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Utilization of citrus albedo in tarhana production

NERMIN BILGIGLI - KUBRA AKTAS - HACER LEVENT

SUMMARY

In this study, albedos of lemon, orange and grapefruit replaced wheat flour at 5% and 10% level in tarhana formula-
tion. Selected chemical (ash, protein, cellulose, lipids, mineral, total phenolic content, antioxidant activity and pH),
functional (water and oil absorption capacity, foaming capacity and stability) and sensory properties, colour values
of tarhana were determined. All replacement levels of citrus albedo samples increased (p < 0.05) ash, cellulose,
Ca, Fe, K contents and antioxidant activity of tarhana compared to control. Tarhana sample containing 10% lemon
albedo had the highest antioxidant activity (220.50 mmol-kg-!, expressed as Trolox equivalents), Cu (10.6 mg'kg!), Fe
(36.9 mg'kg1), K (5378.0 mg'kg!) and Zn (13.1 mg-kg!) contents. Compared to control tarhana, 10% addition levels of
citrus albedo gave lower lightness (L*) and higher yellowness (b*). Citrus albedo addition had a significant (p < 0.05)
effect on oil absorption capacity and foam stability. Tarhana soup with orange and lemon albedo gained higher taste

and sourness scores than tarhana soup containing grapefruit albedo.
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Citrus is an important crop due to its nutri-
tional content and abundance all over the world.
After processing of citrus fruits (lemon, orange,
grapefruit, mandarin etc.) for producing juice and
essential oils, approximately 50% of the original
fruit mass is left as waste material. This remaining
product used mainly for animal feed contains valu-
able nutrients such as pectin, as a kind of dietary
fibre, soluble saccharides, essential oils, carote-
noids, some vitamins, minerals polyphenols and
antioxidant active substances [1, 2]. Citrus peels
consist of two layers, namely, flavedo and albedo.
Flavedo is the outer layer of citrus fruit with
colour ranging from yellow to orange-red. Albedo
is the soft, spongy white layer, which is located just
below the flavedo layer [3]. Citrus albedo contains
higher quality dietary fibres than cereal fibres due
to the presence of associated bioactive compounds
(flavonoids, carotenoids and vitamin C), which
provides additional health benefits. Also, it has
higher amount of total dietary fibre with higher
soluble fraction than the peeled citrus fruit [4-6].
Dietary fibres can be classified into two major

categories, namely, soluble and insoluble fibre,
according to their water solubility. Soluble fibres
(pectins, gums, mucilages and non-starch polysac-
charides) form viscous solution, which delays gas-
tric emptying and gives satiety. It decreases serum
cholesterol, postprandial and blood glucose in hu-
man body. Insoluble fibres (lignins, cellulose and
some hemicelluloses) serve almost exclusively as
bulking agents that cause shorter transit time, in-
creased fecal mass and thus improve the efficiency
of the gut and colon, reduce the risk of colorectal
cancer [7-9].

Tarhana, traditional fermented cereal product
in Turkey, is prepared by mixing wheat flour, yo-
ghurt, some vegetables (tomato, pepper, onion,
etc.) and spices. After fermentation of dough
(1-7 days), it is dried and milled to the particle
size <1 mm and used for soup making [10, 11]. It
is known with different names in different coun-
tries, such as kishk and kushuk in Syria, Jordan,
Palestina, Egypt, trahana in Greece, atole in Scot-
land, talkuna in Finland and thanu in Hungary
[12, 13]. Tarhana soup is an important component
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of diet in Turkey as it is a good source of B group
vitamins, organic acids and free amino acids [14,
15]. Several studies analysed the effect of addi-
tion of buckwheat flour [11], whey concentrate
[16], wheat germ and bran [17, 18], oat flour and
steel cut oat [19] and carob flour [20] on chemi-
cal and functional quality of tarhana. However, no
study focused on the use of citrus by-products in
tarhana.

Tarhana contains high quality proteins due to
the contents of both cereal and animal proteins.
Yoghurt complements the amino acid profile of
wheat flour by increasing the lysine content. More-
over, as a fermented product tarhana has several
advantages. By using citrus albedos, which are
rich in dietary fibre, minerals and bioactive com-
pounds, the nutritional value of tarhana can be
further improved. The purpose of this study was to
determine changes in the chemical, functional and
sensory properties of tarhana supplemented with
lemon, orange and grapefruit albedo.

