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Abstract:

Different solutions of royal jelly, royal jelly and rape
honey mix, and rape honey (2, 5, 10, 20, and 30%) were
contaminated with bacterial suspension of Aeromonas
hydrophila (ATCC 7965). Colony counts for each test
substances were determined after incubation for 24 h
and 48 h and those concentrations which completely in-
hibited the growth of the test strain were assigned as
Real Bactericidal Concentration (RBC) or 100% inhi-
bition. Royal jelly and rape honey mixes possessed a
lower antibacterial activity than rape honey. The con-
centrations of royal jelly (10, 20, and 30%) had a total
inhibitory effect against A. hydrophila (ATCC 7965).
Royal jelly, royal jelly and rape honey mix, and rape
honey have a potential as alternative therapeutic agents
against A. hydrophila.

Keywords:
Royal jelly, Rape honey, Antibacterial activity,
Aeromonas hydrophila
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Introduction

The hypopharyngeal glands of the honey bee (Apis
mellifera L.) produce royal jelly (RJ) that is essen-
tial to feed and raise broods and queens (Li et al.,
2010). Several positive effects of RJ are reported:
immune system stimulation, activation of the veg-
etative and central nervous systems etc. The main
RJ acid 10-hydroxy-2-decenoic acid (10-HDA) is
known to have a high antimicrobial effect (Blum
et al., 1959; Melliou and Chinou, 2005). Research
data suggest that the 10-HDA found in RJ may in-
hibit the vascularization of tumors (lzuta et al.,
2009). The antibacterial activity of the peptide
Royalisin against Gram-positive bacteria has been
known since 1990 (Fujiwara et al., 1990; Shen et
al., 2010). On the other hand, RJ may cause aller-
gic reactions in humans, asthma, fatal anaphy-
laxis, thus this product remains non-approved for
use in most countries (Leung et al., 1997; Lom-
bardi et al., 1998; Takahama and Shimazu, 2006).

In many studies for detection of antibacterial ac-
tivities of honey, the agar well diffusion method
was used (Al Jabri et al., 2005). The results of agar
well diffusion method must be interpreted using
clear criteria. Some authors measure the clear zone
around the well, and express the activity in equiv-
alent phenol concentrations (Baltrusaityte et al.,
2007).

Standard methods required for microbiological
testing of pathogens in foods use incubation that
makes objective detection of pathogens. Only live
microbial cells could survive and form colonies.
This is the principle at the background of microbi-
ological testing of foods in Europe (Anonymous,
2007). We have used these arguments to investi-
gate a new methodology for antibacterial activity
testing (Stratev et al., 2012).

A. hydrophila strains associated with human gas-
troenteritis are capable to grow in foods at refrig-
eration temperatures, currently considered ade-
guate for preventing the growth of foodborne path-
ogens (Palumbo et al., 1985). Other authors re-
ported wound infections in humans caused by A.
hydrophila (Campbell, 2001; Hiransuthikul et al.,
2005).

The use of antibiotics is the main treatment to con-
trol bacterial illness, and this results in develop-
ment of resistant bacteria (Castro et al., 2008). In
available references we did not find studies on the
antibacterial activity of royal jelly, rape honey,
and royal jelly and rape honey mix against A. hy-
drophila (ATCC 7965). Thus, the aim of this study
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was to determine the Real Bactericidal Concentra-
tion (RBC) or 100% inhibition of royal jelly, royal
jelly and rape honey mix, and rape honey (2, 5, 10,
20, and 30%) against A. hydrophila (ATCC 7965)
by means of a microbiological method.

Materials and Methods
Test substances

The tested rape bee honey (H) samples were ob-
tained from beekeepers owning many hives (from
50 to 210), immediately after the flowering of rape
(the centrifugation of honey was performed in
June) in different regions of Stara Zagora district,
Bulgaria. During the honey collection period bees
were not supplemented with carbohydrate syrups
or treated with antimicrobial drugs. Until the anal-
ysis, samples were kept at refrigerator conditions
(0-4°C). Water content, pH, free acidity, electrical
conductivity, diastase and invertase activity, spe-
cific optical activity and hydroxymethylfurfurol
(HMF) content were assayed as per the harmo-
nized methods of the European honey commission
(Bogdanov et al., 1997). The botanical origin of
the samples was established by their melissopaly-
nological, organoleptic, physical and chemical
characteristics (Oddo et al., 2004; von der Ohe et
al., 2004). All data referring to physical and chem-
ical parameters of rape honey were statistically
processed by the Student's t-test and presented as
mean and standard deviation (SD) (Table 1).

Royal jelly (J) (n=6) used in the study was pipetted
directly from queens cells. The following parame-
ters of samples were determined: sugars (fructose,
glucose, sucrose by HPLC after Sesta (2006); pro-
teins by Folin-Ciocalteu reagent; water content by
refractometry; dry matter of the sample by sub-
tracting the water content from 100; pH values —
potentiometrically by pH meter Mi 150 (1% water
solution of royal jelly); total acidity by titration
with 0.1 N NaOH according to ON 2576693-84
about fresh and lyophilized royal jelly; electrical
conductivity of 1 % water solution of royal jelly
by conductometry (Bogdanov et al., 1997; Balkan-
ska et al., 2012) (Table 2).

For some authors only the storage of royal jelly in
a frozen state could prevent the decomposition of
biologically active proteins and thus, royal jelly
should be frozen as soon as it is harvested (Li et
al., 2007). For our experiments royal jelly was
stored prior to analyses in a dark bottle in freezing
conditions (-20°C).
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To avoid the acid taste and allergic reactions after
consumption of royal jelly, many producers rec-
ommend mixing of this product with honey,
mainly in proportion 1:100 (JH). Solutions con-
taining 2, 5, 10, 20, and 30% of each test sub-
stances were prepared in sterile Tryptic Soy
Broth (TSB) (Merck, Darmstadt, Germany). To
prevent photodegradation of glucose oxidase, as-
sociated with antimicrobial activity in honey
(Bogdanov et al., 1997) all test substances were
stored in the dark and dilutions were prepared im-
mediately prior to testing (Sherlock et al., 2010).

Microbiological assay

In this study the reference strain of A. hydrophila
(ATCC 7965) provided by the National bank for
industrial microorganisms and cell cultures (So-
fia) was used. Prior to experiments the microor-
ganism was incubated for 24 h at 28°C in Brain
heart infusion broth (Merck, Darmstadt, Ger-
many). Petri dishes with about 15 ml blood agar
were inoculated with a loopfull of 24 h broth cul-
ture and incubated for 24 h at 28°C. Three or four
morphologically similar colonies were taken from
the agar and suspended in 5 ml sterile physiologi-
cal solution for preparation of bacterial suspension
adjusted to the 0.5 McFarland standard (1.5 x 108
CFU/ml). From the initial suspension decimal di-
lutions (to 5™ to 10-in 9 ml sterile TSB (Merck,
Darmstadt, Germany) were made.

For detection of exact A. hydrophila (ATCC 7965)
counts Petri dishes with approximately 15 ml
MacConkey agar (Merck, Darmstadt, Germany)
were inoculated with 0.1 mL of the 5" dilution of
the initial bacterial suspension in TSB and incu-
bated for 24 h and 48 h at 28°C. By running this
parallel microbiological assay it was found out
that in positive control (0.3 mL for diluted (10°)
test bacterial suspension in 5.7 mL TSB) the
counts of live A. hydrophila (ATCC 7965) cells
used for contamination dilution from bacterial sus-
pension in TSB (10° dilution of 0.5 McFarland
standard) was log 1.61 CFU/mL.

This microbiological test was also done for all di-
lutions in TSB (Merck, Darmstadt, Germany) of
test substances contaminated with bacterial sus-
pension. To calculate the percent of inhibition the
bacterial count in the positive control after 24 h
incubation were accepted as 100% (Table 3).

The concentrations of test substances which
completely inhibited the growth of A. hydrophila
(ATCC 7965) after 24 h and 48 h incubation were

assigned as Real Bactericidal Concentration

(RBC) or 100% inhibition.

All experiments were done in Department of Food
Hygiene and Control, Veterinary Legislation and
Management, Trakia University, Faculty of
Veterinary Medicine, Stara Zagora, Bulgaria.

Results and Discussion

Rape honey has a turbid white to white colour. Im-
mediately after centrifugation the honey con-
sistency was semi-liquid, but within a relatively
short period of time it became finely crystallized
provided that the technological processing was
proper. The flavour of rape honey is specific and
the taste is sweet and characteristic in some in-
stances — with a very subtle acid tinge. The pollen
analysis of rape honey showed increased number
of pollen grains. Their proportion exceeded 40%,
i.e. rape honey could be classified as a pollen-rich
honey type. In our study we have analysed the spe-
cific optical activity - a parameter that is not re-
ported for rape honey so far. The mean specific
optical activity of rape honey: (-) 12 +0.8164
[ap]? is close to that of Bulgarian polyfloral hon-
eys: (=) 14.8 +4.9 [ap]? (Dinkov, 2003).

Quality parameters of Bulgarian’s rape honey are
comparable to those reported in the literature and
in accordance with European quality standards
(Bogdanov et al., 1997). pH values were lower
(3.232) than data reported by Devillers et al.
(2004) - 4.019 and than European rape honey from
2004 — from 3.9 to 4.1 (Piaza and Oddo, 2004) and
could be related to the organoleptically established
slightly acid taste (Table 1).

The antibacterial effect of honey mostly against
Gram-positive bacteria is very well documented
(Molan, 1992a; Molan, 1992b; Molan, 1997). The
antimicrobial activity of honey is attributed
largely to osmolarity, pH, hydrogen peroxide pro-
duction and the presence of other phytochemical
components. In vivo, such activity may occur due
to a synergistic relationship between any of these
components rather than a single entity (Mavric et
al., 2008).

69



Journal of Food and Health Science

Stratev et al., 1(2): 67-74 (2015)

Journal abbreviation: J Food Health Sci

It was found that several honeys may have poten-

tial
Cavanagh, 2005).

as therapeutic honeys (Wilkinson and

Table 1. Quality parameters of rape honey

Quality parameters Results - Referen_ces
Devillers et al. (2004) | Piaza and Oddo (2004)
X 16.8 18.46 -
SD +0.2108 +0.655 -
Water content (%) Min  16.6 17.00 14.7
Max 17 19.80 21.3
p<0.05
X 36.3 10.66 9.4-22
SD +1.1595 +1.318 -
Free acidity (meg/kg) Min 35 6.510 -
Max 38 12.30 -
p<0.05 -
X 3.232 4.019 39-41
SD +0.01032 +0.119 -
pH Min  3.22 3.700 -
Max 3.25 4.260 -
p<0.05
X 0.128 0.2031 0.14-0.34
SD +0.00105 +0.4435 -
Conductivity (mS/cm) Min  0.127 0.110 -
Max 0.13 0.269 -
p=0.4979
X 12.9 26.85 10 -46.6
SD +0.1051 +5.911 -
Diastase activity (Ghote), (DN) Min 12.8 11.20 -
Max 13.1 36.80 -
p<0.05
X 14.89 3.196
SD +0.3528 +1.665 )
Hydroxymethylfurfurol (HMF), (mg/kg) | Min  14.4 0.210 i
Max 15.36 5.950 ]
p<0.05 )
. 77,1 U.kg'
X 10643 IN 1329 DX 1 )
Invertase activity (IN) ﬁ/ll?n il(c))%2241 (von der Ohe and gg;
Max 10.69 vonltggfs())he, (Krauze and Zalewski,
1991)
X ()12
- . . 2 SD +0.8164
Specific optical rotation, [a]o Min () 11 - -
Max (=) 13
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It was found that several honeys may have poten-
tial as therapeutic honeys (Wilkinson and
Cavanagh, 2005). As the potential role of honey as
a topical agent to manage surgical site or infec-
tions is increasingly acknowledged, other types of
honeys need also to be assessed and evaluated
(Gethin and Cowman, 2008).

Our results for royal jelly samples 4, 5 and 6
(16.84, 18.99, and 19.63 %) (Table 2) and the re-
sults of other studies showed that RJ had a high
protein content (9-18%) (Sabatini et al., 2009).

In all cases, 10, 20, and 30% solutions of royal
jelly showed 100% inhibition after 24 h and 48 h
(RBC) incubation of A. hydrophila (ATCC 7965).
In some cases (Samples J-1, J-3 and J-4) 100% in-
hibition after 24 h and 48 h (RBC) were also found
with 5% royal jelly. Only 30% rape honey, and
royal jelly and rape honey mix possessed a total
antibacterial effect after incubation of A. hydroph-
ila (ATCC 7965) for 24 hand 48 h (RBC) at 28°C.
In all samples we found lower percentage of inhi-
bition for 20% royal jelly and rape honey mix in
comparison to 20% rape honey (Table 3).

L-proline was found with high concentrations in
royal jelly (369-1930 ug/g) (Saito et al., 2011). It
is well known that Bulgarian’s blossom honeys
contain 267 +23.71 mg/kg L-proline on the aver-
age (Dinkov, 2000). The mixing of RJ and

Table 2. Quality parameters of royal jelly samples

honey results in a higher content of proteins,
which could lead to formation of chemical struc-
tures. With this regard Gethin and Cowman (2008)
established that the interaction of hydrogen bond-
ing between hydroxyl groups of phenolic com-
pounds and peptide bonds of protein forms strong
insoluble polyphenol-protein complex in aqueous
solution and consequently, high turbidity. More
investigations are necessary to prove the hypothe-
sis that the chemical structures possessed specific
antibacterial activity to different microorganisms.
This could be related to lower antibacterial activ-
ity of royal jelly and rape honey mixes compared
to rape honey (Table 3).

Some authors recommend testing for allergic re-
actions prior to clinical investigations (Leung et
al., 1997; Lombardi et al., 1998; Takahama and
Shimazu, 2006). In the future it is important to do
additional investigations about the specific anti-
bacterial activity of strong insoluble polyphenol-
protein complexes in royal jelly and rape honey
mixes for different microorganisms.

Conclusion

Royal jelly (10, 20, and 30%), rape honey (30%),
and royal jelly and rape honey mix (30%) have a
potential as alternative therapeutic agents against
A. hydrophila.

Water T-ot-al Electricgl .
No sample content oH acidity, cont_juctl- Proteins, Fructose, Glucose, Sucrose,
% ' mL 0.1 vity, % % % %
NaOH/g mS/cm
1 60.40 3.87 3.86 191 10.44 6.89 8.54 0.04
2 61.70 3.98 4.05 204 14.56 4.23 6.05 0.04
3 61.50 4.04 3.31 188 9.62 5.23 7.35 0.07
4 61.70 3.97 3.68 208 16.84 4.56 4.08 1.79
5 59.10 3.86 3.96 202 18.99 5.05 5.28 1.39
6 62.70 3.91 442 216 19.63 5.47 5.12 2.89
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Table 3. Antibacterial activity of royal jelly (J), royal jelly and rape honey mix (JH), and rape honey (H) against A. hydrophila (ATCC 7965)

24h 28 h 24h 28 h
Test % Inhibition, % Inhibition, %/ Test 1 op (wiv) Inhibition, Inhibition, %
substance (vIv) log CFU/ mL | RBC* log CFU/ mL RBC* substance log CFU/ mL % | RBC* log CFU/ mL | RBC*
7 >8 0 >8 0 7 >8 0 >8 0
5 0 100 0 RBC 5 0 100 0 RBC
1 10 0 100 0 RBC 14 10 0 100 0 RBC
20 0 100 0 RBC 20 0 100 0 RBC
30 0 100 0 RBC 30 0 100 0 RBC
2 >8 0 >8 0 2 >8 0 >8 0
5 >8 0 >8 0 5 >8 0 >8 0
JH-1 10 >8 0 >8 0 H-4 10 >8 0 >8 0
20 6.90 11.43 8.22 0 20 758 27 >8 0
30 0 100 0 RBC 30 0 100 0 RBC
2 >8 0 >8 0 2 >8 0 >8 0
5 >8 0 >8 0 5 >8 0 >8 0
32 10 0 100 0 RBC 15 10 0 100 0 RBC
20 0 100 0 RBC 20 0 100 0 RBC
30 0 100 0 RBC 30 0 100 0 RBC
2 >8 0 >8 0 2 >8 0 >8 0
5 >8 0 >8 0 5 >8 0 >8 0
JH-2 10 >8 0 >8 0 IH-5 10 >8 0 >8 0
20 >8 0 >8 0 20 8.30 0 >8 0
30 0 100 0 RBC 30 0 100 0 RBC
2 >8 0 >8 0 2 >8 0 >8 0
5 0 100 0 RBC 5 >8 0 >8 0
13 10 0 100 0 RBC 16 10 0 100 0 RBC
20 0 100 0 RBC 20 0 100 0 RBC
30 0 100 0 RBC 30 0 100 0 RBC
2 >8 0 >8 0 2 >8 0 >8 0
5 >8 0 >8 0 5 >8 0 >8 0
JH-3 10 >8 0 >8 0 IH-6 10 >8 0 >8 0
20 0 100 756 2.96 20 7.69 129 7.9 0
30 0 100 0 RBC 30 0 100 0 RBC
2 >8 0 >8 0 2 >8 0 >8 0
5 >8 0 >8 0 5 >8 0 >8 0
H 10 >8 0 >8 0 H 10 >8 0 >8 0
20 6.30 19.13 6.54 16.15 20 6.30 19.13 6.54 16.15
30 0 100 0 RBC 30 0 100 0 RBC
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Abstract:

Peanut skins are currently a waste product that may be
a potential source of flavonoid rich compounds. In or-
der to make use of these compounds, an extract would
need to be produced. One of the potential issues with a
peanut skin extract could be that any aflatoxins in the
whole skins may be concentrated by solvent extraction.
A multistep peanut skin extraction (PSE) method
(100% water) and a methanol-water method (30:70 and
80:20) were used to extract proanthocyanidins from
natural peanut skins samples and from peanut skin sam-
ples treated with an aflatoxin standard to determine the
recovery by each extraction procedure. Liquid Chroma-
tography-Mass Spectrometry (LC-MS) detection was
employed for the determination and quantitation of af-
latoxins G2, G1, B2, and B1 in the extracts from each
of the samples. No aflatoxins of interest were detected
in the PSE, 30% methanol aqueous (ag.), and 80%
methanol aqg. extract of un-spiked peanut skin samples.

