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THE EFFECT OF UV-C IRRADIATION ON GRAPE JUICE TURBIDITY,
SENSORIC PROPERTIES AND MICROBIAL COUNT

Peter Czako, Peter Zajdc, Jozef Capla, Viadimir Vietoris, Lenka Mar§dlkovd, Jozef Curlej,
Lubomir Belej, Jozef Golian, Lucia BeneSova, Patricia MartiSova

ABSTRACT

In this work, we investigated the effect of UV-C radiation (254 nm) on turbidity, microbial count and sensoric properties of
the grape juices treated or not treated with sulphur dioxide. The UV-C radiation is considered to be germicidal against
microorganisms. This technology is routinely used to treat drinking water. Application of this method for the purpose of
treating the wine was tested in few studies. These studies have shown a positive effect on the inactivation of
microorganisms, but they not dealt in detail with the sensory properties of grape juice after the treatment. The main idea of
using this method appears to eliminate the sulphur dioxide from wine making technology. There are people who have a
genuine allergy to sulfites, and these allergies are often linked with asthma. These people have an rapid onset of symptoms
when drinking liquids like wine treated with sulphur dioxide. In our work we have found that the application of this method
of treating the grape juice is problematic. Intensity of UV-C radiation increases the turbidity of grape juices. This effect was
observed in all grape juices with or without addition of sulphur dioxide and also in clarified or not clarified grape juices. We
found that UV-C radiation negatively affect the sensory properties of grape juices. This effect was more pronounced in
grape juices treated with SO,. The smell and taste were significantly negatively changed. Exposure of grape juice treated
with sulphur dioxide to UV-C radiation can probably lead to arising the sulphur compounds, which affects the smell and
taste of grape juices. Also, it is very likely that the negative change in taste and smell may affect the quality of produced
wines. For this purpose, we do not recommend to use UV-C treatment for the grape juice treatment. It will be interesting to
conduct a detailed analysis of the grape juices composition before and after UV-C radiation treatment.

Keywords: grape wine; UV-C; irradiation; treatment; grape juic turbidity

INTRODUCTION

The aim of this work was to investigate the effect of the
UV-C radiation on grape juice turbidity, sensoric
properties and microbial count.

Ultraviolet C (UV-C) irradiation is one of the emerging
techniques for the inactivation of microorganisms in liquid
food products, and it holds considerable promise also for
treatment of wine. This application can be of particular
interest to reduce or even eliminate the use of sulphur
dioxide as a preservative in winemaking, given its
potential health risks (Rizzotti et al., 2011).

Ultraviolet radiation involves the use of radiation from
the electromagnetic spectrum from 100 to 400 nm and is
categorized as UV-A (320 — 400 nm), UV-B (280 — 320
nm) and UV-C (200 — 280 nm) (Guerrero-Beltrian and
Barbosa-Canovas, 2004).

UV-C radiation is considered to be germicidal against
microorganisms such as bacteria, viruses, protozoa, yeasts,
moulds and algae, where the highest germicidal effect is
obtained between 250 and 270 nm (Bintsis, Litopoulou-
Tzanetaki, and Robinson, 2000).

Microbial inactivation caused by UV-C (254 nm)
radiation is based on the rearrangement of the
microorganism’s nucleic acid which directly interferes
with the ability of microorganisms to reproduce (Bintsis et
al., 2000; Thompson, 2003; Tran and Farid, 2004;
Gabriel and Nakano, 2009).

The UV-C rays damage the structure of DNA, rendering
microorganisms incapable of reproduction. Each type of
microorganism requires a specific dose for destruction. In
general, bacteria die at doses greater than 20 mj/cm?, while
molds can tolerate up to 300 mj/cm?. Germicidal
ultraviolet lamps gradually loose power with use. In order
to stabilize the quantity of rays emitted in terms of time-
surface units, the input power is increased as a function of
the length of time in use (around a total of 10,000 hours)
(Delfini and Formica, 2001).

Cleaning and disinfection are important operations in food
processing because of the significant contributions to
product hygiene and food safety. The UV-C treatment is a
physical method, which can be applied for this purpose
(Otto et al., 2011).
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Ultraviolet rays fall perpendicular to the surface being
irradiated but can not pass through any type of material,
including glass. The surfaces to be treated must be smooth
to avoid casting shadows in which microorganisms could
be protected. In oenology UVC irradiation could be used
to keep the mouth of bottles clean during transport from
the sterilizer to the bottling line, and to the corker. UV
irradiation could provide partial sanitation of metallic
capsules of corks, as well the air around the bottler and
corker (Delfini and Formica, 2001).

UV-C radiation has offered a wide spectrum of effective
inactivation of wine-associated microorganisms such as
Brettanomyces, Saccharomyces, Acetobacter,
Lactobacillus, Pediococcus and Oenococcus and therefore
may hold promise as an alternative technology to
inactivate spoilage microorganisms at different stages of
vinification in conjunction with reduced SO, levels. From
practical point of view, further studies pertaining to the
long and short term effect of UV-C radiation on the
sensorial and chemical properties of wine are imperative
(Fredericks, du Toit and Kriigel, 2011).

The application of the UV-C treatment to different grape
juice and wine samples in five diverse wineries assured the
desired decrease of viable microorganisms (Lorenzini et
al., 2010).

Microbial reduction is in correlation with the UV-C
dosage (J L"): higher microbial reductions were obtained
with exposure to higher UV-C dosages (J L'!). As a result,
the highest microbial reduction was obtained after 3672 J
L' (Fredericks, du Toit and Kriigel, 2011).

Ultraviolet treatment is performed at low temperatures
and is classified as a non-thermal disinfection method
(Tran and Farid, 2004).

The penetration effect of UV-C radiation depends on the
type of liquid, its UV-C absorptivity, soluble solids and
suspended matter in the liquid. The greater the amount of
soluble solids, the lower the intensity of penetration of the
UV-C light in the liquid (Guerrero-Beltran & Barbosa-
Canovas, 2005).

The UV-C treatment did not to alter the color and
chemical parameters of grape juice and wine, even in the
case of prolonged treatments (Lorenzini et al., 2010).

The advantages associated with UV-C radiation used as a
non-thermal method is that no known toxic or significant
nontoxic byproducts are formed during the treatment,
certain organic contaminants can be removed, no off taste
or odor is formed when treating water, and the treatment
requires very little energy when compared to thermal
pasteurization processes. Fruit juice that undergo thermal
pasteurization or sterilization tend to change color and lose
some of its aromas and vitamins during the process of
heating (Choi and Nielsen, 2005).

The usage of UV-C treatment needs aware staff and
requires clean equipments and facilities to keep must and
wine stable during storage in barrels and in bottles. Indeed,
after the treatment, the samples could be newly
contaminated by spoilage microorganisms in poorly
sanitized containers. The promising results reported here
demonstrated that physical methods, such as UV-C, an
incoming technology already commercially available,
could exert a highly positive impact in the winemaking

industry by eliminating or reducing the use of SO in the
near future (Lorenzini et al., 2010).

Unluturk and Atilgan (2015) were investigated the
effects of UV-C irradiation on the inactivation of
Escherichia coli and on the shelf life of freshly squeezed
turbid white grape juice. UV exposure was not found to
alter pH, total soluble solid, and titratable acidity of juice.
There was a significant effect on turbidity, absorbance
coefficient, color, and ascorbic acid content. The microbial
shelf life was doubled after UV-C treatment, whereas the
quality of juice was adversely affected similarly observed
in the control samples.

Scientific hypothesis
The UV-C treatment has an effect on the turbidity,
sensory properties and total viable count of grape juice.

MATERIAL AND METHODOLOGY

Grape juice samples

Grape juices (Chardonnay) samples were taken from
Chateau Malanta Vinery Company (Slovakia). The juices
were taken 24 and 96 hours after sedimentation. The sterile
5 L glass bottles were used for sampling.
Sample A: Grape juice taken after 24 hours of
sedimentation without addition of SO,
Sample B: Grape juice taken after 24 hours of
sedimentation with adidion of 32 mg L' SO,
Sample C: Grape juice taken after 96 hours of
sedimentation without addition of SO»,
Sample D: Grape juice taken after 96 hours of
sedimentation with addition of 32 mg L' SO..

Instruments and equipment

The UV-C reactor that consisted of a 1 L glass graduated
measuring cylinder, at which the 45 cm UV-C lamp 254
nm, VanGraven 40 W (light output, 15 Watt/m of lamp)
was vertically located. The UV-C lamp has been anchored
to a long rod and was fixed in the center of the measuring
cylinder. The lamp was shielded by quartz so the grape
juice would not be in direct contact with the lamp. The
reactor was placed on a magnetic stirrer.

Grape juice UV-C treatment
1 L of grape juices sample was treated: 0, 1, 10, 20 and
30 minutes with UV-C light.

Microbiological analyisis

Pour plate technique was applied on PCA to enumerate
total aerobic count, then plates were incubated at 35 °C for
48 h.

UV-C Dose and energy used for treratment
UV-C Dose was calculated following these formulas.

The surface area of the whole lamp (A) and the surface
area of the working part of the lamp (B) were calculated
according to the same formula:

Surface A and B (m?)=2rnd
Where:
r — is radius of the lamp (m),
d — is length of the lamp (m).
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Percentage of the surface of the lamp immersed in grape
juice (working part of the lamp):

C (%) =(B/A) 100

Where:
A — is surface area of the whole lamp (m?),
B — is surface area of working part of the lamp (m?),
C — is the percentage of the surface of working part of
the lamp from the whole surface area (%)

Intensity (I) of the radiation:
I(W)=(D/100)x C

Where:
D — is the total UV-C output of the lamp (W)
(according to the manufacturer 15 Watt),
C — is the percentage of the surface of working part of
the lamp from the whole surface area (%).

UV-C dose was calculated according this formula:
UV-CDose JLH)=1/Vt

Where:
I — is the intensity of the radiation (Watt),
V — is the volume of the grape juice in reactor (L),
t — is the time of the treatment (s).

Data used for calculation:

m:3.14

r:0.0125m

d : 0,58 m (length of the whole lamp)
d : 0,185 m (length of the working part of the lamp)
A:0.04553 m?

B: 0.01452 m?

C:31,8965%

D:15W

I. 47845 W

V:042L

t: 60s, 120 s, 600 s, 1200 s, 1800 s.

Calculated UV-C doses: 1 min (683 J L"), 2 min (1366 ]
L"), 10 min (68349 J L!), 20 min (13670 J L")

Turbidity measurement

The intensity of turbidity was measured with
spectrophotometer Neogen 4700 (Advanced Instruments,
USA.

Sensoric analysis

The grape juice smell and taste was analysed after the
UV-C radiation treatment. We have used scale of the
intensity of foreign smell (0 — odorless, 10 — strong odor)
and scale of the intensity of foreign taste (0 — without
foreign taste, 10 — strong foreign taste). The number of
certified assessors was 7.

Reactor description

G

Figure 1 Description of the UV-C (254 nm) reactor
used in this study.

Note:

A — Power supply

B — Measuring cylinder
C — Wine

D — Quartz sleave

E - UV-Clamp (15 W)
F — Magnet

G — Magnetic stirrer

Statistical analysis

We used the statistical program Tanagra 1.4 (Lumiere
University, Lyon, France) according to Rakotomalala
(2005) for evaluation of turbidity results in relation to UV -
C treatment time. The Shapiro-Wilks test was used to test
the normality of data. Statistical analysis of turbidity
results in relation to different UV-C treatment times was
performed with one-way ANOVA for each grape juice (A,
B, C and D). We were testing the null hyphotesis Ho : u1 =
t2 = p3 = ug for main effect of factor A (grape juice
turbidity) within four groups (0, 1, 10 and 20 min UV-C
treatment). Consequently, we have used the paired
Student’s t-test for evaluation of differences among
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obtained results between groups. We have also used the
same procedure for evaluation of the differences between
grape juices (A — B and C — D). Differences between
samples were considered as statistically significant at
p <0.05. We have also performed the Principal
Components Analysis (PCA) to reducing the original data
and show position of grape juices according to the
different UV-C treatment times.

