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ABSTRACT

This research conducted to optimize the formul of fruit yoghurt with dif-
ferent levels of red beet extract (1.25%, 2.5% and 4%) and strawberry
flavor (1%, 2% and 4%). Physico-chemical and microbiological character-
istics were analyzed to assay the quality of the yoghurt samples. Results
showed higher syneresis and lower viscosities in red beet-flavored yo-
gurts compared to the control sample and this effect was found to be
concentration-dependent. The titratable acidity of red beet-flavored yo-
gurt containing 2.5% red beet extract was found lower than the samples
containing 1.25 and 4% extract and control, while the acidity of red beet-
flavored yogurt containing 1.25 and 4% red beet extract was higher than
the control. The pH of all the samples and control continued to decrease
during storage period. Higher concentrations of red beet extract resulted
in more decrease in pH. During 21 days of refrigeration storage, pH and
LAB count decreased and titratable acidity increased. Panelists gave
higher scores to the yogurt with 2.5% red beet extract, and no significant
difference was observed between scores of yogurts produced by adding
1.25 and 4% red beet extract. The overall acceptability values of the yo-
gurtscontaining 2.5% red beet extract and 2% strawberry flavor wasfound
to be higher than the other types of red beet-flavored yogurts.
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Betaiansarenatural water-sol uble nitrogen-con-
taining pigments, which comprise the red-violet
betacyanins (Betavulgaris), whose main pigment is
betal ain-5-0-B-glycosidase, or betanin, whichisthe
most common betacyanin®Y, Recent findingsrank beet
root among theten most potent antioxidant vegetabled.
Betalainsrespond at |east in part for these beneficial
properties?!. Thesereportshaveincreased theinter-
est in using red beetroot extracts to color food. Re-

cently, there hasbeen anincreasinginterest inthe use of
natura food additivesand incorporation of hea th-pro-
moting substancesinto thediet!*®. Yogurt consumption
has doubled in the past 17y and asof 2003 isa2.3
billion dollar market’?dl, In 2004, therewasan 8% in-
creaseinthe 2.7 billion pounds of yogurt consumed
annually inthe United States, attributed to increased
advertisement and public perception of varioushedth
benefits of the product!?d. Theimprovement of aroma
andflavor of yogurt canresultinanincreaseinthe con-
sumption of fina product. Fruit yogurt foundto bemore
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attractive organol eptically dueto masking partidly the
excessive acetal dehydeflavor in plain yogurt(®?, The
production and consumption of fruit yogurtislowin
Iran compared to plain yogurt, therefore, in thisstudy
wewouldliketo evd uatethephys cochemicd, micro-
bia and sensory quality during storage of red beet-fla-
vored yogurt.

MATERIALAND METHODS

The experiment was conducted inthelaboratory of
department of food technology & rura industries, Is-
lamic 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 collected from
loca market.

Preparation of red beet extract

Collected red beets, werewashed with clean wa-
ter and the black spotswereremoved. Red beetswere
blended and the jui ce extracted by juicer. The extract
wasfiltered with clean cloth (hot water washed) and
keptin plagtic containersa freezingtemperature (-20°C)
until preparation of red beet yogurt®,

Yogurt production

Raw milk pasteurized at 85 °C for 10 minutes and
subsequently cooledto 39+1 °C. Inoculation was done
with desirableproportion of Sarter culture(2.5%). Once
the starter, was compl etely mixed, thered beet juice
incorporated into yoghurt at 1.25%, 2.5% and 4% leve
and wasflavored with strawberry flavor at 1, 2 and 4%
levelsexceptin control samplel. Theplagtic cupswere
pre-washed with boiled water before using. The
sampleswereincubated at 41-43 °C until formation/
coagulation of yoghurt (8-12 hrs). Theyoghurt samples
werestored at about 4 °C at refrigeration until used.

Chemical analysisof fresh milk

Moisture, total solid (TS) and ash content were de-
termined accordingto AOAC (2002). Fat content de-
termined by Babcock method using the procedure de-
scribed by Aggarwalaand Sharma(1961). Acidity de-
termined by titration with 0.1 N sodium hydroxide so-
lution using the procedure by Aggarwalaand Sharma
(1961). Crude protein determined by Kjeldahl de-
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scribed by Ranganna(1976) procedure. Tota carbo-
hydrate content of the sample determined by subtract-
ing the measured protein, fat, ash and moisturefrom
100. pH measured with the help of a pH meter (D-
82362« Germany).