For aflatoxin spiked standard (G2, G1, B2, B1) sam-
ples, the PSE method (100% water) recovered the least
aflatoxin with mean recoveries of 1-2%. The 30%
methanol ag. procedure yielded mean recoveries of 17-
36%. The 80% methanol ag. extraction method recov-
ered the most aflatoxin, with mean recoveries of 35-
63%. Statistical analysis revealed significant differ-
ences in aflatoxin recovery between the three extraction
methods, indicating that both concentration and type of
extraction solvent play significant roles in extraction of
aflatoxin. This study provides evidence that if aflatox-
ins are present in the starting material for a flavonoid
rich extract, the aflatoxins will carryover and concen-
trate in the resultant extract, especially if a high per-
centage of methanol is used as the major extraction sol-
vent.
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Introduction

The safety of the U.S. food supply is an important
current issue. Millions of dollars are invested
every year to ensure the safety of the U.S. food
supply. Along with concerns about food patho-
gens, and allergens, mycotoxins including aflatox-
ins are also of high concern. Aflatoxins are natu-
rally occurring mycotoxins that are frequently pro-
duced by Aspergillus flavus and Aspergillus para-
siticus species of fungi. Although there are a range
of different types of aflatoxins, the major aflatox-
ins of concern in food are designated B1, B2, G1,
G2 (Sweeney and Dobson, 1998). The names of
aflatoxins relate to their fluorescent color (B=blue
and G=green). The order of their human toxicity
is B1>G1>B2>G2 with Bl being at least two
times more toxic than G1 (Hussein and Brasel,
2001). Contamination often occurs in nuts, pea-
nuts, spices, corn, cottonseed, and other oil seeds
(Stroka et al., 2000). Therefore the possibility ex-
ists that aflatoxins could be present in any manu-
factured good that contains the aforementioned in-
gredients in the product. Aflatoxins are quite sta-
ble compounds structurally due to ample conjuga-
tion. As such, aflatoxins are likely to remain pre-
sent in a food product even after the processing or
degradation of a contaminated food product be-
cause their decomposition temperatures range
from 237°C to 306°C (Rustom, 1997). In the
United States the level of aflatoxins in peanuts
must be 15 ng/g or less (CFR, 2014); in the Euro-
pean Union the level is even stricter, at 2-4 ng/g
(Blesa et al., 2003). Aflatoxins cost the southeast-
ern U.S. peanut industry approximately $ 25 mil-
lion annually (Lamb and Sternitzke, 2001). Afla-
toxin contamination is most likely to occur at or
above 30°C, which promotes growth of the fungi
that is known to produce the toxin (Scheidegger
and Payne, 2005).

Aflatoxin detection can be difficult since the com-
pounds need to be extracted from a complex food
matrix. Aflatoxin concentration in a product is of-
ten not uniform. This requires that many samples
be taken and tested for aflatoxin to ensure the
safety of the lot. In one study the variation due to
sampling in powdered ginger was found to be 87%
(Whitaker et al., 2009). Aflatoxins are often ex-
tracted with chloroform, methanol, ethanol or their
aqueous (aq.) mixtures when applicable (Do and
Choi, 2007). Acetonitrile is another solvent that
has been used to extract aflatoxins. Most often a
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70% methanol-water mixture is used. Of concern,
is that often similar or the same solvents are used
to extract proanthocyanidins, therefore it is likely
that these extracts could contain aflatoxins as well.
Enzyme-linked immunosorbent assay (ELISA)
kits are quite commonly used to detect aflatoxins
because of their ease of use (Gilbert and Vargas,
2005). The use of Fourier Transform Infrared
Resonance (FTIR) Spectroscopy to detect aflatox-
ins has been performed, but it has not gained wide-
spread use (Mirghani et al., 2001). Spectroscopy
such as FTIR would be highly useful since it is a
non-destructive technique, and thus can be altered
into an inline processing technique.

Due to the ability of aflatoxins to fluoresce, Thin
Layer Chromatography (TLC) and High Perfor-
mance Chromatography (HPLC) with fluores-
cence detection is a common and inexpensive of-
ten-employed technique to detect aflatoxins. In
addition, LC-MS has been used to detect aflatox-
ins in the positive mode since it gives increased
ionization efficiency over negative mode (Blesa et
al., 2003; Nonaka et al., 2009). LC-MS has been
shown to be a specific and precise method for the
determination and quantitation of both proantho-
cyanidins and aflatoxins. Common to both classes
of compounds, a reversed phase column is often
used (Ventura et al., 2004; Cavaliere et al., 2007;
Bacaloni et al., 2008; Nonaka et al., 2009; Sarno-
ski etal., 2012). A gradient elution program is em-
ployed, with a choice of various effective solvents
for the mobile phase. Cavaliere et al., (2007) used
acetonitrile-water as mobile phase A and water as
mobile phase B (both with added ammonium for-
mate) to identify aflatoxins in maize extracts. The
same solvents and concentrations were employed
by Bacaloni et al., (2008) for the identification of
aflatoxins in hazelnuts. A methanol-acetonitrile
mobile phase A and aq. ammonium formate mo-
bile phase B elution program were employed by
Nonaka et al., (2009), also for the separation of af-
latoxins. For the determination of proanthocya-
nidins in Virginia-Type peanut skins, Sarnoski et
al., (2012) used an ag. ammonium acetate solution
as solvent A and 100% methanol as solvent B. For
its precision, selectivity, and reproducibility, LC-
MS was the method of choice for the separation,
identification, and quantitation of aflatoxins for
this project.
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Peanut skins are of particular interest to research-
ers as a potential source of a number of bioactive
flavonoids, such as proanthocyanidins. Due to a
growth in this field of research, the use of peanut
skin extracts or components of peanut skin ex-
tracts as a beneficial additive in foods or in non-
food materials is growing in likelihood and
achievability. This presents a potential food safety
issue, due to the possible concentration of harmful
aflatoxins, primarily the most implicated aflatox-
ins of B1, B2, G1, and G2 in such extracts. Afla-
toxins have been found to occur in peanut kernels
and shells, but no researchers to date have ana-
lyzed the skins for aflatoxins. Therefore the objec-
tives of this project were to determine if aflatoxins
can exist in the skins of peanuts, and answer the
guestion of whether the aflatoxins could be con-
centrated due to the extraction procedure used on
the peanut skins. Emphasis was placed on the sig-
nificance of the extraction solvent composition to
the aflatoxin concentration of the final extract. The
data obtained from the determinations made can
assist in the search for a valuable and healthful use
for peanut skins while maintaining food safety
standards.

Materials and Methods
Extract source and standards

Peanut skins (Virginia variety) were obtained
from a commercial source (Tidewater Blanching,

Suffolk, Va., U.S.A.). Upon receipt the peanut
skins were frozen and stored at -20 °C. Unless oth-
erwise noted, all chemicals were purchased from
Fisher Scientific (Pittsburgh, Pa., U.S.A.). An af-
latoxin mixed standard (1 pg/mL B1, 0.3 pg/mL
B2, 1 pg/mL G1, 0.3 pg/mL G2) in methanol was
purchased from Sigma-Aldrich (St. Louis, Mo.,
U.S.A.). The analytical concentration for each lot
was specified on the certificate of analysis and dif-
fered slightly from lot to lot (see exact concentra-
tions at footnote of Table 1).

Single solvent extraction

Peanut skins were extracted by placing 1 g of skins
in 10 mL of 30% methanol ag. or 80% methanol
aqg. for 15 min, using a Fisher Scientific Ultrasonic
Model FS20 (Pittsburgh, Pa., U.S.A) bath to assist
extraction. The liquid portion was then 0.2 pm sy-
ringe filtered using Whatman PTFE Puradisc™
syringe filters (Whatman Inc., Piscataway, N.J.,
U.S.A) and the volume was measured. A clean
round bottom flask was pre-weighed and the lig-
uid portion was transferred into the flask. The sol-
vent was then evaporated under vacuum using a
rotary evaporator (Buchi Rotavapor RII, Labor-
technick AG, Switzerland) to dryness. The flask
was then slowly oven dried at 50 °C, the weight
was recorded when all solvent was lost, and con-
stant weight was achieved. The yield was deter-
mined by the difference between the weights of
the empty and extract containing flasks.

Table 1. Aflatoxin content in un-spiked and spiked samples (ng/g).

Un-Spiked Samples (ng/g)

Solvent Aflatoxins

G2 Gl B2 Bl
PSE (100% H.O) n.d. n.d. n.d. n.d.
Methanol 30% n.d. n.d. n.d. n.d.
Methanol 80% n.d. n.d. n.d. n.d.

Spiked Samples (ng/g)

Solvent Aflatoxins

G2 Gl B2 Bl
PSE (100% H,O)  7.05+0.15 14.75+0.95 3.70+0.40 9.20+0.70
Methanol 30% 107.7 £ 3.95 209.9+1.50 51.95 + 2.45 162.8 £5.50
Methanol 80% 185.2 +4.90 471.8+2.10 99.20 £6.10 410.1+7.90

n.d. signifies not detected

Analytical standard concentrations for the lot were (0.961 pg/mL B1, 0.280 pg/mL B2, 0.903 pg/mL G1, 0.296

pg/mL G2) in methanol.
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Multistep peanut skin extraction (PSE)
procedure

The method used for extraction of proanthocya-
nidins has been previously described (Masquelier,
1987). Briefly, peanut skins (100 g) were ex-
tracted with boiling deionized water (99.7 °C) at a
ratio of 1 g to 10 mL. Filtration was performed to
remove any remaining solid particles. Sodium
chloride was added to the filtrate to the point of
saturation (approximately 20% w/w). Filtration
was repeated to remove precipitates. The phenolic
compounds were then extracted in a separatory
funnel using ethyl acetate and dried with sodium
sulfate. The ethyl acetate extract was then concen-
trated via a rotary evaporator to about 1/5 the ini-
tial volume. Finally, the proanthocyanidins were
precipitated with three equal volumes of chloro-
form and filtered. After air drying, the proantho-
cyanidin precipitate was a tan powder. Yields of
approximately 1-1.5 g of powder were obtained
from 100 g of peanut skins.

Determination of Aflatoxin Recovery

Aflatoxin recovery was determined by adding 1
mL of the aflatoxin mixed standard to 1 g of pea-
nut skins in a glass tube for the PSE procedure,
30% methanol ag., and 80% methanol ag. extrac-
tions. The aflatoxin mixed standards (all from the
same lot) were added to triplicate portions of dry
peanut skins, and homogenized manually with a
glass rod. The skins where then allowed to dry
overnight at ambient temperature in a fume hood.
Peanut skins were then extracted according to the
30% methanol ag., 80% methanol aq., or PSE pro-
cedure. One-way ANOV A was used to test for dif-
ference between treatment groups at the o = 0.05
level.

MS Identification

The ESI-LC-MS system consisted of an Agilent
(Palo Alto, Ca., U.S.A.) 1100 series HPLC cou-
pled to a ThermoFinnigan (San Jose, Ca., U.S.A.)
LCQ quadrapole ion trap mass spectrometer with
electrospray ionization (ESI). LC separation of the
extracts was accomplished with a Waters (Mil-
ford, Ma., U.S.A.) XTerra MS C18 (15cm x 2.1
mm i.d., 3.5 um,) column with guard column. A
gradient method, consisting of solvent A (0.2%
acetic acid in water) and solvent B (0.2% acetic
acid in methanol), was applied at a flow rate of
0.15 mL/min as follows: 5-50% B from 0 to 15

78

min, 50-95% B from 15 to 45 min, and held at 95%
B from 45 to 60 min, followed by column equili-
bration. MS data was acquired under positive
mode, using Xcalibur (Thermo Fisher Scientific,
Waltham, Ma., U.S.A.)) and analyzed with the
same software. Comparison of product ion spectra
in samples and standards was used quantitate afla-
toxins. The optimized electrospray/ion optics pa-
rameters were as follows: spray voltage 3.3 kV;
sheath gas (nitrogen), capillary voltage 12.5 V; ca-
pillary temperature 250°C; tube lens offset voltage
oV.

Results and Discussion

Aflatoxin content was quantitated by (+) ESI-
MS/MS integration of aflatoxin product ion peaks
(Figure 1). In un-spiked peanut skin extracts the
product ion abundances were below the acceptable
range for detection/quantification or the presence
of the aflatoxins was absent in these samples. For
the spiked samples aflatoxin product ions were in
range for quantification, and matched the expected
fragmentation pattern for identification. Aflatox-
ins Bl, B2, G1, and G2 give characteristic
[M+H]+ fragment ions at m/z 313, 315, 329, and
331 respectively, and have differentiating MS/MS
spectra (Blesa et al., 2003). To determine the re-
covery using the different extraction procedures,
peanut skin samples were spiked at ratio of (1
mL/g of mixed standard). The PSE procedure
which uses boiling water as the main solvent for
extraction, exhibited the least amount of recovery
of aflatoxin into the final extract (Table 1). Overall
recoveries of the aflatoxins for the PSE method
were around 1% (Table 2). The 30% methanol aq.
procedure extracted more aflatoxins, and recover-
ies were around 25% using this extraction solvent.
Finally, the 80% methanol ag. extract recovered
the greatest amount of aflatoxins, with recoveries
being in the 50% range. Overall, when the metha-
nol content used for extraction increased, so did
the efficiency of the recovery for aflatoxin. Ac-
cording to ANOVA results every aflatoxin (B1,
B2, G1, G2) by extraction method was statistically
different (Table 2). This study provides evidence
that concentration of aflatoxin as a result of pro-
ducing a phenolic extract is occurring. When the
amount of aflatoxins in the extract was calculated
for all treatments except for the water based ex-
traction values were found to be concentrated over
their spike levels in the skins.
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Figure 1. Typical chromatograms obtained from peanut skins samples spiked with aflatoxins.
Quantitation was performed by integration of each aflatoxins major product ion.

Table 2. Average Aflatoxin Recoveries (%) + standard error (SE).

Control Samples (%) — aflatoxins not detected

Spiked Samples (% Recovery)

Solvent Aflatoxins
G2 Gl B2 Bl
PSE (100% H.0) 2.382+0.05 1.632+0.10 1.332+0.15 0.96% +£0.05
Methanol 30% 36.36" +1.35 23.24° +2.35 18.55 +0.85 16.94° +1.60
Methanol 80% 62.56° +£8.40 52.25¢ +4.65 35.42¢+2.15 42.68° +0.80

Mean values with the same letter in a column indicate no significant difference.

