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Abstract 

Fmit enriched yogurts prepared with fresh fruits have the potential to increasε consumption rates of 
yOgUltS, therefore, yogurts enriched with fmit minces of banana, mango, papaya and a combination of 
all thrεe \ver'ε prepared individually by using 3% (v/v) of Lactobaci/lus bulgaricus and Streptococcus 
thermophillus at the ratio of 1: 1. An εxpert panel of sensory evaluation assessed all the yog따t samples 
and detenninζd the suitable fonnulations in tenns of type and percεntage of fmits used in the prep따a

tion of the yogurts. The yOgUlt s없nples were also evaluated by chemical and microbial load assess
ments. The quality of the yogurts was improvεd due to the addition of 12% single fruit minces of 
mango, papaya and banana, howevεr， the yoguπs enriched with mango minces werε the most accεpta
bleto the panelists. But the higher content of fruit minces (15-21%) in yogurts decreased thε overall 
acceptability gradually to the panelists. The impacts of different preservatives of 0.01% sorbic acid, 
0.01 % benzoic acid and a combination of two(0.005% each) for extending the shelf life of fruit enriched 
yoguπs at room (25-30oC) and refrigεration (< 50c) storage wεre also investigatεd. Sorbic acid and bεn
zoic acid were effective to lengthen the shelf life of fruit enriched yogurts during room temperature and 
rεfrigerated storage of the yogurts, wherεas， sorbic acid and refrigeration temperature dominated pro
longing the shelf life of the yogurts. 
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Introduction 

Enriching yogurt with 담uit such as banana, mango 

and papaya, increases the food value of yogurt, and 

brillgS exceptional yogurt flavor which is attractive to 

the consumers at a greater extend. Fruit εnriched yogurt 

1S preparεd with :fruit minces to enhance nutritional 

value and flavor. Incorporating mango pulp and soymilk 

can e따lallCe yogurtís flavor and nutritional value, and 

thεse additions of mango pulp and soymilk to milk 

influence the physicochemical characteristics of sensory 

and texture profùe and reduce synεresis (Kumar & 

Mishra, 2004). The addition of freeze or air dried apple 

cubes in yogurt increasεd the concentration of un-
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concentrated milk and sensory evaluation by an expert 

panel showed that yogurt had an acceptable taste 

α!lastrocola et al., 1996). In Bangladesh, yogurts 

produced in swεetrneat shops in a small scale are mainly 

being consumed by the consumers, but in many cases, 
plain yogurts are being pr'ξparεd traditionally without 

considering the irnprovement of nutritional value of 

yogurts. In this aspect, the worth of the feasibility of 

enriching yogurt with indigenous :fruits can be eXalllinεd 

in order to irnprove the quality as well as nutritional 

value of yogurts. 

Yogurt making starter culture is a mixture of 

Streptococcus thermophilus and Lactobacil!us delbrueckii 

spp. bulgaricus, 띠th a cocci-rods ratio of usually 1: 1. 

The reasons for selecting the combinations of starter 

cultures used during the manufacturε of y앵rrt are to 

achieve the desired flavor characteristics of the product, 
mainly lactate, aroma compounds and to provide the 

consumers with a wide choice of thεrapeutics products 
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(Tamime & Robinson, 1999) 

Yogurt is considered as a healthy food, due to the 

bεneficial properties of its high levε1 of protein content, 
minerals especially calcium and phosphorous and also 

fat soluble vitamins of A and D. Many scientists 

conducted experiments to evaluate the beneficial effiεcts 

of yogurts, for example, Zemelís et al. (2004) showed 

that obese people who consumed 3-4 dailly servings of 

yogurt while on a balanced, reduced-calorie diet, lost 

significantly more weight and fat than those who 

consumed similar anlOunts of calcium through 

supplements. Thεy subsequently demonstrated that 

calcium in yog따t was an llnportan1" component 

contributing to the anti-obesity. 

F or some individuals, yogurt has a defmite therapeutic 

value, especially who usually suffer from stomach and 

intestinal disordεrs. 1t is an assumption that the acid 

fermenting bact응ria and lactose of milk are able to create 

conditions in the intestinal tract, ι.vhich are unfavorable 

for the growth of putrefactive bacteria and thereby 

prevents the formation of gas in tl1<ε intestine, and this 

condition is knmλ，nas “ autointoxication" (Patel & renz

Schauen, 1997). Yogurt is also effective in lowering the 

blood cholesterol level (Matm & Spoeπy， 1974). It is 

valued for controlling the growth of bactet1a and 

incurring intestinal diseasεs， for instance, constipation, 
diarrhea and dysentery (Shahani & Chandan, 1979). 

