect xygen on polymerization
and denaturation op-lg. Reports indicated that oxygen acted as chain
reaction break on thiol-disulfide exchange readidaring the indirect UHT

procesg7].

I11-4. Color

The data inFigure 6 show the plot for a* values versus storage timé an
temperature for both UHT and non-UHT treated whagama beverages.
The analysis of varianc@able 1) showed that heat treatment, storage time
and storage temperature were the major factorsienéling redness (p <
0.0001). The interactive effects of heat treatnsatage time, heat
treatment-storage temperature, storage time-stortayeperature, heat
treatment-storage time-storage temperature were algnificant (p <
0.0001). The UHT beverage exhibited higher redwvaeise compared to the
non-UHT beverage at all four temperatures 4°C, 2@0CC and 40°C during
the 10 day storage period.
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Figure 6 : Color measurement of whey-banana beverages (a*eyas a
function of storage temperatang time.

(®) UHT treated whey-banana beverage stored at(4X), non-UHT treated whey-banana
beverage stored at 4°C,

(A) UHT treated whey-banana beverage stored at 2Q8Lnon-UHT treated whey-banana
beverage stored at 20°C

(M) UHT treated whey-banana beverage stored at 3@FQ), non-UHT treated whey-

banana beverage stored at 30°C,

(=m==) UHT treated whey-banana beverage stored at 4@@},non-UHT treated whey-

banana beverage stored at 40°C.
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The data inFigure 7 show the plot of yellowness (b* values) versusaie
time and temperature for both UHT and non-UHT ®datvhey-banana
beverages. The analysis of variar(@able 1) showed that heat treatment,
storage temperature and storage time were the nfapbors influencing
yellowness (p < 0.0001).

The interactive effects of heat treatment-storage,theat treatment-storage
temperature, storage time-storage temperature, thestinent-storage time-
storage temperature were significant (p < 0.000he UHT beverage

exhibited higher yellowness value compared to thedHT beverage at any
of the four temperatures 4°C, 20°C, 30°C and 40t@nd the ten days

storage period. The higher yellowness of the UHVWeb&ges is probably due
to phenolics extracted from the banana pulp by Wh€l process. Better

extraction of phenolics was observed from apple @d the temperature of
juice processing increasgzg].

b* value
l\

0] 2 4 6 8 10 12
Storage time (days)

Figure 7 : Color measurement of whey-banana beverages (b*eyals a
function of storage temperatang time.

(®) UHT treated whey-banana beverage stored at(4X), non-UHT treated whey-banana
beverage stored at 4°C,

(A) UHT treated whey-banana beverage stored at 2Q8Lnon-UHT treated whey-banana
beverage stored at 20°C

(M) UHT treated whey-banana beverage stored at 3@FQ), non-UHT treated whey-

banana beverage stored at 30°C,

(mm==) UHT treated whey-banana beverage stored at 4Q@},non-UHT treated whey-

banana beverage stored at 40°C.

The data inFigure 8 show the plot of saturation (c* value) versus ager
time and storage temperature for both UHT and nbiif-Ureated whey-
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banana beverages. The analysis of variafi@ble 1) showed that heat
treatment and storage temperature and storagewene the major factors
influencing saturation (p < 0.0001). The interagtaffects of heat treatment-
storage time, heat treatment-storage temperatu@age time-storage
temperature, heat treatment-storage time-storagee@ture were significant
(p < 0.0001). The UHT beverage exhibited higheursditon value compared
to the non-UHT beverage at any of the four tempeeatduring the ten days
storage period.

c* value
A=Y
o
|

0] 2 4 6 8 10 12
Storage time (days)

Figure 8 : Color measurement of whey-banana beverages (c*-vakia)
function of storage temperatarngl time.
function of storage temperatanal time.

(®) UHT treated whey-banana beverage stored at(4X), non-UHT treated whey-banana
beverage stored at 4°C,

(A) UHT treated whey-banana beverage stored at 2Q8Cnon-UHT treated whey-banana
beverage stored at 20°C

(W) UHT treated whey-banana beverage stored at 3@PQ), non-UHT treated whey-

banana beverage stored at 30°C,

(====) UHT treated whey-banana beverage stored at 4Q@},non-UHT treated whey-

banana beverage stored at 40°C.