Sensory evaluation

The samples of yogurt prepared were evaluated
organolepticaly on 7 point hedonic scaleby a10judges
panel (10 laboratory staff of Shimbar dairy factory).
The sampleswere evaluated for body, texture, flavor
and overall acceptability as described by Land and
Shepher (1988). The judges were briefed as to the
method of scoring for different quality characteristics.
Descriptions about the criteriaevaluated were given
prior to evaluation,

pH measurement

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 theAOAC (1999). Yogurt pH and titratable acidity
were measured at days1, 7, 14, and 21.

Total tritatableacidity measurement

Yogurt sample(1 ml) wasmixed thoroughly with9
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 adefinitepink color lasting for 30 seconds.
Thevolumeof NaOH required to neutralize theyogurt
acid wasrecorded and used to cal cul atethe content of
titratableacids (lactic acid percentage equivaent) using
thefollowingformula
10 x VNaOH x 0.009 x 0.1
w
Where, 10=Dilutionfactor; W =weight of samplefor
titration; VNaOH = Volume of NaOH used to neutral -
izethelactic acid; 0.1 = Normality of NaOH.

Syner esismeasur ement

Onehundred grams of yoghurt samplewas placed
on afilter paper resting on atop of afunnel. After 2 h of
drainageat 70C, the quantity of whey collectedina50
ml graduated cylinder was used asan index of syner-

LA% = x100%
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esigd. Syneresis (%) wasbased onthevolumeof clear
supernatant per 100-mL yogurt.

Viscosity measurement

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 vadueswere
measured at 10 rpm with spindle#5™,

Lactic acid bacteria (LAB) and yeast and mold
counts

Tota LAB countswere determined for the starter
cultureand yogurt samples. Aliquotsof 10 gweredi-
|uted with 90-mL gterile peptonewater (0.1% wi/v) and
serid dilutionswere prepared. Mann, rogosa, sharpe
agar (Oxoid, Basingstoke, U.K.) was used for assay-
ing totd lactic acid bacteriaby thedoublelayer plating
technique. Plateswereincubated at 32C for 48-72 hi*4,
Yeast and mold counts were al'so conducted on the
yogurts. Theserid dilutionswere placed on potato dex-
troseagar (Oxoid) acidified with 1% lacticacid and the
plateswereincubated at 30C for 5 days*”. All yogurt
sampleswereduplicateplated at days1, 7, 14 and 21.

Satistical analysis

Data were analyzed by analysis of variance
(ANOVA) usingthegenerd linear model (GLM) pro-
cedure of the statistical analysis system™l. Themeans
were separated by use of theleast significant difference
(LSD) test. Significant differencesweredetermined at
a=0.05191,

RESULTS

Chemical analysisof milk

Quality of milk used for yoghurt production was
analyzed beforeusing. Moisture, tota solid, fat, pro-
tein, ash, lactose, acidity, pH, and solid non-fat (SNF)
were determined. Resultsof chemical analysisof milk
areshownin(TABLE 1). Theresultsaremoreor less
smilar to other researcher’s. Protein percentage of raw
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milk sampleswas3.32, whichiswithinthenorma range
of 2.3 to 4.4, Mean acidity of the experimenta
sampleswas0.17 percent which iswithin thenormal
range.

Organoleptic propertiesof red beet-flavor yogurts

Theorganol eptic eva uation of thered beet-flavored
yogurt was carried out at weekly intervalsfor 21 days
and themean scoresobtained summarizedin TABLE
2. Resultsof organol eptic evaluation showed that sig-
nificant differenceswere observed among red beet-fla-
vored yogurts (P< 0.05) except texture, whilediffer-
enceswereobtained Sgnificant Satisticaly betweenthe
scores of all organol eptic propertiesof theyogurt fla-
vor made by adding 1.25 and 2.5 and 4% of red beet
extracts. By adding higher dosages of red beet extract,
the flavor of yogurt was scored lower by panelists
(P<0.05). However, gatigtica ly sgnificant differences
were not found between the scores of sampleswith 1
and 2% strawberry flavor addition. In addition, thepan-
elists preferred yogurt produced with 2% of Red beet
extract (TABLE 2).

