Evaluation of dry soup of fermented barley with some vegetables.
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ABSTRACT

The purpose of this study was to the evaluation of dry soup from fermented
kishk prepared from hulless barley flour; in addition to the different amounts of
artichoke were 0, 100, 150 and 200 g. In order to take advantage of barley content of
fiber, especially soluble including a compound B-glucan which useful in feeding
patients with diabetes and cholesterol, as well as the content of artichokes from
antioxidants, especially a silymarin compound which useful in the treatment of liver
patients. The results showed that each of add the artichokes and fermentation
process led to a significant increase in the content of the kishk of moisture, ash, fiber
and starch but, decrease in protein and fat. While not affecting add artichoke on the
the kishk of B-glucan content while, the fermentation process leading to a significant
decrease ratio of 27.3%. Add 100, 150, and 200 g of artichoke has led to an increase
in total phenols for 9.2, 13.7 and 23.0%, respectively, and all the mineral elements,
while it did not affect the fermentation process, but also led to a significant decrease
of phytic acid to 90%. Also, show that the viscosity was 17.6, 16.7, 15.9 and 15.2
Rapid Visco Analyzer (RVA) and the overall sensory acceptance was 4.6, 4.4, 4.0
and 3.5 degrees out of 5 degrees by adding a 0, 100, 150, 200 g of artichoke,
respectively. From these results, we can see that the kishk prepared from hulless
barley flour alone or by adding 100 or 200 gm artichoke was the best ingredients to
produce acceptable sensory soup has high nutritional and therapeutic value.
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INTRODUCTION

The mixed linkage (1—3)(1—4)-B-D-glucans (B-glucan) from the endosperm of
cereal grains are valuable industrial hydrocolloids and have been shown to be
important, physiologically active dietary fiber components (Wood, 2001). B-glucans
are water-soluble, linear, high molecular-weight polysaccharides (Autio, et al.,1987;
Adtio, et al.,1992 and Doublier & Wood, 1995). They give viscous, shear thinning
solutions even at low concentrations. The viscosity is related to the molecular
weight andis strongly dependent on concentration. A part from having a nutritive
value comparable to wheat, barley is unique among cereals containing high
concentrations of B-glucan which is known to have the effect of cholesterol lowering
effect (Mclintosh, et al., 1991 and Newman, et al., 1989), regulating blood glucose
level and insulin response in diabetics (Cavallero, et al., 2002) and even reducing
risk of cancer (Jacobs, et al., 1998). Interest in the production and use of isolated
cereal B-glucans in foods is due to their potential health benefits. If a product
contains at least 0.75 g B-glucan per portion, the Food and Drug Administration
(FDA) of USA allows a health claim for oat and oat products concerning the
cholesterol lowering effect of soluble B-glucan fibers and thereby a reduced risk of



coronary heart diseases (FDA, 1996). The recommended daily intake of B-glucan for
achieving the health effects is 3 g/d, corresponding to four portions per day.

Although barley is the fourth most important cereal in the world in terms of total
production after wheat, rice and corn (Jadhav, et al., 1998), only a small amount of
barley is used for human consumption. Taste and appearance factors along with its
poor baking quality have limited the use of barley in human foods. However, in
recent years there has been a growing research interest for the utilization of barley in
a wide range of food applications (Bhatty, 1999; Bilgi & C, elik, 2004 and Koksel,
et al., 1999).

