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ABSTRACT

The purpose of this research was to determine the effects of red beet
extract and strawberry flavor on the physicochemical and organoleptic
properties of yogurt. For thispurposeatotal of 48 yogurt samplesincluding
yogurtsflavored with strawberry flavor (1, 2 and 4%) and colored with red
beet extract (1.25, 2.5 and 4%) and a control yogurt (no strawberry flavor
or red beet extract) were evaluated for chemical, physical and sensory
properties during 21 days of storage. Data analyzed by ANOVA using
statistical analysis system (SAS, 1995). Results showed statistically
significant differences (P<0.05) between the control and red beet-flavored
yogurtsinterms of viscosity and syneresis. Addition of red beet extract to
yogurt resulted in an increase in the syneresis, and a decrease in the
viscosity. During the storage, the values of thetitratable acidity, viscosity
and syneresis of experimental yogurts increased, while pH of the yogurts
decreased significantly (P<0.05). Yogurt enriched with 2.5% red beet extract
and 2% strawberry flavor was more acceptabl e and high scored with respect
to overall acceptability value by panelists.
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INTRODUCTION

Thereisanincreasinginterest by consumersinfood
itemsrecognized asbeneficia for hedth, withregardto
food that can be consdered of greater nutritiona value,
low infats, and rich in bioactive compounds scientifi-
cally recognized to be negatively associated with dis-
easeriski™, Red beet (Betavulgaris) isapotentia source
of va uablewater-solublenitrogenous pigments, called
betalains, which are composed of two main groups, the
red betacyaninsand the yellow betaxanthins. They are
freeradical scavengersand prevent active oxygen-in-
duced and free radical-mediated oxidation of biologi-

ca molecules®. Accordingly, thispigment mixturehas
been used asanatura additivefor food, drugsand cos-
metic productsintheform of beet juice concentrate or
beet powder™, Recently, therehasbeen anincreasing
interest intheuse of natura food additivesand incor-
poration of hedth-promoting substancesinto thediet™ .
Yogurt isoneof themost uniquedairy product, and a
functional one™”. The consumption of yogurt has ex-
perienced significant increasesand there are various
typesto achieve the broad consumer market. These
products may vary according to theingredients, com-
position, flavor, consistency, texture, caloric value, de-
velopment process and nature of the process of post-
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hatching®. Thefinal product quality hasgreat impor-
tancein itsacceptance, andisinfluenced mainly by its
consstency and viscosity. Theimprovement of aroma
andflavor of yogurt canresultinanincreaseinthecon-
sumption of fina product. Fruit yogurt foundto bemore
attractive organol eptically dueto masking partidly the
excessive acetaldehydeflavor in plain yogurt®™. The
production and consumption of fruit yogurtislow in
Iran compared to plain yogurt. Therefore, the objec-
tive of our investigation wasto develop anew type of
flavored Set yogurt by adding Red beet extract and to
study the effects of Red beet addition on some of the
quditiesof thefinal product.

MATERIALAND METHODS

Material

The experiment was conducted inthelaboratory of
the department of food technology & rural industries,
Islamic azad university, branch of Shahrekord. Fresh
milk wascollected from dairy farm of Shimbar factory.
Red beet for extract preparation, Strawberry Flavor
(Farmand Co, Iran), and starter culture Chr. Hansen
Co. (A/S, Horsholm, Denmark) collected from local
market. Materia sused in these experimentswere So-
dium hydroxide, methanol, sodium carbonate, methyl-
enebluereagent, and devices used including pasteur-
ization and Homogenizer (machinebuilding, Iran), ma:
chinejuicer (JC-17E, Japan), centrifuge 3K 30 (Ger-
many), high speed agitator (mixer 12405, Germany),
Brookfiddviscometer (Stoughton, USA), pH meter (D-
82362, Germany), Refractometer (RX-500, Belgium).

