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ABSTRACT

Yogurt flavored with kiwi flavor (1, 2 and 4%) and colored with spinach
extract (1.25, 2.5 and 4%) and a control yogurt (no kiwi flavor or spinach
extract) were evaluated for some chemical characteristics, viscosity,
syneresis, L*, & and b* color values and microbia properties at seven-
day intervalsfor 21 days. Significant differences were found between the
control and kiwi-spinach yogurt with respect to syneresis and viscosity
characteristics (P<0.05). | ncreasing the amount of spinach extract inyogurt
resulted inadecreasein L*, a* values of yogurt, and increasein b* color,
syneresis, total phenolic content, antioxidant activity, titratable acidity
and viscosity parameters (P<0.05). During the storage period, pH decreased
but titratable acidity, syneresis and viscosity values of yogurt samples
increased continuously (P<0.05). Storage affected LAB count significantly
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INTRODUCTION

Spinach (Spinaciaoleraceal..) isaleafy vegetable
of the Chenopodiaceaefamily!Y. It isnativeto central
Asiaand widely thought to haveoriginated in Iraniz®.,
Itiscommonly used asasalad, acooked vegetable or
asacomponent of many other cooked meat and veg-
etabledishes. Thejuiceof leavesiscooling and very
nutritivel®. Itishighin ascorbate, a-carotene, lutein,
flavonoids, magnesium, folate, iron, potassium and un-
saturated fatty acidg’#. Water-sol uble spinach extracts
have been shown to have antimutagenic!®,
antioxidative¥, antitumor*Y and anti-inflammatory
properties'? inbiologica systems, but haveno poten-
tid adverse estrogenic activity™ or toxic effectsin ani-

mal g3, Freshledf juiceof spinachincreasesbreast milk
and usedinanemia, jaundice, cirrhosisof theliver and
in conditionsof general weakness®. Thesestudiessug-
gest that spinach extracts may exert beneficial effects
such aschemo and central nervous system protection,
and anti cancer and anti aging functions™. Recently, there
hasbeen anincreasinginterest intheuseof natura food
additivesand incorporation of health-promoting sub-
stancesintothediet™. Yogurt isoneof themost unique
dairy products. Theuniquenessof yogurt isattributable
to thesymbiotic fermentationinvolved inits manufac-
turing. Yogurt in different formswith appropriatelocal
namesismadethroughout theworld. Inprinciple, world-
wide, thereare not any differences between manufac-
turing of homemade and factory-made yogurt!*¢17. Yo-
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gurt is being enjoyed everywhereintheworld for its
beneficid properties. Itiseadly digestible, hashigh nu-
tritional value*®? and has al so therapeutic proper-
ties?22, The production and consumption of fruit yo-
gurtislow inlran comparedto plainyogurt, but Buraniy
(or Spinachy yogurt) iswidely made and consumedin
Iranian homes. Thereisno commercia production of
either Spinach yogurt in Iran. Therefore, The use of
different vegetable-flavor in yogurt manufacturehasbeen
attempted increasingly. The aim of thisstudy wasto
utilize spinach extract (with highiron content and good
nutritional vaue) and kiwi flavorsin developing ayo-
gurt of high acceptability. Another objectiveof thisstudy
wasto eva uatethe effect of spinach additiveson mi-
crobia, and physi cochemical propertiesof yogurt.

MATERIALAND METHODS

Material

The experiment conducted in the laboratory of the
department of food technology & rura industries, Is-
lamic Azad University, branch of Shahrekord. Fresh
milk collected from dairy farm of Shimber factory. Spin-
achfor extract preparation, Kiwi flavor (Farmand Co,
Iran) and starter culture (Chr. Hansen Co. Horsholm,
Denmark) purchaseed from|oca market. Maerid sused
inthese experimentswere Sodium hydroxide, metha:
nol, sodium carbonate, methylene bluereagent, Folin-
ciocdteu) 64171 Danstadt; Germany), 1 DPPH) Alrich
D913-2, Germany) and devices used including
pasteurizator and homogenizer (Madein Iran), juicer
(JC-17E, Japan), centrifuge 3K 30 (Germany), high
speed agitator (mixer 12405, Germany), Brookfield
viscometer (Stoughton, USA), Hunter Lab Color Quest
(Memmert, Germany), pH meter (D-82362, Germany),
refractometer (RX-500, Belgium).

