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BACK GROUND: Fat replacersareingredientsthat can replace
fat in many foods, therefore,many consumers have limited their
dietry intake of fat and calories due to diet and health concerns.
OBJECTIVES: The present study investigated the effect of
modified starch on some physico-chemical and sensory properties
of low fatHamburger. METHODS: Inthisresearch, modified starch
potato, tapioca (Acetylated distarch adipate) and waxy maize
(Hydroxypropy! distarch phosphate) at 0.5, 1.5 and 3% levelswere
used asthefat replacers. Theamount of fat wasreduced from 20%
to 10% in control. Physical (cooking losses), chemical (e.g.
moisture, protein, fat, ash) and sensory characteristic wereassessed
compared with control one. RESULTS: Results showed that
moisture content in samples containing starch was decreased and
there was a significant difference between samples containing
starch and the control (p<0.05). Among the samplesby increasing
theamount of starch and reduced added water, the moi sture content
was decreased. Ash and protein showed no significant difference
between starch samplesand control. The sensory analysisshowed,
the panelist group nominated the sample containing 1.5% tapioca
modified starch as the best specimen. Cook loss revealed that the
cooking losses of the control sample were more than the samples
containing starch. CONCL USIONS: Thisstudy showsthat modifi-
ed starch can be used successfully asafat replacer in ground mesat
product.

Introduction

Meat and meat products contain elements, which
in certain circumstances and in inappropriate
proportions have negative effect on human health.
(Serdaroglu and Ozsumer, 2003; Jimenez-Colmenero
et al., 2001) However, fat isan essential nutrient for
themaintenanceof lifeand normal body functions. It
isasource of fat-solublevitaminsand essential fatty
acids, and constitutesthemost concentrated sourceof
energy inthediet. (Turhan et al., 2005; Giese, 1996;
Guthrie and Picciano, 1995). Besides the biological
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and physiological functions, fat playsamaior rolein
the texture, functional and sensorial properties of
comminuted meat product. Theother hand, theroleof
fat asoneof themain causesof cardiovascul ar diseas-
es, cancer hasbeenwell documented. (Tokusogloand
Kemal Unal, 2003; Rossum et al., 2000) In recent
years, due to increased awareness of consumers and
concerns about the relationship between fat and
diseases, tendency toward low fat meat products has
beenincreased (Pinero et al., 2008; Carrapiso, 2007;
Kumar and Sharma, 2004) but technol ogical aspects
associated with the processing of low-fat meat
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products inclued problems with texture, flavor and
mouthfeel. (Turhan et al., 2005; Crehan, Hughes,
Troy and Buckly, 2000) Reducing the fat content,
therefore, presentsanumber of difficultiesinterm of
flavor and texture. Low-fat meat products become
firmer, more rubbery, less juicy, darker in color
comparedtofull-fat meat products. However, devel op-
ing low-fat products while assuring the palatability
demanded by consumers is not as simple as just
removing the fat. On the other hand, some combin-
ations such as carbohydrates, protein or fat-based
replacers could be used to reduce fat content of meat
products. (Turhan et a., 2005; Giese, 1996; Egbert et
a., 1991) Carbohydrate gumsarecommonly used by
thefoodindustry astexturemodifying agentsinmany
different types of products. Starch, the food reserve
polysaccharide of plants, is a commonly used food
hydrocolloid. Nativestarchesexhibit generally limit-
ed resistance towards low pH values in food, the
impact of heat during processing and poor perform-
ance regarding freeze-thaw stability. Therefore,
modification of starchiscommon practicein order to
improvethebehaviour of starchtowardssuch proces-
sing parameters, freeze-thaw stability. (Feiner, 2006)
A number of starches availabletoday are physically
and/or chemically modified. (Pietrasik, 1998; Col-
menero et al, 1996; Carballo et al., 1995). Modified
food starches have been used as bindersto maintain
juiciness and tenderness in low-fat meat products.
(Giese, 1996; Colmeneroetal., 1996; Carballoetal .,
1995) reported that increased levels of starch
favouraly affected cooking lossand purgeloss.

