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ABSTRACT

Response surface methodology (RSM) was employed to investigate the
combined effects of orangefiber (0, 0.2, 0.6, 1 and 1.2 g/100 ml) and storage
time (3, 7, 16, 25, 29 days) on physicochemical, rheological and sensory
properties of orange fruit yogurt. Results showed that by increasing the
fiber amount, the viscosity and total solids increased and syneresis de-
creased significantly (P<0.05), but perceived acidity and pH were not af-
fected significantly (P>0.05). Theamount of syneresisand acidity signifi-
cantly increased during storage, but pH and viscosity decreased (P<0.05).
Also, increasing the amount of fiber content led to increasing the yellow-
ish spectrum (+b* parameter) of yogurt while the rate of lightness (L*)
decreased significantly (P<0.05). Sensory evaluation results showed that
higher flavor, color and overall acceptance score was obtained at lower
fiber amount. However, hedonic tests showed that almost all assayed
yogurts have color, flavor and overall acceptance scores at least 4.25 on a
seven-point scale, considered in the present work as the acceptable value.
Analysis of variance revealed that the quadratic models are well adjusted
to predict the experimental data. Finally, the optimum conditions for pro-
duction of orange yogurt containing orange fiber were obtained using
1.2% fiber after storage for 16 days. © 2013 Trade Sciencelnc. - INDIA
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Dietary fiber (DF) istheedible parts of plantsor
anal ogous carbohydratesthat areresistant to digestion
and absorptionin the human small intestinewith com-
plete or partial fermentation in thelarge intestingY.
Coronary disease, hypertension, diabetes, hypercho-
lesterolemiaand gastrointesting disordersmay decrease
or be prevented by consuming higher quantity of fiber
inthedietd. Therecommended daily intakeof fiber is
about 38 g for men and 25 g for woment®. Despite

dietary guiddlines(DG), dietary fiber intakesof thegen-
eral publicarewe | below therecommended levels. In
the United Sates, theaverageAmerican adult consumes
only 14 to 15 grams of dietary fiber aday. Approxi-
mately 75% of Americans do not have adequate di-
etary fiber intake. Digtary fiber intakelevelsintheAsa
Pecificregionandin most industriaized nationsin Eu-
rope are a so far below the recommended level §49.
Production of orangein 2010in FAO countrieswas 64
milliontond®. One-third of theditrusfruitsareprocessed
to obtain severa products, mainly juicé”. Theamount
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of residueobtained from citrusfruitsaccountsfor 50%
of theorigina amount of wholefruit®. Theresiduere-
maining after juiceand essentid ail extractionismainly
used to obtain pectinand dsofor animal feed withlittle
economic vaue. Theaccumulation of theseresiduesis
an environmental problem. However, these by-prod-
uctsarerichinfiber!® and citrusfruitshavebetter qual -
ity than other sources of dietary fibersdueto the pres-
ence of associated bioactive compounds (flavonoids
and vitamin C) with antioxidant properties'®. Thepos-
ghility of successfully including theseby-productsinthe
human food industry would help in enhancing the eco-
nomic development of citrus producers and proces-
sorg?. Yogurt isoneof thedairy products, which should
continuetoincreaseinsdesduetodiversficationinthe
range of yogurt-like products, including reduced fat
content yogurts, probiotic yogurts, yogurt shakes, drink-
ableyogurts, yogurt mousse, yogurt ice-cream, etcitt,
For alongtime, yogurt by itself hasbeen recognized as
ahedlthy food, duetothebeneficid action of itsviable
bacteriathat compete with pathogenic bacteriafor nu-
trients and space*?. Dairy products, as yogurt, can
provide mgor opportunitiesfor the development of fi-
ber enriched foods. Their acceptability by the consum-
ersismainly based on satiSfactory textura and sensory
attributes™®. Since consumer concernsarerelated to
both nutritional and sensory aspects, several authors
studied texture characteriticsof yogurts, containing the
addition of different type of dietary fibers: oat, rice,
soy and mai zefibers, apple, whesat, bamboo and inu-
[inf, b-glucaninyogurt!*¥, orangefiber in yogurt3,
inulininyogurt icecream!*d, Dello Staffolo et d.1Z ob-
served that thetype of fiber significantly affected the
rheological propertiesof theyogurts. Wheat and bam-
boo fiber fortification increased yogurt compression
force and texture sensory scores, consumer’s preferred
firmer yogurts, probably, resulting fromtheinsoluble
nature of thesefibers. According to Sendraet al.**,
Citrusfiber from orange by-productsisanovel ingre-
dient that can be successfully used in yogurt produc-
tion. Yogurts behave as shear thinning fluidsand very
weak gels. Orangefiber addition modifiesyogurt rhe-
ology. Theaim of the present study wasto model and
eval uate the combined effects of orangefiber and stor-
agetimeon sensory, physicochemical and rheological
propertiesof orangefruit yogurt by applyingthe RSM.
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MATERIALAND METHODS

Materials

Cow’s milk (2.5% fat, 3.1% protein, 11.6% TS
and pH 6.6-6.7), Commercid starter culturesof Srep-
tococcusthermophilusand Lactobacillus del brueckii
subsp bulgaricus (DSM Food SpecialitiesAustralia,
Moorebank, NSW, Australia), skim milk powder, or-
angefruit, sugar, pectin, citric acid and microbid medi-
umsof Nutrient Agar, Yeast Glucose Cloranfenicol Agar
and Potato DextroseAgar (Merk, Germany) wereused
inthisstudy.