The sensoric analysis data was analysed in statistical
program Tanagra 1.4 (Lumiére University, Lyon, France).
Multiple comparison of samples was performed by
nonparametric Friedman’s test.

RESULTS AND DISCUSSION

The effect of the UV-C radiation treatment on the grape
juice microbial counts is presented in the Table 1 and
Figure 2. The effect of UV-C radiation treatment on the
grape juice turbidity is presented in the Table 2 and Figure
3. The effect of UV-C radiation treatment on the grape
juice sensory properties is presented in Table 3, Table 4,
Figure 4 and Figure 5.

The effect of UV-C radiation (254 nm) was studied to
reduce the microbial count in different grape juices with or
without addition of SO,. UV-C radiation is considered to
be germicidal against microorganisms such as bacteria
(Bintsis, Litopoulou-Tzanetaki, and Robinson, 2000).
We agree, the application of UV-C radiation reduced the
microbial count in grape juices (Table 1). In grape juice A,
an aplicaiton of 0.68 kJ L' UV-C reduced the log of
microbial count from initial log 7.37 to log 4.53, dose 6.83
k] L' to log 3.86 and dose 13.67 kJ L' to log 2.83. In
grape juice B, an aplicaiton of 0.68 kJ L' UV-C reduced
the log of microbial count from initial log 7.21 to log 3.93,
dose 6.83 kJ L to log 3.55 and dose 13.67 kJ L to log
1.33. In grape juice C, an aplicaiton of 0.68 kJ L' UV-C
reduced the log of microbial count from initial log 7.47 to
log 6.53, dose 6.83 kJ L' to log 6.00 and dose 13.67 kJ L-!
to log 4.13. The reduction of log microbial counts with
addition of SO, was more effective (Figure 2). The
microbial counts in grape juice D was reduced to log 0,
because this grape juice was sampled 96 hours after
sedimentation and was effectively treated with SO,.

Application of UV-C treatment in order to reduce
microorganism counts in clarified grape juices in small
demijohns, which are used by small producers is
questionable according to our research. Some microbial
counts can survive the treatment. The growth and spoiling
capacity of the surviving microbes should be investigated
in further research.

Lorenzini et al., (2010) found more effective method of
treatment. These authors used reactor with 40 UV-C (254
nm) germicidal lamps in series, and exploits an advanced
turbulent flow system to optimize the penetration of UV-C
and improve microbial inactivation. In their study, grape
juice and wine batches were circulated at a constant flow
rate of 4000 L.h"! by means of an eccentric screw pump
and the dosage was 1000 J L!. Also, the fluid systems
described in (Fredericks, du Toit and Kriigel, 2011) was
effective. Rizzotti et al., 2015 was applied UV-C light
treatment to ten different white and red wines during
winemaking, for the first time at industrial scale, using a
commercial turbulent flow system. The effect of 1.0 kJ L!

dosage treatment on the viability of the natural microbial
population, (total yeasts, lactic acid bacteria and acetic
acid bacteria), was investigated. Data indicated that the
UV-C irradiation was effective in reducing microbial
counts for up to five log CFU mL"!, depending on the
wine.

The main aim of our study was to determine whether the
UV-C radiation (254 nm) affects the sensory properties of
grape juices.

According to Fredericks, du Toit and Kriigel (2011)
further studies pertaining to the long and short term effect
of UV-C radiation on the sensorial and chemical properties
of wine are imperative.

Lorenzini et al. (2010) were investigated the effect of
UV-C treatment on chemical composition of grape juice
and wine. Authors of this study found, UV-C treatment did
not to alter the color and chemical parameters of grape
juice and wine, even in the case of prolonged treatments.
In contrast to our study, these authors didn't use the SO»
for grape juice treatment. Authors reported, after UV-C
irradiation no changes were observed for alcohol, reducing
sugars, glycerine content, total acidity, pH and color in all
the samples, including the red wines, which were subjected
to higher UV-C dosage. These authors didn't study the
sensory properties of treated grape juice.

In our study, we have used lower doses (0.68 kJ L' and
1.37 kJ L") and higher doses (6.83 kJ L''and 13.67 kJ L)
to study the effect of UV-C treatment on the sensory
properties of grape juice.

Unfortunatelly, we have found that UV-C treatment of
grape juice has affected the sensory properties both in
lower and higher doses.

The effect of UV-C radiation on grape juice turbidity is
presented in Figure 3. We have observed incrase in
turbidity in all UV-C treated grape juices with or without
addition of SO,. In average, an application of 0.68 kJ L-!
UV-C increased the turbidity 1.1 times, dose 6.83 kJ L-!
1.2 times and dose 13.67 kJ L' 1.3 times.

The sensory properties, the smell (Table 3) and taste
(Table 4) were changed immediately when grape juices
were treated with SO,. The sensory properties of grape
juices sampled 24 and 96 hours after sedimentation
without addition of SO, was changed slightly after 1 min
of treatment (UV-C dose 0.68 kJ L°1) and changed
markedly (p-value <0.001) after 2 min of treatment (UV-C
dose 1.37 kJ L-"). We can describe the smell and taste after
the treatment like baked and strongly simmilar to hydrogen
sulphide. This smell and taste was very unpleasant and
nasty.

The Principal Components Analysis of four grape juices
with and without addition of sulphur dioxide according to
the different UV-C treatment times is presented in Figure
6. This figure contains four groups of data that are
separated by a distance, which indicates clearly that the
UV-C radiation treatment affected the turbidity of grape
juices. The turbidity of grape juices with and without
addition of SO, was increased in relation to the length of
UV-C treatment (p <0.05). This findig is in agreement
with Hartly (2008). All the wines absorb strongly upper
end of the UV spectrum. Wavelengths of 375 and 440 nm
have been identified as critical in promoting harmful
reactions.
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Table 1 The effect of UV-C radiation treatment (254 nm) on the grape juice microbial counts.

A B C D
UV-C light Grape juice sampled Grape juice sampled Grape juice sampled Grape juice sampled
(254 nm) treatment 24 hours after 24 hours after 96 hours after 96 hours after
(min) and sedimentation sedimentation with sedimentation sedimentation with
Dose (kJ L) without addition of addition of without addition of addition of
SO2 SO: SO: SO:
CFU mL!
0 min 22 x 108 17 x 108 27 x 10° 0
0 (kJ LY 252 x 103 152 x 10° 321 x10° 0
1 min 58 x 10° 9x10° 32x10° 0
0.68 (kJ L) 2x10* 80 x 10? 360 x 10* 0
10 min 26 x 102 16 x 10? 28 x 10* 0
6.83 (kJ L) 219 x 10! 103 x 10! 190 x 10° 0
20 min 9x 102 2x 10! 14x 103 0
13.67 (kJ L) 50 x 10! 23 x10° 130 x 102 0

8.00

7.00 ti

6.00 \\

" \\

4.00 e
\ -£-B

NSO
N

/

4

Log,, microbial count (CFU mL")
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0 0.68 6.83 13.67

Dose (kJ L)

Figure 2 The effect of UV-C (254 nm) radiation treatment on the grape juice microbial counts.
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Table 2 The effect of UV-C radiation (254 nm) treatment on the grape juice turbidity.

A

B C

D

UV-C light

(254 nm) treatment

Grape juice sampled Grape juice sampled Grape juice sampled

24 hours after

24 hours after 96 hours after

Grape juice sampled

96 hours after

(min) and sedimentation sedimentation with sedimentation sedimentation with
Dose (kJ L) without addition of addition of without addition of addition of
SO: SO: SO: SO:
Average values of absorbance (405 nm)
0 min 0.541 0.589 1,623 0.375
0 (kJLY cv=3.5x10° cv=2.1x10° cv=4.0x10° cv=6.0x 107
sd =0.002 sd =0.001 sd =0.002 sd =0.001
1 min 0.565 0.656 1.673 0.393
0.68 (kJ L) cv=2.1x107 cv=282x10° cv=3.7x10° cv=3.4x10°
sd =0.005 sd =0.003 sd =0.002 sd =0.002
10 min 0.654 0.749 1.808 0.415
6.83 (kJ L) cv=19x10° cv=3.5x10° cv=5.8x10° cv=2.0x10°
sd =0.001 sd =0.002 sd =0.002 sd =0.001
20 min 0.674 0.804 1.868 0.471
13.67 (kJ L) cv=13x10° cv=3.0x10° cv=7.0x10° cv=4.4x10°
sd =0.001 sd =0.002 sd =0.003 sd =0.002
Note: each measurement (n = 30).
2.000
1.800 w 1.868
1.623
— 1.600
g 1.400
Lcn 1.200
N -—A
8 1.000
& 0.800 0.743 —@0.504— D
= 0.589 0.626—"0 —® 0674 *C
S 0.600 - — — 0.654 =
fﬂ 0.400 - . ) —fl 0.471
0.375 0.393 0.415
0.200
0.000 . . . .
0 0.68 6.83 13.67
Dose (KJ L'1)

Figure 3 The effect of UV-C radiation (254 nm) on grape juice turbidity.
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Table 3 The effect of UV-C radiation (254 nm) treatment on the grape juice smell.

A B C D
UV-C light Grape juice sampled Grape juice sampled Grape juice sampled Grape juice sampled
(254 nm) treatment 24 hours after 24 hours after 96 hours after 96 hours after
(min) and sedimentation sedimentation with sedimentation sedimentation with
Dose (kJ L) without addition of addition of without addition of addition of
SO: SO: SO2 SO:

Intensity of foreign smell in the grape juice (0 — 9)

0 min
0,0,0,0,0,0,0 0,0,0,0,0,0,0 0,0,0,0,0,0,0 0,0,0,0,0,0,0
0kJLY
1 min
2,3,3,2,3,2,5 99919097909 4,3,2,2,3,3,3 9991909909
0.68 (kJ L)
2 min
8,9,728,8,8,7 9991909799 928,8,8,7,8,9 999790999
1.37 (kJ L)
10 min
9991909799 9991909799 9991909799 999790999
6.83 (kJ L)
20 min
9991909799 9991909799 9991909799 9997909909
13.67 (kJ L)

Note: scale of the intensity of foreign smell (0 — odorless, 10 — strong odor). The number of certified assessors: 7.

Multiple comparison of samples by nonparametric Friedman‘s test revealed there is no significant difference in 0 mins,
10 mins and 20 mins treatments among samples A,B,C and D. In 1 minute and 2 minutes treatments are significant
differences (p <0.001). This hypothesis is supported by Figure 4 and Figure 5.

Figure 4. Boxplot of sensory smell values of samples UV-C radiated by (254 nm) 1 minute treatment.
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Figure 5. Boxplot of sensory smell values of samples UV-C radiated by (254 nm) 2 minutes treatment.

Table 4 The effect of UV-C radiation (254 nm) treatment on the grape juice taste.