Butriss (1997) showed that yogurt had anticancer 

activities. Thus, of all cultured milk products, yogurt is 

the most well k:nown and most popular worldwide. 

Pr，εservation by retaining stable shelflife ofyogurt is a 

concerning matter for its preparation because increasing 

shelf life of it in storage is essential for commercial 

marketing as well as home consumption further. The 

standard rules and regulations of the addition of 

preservatives in yoguπ havε worth importance, and 

hence, in UK, for exatnple, tl1ε S1 (1995) provides 

general infomlation regarding pr，εservatives \v삐ch are 

pem1itted in 담mt yog따t， but not in natural yogurt. A 

similar approach has also been adopted by FAO/WHO 

(1990) atld the permitted preservativεs in yogurt, which 

come exclusively from the 삼uit preparations, are sorbic 

acid (including its Na-, K- and Ca-salts), sulphur dioxide 

and benzoic acid. The maximum permittedllεvel in the 

fmal product is 50 mg/kg (singly or in combination) 

(FAO끼N'HO， 1990). Cooling the yogurt to <lO"C, and 

maintau1ing the low temperature until product reaches 

the consumεζ helps to slow dO\Vll the biological and 

biochemical reactions that are taking place in the yogmt. 

Possible biochemical reactions are fat oxidation in the 

presencε of oxygen, hydration ofthe proteul constituent 

m yog따t， Chatlging in color of the fruit additive, 
changing in exposed surface physical appear없lCε 

(Tamime & Robinson, 1999). Refrigeration of yogurt is 

essential in order to minimize some of these reactions. 

πle objεctives of thε work were preparation and 

sensory evaluation of 담uit enriched yogurt and, 
investigation ofthe εffects of preservatives for 응xtending 

shelf life of yogurt in terms of physicochemical and 

microbialload. 

Materials and Methods 

Materials 

Fresh cowís milk, good quality ripe 잠uits (bananas, 
mangoes and papayas) and sugars wer，ε obtamed from a 

local market, and fresh milk was stored Ul a refrigerator 

for preventmg spoilage and 한uits were kept at 14土 I"C

with a relative humidity of90-95% after packing in low 

density polyethylene bags. Preservatives of sorbic acid, 
benzoic acid (Sigma, USA) and packaging materials 

were also used. 

Starter culture 

Yogurt st따ter culture (Streptococcus thermophillls 

and Lactobacillus blllgaricus) was obtained from 

Laboratorium Wisby Tonder ApS (Delll1lark). The 

fÌ"eeze-dried culture was propagated by uloculation into 

fresh milk with 3% fat, which had been heated atl37"C 

for 2 s (Shaker et al., 2000). Inoculated milk was 

mcubated at 45"C until pH of 4.6 was reached‘ tl1εn 

stored ovemight at 40C. 

Preparation of the fruit enriched yogurt 

1n order to pasteurize and increase the concentration 

of the milk 20-25% of the volunle of milk、vas reduced 

by heatmg at boiling temperature. At a rate of 5% (떼v) 

market sugar was added to the heated milk at the end of 
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the boiling. The concentrated milk was then allowed to 

cool to inoculation temperature of 420 C and was 

inoculat，εd with 3% (v/v) p따퍼ed culture of Lactobacillus 

blllgaricus and StreptococclIs thermophillusat the ratio 

of 1: 1. According to the Table 1, the desired level of fruit 

minces were added to the inoculated milk, and mixed 

unifonnly. lnoculatεd fruit mixed milk was then poured 

into clean plastic cups; these plastic cups werε placed 

mto 뻐 incubator at 43 0 C for incubation until complete 

coagulation. After (about 6 hr) complete coagulation, the 

yo밍rrt samplεs were cooled to room temperature and 

stored in a refrigerator for analysis. 

Chemical analysis of composition of different 

yogurt samples 

π1ε yogurt samples were analyzed for moisture 

content, total solid, ash, protein, fat, pH and acidity. The 

moisture content of yogurt was determinεd by heating 

10 g of YOgurt s없nples at 1050 C for 24 1π in an oven 

(AOAC, 1995), and the total solid (TS) percentage was 

dεterminεd according to the AOAC. Ash contεnt was 

measured by heating the residue from moishlre 

detennination at 5500C tòr 24 hr as describεd by t11<ε 

AOAC. Protein content was detεmlmεd using the 

에eldahl method (AOAC, 1995). Fat content was 

detεrminεd by the method of Soxhlet (AOAC, 1995).pH 

was measurεd bya pH meter (Orion, model 230A, 
USA). Acidity was determined by the titration method 

εxpressing in terms of% lactic acid (AOAC, 1995). 