Methods
Fiber preparation

Fiber powder was processed following Larrauri™”
and Lario et al.*® recommendationsfor orange fiber
preparation. Orange ped sfrom Orangeswere grinded
toahigh particlesize (15 mm) and washed in hot water
(90°C for 5 min, peels: water 1:4). Afterwards the resi-
duewas pressed to reduce excessmoistureand dried
at 65°C for 24 h to maximum 2 percent moisture. The
dried orangefiber extract isthen grinded tothedesired
particle s ze. The obtained fiberswere vacuum-packed
invacuum pouches (2 kg) and poucheswere placed at
4°C. Powders with one particle size (0.701-0.991)
were obtained.

Marmaladepreparation

Orangefruit waswashed after thefruit skinwas
removed manual ly and then the pul pwas obtained from
the crushed fruit. The 50% ratio fruit pulp and 50%
ratio sugar; with 0.15% pectinand 0.2%citricacid was
mixed and boiled for 10 min, and filled into cleaned
glassjars. The marmalade was stored at room tem-
perature until used inyogurt production.

Yogurt production

Wholemilk wasfortified with 2% skim milk pow-
der. The yogurt base was supplemented with 0, 0.2,
0.6, 1 and 1.2% (w/w) of orangefiber. Each mix was
then pasteurized at 85°C for 30 min and cooled to ap-
proximately 44°C followed by inoculation with yoghurt
starter cultures (Sreptococcusthermophilusand Lac-
tobacillus delbrueckii subsp bulgaricus) and incu-
bated at 42°C until the pH reached 4.60. Yogurts were
immediately cooled after fermentation. Then orange
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marmal ade were added at aratio of 20% (w/w) into
each yogurt mix and gently mixed for 20 s. Themix-
turesfilledinto 50 mL sterile plastic cupsand stored at
4°C for 29 days. Viscosity behavior, color, pH, syner-
esisand microbia quality and sensory characteristics
weretested at 3, 7, 16, 25 and 29 days of storage.

Physico-chemical analyses

Total solids, titratable acidity and pH of yogurt
sampleswere determined following standard meth-
0dd®, Tota solidswasdetermined usingadrying oven
at 105°C (Memmert, Germany). Titratable acidity was
expressed intermsof % lactic acid. ThepH wasmea-
sured with apH meter (Metrohm 691, Swiss). Color
of yogurtswas determined in atristimul us col orimeter
(MinoletaCR-400, Osaka, Japan); theL* (lightness),
a* (redness/ greenness) and b* (yellowness blueness)
parameters of the Hunter scalewereanayzed. To de-
terminesyneress, onehundred gramsof yogurt sample
was placed on afilter paper resting onatop of afunnd.
After 2hof drainageat 7°C, the quantity of whey col-
lected in a50 ml graduated cylinder was used as an
index of syneresig?,

The orangefiber wasanalyzed for pH, moisture,
ash, totdl dietary fiber and water hol ding capacity. Ash
content was measured by heatinga5g sampleinamuffle
furnace at 100°C for 1 hour, 200°C for 2 hours and
550°C overnight!*®, Moisturewasdetermined usinga
drying oven at 105°C[, Titratable acidity was ex-
pressed intermsof % citric acid®. The pH wasmea-
sured witha(Metrohnm 691, Swiss) pH meter. Dietary
fiber was analysed by the enzymic gravimetric
method?. Samples(0.5 g) wereonly treated with pep-
sin (40°C, 1 h) because of their low starch content,
filtered, and the res due washed successively with 2 x
10mL of digtilled water, 2 x 10 mL 0f 95% ethanol and
2 x 10 mL of acetone. The residue corresponded to
insolubledietary fiber (IDF), four volumesof 95% etha:
nol were added to thefiltrate and washing. After 1 h,
themixturewasfiltered and the precipitate, solubledi-
etary fiber (SDF) waswashed with 2 x 10 mL of 78%
ethanol, 2 x 10 mL 0f 95% ethanol and 2 x 10 mL of
acetone. Both residues were dried at 105°C and
weighed, totd dietary fiber (TDF) wasthesum of SDF
and IDF. For measurement of water-hol ding capacity
(WHC) inthe experimental orangefiber, 250-mg dry
sample, 25 mL of distilled water was added, stirred

—====> [ull Paper
and held at room temperaturefor 1 h. After centrifug-
ing, theresiduewasweighed and WHC was calcul ate
asgwater per g of dry sampl€??. Total soluble solid
content of orange marmal ade (°Brix) was determined
by using ahand refractometer (Tgjiri Ind. Co., Japan).

M easurement of viscosity

Theviscosity of theyogurt batcheswas measured
during storageat 7°C and all samples were treated at a
constant shear rate’¥. Samplesweretested using a64
spindle coupled to an LVTD digital viscometer
(Brookfield DV 11, USA). The viscometer was set at
constant revolutionsof 30 rpm. Theyoghurt wasgently
stirred for 20 s(20 continuous sweeps) beforeandysis.