Prepar ation of spinach extract

Spinachwaswashed with clean water and theblack
spots removed from spinach with the help of knife.
Spinach blended and then extracted by juicer. After
blending, theextract filtered with clean cloth (hot water
washed) and kept in plastic containersat freezing tem-
perature (-20 °C) until preparation of spinach yogurt(#,
Yogurt manufacture

Raw milk pasteurized at 85 °C for 10 minutes and
subsequently cooledto 39+1 °C. Inoculation was done
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with desirableproportion of sarter culture(2.5%). Once
the dtarter, was completely mixed, thespinachjuicein-
corporated into yoghurt at 1.25%, 2.5% and 4% level
andwasflavored with kiwi flavor at 1, 2and 4%l evels
except in control samplé?4, Theplastic cupswerepre-
washed with boiled water before using. The samples
wereincubated at 41-43 °C until formation/coagula-
tion of yoghurt (8-12 hrs). Theyoghurt sampleswere
stored at about 4 °C at refrigeration until used.

Chemical analysisof fresh milk

Moisture, total solid (TS) and ash content were de-
termined according to AOAC®!, Fat content deter-
mined by Babcock method using the procedure de-
scribed by Aggarwalaand Sharma?®l. Acidity deter-
mined by titration with 0.1 N sodium hydroxide solu-
tion using the procedure by Aggarwa aand Sharma®!.
Crude protein determined by Kjeldahl described by
Ranganna (1976) procedure®’. Total carbohydrate
content of the sampl e determined by subtracting the
measured protein, fat, ash and moisturefrom 10019,
pH measured with the help of apH meter (D-82362;

Germany).

Lactic acid bacteria (LAB) and yeast and mold
counts

Tota LAB count determined for thestarter culture
and yogurt samples. Aliquotsof 10 g diluted with 90-
mL sterile peptone water (0.1% w/v) and seria dilu-
tions were prepared. Mann, Rogosa, Sharpe agar
(Oxoid, Basngstoke, U.K.) used for assayingtotd lactic
acid bacteria by the double layer plating technique.
Platesincubated at 32 °C for 48—72 hi®**%, Yeast and
mold countsa so conducted ontheyogurt samples. The
seria dilutions were placed on potato dextrose agar
(Oxoid) acidifiedwith 1%l acticacid and the plateswere
incubated a 30°C for 5 days®U. All yogurt sampleswere
duplicatesplated at days 1, 7, 14 and 21.

pH measurement

Yogurt pH measured in duplicateusingapH model
(D-82362; Germany). Titratable acidity of milk and the
yogurts, expressed as % lactic acid, was determined
on triplicate samplesfollowing method 947.05 of the
AOACH, Yogurt pH and titratabl e acidity measured
atdays1,7, 14, and 21.

Total titratableacidity measurement
Yogurt sample(1 ml) wasmixed thoroughly with9
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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-
tinuoudly and titrated was continued until theindicator
changed to adefinitepink color lasting for 30 seconds.
Thevolumeof NaOH required to neutralize theyogurt
acid recorded and used to cal cul ate the content of ti-
tratable acids (lactic acid percentage equivaent) using
thefollowingformula:

10 x VNaOH x 0.009x 0.1
LA% = W x 100%

Where 10 = Dilution factor; W = Weight of samplefor
titration; VNaOH = Volume of NaOH used to neutral-
izethelacticacid; 0.1 = Normality of NaOH.

Syner esismeasur ement

Onehundred grams of yoghurt sampleplacedona
filter paper resting on atop of afunnel. After 2 h of
drainageat 7 °C, the quantity of whey collected in a 50
ml graduated cylinder was used asan index of syner-
es 9%, 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. Samplesstirred
for 40 sec before measurement. Readingsconverted to
centipoisesunits. All viscosity valuesmeasured at 10
rpmwith spindle#534.

Total phenalic content

Tota phenolic content determined according to
Apostolidis, et al®. The absorbanceread at 725 nm
and theva ueswere converted to total phenolics, ex-
pressedinmicrogramsequivaentsof galicacid per gram
(GAE/g) sample. Gdlicacid used asstandard.