M aterialsand M ethods

Ten different hamburger formulations (Table 1)
were prepared. Lean beef were obtained from
boneless round and trimmed from all subcutaneous
and intermuscular fat as well as thick, visible
connectivetissue. The lean beef and fat source were
ground in a meat grinder (Model CFC, Auto Grind
200). The lean beef (5% fat) and fat were used to
formulateleanbeef todesiredfat |evel s(10and 20%).
Modified starches were obtained from National
starch and Atame Pars Company. The ground lean
beef, fat, modified starch, water, onion (30%), salt
and spices (2%), rusk flour (8%) were thoroughly
mixed in 20kg batches in a grinder mixer (Model
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WMW 1680 PP2 UAE). Hamburgers were formed
using automatic press. The hamburgers were frozen
and wrapped with polyethylene film and kept at -
18°C until further analysis.

Proximate of Analyses. After mixing the
hamburger sampleswere analyzed for percentage of
moisture, fat, ash and protein. Accordingto standard
AACC (15-44A, 30-10, 08-01, 46-12) procedures
using a hot air oven, Soxhelet extraction apparatus,
Electric furnaceand Kjeldahl assembly respectively.
All analyses procedureswererepeated intriplicate.

Cooking losses: Hamburger sampleswerethawed
at 4°Cfor 2 hthenweighed and were cooked in apan
by oil for 5 min on each side to give an interna
temperature of 72+2°C. After 20 min cooling, they
werere-weighed and the cooking losswascal cul ated
using the following formula. All cooking measure-
mentsweredoneinthreereplicatesper treatmentwith
dight modifications. (Murphy eta., 1975; Serdaroglu,
2006).

Cooking losses (%) = (uncooked patty weight-
cooked patty weight) x100

Calorievalue: Tota calorie estimates (kcal) for
uncooked hamburgerswerecal cul ated onthebasi sof
100g sample. (Turhan et al., 2005; Mansour and
Khalil, 1997).

Sensory analysis. Sensory analysiswasperform-
ed by aseven personsin-housetastepanel toeval uate
the hamburgersfor appearances, color, texture, taste,
smell, mouth feel by ranking, indicating score 1 as
very good and score 5 as very bad (Desmond et al.,
1998).

Satistical analysis. A randomized completeblock
design with three replications was used for the ex-
periment. Treatments of three kinds of modified
starch,(potato, tapioca and waxy maize) and three
levels of modified starch (0.5, 1.5, 3%), were added
to hamburgers. Analysis of variance was used to
anayzedataby One-Way ANOVA. Proceduresof the
statistical analysissystem (SPSS.V.16) wereusedfor
dataanalysis.

Result

The results of proximate analysis (Table 2)
showedthatthefat level sof thelow-fat productswere
below the limits (<10% fat) prescribed for low-fat
products by Keeton (1994). The fat contents of

1JVM (2012), 6(2):89-94



Hosseini, S.E.

Table 1.Hamburger formulations containing modified starch.

Effect of modified starch on some physico-chemical...

(Low fat hamburger) Treatment contain starch

Ingredients Control(%)
1(%) 2(%) 3(%)

L ean meat 40 40 40 40
fat 20 10 10 10
Onion 30 30 30 30
Salt and spices 2 2 2 2
Rusk flour 8 8 8 8
water - 9.5 85 7
M odified starch 0.5 15 3

Table 2. Proximate composition of hamburgers formulated with different levels of modified starch. Different superscriptsin the same

columnindicate significant differences (p>0.05).

Treatments Moisture Ash Fat Protein
control 61.36+0.796" 2.20+0.065" 19.92+1.595" 11.90+0.185%
0.5% potato 68.64+0.065° 2.03+0.055" 9.58+0.285" 11.87+0.550%
1.5% potato 68.60+£0.045° 2.02+0.015% 9.15+0.375% 12.02+0.675"
3% potato 66.45+0.100° 2.02+0.005% 10.48+0.005% 11.18+0.100%
0.5% tapioca 66.09+0.855" 2.19+0.020% 9.39+0.225% 11.08+0.725%
1.5% tapioca 68.08+0.515b° 2.18+0.090% 10.60£0.750% 10.90+0.165%
3% tapioca 66.39+0.385" 2.20+0.045% 10.58+0.620% 10.87+0.675%
0.5% waxy maize 66.65:£0.300° 2.05+0.035" 10.30+0.160™ 11.23+0.155%
1.5% waxy maize 66.77+0.950° 2.05+0.045" 9.57+0.710% 11.78+0.115%
3% waxy maize 62.66+0.270% 2.82+0.035° 9.03+0.400% 11.88+0.160%