Microbial analyses

Testing for total count, yeast and mold was accord-
ing to standard methodsfor the examination of dairy
products, usingthe Nutrient Agar (NA) and Yeast Glu-
cose Cloranfenicol Agar (Y GCA) respectively#,

To aerobic mesophilic bacteria count, yeast and
mold determination of orangefiber andmarmalade, using
the Nutrient Agar (NA) and Potato Dextrose Agar
(PDA) respectively.

Sensory evaluation

For sensory eval uation, twenty assessorsfromthe
Agricultura Research Center of West Azerbaijan
(Urmia, Iran) were sdlected. During eva uation, the pan-
elistsweresituated in private booths under incandes-
cent light. Drinking water was provided between
samplesto cleansethe pdate. Thesampleswereserved
40 ml inwhite plastic cupswith aconsumer sensory
evaluation questionnaire. The consumerswere asked
to evauate sensory characteristicssuch asflavor, color
andtextureof al yogurt samples. The sensory evalua
tion was based on seven-point hedonic scale (1= un-
acceptable, 2 = didikeextremely, 3 = dislike moder-
atdy, 4=nether likenor didike, 5=likemoderately, 6
=likeextremely, and 7 = excellent). The overall ac-
ceptability was cal cul ated as sum of the scoresof the
parametersjudged 2,

Experimental design and statistical analysis

The experiments were designed using a Centra
CompositeRotary Design (CCRD). Fivedifferent lev-
els, twofactors (fiber amount and storagetime) facto-
ria central compositerotary design andfivereplicates
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at the center pointsleading to 13 runswas empl oyed.
Coded and actual level sand experimental designare
giveninTABLE 1.

TABLE 2 showsexperimenta resultsand the pre-
dicted responses of viscosity, sensory and physico-
chemical propertiesof orangefruit yogurt.

Multipleregression anaysiswasperformedin or-
der tofit asecond order polynomia equation, described
below, to the data:

Y= ﬂO + ﬂlxl+ ﬂZXZ + ﬂllxlz + ﬂ22x22 + ﬂllexz

Where Y istheresponsg, 2, constant, 8, and 8, arethe
linear coefficient, 8, and 8, thequadratic coefficient,
and g, theinteraction coefficient. X, and X, are the
independent variables. Thequdity-of-fit of thequadratic
mode wasexpressed by determination coefficient (R?),
anditsgatitica significancewasexamined by F vaue.

The analysis was made using coded units. SAS
(Verson 6.0, SASIngtituteInc., Cary, NC27513, USA)
was employed for response surface anaysisand map-
ping of plot. All experimentswerecarried out intripli-
cate and datawere expressed asaverage val ues.

TABLE 1: Coded and uncoded valuesof independent vari-
ablesused in central compositerotary design withtwore-
sponses: fiber content (X, g/100 ml) and storagetime (X,

day)

Fiber content (X4, g/200ml) Stor age time(X,, day)

Run Un coded value (\:/gjdjg Un coded value S/Z?Sg
1 0.2 -1 7 -1
2 0.2 -1 25 1
3 1 7 -1
4 1 25 1
5 0 -1.414 16 0
6 1.2 1414 16 0
7 0.6 0 3 -1.414
8 0.6 0 29 1.414
9 0.6 0 16 0
10 0.6 0 16 0
11 0.6 0 16 0
12 0.6 0 16 0
13 0.6 0 16 0

RESULTSAND DISCUSSION

Fiber and mar maladecharacteristics
Fiber was obtained from orangefiber by-prod-
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ucts by a procedure described by Larrauri®” and
Larioet al.™®. Accordingto Lario et al.*®, process-
ing conditions of the residue affect fiber composition
and properties. Washing previousto dryingyieldsan
orangefiber with the highest dry matter. WHC isen-
hanced by washing and high fiber particle size,
whereas. Dryinginducesbrowning of thefiber; wash-
ing previousto drying preventsfiber browning, prob-
ably duetotheremoval of sugars. Washingwater isa
good potential source of soluble sugars and caro-
tenoids.

Phys cochemica propertiesof orangefiber and or-
angemarmaladeweredetermined in TABLES3, 4.

Checking of thefitted models

Experimental resultsand predicted vauesaregiven
iINTABLE 2. Resultsshowed experimenta vadueswere
very closeto the predicted values. ANOVA showed
that the second-order regressonswerestatistica ly sig-
nificant (P<0.05) and thequadratic polynomia modes
arewd | fitted to theexperimental data(TABLESS5, 6
and 8).

Thelack-of-fit wasnot S gnificant indicating that the
models are adequately accurate for predicting syner-
eSS, viscosity, total count, texture, flavor, color score
and overall acceptability for any combination of inde-
pendent factorsin theranges studied. The coefficients
of determination (R?) were high and varied between
0.83and 0.95. The values of the adjusted determina-
tion coefficient (adjusted R?) werea so highto confirm
ahigh significanceof themodd $%.. Thissuggested that
second-order termswere sufficient and higher-order
termswere not necessary. Therefore, obtained models
can beused to determinetherel ative effect of thefac-
tors, to find an optimum parameter combination for
desirableresponses, and to predict experimental re-
sultsfor other conditions. The quadratic polynomial
modelsfor total solids, pH,acidity, syneresis, viscosity,
total count, texture, flavor, color scoreand overall ac-
ceptability stated asequations 1, 2, 3,4, 5,6,7,8,9
and 10 respectively. Where X isfiber amount (g/100
mL) and X, isstoragetime (day).