Color measurement

Color measured by usngaHunter Lab Color Quest
(Memmert, Germany). Inthe CIELAB system, L* in-

dicatesdegree of lightness or darkness(L*=0indicat-
ing perfect black and L*=100 indicating perfect white);
a* and b* indicate degree of rednessor greennessand
yellownessor blueness, respectively.

Antioxidant activity by 1, 1-diphenyl-2-
picrylhydrazyl radical (DPPH) inhibition assay

Antioxidant activity of yogurt ssmplesby 1, 1-diphe-
nyl-2-picrylhydrazyl radical (DPPH) inhibition wasde-
termined by an assay modified fromApostalidis, et .
The decreasein absorbance monitored at 517 nm until
aconstant reading was obtained. The readings com-
pared with the control which contained distilled water
(2501il) instead of yogurt water extract. The inhibition
percentage calcul ated asfollows:

(A control — A extract)

% inhibition = A control

X 100%

Satistical analysis

Data were analyzed by analysis of variance
(ANOVA) usingthegenerd linear model (GLM) pro-
cedure of the Statistical Analysis System (SAS,
1995)1%1, The means separated by using theleast sig-
nificant difference (LSD) test. Significant differences
were determined at 4=0.0557,

RESULTS

Chemical analysisof milk

Quiality of milk used for yoghurt production ana-
lyzed beforeusing. Moisture, total solid, fat, protein,
ash, lactose, acidity, pH, and solid non-fat (SNF) were
determined. Results of chemical analysisof milk are
shownin(TABLE1). Theresultsaremoreor lesssimi-
lar to other researcher. Protein percentage of raw milk
sampleswas 3.32, whichiswithinthenormal range of
2.3t04.4. Mean acidity of the experimental samples
was0.17 percent (TABLE 1) whichiswithinthe nor-
mal range.

TABLE 1: Composition of cow milk, used for yogurt making

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

Raw Milk 6.7 0.17 87.52 4.16

3.32 0.74 4.26 8.37

Microbial propertiesof spinach- flavor yogurts
L AB and yeast and mold counts

Thestarter cultureusedin yogurt preparation had a
LAB count of 2.8+ 0.4 x 10°cfu/mL. LAB counts of

yogurt containing 1.25, 2.5 and 4% spinach extract
showninFigurel, LAB countsof yogurts, except yo-
gurt containing 4% spinach extract, reported 3+0.1x10°
cfu/mL at first day, which was suitable. During 21 days
of storage, LAB counts decreased significantly
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(P<0.05). Addition of spinach extract affected LAB
counts. Cuevaand Aryana (2007)1® reported that LAB
countsof fruit-flavored yogurtswere 8.9 log cfu/g and
8.4log cfu/gat days1and 13, respectively, and Akin
and Konar (2001)1* found LAB counts for yogurts
madefrom cows’ milk varied between 8.3-8.7 log cfu/
gatday 1 and 8.5-8.6log cfu/g at day 15. In compari-
son to these reports, LAB countsin this study were
generally lessand decreased significantly over the 21-
days period. The decrease was possibly related to the
dightly higher storagetemperature and larger pH re-
duction that was observed.

10

|

 —

LAB Count { * 10¢ CFU/mL)

1 7 14 21
Store time {day)

Figurel: Total lactic acid bacteria countsin control and

spinach yogurtsduring 21 daysof refriger ated storageat 5-

7°C: ¢CY: control, ®S1: 1.25%, AS2: 2.5%, and x S3:

4% Spinach extract respectively.

Theresult of viablebacteriacount during Storage at
4°C for three weeks is shown in Figure 1. According to
thisFigure, thenumber of lactic acid bacteriainyogurt
containing 4% spinach extract ismorethan thecontrol at
day 14, which may be due to stimulation by glucose,
lacticbacteria, nitrogenouscompoundsandvitaminsavall-
ableinspinach extract. But thegrowth of bacteriasignifi-
cantly reduced until day 21. Guvenand Gulmez (2006)1“2
and Kucukoner and Tarakci., (2004)Y observed ade-
creasein LAB count of LAB during storage period be-
causeof thereductionin pH andincreasing the acidity.
Land and Shepher (1988) stated that a minimum of
10°cfu/mL LAB isnecessary for positively influenceon
theintestina microbid flord*?. Yeast and mold countin
all the samples during 15 days of storage was below
5cfu/g and acceptable according Codex standard.

