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Abstract:

The hepatoprotective activities of silk tofu made from
germinated and non germinated soybeans at different
doses of feeding against CCly induced hepatic cell tox-
icity in mice was investigated in this study. The hep-
tatoprotective activity was analyzed by assessing the
ratio of liver weight to body weight (L/B), the levels of
serum alanine aminotransferase (ALT), total cholester-
ols (TC), the hepatic malondehydyde (MDA), protein
carbonyl (PC) and vitamin C levels as well as the his-
topathological analysis of liver tissue. All types of silk
tofu significantly reduced the L/B value; ALT activity,
total cholesterol, hepatic MDA and PC levels, beside,
liver vitamin C content increased compared to CCl, in-
toxicated mice. Silk tofu made from germinated soy-
beans expressed higher hepatoprotective activity as
compared to silk tofu made from non germinated soy-
beans. Mice fed with silk tofu made from germinated
soybeans at the dose of 0.4 g/g body weight/day dis-
played all biochemical parameters as well as the liver
tissue histopathological analysis that were similar to
that of normal mice and silymarin treated mice. It was
suggested that tofu specially made from germinated
soybeans expressed great hepatoprotective effect.

Keywords: Liver injury, Carbon tetrachloride, Silk
tofu, Germination, Antioxidants
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Introduction

Chronic liver dysfunction or injury is one of the
most serious health problems and be considered
the major cause of human mortality in the world
(Wood, 2010; Abdel-Wahhab et al., 2011).
Chronic liver diseases were described clinically
through pathological processes of the liver, in-
volving a process of progressive destruction and
regeneration of the liver parenchyma. Finally, if
left untreated, these processes will lead to cirrhosis
and hepatocellular carcinoma (Hong et al., 2015).

Generally, liver injury is considered a result of ex-
posure to different environmental pollutants and
xenobiotics e.g., thioacetamide, paracetamol, car-
bon tetrachloride, alcohol, etc. (Lazerow et al.,
2005; Ashraf et al., 2012). These xenobiotic com-
pounds mainly damage liver by producing the re-
active oxygen species (ROS) that induce the tox-
icity by covalent binding and lipid peroxidation
(Geesin et al., 1990). Among these chemical hepa-
totoxins, CCl4 had been frequently used to induces
toxicity in rat liver which closely resembles hu-
man cirrhosis. It produces reactive free radicals
trichloromethyl radical (CCls) and a proxy tri-
chloromethyl radical (CCl30;) when metabolized
(Yang et al., 2015). CCl4 causes hepatocyte injury
that is characterized by centrilobular necrosis that
is followed by hepatic fibrosis (Yu et al., 2002).
Scavenging of free radicals by antioxidants could
reduce the fibrosis process in the tissues
(Thresiamma and Kuttan, 1996). Polyphenolic
compounds from food materials are known to be
excellent antioxidants in vitro because of the ca-
pacity to scavenge free radicals and protect anti-
oxidant defense (Latha et al., 1999). Beside, it is
preferable due to lack of serious adverse effects.

Tofu is a phenolic rich soybean product accepted
for consumption worldwide, mostly in Asian
countries (Wu et al., 2004). Tofu is rich in protein
and a good source of vitamins, minerals, as well as
antioxidants such as polyphenols, isoflavones, vit-
amins C and vitamin E (Poysa and Woodrow,
2002). It was also demonstrated to prevent aceta-
minophen-induced liver damage in rats (Yakubu
et al., 2013). A simple, efficiency and unexpen-
sive process to enhance important antioxidants
such as polyphenols, isoflavones, vitamin C and
vitamin E in soybean is germination (Kaushik et
al., 2010; Paucar-Menacho et al., 2010). Pro-
cessing tofu from germinated soybean should be
an effective mean to enhance the antioxidant com-

pounds in the product that have a beneficiary ef-
fect to consumers. To demonstrate this, the protec-
tive effect of tofu produced from germinated soy-
bean on the CCly induced chronic liver damage in
mice is investigated.

Materials and Methods
Germination of soybean seeds

Soybeans (Glycine max L., MTD 760 variety)
were supplied from Department of Agricultural
Genetic, College of Agricultural and Applied Bi-
ology, Cantho University.

Soybeans were cleaned and rinsed three times
with cleaned water before being soaked for 12
hours at ambient temperature. The soaked beans
were drained, rinsed and placed in a germination
cabinet, which watered the seeds every 4 hours
with cleaned water automatically, the time for wa-
tering was two minutes. The germination process
was carried out at 25°C in dark condition for 42
hours.

Silk tofu preparation

Briefly, the germinated and non—germinated soy-
beans were rinsed and ground with hot water (wa-
ter/dry weight of bean was 6/L, v/w) (Ndatsu and
Olekan, 2012) by the crushing machine, the slurry
was filtered through a three layers cheese cloth to
obtain soy milk. Soy milk was boiled for 5 minutes
and then cooled down 20°C. GDL (Glucono-delta-
lacton) 3g/L. was added and mixed well. The
soymilk was then filled to boxes, sealing them and
they were immersed in water bath at 90°C and 44
minutes for coagulation. The silk tofu products
were stored at < 5°C for 1 day to analyse the total
polyphenol content (TPC) antioxidant activities.

Determination of TPC and antioxidant activity of
silk tofu

Tofu samples were freeze dried to fine powder be-
fore analysing. The extraction procedure for ana-
lysing was carried out by method of Duong et al.
(2015).

Determination of the TPC

The TPC of tofus were estimated by Folin-Ciocal-
teu method (Jiang et al., 2013). The total phenolic
content of samples was expressed as milligrams
garlic acid equivalents per gram of dry matter (mg
GAE/g).
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Determination of antioxidant activity

Antioxidant activity of silk tofu extracts were as-
sessed by measuring their scavenging activity of
stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) rad-
ical. This procedure was described by Liu et al.
(2011). Percentage of radical scavenging activity
was plotted against the corresponding concentra-
tion of the extract (ug/mL) to obtain IC50 value in
mg/mL. The results were showed in Table 1.

Animals

Male white mice (Swiss albino strain) were ob-
tained from the Pasteur Institute, Ho Chi Minh
city, Vietnam. They were 5 to 6 weeks old (25—
30g) and were allowed free access to pellet diet
and water ad libitum to acclimatize for a week
prior to experimentation. Mice were housed in
plastic mesh cages in the laboratory of Department
of Pharmacology, Cantho University of Medicine
and Pharmacy, under ambient temperature and 12
h light and dark cycle.

Experimental design

Forty-two mice were divided into seven groups
(each group consisted 6 mice).

Group (1): Normal control group, animals were
treated with olive oil (10mL/kg b.w., o.p. three
days for once).

All other groups, mice were treated with 10mL
(CCl4 20% in oliu oil)/kg b.w., o.p. three days for
once. In addition, they would be treated simulta-
neously in different ways, as followings:

Group (2): Control positive group (mice

were treated with CCl, only).

Group (3): Control negative group, mice
treated oral doses of 16mg si-
lymarin/kg b.w. one hour after

CCl, toxicititation.

Group (4) and (5): Mice were fed with silk tofu
0.2g/g b.w./day (ST low) and
0.4g/g b.w./day (ST high) re-
spectively.

Group (6) and (7): Mice were fed with silk tofu
made from germinated soy-
bean 0.2g/g b.w./day (GST
low) and 0.4g/g b.w./day (GST
high) respectively.

The experiment was carried out during 6 weeks.
At the end of the experiments, blood and livers
were collected immediately after the animals were
sacrificed. Blood was determined the ALT and TC

in serum. The liver from each animal was deter-
mined the L/B, PC, MDA, vitamin C contents and
histology properties.

Determination of serum ALT and TC, liver PC,
MDA, vitamin C contents and histology
properties

Determination of serum ALT, TC and liver histol-
ogy property

Blood and liver samples were sent to Cantho Uni-
versity Hospital for analysing of serum ALT and
TC by ARCHITECT-Ci4100 machine (Abbott
Company, America) and hepatic histology prop-
erty. The degree of fibrosis was evaluated in the
liver tissue according to the Hepatitis Activity In-
dex (HAT) (Ishak et al., 1995) which scores of fi-
brosis were based on Knodell — Ishak scales from
0 to 22.

Determination of liver PC

The PC values were measured by spectrophoto-
metric method at the absorbance of 370 nm, using
dinitro-phenylhydrazine (DNPH) reagent (Levine
RL, 1990). Results were calculated as nanomoles
of carbonyl groups per milligram of protein
(nmol/mg protein). Total protein was determined
by Bradford assay (Bradford, 1976) that relies on
the binding of the dye Coomassie Blue G250 to
protein that has an absorbance maximum at 590
nm. The quantity of protein can be estimated by
determining the amount of dye in the blue ionic
form by measuring the absorbance of the solution
at 595 nm.

Determination of liver MDA

The MDA levels of liver tissue were carried out
using the modified method of Ohkawa et al.
(1979). MDA is a product of lipid peroxidation
that reacts with acid thiobarbituric (TBA) under
acidic conditions forming a pink complex that ab-
sorbs at 532 nm. Malonaldehyde bis (Acros—Bel-
gium) was used as the standard. The results are ex-
pressed as nmol/mg protein.

Determination of the liver vitamin C content

Vitamin C contents in liver tissue were determined
by the spectrophotometric method of George
(2003) that is based on the reaction with 2,4-dini-
trophenylhydrazine reagent. The optimum absorb-
ance of reaction product color was 520 nm. A
standard was prepared using of pure ascorbic acid.
The results are expressed as ug/mg protein.
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Statistical analysis

The data were submitted to analysis of variance
(ANOVA) by Portable Statgraphics Centurion
15.2.11.0 and were expressed as mean values and
standard deviation.

Results and Discussion

The L/B, serum ALT and TC values from seven
experimental mice groups were presented in Table
2. The MDA, PC and vitamin C contents in mice
liver tissues from these groups were showed in Ta-
ble 3. Histological examination of mice liver tis-
sues was displayed in Figure 1.

The L/B ratio were increased 60% in mice treated
with CCly (Control positive group) as compared to
that of control mice. Feeding mice with silk tofu
(ST low, ST high, GST low and GST high) re-
duced the L/B values to 8.3; 10.0; 13.6 and 23.7%
respectively. In which, the L/B values of mice
from ST high, GST low and GST high groups sim-
ilar to L/B value of mice treated with silymarin
(Control negative group), whose L/B value was re-
mained closing to L/B value of normal group (Ta-
ble 2).

Serum ALT increased 344% in mice treated with
CCls comparing to ALT of control mice. ALT
value of mice treated with silk tofu (ST low, ST
high, GST low and GST high) restricted the in-
crease in serum ALT (the decreasing 0of 46.7, 61.7,
61.0 and 70.9% respectively) as compared to that
of mice treated with CCls. Within them, tofu made
from germinated soybeans (GST low and GST
high) showed the higher effective in the ALT res-
toration. Specially, the ALT value in mice fed with
high dose (0.4g/g b.w./day) of silk tofu made from
germinated soybeans was similar to that of normal
control group and control negative group (Table
2).

A significant increase in serum TC levels (43.9%)
were observed in CCly treated mice, compared to

the control group. Four groups of mice fed with
silk tofu attenuated the increased levels of serum
TC that resulted from the treatment previously
with CCls. The TC value from mice group fed with
high dose of silk tofu made from germinated
soybeans was not significant different with TC
values from normal control group and control
negative group (Table 2).

In this study, CCls treatment markedly increased
(50.2%) the hepatic MDA level as compared with
the normal control group. Treatment with silk
tofus significantly reversed this change. MDA lev-
els in mice from ST low, ST high, GST low and
GST high groups reduced 9.6, 16.0, 15.9 and
23.5% respectively as compared to hepatic MDA
level of control positive group. The MDA value
from mice group fed with high dose of silk tofu
made from germinated soybeans was not signifi-
cant different with MDA value from control neg-
ative group (Table 2).

The present study detected a significant increasing
(64.9%) in liver PC content of the CCly treated
mice as compared to control mice. The PC levels
in four mice groups fed with tofu decreased signif-
icantly when compared with that of control posi-
tive group. Tofu made from germinated soybeans
also displayed as the more effective agents in the
reversion of the change in PC content caused by
CCl, toxication.

The level of vitamin C in liver of CCls control
group significantly decreased in comparison with
the normal control group (54.6%). After applica-
tion of silymarin as well as silk tofu as ST low, ST
high, GST low and GST high groups the increase
the levels of hepatic vitamin C by 101.0, 49.5,
74.9, 73.8 and 95.9% respectively, as compared to
that of CCly treatment group.

The results of liver histopathology from Figure 1
of seven Swiss albino mice groups were described
more detailed in Table 4.