Y = 23.05059 + 1.670712X, Q)
Y = 4.446858 - 0.043276
X, + 0.001389 X2 @)

Y = 0.640017 + 0.045392
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TABLE 2: Experimental resultsand predicted valuesof viscosity, sensory and physicochemical propertiesof orangefr uit

yogurt
Total solids (%) Acidity (%) Syneresis (%) pH Viscosity (cP)

Run Observed Predicted  Observed Predicted Observed Predicted Observed Predicted Observed Predicted
1 23.66 2391 0.83 0.99 3351 33.30 4.26 4.10 1420 1662.72
2 23.17 24.17 0.73 1.01 33.57 36.82 4.29 4.10 1220 1883.94
3 24.18 23.34 0.84 0.84 28.17 30.46 4.21 4.10 2739 1398.82
4 24.72 24.77 0.72 0.97 32.75 38.91 4.25 4.22 1980 2526.75
5 23.03 24.04 0.99 1.01 38.10 36.13 4.05 4.10 1380 1765.00
6 25.35 25.60 0.89 0.98 27.13 29.15 4.15 4.13 2940 2810.01
7 24.16 23.63 0.80 0.94 35.53 33.21 4.3 4.10 1600 1507.81
8 24.15 24.46 0.77 1.00 38.73 37.95 4.31 4.14 1500 2171.94
9 24.06 24.82 0.97 0.99 35.21 32.64 411 411 1825 2287.50
10 2441 24.82 0.97 0.99 34.45 32.64 4.12 411 1700 2287.50
11 24.02 24.82 1.03 0.99 36.9 32.64 4.13 411 1820 2287.50
12 23.86 24.82 1.07 0.99 37.07 32.64 4.09 411 1860 2287.50
13 23.85 24.82 0.99 0.99 37 32.64 4.06 411 1620 2287.50

Total counts (log CFU/g) Texturescore Flavor Score Color score overall acceptability score

Run Observed Predicted  Observed Predicted Observed Predicted Observed Predicted Observed Predicted
1 417 3.99 45 4.89 5.75 452 5.25 4.88 5.16 4.83
2 414 4.08 433 5.06 5.58 4.69 5.33 4.96 5.08 4.88
3 481 3.81 534 453 475 4.45 5.32 4.69 5.13 477
4 4.36 451 5 5.36 4.67 531 4.62 5.17 4.76 5.01
5 3.69 4.03 433 498 5.66 4.59 5.22 4.92 5.07 4.85
6 4.04 4.20 55 557 4.60 4.50 4.61 455 4.92 4.75
7 477 391 49 472 517 4.44 51 4.79 5.05 4.80
8 4.39 425 455 521 5 4.96 5 5.04 4.85 4.93
9 42 411 484 5.27 475 454 4.93 4.73 4.84 4.80
10 42 411 517 5.27 475 454 4.9 4.73 4.94 4.80
11 3.84 411 5 5.27 425 454 4.73 4.75 4.80
12 3.84 411 475 5.27 425 454 5 4.73 4.86 4.80
13 411 411 416 5.27 5 454 4.8 4.73 4.90 4.80

TABLE 3: Physicochemical propertiesof orangefiber
f\l/c\)llgtiirg Aerobic Mold Yeast
capacity Soluble '_I'otal Acidity Moisture Ash mesoph_lhc count count
(WHC)  fiber 96) 9% (o) PH (%) ) oA (iog (log
(gwater/ g fiber (%) count CFU/g) CFU/g)
dry sample) (log CFU/g)
12+0.2 21.4£1.0 71.5+1.2  0.14+0.02 4.53+0.01 1.43+0.2 3.44+0.2 5.89+0.04 2+0.05  3.77+0.07

Presented values are the means (+SD) of three replicate trials

TABLE 4: Physicochemical propertiesof orangemarmalade

H Acidity Total solublesolid  Aerobic mesophilic bacteria Mold count Y east count
P (%) (°Brix) count (log CFU/g) (log CFU/g) (log CFU/g)
3.82£0.01  0.46+0.02 62+3 0 0 0

Presented values are the means (+SD) of three replicate trials
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X, - 0.001533 X 2 3
Y = 33.15512 + 7.977453

X, + 0.196862 X, - 13.59206X 2 (4)
Y = 1597.098 - 222.4315

X, - 15.28365X,, + 1301.29 X ? ©)
Y = 4.969007 + 0.42343X, - 0.138318

X, + 0.003881X,? 6)
Y = 4.17122 + 0.988947X + 0.037787

X, - 0.001617 X * 7)

Y=6.819066 - 3.202841 X, - 0.110515 X, + 1.781255

X, 0.003241 X,? ®)
Y = 5.27661 - 0.054759

X, - 0.024269 X, X, ©)
Y =5.338662 - 0.742245 X, - 0.010178

X+ 0.472148X 2 (10)