Preparation of red beet extract

Collected red beet, waswashed with clean water
and the black spotswereremoved from red beet with
the help of knife aseptically. Red beetswere blended
and red beet juices extracted by juicer. After blending,
the extract was filtered with clean cloth (hot water
washed). These were kept in plastic containers and
stored at freezing temperature (-20°C) until prepara-
tion of red beet (yogurt)™.,

Manufactureof experimental yogurts

Milk was heated to boiling to destroy the patho-
genic organismsat 85°C for 10 minutes. It was then
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transferred to acontainer and cooled to 39+1°C. Milk
wasinocul ated with desirable proportion of starter cul-
ture (2.5%), which was collected from local market.
For thispurpose commercid garter culture Chr. Hansen
Co. (A/S, Horsholm, Denmark) yogurt wasused. Once
the starter, was completely mixed, thered beet juice
whichispreviously pasteurized wasincorporated into
yogurt at 1.25%, 2.5% and 4% level and wasflavored
with strawberry flavor at 1%, 2% and 4% level in dif-
ferent cups except control?4, The plastic cupswere
pre-washed with boiled water before use. The samples
wereincubated at 41-43°C until the complete curd for-
mation/coagul ation of yoghurt (8-12 hrs). Theyoghurt
sampleswerestored at about 4°C at refrigeration until
used.

Chemical analysisof fresh milk

Moisture, Total Solids(TS) and Ash content of the
different typeof milk was determined according to“.
Fat percent was determined by Babcock method using
the procedure described by Aggarwalaand Sharma®.
Acidity wasdetermined by titration with 0.1N sodium
hydroxide sol ution using the procedure by Aggarwala
and Sharmal. Crude protein was determined by
Kjeldahl described by Rangand?” procedure. Totd car-
bohydrate content of the sample was determined by
subtracting themeasured protein, fat, ash and moisture
from 100!, pH was measured with the help of apH
meter (D-82362, Germany).

Sensory evaluation

The samples of yogurt prepared were evaluated
organoleptically on 7 point hedonic scale by apane of
10judges (10 laboratory staff of Shimbar dairy fac-
tory). The sampleswere evaluated for body, texture,
flavor and overdl acceptability asLand and Shephert?.
Thejudgeswere briefed asto the method of scoring
for different quaity characteristics. Descriptionsabout
thecriteriaeval uated weregiven prior to eva uation™3.

pH measur ement

Yogurt pH was measured in duplicateusing apH
model (D-82362, Germany). Titratableacidity of milk
and theyogurts, expressed as% lactic acid, wasdeter-
mined on triplicate samplesfollowing method 947.05
of theAOACP., Yogurt pH and titratable acidity were
measured at days 1, 7, 14, and 21.
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Total tritatableacidity measurement

Yogurt sample(1 ml) wasmixed thoroughly with 9
ml of distilled water Phenol phthalein solution (0.1%, 3
drops) was added and the yogurt suspension wasti-
trated using 0.1 M NaoH. Themixturewasstirred con-
tinuoudy and titrated was continued until theindicator
changed to adefinite pink color lasting for 30 seconds.
Thevolume of NaOH required to neutraizethe yogurt
acid wasrecorded and used to cal cul ate the content of
titratableacids (lactic acid percentage equivaent) using
thefollowingformula

10 x VNaOH x 0.009 x 0.1

W
Where 10 = Dilution factor; W = weight of samplefor

titration; VNaOH = Volume of NaOH used to neutral -
izethelacticacidand 0.1 = Normality of NaOH

Syner esismeasur ement

LAY = x 100% D

One hundred grams of yoghurt samplewas placed
on afilter paper resting on atop of afunne. After 2h of
drainageat 70C, the quantity of whey collectedina50
ml graduated cylinder was used asan index of syner-
es g, Syneresis (%) wasbased onthevolumeof clear
supernatant per 100-mL yogurt.

Viscosity measur ement
Apparent viscosity was determined by usngaRV

Brookfield viscometer (Stoughton, USA) on 100 mL
yogurt samples at room temperature. Sampleswere
stirred for 40 sec before measurement. Readingswere
converted to centipoisesunits. All viscosty vaueswere
measured at 10 rpm with spindle#51,

Satistical analysis

Data were analyzed by analysis of variance
(ANOVA) using the genera linear model (GLM)
procedure of the Statistical Analysis System®U. The
meanswere separated by use of theleast significant
difference (LSD) test. Significant differences were
determined at 0=0.051%2,

RESULTSAND DISCUSSION

Chemical analysisof milk

Quality of Milk used for yoghurt production was
analyzed beforeuse. Moisture, total solid, fat, protein,
ash, lactose, acidity, pH, and Solid Non-Fat (SNF)
were determined. Resultsof chemical analysisof milk
areshownin(TABLE 1). Theresultsaremoreor less
similar to other researcher. Protein percentage of raw
milk sampleswas3.32, whichiswithinthenorma range
of 2.3to4.4. Mean acidity of the experimenta samples
was0.17 percent (TABLE 1) whichiswithinthenorma
range.