Table 1. The TPC and IC50 values of silk tofus made from germinated and non—germinated soybeans

Silk tofu Silk tofu
(Germinated soybeans) (Non—germinated soybeans)
TPC (mg GAE/g d.w.) 3.39°+0.03 2.45%+0.09
IC50 (mg d.w./mL) 14.09°+0.12 15.37°+0.14

(Means +SD, the values showing different superscripts within a row are significant different at P<0.05)
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Table 2. The L/B, serum ALT and TC values of experimental mice groups

Groups L/B (%) ALT (U/L) TC (mg/dL)
1. Normal control group 3.30%+0.20 48.83%+0.02 105.51°+12.61
2. Control positive group 5.28°40.15 216.83£37.94 151.834£32.63
3. Control negative group 4.25%+0.47 58.83%£8.16 106.79%+7.97
4. ST low group 4.84%+0.49 115.67°+18.89 130.60°+8.94
5. ST high group 4.75%+0.44 83.00°+4.00 120.95%+3.15
6. GST low group 4.56%+0.71 84.50°+3.89 120.95%+3.15
7. GST high group 4.03°+0.35 63.17°+7.41 104.22°+4.23

(Mean sSD, the values showing different superscripts within a column are significant different at P<0.05)

Table 3. The liver tissue MDA, PC and vitamin C values of experimental mice groups

Groups MDA PC Vitamin C
(nmol/mg protein) (nmol/mg protein) (ng/mg protein)

1. Normal control group 7.77°+£0.65 5.04°+0.18 10.69°+0.81
2. Control positive group 11.67°+0.30 8.31°4£0.30 4.85°+0.47
3. Control negative group 8.58"+0.42 5.44°+0.44 9.75%+0.83
4. ST low group 10.559+0.52 7.38%+0.39 7.25°+0.18
5. ST high group 9.80°+0.17 6.75°£0.25 8.48°£0.41
6. GST low group 9.81°40.38 6.50°+£0.22 8.43°£0.33
7. GST high group 8.93%+0.38 5.22°+0.24 9.50°+£0.47

(Means +SD, the values showing different superscripts within a column are significant different at P<0.05)
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Table 4. Liver histopathology description and chronic hepatitis degrees of Swiss albino mice from
seven experimental groups

Groups Descriptions Scores Degrees of chronic
(HAI) hepatitis

(1) Liver tissues presented with normal histological struc- 0 No inflammation
ture, hepatocytes and venous sinusoids are arranged as
interconnected plates (Figure 1.A)

2) Appearing many inflammatory cells as well as necrotic 10 Moderate chronic
cells in the lobules, widening of portal area, the disar- hepatitis
rangement of hepatocytes and venous sinusoids around
the central lobules at serious level (Figure 1.B).

3) Necrotic cells could not be found in lobules, but there 3 Very mild chronic
was very little inflammatory and necrotic cells at portal hepatitis
area (Figure 1.C).

4) There was little inflammatory and necrotic cells in lob- 4 Mild chronic
ules and portal area (Figure 1.D). hepatitis

®)] Moderate appearance of necrosis in lobules and portal 8 Mild chronic
area, there was little inflammatory cells at portal area hepatitis
(Figure 1.E).

(6) Necrotic cells could not be found in lobules, but there 3 Very mild chronic
was very little inflammatory and necrotic cells at portal hepatitis
area (Figure 1.F).

@) There was little inflammatory and necrotic cells in lob- 4 Mild chronic
ules and portal area (Figure 1.G). hepatitis

CCly is a well known hepatotoxic agent and the
most remarkable pathological characteristics of
CCl, induced hepatotoxicity are fatty liver, cirrho-
sis and necrosis (Huo et al., 2011). It could result
in an increasing of blood content, to the dilatation
of central veins and sinusoids, swelling of hepato-
cytes resulted from the increase in water transport
in cells and fatty liver or due to the increase in ac-
cumulation of fat in hepatocytes. All of these rea-
sons could lead to increase in L/B of CCly treated
mice (Robins et al., 1979; Huo et al., 2011). In-
creasing in L/B coincides with many previous re-
sults from studying of hepatotoxicity on mice by
CCl4 (Domitrovi¢ et al., 2009; Huo et al., 2011).

It is well documented that CCls enhanced lipid
peroxidation (Abdel-Wahhab et al., 2006; El
Denshary et al., 2012). The CCly induces the
peroxidation of lipids that damage the membranes
of liver cells and organelles. This results in the
release of ALT that is found outside of the

mitochondria of the liver into the circulating blood
(Shankar et al., 2008) leading to increasing the
levels of liver enzymes (ALT). The rising in ALT
activity is almost always due to hepatocellular
damage (Ravikumar et al., 2005). Essawy et al.
(2012) reported that serum ALT of Swiss albino
mice treated with CCly at a dose level 1.9 mL/kg
b.w increased 328.8% when compared with ALT
value of control mice.

Distinct alterations in lipid metabolism have been
reported in CCls induced hepatotoxicity in rats
(Singhal and Gupta, 2012). The liver is the major
site for the synthesis and metabolism of
cholesterol (Yang et al., 2011). CCly increases the
transport of acetate into the liver cell, resulting in
increased acetate availability, for this reason, the
cholesterol synthesis from acetate was also in-
creased (Boll et al., 2001). Sarhan et al. (2012) re-
ported that TC levels in Sprague Dawley male rats
much higher after the treatment with CCls for 8
weeks.
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(H and E staining, magnification x 100)
Figure 1. Micrographs from representative liver tissues collected from mice from group (1) (Figure
1.A); group (2) (Figure 1.B), group (3) (Figure 1.C), group (4) (Figure 1.D), group (5)
(Figure 1.E), group (6) (Figure 1.F) and group (7) (Figure 1.G).

The result of the peroxidation of lipids induced by
CCly is the formation of MDA and its level in liver
tissue was assessed as an indicator of lipid
peroxidation in oxidative liver damage (Nielsen et
al., 1997). The present results in liver MDA
increasing of CCly treated Swiss albino mice are
consistent with previous study (Saad, 2013).
Another aspect as regards to oxidation of proteins.
Protein oxidation may play a role in the
pathogenesis of CCls induced liver injury (Sundari
et al., 1997) and the accumulation of oxidised
proteins in the liver may be an early indication of
CCly liver injury. The PC that is product from the
free radical-mediated oxidation of proteins
(Robinson et al., 1999), is widely used as a
indicator for measuring of oxidative damage (Luo
and Wehr, 2009). The advantage of using protein
carbonyl as a marker may be due to the relatively
early formation and stability of oxidized proteins
(Dalle-Donne et al., 2003). The result in the
increase of hepatic PC due to CCly treatment from

this study coincided with the results of Sundari et
al. (1997) in the model of chronic rat liver injury.

In the present study, the decrease in the liver vita-
min C level induced by CCl, indicated was de-
tected. CCl4 generated ROS causing the feed-back
inhibition or oxidative inactivation of enzyme pro-
tein leading the decrease antioxidants (such as
GSH) in plasma and tissue (Pigeolet et al., 1990).
This resulted subsequently in reduction of other
antioxidants such as ascorbic acid and aggravate
the cells to further damage (Al-Assaf, 2014).

The above changes related to CCly induced liver
injury expressed an indication of structural and
functional defects in liver cells that was proved in
histopathological examination (Figure 1.B and
Table 4). It was clearly established that necrosis
and inflammatory cells were observed in the liver
sections of animals treated with CCls. These
damages observed on the liver architecture were
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expression of moderate chronic hepatitis and they
might be associated with the production of
oxidative stress caused by CCl, intoxication.

Feeding mice with various forms of silk tofus (ST
low, ST high, GST low and GST high) had ten-
dency to reduce L/B, serum ALT and TC as well
as the hepatic MDA and PC values. However, the
vitamin C content increased and finally, the liver
injury was improved through the histopathological
examination (Figure 1.A, C, D, E, F and G). This
histopathological observation could be attributed
to the potent antioxidant activities of tofu polyphe-
nol compounds that are potent free radical scaven-
gers in the body system. Tofu made from germi-
nated soybeans showed greater effective than that
of tofu made from ungerminated soybeans in pro-
tection against CCl, induced hepatic toxicity. Es-
pecially, feeding mice with tofu made from germi-
nated soybeans at the dose of 0.4g/g b.w./day
(GST high) remained the biochemical properties
of mice liver as closing to that of mice from nor-
mal control group and mice treated with silymarin.
Interestingly, intact hepatic cell architectures were
observed in mice from this group and this normal
histological structure was similar to liver cell sec-
tions of the normal control and control negative
group (Figure 1.A, C and F).

Phenolic compounds in soybeans and soy products
were natural antioxidants which functions as a po-
tent neutralizer of free radical species in the body
and they acted against the liver damaging effects
of free radicals produced by CCl, (Yakubu et al.,
2013; Yakubu and Mohammed, 2016). Tejasari et
al. (2014) proved through both the histopathologic
observations and statistical analyses that the ad-
ministration of soy extract can provide protection
against mouse liver tissue damage where injury is
induced by CCls. Beside, the authors stated that
soys inhibit the initiation of both the extrinsic and
intrinsic apoptotic processes in pathways in
hepatocytes is what ultimately could play a role in
improving survival in conditions in a state of liver
injury (Tejasari et al., 2014).

Germination involves physiological changes,
synthesis and breakdown of macromolecules,
improving the digestibility and nutritive value of
soybeans (Fernandez-Orozco et al., 2008). This
process enhances levels of important antioxidants
such as polyphenols, isoflavones, vitamin C and
vitamin E as compared to ungerminated soybeans
(Paucar-Menacho et al., 2010). So, the potential of
free radical scavenging of germinated soybeans as

well as products from them were increased. In this
study, TPC content of silk tofu made from
germinated soybeans was 1.38 folds (Table 1)
higher than that of silk tofu made from non-—
germinated soybeans. So, IC50 value of silk tofu
made from germinated soybeans was lower than
IC50 wvalue of silk tofu made from non—
germinated soybeans (by 91.7%, Table 1). For this
reason, silk tofu from germinated soybean showed
the greater hepatoprotective effects as compared
to that of silk tofu from non—germinated soybeans.

Conclusion

The present study demonstrated that all silk
tofus exhibited hepatoprotective activity
against CCls4 intoxication in mice. The liver
protection ability of silk tofu may be associ-
ated with their free radical scavenging and an-
tioxidant capacities. Specially, silk tofu made
from germinated soybeans may be more effi-
cacious hepatopreventive agent. Therefore,
supplementation of tofu as well as food prod-
ucts made from germinated soybeans in our
diets can be highly recommended as it can be
used as a functional food to prevent liver in-

jury.
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Abstract:

Inulin is a soluble dietary fiber extracted by a washing
process mainly from chicory roots. In recent years, in-
ulin has been mentioned as an ingredient having an im-
portant application potential in various areas such as
chemical, food industry and pharmacy. Since there has
been a rising demand for consumption of healthier meat
products all over the world due to high and saturated fat
content of these products, it is important to suggest
healthier ingredients that have an ability to compensate
for fat replacement. There has been a growing increase
in number of studies on the incorporation of inulin in
the formulation of various meat products, due to the
positive impacts of inulin on textural, sensory and tech-
nological quality parameters compared to full-fat prod-
ucts, as well as it has beneficial effects promoting hu-
man health. In this review, we have chosen to briefly
highlight inulin in terms of its physico-chemical prop-
erties, health implications and potential applications in
meat products.
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Introduction

Inulin is a natural storage polysaccharide of vari-
ous plants which are mostly part of the Composi-
tae family including chicory, dahlia, and Jerusa-
lem artichoke. Inulin can also be produced by mi-
croorganisms including Streptococcus and Asper-
gillus species (Barclay et al., 2010; Glibowski and
Bukowska, 2011). Other natural sources of inulin
are yacon, asparagus, leek, onion, banana, wheat
and garlic (Shoaib et al., 2016). Among these
sources, in industrial production of inulin, chicory
is the most common source. The roots of chicory
look like small oblong-shaped sugar beets and
their inulin content is more than 70% on dry sub-
stance, which is fairly constant from year to year
(Franck, 2002).

The industrial production process of inulin in-
volves the extraction of the naturally occurring in-
ulin from chicory roots by diffusion in hot water,
followed by purification and then spray-drying.
High performance (HP) inulin is produced by re-
moval of the fraction that have low DPs (degree of
polymerization) after purification process
(Franck, 2002; Shoaib et al., 2016).

Inulin has been a part of our daily food intake for
centuries contributing to nutritional properties and
exhibits technological benefits (Shoaib et al.,
2016). Inulin is a prebiotic dietary fiber showing
excellent properties as a carbohydrate-based fat
substitute in relation to its ability to increase vis-
cosity, form gels, provide mouthfeel and texture,
and to increase water-holding capacity and thus
presenting a good application potential in various
food product formulations. Additionally, the in-
corporation of inulin in foods is known to reduce
the risk of many diseases in human beings thus
promoting health effects (Bodner and Sieg, 2009;
Barclay et al.,, 2010; Rodriguez Furlan et al.,
2014).

Chemical structure and physico-chemical
properties of inulin

Inulin polymer consists of a long chain made up of
2-60 fructose molecules, which are connected by
B-(2-1) bonds. The terminate fructose molecule is
linked with a glucose molecule by a-(1-2) bond
(Roberfroid, 1999, 2002; Bodner and Sieg, 2009).
The degree of polymerization (DP) and branches
have an effect on the functionality of inulin. Gen-
erally, while plant inulins are found to have chains
incorporating 2-100 or more fructose units, chain
length and polydispersity depending on plant spe-
cies, microbial inulin has much larger degree of

polymerization ranging from 10.000 to 100.000;
furthermore, a bacterial inulin is 15% more
branched than the plant inulin (Barclay et al.,
2010; Shoaib et al., 2016). When inulin is ex-
tracted from the chicory root, it comprises a family
of identical linear structures that differ in their de-
gree of polymerization, ranging from 3 to 60
(Bosscher et al., 2006). The chemical structure of
an inulin polymer is presented in Figure 1.
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Figure 1. Inulin polymer (a-D-glucopyranosyl-
[B-D-fructofuranosyl] (n-1)- D-fruc-
tofranoside) (Barclay et al., 2010).