Physical and chemical properties of yogurt
sapmles

Plain yoghurt (no Flavor and extract added) was
compared with yoghurtsincorporating different con-
centrations (1.25%, 2.5% & 4%) of spinach extract
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(S1, S2 & S3), and different dosages (1%, 2% & 4%)
of Kiwi flavor (K1, K2 & K3).

Titratableacidity propertiesof yogurt samples

Thelowest meanvaueof titratableacidity found at
the 1<t day of storage (for S3), whilethe highest value
found at 21st day of storage (control yogurt). Some
authors reported similar results (Tarakci and
Kucukoner, 2004)%, This might be dueto the acid
production intheexperimental yogurtsduring storage
asaresult of thefermentation of lactose by the action
of thestarter cultures®®. Layeet d., (1993)“ reported
lower titratableacidity va uesthan our resultsand smi-
lar resultswerereported by Id eten and Karagul-Yuceer
(2008)“ for non-fat yogurt. Titratable acidity of the
control and kiwi-spinachyogurtsincreased S gnificantly
during the storage period at 4 °C (P < 0.05). Some
researchersreported that thetitratable acidity of fruit-
flavored yogurtsincreased al ong with storage’®4e,

16 -

Titratable Acidity (PsLA)

1 I 7 | 14 I 21
Store Time (day)
Figure2: Effect of spinach extractson titratableacidity of
yogurtsduring storage at 4°C for 21 days. ¢: CY control
and, ®S1: 1.25%, A S2: 2.5% and x S3: 4% Spinach extract
respectively.

Inyogurt sampl e contai ning 4% spinach extract, the
rapidincreasein titratable acidity continued up to the
end of storage(Figure2). Thetitratableacidity of kiwi-
Spinach yogurt containing 2.5% spinach extract found to
be morethan the yogurt with 1.25% spinach extract and
control, whiletheacidity of theyogurt with 1.25% spin-
ach extract was|ower than thecontrol (Figure2).

pH propertiesof theexperimental yogurts

pH measuresfree H+ ion whereasthetotal titrat-
ableacidity measuretotal organic acid that presentin
yogurt. Both measurements are important because
acidification isthekey mechanism during yogurt fer-
mentation*’. Thedeclining of pH during fermentation
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was dueto the protocooperative action of two strain of
bacteriaSr. thermophilusand Lb. bulgaricus*?. Pres-
ence of milk sugar (carbon source) and milk protein
(nitrogen source) in therich medium of milk and opti-
mum incubation environment (pH 7 and 41 °C) encour-
agebacteria(Sr. thermophilus) to grow rapidly. They
transform lactoseintolactic acid, aceta dehyde, diacetyl,
andformicacid. Theaccumulation of al thesefermen-
tation products correspondsto theincreasing of acid
production during fermentation. Theliberation of lactic
acidsreflectsthe high metabolic activity of thelactic
acid bacterid®.
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Figure 3: Effect of spinach extractson pH of control and
spinach yogurtsduring storage at 4°C for 21 days: ¢ CY:
control and, ®S1: 1.25%, A S2: 2.5% and x S3: 4% Spinach
extract respectively.

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

pH of control and kiwi-spinach yogurts continued
to decrease during the storage. Lower concentration of
spinach extract in the yogurt resulted in afaster de-
creaseinthe pH, whilehigher spinach extract concen-
tration caused toincreasein the pH.

Syneresispropertiesof theyogurts

Thesyneresisvaluesof yogurtswere affected Sig-
nificantly (P<0.05) by both spinach extracts concen-
tration and storagetime and the changeswereshownin
(Figure4). The highest mean value (46.06 mL/100 g)
of syneresiswasrecorded in sample S3 and thelowest
mean value (42.62 mL/100g) insample CY (contral).
Asseen in Figure 3, the addition of spinach extract
caused anincrease of syneresisvalueinal samplesof
kiwi-spinach yogurts and the differences between the

control and these sampleswere statistically significant
(P<0.05). All yogurt samples with spinach extracts
showed ahigher syneresispercentagecomparedtoplain
yogurt. Yogurt with 4 %w/w spinach extract showed
thehighest syneresis(52.8%). Thisincreasingin syner-
esisisprobably dueto decreasinginwater holding ca
pacity that led to morerel eases of whey™.