TABLE 1: Composition of Cow milk, used for yogurt making (on assuch basis)

Composition  pH  Acidity(%) Moaistureg%) Fat(%)

Protein(%)

Ash(%) Carbohydrate/Lactose(%) SNF(%)

Raw Milk 6.6 0.18 87.52 4.15

331 0.72 4.28 8.37

Organoleptic propertiesof red beet- flavor yogurts

The organol eptic eva uation of the Red beet-fla-
vored yogurt was carried out at weekly intervalsfor 21
days and the mean scores obtained summarized in
TABLE 2. Resultsof organol eptic eval uation showed
that significant differenceswere observed among Red
beet-flavored yogurts (P< 0.05) except intexture, while
differenceswere obtained statistically significant be-
tween the scores of all organol eptic properties of the
flavored yogurts made by adding 1.25 and 2.5 and 4%
of Red beet extracts. By adding higher amountsof red
beet extract, flavor gained lower scores (P< 0.05).
However, statistically significant differenceswere not
found between the scores of sampleswith 1 and 2%
strawberry flavor. In addition, the pandlists preferred
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yogurt produced with 2% of red beet extract (TABLE
2).

With respect to flavor value, the red beet-flavored
yogurt manufactured with 2.5% of red beet extracts
and 2% strawberry flavor was moreacceptable by pan-
elists. Asaresult of panelists’ evaluation, with respect
toflavor, color, and perceived texture, significant dif-
ferenceswere not observed between examined yogurts
by adding different amountsof strawberry flavors. The
perceived flavor value of 1% strawberry flavor added
yogurt wasfound to bethelowest, whilethe values of
theyogurtsmade by adding 2% strawberry flavor was
highest (P < 0.05). In addition, panelists aso stated
that theamount of thered beet yogurt containing 1 and
4% strawberry flavor waslessdesirable. Yogurts pro-
duced with adding 2.5% red beet extract and 2% straw-
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berry flavor were preferred by panelistswith higher
value of othersred beet yogurt. Although, the result
wasdatisticaly sgnificant, theoverd| acceptability vaue
of red beet-flavored yogurt with 1.25 and 4% red beet
extract wasdlightly lower than theyogurt added 2.5%
red beet extract.

TABLE 2: Effect of red beet extract and strawberry flavor
concentrationson sensory propertiesof yogurt

. Overall
Properties Flavor Texture Color Acceptability
CY 5.60£0.65 5.88£0.52 5.82£0.49 5.02+1.14
0% SO 5.36+0.72 5.88+0.53 5.82+0.45 5.02:1.23
red Sl 5.49+0.75 5.87+0.72 5.84+0.48 5.011.76
beet  S2 5.64+0.54 5.90+0.48 5.86+0.49 5.02+1.19
extrat S3 6.02:0.61 5.90:0.49 5.83+0.65 5.001.43
sTX 560 589" 583" 501N
CY 5.60£0.64 5.88+£0.59 5.82+0.65 5.02+1.27
125% SO 5.52+£0.63 5.91£0.56 5.96+0.63 5.03:1.20
£ 1o Sl 5.63+0.64 5.88:0.50 5.99+0.63 5.02+1.12
D pegt  S2 5.60:0.73 5.93+0.65 5.92+0.72 5.04+1.59
> extract  S3 5.71+0.65 5.92£0.63 6.00£0.74 5.02£1.19
i <TX 561% 590M  596* 503N
= CY 5.60£0.65 5.88£0.48 5.82£0.56 5.02+1.83
£ 25% S0 543:0.71 589£0.62 6.0260.59 5.042.04
T red Sl 5.77+0.73 5.92+0.54 6.05:0.54 5.04+1.98
£ peat  S2 5.80+0.64 5.94+0.59 6.09+0.53 5.05+2.01
O oxtract S8 5.86:0.69 5.93:0.63 6.14+0.66 5.06+1.88
sTX 569* 591  6.03* 5.04 *
CY 5.60£0.52 5.88+£0.61 5.82£0.53 5.02+1.45
4% SO 5.60+0.64 5.92+0.65 5.86+0.59 5.021.53
red Sl 5.65:0.76 5.89+0.64 5.90+0.69 5.031.34
beet  S2 5.57+0.68 5.91+0.57 5.91+0.65 5.04+1.49
extract S3 5.69£0.65 5.94+0.71 5.84+0.71 5.05+1.57
sTX 562" 591  586* 5.03"°