Chicory inulin is a white, odourless powder with a
high purity and well-known chemical composi-
tion. The physico-chemical properties of standard
inulin and HP-inulin are presented in Table 1. In-
ulin has a bland neutral taste, without any off-fla-
vour or aftertaste. Although standard inulin has a
slight sweetness (10% compared to sugar), HP in-
ulin has not due to removal of the fraction with a
degree of polymerization lower than 10. Inulin
combines easily with other ingredients and mod-
erately soluble in water (Franck, 2002; Shoaib et
al., 2016). Glibowski and Bukowska (2011) re-
ported that in a neutral and alkaline environment,
inulin is chemically stable independently of pH,
heating time and temperature. However, chemical
stability of inulin decreases in an acidic environ-
ment at pH < 4 due to the heating time and tem-
perature increase, thus limiting inulin applications
in acidic foods, especially heated at temperatures
above 60°C.
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Table 1. Physico-chemical characteristics of chicory inulin (Franck, 2002).

Standard inulin

High performance (HP)

inulin

Chemical structure GF, (2<n<60) GF, (10 <n <60)
Average degree of polymerization 12 25
Dry matter (%) 95 95
Inulin/oligofructose content (% on DM) 92 99.5
Sugars content (% on DM) 8 0.5
pH (10 % w/w) 5-7 5-7
Sulphated ash (% on DM) <0.2 <0.2
Heavy metals (ppm on DM) <0.2 <0.2
Appearance White powder White powder
Taste Neutral Neutral
Sweetness (V. sucrose=100%) 10 % None
Solubility in water at 25°C (g/]) 120 25
Viscosity in water (5%) at 10°C (mPa.s) 1.6 2.4
Functionality in foods Fat replacer Fat replacer
Synergism Synergy with gelling Synergy with gelling

agents agents

The utilization of inulin as a bulking agent, in par-
ticular as a fat replacer, is aided by its ability of
water solubility. Parts of the molecular structure,
specifically the hydroxyl groups, are more able to
interact with water than other parts. This provides
inulin with some surfactant character and it is able
to form stable gels with water at concentrations of
13-50% (Barclay et al., 2010). When inulin is thor-
oughly dissolved in water or another aqueous lig-
uid, with a shearing instrument like a rotor-stator
mixer or high-shear homogenizer, it forms a parti-
cle gel network resulting in a white creamy struc-
ture (Franck, 2002; Shoaib et al., 2016). This
unique property leads inulin gels provide consid-
erable advantages, due to their similar textural
characteristics to fat, allowing it to be used to re-
place fat, resulting in low fat foods that are palat-
able and have good mouth feel (Barclay et al.,
2010). Franck (2002) emphasized that as far as fat
replacement is concerned, HP inulin shows about
twice the functionality of standard chicory inulin.
Furthermore, inulin was reported as an ingredient
working in synergy with most gelling agents such
as gelatin, alginate, k- and i-carrageenans, gellan
gum and maltodextrins (Franck, 2002).

Inulin gel is composed of a three-dimensional net-
work of insoluble submicron crystalline in water
(Garcia et al., 2006). The most critical factors for
gel formation of inulin are degree of hydrolysis,
concentration and heating temperature (Kim et al.,
2001; Garcia et al., 2006). Kim et al. (2001) stated
that gel formation could be a key step to produce

carbohydrate based fat substitutes including inu-
lin. In their study, they suggested that the heating-
cooling process of inulin formed gels with
stronger strength, smoother texture, more uniform
and smaller particle size as compared to that ob-
tained with a shearing process. In a study by
Ronkart et al. (2010), it was reported that gelling
properties of inulin-water systems were developed
and the viscosity was increased when submitted to
a microfluidization treatment, while the applied
high shear stress did not induce a chemical com-
position change of inulin.

Health implications of inulin

Prebiotics are short chain carbohydrates which are
capable of achieving the following criteria: (1) re-
sistance to gastric acidity and mammalian en-
zymes, (2) susceptibility to fermentation by gut
bacteria, and (3) ability to enhance the viability
and/or activity of beneficial microorganisms
(Bosscher et al., 2006; Al-Sheraji et al., 2013).
Galactooligosaccharides (GOS), fructooligosac-
charides (FOS) and inulin are the prebiotics most
commonly known. While GOS are non-digestible
and derived from lactose, inulin and inulin-type
fructans are known as soluble dietary fibers (Al-
Sheraji et al., 2013). The B-configuration of inulin
makes it non-digestible to hydrolysis by human di-
gestive enzymes, even those of the small intestine.
Thus, undigested inulin reaches the large intestine,
the most heavily colonized region of the gastroin-
testinal tract. Inulin is fermented by bifidobacteria
and a wide variety of compounds that affect the
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intestine and the systemic physiology is produced
(Kim et al., 2001; Garcia et al., 2006; Shoaib et al.,
2016).

Dietary inulin is known to inhibit development of
colon cancers in animal models. Similar tumor-in-
hibitory effects are seen with fermentation prod-
ucts of inulin, particularly the short chain fatty ac-
ids butyric and propionic acids, both of which in-
hibit growth of cancer cells ( Roberfroid, 2002;
Barclay et al., 2010).

Dietary inulin has been addressed to exert im-
mune-modulatory effects and induces differentia-
tion in several intestinal cell types to its effects on
the gut flora (Garcia et al., 2006; Barclay et al.,
2010). Lowering the pH value of intestine, inulin
provides assistance in relieving constipation and
increasing stool load or rate, which is known as
bulking effect (Shoaib et al., 2016). These modu-
latory effects of inulin possibly include indirect ef-
fects like changes in the composition of the intes-
tinal flora, and the promoted synthesis of short
chain fatty acids with immune-regulatory actions
(Barclay et al., 2010).

Inulin has also been mentioned to reduce risk of
cardiovascular diseases presumably by reducing
serum concentrations of the proatherogenic mole-
cule, p-cresyl sulphate, or by its favourable effect
on plasma cholesterol and glucose levels (Barclay
et al., 2010). One of the other impacts of inulin is
the potential to decrease the risk of high triacyl-
glycerol concentrations and blood lipogenesis,
thereby reducing the risk of atherosclerosis. How-
ever, the mechanism that how inulin actually af-
fects lipid metabolism in humans is still under dis-
cussion (Shoaib et al., 2016). An additional impact
of dietary inulin is increasing calcium and magne-
sium absorption and bone mineralization in young
adolescents (Roberfroid, 2002; Barclay et al.,
2010; Al-Sheraji et al., 2013).

Besides the mentioned positive effects of inulin,
the question is: are there any toxicity issues re-
garding this ingredient? Al-Sheraji et al. (2013)
stated that numerous animal and human investiga-
tion studies had been performed to assess the pos-
sible intolerance caused by inulin and oligofruc-
tose, and the only biological effects observed had
been attributed to their action as non-digestible,
fermentable carbohydrates causing self-limited
gastrointestinal distress (Barclay et al., 2010).
Bodner and Sieg (2009) suggested utilization of
lower doses of inulin in meat products to avoid di-
gestive tolerance problems (consumption of inulin

at levels higher than 4 g per serving can lead to the
formation of unpleasant amounts of gas). Thus,
depending on the fact that chicory fructooligosac-
charides do not increase morbidity or mortality or
cause reproductive or target-organ toxicity, these
compounds are not mutagenic, carcinogenic, or
teratogenic (Carabin and Flamm, 1999; Barclay et
al., 2010).

Application opportunities of inulin in meat
systems

Meat is a major source of high biological valued
proteins and valuable nutrients. Besides essential
amino acids and nutritive factors of high quality
and availability; meat can be seen as an important
source of many health-promoting compounds like
peptides, bioactive hydrolysates, connective tissue
components, nucleotides, phytanic acid, conju-
gated linoleic acids and antioxidants (Olmedilla-
Alonso et al., 2013; Young et al., 2013; Hygreeva
et al., 2014; Angiolillo et al., 2015). However,
meat and meat products are also associated with
nutrients and nutritional profiles often considered
unfavorable including high levels of fat and satu-
rated fatty cholesterol, sodium and caloric con-
tents (Decker and Park, 2010; Hygreeva et al.,
2014), which can increase the incidence of coro-
nary heart disease, obesity, high blood cholesterol
and certain types of cancer (Felisberto et al.,
2015). Therefore, there has been a growing ten-
dency to investigate the development of healthier
meat product formulations. Some of the most in-
vestigated issues in relation to meat consumption
and health aspects are means of reducing for-
mation of unhealthy compounds like heterocyclic
aromatic amines, reducing fat and cholesterol con-
tent and/or modification of lipid composition, re-
ducing sodium nitrite and phosphate content, and
incorporation of healthy ingredients like prebiot-
ics, probiotics, synbiotics, vitamins and antioxi-
dants (Olmedilla-Alonso et al., 2013; Young et al.,
2013).

Fat is one of the essential components of meat
products which contributes to the texture and fla-
vour and increases the mouthfeel and juiciness,
meanwhile it is responsible for cooking yield and
characteristic aroma (Garcia et al., 2006; Choi et
al., 2013). Therefore, fat reduction implies techno-
logical and commercial problems in the manufac-
ture of meat products with modified texture and
sensory characteristics (Garcia et al., 2006). It is
of great importance that the ingredients used for
fat replacement could compensate for the altera-
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tions in quality parameters of low-fat meat prod-
ucts. Utilization of non-meat binders obtained
from protein and carbohydrate sources is a com-
mon strategy for fat replacement in meat product
formulations, which could mimic the behaviors of
fat by increasing water binding, emulsification,
gelling and thus improving product yield, texture
and sensory quality (Brewer, 2012).

Inulin is currently used in several food systems as
it can enhance the rheological and textural proper-
ties, improving the water-holding capacity and
emulsion stability as a fat substitute and energy-
reducing agent (Alvarez and Barbut, 2013). Inulin
is considered to be a functional food ingredient
and its utilization in food products include fat re-
placement and substitution (meat products, milk
products, sauces, candies, etc.), reduction of ca-
loric value (sugar-free chocolate, meat substi-
tutes), water-holding ability (bakery goods), emul-
sification (margarine) and generally it is used to
modify the texture and viscosity of foods (Franck,
2002; Garcia et al.,, 2006; Glibowski and
Bukowska, 2011; Shoaib et al., 2016).

The utilization of inulin can be considered a viable
way to replace or reduce animal fat in meat prod-
ucts, by means of using natural ingredients as fat
replacers (Bodner and Sieg, 2009; Alvarez and
Barbut, 2013). Inulin is mentioned as a promising
ingredient that could minimize the sensory and
texture modifications caused by fat reduction,
while contributing to the physiological benefits as
a dietary fiber (Garcia et al., 2006; Bodner and
Sieg, 2009). Since inulin has the ability to form a
stable gel network, it presents the advantage of be-
ing used to mimic some textural properties of fat
and contributes a smooth, creamier and juicier
mouthfeel when applied to low-fat meat product
formulations (Frank, 2002; Bodner and Sieg,
2009). At the same time, inulin contributes few
calories to the products, approximately 1 to 1.5
kcal/g (Coussement and Franck, 2001). Angiolillo
et al. (2015) also stated that inulin have a neutral
taste and is stable over a wide range of pH and
temperature; thus presenting a great potential to be
used for food applications. Bodner and Sieg

(2009) reported that in technological applications
of inulin in meat systems, two usage strategies are
possible: Pre-activation in water or addition at the
beginning of the bowl chopper process. In case of
utilization of crystalline inulin, 24 h are required
for complete gelling.

Recent research on inulin incorporation in various
meat product formulations is summarized in Table
2. The results of the studies so far have indicated
that inulin has a great potential, improving overall
quality of meat products. As could be seen in Ta-
ble 2, in various emulsified, minced and fermented
meat products, inulin was reported to provide ad-
vantages on reduction of animal fat meanwhile en-
hancing textural, sensory and technological qual-
ity parameters. In emulsified meat products, inulin
could successfully enhance emulsion stabilization
and cooking yield (Alverez and Barbut, 2013;
Keenan et al., 2014) and protected texture and sen-
sory parameters (Huang et al., 2011). In dry-fer-
mented products, inulin was effective to cover
physical, chemical, microbiological or sensory at-
tributes during storage (Menegas et al., 2013).