MATERIALS AND METHODS

Materials

Tarhana ingredients, commercial wheat flour,
concentrated full fat yoghurt, tomato paste,
onion, paprika, baker’s yeast and salt were pur-
chased from local markets in Konya, Turkey.
Lemons, oranges and grapefruits were obtained
from Mersin, Turkey. Lemon albedo (LA), orange
albedo (OA) and grapefruit albedo (GA) were
produced according to COKSEVER and SARICOBAN
[21] with some modification. Albedo layer was
picked and collected with hand from the lemon,
orange and grapefruit samples. Albedo samples
were dried at room temperature for 5 days and
then at 40 °C for 8 h. Dehydrated albedo sam-
ple was ground with a grinder to <400 wm par-
ticle size, and dry powders of albedo were stored
vacuum-packed until use.

Tarhana production

Tarhana samples were prepared with and
without albedo. For control tarhana (without
albedo) preparation, 400 g wheat flour, 160 g yo-
ghurt, 40 g tomato paste, 20 g chopped onions,
8 g paprika, 10 g yeast and 4 g salt were mixed in
a Hobart Mixer (N 50; Hobart, North York, On-
tario, Canada). After that, the dough was incubat-
ed at 30 °C for 72 h in plastic containers and dried
at 55 °C for 48 h in an air convection oven (PFS-9;
Ozkoseoglu, Istanbul, Turkey). Dried samples
were ground in a hammer mill equipped with
1 mm opening screen [22]. Tarhana samples con-

taining albedo were prepared as described above
with the replacement of wheat flour with LA, OA
and GA at 5% and 10% (w/w) levels. Tarhana
samples were kept in polyethylene bags at room
temperature until used.

Chemical analyses

Moisture, ash, protein, cellulose and lipid con-
tents of the samples were determined according to
the methods of American Association of Cereal
Chemists [23]. The pH was measured by a digital
pH meter (WTW pH 315i/set; WTW, Weilheim,
Germany) after mixing a 5 g sample with 100 ml
distilled water.

Total phenolic content (7PC) was determined
colorimetrically using Folin-Ciocalteu reagent as
described by PASKo et al. [24] with some modifi-
cations. The extracts were prepared according to
CHLOPICKA et al. [25]. Powdered samples (0.5 g)
were extracted for 2 h with 10 ml solvent (metha-
nol: HCI(0.16 mol‘l-1) :water, 8:1:1, v/v/v) at room
temperature (25 °C). The extracts were separated
by decantation and the residues were extracted
again with 10 ml acetone (700 g-kg!) for 2 h and
the extract was mixed with the initial methanol ex-
tract. For total phenolics assay, 0.3 ml of aliquot
extract was mixed with 2.7 ml deionized water,
0.3ml Na2COs3 (20% w/w), and 0.15ml Folin-Cio-
calteu reagent. The absorbance was measured at
725 nm by a spectrophotometer (DR 5000; Hach
Lange, Diisseldorf, Germany). 7PC was expressed
as milligrams of gallic acid equivalents (GAE) per
kilogram of dry weight (dw).

Antioxidant activity (44) was measured
using a free radical 2,2-diphenyl-1-picrylhydrazyl
(DPPH) solution in methanol according to the
method of BRAND-WILLIAMS et al. [26] with some
modifications. Ground samples (1 g) were extract-
ed with 10 ml methanol during 2 h and centrifuged
at 3000 xg for 10 min. The supernatant (100 wul)
reacted with freshly made DPPH solution (3.9 ml,
25 mg-1'!) in methanol. The absorbance at 515 nm
was measured at 0 min and 30 min using a metha-
nol blank. A4 was calculated as percentage of dis-
coloration:

AA = (1 -As/Ac) x 100 (1)

where As is absorbance of the sample at 30 min,
Ac 18 absorbance of the control at 0 min. A4 was
expressed as millimoles of Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid)
equivalents (TE) per kilogram of dry weight.

For mineral matter analysis, dry samples were
digested using closed vessel microwave digestion
oven (MARS-5; CEM, Matthews, North Carolina,
USA) with concentrated nitric acid and sulphuric
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acid, and the mineral element contents were de-
termined by inductively coupled plasma atomic
emission spectrometry (ICP-AES) using Varian
Vista instrument (Agilent Technologies, Santa
Clara, California, USA) [27].