Extract Production

Methanol is an extraction solvent often used to ex-
tract phenolic compounds. When aqg. methanol,
ethanol, and acetone extracts of peanut skins were
compared, the methanolic extracts were found to
have the highest phenolic contents (Nepote et al.,
2000). Consequently, 80% (v/v) methanol ag. ex-
tracts have been used to extract aflatoxins (Shan-
non and Shotwell, 1979) and more recently by No-
naka et al., (2009). Decreasing the amount of or-
ganic solvent for extraction generally results in

lower aflatoxin extraction efficiencies (Bradburn
et al., 1990). Although methanol extraction is
quite efficient at extracting phenolic compounds,
there may be some unintended food safety conse-
guences of using methanol to extract phenolics,
namely that aflatoxins will be extracted and con-
centrated during the process. This experiment gen-
erally illustrates that if a higher concentration of
organic solvent is used, then there would likely be
a greater concentration of aflatoxin in the resultant
extract. Therefore a lower concentration of or-
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ganic solvent would not be recommended for ex-
tracting phenolic compounds, but it should limit
the extraction of mycotoxins in peanut skins.

Recovery and Extraction Efficiency

The performance of each of the extraction met-
hods can be evaluated based upon their aflatoxin
recovery capabilities. No aflatoxins could be de-
tected in un-spiked samples because the aflatoxins
were absent from the samples, or the aflatoxins
were present at a level below the detection thres-
hold. The lack of aflatoxins in the un-spiked samp-
les was most likely due to the lack of the presence
of Aspergillus species fungi on the skins, which
are the microorganisms commonly implicated as
the cause of aflatoxin presence (Passone et al.,
2007). The boiling water (PSE) extraction perfor-
med on the spiked samples had the lowest reco-
very (Table 2). When using a methanol concentra-
tion of 80% and employing the same ultrasonic
procedure used in the 30% methanol ag. procedure
aflatoxin recoveries averaged around 50% (Table
2). Aflatoxin G2 consistently showed the highest
recovery irrespective of extraction method. Inte-
restingly, the methanol aqg. extractions were parti-
cularly efficient for the extraction of B1 and G1
(Table 2), which has been identified as more car-
cinogenic and toxic than aflatoxins B2 and G2
(Van Egmond et al., 1995; Jaimez et al., 2000).

Overall, the resulting aflatoxin recoveries for this
project were lower than expected based upon com-
parison with other studies. Nonaka et al., (2009)
reported recoveries ranging from 83%-109%, and
Bacaloni et al., (2008) reported recoveries ranging
from 60% -94%. However these studies examined
aflatoxins in the peanut kernel and other food
samples, and the extraction process was different
than described in this study. The recoveries in this
study make evident the effects of solvent type (and
composition) on the four aflatoxins as a group and
between specific aflatoxins (i.e. B1 vs B2).
Sample type also seems to play a significant role
in recovery efficiency, due to the effects of matrix
differences. In a comparative study by McDaniel
etal., (2011) aflatoxin recoveries were found to be
dependent not only upon the type of cleanup met-
hod applied, but also upon the sample type. As re-
ported by McDaniel et al., (2011) samples of both
corn and dried distillers grains (DDG) were spiked
and subjected to the same extraction and clean up
(SPE) method. In the case of afltatoxins B1 and
B2, a significant recovery difference was found in
extraction recoveries (104.5% +7.78 from corn vs.
74% +10.07 from DDG for B1 and 67% £9.9 from
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corn vs. 40% +5.86 from DDG for B2) was found
in the McDaniel et al., (2011) study. Significant
differences were also found in HPLC column elu-
tion capabilities (120% +21.78 from corn vs. 75%
+23.97 from DDG for Bl and 74% %9.07 from
corn vs. 40% £5.86 from DDG for B2), through
the analysis of spiked extracts of these grains
(McDaniel et al., 2011). The differences in reco-
veries were attributed to a varying ability for some
aflatoxins to bind to and to be released from both
SPE columns and HPLC columns (McDaniel et
al., 2011).

Various sample preparation procedures have been
used for extraction of aflatoxins, and the specific
procedure used usually depends upon the type of
food sample used. Differing sample preparation
procedures also seem to affect measurable recove-
ries. Recovery yields would have likely differed if
the samples had been finely ground before extrac-
tion. Instead, the peanut skin samples used for this
project were used in their natural form. It has been
shown for hazelnuts that an increase in ultraso-
nication time (up to 30 minutes) is required for ob-
taining absolute recoveries when samples are hig-
her in proteins or carbohydrates (Bacaloni et al.,
2008). Given that peanut skins can average 49.2%
carbohydrates (Hoffpauir, 1953) and hazelnuts
average 6% carbohydrates (Bacaloni et al., 2008),
peanut skin recoveries using the methanol method
may have been greater if ultrasonication times had
been extended to 30 minutes or more. However, in
order to keep the procedure fairly rapid a 15 mi-
nute sonication time was chosen for this study.

The PSE procedure using boiling water as an ex-
traction solvent did not employ an ultrasonication
step. As such, the minimal aflatoxin recovery
could potentially be attributed to solvent type, due
to the lack of ultrasonication, or to a combination
of the two variables. While methanol has an aver-
age polarity index of approximately 5.1, water has
an average polarity index of 9. Aflatoxins solubil-
ity is reported to be 3.150 g/L in water (DHHS,
2011). Solubility of aflatoxins has been reported
to be better in organic solvents like methanol, ac-
etone, and chloroform (Garcia et al., 1994). As
such, one would expect that water (PSE proce-
dure) would be less likely to extract aflatoxins
than the methanol solutions. However, the dielec-
tric constant of water decreases from approxi-
mately 88 to 56 going from 0°C to 100°C
(Malmbert and Maryott, 1956), and the average
dielectric constant of methanol is approximately
32.7 (University of Washington, 2014). As such,
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the polarity of boiling water should be more
closely comparable to the polarities of the two aqg.
methanol solvents, therefore poor recovery of af-
latoxins cannot be attributed to the use of boiling
water alone, but may also relate to the multiple
steps of the purification procedure. In a separate
study proanthocyanidin contents were found to be
higher using the PSE method, as opposed to water-
methanol, or water-acetone extracts of peanut
skins (Sarnoski et al., 2012). Thus the PSE proce-
dure provides the dual advantage of efficiently ex-
tracting proanthocyanidins, and posing the least
amount of risk of extracting aflatoxins.

In order to explain the low aflatoxin recoveries us-
ing the boiling water method as opposed to the
methanol ag. methods, the effects of using differ-
ent extraction procedures must be considered. The
water extraction employed a multi-step procedure
with a final precipitation step, in which chloro-
form is added to the extract. Aflatoxins are notably
soluble in chloroform (DHHS, 2011). As such,
this final precipitation step may provide a second-
ary manner in which remaining aflatoxins in the
extract can be separated from the resulting precip-
itate. Also important to note, the water extraction
did not employ an ultrasonication step, which has
been shown to increase efficiency of aflatoxin ex-
traction from foods such as hazelnuts, peanuts,
cashews, and pistachios (Bacaloni et al., 2008) and
may lower the recovery further in this instance.

Conclusions

A statistically significant difference in recovery
efficiencies were found among each of the extrac-
tion procedures used in this project. In order to
minimize the recovery of aflatoxins while extract-
ing plant flavonoids, it is necessary to consider a
number of factors. In the interest of public health
and safety, a delicate balance must be maintained
between solvent flavonoid extraction potential and
solvent aflatoxin recovery efficiency. This project
provides evidence that solvents with potentially
similar aflatoxin recovery capacities may result in
very different recovery efficiencies due to proce-
dural differences. This research demonstrates that
a 100% boiling water, multi-step extraction
method for proanthocyanidins exhibits a lower re-
covery rate for aflatoxins compared with methanol
ag. extractions and is therefore potentially the saf-
est method explored within the scope of this pro-
ject for extracting flavonoids from peanut skins.
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Oz:

Bu ¢aligma, zengin bir saponin kaynagi olan demir di-
keni (Tribulus terrestris) (TT) bitki tozunun bentonit,
seliiloz ve pamuk yagi ile karigtirilarak yumurta tavuk
yemine eklenmesinin beyaz yumurtaci tavuklarda performans
Ozellikleri, yumurta kalite kriterleri, kemik kalsiyum kil di-
zeyleri, yumurta sarist kolesterol diizeyi ve bazi kan paramet-
releri tizerine etkilerini belirlemek amaci ile yiirGitiilmiistir.
Toplam 192 yumurtaci tavuk her bir grupta 16 hayvan olacak
sekilde 12 gruba dagitilmistir. Deneme O (kontrol); 1 g TT; 2
g TT; 0.1 g pamuk yagi; 0.5 g seliiloz; 0.5 g bentonit; 1 g TT
ile 0.1 g pamuk yag1; 2 g TT ile 0.2 g pamuk yagt; 1 g TT ile
0.5gselilloz;2g TTile 1 g selilloz; 1 g TT ile 0.5 g bentonit
ve 2 g TTile 1 g bentonit gruplarindan olugmaktadir. Kontrol
grubuna gore 2 g demir dikeni, bentonit ile karigan 2 g demir
dikeni, yag ile karigan 1 g ve 2 g demir dikeni gruplarinda
plazma kalsiyum degerleri 6nemli derecede yiikselmistir
(P<0.001). Sar1 indeksi ve haugh birimi bakimindan bentonit
ile karigtirilan 1 g demir dikeni kontrol grubuna gore sayisal
olarak daha yiiksek deger vermistir (P>0.05). Kontrol gru-
buna gore bentonit ile karisan 2 g demir dikeni ve seliiloz ile
karigsan 2 g demir dikeni gruplar sayisal olarak daha diisiik
yumurta sarisi kolesterol diizeyi degerleri vermislerdir
(P>0.05).

Anahtar Kelimeler:

Tribulus terrestris, Yumurta kalitesi, Kolesterol, Yumurtac1
tavuk.

Abstract:

Effects of Dietary Tribulus terrestris With Different
Carriers on Performance and Egg Quality of
Laying Hens

This study has been carried out to determine the effect of
powder of Tribulus terrestris (TT) which is a rich saponin
source, added in diets of laying hen with in cotton oil, cellu-
lose and bentonite, on the cholesterol level of egg yolk, blood
parameters, the level of ash calcium, egg quality and the per-
formance characteristics of white laying hens. In total 192
hens were used by allocating them into 12 groups each in-
cluded 16 animals. Treatment groups were control (0); 1 g
TT; 29 TT; 0.1 g cotton oil; 0.5 g cellulose; 0.5 g bentonite;
1g TT with 0.1 g cotton oil; 2 g TT with 0.2 g cotton oil; 1 g
TT with 0.5 g cellulose; 2 g TT with 1 g cellulose; 1 g TT
with 0.5 g bentonite and 2 g TT with 1 g bentonite. The blood
calcium levels increased at the groupsof 2g of TT,2gof TT
powder with in bentonite, 1 g and 2 g of TT powder with in
oil compared to the control group (P<0.001). Yolk index and
haugh units levels to numerically increased at the group of 1
g of TT powder with in bentonite compared to the control
group (P>0.05). Egg yolk cholesterol levels to numerically
decreased at the groups of 2 g of TT powder with in bentonite
and 2 g of TT powder with in cellulose compared to the con-
trol group (P>0.05).

Keywords:
Tribulus terrestris, Egg quality, Cholesterol, Laying hens
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Giris

Yem katki maddesi olarak uzun zaman, yemden
yararlanmayi arttirici ve gelismeyi hizlandiric et-
Kisi nedeniyle yaygin bir sekilde kullanilan anabo-
lizanlar ve antibiyotikler hayvansal drinlerde
ozelliklede kanatlida kalint1 birakarak insan sagli-
gina zararli olabilecekleri diisiincesi ile {ilkemiz ve
Avrupa Birligi tilkelerinde yasaklanmistir. Avrupa
Birligi iilkelerinde ve Ulkemizde antibiyotiklerin
biiyiitme faktorii olarak kullanilmasinin yasaklan-
masindan sonra antibiyotiklerin yerine alternatif
olarak bitkisel ekstrakt ve tibbi ve aromatik bitki-
leri kullanilabilecegi giindeme gelmistir (Kamel,
2001; Tipu ve ark., 2006). Ayni zamanda antibi-
yotiklere alternatif olma acisindan son derece et-
kin olan bu grubun daha etkili olarak kullanima
sokulmasi ile hem daha ekonomik hem de tiiketici
saglig1 acisindan sorunsuz hayvansal tirtinlerin el-
desi mimkindir (Kutlu, 2001). Akdeniz iklim ku-
saginda yer alan, tibbi ve aromatik bitkilerce essiz
zenginlige sahip tlilkemizde bu arastirmalarin iste-
nen diizeye ulasamamasi, kaynaklarimizin deger-
lendirilememesi adina biiyuk bir eksiklik olarak
ortaya ¢ikmaktadir (Kutlu, 2007). Giiniimiizde, in-
sanlara saglikli hayvansal iirlin tiretiminde kulla-
nilan veya kullanilma potansiyeli bulunan bitkileri
ve bitkisel ekstraktlar1 daha iyi tanimlamak, gida
kaynaklarinin iiretiminde giivenilir miktarlarini ve
karigimlarini belirlemek i¢in ¢alismalar hizla de-
vam etmektedir.

Demir dikeni (Tribulus terrestris) bitkisi saponin-
lerce zengin oldugu, saponinlerin canlilarda per-
formans ve sindirim ile bunun devami olan emilim
lizerine olumlu yonde etkili oldugu ve antioksidan
etkisine sahip oldugu bilinmektedir (Anonim
2011; Grigorova ve ark., 2009; Jenkins ve Atwal,
1994). Kahverengi Lohman yumurtacilarinda
icme sularia eklenen Demir dikeni bitki ekstrak-
tinin serum glukoz seviyesini diistirdiigi (Grigo-
rova ve ark., 2008b), yine ayni ekstraktin karma
yeme katilmasi ile beg tavuklarinda serum ve yu-
murta sarist kolesterol seviyesini diigiirdiigii, yu-
murta saris1 linoleik asit miktarim ise arttirdig
(Grigorova ve ark., 2009) ve W. Plymouth Rock-
mini erkeklere igme suyu ile verilen ekstraktin se-
rum kolesterol miktarini diistirdiigiinii bildirmis-
lerdir (Grigorova ve ark., 2008a). Demir dikeni
bitki tozunun etlik civcivlerde canli agirlik kazan-
cini arttiran antibiyotikler kadar etkili oldugu, tii-
keticilere antibiyotiksiz pilic eti Gretiminde demir
dikeninin tretimde kullanilabilecegi bildirilmistir

(Sahin, 2009). Demir dikeni bitkisinin yumurta ta-
vuklarinda verim performansi yoniinde yapilan
caligmalar oldukga sinirlidir.

Alternatif yem katkis1 potansiyeline sahip olan
Demir dikeni bitkisinin herhangi bir materyalle
karigtirillarak hayvan beslemede kullanildigina
dair herhangi bir ¢aligma bulunamamis ve yumur-
tac1 tavuklarin verim performansina ve kemik kal-
siyum birikimine yonelik yapilmis herhangi bir li-
teratiire rastlanmamustir. Bitki absorban 6zelligin-
den dolay1 Bentonit (Pahsa ve ark., 2007) ile, bag-
layict ozelliginden dolay1r Karboksimetilseliiloz
(Heitner ve Min, 1987) ile, ve mide de az yikima
ugramasi 6zelliginden dolay1 pamuk yag1 (Toker
ve ark., 1998) ile karistirilarak demir dikeni tozu-
nun hayvanlara yedirilmesi bebeklikten itibaren
insan beslenmesi agisindan hayvansal protein te-
mininde énemli bir yer tutan yumurta verim per-
formansii ve kalitesini etkileyebilir. Bu calis-
mada, yumurtaci tavuklarin beslenmesinde Demir
Dikeni (Tribulus terrestris) bitki tozunun pamuk
yag1, bentonit ve seliiloz ile kullanilmasi sonu-
cunda yumurta verim performanslari, yumurta ka-
litesi, yumurta saris1 kolesterol degerlerinin ortaya
konmas1 amag¢lanmustir.

Materyal ve Metot

Arastirmanin hayvan materyalini 43 haftalik yasta
toplam 192 adet Super Nick beyaz yumurtacilar
olusturmustur. Denemenin yem materyalini 1. do-
nem standart yumurtaci yemi (2750 kcal ME kg,
%15 HP) olusturmustur (Tablo 1).

Deneme gruplari, benzer canli agirlik ve benzer
yumurta veriminde olacak sekilde tesadiifii olarak
bireysel kafeslere dagitilan, her bir muamele gru-
bunda 16 hayvanin bulundugu 12 muamele gru-
bundan olusmustur (Tablo 2).