The results irFigure 9 show the plot of hue (H* value) versus storagestim
and temperature for both UHT and non-UHT treatedybanana beverages.
The analysis of varianc€Table 1) showed that heat treatment, storage
temperature and storage time were the major factofisencing hue

(p < 0.0001). The interactive effects of these detwere significant (p <
0.0001). The non-UHT beverage exhibited highervalae compared to the
UHT beverage at any of the four temperatures dutliregten days storage
period.
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Figure 9 : Color measurement of whey-banana beverages (H*-valsi@)
function of storage temperatang time.
function of storage temperatanal time.

(®) UHT treated whey-banana beverage stored at(4X), non-UHT treated whey-banana
beverage stored at 4°C,

(A) UHT treated whey-banana beverage stored at 2Q8Cnon-UHT treated whey-banana
beverage stored at 20°C

(M) UHT treated whey-banana beverage stored at 3@fQ), non-UHT treated whey-
banana beverage stored at 30°C,

(====) UHT treated whey-banana beverage stored at 4Q@},non-UHT treated whey-
banana beverage stored at 40°C.

The data inFigure 10 show the plot of whiteness (L* value) versus gjera
time and storage temperature for both UHT and nbii-Ureated whey-
banana beverages. The analysis of variafi@ble 1) showed that heat
treatment and storage temperature were the majctor§a influencing
whiteness (p < 0.0001). Storage time effect wassigntificant (p > 0.05).
The interactive effects of heat treatment-storage,theat treatment-storage
temperature, storage time-storage temperature, thestinent-storage time-
storage temperature were significant (p < 0.01).

Usually the UHT beverage exhibited higher whitenedse compared to the
non-UHT beverage at the four temperatures durirgg tdn days storage
period. The difference in whiteness between the Wtddted sample and the
untreated control is due to particle sizes. Thetevhgolor of milk following

heat treatment is due to more scattering partigtesluced by denaturation
[29]. Browning reactions occurring in the whey-banamveoage during

storage could be responsible for the color diffeesnbetween the UHT and
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the non-UHT whey-banana beverage. The Maillardti@aavas faster when
the temperature was above 2Q13]. When ketoses or aldoses are heated in
presence of amines, the reducing sugars produgggcasylamine. After
rearrangement (Amadori reaction or enolizationjleavative of 1-amino-1-
deoxy-D-fructose is formed in the case of glucddes derivative at pH 5 or
lower yields a 2,3-enol derivative that is converte 3-deoxyhexosulose.
After dehydration a furan derivative which corresge to 5-hydroxymethyl-
2-furaldehyde (HMF) is formed. Degradation of HMFelg organic acids
and brown pigments the concentration of which iases overtimé¢30,31].
Thus the non-UHT whey-banana beverage containiotpda and sucrose
most likely caused the changes observed in the pal@ameters.
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Figure 10 : Color measurement of whey-banana beverages (L*eyals a
function of storage temperatand time.

(®) UHT treated whey-banana beverage stored at(4X), non-UHT treated whey-banana
beverage stored at 4°C,

(A) UHT treated whey-banana beverage stored at 2Q8Enon-UHT treated whey-banana
beverage stored at 20°C

(W) UHT treated whey-banana beverage stored at 3@fQ), non-UHT treated whey-
banana beverage stored at 30°C,

(====) UHT treated whey-banana beverage stored at 4Q@},non-UHT treated whey-
banana beverage stored at 40°C.

IV - CONCLUSION

The physical characteristics of the whey-bananaetages were affected
primarily by the UHT treatment, followed by storagenperature and storage
time. During storage the patrticle size and L* remedi constant, the color
values a*, b*, c*, H* increased, the flow behavaecreased with increasing
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temperature and the consistency increased. Rel@amaedicators other than
particle size to study whey-banana beverage stalmbuld be misleading.
Based mainly on its nutritive value and desirabiety flavour, the banana
beverage may be considered a potential complemermliat to support
growth of malnourished populations. The mixturete whey proteins (rich
in essential amino acids) with the banana (soufceadoohydrates) will
greatly enhance nutrient density and quality.

Because surplus bananas are produced in developungries, this project
will likely improve the nutritional status of vulreble populations in those
areas. The failure of tropical fruit beverages ba marketplace is due to
sedimentation problems arising from particle aggteg overtime. Physical
changes did not affect particle size in the banhpserages likely to
influence perceived quality of the beverages. Tioeee indigenous fruits
such as bananas in Cote d’lvoire can be succegstigéd in fortified
beverages to improve their stability and most pbbpoéower their consumer
price.
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