In spite of all these advantages, some technologi-
cal issues have been mentioned regarding the uti-
lization of inulin. It was noted that inulin could re-
sult in a white exudate in vacuum-packaged frank-
furters during storage, meaning that it was not
fully capable of immobilizing water for the dura-
tion of shelf life. According to the researchers,
based on its molecular weight and particle size, in-
ulin responds to the osmotic pressure and migrated
from the meat batter into the purge. To avoid this
scenario, it was suggested to use lower doses of
inulin in combination with other high water-hold-
ing fibers, such as wheat or citrus fiber (Bodner
and Sieg, 2009). Angiolillo et al. (2015) found that
in meat burgers using FOS and inulin with the oat
bran decreased the cooking loss and shrinkage,
due to the increased water binding properties of
oat fiber combined with FOS and inulin.
Felisberto et al. (2015) also suggested simultane-
ous addition of prebiotic fibers and cassava starch
in meat emulsions, due to avoid low stability in the
treatments containing inulin.
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Table 2. Recent studies on utilization of inulin and supplementary ingredients in various meat products

Ingredient(s) Research ma- Research highlights Reference
terial

Wheat fiber, oat ~ Chinese-style v The type and amount of dietary fiberused Huang et

fiber and inulin sausage did not change chemical composition, colour and al., 2011

total plate counts.

v' Addition of wheat and oat fibers hard-
ened the texture, while added inulin did not influ-
ence the texture of the sausages.

v' The sausage groups with added inulin
had positive scores in sensory characteristics,
showing no significant difference from the con-

trol group.
Inulin, B-glucan ~ Cooked meat v' Powdered inulin enhanced cook yield Alverez
and their mix- batter and provided advantages in emulsion stabiliza- and Bar-
tures tion, while emulsions containing gel inulin re- but, 2013

sulted in creamy and softer characteristics.

v' Appropriate addition of inulin and B-glu-
can showed synergistic effects compensating for
some of the changes brought about by fat reduc-
tion, and maintained several of the textural char-

acteristics.
Inulin and corn Dry-fermented v The addition of inulin did not change the Menegas
oil chicken sau- physicochemical and microbiological parame- etal., 2013
sage ters.

v" Inulin resulted in an altered texture pro-
file and a tendency toward lighter and reddish
coloration.

v' Sausages with corn oil and inulin re-
mained stable without a loss of physical, chemi-
cal, microbiological or sensory attributes during

storage.
Inulin Breakfast sau- v" Increasing inulin inclusions decreased Keenan et
sage cook loss and improved emulsion stability, but al., 2014

also resulted in greater textural and eating quality.
v' Hardness values increased with increas-
ing inulin concentration, with panellists also scor-
ing products containing inulin as less tender.
v' Acceptable sausage formulations with
low fat content were produced, which would con-
tain sufficient inulin to deliver a prebiotic health

effect.
Inulin and bo- Minced meat v' A fat reduction of 20-35% was supplied Rodriguez-
vine plasma pro- with products enriched with proteins and inulin. ~ Furlan et
teins v" No change was observed in color, flavor al., 2014

or taste among the samples.

v In sensory test, the combination of
plasma protein and inulin had the best acceptabil-
ity with respect to consistency.

v' Plasma protein and inulin usage de-
creased fat drain from the emulsion.
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Fruktooligo sac-  Meat burger v' Combinations of both FOS and inulin, re- Angiolillo
charide (FOS), spectively combined with oat bran minimized the et al., 2015
inulin and oat loss of prebiotic compounds during cooking of
bran the meat burger samples.
v Addition of prebiotic in presence of foam

enriched with oat bran improved the technologi-

cal and sensory characteristics, giving products

that appear to be very prized.
Inulin, FOS, pol- Meat emulsion v Low emulsion stability was observed, Felisberto
ydextrose, and mainly in the treatments containing inulin and et al., 2015

resistant starch

polydextrose.

v' A compact and dense network was ob-
served in microstructure in formulations contain-
ing inulin, due to its chain length, which could

also affect the organoleptic properties.

v' The simultaneous addition of a partial
level of cassava starch and the prebiotic fibers
was suggested to improve stability.

Conclusion

Today there has been a rising attention paid to spe-
cific types of beneficial ingredients like dietary fi-
bers as the consumers are becoming more and
more health conscious about foods. Inulin is one
of these fibers offering positive effects in terms of
product quality and health issues. Although the
role of inulin as a nutritional and health beneficial
ingredient has been explored in various re-
searches, we specifically focused on its usage as a
functional ingredient in meat product formulations
within this review. Inulin presents excellent ad-
vantages in different meat products especially in-
corporated with other non-meat binders, and the
impacts on quality attributes are mainly related
with its physico-chemical properties. In connec-
tion with these data, further research is needed re-
garding meat product quality associated with inu-
lin characterization and interactions with other
compounds. In addition, since today there has
been a rising demand on natural food ingredients,
it is important to perform further research on the
direct utilization of alternative natural sources of
inulin, such as Jerusalem artichoke in meat prod-
uct formulations.
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Abstract:

Parasitic infections related to the consumption of raw
or uncooked seafood products have always been a con-
cern for the consumers and for seafood economy. Ani-
sakiasis is a serious zoonotic disease related with a wide
range of syndromes in humans caused by member of
Anisakidae. In last decade, an increasing number of
anisakiasis disease have been reported, and this has
been connected to the increase of globalized eating hab-
its, ready to eat practices, the trend to avoid excessive
cooked foods for nutrient preservation, consumption of
fresh seafood for health reasons. Raw or slightly
cooked ready-to-eat seafood products such as mari-
nated, salted and cold smoked fish products, sushi and
sashimi are the tool for transmission of Anisakis spp.
larvae to human gastrointestinal system. As well as the
factors that have yielded to an increase of the Ani-
sakiasis cases, public health issues, anisakiasis symp-
toms, and methods to kill the Anisakis spp. larvae such
as freezing, cooking, salting, marinating, irradiation,
high hydrostatic pressure and chemicals have been re-
viewed in this study.
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Introduction

Parasitic infections regarding the eating of raw
and uncooked seafood products have always been
a concern for the consumers and for economy. In
the last decade, there has been an increased num-
ber of reports regarding infections and/or allergic
reactions in consumers owing to the increased
awareness of doctors and an increased prevalence
of these parasites in fish (Pozio, 2013). The main
origin zoonoses related with the consumption of
raw and uncooked seafood products are mainly
due to the trematodes, cestodes and nematodes.
Among the last mentioned, the anisakis species are
the most common parasites from a sanitary way of
thinking, since they are capable of inducing pa-
thologies in consumers (Chai, Murrell, &
Lymbery, 2005). Anisakiasis is a disease caused
by nematodes having larval stages in aquatic
hosts. The one of main nematode known to has
caused disease in humans is Anisakis simplex
(Beldsoe & Oria, 2001). Nematode of the genera
Anisakis is parasite of sea mammals at the adult
stage and of fish and cephalopods at the larval life
stage (Anastasio et al., 2016; Pozio, 2013). Para-
sitic nematode, Anisakis simplex, reachs sexual

maturity in the intestinal tract of marine mammals.
The life cycle of anisakis species is shown at Fig-
ure 1. The life cycle of Anisakis spp. starts in the
feces of an infected marine mammal (1). Marine
mammals excrete unembryonated eggs (2). Eggs
become embryonated in water and L2 larvae stage
form in the eggs (3). After the L2 larvae hatch
from eggs, they become free swimming. Free-
swimming larvae are ingested by crustaceans and
they mature into L3 larvae form (4). Infected crus-
taceans are eaten by fish such as rockfish, herring,
mackerel, salmon and anchovy or squid (5). After
the the host’s death, larvae move to the muscle tis-
sue, and through predation, the larvae are trans-
ferred from fish to fish this ways (6). Marine mam-
mals such as dolphins, seals or humans may be-
come infected from consuming the infected inter-
mediate host (7). In humans, these worms do not
mature, but the worms can migrate from the gas-
trointestinal tract, becoming embedded in the gas-
trointestinal mucosa and yielding tissue reaction
and discomfort that is, gastric pain, diarrhea, vom-
iting (Beldsoe & Oria, 2001).

Figure 1. Life cycle of Anisakis spp. parasites.
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The identification of Anisakis species is very dif-
ficult owing to the limited species-specific differ-
ences in morphological characters. Moreover,
these differences are only visible in the matured
worm and not in the larvae (Mattiucci et al., 2007).
The larvae must have a size that makes them de-
tectable and must be clearly differentiable from
the tissues of the fish, even in the absence of opti-
cal instruments. In the literature, only two species
were determined responsible for zoonotic forms:
Anisakis simplex, known as “herring worm”, and
Pseudoterranova decipiens, known as “cod
worm”. However, the molecular studies based on
genetic markers have reported that many mor-
phospecies of Anisakis and Pseudoterranova in-
clude a certain number of sibling species with
identical morphology, but different genetic make-
up and geographical location. Currently, nine spe-
cies of the Anisakis genus and six of the
Pseudoterranova genus have been detected
(D'amico et al., 2014).

Public health problems

Humans could become host if they eat raw, mari-
nated or uncooked seafood that is infected at least
one L3 viable which may then cause to a severe
pathology, named as ‘Anisakiasis’ (Bao, Garci,
Antonio, & Pascual, 2013). In general, anisakis
larvae may be responsible for four forms of symp-
toms in consumers: gastric (i), intestinal (ii), ec-
topic (iii) and allergic (iv) symptoms. Additionally
Anisakis simplex is now related with occupational
seafood allergy (Audicana & Kennedy, 2008).

It known that anisakis nematodes could not be host
at the larval life stages. It means that wide range
of fish species can play a role as intermediate or
host. Larval anisakis can infect through aquatic
species by means of predation and may be trans-
ferred to larger predator. So, different aquatic spe-
cies may play an important role in the spread of
anisakis in the aquatic environment. Different
aquatic species could be main source of infestation
in humans, mammals and piscivorous birds
(Shamsi, 2014). There is controversy about the ef-
fect and pathogenicity of anisakis worms on
aquatic mammals and birds. While some research-
ers believe that infections with anisakis nematodes
are not serious in aquatic mammal hosts (Geraci &
Aubin, 1987), others have remarked that anisakis
can be harmful in the alimentary tract of aquatic
mammals (Abollol, Lopezz, Gestall, Benaventez,
& Pascual, 1998; Jefferies, Hanson, & Harris,

1990). Anisakis have also been determined in ter-
restrial mammals, such as dogs and pigs, which
are fed fish contains anisakis larvae with patholog-
ical changes resembling those found in aquatic
mammal final hosts but differing in some aspects,
such as in fewer macroscopic granulomata in pigs
(Shamsi, 2014).

Over the last 30 years, there has been an increase
in the reported prevalence of anisakiasis through-
out the world. This increase may be due to a higher
infection of captured fishes, improvements in the
diagnosis of disease and the incorporation of for-
eign eating habits (Japanese sushi and sashimi) to
food culture, and other typical seafood origin un-
cooked seafood snacks food dishes (marinated an-
chovies, etc.) (Bao et al., 2013). Several cases of
infection have been reported in countries in which
the consumption of uncooked fish is common (e.g.
sushi in Japan, cod liver in Scandinavia, marinated
fish Mediterranean countries), with a variety of
clinical manifestations. Epidemiologically, A.
simplex infections have been reported globally,
with a marked prevalence in Japan. Indeed, Japa-
nese cases alone account for more than 90% of all
anisakiasis case reports (Hochberg, Hamer,
Hughes, & Wilson, 2010), and some other cases
are reported in Europe, in USA, and in Australia
(Anastasio et al., 2016; Bucci et al., 2013; Cipriani
et al., 2016; D'amico et al., 2014).

A recent survey of patients with generic gastroin-
testinal disorders in the United States reported that
these symptoms were ascribable to parasitic dis-
eases of aquatic origin, with such a frequency re-
quiring preventive controls throughout the na-
tional territory (Hochberg et al., 2010). In Europe,
the estimated incidence is almost 0.038% and
most of the diseases have been reported in Spain,
Italy, France, Netherlands and Germany (D'amico
et al., 2014). Studies indicated that A. simplex was
found in 39.4% of the fresh mackerel and 55.6%
of blue whiting fish examined from different fish
markets in Spain. In Italy, a few cases have been
reported, particularly in related with the consum-
ing of marinated anchovies (Bucci et al., 2013).
The exact incidence is difficult to establish, but it
seems to average 20 cases per country per year. In
France, a report in 2003 estimated an incidence of
6 cases every year (D'amico et al., 2014).

The anisakiasis disease in developing countries
such as Turkey has also not been considered to be
a matter of great importance. Although there are
some cases regarding occurrence of Anisakis spp.
in fish, there is no report of human anisakiasis case
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in Turkey. Studies showed that anisakis larvae
commonly parasitized a great variety of fish from
in Aegean and Mediterranean Sea coast of Turkey,
excluding Black Sea, similarly to data reported in
a number of surveys performed in most of the
Mediterranean Sea along the European and Afri-
can coasts (Keser et al., 2007; Meloni et al., 2011;
Pekmezci et al., 2014; Serracca et al., 2013).

The factors that have led to an increase of the Ani-
sakiasis cases over the past 30 years are many and
interdependent. The food scares crises, for exam-
ple the “mad cow disease” and the “avian influ-
enza”, which have shifted the orientation of con-
sumers' attention towards proteins of aquatic
origin, have increased the consumption of fishery
products. Another factor to be taken into consider-
ation is that the spread of ethnic food on the West-
ern tables has led to the availability of a variety of
Oriental dishes, especially Japanese (sushi), char-
acterized by preparations of raw seafood. In fact,
many Japanese restaurants are not really authentic,
but managed by workers of different ethnicity, es-
pecially Chinese. These latter tend to increasingly
convert their restaurant activities into Sushi Res-
taurants, offering cheaper products, often at the
low quality. However, the lack of an exact
knowledge on the microbiological and parasitic
risks regarding dishes based on raw fish could lead
to an inappropriate manipulation and treatment of
the raw materials. (D'amico et al., 2014).

Symptoms of Anisakiasis

Human anisakiasis can be several forms. Clini-
cally, following its penetration in the human gas-
trointestinal tract, A. simplex can cause gastroin-
testinal (classified as acute, chronic, or ectopic re-
actions) or allergy symptoms. The clinical symp-
toms vary depending on the organ infected and
which Anisakis spp is ingested (Bucci et al., 2013).