Total bacterial counts 

For total viable COWlt of yogurt samples, standard 

plate count was performed according to the method 

described in “ Standard Methods for the Examination of 

Dairy Products", American Public Health Association 

(1967). 

Sensory evaluation of different fruit enriched 

yogurts 

Sensory evaluation was done according to the 100-

point scale described by NεIson and Trout (1981) with 

some modifications by allocating 50 points for smell and 

taste, 30 points for body and consistency and 20 points 

for color and texllire, and overall acceptability was 

calculated by the accwnulation of three indìvidual point 

obtained for each sample. Yogurt samples were tested by 

a panel of 10 judges, 5 men and 5 women. Their ages 

ranged from 22 to 35 years. All the judges were 

conversant with the tàctors goveming the qualiη ofthe 

product. The 깐uit enriched yogwts prepared for each 

test sanlple, wer'ε coded with a random two digit 

nwnber. The panelists wer，ε asked to evaluate the smell 

and taste, body and consistency and color and texture of 

the yogurts by giving a scorε ranging from the above 

mentioned point system. 

Preservation Phase 

Mango fruit enriched yogurt (yogurt enriched with 

12% mango fruit minces) was chosen to observe 삼le 

impacts of presεrvatives for long term storage in 

refrigeration 뻐d room temperatures. Four different 

preservative treatments were considered to observe their 

irnpacts in extension of shelf life of mango enriched 

yogurt during storage. The treatments tested were: T 1 

(control, 12% mango enriched yo믿rrt without using any 

preservative), T2 (0.01% benzoic acid was added tol2% 

mango enriched yogurt), T3 (0.01% sorbic acid was 

added to 12% mango elπiched yogurt) and T. (0.005% 

each of benzoic acid and sorbic acid was addεd to 12% 

mango enriched yogurt). The yogurts with preservative 

were divided into 1:\νo groups, thereafter, one group of 

yogurt samples was stored at room temperallire (25-

300 C), and another group of yogurt s없nples was stored 

in a re참igerator (< 50 C) in the laboratory. Yogurt 

samples stored in room temperature were dra~ll 

εveryday and the shelf life of yOgult was detemlined by 

physical tests (evaluation of sensorial vie~points of 

smell and taste, body and consistεncy， color and te앙ure 

by a test panε1)， chemical tεsts (acidity and pH) and a 

microbiological test (total bacterial cOlmt in cfiνml). 

Sinlilarly, yog따t samples stored in a rεfrigerator were 

drawn 2-day ùltervals and the shelf lifìε of yogurt \vas 

detεnn띠εd. 

Statistical analysis 

The experimental data were analyzed (ANOVA) with 

the computer program SAS version 8.2 to determine any 

significant difference 없nong the different fruit enriched 
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yogurts. Differences between means were determined 

by Duncanís mu1tip1e r없1ge test (I꾀，ffiη atP<0.05. 
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Fig. 2. Sensory evaluation of mango fruit enriched 
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Fig. 3. Sensory evaluation of papaya 
yogurt. 
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three fr띠ts). The ana1ysis of variance (따.JOVA) ofthe 
data indicate that the effects of 감uit contents in yogurts 

were significant at P<0.05. The 10wer fruit contents of 

12% of banana, mango, papaya or a combination of all 
thrεe p1ay'εd a dominating ro1e ho1ding the quality of the 

yogurts in terms of smell, taste, consistency, co10r and 
texture. But increasing the fr띠t contents from 15% to 21 

% decreased the qu떠ity of the yogurts, subsequently, 
scores of sensory eva1uation given by the panelists for 

yogurts wiili the hi밟1er 담uit contents (15% to 21%) 

dropped down gradually. From the manufacturerís point 

of view, ilie physica1 properties of yogurt, for examp1ε， 

viscosity /consistency of iliζ coagulum are of great 

importance and, in genera1, the hi양ler ilie 1eve1 of solids 
in the yogurt mix and the greater ilie viscosity/ 
consistency of the end product (T:없nime & Robinson, 

!!II Bl 며 B2 !!II B3 !!11B4 

Sensory evaluation of different fruit enriched 

yogurts 
Yogt따 was εnriched wiili different 효띠ts of banana, 

mango, papaya or a combination of all three. In order to 

formu1ate a suitab1e 잠uit contents in yogurt the added 

fruit was at arate of 12%, 15%, 18% or 21%. In general, 
iliese content rates are favorab1e for peop1e. π1e yoguπs 

were examined with ilie sensoria1 view points of smell 
and taste, body and consistency and co10r and texture by 
an expert p없le1 of 10 judges. The pane1ists determined 