Colour measurement

Colour measurement was conducted using
a Minolta chroma meter CR-400 (Minolta, Osaka,
Japan). The L*, a* and b* values were determined
according to the CIELab colour space system,
where L* corresponds to light/dark chromaticity,
a* to green/red chromaticity and b* to blue/yellow
chromaticity. Hue angle (arctan [b*/a*]) and the
saturation index ([a*2 + b*2]1/2) values were calcu-
lated using a* and b* values.

Water absorption capacity and oil absorption
capacity

Tarhana (5.0 g) was mixed with distilled water
and sunflower oil (25 ml) in 50 ml centrifuge tubes,
to measure for water and oil absorption capacity,
respectively. Dispersions were stirred at 15 min in-
tervals over a 60 min period and then centrifuged
at 4000 xg for 20 min. Water and oil absorption
capacity values were expressed as grams of water
or oil absorbed per gram of tarhana [28§].

Foaming capacity and foam stability

Tarhana (10 g) was mixed with distilled wa-
ter and the tarhana-water mixture was stirred for
20 min. Then it was centrifuged at 4000 xg for
20 min. After centrifugation, supernatant was fil-
tered and transferred to a Waring blender (Model
8011 E; Waring Products, New Hartford, Con-
necticut, USA) and whipped for 2 min at high
speed. The solution was slowly poured into a gra-
duated cylinder, and the volume of the foam was
recorded after 10 s. Foaming capacity was ex-
pressed as the volume (in millilitres) of gas incor-
porated per millilitre of solution. Foam stability
was recorded as the time passed until the half of
the original foam volume had disappeared [2§].

Sensory analysis

For sensory analysis, tarhana soups were pre-
pared using tarhana powder. Tarhana powder
(100 g) was mixed with 1000 ml distilled water
(20 °C) and simmered for 12 min over medium
heat with constant stirring. Tarhana soups were
served to the panellists in porcelain plates at 50 °C.
The samples were coded with numbers and served
at random. Sensory assessment was made by fif-
teen trained panellists (7 females and 8 males)
aged from 27 to 55 years. The panellists were
asked to score the soups in terms of colour, taste,
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consistency, cohesiveness, sourness and grittiness
using 9-point hedonic scale: 1 — dislike extremely,
2 — dislike very much, 3 - dislike moderately, 4 —
dislike slightly, 5 — neither like nor dislike, 6 — like
slightly, 7 — like moderately, 8 — like very much, 9 —
like extremely.

Statistical analyses

Statistical analyses were performed using
TARIST software, version 4.0 (Ege University,
Izmir, Turkey). Duncan’s multiple range tests was
used to differentiate between the mean values.

RESULTS AND DISCUSSION

Raw material properties

The chemical composition of wheat flour and
citrus albedo samples, which were used to replace
wheat flour in tarhana formulations, are given
in Tab. 1. The ash contents of all albedo samples
were found between 24.9 g'kg! and 31.9 g'kgl,
which was 4.8 g-kg-! for wheat flour. Albedo sam-
ples contained relatively low amounts of proteins
and lipids compared to wheat flour. These values
are in agreement with those reported by ROMERO-
LopPez et al. [29]. Albedo samples were found to
have significantly (p < 0.05) higher 7PC and AA4
compared to wheat flour. In literature, citrus fruits
were reported to have a high content of antioxi-
dants and polyphenols [30-32]. The lowest pH
value (4.65) was obtained for OA.

Ca, Fe, K and Mg contents in albedo sam-
ples were found higher than those of wheat flour.
The high mineral content of citrus and citrus by
products were reported previously [4, 33]. All
albedo samples had higher yellowness (b*) and
saturation index value compared to wheat flour.
Among albedo samples, OA had the lowest value
of lightness (L*) and the highest values of yellow-
ness and saturation index (Tab. 1).