control was %19.13 and ranged between %9.03 and
%10.60 for hamburger with added modified starch.
Ash contents of hamburgers ranged from %2.02 to
%2.20 (p>0.05). (Mansur and.Khalil, 1997; Turhan
et al, 2005). The levels of protein were %10.87 to
%12.02 in starch samplesand control. Themoisture
content in samples containing starch was decreased
and there was a significant difference between
samples containing starch and the control. Cook |oss
reveal ed that the cookinglossesof thecontrol sample
were more than the samples containing starch. The
calory valuesfor modified starch added hamburgers
ranged between 181.29 and 192.54 kcal, the highest
calory vaue (269.04 kcal) were obtained from
control sample.

Discussion

The results of proximate analysis (Table 2)
showedthat thefat level sof thelow-fat productswere
below the limits(<10% fat) prescribed for low-fat
products by Keeton (1994). The fat contents of
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control was %19.13 and ranged between %9.03 and
%10.60 for hamburger with added modified starch.
These results closely approximated the targeted fat
valueof 20% and 10%for control batch and thebatch
with modified starch added, respectively. Ash
contentsof hamburgersranged from %2.02 to %2.20
(p>0.05). (Mansur and.Khalil, 1997; Turhan et al.,
2005). Waxy maize modified starch showed signifi-
cant difference (p<0.05). Although, in the initia
anaysis of the waxy maize modified starch, the
amount of ash was higher (3%).

Protein content was comparable when thelow fat
and control products were measured because of
almost the same amount of lean mesat being used in
eachformulation (Kumar and Sharma, 2004). Protein
showed no significant difference between samples
andcontrol (p>0.05). Thelowest moi sturecontentsof
control hamburgerswere dueto the adjustment of fat
t0 20%. In samplescontai ning starch, moisture content
was decreased compared to control one. (p<0.05)
This may be due to the lack of starch and water in
control group. Among the samples by increasing the
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Table3.Effect of cookinglosseswithmodifiedstarch. Different
superscriptsinthesamecolumnindicatesignificant differences
(p>0.05).

Cookinglosses Treatments
control 24.11+4.41°
0.5% potato 24.06+1.54°
1.5% potato 16.89+1.60"
3% potato 13.86+3.98%°
0.5% tapioca 18.01+4.34°
1.5% tapioca 15.99+3 54"
3% tapioca 12.30+2.88%
0.5% waxy maize 24,01+0.375¢
1.5% waxy maize 22.94+0.50™
3% waxy maize 6.23+0.72°
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Tabled. Calorievaluesof hamburgerswithmodified starchesin
100 gmsedibleportion.

Cookinglosses Treatments
control 269
0.5% potato 181
1.5% potato 185
3% potato 192
0.5% tapioca 181
1.5% tapioca 186
3% tapioca 193
0.5% waxy maize 181
1.5% waxy maize 186
3% waxy maize 193

Table5. Sensory propertiesof hamburgersformulated with different level s of modified starch. Different superscriptsin the same column
indicatesignificant differences (p>0.05).