Rasyonlara eklenen Demir dikeni bitkisi Hatay ili
Serinyol ilgesi Mustafa Kemal Universitesi Tayfur
Sékmen Kampus arazisinden toplanmustir. Topla-
nan bitki drnekleri laboratuarda temiz ve kuru bir
zeminde kurutulmus, laboratuar tipi degirmende 1
mm elekten gegirilerek yem katkis1 olacak sekilde
toz haline getirilmistir. Elde edilen katkinin iger-
digi yag asidi bilesenleri (Ozgiiven ve Engin
2000) GC-MS 6890-HP 5972 (Gas Chromatog-
raphy-Mass Spectrometry) (mensei: A.B.D.) ciha-
zinda HP 5 MS kolonunda (kolon ozellikleri:
uzunluk: 30 m, kalinlik: 0.25 mm, film kalinlig::
0.25 um, calisma sartlar: -60 - 350°C, mensei:
A.B.D., seri no: 19091S-433) tespit edilmistir
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(Tablo 3). GC-MS cihazi kosullari; ilk faz olarak
cihaz 40°C’de 5 dakika tutularak 5°C’lik artiglarla
150°C’ye getirilmistir. 2. faz olarak 150°C’de 10

dakika bekledikten sonra 5 °C’lik artislarla 3. faza
220°C’ye getirilerek 15 dakika bekletilerek oku-
malar yapilmistir.

Tablo 1. Denemede kullanilan 1. dénem yumurta yemi.

Table 1. Experimental layer diet (Phase I).

Ham maddeler (%)

Beyaz Misir 52.40
Tam Yagl Soya 0.60
Soya Fasllyesi Kuspesi 13.00
Kavrulmus Soya 11.10
Misir Gluten Unu 2.50
Bugday Kepegi 8.50
Tavuk Unu 3.00
DCP 1.20
Mermer Tozu 6.70
Tuz 0.30
Vitamin Karisimr* 0.33
Mineral Karigimi** 0.37
Analizle Bulunan Besin Madde icerigi (%)

Kuru Madde 91.18
Ham Protein 18.15
Ham Yag 4.47
Ham Seluloz 3.15
Ham Kul 12.91

* Her 1 kg’lik vitamin karisimi en az 7000 IU Vitamin A, 2000 IU Vitamin Ds,
15 mg Vitamin E, 2 mg Vitamin K3, 5 mg Vitamin B, 10 mg Vitamin B2

icermektedir.

** Her 1 kg'lik mineral karisimi en az 60 mg Manganez, 50 mg Cinko, 25 mg
Demir, 15 mg Balkir, 0.25 mg Kobalt, 1 g Iyot, 0.2 mg Selenyum i¢ermektedir.

Tablo 2. Deneme modeli.

Table 2. Experimental design.

Gruplar Muamele

1. Grup Kontrol

2. Grup 1 g Demir Dikeni

3. Grup 2 g Demir Dikeni

4. Grup 0.1 g Pamuk Yagi

5. Grup 1 g Demir Dikeni ile 0.1 g Pamuk Yag1
6. Grup 2 g Demir Dikeni ile 0.2 g Pamuk Yagi
7. Grup 0.5 g Sellloz

8. Grup 1 g Demir Dikeni ile 0.5 g Seliloz

9. Grup 2 g Demir Dikeni ile 1 g Seliloz
10. Grup 0.5 g Bentonit

11. Grup 1 g Demir Dikeni ile 0.5 g Bentonit
12. Grup 2 g Demir Dikeni ile 1 g Bentonit
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Tablo 3. Demir dikeni (Tribulus terrestris) bitki tozunun bazi1 yag asidi bilesenleri.

Table 3. Some fatty acid compounds of Tribulus terestris powder.

RT % Area Bilesen
1 | 1143 35.99 C 16:0 Palmitik asit
2 | 13.28 3.96 C 18:0 Stearik asit
3 | 1343 5.90 C 18:1 Omega 9 (Cis-9) Oleik asit
4 | 1381 6.27 C 18:2 Omega 6 (Cis-8,11,14) Linoleik asit
5 | 14.35 47.88 C 18:3 Omega 3 (Cis-11,14,17) Linolenik asit

Toz hale getirilen demir dikeni bitkisi toz halinde
olan bentonit ve seliiloz, s1vi halde bulunan yag ile
karigtirllmigtir. Yapilan 6n ¢aligma sonunda yeme
eklenen bitki tozunun % 50’ si kadar bentonit, %
50’si kadar seliiloz ve % 10’u kadar yag olarak be-
lirlenmistir. Bu miktarlar belirlenirken kullanilan
materyallerin bitki materyalini iyice 6rtmesi ve tek
renk eldesine dikkat edilmistir. Islemler, tartilan
bitki ve materyal falkon tiiplere alindiktan sonra
3000 devirde 10 dakika siire ile santrifiij edilmis,
daha sonra ise 10 dakika vortekste karistirilarak
gercgeklestirilmis ve elektronmikroskopta (JEOL-
JSM-5500LV-Japon) goriintiilenmistir (Sekil 1).

Hayvanlar 35x45x40 cm boyutlarinda Oniinde
yemlikler, yumurta yolu ise yemliklerin hemen al-
tinda olan kafeslerde 8 hafta boyunca denemeye
tabi tutulmuslardir. Deneme boyunca hayvanlar 8
saat karanlik, 16 saat aydinlatmaya tabi tutulmus-
lardir. Hayvanlara giinlik 115 g olacak sekilde
yem, su ise otomatik nipel suluklar ile serbest ola-
rak saglanmigtir. Deneme baginda (DBCA) ve so-
nunda canli agirlik (DSCA) tartimi, giinliik yem
tuketimleri (YT), yumurta verimi (adet) (YV) ve
yumurta kitlesi (g) (YK) tespiti, iki haftada bir
herbir gruptan alinan 10’ar adet yumurtanin i¢ ve

ikt

(a) Bentonit icinde
Demir dikeni tozu
gordntusu

(b) Seliiloz iinde
Demir dikeni tozu
gordntusu

dis kalite 6zelliklerinin belirlenmesi; deneme bast,
ortasi ve sonunda her grupta 8’er adet olmak iizere
toplamda 24 adet yumurtanin sar1 kolesterol iceri-
ginin tespiti (Anonymous 1989); denemenin ba-
sinda tesadiifen belirlenen 8 hayvandan deneme
basi, ortasi ve sonunda kan serumunda total pro-
tein, kolesterol, glukoz, trigliserit ve kalsiyum
analizleri yapilmistir. Deneme sonu itibari ile her
gruptan 8 olmak Uzere toplam 96 adet hayvan ke-
silerek sag femur kemiklerinin ortasi (medullar ta-
bakanin yogun oldugu kisim) ¢ikarilmis ve bu ke-
mikte kalsiyum (Ca) ve kiil degerleri belirlenmis-
tir (Jones ve Case 1990). Hayvanlarin kanatlarin-
dan heparinli tiiplere alinan kan santrifiij edilerek
serumlarindan ayrilmis ve analizler yapilana kadar
serumlar -20 C’de muhafaza edilmistir. Gerek kan
serum analizlerinde gerekse yumurta sarisi kolest-
rol igeriginin tespiti hazir kitler (Diasis Diagnostic
Systems) yardimiyla spektrofotometrede (Shi-
madzu, UVmini-1240) belirlenmistir.

Bu caligmanin deneysel kismi ¢aligmalart igin
14.05.20009 tarih ve 2009-4-12/40 dosya numarasi
ile Mustafa Kemal Universitesi Hayvan Deneyleri
Yerel Etik Kurul Bagkanligi kurumundan “Etik
Kurul” izni alinmustir.

(U EMU X188 - 1B8um BB8Z MKU EMU

18kl

" (c) Pamuk Yagi iginde
Demir dikeni tozu
gorantusu

Sekil 1. Elektronmikroskopta Bentonit, Seliilloz ve Yag i¢inde Demir dikeni bitki tozunun goriintiisii.

Figure 1. The images of tribulus terestris plant powder with bentonite, cellulose and oil on electron microscope.
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Aragtirmada elde edilen veriler SAS (1996) paket
programi kullanilarak General Linear Model
(PROC GLM) prosedirt ile varyans analizine tabi
tutulmus ve muamele grup ortalamalariin karsi-
lastirilmasinda  DUNCAN c¢oklu karsilagtirma
testi kullanilmistir (Diizgiines ve ark., 1987).

Bulgular ve Tartisma

Demir dikeni bitki tozu gruplarinda verim perfor-
mans1 bakimindan kontrol (negatif) grubuna gore
onemli bir farklilik gozlenmemistir (P>0.05)
(Tablo 4). Yumurta kalite kriteri olan sekil indeksi
bakimindan bentonit ile karistirilan diisiik doz de-
mir dikeni grubu kontrol grubuna gore daha di-
stik, kuru kabuk agirligi bakimindan yag ile karis-
tirtlan diisiik doz demir dikeni grubu daha yiiksek
ve seliiloz ile karistirilan yiiksek doz demir dikeni
grubu ise daha diisiik sar1 agirhigr degerleri ver-
mislerdir (P<0.05) (Tablo 5).

Kemik kalsiyum diizeyleri ise, % 4.62 ile 5.42 ara-
sinda degismekle birlikte gruplar arasinda istatis-
tik olarak herhangi bir farkliliga rastlanmamistir
(P>0.05). Deneme basi, ortasi ve sonunda tespit
edilen yumurta sarist kolesterol diizeyleri ise nor-
mal degerleri vermis ve gruplar arasinda istatistiki
olarak herhangi bir fark goriilmemistir (P>0.05)
(Tablo 6). Deneme basi, ortast ve sonunda alinan
plazmada glukoz (253-261 mg dL?), total protein
(2.52-3.26 g dL1) ve trigliserid (483.01-1225.93
mg dL1) bakimindan herhangi bir farkliliga rast-
lanmamustir (P>0.05). Plazma kalsiyum degerle-

rinde ise deneme basi ve deneme ortasinda her-
hangi bir farkliliga rastlanmamis fakat deneme
sonu itibari ile kontrol (negatif) (12.15 mg dL?)
grubuna gore yiksek doz demir dikeni (18.42 mg
dLY), bentonit ile karistirilan yiiksek doz demir di-
keni (18.57 mg dL?), yag ile kanigtirilan diisiik
(17.48 mg dLt) ve yiiksek (18.66 mg dL™) doz de-
mir dikeni gruplar1 daha yiiksek plazma kalsiyum
degerleri vermiglerdir (P<0.001). Plazma koleste-
rol degeri bakimindan ise, yine deneme bas1 ve or-
tasinda fark goériilmemis (P>0.05). Deneme sonu
itibari ile seltiloz kontrol (83.04 mg dL™?), selliloz
ile kapl diisiik (83.57 mg dL?) ve yiiksek (84.64
mg dL') doz demir dikeni gruplar1 kontrol
(115.37 mg dL) grubuna gore diisiik degerler
vermislerdir (P<0.05).

Yapilan literatiir arastirmasinda demir dikeni to-
zunun yalin, bentonit, seliiloz ve yag ile karistiri-
larak yumurtaci tavuklara verilmesi ile ilgili her-
hangi bir literatiire rastlanmamustir.

Bazi gruplarda kontrol (negatif) grubuna gore kan
kalsiyum parametrelerinde farklilik olmasina rag-
men (P<0.05), bu kemik kalsiyum degerine yansi-
mamustir. Kemik kalsiyum degerlerinin farkli ol-
mamasi, medullar kemikte yeterince kalsiyum de-
posunun oldugu seklinde agiklanabilir. Zaten bu
da yumurta kabuk kalinliginin yeterli olusu ile de
desteklenmektedir. Ayrica hayvanlar 43 haftalik
yasta yani gen¢ oldugundan kemik kalsiyum re-
zervleri muameleden etkilenecek kadar hassas de-
gildir.
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Sekil 2. Rasyona eklenen Demir dikeni (Tribulus terrestris) bitki tozunun yumurta tavuklarinda yumurta

verimine etkisi.

Figure 2. The effect of plant powder of Tribulus terestris on the cumulative egg yield of layer hens.
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12 hafta boyunca 10 mg kg* demir dikeni ticari
kapsiil ekstrakti ile beslenen beg¢ tavuklarinin yu-
murta sarisindaki kolesterol seviyesinin onemli
derecede diistiigii bildirilmistir (P<0.05) (Grigo-
rova ve ark., 2009). Mevcut ¢aligmada ise yalin
olarak verilen demir dikenin yumurta kolesterol
diizeyini etkilemedigi gdzlemlenmistir (P>0.05).

Calismalar arasindaki farkli sonuglarin ¢ikmast,
demir dikeni bitkilerinin toplandigi arazilerdeki
toprak kimyasinin farkliligindan ve farkli yas
ve/veya mevsimlerde toplanmig olabileceginden
kaynaklanabilir. Bu ¢calismada demir dikeni bitkisi
Temmuz-Agustos doneminde {iniversite kampii-
stinden toplanmistir (Serinyol/Hatay). Amik ova-
sina yakin kamplis arazisine yaz-kis yeterli yagis
almaktadir. Bu da bitki kompozisyonunun (kimya-
sinin) seyreltik olabilecegi dolayisiyla etken mad-
delerin daha az derisik olabileceginden dolay: etki
bulunamadigi sdylenebilir.

Kontrol (negatif) grubuna gore yiksek doz demir
dikeni, bentonit ile karistirilan yiiksek doz ve yag
ile karistirilan yiiksek ve diisiik doz demir dikeni
gruplarinda kan kalsiyum degerlerinin yiikseldigi
goriilmekte ve bu fark dozdan kaynaklanmaktadir
(P<0.001). Saponinlerin bazi hormonal sistemleri

harekete gegirerek kan kalsiyum diizeyini arttir-
dig1 bilinmektedir (Aver ve ark., 2007). Saponin
kaynag1 olan demir dikeni bu mekanizmay1 hare-
kete gecirmis olabilir. Seliiloz kontrol, diisiik ve
yiiksek doz seliiloz ile karistirilan demir dikeni
gruplarmin kan kalsiyum seviyesini etkilememesi
seliilozdan kaynaklanabilir. Seliiloza baglanan de-
mir dikeni bitki tozunun ince bagirsak tarafindan
sindirimi ve dolayisiyla emilimi gerceklesmemis
olabilir. Seliiloz kontrol ve seliiloz ile karistirilan
diisiik ve yiiksek doz demir dikeni gruplarinin
kontrol (negatif) grubuna gore daha diisiik plazma
kolesterol seviyesine sahip olduklar1 gozlemlen-
mistir (P<0.05). Saponin i¢eren Yucca schidigera
tozu ile beslenen bildircinlarda serum kolesterol
seviyesinin diistiigli belirlenmistir (Kaya ve ark.,
2003). Mevcut ¢alismamizda ise, saponin kaynagi
olan demir dikeni bitki tozunun seliiloz ile karigti-
rilmasina ragmen elde edilen bu sonug yukaridaki
sonug ile paralellik gostermektedir.

Plazmadaki etkinin kemige yansimadigi rasyonun
kalsiyum diizeyinin optimum diizeyde olmas1 ve
kemiklerde yeteri kadar kalsiyum bulunmasi plaz-
mada kalsiyum diizeyinin yiiksekligini aciklayabi-
lir.
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Tablo 4. Rasyona farkli diizeylerde ve farkli materyallerle karistirtlarak eklenen Demir dikeni (Tribulus terrestris) bitki tozunun yumurta tavuklarinda verim performans iizerine
etkileri.

Table 4. The effects of plant powder of Tribulus terestris with different materials combinations on the production performance of laying hens.