Chemical and physical characteristics

TABLE 5showsthat for total solidscontent thelin-
ear effectsof fiber (X,) andfor pH and acidity thequad-
riceffectsof storagetime(X,) weresignificant (P<0.05).
figure 1 showsthat higher total solidswere obtained at
higher fiber content. It can berelated to water-binding
propertiesof fruit fiber®1. Thisobsarvationiscons stent
with the findings of Sahan et al.?® who reported that
addition of b-glucan compositeinto themilk increased
thetotd solidscontentintheyogurts. Alsofigure 1 shows
pH vauesdecreased by passing timeduring storageand
acidity increased. pH vaueincreased and acidity de-
creased after 16" day. Microorganism’s activity caused
pH decreaseinfruit yoghurt. Yeastsa so used sugar and
organic acids and so pH vaue decreased. As sugar
sourcesfinish, microorganismsbegin to consumepro-

teinsand producing some products by microorganisms,
will resultinpH increasd® *, Theseresultsarein agree-
ment withthefindingsof Vahedi et d .24,

Syneresis

TABLE 5 showsthat for syneresisva uesboth the
linear and quadratic effects of fiber (X,) weresignifi-
cant, whereas storagetime (X)) only had linear effect
(P<0.05).

Figure 2 demonstratesthe combined effects of fi-
ber content and storage time on syneresis. It can be
seenfromfigure2 that lower syneresiswas obtained at
higher fiber content and shorter storagetime. Without a
doubt, thekey property of fruit fiber isthe hydration.
Hydration summarizestheability to swell, bind water,
enhancetheviscosity, and prevent syneresis. Especialy
thosefruit fibersthat are produced carefully without
collapseof thecdl wal architectureareabletoswell in
avery short timeand form asponge-like network. This
matrix isabletoimmobilizewater to ahigh degree. The
highwater-bindingisatechnologicd aswell asaphys-
ological benefit?, Garcy’a-Pe’ rez et al.* reported
that addition of 1 ¢/100 ml orangefiber reduced syner-
esisand improved the creaminess sensory scores, to-
gether withincreased gel firmnessand stickiness.

Ddlo Staffoloet d .12 found thet yogurt fortified with
wheat, bamboo, inulin and applefibersdid not show
syneresis even after 21 day storage time at 4°C.
Supavititpatana, et al.*¥ dsoindicated that syneresis
of thecorn—milk yogurt was affected by the addition of
gelatin. Increased level sof gelatin sgnificantly reduced
the extent of syneresis(P< 0.05).

Syneresisincreasedindl of thesamplesduring stor-
agessignificantly. The syneresisbehavior during stor-

TABLE5: Analysisof variancefor theexperimental response of chemical composition and viscosity of fruit yogurt samples

pH Acidity total solids Syneresis Viscosity

Source df Mean Square F Value Mean Square F Value Mean Square F Value Mean Square F Value Mean Square F Value
Mode 5 0.0183 8.468** 0.0282 7.406* 0.7679 10.850** 29.5173 12.306** 583560.7 32.180***
Liner 2 0.0006 0.280 0.0055 1.448 1.7865 25.240*** 56.9976 23.762*** 1223353 67.46***
Quadratic 2 0.0452 20.885** 0.0649 17.04** 0.0008 0.012 16.7675 6.990% 196488.4 10.835**
Fiber(X;) 1 0.0003 0.153 0.0024 0.632 3.5728 50477+**  88.8819  37.055*** = 2205335  126.573***
Time( X2) 1 0.0009 0.408 0.0086 2.264 0.0002 0.003 25.1130 10.469* 151365.5 8.347%
Xq? 1 0.0009 0.425 0.0207 5.441 0.0016 0.023 32.5197 13.557** 260972 14.39**
X1 Xz 1 0.0001 0.011 0.0002 0.054 0.2650 3.744 0.0562 0.023 78120.25 4.309
X2? 1 0.0904 41.732%** 0.1198 31.478***  0.000012 0.001 0.0651 0.027 86194.05 4.753
Lack of fit 3 0.0040 5.231 0.0067 4.091 0.0979 1.939 3.6325 2.466 28680.44 2.805
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total solids Syneresis Viscosity

Mean Square F Value Mean Square F Value Mean Square F Value Mean Square F Value Mean Square F Value

Source of pH Acidity
Pure Error 4 0.0008 0.0016
Total 12
R 0.858
R? (adi) 0.756
Coefficient Variation(CV) 1.113

0.841
0.727
6.875

0.0505 1.4733 10225

0.885 0.897 0.958
0.804 0.824 0.928
1.106 4.443 7.417

* P<0.05; ** P<0.01; *** P<0.001

Time (day)

Time (day) 4

| A!CI DI}'Y

0.7

Time (day,) 4
Figurel: Responsesurfaceplotsfor total solids (%), acidity
(%) and pH asafunction of fiber content and storagetime

age time was similar to the results of Tarak¢i &
Kiigiikoner??, Similar resultswerereported for fruit-
flavored yogurt containing Kiwi Marmal ade™ .