"
=

42

Syneresis {ml/100ml)
4

1 7 14 21
Store time {day)

Figure4: Syneresisof control and spinach yogurtsduring
storageat 4 °C for 21 days: ¢CY: control and, = S1: 1.25%,
A 32: 2.5% and x S3: 4% Spinach extract respectively.

Theintroduction of spinach extractsdid not increase
thefiber contentsinyogurt, which otherwisewould hold
thewater and thusincreasethe syneresis. Thewatery
structure of the extractsthemsel ves may |ead to more
releasesof whey inthe pinach-flavor yogurts. Thehigher
syneressshownin spinach-flavor yogurt wasmost prob-
ably caused by higher activewater content contributed
by the added extracts.

Viscosity propertiesof theyogurts

Theviscositiesof the control and kiwi-spinachyo-
gurt 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
during gelation process was reported by Jumah et al
(2001)5Y. Ontheother hand, theviscosity of thekiwi-
spinach yogurt was influenced by therate of the ex-
tractsaddition (Figure5). The addition of the spinach
extract increased themean viscosity valuesof all yo-
gurts, and it was also found to be concentration-de-
pendent (P<0.05). All yogurtsformulated with spinach
extractsshowed no significantly higher viscosity vaues
compared totheplain yogurt. Probably, theaddition of
spinach extractsreinforced the yogurt micelle matrix
and the spinach fiber fragmentsdid not interferewith
thefinestructureof theyogurt.

Yogurt, with the highest spinach extract content
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(4%), showed the highest viscosity values. Lower lev-
elsof spinach extractsprobably altered the casein mi-
cellematrix structure of theyogurtsin such away asto
have contributed to thelow viscosity values. Similarly,
Otero et a., (2000) observed higher viscosity values
when thefiber content wasincreased in yogurt prepa-
rationl®?,

4500

4700

4500

4300

Viscosity {cp)

4100

3900

3700

1 7 14 21
Store time (day)

Figure5: Viscosity of control and spinach yogurtsduring
storageat 4°C for 21 days: ¢ CY: control and, ®S1: 1.25%,
A 32: 2.5% and x S3: 4% Spinach extract respectively.

Total phenalic content assay

All spinach enriched yogurts showed anincrement
in total phenolic content compared to plain yogurt.
Green spinach enriched yogurts showed higher incre-
ment intotal phenolic content than plain yogurt.

Resultsshowed significantly differencein phenolics
content of spinach extracts enriched yogurt and plain
yogurt and suggested that the addition of green spinach
extract may change the phenolics content of yogurt.
Besides, thereisa so significant differencein phenolic
content of yogurt containing 4%, 1.25 and 2.5% spin-
ach extracts (P<0.05) which showed that 4% spinach
extract yogurt gave higher increment in phenolic con-
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Figure 6 : Total phenolic content in yogurt with Added
different per centage of spinach extract
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tent compared to others. Chlorophyil, thepigment found
in Spinach, aso contributed to thetota phenolics, due
to aphenol structurein themoleculé. The existence
of severd flavonol glycos desinamethanolic extract of
spinach leavesisreported®4. The occurrence of at
least 10 flavonoid glycosidesisreported to bein spin-
ach. These are glucuronides and acylated di-and
triglycosides of methylated and methylenedioxidede-
rivatives of 6-oxygenated flavonol 9%,
Antioxidant activity by 1, 1-diphenyl-2-
picrylhydrazyl radical (DPPH) inhibition assay

The antioxidant capacity of spinach flavonoidshas
been determined by thefree-radical scavenging assay
using DPPH (2, 2-diphenyl-1-picrylhydrazyl) radicd (7).
Usngthe DPPH radicd scavengingmethod, it wasshown
that al spinach enriched yogurtsshowed anincrementin
percentage of inhibition compared to plainyogurt.

It also shown that all spinach enriched yogurt
showed asignificant different inthe percentage of inhi-
bition compared to plain yogurt and it issuggested that
addition of spinach extract into yogurt may change or

70

60 7

50 7

30

20

i . . |
o - - h

%0 %1.25 %250 %
Yogurts sample
Figure 7 : Percentage of antioxidant inhibition in yogurt
Added different per centage of spinach extract.