단le best formu1ation in 따ms of 깐1e fmit type and 

percentage of different 담uit used in the prlεparation of 
Y맹JI1:s. The best formu1ation was 12% (by w응i향1t) of I 

different 삼띠ts of banana, mango, papaya or a 

combination of all three. Hektnat and Reid (2006) 

reported iliat 11 % strawberry flavoring in yogtJI1: gave 

ilie best acceptabiliη to the pane1is엄. 
The pane1ists ranked ilie yogurts enriched wiili 

banana, mango, papaya or a combination of all three for 
different percent of 슐uit contents in yo밍JI1:s by giving 

scores individually. The yogurts from hi형ler to 10wer 
acceptability to the pane1ists WIε:re as followεd: Bj> 

B2>B3 >B4 (Fig. 1, banana yogurt), Mj > M2> M3 > M4 
(Fig. 2, mango yogurt), Pj > P2 > P3 >P4 (Fig. 3, papaya 
yogurt), or C j > C2> C3> C4 (Fig. 4, a combination of all 

100 

검 80 
Z 

잉 60 
..0 
。

§때 
。
Q 

r/) 20 

0VeraIl 
Acceptabiliy 

fruit enriched 

αbr빼 

Texttre 
8펴yanl 

Cor6is뼈1::)' 

evaluation of banana 

Sm:H anl 
Taste 

Fig. 1. Sensory 
yogUlτ. 

0 



Processing of Y ogurts enriched with Mango, Papaya and Banana 265 

100 ----기 

~C I 딩 C2 11 C3 믿 C4 

80 
「그 ‘J Z 

g 60 
.D 
。

” 얻 40 
。

‘j vl 

20 

Smell and Bodyand Color and Overall 
Taste Consistency Texture Acceptability 

Fig. 4. Sensory evaluation of a combination of banana, 
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Fig. S. Sensory evaluation of 12% different fruit enriched 
yogurts. 

1999). πle hi양ler amounts of fruit contents of 15%-21 

% in yogurts had effects on viscosity/cons성tency， 

created syneresis and influenced texture and color, 

which causι ed decr，εasing the scores given by the 

panelists 
The panelists also determined the best fruit type and 

ranked the different 삼uit enriched yogurts as Mj (12% 

mango)> Pj (12% papaya) > Bj (12% banana)> C 

(Control, without fruit) > Cj (a combination of all three 

fruits of 12%), which was shown in Fig. 5. 까le Yo밍.nt 

enriched with a combination of all three :fruits of 12% 

was the least acceptableto the panelists. On the other 

hand, the yogurt enriched with 12% mango obtained the 

highest score due toits uniquε flavor to thε panelists and 

it provided attractive. color and texture to the yogurt. 

깐1Ìs showed that the quality of yogurt can be improved 
with 12% single fruit of mango, papaya or banana. Desai 

et al. (1994) showed thatthe yogurts prepared with 

mango or pineapple, were more acceptable than those of 

normal 앤lality yogt따s. 

Chemical assessment of different fruit 

enriched yogurts 
The chemical compositions of acidity, pH, protein, fat, 

total solids, ash and moisture contents for different :fruit 
enriched yogurts including control (without fruit) are 

shown in Table 2. 까le range of a띠dity of the yogurts 
from 0.83 to 0.91 was in the normal range (0.73 to 

1.16%) reported by Ghosh and R매orhia (1987). The 

acidity of yogurts increased but the pH decreased in the 

yogt따s compared to C (conπ이， without :fruit) due to the 

addition .of fruit minces (Table 2) there difference are 

significant difference. Banana fruit enriched yogurts 

(Bl) contained the hi양lest amounts (4.42%) ofproteins 

Table 1. The rate of the additioD of fruit miDces to the yo밍Irts 

Sarnple Fruit contents Sarnple Fruit contents 

C Control, without fruit PJ 12% papaya minces 

BJ 12% banana minces P2 15% papaya minces 

B2 15% bananamin∞s P3 18% papaya minces 

B) 18% banana minces P4 21 % papaya minces 

B4 21 % banana minces CJ 12% of a11 threε fruit (each 33% of 12%) minces 

M‘ 12% mango minces C2 15% of all thrεe fruit (each 33% of 15%) minces 

Mz 15% mango mincεs C) 18% of a11 three fruit each 33% of 18%) minces 

M) 18%m따190 minces C4 12% of a11 three fruit (each 33% of21%) minces 

M4 21 % mango minces 
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Table 2. Comparison of the average chemical parameters of different ηpes of yogurt samples 