A B C D
UV-C light Grape juice sampled Grape juice sampled Grape juice sampled Grape juice sampled
(254 nm) treatment 24 hours after 24 hours after 96 hours after 96 hours after
(min) and sedimentation sedimentation with sedimentation sedimentation with
Dose (kJ L) addition of addition of
without addition of without addition of
SO: SO: SO SO
Intensity of foreign smell in the grape juice (0 —9)
0 min
0,0,0,0,0,0,0 0,0,0,0,0,0,0 0,0,0,0,0,0,0 0,0,0,0,0,0,0
0(kJLM
1 min
2,3,3,2,3,2,3 9909909799 2,2,2,3,4,3,5 9919909799
0.68 (kJ L)
2 min
7,8,8,87,8,8 9909909799 8,878,789 9919909299
1.37 (kJ L)
10 min
9,919909099 9909909799 9919909299 9919909799
6.83 (kJ L)
20 min
9,9990999 999909399 99990999 999909799
13.67 (kJ L)

Note: scale of the intensity of foreign taste (0 — without foreign taste, 10 — strong foreign taste). The number of certified
assessors: 7.

Multiple comparison of samples by nonparametric Friedman’s test for taste attributes revealed there is no significant
difference in 0 mins, 10 mins and 20 mins treatments among samples A,B,C and D. In 1 minute and 2 minutes treatments
is significant difference (p <0.001). Visualization of effect is similar to Figure 4 and Figure 5.
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Figure 6 The PCA analysis of four grape juices with and without addition of sulphur dioxide according to the different
UV-C treatment times. The PCA 1 Axis 1 and PCA 1 Axis 2 represents the turbidity data of four grape juices after
1 min (M), 2 min (®), 10 min () and 20 min (A) treatment with UV-C. The turbidity of grape juices with and without
addition of sulphur dioxide was increased in relation to the length of UV-C treatment.

TExposure of wine to light results in what is known as
light-struck flavours and aromas. These are produced by
the initiation of chemical reactions in the wines, resulting
in the formation of sulphurous compounds with an
unpleasant smell and taste. The reactions can occur within
minutes of exposure to light and a tiny amount of the
sulphurous compounds can impart a noticeable (bad) taste
and aroma to a wine.

The subject of further investigation may be the effect of
fermentation on grape juices treated with UV-C radiation.
It would be useful to found how the changed sensory
properties of grape juice affect the final product.

CONCLUSION

The UV-C (254 nm) radiation increases the turbidity of
grape juices (p <0.001). This effect was observed in all
grape juices with or without addition of sulphur dioxide
and also in clarified or not clarified grape juices.

We found UV-C radiation negatively affect the sensory
properties of grape juices (p <0.001). This effect was more
pronounced in grape juices treated with sulphur dioxide.
The smell and taste were significantly negatively changed.
Exposure of grape juice treated with sulphur dioxide to
UV-C radiation can probably lead to arising the sulphur
compounds, which affects the smell and taste of grape
juices. Also, it is very likely that the negative change in
taste and smell may negatively affect the quality of

produced wines. For this reason, we do not recommend to
use UV-C light for the grape juice treatment. It will be
interesting to conduct a detail analysis of the grape juices
composition before and after UV-C radiation treatment in
next work.
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ANTIOXIDANT PROPERTIES OF CUMIN (BUNIUM PERSICUM BOISS.)
EXTRACT AND ITS PROTECTIVE ROLE AGAINST ULTRASOUND-INDUCED
OXIDATIVE STRESS TESTED BY MICRORNA BASED MARKERS

Katarina Razna, Nishonoy Khasanova, Eva IvaniSovd, Davranov Qahramon, Miroslav Habdan

ABSTRACT

Bunium persicum Boiss. seeds have been used for medicinal and nutritional properties such as antioxidant, antihelmetic and
antimicrobial activity. The aim of this study was to to tested protective role of cumin extract against abiotic stress by
microRNA markers. Secondary also was to evaluate antioxidant activity as well as total polyphenol, flavonoid and phenolic
acid content of cumin extract. We observed that cumin DNA itself has not been damaged by sonication teratment. This
protective impact indicates that cumin antioxidant properties can efficiently quench free radicals induced by sonication. On
the other side, ultrasound-mediated formation of reactive oxygen species did induce the DNA polymorphism of lettuce
samples which was detected by miRNAs-based markers. The range of sonication impact was time-dependent. Markers
based of miRNA-DNA sequences has proven to be an effective tool. We have confirmed statistically significant differences
(p <0.01) in miRNAs markers ability to detect the polymorphism due to sonication treatment. The antioxidant activity was
determined by a method using DPPH radical and phosphomolybdenum method, total polyphenol content with Folin —
Ciocalteu reagent, total flavonoid with aluminium-chloride mehod and total phenolic acid with Arnova reagent. Results
showed that cumin is rich for biologically active substances and can be used more in different kind of industry as a cheap
source of these substances. Antioxidant activity with DPPH method was 1.18 mg TEAC.g"!' (TEAC — Trolox equivalent
antioxidant capacity per g of sample) and by phosphomolybdenum method 45.23 mg TEAC.g"!. Total polyphenol content
achieved value 4.22 mg GAE.g"! (GAE — gallic acid equivalent per g of sample), total flavonoid content value 10.91 mg
QE.g"!' (QE — quercetin equivalent per g of sample) and total phenolic acid content value 5.07 mg CAE.g"! (CAE — caffeic
acid equivalent per g of sample).

Keywords: cumin; antioxidant; ultrasound; microRNA marker

INTRODUCTION species which can ultimately cause damage of the
Changing environmental conditions are giving rise to a products. The different applications of ultrasound in the
variety of free radicals, which plants have to deal with food industry include ultrasound and microbial
them in order to survive. Besides that, free radicals and inactivation, ultrasound in filtration, ultrasound-assisted
other reactive oxygen species (ROS) are produced in our extraction and ultrasound in enhancing fermentation
body as byproducts of various biological processes of (Bhattacharya, 2015).
metabolism (Dua et al., 2012). Reactive oxygen species, Ultrasound can result in cavitation and acoustic
such as single oxygen, superoxide ion, hydroxyl ion and microstreaming, which modifies cellular ultrastructure,
hydrogen peroxide, are highly reactive, toxic molecules, enzyme stability and cell growth. It can also cause breaks
which are generated normally in cells during metabolism in extracellular polymers, release DNA from the nucleus,
(Saeed et al., 2012). However, overproduction of ROS is decrease cell stability, alter cell membrane permeablity
also harmful to the body because they cause severe and modify charges on the surfaces of cells (Rokhina et
oxidative damage to proteins, lipids, enzymes and DNA by al.,, 2009). In biological applications, sonication may be
covalent binding and lipid peroxidation, with subsequent sufficient to disrupt or deactivate a biological material.
tissue injury (Dua et al.,, 2012). In addition to those Cells being sonicated are subjected to various stimulation
aspects, the technological methods of food processing and including mechanical, thermal, and oxidative stress (Riesz
preservation include such approaches that themselves and Kondo, 1992). A cell may sense this stimulation by
represent the source of free radicals and reactive oxygen chemical changes and special movements of molecules
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within the cell, and then convey the information to the
other parts of the cell through certain signal transduction
networks. Receiving such information, the cell may
undergo fundamental changes to respond and adapt itself
to the stimulations. By doing so, the cell may be able to
protect itself from the stimulation, repair any damage and
so on (Suslick, 1990). Ultrasound irradiation may lead to
various kinds of interactions with the living organism
depending upon the sonication conditions. Under certain
sonication conditions, it was reported that ultrasound
induced gene expression changes in cells (Abdollahi et
al., 2004; Wei et al., 2012). Ultrasound (10 — 60 kHz)
have been used to modify growth and developmental
processes in plants (Rokhina et al., 2009). Sonication also
affects the endogenous hormonal balance of treated plant
tissue or cells and thereby promotes growth and
development (da Silva and Dobranszki, 2014).

Plants contain a wide variety of antioxidant
phytochemicals or bioactive molecules, which can
neutralize the free radicals and thus retard the progress of
many chronic diseases associated with oxidative stress
(Ani et al., 2006). Natural antioxidant agents have
attracted much interest because of their ability to scavenge
free radicals (Saeed et al.,, 2012). Antioxidants are the
compounds that can delay, inhibit or prevent the oxidation
of biomolecules like lipids, proteins or nucleic acids.
Antioxidants may scavenge the free radicals or break the
chain reaction due to their redox properties (Schafer et al.,
2003). In general, there are two categories of antioxidants-
natural and synthetic. These days, interest has increased in
finding naturally occurring antioxidants for use in foods or
medicinal materials to replace synthetic antioxidants,
which are restricted due to their carcinogenicity and
toxicity (Barlow, 1990; KlimeSova et al., 2015). Naturally
occurring antioxidants in leafy vegetables, fruits and seeds
such as ascorbic acid, vitamin E and phenolic compounds
have abiliy to reduce oxidative damage associated with
many diseases including cancer, cardiovascular diseases,
cataract, arthiritis, diabetes (Saphira et al., 1989).

Cumin (Bunium persicum L.) is a flowering and annual
herb from Apiaceae family which might have originated
in the area between Central Asia and Northern India.
Cumin is a high value herbaceous spice widely used for
culinary, flowering, perfumery and carminative purposes.
One of the commonly used spices for their special
aromatic effect in food preparations that are prevalent in
Central Asia, Caucasus, Crimea. It is also used in herbal
medicine as a stimulant, carminative and astringent. Cumin
seeds have been reportedly used for traditional treatment
of toothache, dyspepsia, diarrhoea, epilepsy and jaundice
(Sultana et al., 2010). The plant type of Bunium persicum
L. varies from dwarf (30 cm) to tall (80 cm) compact or
spreading, moderately to highly branched, tuberous and
perennial herb (Panwar, 2000). The study of antioxidant
properties and antioxidant compounds of cumin (Dua et
al., 2012) indicate that polyphenol rich methanolic extract
of cumin had efficient free radical scavenging and metal
chelating activity to protect biomolecules like proteins,
lipids and DNA against oxidative stress. A significant
protection role of bitter cumin (Cuminum nigrum L.)
extract againts DNA damage induced by hydroxyl radicals
recorded Ani et al. (2005). They also tested the
antibacterial activity of cumin extract finding out that the

growth of Bacillus subtilis, Bacilus cereus and
Staphylococcus aureus was significantly inhibited. Due to
contamination of cumin seeds by microorganisms, Fatemi
et al. (2011) tested the effect of decontamination treatment
by gamma-irradiation on the chemical composition and
antioxidant properties of cumin extracts. The research
showed that total percentage of ten essential oil
components was not affected and the changes in flavonoid
content were nonsignificant. The antioxidant activities of
cumin extract were not altered by gamma-irradiation
treatment.

Emerging evidence has suggested that a class of small
regulatory RNAs, called microRNAs (miRNAs) play a
critical role in regulation of DNA damage response (Wan
et al., 2011) as a response to various biotic and abiotic
stress. Certain miRNAs are either under or over-expressed
or new miRNAs are synthesized under stress. Mostly
miRNA target genes which encodes various transcriptional
factors or functional enzymes having important roles in
abiotic stress response (Bej and Basak, 2014; Kantar et
al., 2010). Emerging evidence has suggested that miRNAs
molecules regulate the DNA damage response by a
mechanism based on the nature and intensity of damage
(Simon et al.,, 2009). Although several DNA damage
responsive miRNAs and their targets have been identified,
there is a need to establish the complex interconnections
between miRNAs and their DNA damage response targets
(Wan et al., 2011). Zhang et al. (2011) found that DNA
damage led to increased levels of some pre-miRNAs and
mature miRNAs suggesting functional connection between
DNA damage response and miRNA processing and
maturation.

The aim of this work was to study the protective role of
seed cumin extracts and its antioxidant properties on plant
DNA from lettuce as a model plant under conditions of
sonication induced oxidative stress. An oxidative stress has
been recorded on molecular level by microRNA-based
markers. Secondary also was to evaluate antioxidant
activity as well as total polyphenol, flavonoid and phenolic
acid content of cumin extract.