Viscosity
TABLE 5 showsthat for viscosity valuesboth the

Time (day) 4

= synerems(l’.&}

28
|137.5
35

325 30 25

0.2 0.4 0.6 0.3 1
Fiber (%)

Figure2: Response surfaceand contour plot for syneresis
(%) asafunction of fiber content and stor agetime

linear and quadratic effects of fiber (X,) andthelinear
effectsof storagetime (X)) weresignificant (P<0.05).
Figure 3 showsthat higher viscosity was obtained at
higher fiber amount and shorter storagetime. It canbe
explained by thefact that in fruitsor fruit-based prod-
ucts, thecd | wall matrix istheprincipa structura com-
ponent and the water-binding properties of fruit fiber
can be used to control thetexture and the rheol ogical

Time {day)
- [ ]
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1
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B
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behavior of food thereof!?”), Thisobservationisconsis-
tent with thefindingsof Dello Staffolo et a2 whore-
ported that fiber type and storagetimewereinterven-
ingfactorsintheapparent viscosity. Sehanet d.[® aso
indicated that addition of b-glucanto yoghurt samples
increased the viscosity. Also according to Sendra et

=Viscosity (Cp)

28- / -
1200

] ]
s &
| |
1 T

Time (day)
3
1

1500

1800 21002400 300

06 08 1
Fiber (%)
Figure 3: Response surfaceand contour plot for viscosity
(cP) asafunction of fiber content and storagetime

0.2 04

al.™3, citrusfiber from orange by-productsisanovel
ingredient that can be successfully usedin yogurt pro-
ductionwhich modifiestexture properties.

Microbiological quality

Thedatistical datapresented in TABLE 6indicate
that total count was significantly affected by linear ef-
fects of fiber content and quadratic effects of storage
time, whereasfor yeast and mold count both linear and
quadratic effects of storagetimeweresignificant (P<
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Figure4: Responsesurfaceplotsfor microbial counts(log
cfu/g) asafunction of fiber content and storagetime color
characteristics
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TABLE 6: Analysisof variancefor the experimental responseof microbial countsof fruit yogurt samples

Sour ce g Total count Y east

Mean Square  FValue  Mean Square F Value Mean Square F Value
Model 5 0.2239 7.969** 7.357 23.36*** 3.2785 168.115***
Liner 2 0.1794 6.387* 12.4195 39.434%** 5.2349 268.43***
Quadratic 2 0.3582 12.751** 5.9539 18.905** 2.9565 151.6%**
Fiber(X,) 1 0.2295 8.169* 0.019 0.060 0.005 0.256
Time( Xy) 1 0.1294 4.605 24.8199 78.808*** 10.4647 536.601***
Xq? 1 0.0171 0.61 0.374 1.188 0.0133 0.683
X1 X5 1 0.0441 157 0.038 0.121 0.01 0.513
X2 1 0.6594 23.471%* 11.8812 37.725%** 5.872 301.1%**
Lack of fit 3 0.0202 0.594 0.7349 6.248*** 0.0455 6.923***
Pure Error 4 0.034 1.18E-15 6.57E-16
Totd 12
R® 0.965 0.943 0.991
R? (ad)) 0.941 0.903 0.985
Coefficient of
Variation(CV) 2413 59.265 23.577

* P<0.05; ** P<0.01, *** P<0.001

0.05). Figure4 illustratesthe combined effects of fiber
content and storagetime on microbia anaysis. It can
be seen from figure 4 that yogurts containing higher
amountsof fiber had higher totd microbid count. Aero-
bic mesophilic bacteriacount in the orangefiber was
high (5.891og CFU/g) whichledto higher tota countin
yogurt sampleswhileincreasing fiber content. Further-
more, total count decreased until 16" day and thenin-
creased, but yeast and mold count during storage sig-
nificantly increased. Increase of mold and yeast during
storage time can be attributed to sanitary conditions
during production of yogurt, contaminationfromair and
thetypeof fruit marma ade used in yogurt manufacture.
Theseresultsarein agreement with thefinding of Tarakei
& Kiigiikoner® who observed that in thefruit yogurt
samplesyeast and mold count increased progressively
during storage.

Experimenta resultsshowed that the coefficientsof
determination (R?) and (adjusted R?) werehigh, but the
lack-of-fit of mold and yeast wassignificant. Therefore,
obtained modd sof yeast and mold count cannot beused
to predict experimenta resultsfor other conditions.

Color characteristics

Thecolor characteristics of theyogurtsare shown
iINTABLE 7. TheL* (lightness) valuesof yogurtsde-
creased by fiber addition, but theb* (yellowness/blue-
ness) values significantly increased (P<0.05). These

results are in agreement with the findings of Dello
Staffolo et al.[? who reported that applefiber gavea
digtinctive brownish color and lower lightness(L*) vd-
uesthan the control yogurt sample. Thebrownish color
associated with thisfiber would makeit necessary to
add flavor componentsto modify yogurt formulationto
match consumer preferences. Also according to Sanz
et al > asparagusfibersdiminished thedarity andim-
parted ayellow-greenish col or to the yogurt.