The acute symptom typically involves the stomach
and is characterized by abdominal pain, vomiting,
and nausea within hours of the ingestion of Ani-
sakis spp. contaminated food, mimicking an acute
abdominal syndrome. In this type, an upper endos-
copy performed within 12 h of the ingestion of lar-
vae is essential to allow the localization and re-
moval of A. simplex with a complete resolution
(Sugimachi, Inokuchi, Ooiwa, Fujino, & Ishii,
1985). The chronic symptom is due to the locali-
zation of A. simplex in the intestinal wall. Typi-
cally, symptoms continue several months, with
mild cramping abdominal pain, losing weight, and
diarrhea, and it may be difficult to diagnose. A

subtype of this form is determined by the migra-
tion of the larvae beyond the gastrointestinal wall,
with the localization of the worm in the peritoneal
cavity or in solid or hollow organs, causing symp-
toms related to the involved organ (Bucci et al.,
2013).

The allergic symptoms occur within several hours
of after the consuming of contaminated fish. In
gastro-allergic anisakiasis reactions may take
place as secondary immune response after a previ-
ous infestation by live larvae. There is an ongoing
discussion about whether primary sensitization by
antigens from dead larvae can also happen. Four
clinical allergic symptoms (gastric, intestinal, ec-
topic, and systemic) have been associated with
Anisakis spp., and reactions may rely on the route
of sensitization (Faeste et al., 2014). Several cases
of anaphylactic shock, hypersensitivity reactions,
urticaria, and angioedema have been represented
in word association with the consuming of or re-
exposure to contaminated fish (Bucci et al., 2013).

Most cases of anisakiasis around the world are be-
cause of the Anisakis or Pseudoterranova larval
types (Shamsi, 2014). In Japan, it takes places
most commonly as a gastric infection, while intes-
tinal disease is more prevalent in Europe. In the
United States, a recent report indicated that these
symptoms were ascribable to parasitic diseases of
fish origin, with such a frequency requiring pre-
ventive controls throughout the national territory
(Hochberg et al., 2010). The Australian case of
anisakiasis is due to Contracaecum larval type.
Symptoms such as vomiting, diarrhea, sore throat,
abdominal pain, nasal congestion, rhinorrhoea and
cough I continue about 3 weeks until a larva is
moved in a bowel motion Human infestations take
place after consuming a infested seafood such as
mackerel (Shamsi, 2014).

The endoscopic removal of the living larvae from
the gastrointestinal wall is known as medical treat-
ment of acute type of Anisakis worms. Conver-
sely, the treatment of chronic and ectopic ani-
sakiasis depends on the medical complications
produced by the larvae, ranging from the need for
surgical removal of the granuloma to the use of
steroids to reduce local inflammation. Unfortu-
nately, there is no effective pharmacological treat-
ment to kill the larvae after eaten. The only pro-
tection against Anisakis spp. is the frozen storage
and properly processing of seafood (Bucci et al.,
2013). Most cases of anisakiasis have been related
to the consumption of raw or uncooked seafood
made with anchovy (Anastasio et al., 2016;
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D'amico et al., 2014), salmon (Bao et al., 2013),
herring (Cipriani et al, 2016), mackerel
(Pekmezci, 2014), sardine (Rello, Adroher, &
Valero, 2008), bonito/skipjack (Soewarlan,
Suprayitno, & Nursyam, 2014), hake (Mattiucci,
Abaunza, Ramadori, & Nascetti, 2004), mullet
(D'amico et al., 2014), whiting (Llarena-Reino,
Gonzalez, Vello, Outeirifio, & Pascual, 2012), sea
bass (Bernardi et al., 2011). Anisakis spp. includ-
ing Anisakis simplex and Pseudoterranova decip-
iens are widespread in the raw or uncooked sea-
food products including marinated (Karl,
Roepstorff, Huss, & Bloemsma, 1994), salted
(Van Mameren & Houwing, 1970) and smoked
(Beldsoe & Oria, 2001) fish products.

Inactivation methods of the parasites
Freezing

The current European Union ruling on food hy-
giene (the so called ‘‘Hygiene Package”) takes
into consideration the risk of the presence of para-
sites in fish products, and permits the consumption
of fresh products only when they have been made
safe through freezing (-20 °C at the center of the
product) or with other methods of proven efficacy,
such as hot smoking at over 60 °C or acidic mari-
nating treatments sufficient to kill any parasites
present (Reg. 853/2004, Section VIII, Chap. III,
point D) (Brutti et al., 2010). Unlike bacteria,
molds, and viruses, most parasites are easy to de-
stroy by holding the raw material or finished prod-
uct at freezing temperatures for a specified period
of time; of course, this is dependent upon the core
temperature of the food stuff (Beldsoe & Oria,
2001). The time required to reach the intended
core temperature and fat content of the fish may
affect the treatment. With regard to the type of par-
asite involved, some cestodes are more sensitive
to freezing treatment than trematodes. According
to the U.S. FDA, in order to inactive the nematode,
the product may be subjected to various types of
preventive treatments, which provide different
time/temperature combinations, including:

i-  Freezing at-20 °C followed by a storage min-
imum 7 days at -20 °C (or lower);

ii- Freezing at -35 °C (or lower) followed by a
storage at -35 °C (or lower) for 15 h;

iii- Freezing at -35 °C (or lower) followed by a
storage at -20 ° C (or lower) for 24 h.

Freezing, as a preventive treatment, is a procedure
expressly required by law and, according to the

provisions about the correct information to con-
sumer; the data regarding the process have to ac-
company the product up to the retail sale. How-
ever, this information is usually neglected, espe-
cially in catering and food service. Defrosted fish
yield a mistrust among consumers, showing a re-
luctance to purchase and consume it. In this re-
gard, “defrosted” term should not be served on
fishery and aquaculture products subjected to a
preventive treatment for food safety and health
purposes (D'amico et al., 2014).

Salting and Marinating

Although A. simplex are sensitive to salt, the high
salt concentrations and times needed for its elimi-
nation make salting an inadequate method of inac-
tivation (Beldsoe & Oria, 2001). Some European
countries, such as Spain and France, have deter-
mined the technical conditions of salting and
acidic marinating to kill the larvae of the parasite,
thus excluding the preventive freezing of the prod-
ucts. In Spain, the Scientific Committee of
AESAN, asserted that freezing is not necessary for
those fishery products that reach a concentration
of NaCl above 9% for at least six weeks, between
10 and 20% for four-five weeks or more than 20%
for at least three weeks. With regard to salting, the
French Food Safety Agency (AFSSA), reported
that in traditional preparations and for small quan-
tities salinity levels of 20% result in the inactiva-
tion of the parasite within 21 days, while concen-
trations of 15% require 28 days. AFSSA also indi-
cated that, according to some scientists, fish mari-
nated with 10% acetic acid and 12% salt, main-
tained for 5 days at 4 °C, are not hazardous to
health as well as marinated seafood products
within 12% salt and 6% of acetic acid for 13 days
at 4 °C (D'amico et al., 2014).

In the last decade some novel techniques were de-
veloped in order to inactivate anisakidae larvae in
seafood products, such as irradiation and high hy-
drostatic pressure even if these methods have
showed some negative effect on sensorial proper-
ties of these products (Giarratana, Muscolino,
Beninati, Giuffrida, & Panebianco, 2014).

Irradiation

The freezing treatment can also be shifted by ei-
ther irradiation or treatments with high pressures.
Irradiation of seafood is an effective method of in-
activating nematodes. Earlier studies reported that
in order to inactive Anisakis spp. in salted herring,
doses of as high as 6 to 10 kGy were necessary
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(Mameren & Houwing, 1968). Similarly, A. sim-
plex larvae was found to be highly resistant to ir-
radiation doses of 2 kGy or 10 kGy in another
study (Beldsoe & Oria, 2001). Unfortunately, the
irradiation treatment procedure used to kill the
nematodes seems to induce negative changes in
the organoleptic characteristic (Farkas, 1998). In
addition, in the EU the use of ionizing radiation
for seafood products is not approved by most of
the Member States (D'amico et al., 2014).

High Hydrostatic Pressure

High hydrostatic pressure has been used for treat-
ing food to extend its shelf life and has been indi-
cated to inactive Anisakis spp. larvae, although
the common usage of high hydrostatic pressure
technology in food have been to inhibit endoge-
nous enzymes and inactivate microorganisms
(Vidacek, de las Heras, Solas, Rodriguez Mahillo,
& Tejada, 2009). The hydrostatic pressure re-
quired to inactive Anisakis spp. larvae is generally
much lower than that used for inactivating the mi-
croorganisms. Pressures of 200 MPa for 10 min
and 207 MPa for 3 min were reported to kill 100%
isolated Anisakis spp. larvae and larvae in fish
muscle (Molina-Garcia & Sanz, 2002). Regardless
of'its effect on the larvae, hydrostatic pressure may
yield some negative sensorial and functional
changes in the fish muscle, perceived as changes
in texture, color and lipid oxidation, which will
differ according to the pressure/time conditions
applied (Vidacek et al., 2009).

Chemical or Natural Additives

Concerning chemical additives, only the hydrogen
peroxide was recognized for its effect against Ani-
sakis spp. larvae, although its use it is not allowed
in the European Community. Recently, several
studies had reported a significant effect against the
L3 larvae of Anisakis spp. exerted by various nat-
ural products including essential oils of different
terrestrial plants such as thyme (Thymus vulgaris),
chamomile (Matricaria chamomilla), tea tree
(Melaleuca alternifolia), peppermint (Mentha
piperita), (Barros et al., 2009; del Carmen
Romero, Valero, Martin-Sanchez, & Navarro-
Moll, 2012; Giarratana et al., 2014; Hierro et al.,
2004).

Conclusion

Surveillance of anisakiasis and monitoring of Ani-
sakis spp. over decades has demonstrated that sea-
food related parasite has become a major contrib-
utor to human fish-borne disease because of its
hospitalization rates related to the organism’s in-
vasive qualities. Food attribution studies com-
bined with data from food research, risk assess-
ments and scientific expert opinion may help to
determine where the greatest risks are for ani-
sakiasis. The scientific data produced are useful as
specific inputs for shelf life at manufacturing and
information for consumers around food choice, es-
pecially for susceptible populations. However,
due to the ready to eat and snack food types and
consumption patterns differ around the world,
Anisakis spp. inspection and control researches
may need to be performed on regional basis. Most
of the countries have established parasites regula-
tions, industry guidance documents, and consumer
educational practicing strategies but impact are
still so low. At present, anisakiasis diseases seem
to be a lower priority compared to other public
health problems but its surveillance in many parts
of the world is very limited. The seafood-borne
parasitic diseases are of great importance for pub-
lic health, and the above-mentioned precautions
should be taken before serving of raw or uncooked
seafood to consumption. It suggests that the criti-
cal control points at the Hazard Analysis Critical
Control Point (HACCP) programmer should be
properly reviewed to reduce the risk of anisakis in-
duced allergies for seafood consumers.
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investigated. For this purpose, total volatile basic nitro-
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spoilt on the 6 months at cold storage. TBA-i, FFA
and PV of fatty oxidation parameter showed similarity
in both groups of samples. Microbiological findings did
not exceed limit values during storage in both groups.
When comparing two types of packaging, it is con-
cluded that the active package, which is a new ap-
proach, may be an alternative to vacuum packaging.
This was determined by the study; oxygen-absorbing
systems could be used to pack fish products sensitive to
oil oxidation.
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Introduction

Salting and drying are one of the oldest methods
used in fish preservation. These methods are ef-
fective in the production of traditional fish prod-
ucts. These methods can be used individually or in
combination. The preservative effect of salting
and drying is mainly due to the decrease in water
activity. Thus, the growth of many spoilage organ-
isms is prevented (Schormdller, 1968; Sikorski et
al., 1990; Tulsner, 1996; Albarracin et al., 2011).
Salted cod is a traditional fish product of choice in
the northern Atlantic region, whereas salted sar-
dine salted anchovy are traditional fish products
preferred in the Mediterranean and the Black Sea.
Salting and drying techniques are used together in
some fish products. The product called klippfish is
one of these. Klippfish are popular most particu-
larly in Germany, Norway, Newfoundland, Ice-
land, and the Faroe Islands. This product can be
made with whitefish; fatty fish is not preferred.
The fish is beheaded and eviscerated, dry salted
and the fish was sun- dried on rocks or wooden
frames. Today drying process is usually done in-
doors by electrical heating. Especially preferred
for Kklippfish is cod, may be produced from other
whitefish, such as Pollock, haddock, blue whiting,
ling and tusk (Schormdiller, 1968; Xie and Myr-
land, 2010; Ceballos, 2012). Traditional salted
dried fish products made in the Aegean and Mar-
mara regions of Turkey and Greece are called ¢i-
roz. Unlike Klippfish, fatty fish is preferred. Fatty
fish such as Atlantic horse mackerel (Trachurus
trachurus), Mediterranean horse mackerel (Tra-
churus mediterraneus), chub mackerel (Scomber
japonicus) and Atlantic mackerel (Scomber
scombrus) are caught after egg casting (when they
have lower fat content), are eviscerated, dry salted,
then dried in slightly windy, low humidity air
(Ozden, et al., 2001; Kolcuoglu, 2013). The prod-
ucts are often vacuum or air packed and stored at
chilled temperatures.