Chemical properties of tarhana samples

Chemical properties of tarhana samples con-
taining different kinds of citrus albedo are sum-
marized in Tab. 2. Tarhana samples prepared
with LA, OA and GA contained more ash and
cellulose, had higher values of TPC (except 5%
OA) and AA compared to control tarhana, which
was produced without albedo. The ash and cel-
lulose contents of tarhana samples increased
from 23.5 g'kg! and 15.8 g'kg! (control) up to
26.1 g'kg!l and 32.8 gkgl, respectively, with
10% LA albedo addition. The protein contents
of tarhana samples containing albedo decreased
significantly (p < 0.05) at all addition levels com-



Utilization of citrus albedo in tarhana production

Tab. 1. Chemical composition and colour values of wheat flour and citrus albedo samples.

Wheat flour Lemon albedo Orange albedo Grapefruit albedo
Ash [g-kg] 4.8+0.4¢ 31.1+1.82 24.9+2,0P 31.9+1.7a
Proteins [g-kg™] 113.1+£0.8a 30.7+0.7P 26.2+0.7¢ 30.5+0.6P
Lipids [g-kg ] 6.2+0.32 2.6+0.3b 2.7+0.6b 2.9+0.8b
Total phenolic content [mg-kg-1] 720.2+30.64 7110.4+41.4P 6352.2+70.5¢ 8440.7+61.32
Antioxidant activity [mmol-kg-1] 32.13+0.184d 1333.86+0.162 739.25+0.35¢ 909.92+0.25b
pH 6.28+0.042 4.92+0.03¢ 4.65+0.034 5.01+0.03°
Minerals [mg-kg-1]
Ca 253.2+5.64 6122.1+25.4b 7156.4+36.72 3384.7+£33.9¢
Cu 7.5+0.4b 75.1+1.1a 6.5+0.4bc 5.6+0.2¢
Fe 12.3£0.7¢ 239.7+1.52 238.0+1.42 125.2+1.0b
K 1302.6+11.2d 7981.4+12.4a 6962.1+11.3¢ 7412.3+11.4b
Mg 381.2+£18.1¢ 712.3+19.42 532.6+19.0° 513.1£19.70
P 1422.1+11.32 512.3+17.0° 398.2+15.2¢ 396.4+£13.2¢
Zn 5.4+0.3¢ 59.8+1.62 15.1+0.6° 7.6+0.4¢
Colour values
L* 90.77+0.16¢ 92.42+0.22b 82.48+0.16d 93.60£0.202
a* 1.21+0.062 -1.74+0.13¢ -0.51+0.10P -0.69+0.13b
b* 10.42+0.164 22.10+0.17¢ 28.19+0.082 27.32+0.16b
Saturation index 10.49+0.164 22.17+0.17¢ 28.19+0.162 27.33+0.17b
Hue angle 83.39+0.25¢ 94.51+0.392 91.03+0.420 91.45+0.49b

Means with the same superscript within a row are not significantly different (p < 0.05).
Chemical compositions are on dry weight basis. Total phenolic content is expressed as milligrams of gallic acid equivalents per
kilogram of dry weight. Antioxidant activity is expressed as millimoles of Trolox equivalents per kilogram of dry weight.

pared to control tarhana, due to the lower protein
contents of citrus by products (Tab. 1, Tab. 2). Li-
pid contents of tarhana samples were not affected
significantly (p > 0.05) by albedo at all addition
levels. Similar results were obtained by ROMERO-
Lopez et al. [29] for lipid contents of muffins con-
taining fibre concentrate (10-15%) obtained from
orange bagasse. NASSAR et al. [34] reported that
protein, lipid and saccharide contents of biscuits
decreased, whereas ash and total dietary fibre in-
creased, with the increasing level (up to 25%) of
citrus by-products (orange peel and pulp). In the
present study, the highest TPC (2450.6 mgkg1)
was obtained with 10% GA addition, and tarha-
na samples containing 10% LA gave highest A4
(220.50 mmol'kg!) values. GHASEMI et al. [35]
reported that TPC values were usually higher in
peels than in tissues obtained from edible parts
of the fruits. Bocco et al. [36] reported that citrus
peels were a major source of natural antioxidants,
and that lemon possessed the highest antioxidant
potential among citrus fruits. Albedo addition to
tarhana formulation did not change the pH values
significantly compared to control tarhana. This

can be attributed to low available saccharide con-
tent of albedo for growing bacteria and yeast in
tarhana formulation.