Fermented cereal-yoghurt mixtures play an important role in the diets of many
people in the Middle East, Asia, Africa and some parts of Europe (Ibanoglu &
Ibanoglu, 1999). Kishk in Egypt, a popular traditional fermented food product in
Turkey, is prepared by mixing yoghurt, wheat flour, yeast, and a variety of
vegetables and spices (tomatoes, onions, salt, mint, paprika) followed by
fermentation for 1-7 days. Lactic acid bacteria and yeast are responsible for the acid
formation during fermentation. After fermentation, the mixture is sun dried and
ground. Kishk has an acidic and sour taste with a yeasty flavor and is used for soup
making (Ibanoglu & Ibanoglu, 1997). Because of the low moisture content (about
10%) and low pH, it can be stored for 2—3 years (Ozbilgin, 1983). There are some
other products similar to tarhana such as Tarhana in Turkey, and Kushuk in Iraq and
tahonya/talkuna in Hungry and Finland (Hafez & Hamada, 1984 and Siyamoglu,
1961). Methods for preparation for such mixtures may vary from one place to
another, but cereals and yoghurt are always the two major components. The amount
and type of ingredients used in Kishk production may affect its nutritional content
and sensory attributes. In general, kishk is produced with white-wheat flour.
However, whole meal flour, semolina or both can also be used (Anonymous, 1981).
Fermentation results in significant increases of riboflavin, niacin, pantothenic acid,
ascorbic acid and folic acid contents of tarhana (Ekinci, 2005). During the long
tarhana fermentation process, almost 95% of phytic acid gets lost (Bilgicli, et al.,
2006). Phytic acid is an ant-nutritional agent due to its ability to bind minerals and
proteins, either directly or indirectly, and thus alter their solubility, functionality,
digestibility and absorption (Rickard & Thompson, 1997).

Tarhana soup can be made with wet or dry tarhana. Tarhana is also locally
consumed as a snack after it has been dried, as a thin layer or as nuggets, but not in
ground form. Since there is no standard procedure in the production method of
tarhana, its nutritional properties depend heavily on the ingredients and the amounts
used in the recipe. The following averages were measured in tarhana: moisture
10.2%, protein 16%, carbohydrates 60.9%, fat 5.4%, crude fiber 1%, salt 3.8% and
ash 6.2% (Siyamoglu, 1961 and Daglioglu, 2000). Other researchers (Temiz and
Pirkul, 1990 and Erbas, 2003) also reported similar results.

The nutritional properties, aroma and flavor of tarhana dough can be
improved by fermentation. This results from the appropriate balance between the
metabolism of the homo/hetero fermentative lactic acid bacteria (LAB) and the
metabolism of yeast, which represents the naturally occurring microorganisms in
tarhana. The LAB (Mensah, 1997) predominantly ferments cereal and milk. The
association of LAB and yeast during fermentation may contribute to the production
of metabolites, which could impart pleasant tastes and flavors to foods (Hattingh and



Viljoen, 2002 and Mugula et al., 2003). Fermentation, an old and economical
method of producing and preserving food, is carried out to enhance flavor, aroma,
shelf-life, texture, nutritional value and other pleasant and appealing properties of
foods (Nout, 1993; Svanberg and Lorri, 1997; Mensah, 1997; Nout and Motarjemi,
1997 and Steinkraus, 2002). Various fermentation methods have traditionally been
used worldwide to prepare and preserve food. Studies on fermented food were
identified and prioritized with respect to safety, nutritional value, socio-economic
and cultural aspects during the FAO/WHO workshop held in Pretoria, South Africa
in December 1995 (Nout and Motarjemi, 1997).

The flavor and taste of acid-fermented foods are believed to be produced
mainly by organic acids together with free amino acids and carbonyl compounds
such as acetaldehyde and diacetyl. At the beginning of the fermentation period,
tarhana dough contains a considerable amount of organic acid from the presence of
ingredients such as yoghurt and vegetables. Lactic acid, formed by microbial
degradation of available sugars, is the main organic acid of many fermented foods
(Fennema, 1985). Changes of the fatty acid composition and free fatty acids in milk
products occur because of the biological activity of microorganisms (Rasic and
Kurmann, 1978).

The objectives of this study were evaluation to dry soup of fermented barley
flour (a high B-glucan) with mixing yoghurt, yeast, and a variety of some vegetables
as a therapeutic food.

Materials and methods

Materials:

Barley (Hordeum apertum - Giza 128) samples used in this study were obtained
from Barley Research Department, Sakha Agricultural Research Station, A R C,
Egypt. The barley samples were tempered to 14.5% moisture content and milled in a
laboratory mill (Buhler, Germany). The other ingredients used in Kishk production
purchased from local markets of Kafr El-sheikh Governorate, Egypt. Concentrated
full fat yoghurt made from cow milk, tomato paste, compressed baker’ s yeast,
artichokes, onion, peppers (green and red) and salt used in Kishk preparation.
Equipped with 0.5 mm opening screen. All chemicals were obtained from
Elgomhoria Co. for Chemical and Drugs, Tanta, Egypt.