Scientific hypothesis

We have tested the protective role of antioxidant
properties of seed cumin extract in conbination with
abiotic oxidative stress, on DNA polymorphism. We
hypothesized that the effect of sonication-induced
oxidative stress can be recorded on molecular level by
microRNAs-based markers.

MATERIAL AND METHODOLOGY

Biological material

Cumin (Bunium persicum L.) seeds were grown in the
mountain area of Uzbekistan. They were procured from the
local market, identified and authenticated at Department of
Botany, National University of Uzbekistan.

Lettuce (Lactuca sativa L.) grown in climatic chamber
with phytotron system (Pol-Eko Aparatura KK350 Top
+Fit) of the AgroBioTech, Research Centre of the Slovak
University of Agriculture in Nitra. The plants were grown
under photoperiod 16/8 hours (day/night), temperature
21/18 °C, humidity 50% and light intensity 15,000 Ix.
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Chemicals

All chemicals for antioxidant analyses were analytical
grade and were purchased from Reachem (Slovakia) and
Sigma Aldrich (USA). Chemicals for molecular analyses
were analytical grade and were purchased from
ThermoFisher Scientific (USA), Promega (USA), Biotium
(Canada) and Microsynth (Switzerland).

Sample preparation

An amount of 0.2 g of cumin sample was extracted with
20 mL of 80% ethanol for 2 hours. After centrifugation at
4000 g (Rotofix 32 A, Hettich, Germany) for 10 min, the
supernatant was used for measurement (antioxidant
activity, polyphenols, flavonoids, phenolic acids).
Extraction as well as measurements were carried out in
triplicates.

Radical scavenging activity

Radical scavenging activity of samples was measured
using 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Sanchéz-
Moreno et al., 1998). The extract (0.4 mL) was mixed
with 3.6 mL of DPPH solution (0.025 g DPPH in 100 mL
ethanol). After 10 minutes in darkness, absorbance of the
sample  extract = was  determined  using  the
spectrophotometer Jenway (6405 UV/Vis, England) at 515
nm. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid) (10 — 100 mg.L'!; R? = 0.9881) was used
as the standard and the results were expressed in mg.g’!
Trolox equivalents.

Phosphomolybdenum method

Phosphomolybdenum method was realized according to
method Prieto et al. (1999) with slight modifications. The
mixture of sample (1 mL), monopotassium phosphate
(2.8 mL, 0.1 M), sulfuric acid (6 mL, 1 M), ammonium
heptamolybdate (0.4 mL, 0.1 M) and distilled water
(0.8 mL) was incubated at 90 °C for 120 min, then rapidly
cooled and detected by monitoring absorbance at 700 nm
using the spectrophotometer Jenway (6405 UV/Vis,
England). Trolox (10 — 1000 mg.L"'; R’ = 0.998) was used
as the standard and the results were expressed in mg.g’!
Trolox equivalents.

Total polyphenol content

Total polyphenol content extracts was measured by the
method of Singleton and Rossi (1965) using Folin-
Ciocalteu reagent. 0.1 mL of each sample was mixed with
0.1 mL of the Folin-Ciocalteu reagent, 1 mL of 20% (w/v)
sodium carbonate, and 8.8 mL of distilled water. After
30 min. in darkness the absorbance at 700 nm was
measured using the spectrophotometer Jenway (6405
UV/Vis, England). Gallic acid (25 — 300 mg.L'; R? =
0.998) was used as the standard and the results were
expressed in mg.g™! gallic acid equivalents.

Total flavonoid content

Total flavonoids were determined using the modified
method of Willett (2002). 0.5 mL of sample was mixed
with 0.1 mL of 10% (w/v) ethanolic solution of aluminium
chloride, 0.1 mL of 1 M potassium acetate and 4.3 mL of
distilled water. After 30 min. in darkness the absorbance at

415 nm was measured using the spectrophotometer Jenway
(6405 UV/Vis, England). Quercetin (0.5 — 20 mg.L!; R? =
0.989) was used as the standard and the results were
expressed in pug.g™! quercetin equivalents.

Total phenolic acid content

Total phenolic acids content was determined using
method of Farmakopea Polska (1999). A 0.5 mL of
sample extract was mixed with 0.5 mL of 0.5 M
hydrochloric acid, 0.5 mL Arnova reagent (10% NaNO;
+10% Na:Mo0s), 0.5 mL of 1 M sodium hydroxide (w/v)
and 0.5 mL of water. Absorbance at 490 nm was measured
using the spectrophotometer Jenway (6405 UV/Vis,
England). Caffeic acid (1 — 200 mg.L"' , R? = 0.999) was
used as a standard and the results were expressed in mg.g™!
caffeic acid equivalents.

Genomic DNA extraction and sonication
treatment

The genomic DNA (3 independent samples) was isolated
from leaves of model plant Lactuca sativa L. based on
method by Padmalatha aPrasad (2007). The
methodology of this experiment was based on Dua et al.
(2012). Genomic DNA extracted from cumin seeds (3
independent samples) was isolated by Padmalatha a
Prasad (2007) and used as a control. DNA was quantified
by NanoPhotometer™ (IMPLEN). The reaction mixture
(9 uL) contained 2.70 pg of DNA in 20.0 mmol.dm™
phosphate buffer saline (PBS) (pH 7.4) and different
concentrations of cumin extract (0.5%; 1.0% and 1.5%).
The samples were pre-incubated for 15 min at ambient
temperature. The oxidation stress was induced by
sonication of DNAs during different time periods (5, 10
and 15 minutes) in laboratory ultrasonic bath (type K-5LE,
KRAINTEK CZECH, s.r.o., Czech Republic) with the
ultrasound frequency 38 KHz and power 150 W. Each
treatment was performed in duplicates. The reaction was
terminated by the addition of loading buffer (Blue/Orange
6x, Promega) and the mixture was subjected to gel
electrophoresis in 1.5% agarose/TBE buffer run at 60V.
DNA was visualized and photographed by UV-
transilluminator (G-Box, Syngene, United Kingdom)
system to assess the DNA damage.

In the second type of experiments, the fresh lettuce leaves
(100 mg) of were incubated in 1.5 mL of 1xXPBS and
diferent concentrations (0.5%; 1% and 1.5%) of ethanolic
cumin extract, for 15 minutes and consequently the
samples were affected by sonication in duration 1, 5, 10
and 15 minutes. Each treatment was performed in
duplicates. DNA was extracted using the modified method
according to Padmalantha and Prasad (2006). In total
30 samples od DNA were extracted from leaf tissues.The
DNA concentration was quantified by the ImplenNano
Photometer® (Germany), measuring the absorbance at
260nm. The purity and integrity was assessed by the
absorbance 260/280nm ratio. And diluted then into 50
ng.uL! with nuclease-free water for PCR amplification.

microRNA molecular markers assay

Genomic DNAs isolated from lettuce leaves were
analyzed by molecular markers based on conservative
families of microRNA (miR156 and miR168). The
miRNA based markers PCR amplified in 20 pl reaction
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mixture that contained 70 ng of genomic DNA, Ix
DreamTaq Buffer (KCI, (NH4),SO4,20mmol.dm™ MgClL),
2 units DreamTaq DNA polymerase, 0.8 mmol.dm™
dNTPs, 10 mmol.dm™ of each primer and nuclease-free
water for PCR amplification. The PCR amplification
program used ‘touchdown’ method as follows: initial
denaturation at 94 °C for 5 min; 5 cycles of 30 s at 94 °C,
45 s at 64 °C with a 1 °C decrease in annealing
temperature per cycle and 60 s at 72 °C; 30 cycles of 30 s
at 94 °C, 45 s at 60 °C and 60 s at 72 °C; and a final
extension at 72 °C for 10 min.

The primers for the miRNA-based markers were
designed according to the mature miRNA sequences,
originated from the miRNA database
(http:www.mirbase.org/). Two miRNA-based forward
primers, miRNA156 (5-GTGCAGGGTCCGAGGT-3")
and miR168 (5'-CACGCATCGCTTGGTGCAGGT-3")
and one universal miRNA reverse primer (5 -CCAGT
GCAGGGTCCGAGGTA-3") were used and combined to
perform a marker assay.

PCR product were separated on 3 % agarose and 10%
TBE-Urea gels (miRNA assay) in 1 x TBE Running Buffer
at a constant power of 90 V , 120mA for 60min,
respectively at 180 V, 15 mA for 90 min. The
polyacrylamide gels were stained with GelRed™
(0.5 ng.mL") and were visualized under UV by the G-Box
electrophoresis documentation system. The DNA fragment
size was compared to 100bp Gene Ruler and in the case of
polyacrylamide gels by 10bp DNA ladder.

The DNA amplification profile by both markers was
analyzed by GeneTool software (Syngene, Germany).
Each fragment is characterized by quantity and volume of
profile in pixels. Profiles are recorded on the basis of the
set threshold value in which the analysis is carried out.

Statisic analysis

The statistical analyses were performed with the
statistical program Statgraphics (version 5.0) and the SAS
program (the SAS system v 9.2.). Results of microRNA-
based markers assay were evaluated by One-Way
ANOVA. Differences were considered significant at
p <0.01. To test differences was used Tuckey test. Results
of antioxidant activity as well as total polyphenols,
flavonoids and phenolic acids are presented as mean value
with standard deviation.

RESULTS AND DISCUSSION

Antioxidant activity
Antioxidant activity (Table 1) of tested cumin extract was
1.18 mg TEAC.g' evaluated with DPPH method and

4523 mg TEAC.g! by phosphomolybdenum method.
Sharififar et al. (2010) tested methanolic extract of cumin
and reported strong activity with DPPH method -
45.7 ng.mL!. This authors also reported that in general,
the cumin essential oil showed higher activity than solvent
extracts from the cumin (Sharififar et al., 2010). Similarly
Chizzola et al. (2014) tested antioxidant activity of
methanolic extract of cumin and their value varied from
9.2 to 14.4 mg Trolox equivalents in the DPPH test and
from 6.1 to 10.9 mg.g! in the Fe-reduction test. In our
study we tested activity of ethanolic extract, but many
researchers also detected strong antioxidant activity of
black cumin essential oil. Shahsauari et al. (2008)
reported strong activity evaluated with DPPH methos of
this oil with value 0.88 mg.mL"' (EC50). These authors
also showed that Bunium persicum essential oil is able to
reduce the oxidation rate of the soybean oil in the
accelerated condition at 60 degrees C (oven test). Study of
Kareshk et al. (2015) showed that B. persicum essential
oil as a natural source can be used for production of new
prophylactic agent for use in toxoplasmosis. Bunium
persicum Boiss. is an economically important medicinal
plant growing wild in the dry temperature regions in Iran,
Kazakhstan and Uzbekistan with the strong potential of
widely using in different kind of industry.

Total polyphenol, flavonoid and phenolic acid
content

Total polyphenol content in evaluated cumin extract
achieved value 4.22 mg GAE.g"!, total flavonoid value
1091 mg QE.g"! and total phenolic acid value 5.07 mg
CAE.g! (Table 1). Our results are comparable with
findings of Chizzola et al. (2014) which tested these
compounds in methanolic extract of cumin and total
polyphenol content in their study was between
8.7 — 14.7 mg GAE.g"!, total flavonoid content between
4.3 — 9.5 mg CE.g"! (catechin equivalent). Nickavar and
Abolhasani (2009) reported a total flavonoid content of
cumin extract in value 20.2 mg.g”! as rutin-equivalents.
Seri et al. (2017) measured total polyphenol conten in
hydroalcoholic extract of cumin and found value 122.41
mg GAE.g!'. These authors also published that this
hydroalcoholic extract might have therapeutic potentials in
the  prevention of  glycation-mediated  diabetic
complications. Souri et al. (2008) published total
polyphenol content in cumin in amount 214.03 +4.10 mg
GAE.100 g,

MicroRNA-based markers assay
The ultrasound is widely used tool not only in medicine,

Table 1 Antioxidant activity, total polyphenol, flavonoid and phenolic acid content in cumin (Bunium persicum

Boiss.) ethanolic extract.