CY =Control yogurt, KO=0% of strawberry flavor, K1 = 1% of
strawberry flavor, K2 = 2% of strawberry flavor, K3 = 4% of
strawberry flavor, * = significant at 5% level, NS = Non
significant

Physical and chemical propertiesof experimental
yogurt

Plain yoghurt (no Flavor and extract added) was
compared with yoghurtsincorporating different con-
centrations (1.25%, 2.5% & 4%) of extract of Red
beet (R1, R2 & R3), and (1%, 2% & 4%) of Straw-
berry flavor (S1, S2 & S3).

Titratableacidity propertiesof theexperimental
yogurts

Thelowest meanva uedf titratableadi dity wasfound
at the 1% day of storage, asthe highest valuewasfound
at the 21% day of storage. Intherange of 0.86-0.88%,
for the 1% day of storage, sample S3 had the lowest
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mean value, for the 21 day of storage and the sample
CY (control yogurt) had the highest mean value of ti-
tratable acidity. Someauthorsreported similar results™®,
Thismight beduetothe acid productionin theexperi-
mental yogurtsduring storageasaresult of thefermen-
tation of lactose by the action of the starter cultures®.

2

\

e

1 7 14 21

Titratable Acidity (%LA)
=
Ln

Storage time (day)

Figure 1: Effect of red beet extractson titratableacidity of
yogurtsduring storageat 4°C for 21 days. f&: CY control
and, % S1: 1.25% , 2% S2: 2.5%, and x S3: 4% red beet
extract respectively

Layeetd., (1993) reported lower titratable acidity
valuesthan oursand similar resultswere reported by
Isleten and Karagul - Yuceer® for non-fat yogurt. Ti-
tratable acidity of the control and red beet-flavored
yogurtsincreased significantly during the storage pe-
riod at 4°C (P <0.05). Some researchers reported that
thetitratableacidity of fruit-flavored yogurtsincreased
alongwith storage? . Inthered beet-flavored yogurts
containing 4% red beet extract, therapidincreasein
titratabl eacidity continued up to theend of storage (Fig-
ure 1). Thetitratable acidity of red beet-flavored yo-
gurts contained 4 %red beet extract wasfound more
than the yogurt with 1.25% red beet extract and con-
trol, whiletheacidity of theyogurt with 1.25% red beet
extract waslower thanthe control (Figure1).

pH propertiesof theexperimental yogurts

pH measuresfree H* ion whereasthetotal titrat-
able acidity measuretotal organic acidthat presentin
yogurt. Both measurements are important because
acidification isthekey mechanism during yogurt fer-
mentation. Thededlining of pH duringfermentationwas
dueto the protocooperative action of two strain of bac-
teriaSthermophilusand L.bulgaricus. The presence
milk sugar (carbon source) and milk protein (nitrogen
source) in therich medium of milk and optimum incu-
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bation environment (pH 7 and 41°C) encourage the
bacteria strain (Sthermophilus) to grow rapidly. They
transform lactose acid into lactic acid, acetal dehyde,
diacetyl, andformicacid. Theaccumulationof dl these
fermentation products correspondsto theincreasing of
acid production during fermentation. Theliberation of
lactic acidsreflects the high metabolic activity of the
lactic acid bacterid®.

Ingenerd, the pH valuesof al samplesdecreased
during storage and these differenceswerefound to be
significant (P<0.05). Thiscan beexplained by further
metabolic activitiesof sarter culturesduring storage™”.

4.6

455 \"“'-. —
45 %ﬂ:‘_—
g 445 — __11
44 xﬁﬁ"’“‘-.h
43%
4.3
425 T
1 T 14 21

Storage time (day]

Figure2: Effect of red beet extractson pH of control and red
beet yogurtsduring storageat 4°C for 21 days:f& CY: control
and % S1: 1.25%, 2% S2: 2.5%, and x S3: 4% red beet
extract respectively.