Methods:

Kishk (Tarhana) preparation:

Kishk samples were prepared according to the method of Mugula et al., (2003) with
some modifications. The ingredients used in Kishk preparation are given in Table
(1). To prepare kishk samples, artichokes, onions, green and red peppers were
chopped. Tomato paste, paprika and salt were added and the mixture was blended.
Flour, yoghurt and yeast were added to the mixture and blended until complete
homogenization. The resulting mixture was taken into covered containers and
incubated at 30 °C for fermentation for 5 days. Samples were taken initially, during
the course of fermentation and at the end of the fermentation for the determination



of acidity and pH. After fermentation, the kishk (tarhana) was dried at room
temperature and then ground and sieved to pass a 1 mm screen.

Table (1): The ingredient used in Kishk (tarhana) preparation.

Ingredients Amount (9)
Hulless barley flour 750
Yoghurt (from cow's milk) 600
Artichokes (0,100,150,200)
Tomato paste 112
Green pepper 75
Red pepper 75
Onion 180
Yeast 15
Paprika 15
Salt 60

*Mugula et al., (2003)

Soups preparation:

Kishk (tarhana) powder (20 g) mixed with 200 mL distilled water (20 °C) and
simmered for 12 min over medium heat with constant stirring (prepared in
Laboratory of Food Technology Research, Sakh Agriculture Research Station,
ARC).

Chemical analysis:

Moisture, ash and crude fat contents of flour and kishk (tarhana) samples were
determined according to (AACC, 1990). Nitrogen content of the samples were
determined by the Kjeldahl Method (AACC, 1990) and converted to protein content
by a factor of 6.25. Starch was determined by the Ewers method (AOAC method
14.032) (AOAC, 1980). Dietary fibre measured using the methods described by
Prosky et al. (1985). pH was determined according to the method of Mensah,
(1997). Acid formation during fermentation samples was determined according to
(Anonymous, 1981) and expressed as a percent of total lactic acid. B-Glucan
contents of barley flours and kishk samples were determined by the McCleary
Enzymatic Method (McCleary & Glennie-Holmes, 1985; McCleary & Codd, 1991)
by using Megazyme B-Glucan and Glucose Assay Kits (Megazyme Ltd., Australia).
The total titratable acidity of the samples was calculated as lactic acid as described
by Kirk and Sawyer (1991). The mineral elements contents of the samples were
determined by inductively coupled plasma spectroscopy, ICP-AES (Vista series,
Varian International AG, Switzerland). Dry samples were digested using closed
vessel microwave digestion oven (MARS 5, CEM Corporation, and USA) with
concentrated nitric acid and sulfuric acid. Concentrations were determined by ICP-
AES (Bubert and Hagenah, 1987). Phytic acid was measured by a colorimetric
method according to Haugh and Lantzsch (1983). Phytic acid in the sample was
extracted with a solution of HCI (0.2 N) and precipitated with solution of Fe (I11)
ammonium iron (111) sulphate. 12 H,O.

Determination of colour:



Colour of the samples was evaluated by measuring the L (100 = white; 0 = black), a
(+, red; -, green) and b (+, yellow; -, blue) values using a Hunter Lab Colour
QUEST Il Minolta CR-400 (Minolta Camera, Co., Ltd., Osaka, Japan) with
illuminate D63 as reference. Values are the mean of three determinations (Mensah,
1997).

Viscosity:

Viscosity of soup was then measured at 100 rpm and 60 °C using a Rapid Visco
Analyzer (RVA-4) (Newport Scientific, NSW, Australia) with data analysis
software (Thermocline) was used to analyze soup samples. The last viscosity values
of kishk soups prepared in this study has been determined by RVA soup method
(Anonymous, 1981).

Total phenolic content (TPC):

The total phenolic content (TPC) was determined according the Folin—Ciocalteu
specterophotometric method (Sharma and Gujral, 2010). Samples (200 mg) were
extracted with 4 ml acidified methanol (HCl/methanol/water, 1:80:10, v/v/v) at room
temperature (25 °C) for 2 h. An aliquot of extract (200 IlI) was added to 1.5 ml
freshly diluted (10-fold) Folin—Ciocalteu reagent. The mixture was allowed to
equilibrate for 5 min and then mixed with 1.5 ml of sodium carbonate solution (60
g/l). After incubation at room temperature (25 °C) for 90 min, the absorbance of the
mixture was read at 725 nm (Shimadzu, UV-1800, Japan). Acidified methanol was
used as a blank. The results were expressed as | g of ferulic acid equivalents (FAE)
per gram of sample.