With respect to flavor value, thered beet-flavored
yogurt manufactured with 2.5% of red beet extracts
and 2% strawberry flavor was moreacceptable by pan-
elists. Asaresult of pandists’ 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 va ues of
theyogurtsmade by adding 2% strawberry flavor was
highest (P < 0.05). In addition, panelists a so 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-
berry flavor were preferred by panelistswith higher
value of othersred beet yogurt. Although, the result
wasdatidicaly sgnificant, theovera |l acoeptability 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 1: Composition of cow milk, used for yogurt making

Composition pH Acidity (%) Moisture (%) Fat (%) Protein (%) Ash (%) Carbohydrate/Lactose (%) SNF (%)

Raw Milk 6.6 0.18 87.52 4.15

331 0.72 4.28 8.37
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TABLE 2: Effect of red beet extract and strawberry flavor
concentrationson sensory propertiesof yogurt.

Properties Flavor ~Texture Color Accoe\;)(tera?)]illity
CY 5.60:0.65 5.88:0.52 5821049 5.02:1.14
o SO 536:0.72 5:88:0.53 582£045 5.02¢1.23
Red Sl 5.49:0.75 5.87+0.72 5.84:048 5.01:1.76
beet S 5.64:0.54 5.90:0.48 5.86:0.49 5.02+1.19
XU o3 6.02:0.61 5.90:0.49 5.83:0.65 5.00:1.43
STX 560N 589N  583NS 5.01M
CY 5.60:0.64 588:0.59 5.82:0.65 502127
Lomy, S 5:52:0.63 5.91:0.56 5:96:0.63 5.03:1.20
., Red Sl 5.63:0.64 588:0.50 5.99:0.63 5.02t1.12
5 beet 52 560:0.73 593:0.65 5.92:0.72  5.04+1.59
> U o3 57140.65 5.92:0.63 6.00£0.74 5.02:1.19
i ST 561% 590N 596" 5.03NS
= CY 5.60+:0.65 5.88+:0.48 5.82:0.56 5.02+1.83
§ gy, SO 5A43:0.71 5891062 6.02:0.59 5.04:2.04
S Red Sl 577073 59240.54 6.05:0.54 5.041.98
beet 2 5.80:0.64 5.94:0.59 6.09:0.53 5.05:2.01
Ut o3 5.86:0.69 5.93£0.63 6.14£0.66 5.06+1.88
STX 569" 591" 603" 5.04"
CY 5.600.52 5.88:0.61 582:0.53 502145
s, SO 560:0.64 592:0.65 586:0.59 5.02+1.53
Red Sl 5.65:0.76 5.89:0.64 590:0.69 5.03+1.34
beet  S2 557:0.68 5.9140.57 5.9140.65 5.04+1.49
U &3 560:0.65 5.94£0.71 584:0.71 5.05:1.57
sTX 562" 501" 586" 5.03N8

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 Strawberry
flavor (S1, S2 & S3).

Titratableacidity propertiesof theexperimental
yogurts

Thelowes meanva uedf titratableadi dity wasfound
at the 1<t day of storage, asthe highest valuewasfound
at the 21st day of storage. Intherange of 0.86-0.88%,
for the 1st day of storage, sample S3 had the lowest
mean vaue, for the 21st day of storageand thesample
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CY (control yogurt) had the highest mean value of ti-
tratable acidity. Someauthorsreported similar results
@), Thismight bedueto the acid productionin the ex-
perimenta yogurtsduring storage asaresult of thefer-
mentation of lactose by the action of the starter cultures
4 Layeetd., (1993) reported lower titratable acidity
valuesthan oursand similar resultswere reported by
Ileten and Karagul-Yuceer (2008) for non-fat yogurt.
Titratable acidity of the control and red beet-flavored
yogurtsincreased significantly during the storage pe-
riod at 4°C (P <0.05).