Kiimiilatif Yem Tiiketimi, Yumurta Verimi, Yumurta Kiitlesi ve Yem Doniisiim Orani

Parametre Demir dikeni (Tribulus terrestris) Tozu Diizeyleri (g kg™?) uyYG
Yalin Bentonit Seliiloz Yag SED UYG DOz X

Doz 0 1 2 0 1 2 0 1 2 0 1 2 DOZ
DBCA (g) 1415.9 1415.8 1415.8 1415.9 1415.8 1415.9 1415.8 1415.8 1415.9 1415.8 1415.8 1415.8 9.48 1.00 1.00 1.00
DSCA (g) 1442.40 1404.88 1388.63 1390.93 1411.88 1408.88 1388.80 1429.88 1391 1431.73 1446.75 1401.50 10.82 0.86 0.59 0.94
DSCAD(g) 23.20 -10.87 -27.12 -28.53 -3.87 -7.00 -19.87 14.13 -24.88 21.73 31.00 -14.25 5.40 0.36 0.13 0.41
YT (0-4) 2514.1bcd 2293.9de 2432 .4cde 2994.72 2444 2cde 2589.60¢ 2355, 5¢cde 2489.8bcd 2219.98 2742.9° 2612.10c 2607.9°¢ 27.43 0.001 0.001 0.004
YV (0-4) 25.31 24.60 24.50 24.44 24.27 25.88 23.75 23.63 23.38 24.88 24.00 24.13 0.24 0.09 0.92 0.81
YK (0-4) 1422 3abe 1387.33b¢  1383.8%c  1469.3%  1419.13c 1472 5% 1353.5abc 1351.7b¢ 1329.4¢  1485.7%@  1400.28bc  1442.1%c 1184  0.004 0.32 0.93
YDO (0-4) 1.77b¢ 1.67¢ 1.76b¢ 2.062 1.73bc 1.77b¢ 1.74bc 1.84bc 1.67b¢ 1.85b¢ 1.87% 1.81bc 0.02 0.04 0.09 0.01
YT (4-8) 2430.9° 2408.7° 2614.3%  2690.58>  2553.9b 255433 2500.9% 2561.8% 244958 2750922  2671.8% 2558.420 28.11 0.05 0.71 0.40
YV (4-8) 26.132 25.143 26.192 25.882b 26.262 26.062 24.88eb 25.19% 23.88P 26.062 25.692b 24.20% 0.19 0.03 0.32 0.36
YK (4-8) 1474.0abcd 1444 7¢d 1504.3%¢  1568.42b  1516.23b¢  1496.6%0¢ 1422.0cd 1468.90¢d  1366.0¢  1593.12  1533.5%0c 1443.1¢d 11.50 0.01 0.07 0.16
YDO (4-8) 1.65 1.66 1.74 1.73 1.68 1.72 1.77 1.76 1.82 1.73 1.75 1.77 0.02 0.27 0.49 0.99
YT (0-8) 4945.1¢d 4702.64 5046.70cd 5685.22 4998.10cd 5143.9bcd 4856.5¢d 5051.6°d 4669.49  5502.12p  5283.9abc 5166.30cd 51.42 0.001 0.07 0.10
YV (0-8) 51.44 48.47 50.69 50.31 50.53 51.94 48.63 48.81 47.25 50.94 49.69 46.81 0.42 0.11 0.47 0.36
YK (0-8) 2896.32cd 2832 0bed  2ggg.1abed  3037.82b 293533 2969 abe 2775.5¢ 2820.6¢ 2695.49  3078.82  2933.8ac  28852acd 2004  0.001 0.16 0.62
YDO (0-8) 1.71 1.66 1.75 1.87 1.70 1.73 1.75 1.79 1.73 1.79 1.80 1.79 0.02 0.23 0.61 0.37

DBCA: Deneme Bagi Canli Agirlik (g), DSCA: Deneme Sonu Canli Agirlik (g), DSCAD: Deneme Siiresi Canli Agirlik Degisimi (g), YT: Yem Tiketimi, YV: Yumurta Verimi (adet), YK: Yumurta Kiitlesi (g), YDO: Yem Doniisiim Orani (g yem:g
yumurta kitlesi)
a-d: Aymi satirda farkh harfleri tagtyan gruplar arasindaki farkliliklar istatistiki olarak 6nemlidir (P<0.05).
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Tablo 5. Rasyona farkli diizeylerde ve farkli materyallerle karistirilarak eklenen Demir dikeni (Tribulus terrestris) bitki tozunun yumurta tavuklarinda yumurta kalite
kriterleri zerine etkileri.

Table 5. The effects of plant powder of Tribulus terestris with different materials combinations on the quality criteria of egg of laying hens.

Yumurta Kalite Kriterleri

Parametre o . ) . uYG
Demir dikeni (Tribulus terrestris) Tozu Duzeyleri (g kg™) SED UYG DOZ X
Yalin Bentonit Seliiloz Yag DOz
Doz 0 1 2 0 1 2 0 1 2 0 1 2

Yumurta Agirhig: (g adet™) 57.86 58.33 57.55 57.81 58.26 57.15 56.25 57.67 58.04 59.46 60.12 56.64 0.19 0.13 0.11 0.52

Sekil Indeksi (En/Boy) 73.95%c 73978 73662c  73.58%c 72419 73.28bcd  73.200cd  73.84abc 74 .048c¢ 73.07%d 73,03 74552  0.11 0.56 0.05 0.08

Kuru Kabuk ag. (g) 5.21b¢ 5.16¢ 5.21b¢ 5.283b¢ 5.12¢ 5.18¢ 5.09¢ 5.07¢ 5.14¢ 5.43% 5.452 5.08° 0.02 0.02 0.02 0.49

Ak Agirlhigi (g) 34.23 34.78 34.25 34.25 35.13 34.25 32.95 34.72 35.39 35.16 36.18 33.69 0.18 0.13 0.32 0.24

Sar1 Agirhigi (g) 16.34%  16.233  16.04%¢  16.15%¢ 15.70P¢  15.70°  16.022¢  15.79° 15.47¢ 16.502  16.23%  15.67°° 0.06 0.39 0.001 0.52

Ak Indeksi 5.39ab 5.702b 5.782 5.282b 6.03% 5.63ab 5.05° 5.518b 5.872 5.35ab 5.662 5.812 0.07 0.71 0.001 0.43

Sar1 Indeksi 37.842b 36.59° 37.702 37.3920 39.322  37.69%¢ 37.18%  37.63% 38328  38.84%b 38.14%  37.70®  0.30 0.92 0.01 0.15

Haugh Birimi 79.243bc  81933bc g1 9pabc 79 1pabc g3 51a @2 25abc 77,88  80.953¢  82.16%  78.83%c 81.433c 82872  0.42 0.49 0.001 0.40
Yumurta Kabuk Kalmligi (um)

Ortalama 286.7 290.6 292.9 289.0 285.9 294.4 291.0 282.6 289.2 288.6 293.8 282.4 0.69 0.54 0.65 0.10

a-d: Ayni satirda farkl harfleri tagiyan gruplar arasindaki farkliliklar istatistiki olarak 6nemlidir (P<0.05).

Tablo 6. Rasyona farkli diizeylerde ve farkli materyallerle karistirilarak eklenen Demir dikeni (Tribulus terrestris) bitki tozunun yumurta tavuklarinda yumurta sarisi
kolesterolli (mg/g) Uzerine etkileri.

Table 6. The effects of plant powder of Tribulus terestris with different materials combinations on the egg yolk cholesterol of laying hens.

Yumurta Saris1 Kolesterol Diizeyi

Parametre S ] .
Demir dikeni (Tribulus terrestris) Tozu Diizeyleri (g kg™?) uyG
Yalin Bentonit Seliiloz Yag SED UYG  DOZ D>(§Z
Doz 0 1 2 0 1 2 0 1 2 0 1 2
Deneme Basi 2183 2816 2428 237.2 247.6 234.5 233.7 230.0 233.8 276.2 2515 212.8 7.78 0.92 0.63 0.70
Deneme Ortasi 248.7 306.6 263.4 275.5 235.7 251.6 273.9 325.2 290.9 282.7 284.4 265.5 7.74 0.33 0.54 0.65
Deneme Sonu 2488 2448 2994 257.8 239.2 219.8 2495 244.9 220.4 249.3 2345 301.6 7.39 0.46 0.56 0.34
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Sonug

Yalin olarak kullanilan Demir dikeni (Tribulus
terrestris) bitki tozunun yumurta sarisi kolesterol
degerlerinin yurt disginda yapilan caligmalar (Gri-
gorova ve ark., 2008a; 2008b; 2009) gibi muamele
gruplarinda 6nemli bulunamamasi (P>0.05), bitki
tozu doz miktarinin az olmasi, tasiyict materyali-
nin karakteri, iklimsel farklilik ve bitki ekstrakte
yonteminden kaynaklanmig olabilir. Farkli ekst-
raksiyon yontemleri uygulanarak demir dikeni bit-
kisinin yem katkist olup olamayacag1 daha ileri
diizeyde biyolojik ¢aligmalarla ortaya konulmali-
dir.

Bugiin diinyada alternatif yem katkilarinin et ve
yumurta verimi {izerine yapilan ¢aligmalar hizla
devam etmekte ve ticari olarak satigi yapilan bir-
cok dogal yem katki maddesi piyasada bulunmak-
tadir. Bu iiriinlerin birgogu iilkemize ithal edil-
mektedir. Bu iiriinlerin ithalat1 iilkemize déviz
kaybi olarak yansimaktadir. T1ibbi ve aromatik bit-
kiler yoniinden essiz zenginlige sahip olan iilke-
mizde et ve yumurta kalitesi ile verimine yonelik
yem katk1 maddeleri {iretiminin gerceklestirilebil-
mesi i¢cin daha ¢ok caligmalara gereksinim duyul-
maktadir. Bu ¢alismalardan elde edilecek olumlu
sonuclar ile alternatif yem katkilarinin ithalatinin
oniine gegilebilecek hatta bu {irlinlerin ihracati bile
giindeme gelebilecektir. Ayrica et ve yumurtanin
tretimindeki verim artigina paralel, besin bilesik-
lerindeki tiiketim yoniinden iyilestirmede tiiketici-
lerin daha fonksiyonel gidalarla beslenmesine
katki saglayacaktir.

Tesekkiir

Bu ¢aligma doktora tezinden 6zetlenmis olup tez
MKUBAP tarafindan 01 D 0102 proje numarasi
ile desteklenmistir.
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Oz:

Son yillarda yapilan ¢aligmalar gidalarin kalitesinin
hayvanlara verilen yemin kalitesi ile yakindan ilgili ol-
dugunu ortaya koymustur. Giderek artan diinya niifusu
ve yagam standardinin yiikselmesi fazla miktarda ve iyi
nitelikli hayvansal kaynakli besinlerin iiretilmesini zo-
runlu kilmaktadir. Bunu saglamak i¢in, hayvanlarin ba-
kim ve beslenmesi ile genetik yapisinin iyilestirilmesi
yaninda, besi durumu ve verimlerini arttirmak amaciyla
yem katki maddelerinin kullanilmasi énemli yer tut-
maktadir. Etin besin degeri genel olarak bircok meta-
bolik diizenleyicinin kullanim ile geligmektedir. Lite-
ratiirde birgok c¢aligmada metabolik diizenleyicilerin
biiyiime oranini arttirdigi, beslemenin etkinligini gelis-
tirdigi, lif oranin1 arttirdig1 ve yaglhilik oranini azalttigi
ifade edilmektedir. Metabolik diizenleyici bilesenler
yem katki maddesi olarak kullanilabilen veya as1 sek-
linde uygulanan bilesiklerdir. Basta hayvansal Uretim
ve hayvan refahinin iyilestirilmesi, yemin besin degeri-
nin arttirtlmasi ve hayvansal iiretim sirasinda gevreye
verilen zararin azaltilmasi yem katkilarinin ve bu meta-
bolik bilesenlerin etkin ve kontrollii kullanimi ile miim-
kiin olacag1 6ngoriilmektedir.

Anahtar Kelimeler:

Metabolik diizenleyici bilesen, Yem, Katki maddesi

Abstract:

The Effects of Metabolic Modifiers and Some
Feed Additives on Carcass Composition and
Meat Quality

In recent years, studies have revealed that the quality of
foods is closely related to the quality of feed given to
animals. An increasing world population and the living
standard have required the production of excess and
good quality foods of animal origin. To achieve this,
besides the animal care and nutrition and the improve-
ment of their genetic structure, using of feed additives
is important in order to increase nutrient availability
and efficiency. The nutritional value of meat has gene-
rally improved with the use of many metabolic modifi-
ers. Many studies in literature have showed that meta-
bolic modifiers increase growth performance, improve
feed efficiency, increase fibre ratio and decrease fat ra-
tio. Metabolic modifiers are compounds that are either
used as feed additive or implemented as vaccine. It has
been predicted that the improvement of animal produc-
tion and animal welfare, increasing of the nutritional
value of feed and reducing damage to the environment
will be possible with the effective and controlled use of
these metabolic components.

Keywords:
Metabolic modifiers, Feed, Additive
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Giris

Metabolik diizenleyici bilesenler canli hayvanlara
yem katki maddesi olarak verilen, enjekte edilen
veya as1 olarak uygulanan karkas verimliligini art-
tirmak, yemin daha verimli kullanimin1 saglamak,
etin raf Omriinii uzatmak, besin degerini arttirmak
ve lezzetini gelistirmek amagli kullanilan bilesen-
ler olarak tanimlanmaktadir. Metabolik bilesenle-
rin ¢ogu biiyiime oranini ve karkas kompozisyo-
nunu arttirmak i¢in kullanilirken sadece bir kismi
et kalitesinin gelistirilmesinde 6nemli rol oyna-
maktadir (Dikemen, 2007).

fliaila) & WINERAL ve MAYA KARIGIMLI YEM KAI
5% WHED ITAMIN, MINERAL AND YEASTED FEE

Resim 1.  Metabolik diizenleyici bilesen iceren
farkli yem katkilari
Photo 1. Different feed additives containing

metabolic modifiers

Metabolik diizenleyici bilesenler karkas verimlili-
gini arttirmanin yaninda yag oranini da azaltmak-
tadir. Literatiirdeki ¢aligmalar metabolik diizenle-
yicilerin kesme kuvvetini arttirdigin1 dolayisiyla
gevrekligi azalttigini ifade etmektedir. Bir¢ok fak-
toriin bu durumda etkili oldugu tartisilmaktadir.
Ancak bazi metabolik diizenleyicilerin tek bagla-
rina ya da bazi yem katkilarryla birlikte kullani-
minin et kalitesinin korunmasinda ve gelistirilme-
sinde etkili olacag: belirtilmektedir (Dunshea ve
ark., 2005). Giiniimiizde degisik basliklar altinda
simiflandirma yapilmak suretiyle yiizlerce yem
katkisi kullanilmaktadir (Tiirkmen ve ark., 2011).
Bu derlemede, karkas kompozisyonu ve et kalitesi
lzerine potansiyel etkileri bulunan metabolik du-
zenleyici bilesenlerin ve bazi yem katkilariin et-
kisi tartisilacaktir.

Anabolik Steroidler

Anabolik steroidler, hayvanlarda karkas boyutuna
ve kuvvetine etki eden biylmeyi destekleyici ve
iyilestirici ajanlar olarak kullanilmaktadir. Ancak
hayvanlarda dogal ve yapay anabolik steroidlerin
kullanimi halk sagligina toksik etkilerinden dolay1
bir¢ok iilkede yasaklanmistir. Bu yiizden bu bile-
senlerin besinlerde kalinti miktarlarinin belirlen-
mesi ve izin verilen yasal miktarlarda kullanimina
dikkat edilmesi gerekmektedir (Fuh ve ark.,
2004).

Steroidler ozellikle sigir yetistiriciliginde yaygin
olarak kullanilan metabolik diizenleyici bilesen-
lerdir. Bu bilesenler 6strojenik, androjenik ve pro-
gestinik olarak siniflandirilmaktadir (Johnson ve
Reinhardt, 2009). Cesitli anabolik steroidleri ice-
ren agilar sigir endiistrisi tarafindan biiyiime hizini
arttirmak ve daha verimli yem kullanimini sagla-
mak gibi ekonomik gerekcelerden dolay1 yaygin
olarak kullanilmaktadir (Dikeman, 2003). Preston
(1999) tarafindan yapilan bir ¢aligmada, anabolik
steroid asilarinin sigirlarda ve koyunlarda biiyiime
hizin1 %10-30 oraninda arttirdig: tespit edilmistir.
Bunun yaninda anabolik steroid agilar yem verim-
liligi ve karkas yag orani {lizerine de etkili olmak-
tadir. Anabolik steroidlerin hem ucuz olmast hem
de si1g1r tiretim verimliligini arttirmasi avantaj sag-
lamaktadir (Dikeman, 2003) .

Ostrojenler, biiyiime hizin1 arttiran temel bilesen-
lerdir. Ticari Ostrojen bilesenleri olarak estradiol
ve benzoat esteri ve zeranol kullanilmaktadir. Ay-
rica trenbolon asetat, testosteron ve progesteron
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gibi diger bilesenler ile kombine kullanilarak bii-
ylime hizina etkisi arttirilmaktadir (Preston,
1999).

Ostrojenik ve androjenik steroidlerin kaslarda pro-
tein sentezi ve birikim oranimi arttirdig1 ve/veya
protein degradasyonunu azalttigi da ifade edil-
mektedir. Ayrica, canli hayvanda bu bilesenlerin
yag miktarii azalttigi tespit edilmistir (Dunshea
ve ark., 2005).