Sensory analysis:

Seven panelists, who are familiar with the characteristics of kishk, evaluated kishk
soup. The soup was filled to porcelain bowl at 50 °C and served to panelists under
daylight room conditions. Color, flavor, consistency, cohesiveness, sourness,
grittiness and overall acceptability of kishk soup were evaluated using a 5-point
scale with "1" being "dislike extremely"”, "3" being "acceptable” and "5" being "like
extremely" Rickard and Thompson, (1997).

Statistical analysis

Analysis of variance (ANOVA) was carried out using Microsoft Excel software and
Fishers least significant difference (LSD) test was used to describe means with 95%
(p < 0.05) confidence. The Pearson correlation coefficients were calculated by SPSS
statistical software (SPSS Inc., Chicago, Illinois, USA) at a probability level of p >
0.05.

RESULTS AND DISCUSSION

Chemical composition of Kkishk (tarhana) samples before and after
fermentation as dry basis:

Chemical composition of kishk (tarhana) samples before and after fermentation
are presented in Table (2). The moisture content of kishk samples varied between
treatments before and after fermentation were 36.7% - 38.3% and 21.9% - 24.1%,



respectively. It was previously reported that the variation in moisture content of
samples was due to the properties of ingredients used in the formulation and
fermentation time, this results were agreement with (Temiz & Pirkul, 1990). The ash
contents of samples were between 2.5% — 3.2% and 2.6% - 3.1%, respectively.

Table (2): Gross chemical composition of kishk samples before and after
fermentation (on dry weight basis).

Artichokes | Moisture | Ash | Protein | Fat | Carbohydrate | Fibre | Starch | B-Glucan

(9) (%) (%) (%) (%) (%) (%) (%) (%)
Before fermentation

0 36.7° 25° | 125° | 4.3" 80.7° 25.6° | 62.8° 4.4°

100 37.3° | 2.7 | 121° | 4.2 81.0° 25.9° | 62.5% 45

150 37.8° 2.8° | 1169 | 4.0 81.4° 26.3° | 61.5° 4.3

200 38.3° 3.2% | 1149 | 40° 81.4° 27.0° | 61.2° 4.2°
After fermentation

0 2199 | 26| 17.3° | 46° 75.5° 21.7% | 55.6° 3.2°

100 22.5' 2.7° | 17.0° | 4.5 75.8° 21.5% | 56.0¢ 3.1°

150 2322 | 29® | 166° | 4.3® 76.2° 22.0% | 56.4° 3.0°

200 24.1° 3.1 | 16.2° | 4.2 76.5° 22.8° | 56.3° 2.8°

Means with the same letter within a column are not significantly different by least significant
difference (LSD) analysis (P> 0.05).

Sample had the variation in ash content of kishk before and after fermentation was
due to the variation of ingredients used in the formulation. Add different ratios of
artichoke led to a significant decrease in kishk protein content of 12.1% to 11.4%
before the fermentation process while, fermentation process led to a significant
increase in protein content about from 4.8% - 5.8% approximately. While each of
carbohydrates, fibers, starch and B-Glucan decreased after the fermentation process.
This is due to increase the cells growth of the yogurt bacteria and yeast in kishk
during the fermentation process due to the use of yeast cells and bacteria Yogurt as
an energy source. These results were agreement with (Temiz and Pirkul, 1990).

Some analytical results of kishk samples before and after fermentation (on dry
weight basis):

The total phenolic compounds, phytic acid, acidity and pH in kishk samples
before and after fermentation are presented in Table (3). The total phenolic
compounds were significant increased with increasing artichokes in samples from
3928 to 4832 pg FAE/g while, the fermentation process was not significant change.
Madhujith and Shahidi (2009) reported total that phenolic compounds (TPC) value
ranging from 2.63 to 4.51 mg of ferulic acid equivalents (FAE)/g in barley. Bonoli
et al. (2004) reported that total phenolic content ranging from 0.18 to 0.68 mg gallic
acid/g flour in barley flour. Fermentation process lead to significant decreased of
phytic acid and pH from 1.2 to 0.1% and 6.2 to 4.7, respectively. While, addition
artichoke to samples lead to significant decreased slightly of phytic acid and pH
especially, when add 200 g. In addition, acidity was significant increased with
fermentation process from 0.8 to 1.6 % while, the addition of 200 g of artichokes



lead to significant decrease acidity of 0.3%. These results agreement with the report
Handan Erkan et al. (2006).