Chemical parameters Different yogurt samples 

C B, Mj Pj 

% Acidity 0.83 土 0.02 0.87 土 0.04 0.91 土 0.03 0.88 土 0.03 

pH 4.5 土 0.1 0 4.31 土 0.04 4.26 土 0.05 4.29 土 0.06

% Protein 4.31 土 0.05 4.42 土 0.07 4.39 :l: 0.06 4.32 土 0.04

%Fat 3.9 土 0.07 4.2 土 0.03 4.1 土 0.04 4.3 土 0.04

% Total solids (TS) 20.67 :l: 0.62 26.13 土 0.11 24.67 土 0.11 25.67 土 0.16

%Ash 1.26 土 0.05 1.39 土 0.04 1.35 土 0.09 1.27 土 0.06

% Moisture 77.33 土 0.32 73.87 土 0.17 75 .33 土 0.34 74.33 0.22 

C (control, 찌 ithout fruit), Bj (12% banana), Mj (12% mango), P, (12% papaya), Cj (12% of따1 three 삼ui않) 

and was followed by M j (12% m뻐go)， Cj (a combination 

of all three fruits of 12%) and Pj (12% papaya), 
respectively. The lowest protein content was in C 

(control). It showed that protein content increased in 

yogurt in order to the addition of 담띠ts. Desai et al. 

(1994) found the similar out puts preparing mango 뻐d 

pinεapple yogurts. 깐le range of fat contents of the 

different yogurt samples was from 3.9 % to 4.4% (Table 

2), which was sli향ltly lower than that offinding (4 .3% 

to 8.8%) found by Ghosh and R떠orhia (1987).But the 

fat contents in the y땅rrts enriched with different fruits 

were hi양ler than “ control" (C, without fruit).It showed 

that 깐le solid contents increased in the yo쟁rrts with the 

addition of fruit minces (Table 2) and the r없1ge ofthe 

solid contents in the different yogurt samples was from 

C j 

0.86 土 0.03

4.27 土 0.06

4.33 土 0.03

4.4土 0.03

24.13土 0.1 7

1.41 土 0.08

75.87 土 0.1 1 

20.67% to 26 .13%. Ghosh and R해orhia (1987) found a 

wide variation (26.9 to 43.0%) oftotal solid contents in 

20 different market yo망1rt samples, but Desai et al. 

(1994) found 2 1.99% total solid content in plain yo망rrts. 

The ash contents (minerals) increased in fruit enriched 

yogurts compared to control (C, without 담uit) yogurt 

due to the fruit minces in the yogurt samples (Table 2). 

Desai et al. (1 994) showed that mineral contents 

increased in yo망rrts due to mango or pineapple contents 

in the yogurts. It showlεd that the moisture contεnts in 

different fruit enriched yogurts were less than that of 

control yo망rrt (C, without fruit). 

Physical tests (sensory evaluation) 

πle yogtπt s없nples stored at both of room 뻐d 

Table 3. Comparison of organoleptic parameters of different preservative treatments of the yogurts at room temperature 

쩔
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Smel1 and taste (50) 

Treatment 

Tz T3 

Body and consistζncy (30) 

Treatment 

Color and texture (20) 

Treatment 

T2 T3 T, T4 T j T4 Tz T3 T, 
o 49빠1.05' 48.0土1.29" 49.0.士1.05' 48빠1.49" 29.1土0.99' 28.1土0.99' 28.αill.94'29빠1.05' 19 α버 94' 18.2土1.03' 19.0士1.05' 18.2士1.14'

1 46.어:O.94b 47.0:!:L03a 48빠1.33' 47빠1.05' 28.0土1.15' 28.0:머.82' 27.90버 맺， 27.2土1.03' 17.1쇄 88' 18빠1.25' 18.1土1.10' 17.1土D.99'

2 38.8:1:1째Ib 47.0士1.05' 47.0:1:1.10' 38빠2.따 17.1土1.29b 25.2士1.34' 24.2土2.04' 18.1쇄.99b 15.빼.6i 16.1쇄.9양 17.뼈.94' 16.0土1.05빼 

3 32.2土1.40' 43.0土1.37' 41빠12i 33.0土1.70' 15.0:버 67' 19.0:ill.8i 21.1土1.29" 14.3土D.6113.3土1.(남 15.어::0.67' 16.1土1.20' 13.1土D.따 

T4 

A4T 

ζ
」

/0 

NC 34뻐.9양 38.0土1.93' NC 

NC 35.0土1.15'

NC 

NC 17.2士1 .23b 19.0士1.56' NC 

NC 18.1土0.99'