When pH decreased, aromaand acidic taste in-
creased asaresult of decreased flavoring characteris-
tics. Similarly, the pH of the control and red beet-fla-
vored yogurts continued to decrease during the stor-
age. Lower concentration of thered beet extract inthe
yogurt resulted in afaster decreasein the pH, while
higher red beet extract concentration causedtoincrease
inthe pH. Thiswas probably dueto the nature pH of
the added ingredientsto the yogurts.

Syneresispropertiesof theyogurts

Thesyneresisvauesof yogurtswereaffected Sig-
nificantly (P<0.05) by both red beet extracts concen-
tration and storagetime and the changesare shownin
(Figure 3). Thehighest mean value (46.06 mL/100 g)
of syneresiswasrecorded in sample S3 and thelowest
mean value(42.62 mL/100 g) insample CY (contral).
Asseenin Figure 3, the addition of red beet extract
caused aincreaseof syneresisvauesinall samplesof
Red beet-flavored yogurtsand the differences between
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thecontrol and these sampleswerestatistically signifi-
cant (P<0.05). All yogurts with Red beet extracts
showed ahigher syneresi spercentagecomparedtoplan
yogurt. Yogurt with 4 % (w/w) red beet extract showed
thehighest syneresis(52.8%). Thisincreasingin syner-
esisisprobably dueto decreasing in water holding ca
pacity that led to morerel eases of whey!?’.
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Figure3: Syneresisof control and red beet yogurtsduring
storageat 4°C for 21 days: f& CY: control and, % S1: 1.25%,
295 S2: 2.5%, and x S3: 4% red beet extract respectively.

Theintroduction of red beet extractsdid not in-
creasethefiber contentsin yogurt, which otherwise
would hold the water and thusincrease the syner-
ess. Thewatery structure of the extractsthemselves
may |ead to more releases of whey in the red beet-
flavor yogurts. The higher syneresis shown in red
beet-flavor yogurt was most probably caused by
higher activewater content contributed by the added
extracts.

Viscosity propertiesof theyogurts

Theviscositiesof the control and red beet-flavored
yogurt increased rapidly up to day 7, and continued to
increased owly upto day 14 of storageand afterwards
decreased slowly. Similar viscosity pattern of yogurt
during gelation processwasreported by Jumah et a2,
On the other hand, the viscosities of the red beet-fla-
vored yogurtswereinfluenced by therates of the ex-
tractsaddition (Figure4). Theaddition of the red beet
extractsincreased the mean viscosity valuesof dl yo-
gurts, and it was also found to be concentration-de-
pendent (P<0.05).

All yogurts formulated with red beet extracts
showed no sgnificantly higher viscosity valuescompared
totheplainyogurt (figure4). Probably, the addition of
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red beet extractsreinforced the yogurt micelle matrix
and thered beet fiber fragmentsdid not interferewith
thefinestructureof theyogurt. Yogurt, with the highest
red beet extract content (2.5%), showed the highest
viscogity values. Lower levelsof red beet extracts prob-
ably altered the casein micelle matrix structure of the
yogurtsin such away asto have contributed to thelow
viscosity values. Similarly, Otero et al.!* observed
higher viscosity valueswhen thefiber content wasin-
creased inyogurt preparation.

4000
2E00

3600

Vhwosity foph

3400

3I00 -

o T
i T 14 21

Storage time {day)
Figure4: Viscosity of control and red beet yogurtsduring
sorageat 4°C for 21 days: f& CY: control and, % S1: 1.25%,
296 S2: 2.5% and x S3: 4% red beet extract respectively.

CONCLUSION

Yogurt isafunctiona food that hasgreat demand
due to the consumer’s search for a healthier diet.
The effects of the red beet extract addition on the
physicochemical and organoleptic properties of yo-
gurt wereexamined. Thetitratable acidity, pH, vis-
cosity, syneresis, and organol eptic properties of ex-
perimental yogurtswere determined at weekly inter-
valsfor 21 days. Statistically significant differences
were found between the control and red beet-fla-
vored yogurtsin terms of viscosity and syneresis.
The addition of the red beet extract to yogurt re-
sultedin anincreasein the syneresis, and adecrease
intheviscosity. During the storage, thevalues of the
titratable acidity, viscosity and syneresis of experi-
mental yogurtsincreased, while pH of the yogurts
decreased significantly (P< 0.05). Yogurt with 2.5%
red beet extract and 2% strawberry flavor was more
acceptable and high scored with respect to overall
acceptability value by panelists.
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