-
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<

Titratable Acidity
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Storagetime (day)
Figurel: Effect of red beet extractson titratableacidity of
yogurtsduring storageat 4°C for 21 days; ¢: CY control, =
S1: 1.25%, A S2: 2.5%, x S3: 4% Red beet extract
respectively

Someresearchersreported that thetitratable acid-
ity of fruit-flavored yogurtsincreased along with stor-
agel?+31, Inthered beet-flavored yogurts containing
4% red beet extract, theragpid increasein titratable acid-
ity continued up to the end of storage (Figure 1). The
titratable acidity of red beet-flavored yogurtscontained
4 % red beet extract wasfound morethan the yogurt
with 1.25% red beet extract and control, whiletheacid-
ity of theyogurt with 1.25% red beet extract waslower
thanthecontrol (Figurel).

pH propertiesof theexperimental yogurts

pH measuresfree H+ ion whereasthetotal titrat-
ableacidity measuretotal organic acidthat presentin
yogurt. Both measurements are important because
acidificationisthekey mechanism during yogurt fer-
mentation™. Thedeclining of pH during fermentation
was dueto the protocooperative action of two strain of
bacteria Sr.thermophilus and Lb.bulgaricus. The
presence milk sugar (carbon source) and milk protein
(nitrogen source) in therich medium of milk and opti-

-
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mumincubation environment (pH 7 and 41°C) encour-
agethebacterial strain (Sr.thermophilus) to grow rap-
idly. They transform lactose acid into lactic acid, ac-
etaldehyde, diacetyl, and formic acid. Theaccumula-
tion of al thesefermentation products correspondsto
theincreasing of acid production during fermentation.
Theliberation of lactic acidsreflectsthe high metabolic
activity of thelactic acid bacterid?. Ingeneral, thepH
vauesof dl samplesdecreased during storageand these
differenceswerefoundto be sgnificant (P<0.05). This
can beexplaned by further metabolicactivitiesof starter
culturesduring storage™?.

455

45
E
(-3
445

44
235

43

425 -

1 7 14 21

Storage time (day)
Figure 2: Effect of red beet extractson pH of control and red
beet yogurtsduring stor ageat 4°C for 21 days: ¢ CY: control
and, mSl: 1.25%, AS2: 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 theyogurts.

Syneresispropertiesof theyogurts

Thesyneresisvaluesof yogurtswere affected Sig-
nificantly (P<0.05) by both red beet extracts concen-
tration and storagetime and the changeswereshownin
(Figure 3). The highest mean value (46.06 mL/100 g)
of syneresiswasrecorded in sample S3 and thelowest
mean value (42.62 mL/100g) insampleCY (contral).
Asseenin Figure 3, the addition of red beet extract
caused aincrease of syneresisvauesinall samplesof
red beet-flavored yogurtsand the differencesbetween
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thecontrol and these sampleswerestatistically signifi-
cant (P<0.05). All yogurtswith red beet extractsshowed
ahigher syneresi s percentage compared to plain yo-
gurt. Yogurt with 4 % (w/w) red beet extract showed
thehighest syneresis(52.8%). Thisincreasingin syner-
esisisprobably dueto decreasinginwater holding ca
pacity that ed to morereleases of whey.

62

wn
X}

Synersk (mlf100ml)
w
B

& Boow
o o O

'S
o

1 7 14 21
Storage time (day)

Figure3: Syneresisof control and red beet yogurtsduring
storageat 4°C for 21 days : ¢ CY: control, ®mS1: 1.25%, A
S2: 2.5% x S3: 4% Red beet extract respectively.

Theintroduction of red beet extractsdid not in-
creasethefiber contentsin yogurt, which otherwise
would hold thewater and thusincreasethe syneresis.
Thewatery structure of the extractsthemsel ves may
lead to more releases of whey in the red beet-flavor
yogurts. Thehigher syneresisshown in red beet-flavor
yogurt wasmost probably caused by higher activewa
ter 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
increase s owly up to day 14 of storageand afterwards
decreased slowly. Similar viscosity pattern of yogurt

4400

4200

4000

Viscosity (cp)
w w
o (=]
=] [=]
& ©
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3200 -

3000

1 7 14 21

Storage time (day)
Figure4: Viscosity of control and red beet yogurtsduring
storageat 4°C for 21 days: ¢ CY: control and, ®S1: 1.25%,
A S2: 2.5% and x S3: 4% Red beet extract respectively.
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during gelation process was reported by Jumah et al
(2001). On the other hand, the viscosities of thered
beet-flavored yogurts were influenced by therates of
theextractsaddition (Figure4).