TABLE 7: Effect of orangefiber on color valuesof yogurt

Fiber content (%) b* a* L*
0 23.43+2.2¢ 5.85t1.59ab 56.19+2.01a

0.2 24.91+2.36b 5.93t1.56ab 55.91+2.29ab
0.6 19.83+2.49d 4.42+1.8c  55.06+1.99abc
1 20.50+2.42a 6.61+1.46a 54.75+1.9bc

12 23.72+3.57bc 4.98£1.80bc  54.44+2.93c

Sensory evaluation

Statigticd andyssshowed significant effectsof vari-
ableson sensory properties (P< 0.05). Figure5 shows
higher flavor, color scorewas obtained at |ower fiber
amount, whereasthe higher texture scorewas obtained
at higher fiber amount. Also overall acceptability de-
creased withincreasing fiber amount to 0.6gr/100 ml,
then remained constant. Hedoni c tests showed that al -
most al assayed yogurtshave color, flavor and overal
acceptance scoresat least 4.25 onaseven-point scale

———————, Natural Products
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TABLE 8: Analysisof variancefor theexperimental response of sensory evaluation of fruit yogurt samples

Texture Flavor Color Acceptability

Source f S'\qﬂl?:rne F Value S'\qﬂl?:rne F Value S,\q?ll?grne F Value S,\q?ll?grne F Value
Model 5 0.3037 14.615%* 0.4818 6.97* 0.109 8.152** 0.0388 8.098**
Liner 2 0.689 33.156%** 0.7414 10.724** 0.1619 12.101** 0.05331 11.124**
Quadratic 2 0.0666 3.207 0.4622 6.685* 0.0347 2.5%4 0.0331 6.914*
Fiber(Xy) 1 1.2519 60.237*** 1.4527 21.014** 0.2513 18.784** 0.0395 8.242*
Time( X5) 1 0.1262 6.075* 0.03 0.435 0.0724 5.418 0.0671 14.007**
X2 1 0.0119 0.573 0.565 8.173* 0.0126 0.945 0.0485 10.12*
X1 X5 1 0.0072 0.348 0.002 0.029 0.1521 11.37* 0.021 4.387
X2 1 0.1294 6.225% 0.4793 6.934* 0.0629 4.706 0.0259 5.401
Lack of fit 3 0.0014 0.039 0.0113 0.1 0.022 3.203 0.0043 0.851
Pure Error 4 0.0353 0.1125 0.0069 0.0051
Total 12
R? 0.912 0.832 0.853 0.852
R? (ad)) 0.85 0.713 0.748 0.747
Coefficient of
Variation(CV) 2.957 5.326 2.308 1.399

* P<0.05; ** P<0.01, *** P<0.001
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Figure5: Responsesurfaceplotsfor sensory scoresasafunction of fiber content and storagetime
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(TABLE?2).

Thisobservationiscons stent with thefindings of
Ferna'ndez-Garcy’a & McGregor!* who evidenced
that fiber additionled to asignificant decrease of the
overal flavor scorefor yogurts. Also texture scorein-
creased with increasing fiber content. Thesefindings
arein agreement with theresultsof viscosity test show-
ingthat increasing fiber amount, increased gpparent vis-
cosity. Furthermore, flavor score decreased until 16"
day and then remained constant, but texture and col or
score and overa | acceptability during storage signifi-
cantly decreased. Thisobservationisaccordingtothe
findings of Tarak¢i* who reported that when pH de-
creased intheyogurt samplesduring storage, flavoring
characteristics decreased because of increased acidic
taste.

Optimization

Analysisof variance revealed that the quadratic
modelsarewel | adjusted to predict the experimental
data. For optimization, thecontour plotsareput oneach
other and the overlapping areais considered as opti-
mized. Thegod wasto maximizetota solids, viscosty
and acceptability and minimizing syneresis. Thesdlected
viscosity, syneresis, total solidsand overall acceptabil-
ity were respectively as follows: 2861 cP, 28.49%,
24.99%, 4.95 counts of 7.

From theanaysisof the contour plots, the optimal
conditionsfor production of orangeyogurt containing or-
angefiber to achievetheabovementioned criterionwere
obtained using 1.2%fiber after storagefor 16 days.

CONCLUSION

RSM was useful to study the individua and
interactive effectsof fiber anount and storagetimeon
syneresis, total solids, overall acceptability and
rheologica propertiesof yogurt. Yogurt fortified with
1.2% orangefiber did show lower syneresisand higher
viscogity. Theresults of sensory eva uation showed that
overall acceptability wasdecreased by increasing the
amount of fiber. Despite of decreasing sensory
properties of sampleswith increasing theamounts of
fiber, hedonic tests showed that gained scoresfor color,
flavor and overall acceptance were acceptabl e (score
of 4 or higher).

—=====> [Uul| Paper

Therefore, theorangefiber can beused successfully
intheproduction of fruit yoghurt at 1.2% concentration.

REFERENCES

[1] AACC,; Cereal FoodsWorld, 46, 112-126 (2001).
[2] M.Dello Staffolo, N.Bertola, M.Martino,
A.Bevilacqua; J.Int.Dairy, 14(3), 263-268 (2004).

[3] P.Trumbo, S.Schlicker, A.Yates, M.Poos;
J. American; Dietetic Ass., 102(11), 1621-1630
(2002).

[4] M.A.Gavin, M.Kiely, K.E.Harrington, P. J.Robson,
A.R.Moore; Public Health Nutr., 4(5A), 1061-8
(2001).

[5] D.Laron, SBertrais, S.Vincent, N.Arnault, PGaan,
M.C.Boutron, S.Hercberg; Proc Nutr Soc., 62(1),
11-55 (2003).

[6] FAO; http: www.fao.org, (2010).