NC 

NC 13.4土1.1낚 16뻐.94' NC 

NC 13 .4土1.26'

NC 

Mεans with same superscript within a row arδ not significantly differ，εnt at P<0.05. 
NC= Not consumable, τ， (control, without preseπative)， Tz (0.01% benzoic acid), T3 (0.01 % sorbic acid) and T4 (a combination of 
0.005% each ofbenzoic acid and sorbic acid) 
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refrigeration temperatures were examined by an εxpert 

panel of 10 judges in order to determine the shelf life of 

them. The panelists dεtennined thε shelf life of yogurts 

giving scores for smell and taste, body and consistency 

and color and texture of the yogurts. The panelists also 

εvaluated the yo망lrts by accεpting or r멍ecting the 

yogurt samples whether they were consumable or not. 

The yogurt samples ofT[ (control, without PI'εsen따ive)， 

T2 (0.01% benzoic acid), T3 (0.01% sorbic acid) and T4 

(a combination of 0.005% each of benzoic acid and 

sorbic acid) were consumable for 2, 6 and 8 days (Table 

3) in room temperatl.πe storage and for 12, 14, 16 and 18 

days (Table 4) in refrigεration tεmperature storage, 
respectively. 깐le panelists then r'멍ectεd all the yogurt 

samples for consumption as all ofthem were spoiled. In 

both of room and refrigeration temperatures, the scores 

givεn by the panelists fo1' smell and taste, body and 

COllSlstεncy and color and tε앙ure， dεcreased gradually 

(Table 3 and Table 4) with the storage time being passed. 

Significant di뾰rences were observed between the 

yogurt samples at P<0.05 dl띠ng storage trme. 

The results also showed that the mixture of benzoic 

acid and sorbic acid had no effect in room temperature to 

extend the shelf life of the yog따t， but the mixture of 

them prolonged the shelf life of the yogurt in 

refrigeration storage. Both of benzoic acid and sorbic 

acid were e많ctive to extend the shelf life of the yogurt 

in room and refrigeration temperatl.lres. But sorbic acid 

was more effective than benzoic acid lengthening the 

shεlf life of the yogurts during storage. Refrigeration 

temperaturε was also more potential than room 

temperature prolonging the shelf life of the yog따ts. 

Souad et al. (1994) reported that 0.075% sodium 

benzoate, 0.15% potassium sorbate or their mixture 

extended thε self-life of yo밍111s and potassium sorbatε 

was the most preferred preservative during refrigeration 

storage to 1εngthen the shelf lifiε ofyoglπts. Sorbic acid 

is a mycostatic agent in that it does not reduce the actual 

number of yeasts and moulds in the product, but merely 

inhibits their activity, perhaps by interfering with their 

dehydrogenase systems (T:없nime & Robinson, 1999). 

Benzoic acid is the predominant phenolic acid in fresl너y 

squeezed cranberry juice and the potent antifungal 

properties of benzoic acid may have εlinlinated benzoic 

Table 4. Comparison of organoleptic parameters of different preservative treatments of the yogurts at refrigeratiou 
temperature 

Treatment Trεatment 

Body and con잉stency (30) 

Treatment 
Storage 
pεriod 

(days) 
T[ T, T3 T-I T[ T2 T3 T4 T[ T2 T3 T-I 

o 49.0士1.05' 48.0土1.29
a

49.0土1.05' 48.0士1.49' 29.1士0.99' 28.1土0.99' 28.1土0.94" 29.0土1.05" 19.0퍼 94' 18.2土1.03' 19.0土1.05a 18.2土1.14'

2 47.뻐99렉8.맘0.94석8.7士1.25' 47.3士0.95b 28.0土1.05' 27.봐0.99'27.ÜI1.3안 26.2퍼.92" 19 빼.94' 18.1土1.03' 19.0돼 94' 18 뻐 82' 

4 45.1돼.74b 47.0土1.05'46.1퍼8양44.23:1.0암 25.1士1.37" 27.0上1.05" 26.양0.92매26.0돼mψ 17.2노1.14' 18.ÜI1.05a 17.1土D.99" 16.1土0.88"

6 43.2土1.34b 45.1土1.29' 45.2土1.32' 41.3土1.25‘ 23 .2士1.40" 23.2쇄 92b 26빠1.15" 25.00버.87" 16.1士0.99" 17.1土D.99' 17.1土0.74' 16.배=Û.82' 

8 41.ÜI1.05b 42.0土1.1 5" 45.0돼.82' 39.0上1.1 5' 21.ÜIÛ.94b 23 α1=1.49' 24.l:l:Ü.99' 23.3土1.16" 16.0돼.82ψ16.2노0.79'b 17.00닌0.94' 15.2土0.63b