Percentage of Irhibition (2a)

enhancethe percentage of inhibition. However, thedif-
ferencein the percentage of inhibition between adding
1.25% spinach extract to yogurt and plain yogurt isnot
significant (P>0.05). Thehigher antioxidant activity of
both 2.5 and 4% spinach extract yogurts are adesir-
able characteristic that may enhance the therapeutic
values of yogurt. Thismight be dueto the addition of
Spinach extract that contained vitamins, phytoabumins,
and lycopenewhich arehighly vaued for their antioxi-
dant properties®. Furthermore, theincrement in anti-
oxidant activity in spinach enriched yogurts might be
duetotheincrementintota phenolicscontent that shown
inFgure7, asweknow that phenolic and polyphenalic
compounds congtitutethemain classof natura antioxi-
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dants present in plantg®®. Flavonoids and other phe-
nolic congtituentsact asantioxidantsby thefree-radica
scavenging propertiesof their hydroxyl groups. Exten-
Sive conjugation acrosstheflavonoid structureand nu-
merous hydroxyl groups enhancetheir antioxidative
properties, dlowingthemto act asreducing agents, hy-
drogen- or e ectron-donating agents, or singlet-oxygen
scavengers®’*8, Resultsfrom thein vitro oxygen radi-
cal absorbance capacity (ORAC) assay have shown
that, among variousfruit and vegetableextracts, foods
withthehighest ORAC activity includespinach, straw-

berrieg®*®, and blueberries®l.
Thecolor characteristicsof theyogurts

The color characteristics of theyogurt samplesare
showninTABLE 2. AlthoughtheL* (whiteness) and
a* (greenness) color val uesof yogurtsdecreased by spin-
achaddition, b* (ydlowness/blueness) vduessgnificantly
increased (P<0.05). The S3 yogurt showed thelowest
vauesinL* and & color. Increasing spinach extract ra-
tiosin yogurts had adarker green color with ahigher
degreeof luminogity thanthat of the control yogurt.

TABLE 2: Effect of spinach extract concentrationson color valuesof yogurt

Stor age time (day)

Properties
Of Calor Treatment 1 7 14 21 Y_j._f
cP 87+0.58 89:1.08 90:1.89 91:0.92 89.25%
s1 84+0.65 86+1.23 87:0.12 89:2.09 86.5°
L value 2 81+2.42 82:0.65 82:0.34 84+0.98 82.25
3 78+0.14 78:0.21 79:0.45 80+1.13 78.75°
sTX 82.5° 83.75° 845" 86"
cP -3.71:0.56 -3.68+1.64 -2.35+1.33 -1.44+0.53 -2.795°
s1 -7.05£1.22 -6.68+0.43 -6.34+0.65 -6.12+0.95 -6.55
avaue 2 -11.37+0.4 -11.29+0.8 -11.06+1.3 -10.75+1.7 -11.12°
3 -12.35+0.7 -12.092.1 -11.94+0.1 -11.78£23 -12.04°
sTX -8.62° -8.44° -7.92°® 7524
cP 8.12+0.64 9.23+1.76 11.86£2.71 13.17+1.16 10.56
s1 11.45%1.24 11.96+0.34 12.33+0.87 12.97+1.39 12.18°
b value 2 23.11+0.89 24.03+1.78 24.98+2.29 25.26+0.56 24.35%
3 28.43+0.16 28.98+0.93 29.23+1.53 29.74+0.91 29.1°
STX 17.78" 18.55" 19.6* 20.29*

CY, Control yogurt, S1, S2 and S3 yogurtsadded spinach extract at ratiosof 1.25, 2.5 and 4 %, respectively abcd L ettersindicate
significant differences among yogurts (Y %), P<0.05, ABC Letters indicate significant differences among storage times (ST¥),

P<0.05

CONCLUSION

Variousamountsof spinach extract and kiwi fla-
vorswere used in production of kiwi-spinach yogurt
and the effectsof these additiveson physical, chemical
and organol eptic properties of the product were exam-
ined. Results shows that 4% spinach extract and 4%
kiwi flavor led to a product preferred over another
samples. Theflavor, body and texture of the spinach
flavored yogurt tended to decrease during storage. Stor-
agehad amarked effect onviable LAB counts. All the
panelistsrecommended that kiwi addition level could
increasetheflavor scoresof the spinach-yogurt samples.
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