Sig1r endiistrisinde trenbolon asetat igeren karigim
agilar "agresif" olarak adlandiriimaktadir. Anabo-
lik steroidlerin agresif kullanimi genellikle sigir
kalite siniflarin1 olumsuz yonde etkilemektedir.
Bu nedenle sigirlarin "agresif" asilama teknikle-
riyle asilanmasi Onerilmemektedir (Dikeman,
2003).

Anabolik steroidlerin kanatlilar, koyun ve domuz-
lar iizerine etkisi ile ilgili literatiirde sinirli sayida
arastirma vardir. Ancak Lee ve arkadaslar1 (2002)
tarafindan yapilan bir ¢alismada domuzlara asi-
lama yapilmis ve domuz eti kalitesinin asidan et-
kilenmedigi ancak sirt yaginda as1 ile birlikte
azalma meydana geldigi tespit edilmistir.

Vitaminler
D3 Vitamini

Hayvan yemlerine D3 vitamini ilavesinin etin gev-
reklik gelisimi iizerine etkili oldugu ifade edil-
mektedir. D3 vitamininin kaslarda ve kanda kalsi-
yum seviyesini arttirdig belirlenmistir (Dikemen,
2007). Kaslarda kalsiyum diizenleyicisi olarak rol
oynadigi ve kalsiyum absorbsiyonu igin gerekli ol-
dugu ifade edilmektedir. Ayrica yeme katilan D3
vitamininin kaslarda daha fazla miktarda kalsiyum
birikimine sebep olacagi ve dolayisiyla kesim son-
ras1 kalpain aktivitesini arttirabilecegi diisiliniil-
mektedir (Boleman ve ark., 2004).

Hansen ve arkadaglar1 (2012) tarafindan yapilan
bir ¢alismada geng sigirlara zilpaterol hidroklorir
ile yiksek dozda D3 vitamini verilmistir. Elde edi-
len s1g1r etlerinin renk stabilitesinin gelistigi, pro-
tein oksidasyonuna karsi daha yiiksek stabiliteye
sahip oldugu ve lipid oksidasyonuna kars ise dii-
stik stabilite gosterdigi tespit edilmistir.

Montgomery ve arkadaslar1 (2002) tarafindan ya-
pilan bir calismada, kesimden hemen 6nce yiiksek
diizeyde vitamin Ds takviyesinin etin gevrekligini
arttirdigi tespit edilmistir. Lawrence ve arkadaslari
(2006) tarafindan yapilan baska bir ¢caligmada ise
kesim Oncesi sigirlara vitamin D3 takviyesinin kal-
siyum konsantrasyonunu arttirdigi kesim sonrasi
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kalint1 kalpaini aktive ettigi ve postmortem gliko-
zisi hizlandirdigi bunun sonucu olarak da gevrek-
lik gelisimini sagladig1 ifade edilmistir.

Asir1 D3 vitamini aliminin toksisiteye sebep olarak
kemiklerde kireclenmeyi arttirabilecegi ifade edil-
mektedir. Bu nedenle bu konuda daha fazla aras-
tirma yapilarak D3 vitamininin insan sagligini bo-
zucu risk olusturmadig1 kanitlanana kadar et kali-
tesini gelistirmek i¢in metabolik diizenleyici bile-
sen olarak hayvan yemlerine ilavesinin endustri
tarafindan tercih edilmeyecegi diisiiniilmektedir
(Tripton ve ark., 2007).

A Vitamini

A vitamininin aktif provitamini B-karotendir ve
bitkisel dokularda sentezlenmektedir. B-karotenin
vitamin A’ya donilisme orani civcivlerde 2:1, Ko-
yunlarda 6:1, sigirlarda ise 8:1 seklindedir. Bu ne-
denle, hayvanlarin A vitamini ihtiyac1 hesaplanir-
ken B-karotenin A vitaminine doniisme oran1 géz
Oniine alinmaktadir. Hayvan tiirlerine gore A vita-
min ihtiyaci farklilik gostermektedir (Ttrkmen ve
ark., 2011).

Yapilan ¢alismalar yagda ¢oziinen vitaminler ara-
sinda yer alan A vitaminin sig1r eti kalitesi iizerine
etkili oldugunu gostermektedir. Sig1r rasyonlarina
A vitamini takviyesinin biliylime oranini énemli
Olciide arttirdig1 saptanmustir. Ayrica lipid ve pig-
ment oksidasyonunu azalttigi ve sigir etinin gev-
rekligini arttirdig1 tespit edilmistir (Wang ve ark.,
2007). A vitaminin mermerlesme lizerine de etkisi
oldugu ifade edilmektedir. Yiiksek diizeyde A vi-
tamini takviyesinin mermerlesme iizerine etkisi-
nin sigirlarda olgunlagsmaya bagh olarak degisim
gosterdigi ifade edilmektedir. Oka ve arkadaslari
(1998) tarafindan yapilan bir ¢aligmada 15 aylik
olan geng sigirlara verilen A vitamini katkisinin
deri altinda yaglanmay1 arttirmadan mermerlesme
skorunu yiikselttigi tespit edilmistir. Ancak 21-23
aylik sigirlarda ayni durum gézlenmemistir. Mer-
merlesme lezzet a¢isindan 6nemli bir kalite fakto-
radur.

Calismalarda A vitamininin bilylime oranina, yem
alim miktarina ve karkas kompozisyonuna dnemli
bir etki gostermedigi belirtilmektedir. Ancak A vi-
taminin bir formu olan retinoik asitin bilytime hor-
monu gen ekspresyonunu diizenleyici etkiye sahip
oldugu bildirilmektedir (Dikeman, 2007). Ayrica
A vitamininin biiylime hormonu salgilama siste-
mini diizenleyici etki gosterdigi dolayli yoldan
mermerlesme gelisimini etkiledigi ifade edilmek-
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tedir. Ciinkdi, bilylime hormonunun dogrudan me-
merlesme skorunu diisiirdiigii tespit edilmistir
(Dalke ve ark., 1992).

E Vitamini

E vitamini biyolojik bir antioksidan olup, doku-
larda peroksitlerin birikimini 6nlemekte ve yagla-
rin stabil kalmalarini saglamaktadir. Ayni 6zelligi
nedeniyle yemlere katilarak yaglarin stabil kalma-
lar1 ve acilagmalar1 6nlenebilmektedir (Muglah ve
ark., 2002).

Hayvan rasyonlarina eklenen E vitamininin en
yaygin ticari sekli, a-tokoferollin asetat esterleri-
dir. Ancak, gastrointestinal kanalda deesterifiye
edilinceye kadar bir antioksidan gibi fonksiyon
gostermemektedir. E vitamini hayvan organizma-
larinda sentez edilemediginden, hayvan dokula-
rindaki E vitaminin varlig1 sadece diyetle aldiklari
miktar1 yansitmaktadir. E vitamininin yagda ¢6zii-
nebilme 6zelligi yiiziinden bu vitaminin absorbsi-
yonu hayvanlarin sindirdikleri yag orani ile iliski-
lidir (Konyalioglu, 2001).

Konyalioglu (2001) tarafindan yapilan bir ¢alis-
mada, diyete E vitamini eklenmesi ile et ve et
iirlinlerinde lipid oksidasyon diizeylerinin azaldig:
ifade edilmistir. Buckley ve arkadaslar1 (1995) ta-
rafindan yapilan bagka bir ¢caligmada ise a-tokofe-
rol uygulamasinin et kalitesini diizelttigi ve depo-
lama boyunca oksidatif stabiliteyi korudugu tespit
edilmistir.

Birgok calismada, yem katkisi olarak E vitamini
kullaniminin kirmizi ve beyaz etlerin kalitesi tize-
rine yararl etkilerinin oldugu ifade edilmektedir.
Sig1r etinde lipid ve renk stabilitesinin saglanmasi
(Arnold ve ark., 2003), hindi etinde renk gelisimi
(Sante ve Lacourt, 1994), domuz eti dilimlerinde
depolama siirecinde damlama kaybinin azalmasi
(Asghar ve ark., 1991) E vitamini katkili yemlerin
kullanimu ile tespit edilmistir. Ayrica domuzlarda
E vitamini katkili yem kullaniminin longissimus
thoracis kasinda su tutma kapasitesini azalttig1 ve
PSE et olusumunu engelledigi saptanmistir
(Cheah ve ark., 1995).

Ripoll (2011) tarafindan yapilan bir ¢alismada, E
vitamini katkili yem kullanimimin kuzu etlerinin
raf Omriindi arttirdig1 tespit edilmistir. Macit
(2003) tarafindan yapilan bir ¢aligmada, yeme E
vitamini ilavesinin kuzu etinde lipid oksidasyo-
nunu, damlama kaybini 6nemli 6lglide azalttig1 ve
etin renk stabilitesini korudugu ifade edilmistir.

Genel olarak E vitamininin domuz ve kanath eti
drtnlerinde renk stabilitesi Uzerine daha az etki

gosterdigi, sigir ve kuzu etlerinde belirgin dlgiide
stabiliteyi etkiledigi saptanmistir. Bu yiizden me-
tabolik diizenleyici bilesen olarak E vitamini kul-
laniminin renk tizerine etkisinin myoglobin mikta-
rina bagh olarak degistigi diistiniilmektedir (Gui-
dera ve ark., 1997).

Somatotropin

Somatotropin dogal olarak olusan ve 6n hipofiz
salgi bezi tarafindan iiretilip kan dolagimina kati-
lan protein yapisinda bir hormondur (Dikeman,
2003). Bir buyume hormonu olan somatotropin
hormonu rDNA teknolojisi ile mikroorganizmalar
tarafindan oldukg¢a saf olarak iiretilebilmektedir
(Tirkmen ve ark., 2011).

Somatotropinin etkileri iizerine yapilan ilk ca-
ligma, gevis getiren hayvanlar iizerinde yapilmistir
ve sigirlara gore daha fazla gelisim gosterdikleri
tespit edilmistir. Giinlimiize dayanan ¢alismalarda
ise rekombinant biylime hormonu iceren peletler
veya enjeksiyonlarin sigirlarda ve koyunlarda yem
verimliligi ve kazanci arttirdigi, yem alimini azalt-
t1ig1 veya etkilemedigi, karkas protein miktarini
arttirdifi, yag oraninin azalttigi, plazma veya se-
rumda iire miktarin1 azaltti§1, kandaki biiylime
hormonu seviyesini arttirdig1 ve 6énemli 6l¢iide in-
stlin benzeri blytme faktéri-1 (IGF-1) konsant-
rasyonunu arttirdigi belirtilmistir (Preston, 1999).
Ayrica somatotropin hormonunun steroid yapili
agilar ile birlikte kullanimi1 da mevcuttur (Wolf-
rom ve ark., 1985) .

Domuzlara somatotropin hormonu uygulamasinin
kas kiitlesinde artigla beraber yag oraninin azalt-
t181, karkas kompozisyonunu gelistirdigi bilin-
mektedir. Ancak domuzlara somatotropin uygula-
masinin farkli cinsiyetlerden farkli sonuglar alina-
bilecegi diisiincesiyle uygulama seklinin ve dozu-
nun maksimum sonuglar igin bu faktorler ele ali-
narak yapilmasinin gerekli oldugu ifade edilmek-
tedir (Aalhus ve ark., 1996).

B-agonistler

B-agonistler, yem verimliligini saglamak, kazanci
arttirmak ve karkas et verimliligini gelistirmek
icin yem katkisi olarak kulanilan bilesiklerdir
(Hope-Jones ve ark., 2010). Yag ve kas hiicreleri-
nin yiizeylerine baglanarak doku gelisiminde
meydana gelen biyokimyasal reaksiyonlari diizen-
leyici bilesiklerdir (Strydom ve ark., 2009).

B-agonistler, hucrelerde lipogenezis ve protein
degradasyonunu azaltip lipolizisi ve protein Sen-
tezini arttirict olarak rol oynamaktadir (Hope-
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Jones ve ark., 2010). Yapilan galismalarda sigir-
larda, koyunlarda ve domuzlarda karkas gelisimi
iizerine pozitif etkilerinin oldugu ve karkas verim-
liligini arttirdigi tespit edilmistir (Fiems, 1987).

B-agonist bilesigi olarak raktopamin hodroklori-
din domuzlarda biiyiime orani, yem verimliligi,
agirlik ve karkas kompozisyonu iizerine pozitif et-
kilerinin oldugu ifade edilmistir (Dikeman, 2007).
McKeith ve arkadaglar1 (1995) sigir eti ve domuz
etinin gorsel kalitesi ve duyusal 6zellikleri Gizerine
raktopamin hipokloridin etkilerini arastirmis ve
her iki tiirde mermerlesme, renk ve sertlik iizerine
noétiirden pozitife dogru degisen bir etki gosterdi-
gini ifade etmistir.

Diger bir sentetik 3-agonist bilesigi olan zilpaterol
son zamanlarda Meksika, Kuzey Afrika ve USA
iilkelerinde agirlik artisi, yem verimliligi ve kar-
kas yag oraninin azaltilmasi i¢in kullanilmaktadir
(Dikeman, 2007). Avendano-Reyes ve arkadaglar
(2006) tarafindan yapilan bir ¢alismada, kesim 6n-
cesi 33 giin boyunca zilpaterol katkili yem ile bes-
lenen okiizlerin bityiime performansi, karkas 6zel-
likleri ve et kalitesi Uzerine zilpaterolin etkisi
arastirllmigtir. Sicak karkas agirliginda artis goz-
lemlenmis ve kontrol grubuna gore kesme kuvveti
degerleri yiiksek ¢ikmustir. Ayrica, renk iizerine
etkisi olmadig1 tespit edilmistir. Ayni ¢alismada,
raktopamin ve zilpateroliin etkileri karsilastiril-
mistir. Raktopamin iceren yemler ile beslenen
okiizlerde yag kalinliginin zilpaterol i¢eren yemler
ile beslenen 6kizlere gore daha fazla oldugu tespit
edilmistir. Kesme kuvvetlerinde ise benzer sonug-
lar alinmustir.

B-agonistlerin kullaniminin inhibitér kalpastatin
aktivitesinde artisa dolayisiyla kalpain aktivite-
sinde ise azalmaya sebep olmasindan dolay1 etin
sertligini arttirdigi bilinmektedir. Bu degisimler
cinse, kas tiiriine, uygulama siiresine ve kullanilan
bilesige bagl olarak degigsmektedir. Etin gevrek-
ligi ile ilgili bu problemlerin B-agonistlerden kay-
naklandig1 diistiniilmektedir (Hope-Jones ve ark.,
2010). Ancak bu negatif etkilerin elektriksel sti-
miilasyon uygulamasi, olgunlastirma veya diger
mekaniksel yontemler ile azaltilabilecegi ifade
edilmektedir (Dikeman, 2007).

Konjuge Linoleik Asit

Konjuge linoleik asit, linoeik asitin ¢ift doymamis
konjuge bag igeren pozisyonel ve geometrik izo-
merlerinin karigimidir (Kéknaroglu, 2007). Lino-
leik asitten koken alan, antikanserojenik, bagisik-
l1g1 arttiric1 ve viicut yaglarini azaltic1 6zelliklere
sahip olan bir yag asitidir (Tiirkmen ve ark., 2011).

98

Diger gidalarda da bulunmasina karsin, ruminant-
lardan elde edilen Urinlerde konjuge linoleik asit
miktar1 yiiksek diizeydedir ve bu iiriinler diyette
bulunan lonjuge linoleik asitin ana kaynagidir
(Koknaroglu, 2007).

Insan beslenmesinde et ve siit iiriinlerinin konjuge
linoleik asitin temel kaynagi olmasinim bilinme-
siyle, bu Urtinlerin konjuge linoleik asit konsant-
rasyonunun nasil arttirilabilecegi konusunda ¢alis-
malar baslatilmistir. Yapilan ¢alismalar, ruminant
hayvanlarin beslenmesinde doymamis yag asidi
ve bitkisel yaglarin kullanilmasiyla siitte bulunan
konjuge linoleik asit konsantrasyonunun arttirila-
bilecegini gostermistir (Ozsan, 2005).