10 39.2土1.35' 4 1.2土1.12b 43.0土1.33' 37.1土1.52" 20.8土1.23b 22 .3"=1.42' 23.1士0.94' 23 .1土0.99' 14.0돼 94b 16.2퍼 63' 16.2士1.1 4' 15 빠0.82" 

12 32.3士 1 짜 4 1.0士1.1 5' 40.1노1.29' 37.ÜI1.70b 18.1士0.99b 22.1土1.4암 2 1.2土1.1 4" 21.ÜI1.05' 12.1土1.20ι 16.1土0.88' 16.0土1.43' 14.1士0.88b

14 NC 40.0土1.05" 40.0土1.1 5' 33 .5土1.1 8b NC 2 1.2土1.14' 2 1.1士1.05' 19.1土D.88b NC 15.1돼 99' 15.2土0.79" 13.1퍼.74b 

16 39.0土1.41'39.1土1.45' NC - 20.ÜIÛ.82a 19.1:l:Ü.74b NC 14.1:l:Ü.99b 15.0돼.77' NC 

Smε11 and tastε (50) Color andtexture (20) 

18 35.0土1.05b 37.2土1.22'
n”
v 

‘/‘ 

이
 -‘

/4 

NC 34.1:l:Ü.99" 

NC 

19.0土1.05" 19.0土0.94'

NC 18.1Il.37a 

13.4士1.01' 15.00섭0.82' 

NC 13.3土0.67얘 

NC NC 

Means with s없ne superscript within a row ar'ε not significantly different at P<0.05. 
NC= Not consumable, T[ (control, without pnεsεrvative)， T, (0.01% benzoic acid), T3 (0.01% sorbic acid) and T4 (a combination of 
0.005% each ofbenzoic acid and sorbic acid) 



268 산업식품공학 제 11 권 제 4 호 (2007년 11월) 

acid sensitive fungi (Chen et al., 2001). 

Chemical tests (acidity and pH) 

깐le yog따t samples stored in room and refrigeration 

tεmperatures and the relation bε:tween storage t띠le of 

the yoguπs and acidity or pH was investigated. The 

results obtained during the storage are sho‘\111 in Table 5 

and Table 6. The results showed that acidity of the 

yogurt samples increased; whereas, pH of the yo밍1ft 

samples decreased gradually in both phases of room and 

r밟igeration with the storage tirne being passed at P< 

0.05.The results also showed that preservative and 

tεmperature had significant inlpacts (P<0.05) in 

changing acidity and pH during storage. Acidíty and pH 

changes of the yogurt samples were more rapíd in room 

temperature than refrigeration temperature. Lactic acid 

bacteria multiplied rapidly having favorable grO\vth 

temperature of 25-30
o
C during room temperature 

Table 5. Variation of acidity and pH of different preservative treatments of the yogurts at room temperature 

Storagε 
% Aciditv pH 

period Treatment Treatmεnt 

(days) 
T1 T, TJ T. T1 T이 TJ T+ 

0 0.61土0.03 0.61土0.04 0.63土0.03 0.62士0.02 4.1 0土0.1 3 4.1 2土0.03 4.20土0.03 4.1 6土0.05

0.96士0.03 0.80士0.04 0.78:J::0.03 0.95土0.05 2.99土0.1 0 3 .1 1土0.03 4.00土0.04 3.00土0.05

2 1.14土0.4 0.99土0.05 0.89土0.06 1.1 6土0.03 2.80士0.04 2.86土0.03 3.96士0.03 2.79土0.04

3 1.34土0.03 1.1 2土0.04 0.99土0.07 1.3 2士0.03 2.62土0.05 2.82土0.04 3 .1 0土0.10 2.65土0.05

4 NC 1.2 8土0.03 1.1 5土0.06 NC NC 2.67土0.02 2.85:J::0.04 NC 

3 NC 1.34土0.03 NC 2.61土0.03

6 NC NC 

NC= Not consumable, T1 (control, 띠thout prlεservative)， T2 (0.01 % benzoic acid), T3 (0.01 % sorbic acid) and T+ (a combination of 
0.005% each ofbenzoic acid and sorbic acid) 

Table 6. Variation of acidity and pH of different preservative treatments of the yogurts at refrigeration temperatllre 

Storage 
% Acidit\' pH 

per‘iod Treatment Treatment 
(days) 

T1 T, T, T. T1 T끼 T, T. 