Sample DPPH PM TPC TFC TPA
(mg TEAC.g"") (mg TEAC.g") (mg GAE.g") (mg QE.g™") (mg CAE.g")
Cumin
(Bunium persicum 1.18 £0.11 45.23 +2.38 4.22 +0.78 10.91 £1.63 5.07 £0.42
Boiss.)

Note: DPPH - radical scavenging activity; PM — phosphomolybdenum method; TPC — total polyphenol content; TFC
— total flavonoid content; TPA — total phenolic acid content; TEAC — trolox equivalent antioxidant capacity; GAE —
gallic acid equivalent; QE — quercetin equivalent; CAE — caffeic acid equivalent; +standard deviation.
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but its applications in food industry and agriculture are
more than significant. In addition, the thermal and
chemical effects of ultrasound could be considered as a
kind of serious environmental abiotic stress factor equal to
the impacts of the current advanced telecommunication
technologies on human beings. Therefore the research on
the impact of sonication treatment on biological subjects is
necessary. Ultrasound induces thermal, mechanical and
chemical changes on morphological, cytological and
molecular level. The ultrasound bioeffects include
formation of free radicals and reactive oxygen species
(Milowska and Gabryelak, 2007). The use of genomic
DNA as a template for fragmentation by sonication is one
of the necessary approaches prior to library construction or
subcloning for DNA sequencing (Sambrook and Russell,
2006; Lee and Abdullah, 2014). Antioxidant properties of
spices and herbs are known since ancient times and their
pharmaceutical and medicinal potential is inexhaustible
and still brings new possibilities of their use.

The protective role of cumin seed extract has been tested
both on isolated genomic DNA treated by ultrasound and
on plant tissue material effected by ultrasound during
various time points. Non-treated genomic DNA isolated
from lettuce and cumin seeds represented the control
samples. Additional control was the cumin DNA treated

with ultrasound in duration of 5, 10 and 15 minutes as the
rest of tested samples. From the Figure 1 can be seen the
effect of sonication on DNA degradation in the presence of
different concentration of cumin extract. In comparison to
non-treated control samples (CO and C1) and sonicated
samples of cumin DNA (C25, C210 and C215),
dagradation proces of DNA due to the ultrasound
treatment is visible, having increasing tendency with the
time of action. It seems that the pretreatment of DNA with
the cumin extract of various concentrations (0.5%; 1.0%
and 1.5%), does not have any impact on DNA protection
againts the damage, probably due to unsifficient of cumin
extract in these solutions. But on the other hand, it can be
observed that the cumin DNA, itself (Figure 1; C2s, C21o
and C2;s5) has not been disrupt by sonication at any time
point. This protective impact of the extract indicates that
antioxidant properties of cumin seeds can efficiently
quench free radicals induced by sonication. This
corresponds to the results of Dua et al. (2012). As the
authors stated, the presence of extract equivalent to 0.5 pg
and 1.0 pg cumin in the incubation mixture could prevent
damage of DNA.

In order to analyze the impact of ultrasound-mediated
ROS formation at the molecular level more closely, we
applied the markers based on microRNA sequences, due to

Figure 1 The effect of cumin seeds extract during the sonication treatment of lettuce DNA vizualized on 1.5% agarose
gel. Note: M — DNA marker; control samples CO — lettuce DNA non-treated, C1 — cumin DNA non-treated, C2 —
cumin DNA treated with ultrasound in duration of 5, 10 and 15 minutes; samples S1, S2 and S3 - lettuce DNA in
0.5%, 1.0% and 1.5% cumin extract, treated by sonication 5 min; S4, S5 and S6 — lettuce DNA in 0.5%, 1.0% and
1.5% cumin extract, treated by sonication 10 min; S7, S8 and S9 — lettuce DNA in 0.5%, 1.0% and 1.5% cumin
extract, treated by sonication 15 min. The highlighted area shows the degree of DNA degradation.

m0.5%
1.0%
m15%

8
(1]
4
il
0

Control 1 min 5 min 10 min 15 min

Control Smin 10min 15min

1min

Figure 2 Number of DNA fragments of lettuce (Lactuca sativa L.) samples after ultrasound treatment, preceded b'y
cumin extracts pre-incubation, detected by marker miRNA156 (left) and miR168 (right). Linear lines show numbers of
DNA fragments in cotrol samples of cumin (interrupted line) and lettuce (starred line).
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their role in regulation of DNA damage response (Zhou et
al., 2007; Kruszka et al., 2012). For this reason were
pieces (approximately 100 mg) of fresh leaf tissue material
taken and prior to ultrasound treatment, they were
incubated 15 minutes in PBS buffer together with various
concentrations of cumin seed extract.

Consequently, the total genomic DNA was extracted and
loaded on 1.5% agarose gel (picture not shown). Along
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with this proccesure was DNA analyzed by miRNA-based
markers in touchdown PCR method. For these purposes
two types of miRNA families have been -chosen,
conservative miR156 and miR168. Both types of miRNAs
are considered as biomarkers of abiotic stress (Bej and
Basak, 2014; Kruszka et al., 2012; Zhou et al., 2007).
The family miR156 targets squamosa promoter binding
protein (SBP), transcription factor which is involved in
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Figure 3 An example of the the gel with the PCR products of lettuce generated by miR156 marker.
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Figure 4 An example of the profiles of miRNA-based DNA fragments in control and treated samples by the
ultrasound (US) generated by miR168 marker. Before treatment were samples incubated in solution of 1.5% cumin

seed extract.
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many biologically important processes (Barvkar et al.,
2013). One of the target sequences of miR168 family are
sequences of cytochrome P450 which is involved in a wide
range of biosynthetic reactions, which include ROS
inactivation (Kruszka et al., 2012). Based on the number
and profile of individual peaks representing DNA
fragments, we could observe more sensitive response to
applied ultrasound treatment in miR168 marker in
comparison to the marker miR156 (Figure 2) regardless to
cumin extract pre-treatment of the samples. An example of
the the gel with the PCR products of lettuce generated by
miR 156 marker shows figure 3.

The number of amplified fragments by miR168 was
doubled in comparison to miR156. This difference was
statistically significant (significance level 0.0056 at
p <0.01). More interestingly, the profile of peaks generated
by marker miR168 has been distinguished (Figure 4) and
the increasement of the marker activity has been recorded
depending on the length of the ultrasound treatment. The
extent of DNA damage may lead to activation of miRNAs
which suggest that these molecules regulate the DNA
damage response by a mechanism based on the intensity of
DNA damage (Simon et al., 2009).

In contrary, the profiles of DNA fragments generated by
marker miR156 was quite balanced (Figure 3a, b and c).
Our results correspond to observations of Kruszka et al.,
(2012), Xin et al. (2010) and Lu et al. (2005). As it has
been recorded in our previous studies (RaZna et al., 2015)
the polymorphism and expression of miR156 and miR168
markers was not only species- but also tissue- and
developmentally-specific.

Molecular effects of ultrasound can be observed on the
level physical, chemical and stress-induced changes which
arise as a result of thermal, mechanical and acoustic
axposure (Rokhina et al., 2009). With the duration of
treatment the temperature is increasing which may lead to
denaturation of proteins and this consequently interferes
with cellular machineries to repair proteins and membranes
(Bej and Basak, 2014). In response to heat stress the
miR156 and miR168 in wheat were found to be up
regulated (Xin et al., 2010). Differential expression profile
of miR156 and miR168 was studied in different plant
species under various abiotic and biotic stress factors
(Kruszka et al.,, 2012). In most of tested abiotic stress
conditions was marker miR168 up regulated.

However, in the study of Populus trichocarpa (Lu et al.,
2005) was observed that miR156 was found to be down
regulated during the mechanical stress and miR168 was up
regulated in tension-stressed tissues. As Bej and Basak
(2014) has stated in the context of response of UV-B
radiation stress-responsive miRNAs families, that their
reaction to the stress factor may be species-specific.

The results demonstrated that ultrasound at the used
intensity and frequency is inducing the polymorphic
variability at molecular level what was detected by the
miRNA-based DNA markers. This effect of ultrasound
was dependent on the duration of the treatment. Our results
are in agreement with the observation of Milowska and
Gabryelak, (2007). Juhaimi et al. (2017) studied the
effect of preultrasonic process on oil content and fatty acid
composition of black cumin seeds and found out the major
decrease in linoleic acid content after sonication for 30
minutes.

At the same time, we conducted the same type of
experiments with the incense (Boswellia sacra
FLUECKIGER) (results not shown). The antioxidant
properties as well as the DNA degradation profile due to
the ultrasound treatment have shown similar behavior.
However, significant differences in the number and profile
of individual peaks representing miRNA-based DNA
fragments, with respect to tested concentrations of cumin
extract has not been noticed. The reason for the observed
phenomenon may be caused by low level of antioxidants in
the particular sample of cumin seeds and subsequently
with an insufficient concentration of the extracts in the
solutions applied during the samples pre-treatment. The
antioxidant properties of cumin seed extract are dependent
of the total radical scavenging activity (DPPH) reflecting
the total phenolic and flavonoid content. Abdelhaliem and
Al-Hugqail, (2016) observed distinct variations in DPPH
and the content of phenols and flavonoids among and
between 11 cumin accessions. Observed variations could
be due to high variability in the substances with
antioxidant characteristics which may be induced by
diverse ecogeographical areas of cumin accessions
cultivation.

CONCLUSION

Cumin (Bunium persicum Boiss.) is very interesting
medicinal plant which contains various Dbioactive
compounds. This plant is not typically for Slovak repuplic,
but nowadays start be very popular mainly in gastronomy
due to the specifical flavour. Results in this study showed
that cumin had good antioxidant activity as well as
polyphenol composition. Nevertheless, it is clear that
reactive oxygen species, induced by sonication treatment
did cause the polymorphism at the molecular level
detected by miRNAs-stress markers, despite the co-
operation of lettuce samples and the cumin extract.
MiRNAs-based molecular markers effectively dettected
the variability at the molecular level caused by abiotic
stress factors. Specifically, the response of miR168 marker
was statistically more sensitive in comparison to miR156
marker. The results, at the same time, pointed out the fact
that the changes that took place within the molecules of
biological objects exposed to ultrasonic waves, might be
significant for food technological processes.