Active packaging is a new concept of food pack-
aging, was developed in response to changes in
current consumption and market trends and is de-
signed to improve fresh and processed sea food
product quality and safety (Quintavalla & Vicini,
2002; Kerry et al., 2006). Active packaging refers

to the incorporation of certain additives into pack-
aging systems with the aim of maintaining or ex-
tending product quality and shelf-life. Packaging
may be termed active when it performs some de-
sired role in food preservation other than provid-
ing an inert barrier to external conditions (Floras,
1997; Ahvenainen, 2003). Active packaging sys-
tems involve oxygen scavenging, moisture ab-
sorption, carbon dioxide or ethanol generation,
and finally antimicrobial systems (Coma, 2008).
Oxygen absorbing systems provide an alternative
to vacuum and gas flushing technologies as a
means of improving product quality and shelf life
(Kerry et al., 2006)

To the best of our knowledge, there is no infor-
mation in the literature on the use of active pack-
aging for the preservation of dried fish products.
The aim of this study was to compare the effects
of vacuum and active packaging on the shelf life
and quality of salted dried fish stored at cold stor-
age.

Materials and Methods

Ciroz was prepared from Atlantic mackerel
(Scomber scombrus Linnaeus, 1758). Atlantic
mackerel (246.9 £60.1 g and 28.04 £2.28 cm) was
obtained from Bozo Balik¢ilik, Istanbul fish mar-
ket. The product preparation process is shown in
Figure 1.

The products (75 g per pouch) was placed in low
density polyethylene/ethylene vinyl alcohol/low
density polyethylene pouch (LDPE/EVOH
/LDPE; thickness: 55 pm, O transmission:
5 cm?/m?/day/24 h; vapour permeability: 7.50
g/m?/24 h). Samples was divided into two groups.
In first group (AP) was added inside the package
three OxyFree 504 type iron based O, absorber
(Stid-Chemie Company, istanbul, Turkey). The
first group pouches were heat sealed using a Hen-
kovac  model vacuum  sealer (ML’s-
Hertogenbosch Nederland). The second group
(VP) were vacuum packaged using a Henkovac
model vacuum machine and all samples were
stored at 2 +2°C.
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Figure 1. The production process of Turkish traditional salted dried fish “ciroz”

Sensory analysis: Sensory testing was performed
after the fallowing desalting procedure. The fillets
were soaked in drink water (ratio 1:5) for 30 min.
This process is repeated three times. The fillets
were drained and served with 2% citric acid,
lemon and olive oil. The attributes of ¢iroz were
evaluated by a panel of five experienced judges on
each month of sampling in individual booths un-
der controlled conditions of light, temperature and
humidity. Sensory analysis was performed using
the methods of Erkan and Bilen (2010). Desalted
ciroz samples were assessed on the basis of ap-
pearance, odour, taste and texture characteristics
using a nine-point descriptive scale. A score of
9-7 indicated “‘very good’’ quality, a score of
6.9-5.0 “good or acceptable quality”, a score of
4.9-1.0 “unacceptable quality”. The appearance,
odour, taste and colour of the samples were evalu-
ated, and the mean values of these attributes were
presented.

Chemical analysis: Moisture, protein, ash, water
and salt content of product were measured by
Mattissek et al. (1992) method. Total volatile
basic nitrogen (TVB-N, mg/100g fish flesh), tri-
methylamine nitrogen (TMA-N, mg/100g fish
flesh), TBA index values (TBA-i, mg/ malondial-
dehyde (MDA)/Kg), free fatty acids value (FFA,
oleic acid %) and peroxide value (PV, meq Ox/kg
fish flesh) was determined according to the
method described by Erkan & Bilen (2010).

Microbiological analysis

Samples (25g) obtained from ciroz fillet, were
transferred aseptically to a Stomacher bag (Sew-
ard Medical, London, UK) containing 225 mL of
0.1% peptone water (Merck, 107228) and homog-
enized for 60 s using a Lab Blender 400, Stom-
acher at high speed (Stomacher, UL Instrument,
Spain). For microbial count, 0.1 mL samples of
serial dilutions (1:10, diluents, 0.1% peptone wa-
ter (Merck, 107228, Darmstadt, Germany) of fish
homogenates were spread on the surface of agar
plates. Plate count agar (PCA) was used for psy-
chrotrophic bacteria and incubated at 7°C for 10
days. Anaerobic counts were determined by PCA
incubated under anaerobic conditions (with 5 %
CO; incubator, HF 90 model, Shanghai, China) at
30°C for 24-48 h. Extremely halophilic bacteria
were enumerated in halophilic agar (25 % NaCl)
incubation after at 30°C for 7 day. Results are ex-
pressed as a logarithm of colony forming units
(log cfu) per gram of sample. Thus, the detection
limit of psychrotrophic, anaerobic and extremely
halophilic bacteria counts was <1.00 log cfu/g. All
the analyses were performed in duplicate. For an-
aerobic sulphite-reducing Clostridium count, 25 g
of sample were homogenized and incubated at
30°C for 14 days in Differential Reinforced Clos-
tridial Broth (DRCM, Merck 1.11699) under an-
aerobic condition. Results were expressed as log
MPN/g of samples (Bell et al., 2005).
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Statistical analysis: For each group, data from two
independent replicate trials were pooled and the
mean values and standard deviations were deter-
mined. Differences between groups were deter-
mined by Tukey test and were considered to be
significant when p<0.05.

Results and Discussion

Acceptability scores for sensory properties of ac-
tive and vacuum packaged ciroz samples de-
creased (significant, p<0.05) during the storage.
The acceptability limit for sensory scores was
reached after 5 months for the two groups’ sam-
ples. Not significant difference (p>0.05) was ob-
served between the groups during the storage.
There was no reported scientific study for the sen-
sory acceptability of ¢iroz or dried fish samples. It
is reported that the shelf life dried fish products is
about one year, although it varies according to the
salting and drying process, fish species, packing
type and storage condition (Tulsner, 1994). The
shelf life of active packed fish products were
found higher than that of aerobically packaged
products (Mexis et al., 2009).

The amount of salt used in dry salting was twenty
percent of the total fish weight. The salt content in
product and the salt content in tissue water of
product also moisture content of salted fish was
measured after seven days of salting process, were
found as 12.25 +0.5 %, 24.13 +0.3 % and 35.5
0.5 %. If the amount of salt in the tissue water of
product is above 24 percent, it is defined as heav-
ily salted product (Tulsner, 1996). The salt content
in product, the salt content in tissue water of prod-
uct and moisture content of products were found
as 15.0 £0.7 %, 41.09 +0.5 % and 18.5 +0.2 % af-
ter 24 day of drying process. For fresh fish and ¢i-
roz samples, the chemical composition values
were determined as follows: moisture 50.1 +1.1
mg/100g and 18.5 +0.2 mg/100g, ash 1.3 0.1
mg/100g and 5.2 +0.3 mg/100g, total protein 20.4
+2.0 mg/100g and 38.28 £2.0 mg/100g, total fat
25.08 £0.8 mg/100g and 37.42 +0.6 mg/100g.
This is in agreement with the conclusions made by
literature data (Guizani et al., 2008; Selmi et al.,
2010; Bae et al., 2011).

The relationship between results of TVB-N and
sensory data was found excellent for vacuum and
active packaging ciroz samples. Sikorski et al.
(1990) reported that the limit of acceptability for
fatty fish was 20 mg TVB-N/100 g of flesh. The
release of total volatile bases increased up to 21.20
+3.40 mg/100 g for ciroz in vacuum packaging

and 17.08 +3.48 mg/100 g in active packaging at
the last day of sensory acceptability for each pack-
aging condition. The statistical analysis of TVB-N
data showed that not significant differences
(p>0.05) were found between packaged in active
and vacuum ¢iroz samples after 5 months of stor-
age. Similarly, TMA-N value of samples in-
creased throughout storage. However, there were
no significant differences (P>0.05) between the
TMA-N values at every stages of storage of ¢iroz
in vacuum packaging and active packaging. The
limit values of TMA-N were reported as 5
mg/100g for fatty fish species (Sikorski et al.,
1990). This limit value was not exceeded through-
out the storage in active and vacuum packaged
samples.

Atlantic mackerel, which is a raw material of ¢i-
roz, has polyunsaturated fatty acids and are sensi-
tive to peroxidation. Free radicals react with oxy-
gen to produce fatty acid peroxides. The fatty acid
peroxides are free radicals which can attack an-
other lipid molecule, resulting in peroxide and a
new free radical. The primary product of lipid ox-
idation is the fatty acid hydroperoxide, measured
with peroxide value (PV) (Hamre et al., 2003). As
seen in table 1, initial PV values were 5.69 +2.14
meq O./kg for ¢iroz packaged in oxygen absorber
and 5.83 £2.30 meq Ox/kg for ¢iroz packaged in
vacuum. The maximum values of PV were found
39.66 £1.04 meq O2/kg for ¢iroz packaged in oxy-
gen absorber in the sixth month of storage and
41.94 +1.33 Oy/kg for ¢iroz packaged in vacuum
in the five month of storage. Similar results were
reported by Selmi et al. (2010) for dried fish prod-
ucts.

As a consequence of oxidative spoilage, lipid hy-
droperoxides are formed, which, in turn, are unsta-
ble and decompose to aldehydes, ketones, alco-
hols, acids or hydrocarbons. These so-called sec-
ondary oxidation products can change food quality
parameter, namely, colour, texture, flavour and
odour (Andersen et al., 2007; Azad Shah et al.,
2009; Christensen et al., 2011). One of the most
important products of seconder oxidation is
malondialdehyde (MDA), MDA has often been
used as marker of oxidative damage in fatty foods.
The most widely used method for determination of
MDA is the spectrophotometric determination of
the pink fluorescent MDA-thiobarbituric acid
(MDA-TBA) complex produced after reaction
with 2-thiobarbituric acid (TBA) at low pH and
high temperature (Hamre et al., 2003). The TBA
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value is an important parameter in determining li-
pid oxidation (Insausti et al., 2001). At the begin-
ning of the storage, TBA values were found as
9.39 +£0.63 and 9.47 £0.73 mg malonaldehyde/kg
fish flesh, for the first 5 months of storage in all
samples showed a continuous increase, after 5
months the value of TBA showed declines were
observed (Table 1). It has been reported that in
many literatures the negative changes in taste and
smell become apparent when the TBA value
reaches its maximum value (Guillugn-Sans and
Guzmén-Chozas, 1998). Similar results were
found in this study. The significant decrease in
sensory values (acceptable limit) and the maxi-
mum value of TBA were measured at the fifth

month of storage.

Glycerides, glycolipids and phospholipids in fatty
fish muscle are hydrolysed by lipases to free fatty
acids, which then undergo further oxidation to
produce low molecular weight compounds, such
as aldehydes and ketones. These compounds are
responsible for off-flavour and off-odour and taste
of fish and fish products (Hamilton et al., 1997).
Initial values ranged from 2.10 to 2.50 (% of oleic
acid) while final values ranged from 4.08 to 3.35
for ¢iroz packed in oxygen absorber and vacuum,
respectively. These results indicate that there is a
relationship between FFA release and loss of
freshness. In the present study, the production of
peroxide and free fatty acid was also slower in ¢i-
roz samples packaged in oxygen absorber than ¢i-

roz samples packaged in vacuum.

Table 1. Changes in sensory and chemical properties of Turkish traditional salted dried fish “¢giroz”

Storage time (Monthly) | o | 1 | 2 | 3 | 4 | 5 [ 6 | 7
AP 8.75 7.43 6.85 6.58 5.80 5.20 4.95 4.35
Sensory score +0.15" | £0.12* | £0.13"* | £0.15" | £0.12* | +0.08" | +0.11* | £0.13"
VP 8.45 7.30 6.65 6.38 5.75 5.10 4.85 4.13
+0.25" | +0.08" | +0.10" | £0.19” | +0.05" | +0.05" | +0.08" | +0.10"
AP 2.64 4.93 8.71 11.75 | 13.60 | 17.08 21.30 | 22.43
TVB-N +0.51" | £0.92* | +2.02" | £3.53" | +2.64" | +3.48" | £3.50" | +3.48"
(mg/100g fish flesh) VP [ 295 10.01 [12.36 |14.90 |18.74 |2120 |[2243 [23.92
+0.37" | £0.09% | +2.11% | +0.29®% | +0.24% | +3.40" | £3.92* | +2.06"
AP 1.64 2.03 2.44 2.72 3.09 3.20 3.39 3.64
TMA-N +0.16" | £0.15" | +0.01” | £0.04* | +0.47"* | +0.64" | +0.76" | +1.04"
(mg/100g fish flesh) VP 1.73 2.16 2.61 3.00 3.19 3.28 3.61 4.16
+0.07" | +0.28" | +0.10% | +0.37* | +0.52" | +0.61" | +0.81" | +1.30"
AP 5.69 15.25 2345 | 26.66 |28.31 | 3259 39.66 | 12.30
PV +2.14" | £2.94% | £1.39” | £2.89" | £2.96" | +2.92* | £1.04* | +2.50"
(meq Oa/kg fish flesh) VP 5.83 17.37 2495 | 31.17 | 3442 |41.94 15.64 | 8.37
+2.30" | £#3.97" | £0.37* | £0.56° | +0.26% | +1.33% | +1.30® | £2.178
TBA-i AP 9.39 11.30 11.82 | 12.77 13.20 | 15.84 8.96 7.93
(mg malonaldehyde/kg +0.63" | £0.98" | +0.66" | £0.28" | £0.23" | £0.34" | +1.19" | £2.00"
fish flesh) VP 9.47 11.67 13.27 13.58 14.18 17.32 9.45 6.85
+0.73* | +0.85" | +0.04® | +0.17® | +0.36® | +0.08% | +0.12* | +0.80"
FFA AP 2.10 2.32 2.58 2.80 3.34 4.03 451 4.08
(g oleic acid/100g +0.64" | £0.46" | +0.28" | £0.22* | +0.08" | +0.22" | +0.22* | +0.32"
fish flesh) VP | 250 2.59 270 313 |375 |4.27 393 [335
+0.10" | £0.14" | +0.26" | £0.04® | +0.06° | +0.15" | +0.03® | +0.15°
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In these hard salted products, halophilic bacterial
growth is possible and extremely halophilic bacte-
ria should be analysed on these products (TUlsner,
1994). In this study, the psychrotrophic, anaerobic
and extremely halophilic bacteria count all during
storage was not exceeded over 4 log cfu/g in both
groups. Anaerobic sulphite-reducing Clostridium
count was determined <1 log cfu/g in packaged
vacuum and oxygen absorber ¢iroz samples during
the storage. Hernandez-Herrero et al., (1999) re-
ported a similar microorganism load for extremely
salted anchovy products.