[7] L.lzquierdo, J.M.Sendra; Citrusfruits: Composition
and characterization. In: B.Caballero, L.Trugo,
PFinglas, (Eds); Encyclopedia of Food Sciences
and Nutrition. Academic Press, Elsevier Science
Ltd., Oxford, (2003).

[8] R.Cohn,A.L.Cohn; Subproductosde procesado de
las frutas. In: D.Arthey, P.R.Ashurst, (Eds);
Procesado de frutas. Acribia, Zaragoza, 213-228
(1997).

[9] E.Sendra, PFayos, Y.Lario, J.Ferna ndez-Lo pez,
E.Sayas-Barbera, J.A.Pe'rez-Alvarez; J.Food
Micro., 25(1), 13-21 (2008).

[10] O.Benavente-Garc'ya, J.Castillo, J.A.Del R'yo;
J.Agric.Food Chem., 45(12), 45054515 (1997).

[11] S.M.Fiszman, A.Salvador; Zeitschrift fuer
L ebensmittel—Untersuchung und—Forschung A,
208, 100-105 (1999).

[12] A.Y.Tamine, R.K.Robinson; Yogurt science and
technology, Oxford, Pergamon Press, (1985).
[13] E.Sendra, V.Kuri, J.Ferna ndez-Lo pez, E.Sayas-
Barbera’a, C.Navarro, J.A.Perez-Alvarez; JLWT-

Food Sci.Technal., 43(4), 708-714 (2010).

[14] E.Ferna'ndez-Garcy'a, J.U.McGregor; Zeitschrift
fuer Lebensmittel—Untersuchung und—Forschung
A, 204(6), 433-437 (1997).

[15] C.M.Tudorica, T.E.R.Jones, V.Kuri, C.S.Brennan;
J.Food Sci.Agric., 84(10), 1159-1169 (2004).

[16] G.EI-Nagar, G.Clowes, C.M.Tudorica, V.Kuri,
C.S.Brennan; J.Inter.Dairy.Technol., 55(2), 89-93
(2002).

[17] J.A.Larrauri; Trends food sci.Technol., 10, 3-8

———————, Natural Products

A udian Jounnal


http://www.fao.org,

276

Influence of orange fiber addition on quality of orange fruit yogurt using response surface method

NPAIJ, 9(7) 2013

Full Paper ce
(1999).

[18] Y.Lario, E.Sendra, J.Garc’1a-Pe’rez, C.Fuentes,
E.Sayas-Barbera’, J.Ferna'ndez-Lo pez,
J.A.Pe’'rez-Alvarez; J.Innovative Food
Sci.Emerging Technoal., 5, 113-117 (2004).

[19] AOAC; Officia methods of analysis. 17" Edition
Washington DC: Association of Official Anaytical
Chemists, (1995).

[20] Z.Tarakei, E.Kiigiikoner; YYU Vet Fak Derg.,
14(2), 10-14 (2003).

[21] N.G.Asp, C.G.Johansson, H.S.Hallmer,
M.Siljestrem; J.Agric.Food Chem., 31(3), 427-482
(1983).

[22] J.A.Larrauri, B.Borroto, A.R.Crespo; Water
recyclingin processing orangepeel toahighdietary
fibre powder. J.Inter.Food Sci.Technal ., 32(1), 73-
76 (1997).

[23] E.H. Marth; Standard M ethodsfor the Examination
of Dairy Products. 14™ Ediition. American Public
Health Association, Washington, D.C (1978).

[24] Z.U.Haque, Ji.T; J.Food Sci.Technol., 38, 463-473
(2003).

[25] GSingh, K.Muthukumarappan; J.Food Sci.Tecnal.,
41, 1145-115 (2008).

[26] R.H.Myers, R.C.Montgomery; New York: Wiley,
(2002).

[27] S.Sungsoo cho, P.Samuel; Fiber ingredients: Food
Applications and Health Benefits, J.Fischer, Fruit
Fibers, CRC Press, Taylor & Francis Group, 427-

Natural Products

438 (2009).

[28] N.Sahan, K.Yasar; A.A.J.Food Hydro., 22(7),
1291-1297 (2008).

[29] W.C.Frazier, D.C.Westhhoff; Food Micrabiology.
Mc Graw-Hill Book Company, (1995).

[30] J.M.Jai; Modern Food Microbiol ogy. Chapman and
Hall, 1, 2 (1990).

[31] N.Vahedi, M.Mazaheri Tehrani, F.Shahidi;
J.Agric.Environ.Sci., 3(6), 922-927 (2008).

[32] F.J.Garcy a-Pe” rez, E.Sendra, Y.Lario,
J.Ferna’ndez-Lo” pez, E.Sayas-Barbera’, J.A.Pe’
rez-Alvarez; Milchwissenschaft, 61(1), 55-59
(2006).

[33] P.Supavititpatana, T.I.Wirjantoro,
A.Apichartsrangkoon, PRaviyan; J.Food Chem.,
106, 211-216 (2008).

[34] Z.Tarakei; Kafkas Univ Vet Fak Derg., 16(2), 173-
178 (2010).

[35] T.Sanz, A.Salvador, A.Jiménez, S.M.Fiszman;
J.European Food Res.Technal ., 227(5), 1515-1521
(2008).

Au Tudian Yourual