0 0.61土0.03 0.61土0.04 0.63 :1:0.03 0.62土0.02 4. l Ü:l::O. 13 4. 12:J::0.03 4.20土0.03 4.1 6土0.05

2 0.86土0.05 0.78土0.03 0.74土0.04 0.80土0.03 3.66土0.04 3.86土0.03 3.95土0.04 3.65土0.04

4 0.96土0.03 0.83土0.04 0.77土0.04 0.87士0.05 3.40士0.02 3.64土0.03 3.76土0.05 3.52土0.06

6 1.04土0.05 0.87土0.05 0.81 :J::0.04 0.97土0.03 3 .1 9士0.03 3.39士0.03 3.63土0.02 3 .3 8土0.09

8 1.1 7土0.05 0.96士0.04 0.91土0.04 1.05土1.06 3.01土0.04 3 .1 8土0.04 3.49土0.05 3 .2 7土0.06

10 1.29土0.05 1.01土0.03 0.99土0.03 1.1 9土0.05 2.91土0.05 3.01土0.04 3 .3 3土0.04 3 .12土0.06

12 1.3 5土0.04 1.1 7土0.07 1.08土0.82 1.2 7土0.05 2.80土0.04 2.96土0.04 3.00土0.05 2.93土0.04

14 NC 1.3 5土0.05 1.22土0.10 l.4HO.04 NC 2.85土0.04 2.95士0.02 2.70:1:0.04 

16 l.47土0.06 1.36:J::0.04 NC 2.71土0.05 2.82土0.04 NC 

18 1.61土0.05 1.45土0.67 2.62土0.04 2.70土0.04

20 NC 1. 59土0.05 NC 2.63土0.0-1

22 NC NC 

NC= Not consumable, T
1 

(contro l, withollt preservative), T, (0.01 % benzoic acid), T3 (0.01 % sorbic acid) and T+ (a combination of 
0.005% εach ofbεnzoic acid and sorbic acid) 
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Fig. 7. Relationship between total bacterial count and 
storage time at room temperature. 

storage and they produced lactic acids by lactose 

fermentation in a large scale, which caused rapid 

incrεasing of acidity and decreasing of pH in the yog따t 

samples. On the other hand, refrigeration temperature of 

< 50C retarded the rapid multiplication of lactic acid 

bacteria and thereby extended the shelf life of the 

yogurts for further consumption (Tamime & Robinson, 
1999). 

Microbiological tests 

The total bacteria (cfu/ml) in the yogurts during 

storage were estimated εvεryday for room storage and 2-

day intervals for re잠igeration storage. The relations 

bet\yeen bacterial gro'Wth and storage pεriod at 

re당igeration and room temperatures are showll in Fig. 6 

and Fig. 7. The results showed that the growth of 

bactεria in the yog따ts increased with the increasing of 

storage period up to 7 to 9 days in refrigeration storage. 

Then the grm따h ofbacteria was little from 8 to 12 days. 

After 12days the grO\vth of bacteria recεssed gradually. 

These growth curves of bacteria followed more or less 

original trend of bact떠al growth curve (Tanlime & 

Robinson, 1999). El-Kenaay (1996) examined yogurt 

samples at 7-day intεrvals of storagε at 50C tempεrature 

and reported that total lactic acid bacte디al counts 

increased during 0-7 days of storage in all yogurts but 

decrεasεd after >7 days of storage. On the other hand, at 

, ---+- Tl ----- T2 

•• T3 -• T4 1 

5 

room storage thε growth cuπes increased gradually and 

these growth curves of bacteria followed the gro'Wth 

phase OlÙy due to rapid growth of bacteria and spoilage 

of all the yogurt samples rapidly. 

Conclusion 

The 슐uit contents in the yogurts have increased 

acceptability to the panelists but the amounts of fruit in 

the yogurts should be optimized. 12% fruit of mango, 
papaya or banana in the yogurts improved the nutritional 

value and t11<ε q뻐ity ofthe yogurts. ηle higher anlOlmts 

of fruit of 15%-21 % in the yogurts decreased the quality 

of them. The yogurt emiched with 12% mango was the 

most accε:ptable to the panelists. The smell, taste, 
consistency, color and texture of the yogurts inclined to 

decrease during both of room and refrigeration storage. 

Sorbic acid and benzoic acid can maintain the chemical 

quality, and len망hen the shelf life of the mango 담uit 

εnriched yogurts dω'ing storage; therefore, sorbic acid 

and benzoic acid can be used as safe preservatives for 

빼it enriched yogurts under refrigerated and room 
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Fig. 6. Relationship between total bacterial count and 
storage time at refrigeration temperature. 
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