Yildirim (2011) tarafindan yapilan bir ¢aligmada
etlik pili¢lerin rasyonlarina farkli oranlarda kon-
juge linoleik asit ilave edilmis rasyondaki konjuge
linoleik asit oraninin artmasiyla pili¢ etindeki yag
ve kolesterol miktarnin diistiigii, konjuge linoleik
asit miktarmin ise arttig1 tespit edilmistir. Du ve
Ahn (2002) tarafindan yapilan baska bir calis-
mada, broyler yemlerine ilave edilen konjuge lino-
leik asidin pismis etlerde oksidasyona kars1 daya-
nikliligr arttirdigi saptanmistir. Ayni caligmada,
konjuge linoleik asitin erime noktasi yiiksek ol-
masi nedeniyle yag asidi kompozisyonundaki de-
gisimin yaglarin erime noktasinin artmasina sebep
oldugu ve dolayisiyla etin sertligini arttirdig: ifade
edilmistir.

Konjuge linoleik asitin gevis getirmeyen hayvan
yemlerine ilavesi kaslarda konjuge linoleik asit
miktarmi arttirdig1 ve yag asidi profilini degistir-
digi ifade edilmektedir. Bu nedenle etin konjuge
linoleik asit miktarini arttirmak ve konjuge lino-
leik asitin biyolojik etkilerinden yararlanmak igin
yem katkilarma ilave edilmesinin uygun olacagi
ongorilmektedir (Zhang ve ark., 2010).

Diger Yem Katkilar

Metabolik diizenleyici bilesenlerin yaninda iz
miktarlarda hayvan yemlerine ilave edilen bile-
senler de mevcuttur. Bu bilesenlerden krom, kar-
nitin, magnezyum, niasin, manganez, selenyum ve
betain {izerine caligmalara literatiirde rastlamak
mimkindir (Dikeman, 2007; Dunshea ve ark.,
2005).

Krom, metabolizma i¢in esansiyel bir iz elementtir
(Dikeman, 2007). Boleman ve arkadaglar1 (1995)
tarafindan yapilan bir ¢caligmada domuz yemlerine
krom ilavesinin kas miktarini arttirdigi, sirt yagini
azalttig1, gevreklik ve duyusal dzellikler iizerine
etkisinin olmadigi tespit edilmistir.
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Karnitin, vitamin benzeri bir bilesiktir ve uzun
zincirli yag asitlerinin mitokondriyal matrikse ta-
sinmasinda rol oynamaktadir (Dikeman, 2007).
Owen ve arkadaglar1 (1992) tarafindan yapilan bir
calismada, domuz yemlerine ilave edilen L-karni-
tinin bilylime performansini etkilemeden sirt yagi
kalmligini azalttig tespit edilmistir.

Inorganik bir kaynak olan magnezyumun yem kat-
kist olarak kullaniminin kuzu etinin duyusal 6zel-
liklerini gelistirdigi tespit edilmistir (Hernandez-
Calva ve ark., 2013). Ayrica ¢alismalarda yemlere
magnezyum ilavesinin domuz etinde renk gelisimi
tizerine etkili oldugu, pH’y1 arttirdig1 (Otten ve
ark., 1992) ve sizma kaybini azalttigr gézlemlen-
mistir (Schaefer ve ark., 1993). Magnezyum ile
birlikte manganez de yem katkilar1 olarak kulla-
nilmakta ve magnezyuma benzer fonksiyonlar
gostermektedir (Apple ve ark., 2007).

Diger bir yem katkist olan niasin, bir¢gok hayvan
icin kritik biyokimyasal viicut fonksiyonlarina ka-
tilarak biiylimeyi saglayan bir B kompleks vitami-
nidir. Niasin yetersizliginde rasyondaki metabolik
enerjiden yararlanma da azalmaktadir. Ayrica
yemden yararlanma azalmakta ve biiyiime hiz1 ya-
vaslamaktadir (Dikicioglu ve ark., 2000). Real ve
arkadaglar1 (2002) tarafindan yapilan bir calis-
mada niasinin yem verimliligini arttirdig1, renk
stabilitesini sagladigi, etin pH’simi yiikselttigi ve
fireyi disiirdiigi tespit edilmistir. Vitamin Bs ola-
rak da adlandirilan niasin, canli hiicrelerde hidro-
jen transferinden sorumlu iki koenzimin kompo-
nenti olarak fonksiyon gostermektedir. Nikotina-
min adenin dindkleotid (NAD) ve nikotinamid
adenin diniikleotid fosfat (NADP) ad1 verilen ko-
enzimler ayrica karbonhidrat, protein ve yag me-
tabolizmalar ile ilgili reaksiyonlarda anahtar rol
oynamaktadir (Dikicioglu ve ark., 2000) .

Domuzlar, kanatlilar ve sigirlar tizerine yapilan
bir¢ok caligmada, selenyumun karkas kalitesi ve
gelisimi iizerine yararl etkilerinin oldugu belirtil-
mektedir (Close, 1999). Besi sigirlarinda yapilan
caligmalar incelendiginde organik ve inorganik se-
lenyum katkilarimin et kalitesi iizerine etkilerinin
arastirildig goriilmiistiir. Yapilan bir arastirmada
selenyumca zengin maya veya sodyum selenit kat-
kismnin besi sigirlarinda et kalitesi tizerindeki etki-
leri aragtirilmis olup, kontrol grubundaki hayvan-
larin karacigerlerindeki toplam selenyum diizeyi-
nin 0.55 mg/kg oldugu buna karsilik selenyumca
zengin maya katkili grupta 0.86 mg/kg, sodyum
selenit katkili grupta da 0.72 mg/kg oldugu ifade
edilmistir (Juniper ve ark., 2008).

Betain bircok bitki ve hayvan tiirlerinde dogal ola-
rak bulunan bir bilesendir. Betainin karkas kom-
pozisyonu ve biiylime performansi {lizerine etkisi-
nin arastirildig: bir ¢alismada, sigir yemlerine be-
tain ilavesinin hiicreler arasi lipid igerigini ve bob-
rekleri saran yag kalinhigim azalttigi tespit edil-
mistir (Fernandez ve ark., 2000). Betainin et kali-
tesi lizerine etkilerine yonelik literatiirde sinirl sa-
yida ¢aligma bulunmaktadir ancak betain bazi iil-
kelerde domuzlarin bilyime performansi arttir-
mak i¢in yaygin olarak kullanilmaktadir (Dike-
man, 2007).

Sonug

Metabolik diizenleyici bilesenler hayvan saglig
ve veriminin arttirilmasi yaninda yemin daha uzun
siire degerinin korunarak kullanilmasia olanak
saglayan maddelerdir. Yeme ilave edilmelerinin
yani sira as1 uygulamalar1 da mevcuttur. Ancak bu
bilesenlerin karkas kompozisyonu ve et kalitesi
iizerine bazilar pozitif bazilari negatif etkiler gos-
terebilmektedir. Bu nedenle uygulama periyo-
dunda kontrollii kulanimma dikkat edilmesi ge-
rekmektedir. Ayrica bu bilesenlerin etkileri bazi
yem katkilar1 ile birlikte kullaniminda artabilmek-
tedir. Et kalitesinin gelistirilmesinde bu faktorlerin
g6z oniinde bulundurulmasinin ve sinirli miktar-
larda kullanilan bu bilegenlerin daha fazla literatiir
caligmalariyla desteklenerek olumlu etkilerinin or-
taya konulmasinin fayda saglayacag diigiiniilmek-
tedir.
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Oz:

Zenginlestirme, gidalarin hazirlanmasi ve saklanmasi
sirasinda kayba ugrayan gida bilesenlerinin yerine kon-
mas1 ve temel gida maddelerinin yetersiz tiiketiminden
ileri gelen hastaliklarin dnlenmesi gibi amaglarla ger-
¢eklestirilmektedir. Unlu mamuller icerisinde ekmek-
ten sonra en ¢ok tiiketilen gida maddesi olan makarna-
nin her yas grubundan bireyler tarafindan sevilerek tii-
ketilmesi nedeniyle zenginlestirilmesine yonelik yapi-
lan degisik calismalar bulunmaktadir. Makarnanin bes-
leyici degerini arttirmak icin farkli kaynaklarla zengin-
lestirilmesi yoluna gidilmistir. Bununla birlikte, ¢alis-
malarda makarnanin tekstiirel 6zellikleri, antioksidan
ozellikleri ve duyusal 6zellikleri de incelenmistir. Bu
calismada degisik amaglarla makarnanin zenginlestiril-
mesine yonelik uygulamalar anlatilmistir.

Anahtar Kelimeler:

Makarna, Zenginlestirme, Fonksiyonellik

Abstract:
Approaches for Enrichment of Pasta

The aims of the food enrichment are substitution of the
nutrients that were lost during processing and storage
of the foods as well as prevention of diseases due to
inadequate consumption of basic nutrients. Pasta is the
most consumed food product after bread among baker-
ies. There are various enrichment studies for pasta be-
cause of it’s widely consumption by every age. In order
to increase the nutritional value of pasta, different
sources has been used for enrichment. Therefore, tex-
tural, antioxidant and sensory properties of pasta were
investigated. In this review, various applications of
pasta enrichment were discussed.

Keywords:
Pasta, Enrichment, Functionality
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Giris

Yeterli ve dengeli beslenme; bireylerin biyime ve
gelisme potansiyellerine ulasabilmesi, hastaliklar-
dan korunmasi ve kaliteli bir hayat siirebilmeleri
icin temel bir gereksinimdir. Dengeli bir beslenme
i¢in yetiskin bir kisi, almas1 gereken giinliik kalo-
rinin % 55-60’1m1 karbonhidratlardan, %25-
30’unu yaglardan (%5-6 omega-6 ve %0.6-1.2’s1
omega-3 grubu yag asitlerinden), %10-15"ini pro-
teinlerden saglamalidir (Dursun ve dig., 2009).
Halk saglig1 sorunlarinin pek ¢ogunun altinda den-
gesiz ve yetersiz beslenme yatmaktadir. Bu sorun-
lar1 ¢6zmek igin degisik bireysel ve toplumsal 6n-
lemler alinmaktadir. Alman 6nlemlerden bazilari;
anne siitli ile beslenme sikliginin arttirilmasi, bes-
lenme egitim programlarin yayginlastirilmasi,
beslenme agisindan riskli ve duyarli olan gruplara
yonelik 6zel egitim programlarinin yayginlastiril-
mas1 ve toplumda goriilme siklig1 yiiksek olan
beslenme sorunlarimin ¢oziimii i¢in gidalarin zen-
ginlestirilmesidir (Aslan ve Koksel, 2003).

Gidalart zenginlestirmenin amaglar1 toplumda
sik¢a rastlanan vitamin ve mineral madde kayipla-
rini1 engellemek, gidalarin iglenmesi sirasinda kay-
bolan gida bilesenlerinin yerine konmasi, gidada
az miktarda mevcut olan gida bilesenlerini takviye
etmektir. Bu amaglarin gergeklestirilmesi iki se-
kilde yapilmaktadir. ilki ilave edilmesi veya zen-
ginlestirilmesi diisiiniilen bilesenin zengin oldugu
gida maddesinin olusturulacak gidaya eklenmesi,
ikincisi ise dogrudan eksik olan maddenin eklen-
mesidir (Kahraman, 2011).

Yapilan ¢aligsmalarda zenginlestirme ile gidanin
vitamin iceriginin arttirilmasi, mineral madde ige-
riginin arttirtlmasi, protein icerigi ve cesitliliginin
arttirtlmasi, diyet lifi miktarinin arttirilmasi, anti-
oksidan kapasitesinin arttirilmasi ve yag asitleri
cesitliliginin arttirilmasi gibi gida bilesenleri agi-
sindan zenginlestirmenin yaninda gidaya renk ka-
zandirilmasi, tekstiirel o6zelliklerinin iyilestiril-
mesi ile fonksiyonellik kazandirilmasi da saglan-
maktadir. Her yas grubundan bireylerin severek
tilkettigi makarnanin zenginlestirilmesi ile ilgili
calismalar yogunlasmustir.

Gunumizde makarna, besleyici, lezzetli, ucuz, ha-
zirlanmasi kolay, raf dmriiniin uzun olmas1 gibi
pek cok ozelligi nedeniyle unlu mamuller igeri-
sinde ekmekten sonra en ¢ok tiiketilen gida mad-
desi haline gelmistir (Anon.,2012).

Tiirk Gida Kodeksi Makarna Tebligine gére ma-
karna; Triticum durum bugdayindan firetilen ir-
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mige su katilip teknigine uygun yogrularak hazir-
lanan hamurun sekillendirilip kurutulmasiyla elde
edilen bir iiriin olup; sade, tam bugday, ¢esnili,
zenginlestirilmis ve gli¢lendirilmis olarak adlandi-
rilir. Cesnili makarna; Triticum durum bugday ir-
miginden teknigine uygun olarak hazirlanan ma-
karna hamuruna ve/veya kurutulmus makarnaya et
ve et Urdnleri, yumurta, sut ve sit rinleri, sebze,
baklagil ve unlar1, Triticum aestivum ve Triticum
compactum bugday firiinleri diginda diger tahil
urtinleri ve lifleri, baharat ile tat vericiler ve ben-
zerlerinin ilave edilmesi ile elde edilen bir Grtin-
dir. Zenginlestirilmis makarna; Triticum durum
bugday irmiginden teknigine uygun olarak
Uretilen makarna hamuruna tiamin, riboflavin,
niasin, folik asit, demir karisimi ve/veya D vita-
mini ve/veya kalsiyum ilave edilerek sekillendiri-
lip, kurutulmasiyla elde edilen bir iiriindiir. Gug-
lendirilmis makarna ise zenginlestirilmis makarna
icin belirlenen vitamin ve minerallerin Gist sinir de-
gerlerine protein katilarak hazirlanan hamurun se-
killendirilip kurutulmasiyla elde edilen bir iiriin-
dur (Anon., 2002).

Makarna uzun yillardir tagima, isleme, pisirme ve
depolama kolaylig1 nedeniyle yaygin bir sekilde
tlketilmektedir. Yetigkinlerin yani sira 6zellikle
cocuklarin makarnay1 severek tiikketmeleri bu gi-
danin zenginlestirilmesinin 6nemini ortaya koy-
maktadir. Makarnanin zenginlestirilmesi ve fonk-
siyonelliginin arttirilmasiyla ilgili yapilan bircok
calisma mevcuttur. Bu ¢alismalar bitkisel kaynak-
larla zenginlestirme, hayvansal kaynaklarla zen-
ginlestirme ve dogrudan eksik olan bilesen ile zen-
ginlestirme olarak ii¢ grupta incelebilir.

Makarna Zenginlestirmede Uygulanan
Yontemler

Zenginlestirilmesi Diisiiniilen Bilesenin Zengin
Oldugu Gida Maddesinin Eklenmesi

Makarnalarin zenginlestirilmesinde dogrudan gi-
dalarin ilave edilmesi ile igeriklerinde yiiksek
miktarda bulunan gida bilesenleri agisindan zen-
ginlestirme amaclanmaktadir. Bu kapsamda zen-
ginlestirme amaciyla ilave edilen gidalar kaynak-
larina gore bitkisel kaynaklar ve hayvansal kay-
naklar olarak ikiye ayrilmaktadir.

Makarnamn Bitkisel Kaynaklarla
Zenginlestirilmesi:

Makarna iyi bir protein kaynagi olmasina karsilik
lisin ve treonin gibi bazi amino asitler agisindan
fakirdir. Makarnanin besleyici degerini arttirmak
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i¢in farkli bitkisel kaynaklarla zenginlestirilmesi
yoluna gidilmistir (Petitot ve dig., 2010). Bakla-
giller igerdikleri protein, lif, vitamin ve mineral
maddeler nedeniyle iyi bir zenginlestirme kaynagi
olarak cesitli calismalarda kullanilmustir.

Shogren ve dig. (2006)’nin yaptiklar1 bir calis-
mada makarna bilesimine %25, %35 ve %50 ora-
ninda soya fasulyesi unu ilave edilerek ucuz ve
yiiksek beslenme degerine sahip liriin eldesi amag-
lanmustir. Soya fastlyesi unu ilavesi ile ham pro-
tein miktarinda istatistiksel olarak anlamli dii-
zeyde bir artisin meydana geldigi belirlenmistir.
Ayrica galismada drnekler bazi amino asit miktar-
lar1 agisindan da incelenmistir. Lisin amino asiti
kontrol 6rneginde 0.41 g/100 g olarak tespit edi-
lirken %25, %35 ve %50 soya fasulyesi rnekle-
rinde sirasiyla 1.07, 1.51, 1.75 g/100g’a yiiksel-
digi belirlenmistir. Ve ayrica kontrol 6rnegi ile
%?35’e kadar soya fasulyesi ilave edilmis drnekle-
rin tekstirel ozellikleri ve lezzet &zelliklerinde
onemli bir fark tespit edilmemistir.