Minerals content of kishk samples before and after fermentation:

Minerals content in kishk samples before and after fermentation are presented in
Table (4). Observed that the fermentation process has no significant effect on the
content of the kishk of elements but, found a significant increase of all the elements
with increasing the amount of artichoke in the samples were (47.1 to 48.3), (124.5 to
144.9), (496.7 to 503.2), (6.1 to 7.4), (674.3 to 711.1), (3.1 to 3.6) and (1.8 to 2.5)
mg/100g for Ca, Mg, P, Na, K, Fe and Zn, respectively. These results were
agreement with report by Tamim et al. (1997).

Table (3): Some analytical results of kishk samples before and after fermentation

(on dry weight basis).
dry basis.
Artichoke Total phenolic* Phytic acid Acidity pH
(9) (ug FAE/g) (%) (%)
Before fermentation
0 3928° 1.1% 0.8° 5.8
100 4289° 1.2 0.7 5.9
150 4467° 1.2% 0.7 6.1%
200 4832 1.0° 0.5 6.2°
After fermentation
0 3925¢ 0.3c 1.6° 4.7°
100 4270° 0.2cd 1.5% 4.8°
150 4468° 0.3c 1.4% 4.8°
200 4825 0.1d 1.2° 4.9°

Means with the same letter within a column are not significantly different by least significant
difference (LSD) analysis (P> 0.05).

* = DPPH radical scavenging activity.

Table (4): Minerals content (mg/100g) of kishk samples before and after
fermentation (on dry weight basis).

Artichokes Ca Mg P Na K Fe Zn
(9)
Before fermentation
0 47.1° 1245° | 496.7° | 6.1° | 6743% | 3.1° | 18°
100 47.8° 129.4° | 498.3° | 6.5 | 6875° | 3.1° | 2.0°
150 48.0% | 134.7° | 499.1° | 6.9° | 700.2° | 35 | 2.2°
200 48.3° | 1449* | 503.2° | 7.4% | 711.1° | 36° | 25°
After fermentation
0 473 | 124.4° | 4965° | 6.0° | 67429 | 3.2 [ 1.9°
100 47.6° 129.6° | 498.1° | 6.6° | 687.4° | 3.4° | 2.1°
150 48.1% | 134.7° | 499.0° | 6.9° | 700.1° | 3.4° | 2.2%®
200 485 | 145.0° | 502.2° | 7.5% | 711.0° | 3.7° | 2.4°




Means with the same letter within a column are not significantly different by least significant
difference (LSD) analysis (P> 0.05).

Color analysis of kishk samples:

The color of kishk samples measured using the L* a* b* color are presented in
Table (5). The differences between color values of kishk samples were significant.
Artichokes zero had the highest L* value (75.6). The L* values of artichoke kishk
were 73.5, 71.9 and 68.5 for 100, 150 and 200 g, respectively.

Table (5): Color analysis of kishk samples.

Artichokes L* a* b*
(9)
0 75.6° 3.4¢ 16.8°
100 73.5° 3.6° 15,3°
150 71.9° 3.9 14.9™
200 68.5¢ 4.3 13.3°

Means with the same letter within a column are not significantly different by least significant
difference (LSD) analysis (P> 0.05).
*L, whiteness; a, redness, greenness; b, yellowness and blueness.