REFERENCES

Abdollahi, A., Domhan, S., Jenne, J. W., Hallaj, M.,
Dell’Aqua, G., Mueckenthaler, M., Richter, A., Martin, H.,
Debus, J., Ansorge, W., Hynynen, K., Huber, P. E. 2004.
Apoptosis signals in lymphoblasts induced by focused
ultrasound. The FASEB Journal, vol. 18, no. 12, p. 1413-
1414. https://doi.org/10.1096/1].04-1601fje

Ani, V., Varadaraj, M. C., Naidu Akhilender, K. 2006.
Antioxidant and antibacterial activiries of polyphenolic
compounds from bitter cumin (Cuminum nigrum L.).
European Food Research and Technology, vol. 224, p. 109-
115. https://doi.org/10.1007/s00217-006-0295-z

Barvkar, V. T., Pardeshi, V. C., Kale, S. M., Qiu, S.,
Rollins, M., Datla, R., Kadoo, N. Y. 2013. Genome-wide
identification and characterization of microRNA genes and
their targets in flax (Linum usitatissimum): Characterization
of flax miRNA genes. Planta, vol. 237, no. 4, p. 1149-161.
https://doi.org/10.1007/s00425-012-1833-5

Volume 12

No. 1/2018


https://doi.org/10.1096/fj.04-1601fje
https://doi.org/10.1007/s00217-006-0295-z
https://doi.org/10.1007/s00425-012-1833-5

Potravinarstvo Slovak Journal of Food Sciences

Barlow, S. M. 1990. Toxicological Aspects of Antioxidants
Used as Food Additives. In: Hundson, B. J. Food
Antioxidants.  Amsterdam,  Netherlands Springer
Netherlands, p. 253-307. ISBN 978-94-010-6824-6.
https://doi.org/10.1007/978-94-009-0753-9 7

Bej, S., Basak, J. 2014. MicroRNAs: The potential
biomarkers in plant stress response. American Journal of
Plant Sciences, vol. 5, p- 748-759.
https://doi.org/10.4236/ajps.2014.55089

Bhattacharya, S. 2015. Conventional and Advanced Food
Processing Technologies. Chapter 21. In Jambrak, A. R. et al.
Application of Ultrasonics in Food Preservation and
Processing. Hoboken, New Jersey, USA : John Wiley and
Sons, Ltd. p. 515-536. ISBN 9781118406281.

da Silva, J. A. T, Dobranszki, J. 2014. Sonication and
ultrasound: impact on plant growth and development. Plant
Cell, Tissue and Organ Culture, vol. 117, no. 2, p. 131-143.
https://doi.org/10.1007/s11240-014-0429-0

Chizzola, R., Saeidnejad, A. H., Azizi, M., Oroojalian, F.,
Mardan, H. 2014. Bunium persicum: variability in essential
oil and antioxidant acitivty of fruits different Iranian wild
populations. Genetic Resources and Crop Evolution, vol. 61,
no. 8, p. 1621-1631. https://doi.org/10.1007/s10722-014-
0158-6

Dua, A., Gupta, S. K., Mittal, A., Mahajan, R. 2012. A
study of antioxidant properties and antioxidant compounds of
cumin. [International Journal of Pharmaceutical and
Biological Archives, vol. 3,no. 5, p. 1110-1116.

Farmakopea Polska. 1999. 5" ed. Warszawa, Poland :
PTFarm. 664 p.

Fatemi, F., Dadkhah, A., Rezaei, M. B., Dini, S. 2013.
Effect of y-irradiation on the chemical composition and
antioxidant properties of cumin extracts. Journal of Food
Biochemistry, vol. 37, no. 4, p. 432-439.
https://doi.org/10.1111/j.1745-4514.2011.00641.x

Juhaimi, F. A., Uslu, N., Ozcan, M. M. 2017. The effect of
preultrasonic process on oil content and fatty acid
composition of hazelnut, peanut and black cumin seeds.
Journal of Food Processing and Preservation, vol. 42, no. 1,
p. 1-4.

Kantar, M., Unver, T., Budak, H. 2010. Regulation of
Barley miRNAs upon dehydration stress correlated with
target gene expression. Functional and Integrative Genomics,
vol. 10, no. 4, p. 493-507. https://doi.org/10.1007/s10142-
010-0181-4
PMid:20676715

Kareshk, A. T., Keyhani, A., Mahmouduand, H., Oliaei, R.
T., Asadi, A., Andishmand, M., Azzizian, H., Babaei, Z.,
Ziaali, N. 2015. Efficacy of the Bunium persicum Boiss.
essential oil against Toxoplasmosis in mice model. [ran
Journal of Parasitology, vol. 10, no. 4, p. 625-631.

KlimeSova, M., Horacek, J., Ondfej, M., Manga, L.,
Kolackova, L., Nejeschlebova, L., Ponizil, A. 2015. Microbial
contamination of spice sused in production of meat products.
Potravindrstvo, vol. 9, no. 1, p- 154-159.
https://doi.org/10.5219/440

Kruszka, K., Pieczynski, M., Windels, D., Bielewicz, D.,
Jarmolowski, A., Kulinska-Szweykowska, Z., Vazquez, F.
2012. Role of microRNAs and other sRNAs of plants in their
changing environments. Journal of Plant Physiology, vol.

169, no. 16, p- 1664-1672.
https://doi.org/10.1016/].jplph.2012.03.009
PMid:22647959

Lee, L. J., Abdullah, M. 2014. Optimization of genomic
DNA shearing by sonication for next-generation sequencing

library preparation. Asia-Pacific Journal of Molecular
Biology and Biotechnology, vol. 22, no. 3, p. 200-208.

Lu, S., Sun, Y., Shi, R., Clark, C., Li, L., Chiang, V. 2005.
Novel and mechanical stress-responsive MicroRNAs in
Populus trichocarpa that are absent from Arabidopsis. Plant
Cell, vol. 17, no. 8, p. 2186-2203.
https://doi.org/10.1105/tpc.105.033456
PMid: 15994906

Milowska, K., Gabryelak, T. 2007. Reactive oxygen species
and DNA damage after ultrasound exposure. Biomolecular
Engineering, vol. 24, no. 2, p- 263-267.
https://doi.org/10.1016/j.bioeng.2007.02.001
PMid:17353145

Padmalatha, K, Prasad, M. N. V. 2005. Optimization of
DNA isolationand PCR protocol for RAPD analysis of
selected medicinal and aromatic plants of conservation
concern from  Peninsular India. African  Journal
Biotechnology, vol. 5, no. 3, p. 230-234.

Panwar, K. 2000. Black caraway. In Arya P. S. Spice crops
of India. New Delhi : Kalyani Publishers, p. 172-178.

Prieto, P., Pineda, M., Aguilar, M. 1999.
Spectrophotometric quantitation of antioxidant capacity
through the formation of a phosphomolybdenum complex:
specific application to the determination of vitamin E.
Analytical Biochemistry, vol. 269, no. 2, p. 337-341.
https://doi.org/10.1006/abio.1999.4019
PMid:10222007

Riesz, P., Kondo, T. 1992. Free radical formation induced
by ultrasound and its biological implications. Free Radical
Biology and Medicine, vol. 13, no. 3, p. 247-270.
https://doi.org/10.1016/0891-5849(92)90021-8

Rogers, S. O., Bendich, A. J. 1994. Extraction of total
cellular DNA from plants, algae and fungi. Plant molecular
biology Manual, p. 183-190. https://doi.org/10.1007/978-94-
011-0511-8_12

Rokhina, E. V., Lens, P., Virkutyte, J. 2009. Low-frequency
ultrasound in biotechnology: state of the art. Trends in
Biotechnology,  vol. 27, mno. 5, p. 298-299.
https://doi.org/10.1016/j.tibtech.2009.02.001
PMid:19324441

Saeed, N., Khan, M. R., Shabbir, M. 2012. Antioxidant
activity, totalphenolic and total flavonoid contents of whole
plant extracts Torilis leptophylla L. BMC Complementary and
Alternative Medicine, vol. 12, p- 221.
https://doi.org/10.1186/1472-6882-12-221

Sambrook, J., Russell, D. W. 2006. Fragmentation of DNA
by sonication. CSH protocols, vol. 2006, no. 4.

SAS 2009. Users guide version 9. 2. SAS/stat (r) SAS
institute inc. cary, nc, USA.

Shapira, Z., Terkel, J., Egozi, Y., Nyska, A., Friedman, J.
1989. Abortifacient potential for the epigeal parts of Peganum
harmala. Journal of Ethnopharmacology, vol. 27, no. 3, p.
319-325. https://doi.org/10.1016/0378-8741(89)90006-8

Sanchés-Moreno, C., Larrauri, A., Saura-Calixto, F. 1998.
A procedure to measure the antioxidant efficiency of
polyphenols. Journal of the Science of Food and Agriculture,
vol. 76, no. 2, p. 270-276. https://doi.org/10.1002/(SICT)1097-
0010(199802)76:2<270::AID-JSFA945>3.0.CO;2-9

Seri, A., Khorsand, M., Rezaei, Z., Hamedi, A., Takhshid,
M. A. 2017. Inhibitory effect of Bunium persicum
hydroalcoholic extract on glucose-induced albumin glycation,
oxidation and aggregation in vitro. Iran Journal of Medical
Sciences, vol. 42, no. 4, p. 369-376. PMid:28761203

Shahsavari, N., Barzegar, M., Sahari, M. A., Naghdibadi, H.
2008. Antioxidant activity and chemical characterisation of
essential oil of Bunium persicum. Plant Foods for Human

Volume 12

No. 1/2018


https://doi.org/10.1007/978-94-009-0753-9_7
https://doi.org/10.4236/ajps.2014.55089
https://doi.org/10.1007/s11240-014-0429-0
https://doi.org/10.1007/s10722-014-0158-6
https://doi.org/10.1007/s10722-014-0158-6
https://doi.org/10.1111/j.1745-4514.2011.00641.x
https://doi.org/10.1007/s10142-010-0181-4
https://doi.org/10.1007/s10142-010-0181-4
https://www.ncbi.nlm.nih.gov/pubmed/20676715
https://doi.org/10.5219/440
https://doi.org/10.1016/j.jplph.2012.03.009
https://www.ncbi.nlm.nih.gov/pubmed/22647959
https://doi.org/10.1105/tpc.105.033456
https://www.ncbi.nlm.nih.gov/pubmed/15994906
https://doi.org/10.1016/j.bioeng.2007.02.001
https://www.ncbi.nlm.nih.gov/pubmed/17353145
https://doi.org/10.1006/abio.1999.4019
https://www.ncbi.nlm.nih.gov/pubmed/10222007
https://doi.org/10.1016/0891-5849(92)90021-8
https://doi.org/10.1007/978-94-011-0511-8_12
https://doi.org/10.1007/978-94-011-0511-8_12
https://doi.org/10.1016/j.tibtech.2009.02.001
https://www.ncbi.nlm.nih.gov/m/pubmed/19324441/
https://doi.org/10.1186/1472-6882-12-221
https://doi.org/10.1016/0378-8741(89)90006-8
https://doi.org/10.1002/(SICI)1097-0010(199802)76:2%3c270::AID-JSFA945%3e3.0.CO;2-9
https://doi.org/10.1002/(SICI)1097-0010(199802)76:2%3c270::AID-JSFA945%3e3.0.CO;2-9
http://europepmc.org/abstract/med/28761203

Potravinarstvo Slovak Journal of Food Sciences

Nutrition, vol. 63, no. 4,
https://doi.org/10.1007/s11130-008-0091-y
PMid: 18810640

Sharififar, F., Yassa, N., Mozaffarian, V. 2010. Bioactivity
of major components from the seeds of Bunium persicum
Boiss. Pakistan Journal of Pharmaceutical Sciences, vol. 23,
no. 3, p. 300-309. PMid:20566444

Schafer, F. Q., Kelly E. E., Buettner, G. R. 2003. Oxidative
stress and antioxidant intervention. In: Cutler, R. G. et al.
Critical Reviews of Oxidative Stress and Aging: Advances in
Basic Science, Diagnostics and Intervention. New Jersey,
London, Singapore, Hong Kong : World Scientific, p 849-
869. ISBN 981-02-4636-6.