Treatments appearance color texture taste smell mouth feel
control 2.00+1.00% 2.33+0.577°2 2.16+1.040% 2.00£1.00% 2.16+0.288°% 2.83+0.288°%
0.5% potato 2.50+0.500% 2.50+0.500% 2.50+0.500% 3.33+0.5772 3.00£1.00% 2.50+0.500%
1.5% potato 3.16+1.040% 2.50+0.5002 3.33:1.154% 2.83+0.763% 2.50+1.32°% 3.00+1.00%
3% potato 333+1.154%  250+0500%  4.33+1.154®  316:0288%  316:0288%  3.50+0.500%
0.5%tapioca 2.33+0.5772 2.66£0.577°2 2.00+1.002 2.33+0.577% 2.33+0.5772 2.00+0.00°
1.5% tapioca 2.00£1.00% 2.66£0.5772 2.00£1.00% 2.00£0.577°2 2.33+0.577°2 2.33+0.5772
% tapioca  266+0577%  2.66+0577%  4.00+1.00% 300+0577%  2.33:t0577%  3.33+0577%
0.5%waxy maize  2.33+0.577% 2.66£0.5772 2.66+1.154% 2.00£1.00% 3.00£1.00% 3.66+0.577%
15%waxy maize 333:0577%  266:0577%  3.66+0577%  366£0577%  3.66+0577%  3.66:0.577%
3% waxy maize  500+0.001" 2.66£0.5772 5.00+0.00" 4.00£0.288% 3.66+0.288° 4.66+0.577"

amount of starch and decreasing theamount of water,
the moisture content was decreased however; the
low-fat hamburgers had a moisture content which
was significantly higher (p<0.05) than the control.
(Anderson and Berry, 2001; Crehan et al., 2000;
Pietrasik and Duda, 2000; Turhan et al., 2005)
Cookinglosses: Analysis(Table3) indicated that
cookinglosseswassignificantly decreased (p<0.05),
by increasing levels of modified starch. This im-
provement could be dueto theincreased in moisture
binding by added modified starch. Control sample
hadthehighest cookinglosses(11,24) becauseof lack
of water and starch in sample. Thus, the more starch
added, the less weight was lost during cooking.
Inverserel ationship between starch and cooking | oss
wereconsistent withfinding of Pietrasik (1998), also
Colmenero et a, (1996) reported decreases in co-
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oking loss during cooking with increasing starch
levels. The waxy corn starch riched in amylopectin
and also modified starch: Hydroxypropy! distarch
phosphate, due to hydrogen bindings caused higher
water absorption and lower cooking losses.
Calorievalue: The highest calory value (269.04
kcal) were obtained from control sample (p<0.05).
The calory vaues for modified starch added
hamburgersranged between 181.29 and 192.54 kcal.
Incorporationof differentamountsof modifiedstarch
intotheformulationsdid not affect thecol ory valueof
hamburgers (p<0.05). Calory reductionwith respect
to control samples was approximately 30-35%.
Because of the targeted fat value of 20% for control
batch, and 10% for the modified starch added
batch,these results are expected, since fats are the
most concentrated dietary calory source, providing9
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kcal,more than twice that supplied by proteins or
carbohydrates(Gies,1996; Turhan et a ., 2005).

Sensory Analysis. Sensory analyses for cooked
hamburgers with three types of modified starches
containingthreedifferentlevelsareshowninTable4.
By increasing the quantity of modified starch, the
sensory panel showed no significant differences
(p>0.05) in appearance, color, texture, taste, smell
and mouth feel. However, treatment including 3%
waxy maize, potato and tapioca showed significant
differences(p>0.05). Meanwhile, itwasnot accepted
by the panelist group.

The significant aspects of thisstudy werethat the
control and samples containing starch showed no
difference, sowecould usethemodifiedstarch (asfat
replacer) in sampleswithout any changesin appear-
ance, texture, mouth feel, color, etc.

Finally, the sample containing 1.5% tapioca
modified starch could bethe best prototype.

In conclusion, a number of fat substitutes when
addedtoformulationhavetheability toimprovelow-
fat hamburgers. The results showed that incorpor-
ation of modified starch improved the cooking
characteristics such as cook loss of the low fat
hamburger and lowered shear force, duetotheability
of these modified starch to retain water and hold it
during cooking, but did not cause harmful effectson
sensory properties. Hunter lab L*and a* values
showed minima changes with incorporation of
hamburgers formulated with modified starch. Since
one of the main goals of this scientific research was
its practical aspect, the sample containing 1.5%
tapioca modified starch could be introduced to the
industrial meat products plants as a new healthy
product.
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