Redness, a*, was recorded between 3.1 and 4.3 and yellowness, b*, was found to be
between 13.3 and 16.8. The L* and b* values of zero artichokes kishk were the
highest when compared to the artichokes of the samples. The use of barley flours
(zero artichoke) affected the color values of kishk samples. In contrary to the color
values of kishk samples determined using spectrophotometer, sensory color values
of kishk soup samples containing barley flours were not significantly different and
most of the soups were comparable in terms of sensory color values. These results
were agreement with report Handan et al. (2006)

Viscosity of kishk soup detremination:

The last viscosity values a Rapid Visco Analyzer (RVA soup index) of kishk
soups are presented in Table 6. Viscosity is an important quality criterion in soups.
The viscosity values of kishk soups showed variation between 15.2 and 17.6 RVU.
RVA soup index values of hulless barley flour (zero), 100, 150 and 200 artichoke
kishk samples were significantly different. Since different the amount of artichoke
used in kishk preparation vary in their water absorption properties, viscosity values
can be different from each other.

Table (6): Viscosity (RVA soup index) values of kishk soup samples.

Artichokes RVA soup index (RVU)
(9)
0 17.6°
100 16.7°
150 159°
200 15.2 ¢

Means with the same letter are not significantly different by least significant difference (LSD)
analysis (P> 0.05).



Although there were some statistically significant differences in the RVA soup
index values of different kishk samples, the differences were not substantial to affect
the related sensory characteristics drastically. All of the soups were comparable in
terms of mouthfeel and consistency values as determined by sensory analysis (Table
7).

Sensory evaluation results of kishk soups:

Sensory analysis results of soups made from kishk samples are presented in
Table (7). Effect of different artichoke amount in kishk soups on all sensory
properties was statistically significant. The results show that the best sensory
properties were in samples non-containing artichoke while less were in samples
containing 200 g artichoke. The results of the overall acceptability showed that
utilization of barley flours and little amount of artichoke between 100 - 150 g in
kishk preparation resulted in acceptable soup properties in terms of most of the
sensory properties.

Table (7): Sensory evaluation results of kishk soups

Artichokes | Colour | Taste | Odor | Mouth-feel Overall
(9) acceptability
0 4.1° 45 | 4.8 4.4° 4.6°
100 4.0° 41° | 43P 4.2%® 4.4°
150 3.7 36° | 40° 4.1%® 4.0°
200 3.3® 3.2 | 3.7° 3.9° 3.5°

Means with the same letter are not significantly different by least significant difference (LSD)
analysis.

REFERENCES

AOAC. (1980). Official methods of analysis (13th ed.). Washington, DC:
Association of Official Analytical Chemists.

AACC. (1990). Approved Methods of the American Association of Cereal Chemists
(8th ed.). USA: St. Paul, MN.

Anonymous (1981). TSE tarhana standard TS 2282. Ankara: Turk Standartlar
Enstitusu.

Autio, K., Myllym.aki, O. and Malkki, Y. (1987). Flow properties of solutions of
Oat B-glucans. Journal of Food Science, 52, 1364-1366.

Autio, K., M.alkki, Y., and Virtanen, T. (1992). Effects of processing on the
microstructure of oat (Avena sativa) bran concentrate and the
physicochemical properties of isolated b-glucans. Food Structure, 11, 47-54.

Bhatty, R. S. (1999). The potential of hull-less barley. Cereal Chemistry, 76(5),
589-599.

Bilgi, B. and Celik, S. (2004). Solubility and emulsifying properties of barley
protein concentrate. European Food Research and Technology, 218, 437-
441.

Bilgicli, N., Elgun, A. and Turker, S. (2006). Effects of various phytase sources
on phytic acid content, mineral extractability and protein digestibility of



tarhana. Food Chemistry, 98, 329-337.

Bonoli, M., Verardo, V., Marconi, E. and Caboni, M. F. (2004). Antioxidant
phenols
in barley (Hordeum vulgare L.) flour: Comparative spectrophotometric study
among extraction methods of free and bound phenolic compounds. Journal of
Agricultural and Food Chemistry, 52, 5195-5200.

Bubert, H. and Hagenah, W. D. (1987). Detection and measurement. In P. W. J. M.
Boumans (Ed.), Inductively coupled plasma emission spectroscopy (pp. 536-
567). New York: Wiley-Interscience Publishers.

Cavallero, A., Empilli, S., Brighenti, F. and Stanca, A. M. (2002). High
(1—-3)(1—4)-p-D-glucans barley fractions in bread making and their effects
on human glycemic response. Journal of Cereal Science, 36, 59-66.

Daglioglu, O., (2000). Tarhana as a traditional Turkish fermented cereal food. Its
recipe, production and composition. Nahrung 44, 85-88.