Mineral contents of tarhana samples are given
in Tab. 3. When compared to control tarhana,
albedo addition increased the Ca, Fe, K and Zn
(except GA) contents of tarhana samples. Mg
content of tarhana did not change significant-
ly with albedo addition. However, a significant
(p <0.05) decrease was observed in P contents of
tarhana with albedo. In literature, depending on
the ingredients used in tarhana formulation (dif-
ferent cereal flours, dairy products, vegetables),
Ca, Fe, K, Mg and Zn contents of tarhana ranged
between 590mg-kg! and 1910mg-kgl, 21 mgkg!
and 59mgkgl, 600mgkg! and 1820mgkgl,
300mgkg! and 1340mgkg! and 8mgkg! and
32mgkgl, respectively [15]. The main elements
found in citrus fruits were Ca, K and Mg, which
agrees with the fact that citrus peels are con-
sidered good sources of these minerals [37, 38].
GORINSTEIN et al. [4] reported that Fe contents of
peeled lemons and lemon peels were significantly
higher than those of peeled oranges and grape-
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fruits and their peels. In contrast to the findings of
these researchers, in our study, LA, OA and tarha-
na samples containing LA and OA (at 10% level)
had the same (p > 0.05) Fe contents. These differ-
ences with published data may be caused by the
variety, growing conditions and different origin of
the fruits in the two studies.

Colour of tarhana samples

Colour values are presented in Tab. 4. LA and
GA addition at a low level (5%) did not signifi-
cantly affect the lightness values (L*) of tarhana
samples, whereas this value decreased signifi-
cantly (p < 0.05) at high addition levels (10%) of
LA, OA or GA. Albedo at 10% level increased
the yellowness values (b*) of tarhana samples,
whereas LA addition at 5-10% level decreased
the redness values (a*) of tarhana samples sig-
nificantly (p < 0.05), compared to the control. All
addition levels of OA or GA did not change the
redness of tarhana significantly. Raw material LA
had the lowest redness/greenness value among raw
materials. All albedo samples had higher yellow-
ness values compared to the wheat flour (Tab. 1).
The colour values of raw materials (LA, OA and
GA) had significant effect on the colour of the fi-
nal product. In the study conducted by LARIO et al.
[39], dried raw lemon fibre had lower lightness
and higher redness, due to the Maillard reaction.
FERNANDEZ-LOPEZ et al. [40] reported that raw
and cooked lemon albedo addition (up to 10%)
decreased the lightness (p < 0.05) and increased
the redness values of dry-cured sausages. Like
yellowness value, saturation index values of tarha-
na samples containing 10% citrus albedo were
found higher than that of control tarhana. Tarhana

samples containing LA had the highest hue angle
values.

Functional properties of tarhana samples

Functional properties are important for
process design, sensory quality and consumer
acceptability. Tarhana ingredients, fermentation,
drying method and storage affect the functional
properties of tarhana [11, 20, 28]. In the present
study, functional properties of tarhana containing
citrus albedo are given in Fig. 1. Water absorption
capacity and foaming capacity were not affected
by LA, OA and GA addition level. Water hold-
ing capacity of fibre depends on its chemical and
physical structure, processing and soluble dietary
fibre content [39, 41]. Oil absorption capacity
values of tarhana samples generally were not
found significantly (p < 0.05) different compared
to control tarhana, except for samples containing
10% OA. In this study, the level of albedo could
be too low to observe significant changes in wa-
ter and oil holding capacity of tarhana samples.
Tarhana samples containing OA had similar foam
stability as control tarhana, whereas LA and GA
addition decreased the foam stability of tarhana
samples significantly (p < 0.05). BiLcicLr [11]
found a significant increase in foaming capacity
and stability, but significant decrease in water and
oil absorption capacity of tarhana prepared with
whole buckwheat flour (rich in dietary fibre) at an
addition level above 60%.

Sensory properties of tarhana samples

Some sensory properties of tarhana soup are
given in Tab. 5. Colour values of tarhana samples
containing LA were evaluated by lower scores

3.0
2.5 1
B Control
2.0 B Lemon albedo 5%
154 B Lemon albedo 10%
a a
a B Orange albedo 5%
1.0 O Orange albedo 10%
0.5 - O Grapefruit albedo 5%
O  Grapefruit albedo 10%
0 I T T
Water absorption Oil absorption Foaming Foam
capacity capacity capaci stability
! lg:g7 [ml-ml- [min]

Fig. 1. Functional properties of tarhana samples.