Conclusion

As aresult, it can be said that the active packaging
systems using oxygen absorber in the packaging
of ¢iroz products may be an alternative to vacuum
packaging. Quality losses due to fatty oxidation
are important for a traditional salted dried fish
product “ciroz”. While the preferred vacuum
packaging system for fatty oxidation requires
equipment, active packaging systems by oxygen
absorbers, an alternative packaging approach, ap-
pear to be an alternative to packaging of fish prod-
ucts sensitive to fatty oxidation.
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Oz:

Laktuloz, laktozun izomerizasyonu sonucu olusan bir
disakkarit olup, cok degerli bir fonksiyonel maddedir.
Teknolojik olarak 6neminin yani sira laktulozun birgok
fonksiyonel 6zelligi de bulunmaktadir. Ince bagirsak
mukozasinda herhangi bir degisiklige ugramadan kalin
bagirsaga gegerek oncelikle bifidobakterler gibi meta-
bolizma igin yararli olan probiyotik bakteriler tarafin-
dan kullanilmakta ve bu bakterilerin gelisimini tesvik
etmektedir. Ayrica patojen bakterilere karsi probiyotik
bakterilerin etkisinin laktuloz katkisi ile ciddi diizeyde
desteklendigi pek ¢ok arastirmada bildirilmektedir. Bu
calismada laktulozun tespiti ve eldesinde kullanilan
yontemler ile cesitli siit iiriinlerinde laktuloz miktarla-
rina iliskin bilgilere yer verilmistir.

Anahtar Kelimeler: Laktuloz, Siit tiriinleri, Laktuloz
tespiti, Laktuloz eldesi

Abstract:

PRODUCTION OF LACTULOSE AND
METHODS USED TO DETERMINATION

Lactulose is a disaccharide, which is occurred as a re-
sult of isomerization of lactose and a very valuable
functional subtance. There are also several functional
properties of lactulose as well as technological impor-
tance. It goes through the colon without any changes in
the intestinal mucosa and used by probiotic bacteria
such as bifidobacteria which are useful for metabolism.
Also it encourages of these bacteria. In addition, it has
been reported in many studies that lactulose has signi-
ficant support effect on probiotics against pathogen
bacteria. In this study, some informations are given
about obtaining and determining methods of lactulose
and also the amount of lactulose in various dairy pro-
ducts.

Keywords: Lactulose, Dairy products, Determination,
Obtain of lactulose
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Giris

Laktuloz (4-O-b-D-galaktopiranosil-D-fruktofu-
ranoz); bir disakkarit tiirevi olup, galaktozun fruk-
toza B (1-4) glikozidik bag ile baglanmasi sonucu
olusur. ilk kez 1930 yilinda Montgomery ve Hud-
son tarafindan elde edilmistir, dogada dogal olarak
bulunmamaktadir. (Ozden, 2005; Montilla vd.,
2005a; Boitz ve Mayer, 2015). Ampirik formiili,
molekiil agirligt ve erime noktasi sirasi ile
Ci12H2011, 342.30 g/mol ve 169°C’ dir (Noosh-
kam ve Madadlou, 2016a). Laktulozun enerji de-
geri distktiir (2.0 kkal/g), suda ¢oziiniirliigii iyi-
dir, tekstiir ve stabilizasyon iizerine etkisi bulun-
maktadir.

Laktuloz, ince bagirsak mukozasinda herhangi bir
degisiklige ugramadan kalin bagirsaga gecerek
oncelikle bifidobakterler gibi metabolizma igin
yararli olan probiyotik bakteriler tarafindan kulla-
nilmakta ve bu bakterilerin gelisimini tesvik et-
mektedir. Patojen bakterilere karsi probiyotik bak-
terilerin etkisinin laktuloz katkist ile ciddi diizeyde
desteklendigi bildirilmektedir. Bu nedenle fonksi-
yonel degeri yiiksek bir prebiyotiktir (Akalin,
2002; Kavas ve Kavas, 2011).

Laktuloz, sakkarozun % 60-80’1 oraninda tatliliga
sahip olmasi nedeni ile gida sanayinde kullanim
alan1 bulunmaktadir (Nooshkam ve Madadlou,
2016b). Fonksiyonel 6zellikleri disinda teknolojik
olarakta 6nemlidir ve yogun olarak kullanilan bir
bilesendir. Yapilan bir ¢alismada laktuloz ilaveli
bebek mamalar ile beslenen bebeklerin bagirsak
florasiin anne siitii ile beslenen bebeklerin flora-
sia yakin oldugu belirtilmektedir. Laktuloz, 6zel-
likle fonksiyonel 6zellik kazandirmak amaci ile
bebeklerin beslenmesinde Japonya ve Avrupa’da
tercih edilmektedir (Ozden, 2005). Laktozdan bi-
raz daha tatli olmasi nedeni ile diyabetik iiriin-
lerde, laktasif etkili suruplarin yapiminda ve tipta
“hepatik ensefalopati” olarak adlandirilan rahat-
sizligin ve kabizligin tedavisinde kullanilmaktadir
(Nahla ve Musa, 2015). Bagirsaktan toksik mad-
delerin atimini kolaylastirdig1 gibi bagirsak igeri-
gini asitlestirerek amonyagin emilimini azalt-
makta ve bagirsaktan atilmasini kolaylastirmakta-
dir (Akin ve Erden 2002). Laktuloz hem gida hem
de ila¢ sanayisinde kullanilan bir maddedir.

Laktuloz Miktarinin Tespit Edilmesi

Laktulozun beslenme i¢in 6nemli bir bilesen ol-
masi nedeni ile gidalardaki miktarinin tespit edil-
mesine yonelik analitik metodlar gelistirilmistir.

Yapilan arastirmalarda laktulozun miktarinin be-
lirlenmesinde genellikle yiiksek performansli sivi
kromatografisi (Silveira vd., 2015), gaz kromatog-
rafisi (Padilla vd., 2015), ince tabaka kromatogra-
fisi (Flick vd., 1987) ve benzer teknolojiler kulla-
nilmaktadir. Ayrica seliwanoff reaktifi kullanila-
rak sonu¢ veren spektrofotometrik yontemler de
mevcuttur (Amine vd., 2000).

Siit, tiiketici sagligi ve raf omrii agisindan farkli
siire ve sicakliklarda 1s1l igleme tabi tutulmaktadir.
Uygulanan 1s1l igleme bagh olarak siit bilesenle-
rinde baz1 degisiklikler olusmakta veya yeni bile-
senler ortaya ¢ikmaktadir. Bu yeni bilesenlerden
bir tanesi laktozun 1s1l islem neticesinde izomeri-
zasyonu sonucu siitte olusan laktulozdur. Olusan
laktuloz miktar1 uygulanan 1s1 yogunlugu ile dogru
orantilidir ve bu durum nedeni ile siit isleme tek-
nolojisinde kalite kontrol asamasinda kullanilabi-
lecek bir indikatordiir (Silveira vd., 2015).

Pastorize, sterilize ve UHT siitlerde laktuloz mik-
tarlar1 yapilan farkli ¢alismalarda belirlenmistir.
Pappas vd. (2015) laktulozun pastérize siitte bu-
lunmadigini, direk ve indirek 1sitma teknigine
bagli olarak UHT siitlerde sirast ile 50-850 ve 190-
830 mg/L, sterilize siitlerde ise 1080-1400 mg/L
oraninda bulundugu bildirmektedir. Marconi vd.
(2004) ise klasik sterilize siitte 744.0 mg/L, indi-
rekt yontem UHT siitte 341.0 mg/L, direkt yontem
UHT siitte 165.0 mg/L, yiiksek sicaklik uygulanan
pastdrize siitte 58.0 mg/L, diistik sicaklik uygula-
nan pastorize siitte 3.50 mg/L, kaynatilmis siitte
107.0 mg/L laktuloz saptamislardir. Farkli bir ¢a-
lismada UHT siitlerde depolama siiresince laktu-
loz miktarimin arttigini belirlenmistir (Elliott vd.,
2005).

Icme siitii teknolojisinin yan1 sira siitten iiretilen
iiriinlerde laktuloz miktarlarina iligkin aragtirmalar
bulunmaktadir. Pastérize siit ve siite esdeger
oranda sulandirilarak hazirlanan siit tozlarinin lak-
tuloz oranlarinin saptandigi arastirmada pastorize
stitte 7.0-28.3 mg/L, siit tozunda 16.1-26.5 mg/L
diizeyinde laktuloz tespit edilmistir (Rafael vd.,
1996). Siit ve siit tozu 6rneklerinde 1s1l islemin dii-
zeyine gore laktuloz miktar1 degisim gostermekte-
dir. Yiiksek basingli sivi kromatografisinde yapi-
lan laktuloz tayininde 100°C sicakliga kadar yapi-
lan 1s1l islemlerde laktuloz tespit edilmedigi,
100°C’nin iizerindeki sicakliklarda laktuloz olu-
sumunun gorildigi ve 130°C’den sonra maksi-
mum seviyelere (130°C’de 551 mg/L, 140°C’de



Journal of Food and Health Science

Sanlidere Aloglu and Uran 3(1): 36-41 (2017)

Journal abbreviation: J Food Health Sci

1549 mg/L) ¢iktig1 belirtilmektedir (Sakkas vd.,
2014).

Yeni dogan bebeklerin beslenmesinde kullanilan
mamalarin bilesiminde siittozu ve peyniraltt suyu
tozu vb. kullanilmaktadir. Gonzales vd. (2003) st
ve peyniralti suyu ile zenginlestirilmis yeni dogan
formiilasyonlarinda enzimatik olarak laktuloz
miktarini belirlemiglerdir. Peyniralti suyu ile zen-
ginlestirilmis formiilasyonlarda laktuloz miktari-
nin yiiksek oldugu (97-312 mg/L) gézlemlenirken,
zenginlestirme yapilmayan siitlerde ise diisiik ol-
dugu (29-108 mg/L) belirlenmistir.

Yapilan bir ¢alismada pastorize, uzun raf omiirlii
ve UHT krema 6rneklerinde laktuloz miktarlari si-
rast ile 29 £10, 56 £41 ve 201 +24 mg /L olarak
bulunmus olup laktulozun bu tiriinlerde 1s1 yiikiinii
degerlendirmede giivenilir olarak kullanilabile-
cegi belirtilmistir (Boitz ve Mayer, 2015). Ayrica
151l islem gérmiis ve dondurularak kurutulmus siit
orneklerinde laktuloz miktarini herhangi bir kim-
yasal 6n hazirlik gerektirmeyen daginik yansiticili
kiz1l6tesi  Fourier doniisiimlii  spektroskopi
(DRIFTS) ile belirlemek i¢in basit, zararsiz, ucuz
ve kisa siirede sonug veren bir yontem gelistiril-
migstir (Pappas vd., 2015).

Gorildiigi tizere siit ve siit esasli iiriinlerde isleme
yontemlerine gore laktuloz olusmakta ve miktari
uygulanan prosese gore degismektedir. Son yil-
larda laktuloz olusumu ve miktarmin farkli metot-
larla tespit edilmesine yonelik yapilan arastirma-
larin arttig1 da gozlenmektedir.

Farkh Yontemlerle Laktuloz Eldesi

Laktulozun olusumu i¢in farkli yontemler bulun-
maktadir. Laktuloz, temel olarak kimyasal izome-
rizasyon (asit veya baz kullanarak) ya da enzima-
tik sentez yontemleri ile elde edilebilmektedir (Si-
tanggang vd., 2015). Endiistriyel olarak laktuloz
tretimi Lobry de Bruyn-Alberda van Ekenstein
(LA) olarak belirtilen 6zel bir reaksiyonla gercek-
lestirilmektedir. Bu reaksiyon, uygun pH, basing
ve sicaklikta alkali ortamda ilerlemektedir. Kata-
lizér olarak sodyum, potasyum ve kalsiyum hid-
roksitler, tersiyer aminler, magnezyum oksit, sod-
yum ve potasyum karbonatlar kullanilmaktadir
(Nooshkam ve Madadlou, 2016a). Bu katalizorle-
rin yani sira amonyum karbonat kullaniminin al-
ternatif ¢cevre dostu bir kimyasal olacagi bildiril-
mektedir (Seo vd., 2016). Alternatif katalizor
madde bulmak iizere yapilan aragtirmalarin son
yillarda artis gdsterdigi goriilmektedir. Kullanila-
cak olan katalizoriin diisiik maliyetli, ortamdan
kolay uzaklastirilabilir, ¢evre dostu, giivenli ve

toksik olmamasi gerekmektedir (Panesar ve Ku-
mari, 2011).