Doublier, J. L. and Wood, P. J. (1995). Rheological properties of agueous solutions
of (1—3)(1—4)-B-D-glucans from oats (Avena sativa L.). Cereal Chemistry,
72, 335-340.

Ekinci, R. (2005). The effect of fermentation and drying on the water-soluble
vitamin content of tarhana, a traditional Turkish cereal food. Food
Chemistry, 90,127-132.

Erbas, M., (2003). Changes in composition of wet tarhana during production and in
different storage conditions. Ph.D. Thesis, Akdeniz University, Antalya,
Turkey.

FDA (1996). Food labeling: Health claims; oats and coronary heart disease. Federal
Register. 61 (3), January 4.

Fennema, O.W., (1985). Food Chemistry, second ed. (revised and expanded).
Marcel Dekker Inc., New York, USA, 991pp.

Hafez, Y. S. and Hamada, A. S. (1984). Laboratory preparation of a new soy-based
kishk. Journal of Food Science, 49, 197-198.

Handan E., Sueda C., Berna B. and Hamit K. (2006). A new approach for the
utilization of barley in food products: Barley tarhana. Food Chemistry 97, 12-18

Hattingh, A.L.and Viljoen, B.C., (2002). Survival of dairy-associated yeasts in
yoghurt and yoghurt-related products. Food Microbiology 19, 597-604.

Haugh, W. and Lantzsch, H. J. (1983). Sensitive method for the rapid determination
of phytate in cereals and cereals product. Journal of the Science of Food and
Agriculture, 34, 1423-1426.

Ibanoglu, E. and Ibanoglu, S. (1997). The effect of heat treatment on the foaming
properties of tarhana, a traditional Turkish cereal food. Food Research
International, 30(10), 799-802.

Ibanoglu, E. and Ibanoglu, S. (1999). Foaming properties of white wheat flour—
yoghurt mixture as affected by fermentation. Journal of Cereal Science, 30,
71-77.

Jacobs, D. R., Jr., Marquart, L., Slavin, J., and Kushi, L. H. (1998). Whole-grain
intake and cancer: an expanded review and metaanalysis. Nutrition and
Cancer, 30(2), 85-96.

Jadhav, S. J., Lutz, S. E., Ghorpade, V. M. and Salunkhe, D. K. (1998). Barley:

10



chemistry and value-added processing. Critical Reviews in Food Science,
38(2), 123-171.

Kirk, R. S. and Sawyer, R. (1991). Pearson’s composition and analysis of foods.
Essex: Longman Scientific and Technical.

Koksel, H., Edney, M. J. and Ozkaya, B. (1999). Barley bulgur: effect of
processing and cooking on chemical composition. Journal of Cereal Science,
29, 185-190.

Madhujith, T. and Shahidi, F. (2009). Antioxidant potential of barley as affected by
alkaline hydrolysis and release of insoluble-bound phenolics. Food Chemistry,
117, 615-620.

McCleary, B. V. and Glennie-Holmes, M. (1985). Enzymic quantification of
(1—3), (1—4)-b-D-glucan in barley and malt. Journal of the Institute of
Brewing, 91, 285 295.

McCleary, B. V. and Codd, R. (1991). Measurement of (1—3), (1—4)-p-D-glucan
In barley and oats: a streamlined enzymic procedure. Journal of the Science of
Food and Agriculture, 55, 303-312.

Mclintosh, G. H., Whyte, J., McArthur, R. and Nestel, P. J. (1991). Barley and wheat
foods: influence on plasma cholesterol concentrations in
hypercholesterolemic men. American Journal of Clinical Nutrition, 53(5),
1205-1209.

Mensah, P., (1997). Fermentation the key to food safety assurance in Africa? Food
Control 8, 271-278.

Mugula, J.K., Narvhus, J.A., Sorhaug, T., (2003). Use of starter cultures of lactic
Acid bacteria and yeast in the preparation of towga, a Tanzanian fermented food.
International Journal of Food Microbiology
83, 307-318.

Newman, R. K., Lewis, S. E., Newman, C. W., Boik, R. J., and Ramage, R. T.
(1989). Hypochoesterolemic effect of barley foods on healthy men. Nutritional
Reports International, 39, 749-760.