Simone, N. L., Soule, B. P, Ly, D., Saleh, A. D., Savage, J.
E., Degraff, W., Cook, J., Harris, C. C., Gius, D., Mitchell, J.
B. 2009. Ionizing radiation-induced oxidative stress alters
miRNA expression. PLoS One, vol. 4, no. 7, p. e6377.
https://doi.org/10.1371/journal.pone.0006377
PMid:19633716

Singleton, V. L., Rossi, J. A. 1965. Colorimetry of total
phenolics  with  phosphomolybdic-phosphotungstic  acid
reagents. American Journal of Enology and Agricultural, vol.
16, p. 144-158.

Souri, E., Amin, G., Farsam, H., Barazandeh, T. M. 2008.
Screening of antioxidant activity and phenolic content of 24
medicinal plant extracts. DARU Journal of Pharmaceutical
Sciences, vol. 16, no. 2, p. 83-87.

Sultana, S., Ripa, F. A., Hamid, K. 2010. Comparative
antioxidant activity study of some commonly used spices in
Bangladesh. Pakistan Journal of Biological Sciences, vol. 13,
no. 7, p. 340-343. https://doi.org/10.3923/pjbs.2010.340.343
PMid:20836290

Suslick, K. S. 1990. Sonochemistry. Science, vol. 247, no.
4949, p- 1439-1445.
https://doi.org/10.1126/science.247.4949.1439
PMid:17791211

Xin, M., Wang, Y., Yao, Y., Xie, C., Peng, H., Ni, Z., Sun,
Q. 2010. Diverse set of MicroRNAs are responsive to
powdery mildew infection and hest stress in wheat (7riticum
aestivum L.). BMC Plant Biology, vol. 10, p. 123.
https://doi.org/10.1186/1471-2229-10-123
PMid:20573268

Wan, G., Mathur, R., Hu, X., Zhang, X., Lu, X. 2011.
MicroRNA response to DNA damage. Trends in Biochemical

p.  183-188.

Wei, M., Yang, C. Y., Wei, S. H. 2012. Enhancement of the
differentiation of protocorm-like bodies of Dendrobium
officinale to shoots by ultrasound treatment. Journal of Plant

Physiology, vol. 169, no. 8, p- 770-774.
https://doi.org/10.1016/].jplph.2012.01.018
PMid:22437146

Willett, W. C. 2002. Balancing life-style and genomics
research for disease prevention. Science, vol. 292, no. 5568, p.
695-698. https://doi.org/10.1126/science.1071055
PMid:11976443

Zhang, X., Wan, G., Berger, F. G., He, X., Lu, X. 2011. The
ATM kinase induces microRNA biogenesis in the DNA
damage response. Molecular Cell, vol. 41, no. 4, p. 371-383.
https://doi.org/10.1016/j.molcel.2011.01.020
PMid:21329876

Zhou, X., Wang, G., Zhang, W. 2007. UV-B responsive
microRNA genes in Arabidopsis thaliana. Molecular Systems
Biology, vol 3, no. 103. https://doi.org/10.1038/msb4100143

Acknowledgments:

This work was supported by AgroBioTech Research Centre
built in accordance with the project Building ,,AgroBioTech"
Research Centre ITMS 26220220180.

Contact address:

Katarina Razna, Slovak University of Agriculture.
Faculty of Agrobiology and Food Resources, Department
of Genetics and Plant Breeding, Tr. A. Hlinku 2, 949 76
Nitra, Slovakia, E-mail: katarina.razna@uniag.sk

Nishonoy Khasanova, National University of Uzbekistan,
Faculty of Biology, Department of Microbiology and
Biotechnology, Mirzo Ulugbek 100174, Almazar district,
Tashkent city, Uzbekistan,
E-mail: nishonoykhasanova@gmail.com

Eva IvaniSova, Slovak University of Agriculture, Faculty
of Biotechnology and Food Science, Department of
Storage and Processing Plant Products. Tr. A. Hlinku 2,
949 76 Nitra, Slovakia, E-mail: eva.ivanisova@uniag.sk

Davranov Qahramon, National University of Uzbekistan,
Faculty of Biology, Department of Microbiology and
Biotechnology, Mirzo Ulugbek 100174, Almazar district,
Tashkent city, Uzbekistan,
E-mail: k-davranov@mail.ru

Sciences, vol. 36, no. 9, p. 478-484. Miroslav Haban, Slovak University of Agriculture,
https://doi.org/10.1016/].tibs.2011.06.002 Faculty of Agrobiology and Food Resources, Department
PMid:21741842 of Sustainable Agriculture and HerbologyTr. A. Hlinku 2,
949 76 Nitra, Slovakia, E-mail: miroslav.haban@uniag.sk
Volume 12 19 No. 1/2018


https://doi.org/10.1007/s11130-008-0091-y
https://www.ncbi.nlm.nih.gov/pubmed/18810640
https://www.ncbi.nlm.nih.gov/pubmed/20566444
https://doi.org/10.1371/journal.pone.0006377
https://www.ncbi.nlm.nih.gov/pubmed/19633716
https://doi.org/10.3923/pjbs.2010.340.343
http://europepmc.org/abstract/med/20836290
https://doi.org/10.1126/science.247.4949.1439
https://www.ncbi.nlm.nih.gov/pubmed/17791211
https://doi.org/10.1186/1471-2229-10-123
https://www.ncbi.nlm.nih.gov/pubmed/20573268
https://doi.org/10.1016/j.tibs.2011.06.002
https://www.ncbi.nlm.nih.gov/m/pubmed/21741842/
https://doi.org/10.1016/j.jplph.2012.01.018
https://www.ncbi.nlm.nih.gov/m/pubmed/22437146/
https://doi.org/10.1126/science.1071055
https://www.ncbi.nlm.nih.gov/pubmed/11976443
https://doi.org/10.1016/j.molcel.2011.01.020
https://www.ncbi.nlm.nih.gov/pubmed/21329876
https://doi.org/10.1038/msb4100143

>
g™ Crossref
Similarity Check

Powered by Thenticate

OPEN ACCESS

Potravinarstvo Slovak Journal of Food Sciences

Slovak Jogrnal of
Food Sciences

Potravinarstvo Slovak Journal of Food Sciences

vol. 12, 2018, no. 1, p. 20-25

doi: https://dx.doi.org/10.5219/847

Received: 21 November 2017. Accepted: 21 January 2018.

Available online: 11 February 2018 at www.potravinarstvo.com

© 2018 Potravinarstvo Slovak Journal of Food Sciences, License: CC BY 3.0
ISSN 1337-0960 (online)

@ notravindrstvo”

CONSTITUENTS OF THE ESSENTIAL OIL IN SOL/DAGO CANADENSIS L.
FROM EURASIA

Olga Shelepova, Yulia Vinogradova, Boris Zaitchik, Alexander Ruzhitsky,
Olga Grygorieva, Jan Brindza

ABSTRACT

Hydro distilled essential oils in air-dry samples of aerial parts of Solidago canadensis L., (Asteraceae) from eight local
invasive populations were investigated by GC-MS analysis. A comparative study on quantity and composition of the
essential oils obtained from plants, growing in different ecological and climatic conditions, ontogenesis phase and different
plant organs was carried out The major compounds detected in oil samples of S. canadensis were a-pinene (1.3 — 61.27%),
limonene (0.5 — 22.5%), bornyl acetat (3.4 — 29.8%) and germacrene D (1.8 — 39.2%). Samples from inflorescences
contained the maximal percentage of monoterpene hydrocarbons, while the leaves' samples showed the maximal
cumulative percentage of sesquiterpene and monoterpene hydrocarbons. Data obtained from our studies confirm the
availability of alien invasive species Solidago canadensis for medicine and many other purposes. The variability of the
qualitative and quantitative composition of essential oils in different geographical locations will allow futher selection of

form containing the maximum amount of active substances.

Keywords: Solidago canadensis; essential oil; terpenes

INTRODUCTION

Nowdays alien invasive plants spread in the secondary
distribution range in mass and can displace native species
especially in the antropogenically transformated sites. The
resource potential of these «new species» didn’t studyied
in detail yet. The direct and indirect effects of occurrence
of invasive plants on food production and other positive
externalities of its appearence have been analysed only for
a few species (Fehér et al.,, 2016). In this regard not
without interest is genus Solidago L. that comprises about
100 species, five of them occurring in the Old World.
Solidago virgaurea L. is the only one native for Eurasia.
The other four — S. canadensis L., S. gigantea Ait., S.
rupestris Raf. and S. graminifolia (L.) Salisb. (=Euthamia
graminifolia (L.) Nutt.) are of North American origin
(Vinogradova et al., 2010). S. canadensis and S. gigantea
are the invasive plants, widely distributed in Russia and
almost all European countries. The plant material of
medicinal usage, known as Herba Solidaginis, includes S.
virgaurea, S. gigantea and S. canadensis (Kalemba and
Thiem, 2004). This material, its extracts and derivatives
serve as components in many medications, applicable
while treatment of the urinary tract and prostate diseases.

S. canadensis is used in medicine for treatment of several
diseases. The flowers contain analgesic, astringent,
febrifuge compounds, infusion of the dried powdered herb
is used as an antiseptic agent and root is applied as
poultice to burns (Moerman, 1998). The species has been

used in European phytotherapy for over 200 years for
treatment of chronic nephritis, cystitis, urolithiasis,
rheumatism and as an antiphlogistic drug (Apati et al.,
2003). The chemical composition of the essential oil in S.
canadensis is poorly known. The essential oils obtained
from fresh green parts, dried aerial parts, inflorescences,
leaves and roots of S. canadensis collected from Poland,
India, Egypt and China were previously investigated
(Kalemba et al., 1990; Weyerstahl et al., 1993; Xia et
al.,, 1999; Mishra et al., 2010, 2011; El-Sherei et al.,
2014). Results of those investigations showed that
inflorescences of S. canadensis yielded 1.7%, 0.9%
(leaves), and 0.2% (steams) of the essential oil. This oil
contains 85% hydrocarbons and 15% terpenoids. Earlier,
a-pinene, limonene, bornyl acetate, germacrene D,
myrecene and y-cadinene had been identified.

It is known that essential oils have antibacterial,
antifungal, antioxidant (Baratta et al. 1998; Burt, 2004;
Bounatirou et al., 2007), antimycotic (Arras and Grella,
1992), antiparasitic (Pandey et al., 2000), antitoxigenic
(Juglal et al., 2002), and insecticidal (Konstantopoulou
et al., 1992) properties. Essential oils can be used as
natural preservative in the food industry too (Petrova et
al., 2015; Foltinova et al., 2017). For example, essential
oil as an potential sources of antimicrobial ingredients are
applied for chicken thighs meat treatment (Kac¢aniova et
al., 2016). Essential oils can be used as well for the control

Volume 12

No. 1/2018



Potravinarstvo Slovak Journal for Food Industry

of plant pathogens such as Aspergillus niger and
Aspergillus tubingensis (Cisarova et al., 2016).

Scientific hypothesis

The major goal of this work was the determination
chemical composition of the essential oils and the
characterization essential oil chemical polymorphism of
S.canadensis invasive populations from Eurasia.

MATERIAL AND METHODOLOGY

Locating plants and data collection

The specimens of S. canadensis (Figure 1) were collected
in eight local invasive populations from Austria, Ukraine,
Kazakhstan and Russia (Moscow, Penza, Tver and Tula
regions) geographically distant from each other (Table 1).
The specimens were collected both at vegetative and
flowering buds' formation phases (June — August 2015).
For the purpose of phytochemical analysis, one to three
specimens (all the aerial shoots) were sampled within
0.2 m?> — patches in all the examined local populations,
simultaneously ~with collection of the herbarium
specimens. The herbarium specimens are kept in the
herbarium of Main Botanical Garden RAS (MHA).