Means with the same superscript are not significantly different (p < 0.05).
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Tab. 5. Sensory properties of tarhana samples.

Control Lemon albedo Orange albedo Grapefruit albedo
Albedo level [%] 0 5 10 5 10 5 10
Colour 7.8£0.42ab | 6£.5+0.28% | 6.1+0.14¢ 7.2+0.28c | 8.2+0.282 7.1+0.14cd | 7.7+0.282b
Taste 8.0+£0.282 6.1+0.42b 5.5+0.28P 8.1+0.282 7.3+0.422 4.5+£0.57¢ 3.1+0.28d
Consistency 6.7+£0.57¢ 7.5+0.28bc 7.5+0.42bc 7.5+0.28bc 8.2+0.282ab 8.1+0.282b 8.5+0.422
Cohesiveness 8.1+£0.282 7.8+£0.422 7.9+0.422 7.8+0.422 7.9+0.572 8.2+0.422 7.6+0.572
Sourness 8.0+0.42ab 7.5+0.28abc | 7.1+0.28¢cd 8.2+0.282 7.9+0.422b 6.4+0.42d 6.3+0.28d
Grittiness 8.0+0.282 7.1+£0.57P 7.0+£0.28P 7.5+0.28ab | 7.5+0.14a | 8.1+0.142 7.5+0.42ab

Means with the same superscript within a row are not significantly different (p < 0.05).

by panellists. Tarhana containing 5-10% LA or
OA gained higher taste score than that contain-
ing GA. Tarhana samples with OA had taste score
similar to control tarhana. Naringin, a phenolic,
bitter compound (flavanoid), which is contained
in some varieties of citrus, mainly in grapefruit
(Citrus paradisi) and shaddock (Citrus grandis),
may be responsible for this decrease in taste score
of tarhana [42, 43]. All tarhana soups containing
citrus albedo had similar or higher consistency
scores compared to control tarhana soup. Higher
pectin contents of citrus by-products may cause
an increase in viscosity/consistency of tarhana
soup. L1u et al. [44] found that pectin was present
mainly in the albedo, not in flavedo of the orange
peels. Dietary fibre of citrus by-products had
a higher content of the soluble fraction, includ-
ing pectin. SENDRA et al. [45] found that orange
fibre increased the viscosity of yoghurt. Cohe-
siveness scores of tarhana soups did not change
significantly with albedo addition. Acidic and
sour taste is a typical property of tarhana. Sour-
ness of the tarhana soups containing 5% LA and
5-10% OA were found similar with control tarha-
na. The lowest sourness scores were obtained
for GA addition into tarhana formulation. Com-
pared to control tarhana, LA addition decreased
the grittiness scores of tarhana soups. ROMERO-
Lopez et al. [29] reported that control muffins
and muffins containing 10% dietary fibre-rich
orange bagasse product (DFROBP) were simi-
larly accepted in sensory analysis, whereas highest
DFROBP levels decreased the acceptability score
of muffins. In the study conducted by NASSAR
et al. [34], biscuits with 5% and 15% orange pulp
and peel had the highest level of acceptance for all
sensory characteristics. In another study, orange
peel powders were found suitable for addition
to the biscuit formulation at levels of up to 10%),
without any adverse effects on sensory characteris-
tics of biscuits [46].
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CONCLUSIONS

The effects of LA, OA and GA on the chemi-
cal, nutritional and functional properties of tarha-
na were investigated in this study. LA, OA and
GA increased the ash and cellulose contents and
antioxidant activity values of tarhana samples
compared to control tarhana, which was produced
without albedo. Significant (p < 0.05) increase was
determined for Ca, Fe and K contents of tarhana
samples with albedo. While tarhana samples con-
taining OA had similar foam stability values to the
control tarhana, foaming capacity of samples did
not change with citrus albedo addition. While all
kinds of citrus albedo at 10% level decreased light-
ness of tarhana samples, citrus albedo increased
yellowness of tarhana. GA samples increased
the consistency of tarhana soups significantly
(p < 0.05). It can be concluded that OA and LA
can be used in tarhana formulation successfully at
levels of up to 10% and 5%, respectively.
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