Theaddition of thered beet extractsincreased the
mean viscosity valuesof all yogurts, and it wasalso
found to be concentration-dependent (P<0.05). All
yogurtsformulated with red beet extracts showed no
ggnificantly higher viscosity vauescompared totheplain
yogurt (TABLE 4). Probably, the addition of red beet
extractsreinforced the yogurt micelle matrix and the
red beet fiber fragmentsdid not interferewith thefine
structureof theyogurt. Yogurt, with the highest red beet
extract content (2.5%), showed the highest viscosity
values. Lower levelsof red beet extracts probably al-
tered the casein micellematrix structure of theyogurts
insuchaway asto have contributed to thelow viscos-
ity values. Similarly, Otero et d. (2000) observed higher
viscosity valueswhen thefiber content wasincreased

inyogurt preparation.
Microbial propertiesof red beet- flavor yogurts

L AB and yeast and mold counts

Thedtarter cultureused inyogurt preparation had a
LAB count of 3.2+ 0.4 x 106 cfu/mL. LAB counts of
yogurt containing 1.25, 2.5 and 4% added red beet
extract areshownin Figure5, LAB countsof yogurts,
except yogurt containing 4% red beet extract, at day 1
were3+0.1 x 106 cfu/mL, which was good stated for
LAB countsof yogurts. During the 21 daysof storage,
LAB countsdecreased significantly (P<0.05). Addi-
tion of red beet extract did affect LAB counts. Con et
al. (1996) reported that LAB countsof fruit-flavored
yogurtswere 8.9 log cfu/g and 8.4 log cfu/g at days 1
and 13, respectively, and Akin and Konar (2001) found

1000

900 \N\\
800

E
S 700
g 600
% 500
‘5 400
3 300 N
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€ 200
0 e —
1 7 14 21
Store time (day)
Figure5
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LAB countsfor yogurts made from cows’ milk varied
between 8.3-8.7 log cfu/g at day 1 and 8.5-8.6 log
cfu/g at day 15. In comparison to these reports, LAB
countsinthisstudy were generally lessand decreased
sgnificantly moreover the 21-day period. Thedecrease
was poss bly related to the dightly higher storagetem-
perature and larger pH reduction that was observed
(Figureb).

CONCLUSION

Set-type red beet-flavored yogurt was made by
adding red beet extract and flavored with strawberry
flavor at different ratios. The effects of the red beet
extract addition onthe physicochemical, microbiologi-
cal and organol eptic propertiesof yogurt were exam-
ined. Based on sensory panel eva uations by trained
panelists, yogurts with 4% red beet extract and 4%
strawberry flavor addition had the highest overall ac-
ceptability compared to other yogurts. Thetitratable
acidity, pH, viscosity, syneresis, and organol eptic prop-
erties of experimental yogurts were determined at
weekly intervasfor 21 days. Statistically significant dif-
ferenceswerefound between the control and red beet-
flavored yogurtsin terms of viscosity and syneresis.
During 21 days of refrigerated storage, however, yo-
gurt pH and LAB countsdecreased and titratable acid-
ity increased. The addition of the red beet extract to
yogurt resulted in anincreasein the syneresis, and a
decreaseintheviscosity. Duringthestorage, thevaues
of thetitratable acidity, viscosity and syneresisof ex-
perimental yogurtsincreased, while pH of theyogurts
decreased significantly (P<0.05). Yogurt with 2.5%red
beet extract and 2% strawberry flavor was more ac-
ceptable and high scored with respect to overall ac-
ceptability value by panelists. By thisresearch anew
type of red beet- flavor yogurt with high iron content
was produced, that by use of thisvegetable, commer-
cia yogurt could beenriched.
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