Nooshkam ve Madadlou (2016a) bilesiminde yak-
lasik % 96 kalsiyum karbonat, % 1 magnezyum
karbonat, % 1 kalsiyum fosfat, organik madde ve
su icermesi nedeni ile yumurta kabugunun, laktoz-
dan laktulozun izomerizasyonunu saglamak amaci
ile kalsiyum karbonat bazli katalizor olarak kulla-
nilabilecegini belirtmislerdir. Yumurta kabugu-
nun katalizor olarak kullanildig1 arastirmada lak-
tozun laktuloza doniisiim verimi % 17.3 olarak bu-
lunmustur. Alkali kosullarda borat ve aliiminatlar
gibi kompleks reaktiflerin kullanilmasi ile laktu-
loz verimi % 70-80’lere ¢ikabilmektedir. Fakat bu
reaksiyonlarda fazla miktarda katalizor ihtiyaci ol-
makta ve karisimdan katalizorlerin ayrilmasi nis-
peten zor olmaktadir. Bu nedenle yumurta endiist-
risinde 6nemli bir atik olan yumurta kabugunun
degerlendirilmesine ve ¢evre dostu bir katalizor
kullanimina olanak saglayan bu tiir ¢alismalara
rastlanmaktadir (Montilla vd., 2005b; Corzo Mar-
tinez vd., 2013). Ayn1 arastirmacilar yapmis ol-
duklar farkli bir ¢calismalarinda mikrodalga des-
tekli laktuloz izomerizasyon ydnteminin verimi
artirdigini bildirmislerdir (Nooshkam ve Madad-
lou, 2016Db).

Iyon degistirici regineler kullanilarak laktozun
laktuloza izomerizasyonu da saglanabilmektedir.
Bu islemde OH iyonlarinin reaksiyon ¢ozeltisin-
deki ve reginedeki degisimi kullanilmakta ve ayni
prosesle son liriindeki deminerilizasyon islemi de
yapilabilmektedir. Bu yontemin avantaji, izomeri-
zasyon islemi i¢in katalizor madde ilavesine ve
son Uriiniin saflagtirilmasinda boya maddesi kulla-
mimma gerek olmamasidir (Panesar ve Kumari,
2011).

Yapilan ¢aligmalardan goriildiigii tizere laktulozun
saflagtirilmasinda temel olarak ¢oktiirme, iyon de-
gistirici regineler, kristalizasyon, santrifiigasyon;
reaksiyon ortaminin rengini gidermek i¢in ise aktif
karbon iglemlerinden yararlanilmaktadir. Bu yon-
temler tek bagina veya kombine sekilde kullanila-
bilmektedir. Yontemde kullanilan materyale gore
islem basamaklar1 degisiklik gostermektedir. Bu
islemlerde temel amag en uygun sartlarda en yiik-
sek safligr yakalamaktir (Panesar ve Kumari,
2011).

Laktulozun eldesinde endiistride yogun olarak
kullanilan yontem kimyasal izomerizasyondur.
Fakat bu yontemin bazi olumsuz yonleri bulun-
maktadir. Bunlardan bazilar1 renkli yan {iriinlerin
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aciga ¢ikmasi, atik yonetimi ile ilgili sorunlarin ol-
mas1 ve spesifik reaksiyonun zayif olmasidir.
Kimyasal izomerizasyon yontemi temelde; notra-
lizasyon, katalitik seperasyon ve deiyonizasyon
asamalarini icermektedir (Sitanggang vd., 2015).
Kimyasal izomerizasyon yonteminin olumsuz
yoOnleri olmasi nedeni ile alternatif olarak kullani-
lan enzimatik sentez yonteminin daha ¢evre dostu
oldugu ve iriin saflagtirmasinin daha zahmetsiz
asamalardan olustugu belirtilmektedir (Sitang-
gang vd., 2015, Wang vd., 2015).

Enzimatik sentez yonteminde genellikle B-gliko-
zidaz ve [-galaktozidaz enzimleri kullanilarak
laktuloz iiretimi gergeklestirilmektedir. Laktulo-
zun enzimatik olarak sentezlenmesi laktozun
transgalaktosilasyonu yolu ile ger¢ceklesmekte, bu
reaksiyonda enzimler biyokatalizor, fruktoz ga-
laktosil akseptorii olarak kullanilmaktadir (Nath
vd., 2016). Laktuloz sentezinde kullanilan enzim-
ler mikroorganizmalardan, bitki ve hayvanlardan
elde edilebilmektedir. Bununla birlikte mikroor-
ganizmalardan elde edilen enzimlerin digerlerine
gore daha yiiksek verim sagladigi bildirilmistir
(Nath vd., 2016). Enzimatik yolla laktuloz sentezi;
serbest enzim, immobilize enzim ve biitiin mikro-
organizma hiicresinin kullanimi ile gerceklestiri-
lebilmektedir. Verimin diigiik olmasi ve yliksek
maliyet, enzimatik sentez yonteminin olumsuz
yonleri olarak goriilmektedir (Wang vd., 2015).

Yapilan caligmalardan goriildigi tizere her iki
yontemin de avantaj ve dezavantajlart bulunmak-
tadir. Her iki yontem ile ilgili 6zellikle son yillarda
yapilan c¢aligmalar artarak devam etmektedir.
Farkli kimyasallar, enzimler veya kombine yon-
temler kullanilarak yiiksek saflikta laktuloz eldesi
icin ekonomik ve ¢evre dostu yontemler gelistiril-
mektedir.

Laktulozun enzimatik yolla sentezlenmesinde kul-
lanilan enzim basta olmak {izere, enzimin galigma-
sii etkileyen pH, sicaklik, basing vb. gibi proses
sartlari, laktuloz olusum miktarini ve verimini et-
kilemektedir. Bu nedenle bu konularda farkl: arag-
tirmacilar tarafindan ¢ok sayida ¢alismanin yapil-
dig1 goriilmektedir. Song vd. (2013a) tarafindan
laktuloz sentezi i¢in gelistirilen sabit yatakli reak-
torde kesikli ve siirekli olarak {iretim yapilmis, bu
kapsamda peyniralti suyu hammadde olarak kulla-
nilmig, reaktdre immobilize edilen B-galaktosidaz
enziminin tekrar kullanilabilirligi arastirilmais, {ire-
tim i¢in gerekli optimum fruktoz konsantrasyonu
%5’lik olarak tespit edilmis ve laktuloz sentezinin
kinetik parametreleri belirlenmistir. Guerrero vd.
(2015) Aspergillus oryzae susundan elde edilen B-

galaktosidaz enzimini hem serbest olarak kesikli
sistemde hem de immobilize ettikten sonra tekrar-
lamali kesikli sistemde laktuloz eldesi i¢in kullan-
mislardir. Sonug olarak tekrarlamali kesikli siste-
min laktuloz iiretiminde belirgin artig sagladig1 ve
biyokatalizor birim kiitlesi bagina toplam verimli-
ligin arttigin1 belirtmislerdir.

Koyun peynirinden izole edilen Kluyveromyces
lactis ve Kluyveromyces marxianus suslarindan
elde edilen B-galaktozidaz enzimleri ile peyniralti
suyundaki laktozun transgalaktosilasyon ile prebi-
yotik karbonhidratlara (tagatoz, laktuloz, galakto-
oligosakkarit) doniisiimiiniin saglandig1 arastir-
mada kullanilan yontemin prebiyotik oligosakka-
ritlerin {iretiminde kullanilabilecegi bildirilmistir
(Padilla vd., 2015).

Immobilize edilmis B-galaktosidaz ve glukozi-
zomeraz enzimi ile laktuloz eldesinde peyniralti
suyu tozu, sodyum fosfat tamponlu ¢ozeltisi kul-
lanilmis; laktoz derisimi, sicaklik, tampon ¢ozelti-
nin iyonik kuvveti ve immobilize enzimlerin kul-
lanim oranlar gibi reaksiyon kosullar1 optimize
edilmis olup ayrica enzimlerin tekrar kullanilabi-
lirligi arastirilarak enzim sarfiyati asgari diizeye
indirilmistir. Aragtirma sonucunda siirekli tire-
timde akis hizinin arttikca laktuloz sentezinin
azaldig1 gbzlemlenmis olup, 1.0 uL/dk hizda mak-
simum laktuloz sentezi (1.42 g/L) belirlenmistir
(Song vd., 2013b). Wang vd. (2015) laktuloz iire-
timi i¢in biyokatalitik bir metot gelistirmislerdir.
Bu amagla etanol ile muamele gérmiis E.coli hiic-
releri igerisinde rekombinant sellobiyoz 2-epi-
meraz enzimini kullanmiglardir. Biyokatalizor
olarak biitiin hiicre kullaniminin enzim saflastirma
asamalarinda avantaj sagladigi bildirilmistir. Bu
avantajlardan bazilari, endiistriyel olarak biyolojik
doniistim prosesinin daha basit, kolay islenebilir
ve ekonomik olmasi olarak belirtilmistir. Bu iglem
ile %65.1 laktuloz doniisiim verimi ile maksimum
iiriin verimi 390.59 g/L olarak bulunmustur.

Laktoz elektro katalitik izomerizasyon yontemi ile
de laktuloza donistiiriilebilmektedir. Sicaklik,
elektrik akim yogunlugu ve reaktdr tasarimi laktu-
loz sentezinin verimini etkileyen 6nemli faktorler-
dir. Aissa ve Aider (2014) tarafindan yapilan ca-
lismada % 10’luk laktoz ¢ozeltisiyle en yliksek
laktuloz verimi (%30.19) ve son iiriin safligi
10°C’de, 200 mA elektrik siddetinde elde edilmis-
tir. Yapilan farkli bir ¢calismada laktozun laktuloza
elektro-izomerizasyon ile doniisiimii farkli laktoz
derisimlerinde ve elektrik akimlarinda peyniralti
suyu kullanilarak denenmistir. Arastirma sonu-
cunda laktoz konsantrasyonunun izomerizasyon
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verimine énemli dlgiide etki etmedigi, ancak lak-
toz g¢ozeltilerindeki verimin ayni oranda laktoz
igeren peyniraltt suyundan daha fazla oldugu goz-
lemlenmis olup bunun sebebinin ise peyniralti su-
yunda bulunan minerallerden kaynaklandig: diisii-
niilmiistiir. Bu yontemde en etkili parametrenin ise
elektrik alan yogunlugu (200 mA) oldugu tespit
edilmistir (Aider ve Vidal, 2012).

Geleneksel termal yontemlere alternatif olarak
kullanilan ultrasonik ses yontemiyle laktuloz elde-
sinde ¢evre dostu ve kaliteli tiriin elde edilebilme-
sinin yaninda bu yontemin 1sisal yontemlerle ki-
yaslandiginda yiiksek pH’li tampon ¢ozeltiler
icinde iyi sonug verdigi tespit edilmistir. Diger ta-
raftan bu yontemin 1s1sal muameleyle kombinas-
yonunda verimin arttig1 belirlenmistir (Martinez
vd., 2014).

Laktuloz sentezlenmesinde verim ne kadar 6nemli
ise elde edilen iirliniin saflastirilmasi, saflastirma
asamalar1 ve bu asamadaki maliyette onemlidir.
Laktuloz tretimi sirasinda glukoz, galaktoz ve
epilaktoz gibi bazi yan iiriinler kayda deger mik-
tarda ortaya ¢ikmaktadir. Diistik miktarda bile olu-
san galaktoz, tagatoz, epilaktoz ve formik asitin
laktulozu indirgeyebildigi ifade edilmekte fakat
bu durumun pH ve sicaklig: diistirerek giderilebi-
lecegi belirtilmektedir (Nath vd., 2016).

Sonu¢

Laktuloz, insan beslenmesinde, probiyotik gida-
larda 6zellikle bebek mamalarinda ve ilag sekto-
riinde yogun olarak kullanilan fonksiyonel bir pre-
biyotiktir. Siit endiistrisi ilerlemis iilkelerde siit ve
yan {irlinlerinin degerlendirilmesi son derece has-
sas bir bicimde yapilmakta, her bileseni degerlen-
dirilmektedir. Isil islem gdrmiis siit ve siit {irtinle-
rinde, peyniralti suyu gibi yiiksek miktarda laktoz
igeren siit¢iiliilk yan {irlinlerinde teknolojik proses
esnasinda kendiliginden laktuloz olustugu bilin-
mektedir. Ayrica laktuloz temel olarak kimyasal
izomerizasyon (asit veya baz kullanarak) yada en-
zimatik sentez yontemleri ile elde edilebilmekte-
dir. Hem fonksiyonel hem de teknolojik agidan
hem fonksiyonel hem de teknolojik agidan 6neme
sahip olan laktulozun en ekonomik ve ¢evre dostu
islemlerle yiiksek verimde elde edilmesi ve saflas-
tirtlmasi i¢in yapilan ¢alismalarin devam etmesi
gerektigi diistiniilmektedir.
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