Yapilan diger bir ¢alismada meksika fastilyesi unu
bugday irmigiyle %15 ve %30 oranlarda karigtir-
lip makarna tiretimi gergeklestirilmistir. Meksika
fasiilyesi unu ilavesi ile pisme zamaninda azalma,
pisme kaybinda artis, sertlikte ise azalma meydana
gelmistir. Meksika fasiilyesi ilavesi ile renk degi-
simi arasinda dogrusal bir iligki oldugu belirlen-
mistir. Ayrica toplam fenolik madde miktar1 mek-
sika fastilyesi ilavesi ile artig gostermistir (Galle-
gos-Infante ve dig., 2010).

Wood (2009)’un yaptigi ¢calismada irmige % 10,
15, 20, 25, 30 oranlarinda nohut unu ikame edile-
rek makarna iiretimi gerceklestirilmistir. Protein
miktarinin kontrol 6rneginde %12.4 iken, %30
oraninda zenginlestirilmis makarnada %17.4’e
yiikseldigi belirlenmistir. Yine lisin amino asidi
kontrol 6rnegine gore %15 ve %30 ikame edilen
orneklerde sirasiyla %64 ve %182 oraninda artig
gostermistir.

Guiberti ve dig.(2015) nin yaptiklar1 calismada pi-
ring ununa diisiik fitik asitli ve lektin igermeyen
bir tir fasulye unu ikamesi ile glutensiz makarna
iretimi gergeklestirilmistir. Fasulye unu %20 ve
%40 oranlarinda formiilasyona ilave edilmistir.
Zenginlestirme oraniyla paralel olarak diyet lifi ve
protein miktarinin arttig1 belirlenmistir. Ayrica
optimum pisme siiresinin ve su absorpsiyon kapa-
sitesinin arttigi, buna karsin pisme kaybmin ve
tekstiirel 6zelliklerin etkilenmedigi tespit edilmis-

tir. Calisma sonucunda baklagillerin gliitensiz gi-
dalar1 zenginlestirmek i¢in ¢ok iyi bir kaynak ol-
dugu belirtilmistir.

Diger bir zenginlestirme kaynagi olan diyet lifi,
sindirim enzimlerine diren¢li gida bilesenleridir.
Ince bagirsakta sindirilmeyen buna karsin kalin
bagirsakta tamamen ya da kismen fermente olan
diyet lifleri suda ¢6zlnur ve suda ¢ézinur olma-
yan diyet lifi olarak iki gruba ayrilmistir. Cozliniir
diyet lifi kandaki kolesteroliin diisiiriilmesi ve glu-
kozun bagirsaktaki absorbsiyonun azaltilmasina
yardimc1 olurken, ¢6ziiniir olmayan diyet lifi ba-
girsak sagligi ile iligkilidir (Diilger ve Sahan,
2011). Makarnaya fonksiyonellik kazandirma
amaciyla yapilan bir calismada makarna ruseym
ve kepek ile zenginlestirilmistir. Calismada ma-
karna ruseym ile %10-20-30-40-50-60 oraninda
zenginlestirilirken, kepek ile %10-20-30 oraninda
zenginlestirilmistir. Ruseym ve kepek ile zengin-
lestirme oranina paralel olarak diyet lifi mikta-
rinda artis meydana gelmistir. %10 ruseym ile
zenginlestirilmis makarna drneginin kalite 6zellik-
leri minimum diizeyde etkilenirken bunlarin yiik-
sek antioksidan kapasitesine ve yiiksek diyet lifi
miktara sahip oldugu belirlenmistir. Ruseym
miktar1 %30’un iizerine ¢iktiginda makarna or-
neklerinin arzu edilmeyen renk ve duyusal 6zel-
liklere sahip oldugu saptanmistir. Kepek ile zen-
ginlestirilen 6rneklerin renklerinin koyulastigi be-
lirlenmistir. %10 kepek ilave edilen 6rnegin kont-
rol ornegiyle benzer duyusal 6zelliklere sahip ol-
dugu goriilmiistiir (Aravind ve dig., 2012).

Yapilan diger bir calismada bugday kepegi ilavesi
ile yliksek lif icerigine sahip makarna iiretiminin
gerceklestirilmesi amaglanmigtir. Makarna Ureti-
minde irmige %20, 25, 30, 35, 40 oranlarinda bug-
day kepegi ikame edilmis ve baz fiziksel, kimya-
sal, pisme 6zellikleri ve duyusal 6zellikleri ince-
lenmistir. Kepek ilavesi arttik¢a protein, lipid, kiil
ve toplam diyet lifi miktarinda artig, makarnanin
renginde koyulagsma meydana gelmistir. Optimum
pisme siiresi kontrol 6rneginde 10 dakika, %40 ke-
pek ilaveli 6rnekte 9.5 dakika olarak belirlenirken,
diger 6rneklerin optimum pisme siirelerinin kont-
rol 6rnegine gore daha uzun oldugu belirlenmistir.
Pisme kaybinin %20, 25 ve 30 oraninda zenginles-
tirilen 6rneklerde kontrol drneginden daha az ol-
dugu belirlenmistir. Duyusal olarak tat, sertlik, ya-
piskanlik, ¢cignenebilirlik ve esneklik agisindan 61-
nekler degerlendirilmistir. Lif orani artisi ile para-
lel olarak sertlikte, ¢ignenebilirlikte ve yapiskan-
likta artig, esneklikte azalma, tatta ise bozulma
meydana gelmistir (Sobota ve dig., 2015).
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Antioksidan kapasitenin arttirilmasi amaciyla da
cesitli kaynaklarla makarna zenginlestirilmekte-
dir. Soganin yapisinda bulunan flavanoidlerin an-
tioksidan 6zellikleri sayesinde zenginlestirme igin
iyi bir kaynak oldugu vurgulanmaktadir. Yapilan
bir calismada sogan tozu %5, %10 ve %15 oranla-
rinda makarna iiretiminde kullanilmistir. Ornekler
karsilastirildiginda %10 sogan tozu ilaveli 6rnek-
lerin kontrole en yakin duyusal 6zellikleri goster-
digi belirlenmistir. Pisme kaybi kontrol 6rneginde
%?2.6 olarak belirlenirken, %5, %10 ve %15 sogan
tozu ilaveli orneklerde sirasiyla %5.42, %5.74,
%8.16 olarak tespit edilmistir. Gluten miktarinin
azalmasiyla pisme kaybinin arttigi belirtilmistir
(Rajeswari ve dig., 2013).

Yapilan bir ¢calismada arastirmacilar makarna bi-
lesimine Hindistan kahverengi deniz yosunu (Sar-
gassum marginatum) ilavesi yapip kalite 6zellik-
lerini incelemislerdir. Kurutulup (38+2°C) toz ha-
line getirilen yosunlar %1, %2,5 ve %5 oraninda
bugday irmigine ilave edilmistir. Karisimlardan
hazirlanan hamurlardan Uretilen makarnalar
75°C’de 3 saat hava akimh kurutucuda kurutul-
muglardir. Pismis agirligin en yiiksek oldugu ve
pisme kaybinin en diisiik oldugu makarna 6rnegi-
nin %2.5 oraninda Sargassum marginatum ilaveli
ornegin oldugu belirlenmistir. Kontrol dérneginde
toplam fenolik madde igerigi 0.09 mg GAE/qg ola-
rak tespit edilirken, %1 ve %2.5 oraninda Sargas-
sum marginatum ilaveli oOrneklerin 0.11 mg
GAE/g, %5 Sargassum marginatum ilaveli or-
nekte ise 0.13 mg GAE/g toplam fenolik madde
icerigine sahip oldugu belirlenmistir. %2.5’dan
daha fazla deniz yosunu ilave edilen drneklerde
yosun tadi baskin karakter kazanmstir. %2.5 de-
niz yosunu ilavesi ile iiretilen 6rnegin biyoyararli-
lik ve kabul edilebilirlik agisindan en iyi 6rnek ol-
dugu tespit edilmistir (Prabhasankar ve dig.,
2009).

Sant’ Anna ve dig. (2014)’nin yaptiklar1 calismada
makarna liziim posasi tozu ile zenginlestirilmistir.
%2.5, %5 ve %7.5 oraninda zenginlestirilen ma-
karnalar pisme ozellikleri, kimyasal 6zellikleri ve
duyusal Ozellikleri bakimindan incelenmistir.
%?2.5 oraninda zenginlestirilen 6rnegin kontrol or-
negine ve diger Orneklere gore agirlik artisinin
daha yiiksek, pisme kaybinin ise daha diisiik ol-
dugu belirlenmistir. Toplam fenolik madde mik-
tarlarinin zenginlestirilme miktarina paralel olarak
arttig1 saptanmustir. Duyusal analizler sonucunda
%?2.5 oraninda zenginlestirilen 6rnegin kontrol or-
negiyle benzer 6zellikler gosterdigi belirlenmistir.
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Makarnamin Hayvansal Kaynaklarla
Zenginlestirilmesi:

Beslenme uzmanlari giinliik alinmasi gereken pro-
teinin iicte birinin hayvansal kaynakli olmasini
tavsiye etmektedir. Bunun i¢in de kirmiz1 et, be-
yaz et, balik, siit ve yumurtanin diizenli sekilde tii-
ketilmesi gerekmektedir (Dursun, 2006). Makar-
nanin zenginlestirilmesinde hayvansal kaynakla-
rin kullanimina iligkin yapilan ¢aligmalarda ¢esitli
deniz Grunleri, et Grlnleri, sit ve sit Granleri gibi
cesitli kaynaklarm kullanimi iizerinde durulmus-
tur.

Yapilan bir ¢alismada makarna formiilasyonuna
%10, %20 ve %30 oraninda karides eti ilave edil-
migtir. Tiim 6rnekler fizikokimyasal, pisme ve du-
yusal dzellikleri bakimindan incelenmistir. Bug-
day irmigi ve karides eti ile hazirlanan hamur ka-
risgimlar1 (100:0, 90:10, 80:20 ve 70:30) sekillen-
dirilmistir. 75 °C°de 3 saat hava akiml kurutucuda
kurutulmustur. Karides eti ilavesiyle pisme zama-
ninin arttigi, pismis agirligin azaldigi ve pisme
kaybinin arttig1 belirlenmistir. %20 karides eti ila-
vesine kadar drneklerin duyusal 6zellikleri ¢ok et-
kilenmeden makarnanin besleyici degeri arttiril-
mustir. Karides eti ilavesi ile makarnanin protein
sindirilebilirligi ve yag miktarinda artis saglan-
mustir (Kadam ve Prabhasankar,2012).

Dhanasettakorn (2008)’un yaptig1 bir ¢alismada
dondurularak kurutulan sigir kalbi makarna tireti-
minde %10 ve %30 oraninda kullanilmustir. Or-
neklerin Koenzim Qi icerigi ve fizikokimyasal
ozellikleri arastirtlmistir.  Sigir kalbi ilavesi ile
nem miktarinda azalma, ham yag miktarinda artis,
kiil miktarinda artis, toplam karbonhidrat mikta-
rinda azalma, kolesterol miktarinda artis ve ham
protein miktarinda artis meydana geldigi tespit
edilmistir. Koenzim Q1o kontrol érneginde tespit
edilmezken, %10 ilaveli pismis 6rnekte 4.26 pg/g
kuru agirlik ve %30 ilaveli pismis 6rnekte 11.29
ug/g kuru agirlik olarak tespit edilmistir.

Baskaran ve dig. (2011)’nin yaptiklar1 bir calig-
mada aragtirmacilar noodle (bir ¢esit makarna) bi-
lesimine peyniraltt suyu proteini konsantresi ve
yagsiz siit tozu ilave ederek besleyici degerini art-
tirmay1 amaclamuslardir. Orneklere %5, %7.5 ve
%10 oraninda peyniralt1 suyu konsantresi, yagsiz
siit tozu ve bunlarin kombinasyonu (1:1) ilave
edilmistir. Hazirlanan 6rnekler hacim artisi, agir-
lik artig1, sisme orani ve pisme kaybi agisindan in-
celenmistir. Hacim artig1, agirhik artis1 ve sisme
orani kullanilan tiim maddelerin (yagsiz siit tozu,
peynir alti suyu proteini konsantresi ve ikisinin



Journal of Food and Health Science

Ozgo6ren and Yapar, 1(2): 103-108 (2015)

Journal abbreviation: J Food Health Sci

kombinasyonu) konsantrasyonlarinin artmasiyla
azalmustir. Pisme kaybi ise madde konsantrasyo-
nun artmasiyla artig gostermistir.

Dogrudan Eksik Olan Maddenin Eklenmesi

Gida zenginlestirilmesi ile yeme aligskanliklarinda
bir degisim meydana getirilmeden ve zenginlesti-
rilmemis gidaya gore %?2’den az bir maliyetle Ure-
tim saglanmaktadir (Dary ve Mora, 2002). Gida
zenginlestirilmesinde kullanilan diger bir yontem
ise dogrudan eksik olan maddenin gida bilesimine
ilave edilmesidir. Bu kapsamda 6zellikle vitamin
ve mineral maddeler ¢esitli gidalara ilave edilirken
makarnanin dogrudan protein ve diyet lifi ile zen-
ginlestirilmesi iizerinde durulmustur.

Protein igeriginin arttirilmasi i¢in yapilan bir ¢a-
lismada hardal protein izolatlariyla (HPI) %2.5,
%S5, %10 oranlarinda zenginlestirilen makarnalar
incelenmigtir. Kontrol érneginde protein miktari
%11.5 ilen %10 oraninda zenginlestirilen 6rnekte
%20.6’ya ¢ikmistir. Pisme Ozellikleri incelendi-
ginde pismis agirlik kontrol 6rneginde 31.4 g iken
HPI ilavesiyle azalarak %10 ilaveli 6rneklerde
26.5’e kadar diismiistiir. Pisme kayb1 HPI ilave-
siyle azalmistir. Yapiskanlikta ise HPI ilavesiyle
azalma meydana gelmistir. Sertlik degerleri kont-
rol érneginde 77 gf iken %2.5, %5 ve %10 HPI
ilaveli drneklerde 90 gf* ye yiikselmistir. in vitro
protein sindirilebilirligi ise kontrol drneginde %83
iken %10 HPI ilaveli rneklerde % 88.6° ya yik-
selmistir (Alireza Sadeghi ve Bhagya, 2008).

Sindirilemeyen frukto-oligosakkaritlerden olan
iniilin gida enddistrisinde yaygin olarak kullanil-
maktadir. Brennan ve dig. (2004)’nin yaptiklar
bir calismada makarnaya %2.5, %5, %7.5 ve %10
oraninda iniilin ilave etmislerdir. Iniilin ilavesi
arttikca kuru madde miktarinda artig, pisme kay-
binda artis, su absorbsiyonunda azalma, sisme in-
disinde azalma meydana gelmistir. Teksturel ana-
liz sonucunda indlin ilavesiyle yapigkanlik ve es-
neklikte bir degisim meydana gelmezken sertlik
degerinde azalma meydana gelmistir. Orneklerin
glisemik indeks degeri de incelenmistir. Iniilin ila-
vesiyle glisemik indeksin azaldigi gozlenirken,
kontrol o&rnegiyle kiyaslandiginda %2.5, %05,
%7.5, %10 iniilin ilavesiyle sirasiyla %2.3, %6.2,
%7.4, %15 oraninda azalma meydana geldigi be-
lirlenmistir. Nisasta tabiatinda olmayan polisakka-
ritlerin nisasta degradasyonunu engelledigi bu
yiizden karbonhidrat¢a zengin gidalarin sindirimi
sirasinda aciga c¢ikan seker miktarini degistirdigi
belirtilmistir.

Sonug

Makarna her yasta insan tarafindan sevilerek tiike-
tilen bir gida maddesidir. Ekonomik olmas1 ve
uzun siire depolanabilmesi, bu ¢ok sevilen gida
maddesine olan talebi arttirmaktadir. Yapilan ¢a-
lismalarda makarnanin besleyici 6zelliginin attiril-
masi ve gida bilesenleri bakimindan zenginlestiril-
mesinin yani sira tekstiirel ve duyusal 6zellikleri-
nin korunmasi da amaglanmaktadir. Bu amaci ger-
ceklestirmek icin farkli zenginlestirme kaynakla-
rinin arastirilmas1 gerekmektedir. Boylece hem
ekonomik hem de yiiksek besleyici degere sahip
bir gidanin iiretimi saglanabilecektir.
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