Nout, M.J.R., (1993). Processed weaning foods for tropical climates. International
Journal of Food Science and Nutrition 43, 213-221.

Nout, M.J.R., Motarjemi, Y., (1997). Assessment of fermentation as a household
technology for improving food safety: a joint FAO/ WHO workshop. Food
Control 8, 221-226.

Ozbilgin, S. (1983). The chemical and biological evaluation of tarhana
supplemented with chickpea and lentil. Ph.D. Thesis. Cornell University,
Ithaca, USA.

Prosky, L., Asp, N. G., Furda, 1., De Vries, J., Schweizer, T. F. and Harland, B. F.
(1985). The determination of total dietary fibre in foods and food products:
collab- orative study. J. Association Official Anal. Chem. 68, 677+ 679.

Rasic, J.L.and Kurmann, J.A., (1978). Yoghurt, Scientific Grounds, Technology,
Manufacture and Preparations. Technical Dairy Publishing House,
Copenhagen, Denmark 466pp.

Rickard, E. S. and Thompson, L. U. (1997). Interactions and effects of phytic acid.
In F. Shahidi (Ed.), Antinutrients and phytochemicals in food (pp. 294-313).
Washington, DC: American Chemical Society.

Sharma, P. and Gujral, H. S. (2010). Antioxidant and polyphenols oxidase activity

11



of germinated barley and its milling fractions. Food Chemistry, 120, 673-678.

Siyamoglu, B. (1961). Turk tarhanalarinin yapilis 1 ve terkibi uzerinde bir
aras_tirma. Ege U™ niversitesi Ziraat Faku™ ltesi Yayinlari: 44, E. U™,

Matbaasi, 75 s.

Steinkraus, K.H., (2002). Fermentations in world food processing. Comprehensive
Reviews in Food Science and Food Safety 1, 23-30.

Svanberg, U. and Lorri, W., (1997). Fermentation and nutrient availability. Food
Control 8, 319-327.

Tamime A. Y., Muirb D. D., Barclay M. N., Khaskhelia M. and McNultyc D.
(1997). Laboratory-made Kishk from wheat, oat and barley: 2. Compositional
quality and sensory properties. Food Research International, Vol. 30, No. 5, pp.
319+326.

Temiz, A. and Pirkul, P., (1990). Tarhananin fermentasyonunda kimyasal ve
mikrobiyolojik degisimler. Gida 15, 119-126.

Wood, P. J. (2001). Cereal B-glucans: Structure, properties and health claims. In B.
V. McCleary, and L. Prosky (Eds.). Advanced dietary fiber technology (pp.

315-318). Oxford: Blackwell Science Co.

sl el
.CJ\)’}JG’U‘ R N J.o:’u:.oj\ J.:«.ﬁ\ O Bl sl ("’32"
i e ded) e deg (Jau ) e Olas ose Aed) (i g e s
s il Cogm ] STe L ALY L iSO sk s

o ik DL BLAYL Wl fape b patdl b e dall el ALaSU G Lk (3
I Logas OUYI e jntd) (522 e B3l Gus L >2005 150, 100 io o s
o Py sy e ISy gy R Jsdl e B 3 LAl O3 Ll (LSS g
BLo| e SO0 il iyl ASU e 23 (3 il lald) (S Lopan 508V slian
& Ul Ladly SUNI sl lly dsb )l e LSl (532 3 iygime 835 J) Uol o) ey g L
ko ol Loy O3l el e STl (s e Bpi M 8L S5 L Lo cOpaly gl 0 IS
sb3jl J) Gess o 2005 1505 100 6lo) osf Ls™ /273 a4 (syimn ol 1] o
ol adae S5 4 Ly dgaall ol Sy disdl Je 723,05 13.759.2 2y | S0 V52l
17.6 sl amglh O Lad i) o Sl 2ol 0 790 w3l (ime 2lil ] f L claele
A3y 5 ol e i3 3.554.054.45 4.6 05 ol 4 U5ty RVA 15.2,15.9,16.7,
o dl el OT W G el S e s e Ope o 2000 150 (100 ¢ ao wLay
Jsedo sl Z8Y SUSA Ll 087 Cat oo Yoo 100 BLL ol 0358 Jgmre sl pnd) (b
A Ay 45108 G 4y L

12