Chemicals

Various reference chemicals used in this study were
obtained from Sigma Chemical Co. (St Louis, MO, USA).
All other chemicals used in this study were purchased

T ‘

Figure 1 Solidago canaensisL. in the Moscow district, photo by Yu.Vinogradova, September 2016.

from Merck (Darmstadt, Germany).

Methods of the Essential Oil Composition Study
Essential oil was obtained from an average sample of
aerial parts (leaves, inflorescences and a mixture of
inflorescences and leaves) of plants. The oil was extracted
from chopped air-dried material by hydrodistillation
according to Ginzberg (1932). Qualitative composition of
the oil was determined by gas chromatography at the
Center for Collective Use of the Federal Research Center
“Fundamentals of Biotechnology”, Russian Academy of
Sciences, Moscow (RFMEFI62114X0002), using a
Shimadzu GS 2010 gas chromatograph with a GCMS-QP
2010 mass detector and SPB-1 nonpolar column (solid-
phase-bound methyl silicone) (Supelco, Sigma-Aldrich
Corporation) with the length of 30 m and diameter of
0.25 mm. The samples were dissolved in benzene at a ratio
of 1 : 150 and chromatographed with the temperature-
programming mode under the following conditions:
injector temperature, 180 °C; interface, 205 °C; detector,
200 °C. The carrier gas was helium. The flow through the
column was 1 cm3/min and flow division was 1 : 10. Mass
detector settings: logging mode, TIC; mass range, 30 — 400
m/z. The temperature regime for the substances with the
retention index of 1300 consisted of the thermostat at
60 °C for 3 min; then, 2 °C.min' until 230 °C; and
isotherm for 2 min. The temperature regime for the
substances with a retention index higher than 1300

S

Table 1 Examined invasive populations of Solidago canadensis L.

Specimen Locality Content
of essential oil, %
M-1 Moscow, Main Botanical Garden RAS, phase of vegetation (leaves) 0.7
M-2 Moscow, Main Botanical Garden RAS, phase of blooming (leaves) 0.1
M-3 Moscow, Main Botanical Garden RAS, phase of blooming (inflorescens) 0.4
Ms Moscow region, Krasnogorsk district (N 55°48'; E 37°18") 0.3
As Austria, Urban district of Vienne (N 48°11'; E 16°18") 0.4
Tv Tver’ region, Kimru district (N 56°51'"; E 35°54") 0.1
Pz Penza region, Zemetrino district (N 53°50'; E 42°62") 0.4
Kz Kazakhstan, Urban district of Alma-Ata (N 43°15'; E 76°54") 0.2
Bs Altaj region, Bijsk district (N 51°38'; E 84°30") 0.3
Sh Sakhalin region, Urban district Yuzhno-Sakhalinsk (N 46°57'; E 142°44") 0.3
Uk Ukraine, Kiev region, Mironovka district (N 49°38'; E 30°57") 0.2
Tl Tula region, Venevo district (N 54°51'; E 38°35") 0.4
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consisted of the thermostat at 60 °C for 1 min; then,
4 °C.min! until 230 °C; and isotherm for 2 min. The
percentage composition of the oils was computed by the
normalization method from the GC peak areas, which were
calculated as mean values of two injections of each oil
sample, without using response factors. The identity of the
components was assigned by comparison of their retention
indices, relative to a C9 — C17 hydrocarbon standard
mixture.

Statistical analyses

Results are expressed as mean of triplicate trials. Data
were analyzed by one-way analysis of variance (ANOVA)
on the means of values (p <0.05). The essential oils
composition was used to determine the relationship
between the different samples by cluster analysis using
PAST 2.17.

RESULTS AND DISCUSSION

Essential oil contents of S. canadensis varied between
0.07 and 0.70%. Accumulation of essential oil of this
species depends on the ecological and climatic conditions
of growth, ontogenesis phase and testing plant's organs.

The maximum content of oil was found in the leaves
collected at vegetative phase (0.7%). Inflorescences
collected at flowering buds' formation phase yielded more
oil than the leaves (Table 1).

The trace amount of essential oil (0.1%) was recorded in
the plants at the northernmost collection point- Tver
region, Kimry district; the maximal quantity (0.4%) — in
the plants from three local invasive populations (As, Pz
and T1).

Qualitative and quantitative variations in the oils'
composition in leaves, inflorescences and aerial parts for
all the specimens collected were observed (Table 2, 3).

In the composition of essential oil 63 components were

identified. Mono- and sesquiterpene hydrocarbons were
dominant in all the oil samples. Among the monoterpenes
dominated a- and [-pinene, B-myrcene, limonene and
bornyl acetate; sesquiterpenes — germacrene D, o- and f-
caryophyllene, B-elemene. The remaining components of
these classes were encountered in small amounts.

Composition of the essential oil significantly varies
within different phases of plants ontogenesis (Table 2).
During the vegetative period the monoterpene and the
sesquiterpenes contents in leaves decrease from 80 to 20%
after the flowering stage; oxygenated monoterpenes
increases from 7% to 30%, respectively. Within a
vegetatitive phase (before flowering) the major
components of essential oil of leaves are o-pinene —
28.1%, germacrene D — 39.2%, bornyl acetate — 7.3%,
limonene — 7.0%, B-myrcene — 7.3%. At the flowering
buds' formation phase amount of essential oil in the leaves
decreased to 0.10% and the main components' proportion
changed (a-pinene — 1.3%, germacrene D — 16.6%, bornyl
acetate 29.8%, limonene — 0.5%, B-myrcene — 0.2%). The
inflorescences contain 0.4% essential oil and the major
component is o-pinene — 61.2%, limonene — 13.7% and
bornyl acetate — 8.5%.

The composition of essential oil significantly varies in
aerial parts of S. canadensis, depending on the
geographical locality of the invasive population, too. The
monoterpene hydrocarbons were significantly higher in all
the samples compared to sesquiterpenes.

Mostly quantitative rather than qualitative variation was
observed in all the essential oils analyzed. The percentage
of monoterpene hydrocarbons was higher in samples Pz,
Ms, As, Tv, Uk and TI (64 — 85%) compared to those of
Kz, Bs and Sh (46 — 54%). a-Pinene (12.6 — 55.4%), B-
pinene (0.7 — 5.4%), P-myrecene (1.8 — 6.9%) and
limonene (6.4 — 22.5%) were the major monoterpenes in
all the samples. The sesquiterpenes: germacrene D (3.0 —

Table 2 Essential oil composition (%) of the leaves and inflorescens Solidgo canadensis L.within different phases of

plant's ontogenesis.

Compounds RI  Leaves, phase of Leaves, phase of blooming Inflorescens, phase of blooming
vegetation (M-1) M-2) (M-3)
Monoterpene
o-Pinene 928 28.1 1.25 61.2
Camphene 940 0.99 0.13 1.40
Sabinen 960 0.53 - 0.91
p-Pinene 965 2.75 0.17 3.25
p-Myrcene 976 7.28 0.20 2.28
o-Phellandrene 989 1.47 - -
Limonene 1016 6.98 0.52 13.7
a-Campholenal 1105 0.33 1.60 1.06
Bornyl acetate 1270 7.34 29.8 8.49
Sesquiterpene
p-Elemene 1477 1.05 0.71 -
p-Caryophyllene 1483 0.46 0.45 —
a-Caryophyllene 1492 0.30 0.39 -
Germacrene D 1497 39.2 16.6 1.81
p-Eudesmene 1499 0.18 1.13 0.23
Aromadendrene oxide 1557 - 1.74 0.15
Caryophyllene oxide 1571 - 2.50 -
Spathulenol 1603 0.17 2.97 —

Legend: RI — retention index relative to Co-C;7 n-alkanes on SPB-1 column (Supelco); M-1, M-2, M-3 — Moscow, Main

Botanical Garden RAS; «—» — component is not present.
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Figure 2 Dendrogram obtained by cluster analysis of the percentage composition of essential oils from the Solidgo
canadensis L. samples examined. For abbreviations, see Table 1 and the text.

Table 3 Essential oil composition of Solidgo canadensis L. (%).

Compounds RI Ms As Tv Pz Kz Uk Tl Bs Sh
Monoterpene
a-Pinene 928 41.6 43.6 25.1 52.4 12.6 30.0 24.3 14.1 13.8
Camphene 940 1.28 1.70 0.97 0.75 0.94 1.07 0.97 1.22 0.20
Sabinen 960 0.62 0.78 0.42 0.96 1.23 0.46 0.32 0.39 0.28
p-Pinene 965 3.52 5.36 2.48 4.73 3.91 4.20 2.42 3.62 0.71
B-Myrcene 976  6.38 1.82 4.10 1.12 4.88 6.90 2.60 4.88 2.29
Limonene 1016  22.5 10.7 6.42 20.3 19.7 15.4 17.3 18.1 17.5
o-Campholenal 1105 0.39 0.68 1.37 0.31 0.19 0.21 0.83 0.49 0.32
Bornyl acetate 1270  8.34 7.87 26.3 3.35 10.9 8.71 15.2 9.40 11.8
Sesquiterpene
p-Elemene 1477  0.60 0.50 0.82 0.21 0.67 - 0.83 0.20 -
p-Caryophyllene 1483  0.56 1.09 0.66 0.61 0.93 1.41 0.77 018 0.64
a-Caryophyllene 1492  0.44 0.28 0.39 0.21 0.56 0.51 0.43 0.24 0.55
Germacrene D 1497  8.67 14.9 2.98 10.3 31.8 24.0 159 324 36.2
B-Eudesmene 1499 047 0.35 0.36 - 0.24 0.20 0.59 0.12 -
Aromadendrene oxide 1557  0.31 0.20 1.45 0.34 - 0.40 1.78 - 0.67
Caryophyllene oxide 1571  0.51 0.88 4.17 - 1.23 0.46 2.34 0.32 0.11
Spathulenol 1603 — — 2.33 0.28 0.46 0.11 1.39 0.83 1.31

Note: RI — retention index relative to Co-Ci7 n-alkanes on SPB-1 column (Supelco); «—» — component is not present.

36.2%), a- and P-caryophyllene (0.4 — 1.9%), B- and
v-elemene (0.2 — 1.8%) were present in all the oil samples.
Oxygenated compounds, especially bornyl acetate (3.4 —
26.3%) showed their highest percentage in all the samples.
Cluster analysis (Figure 2), confirmed a high chemical
correlation among all populations (Scorr >0.80%). Two
clusters were defined in the bases of the amount of
monoterpenes and germacrene D. In cluster 1, which
included 6 out of the 9 samples, germacrene D ranged
from 3 to 24%, whereas the three sample of cluster 2
showed a higher percentage (32 — 36%). Correlation was
detected between the clusters and the geographical
collection site. The most part of samples the essential oils
studied belonged to the "European" chemotype. And only
the three samples (Kz, Bs, Sh) belonged to the "Asian"
chemotype. Sub-cluster a has a relative amount between
15.9 and 24.0%, sub-cluster b between 8.7 and 10.3% and
sub-cluster ¢ (Tv) has the lower relative amount (3%). No

significant correlation was detected between the clusters
and the geographical collection site (p = - 0.35, r= 0.49).
The presence of germacrene D as the major component in
overwhelming majority oil samples is in agreement with
the previous reports on its occurrence as a major
constituent in the oils obtained from the fresh green parts
(23.8%), leaves (28.4 and 64.06%) and fresh flowers
(29.5%) of S. canadensis collected from Poland (Kalemba
et al.,, 1990; Weyerstahl et al.,, 1993; Kalemba and
Thiem, 2004), China (Xia et al., 1999), India (Mishra et
al., 2010, 2011) and Egypt (El-Sherei et al., 2014),
respectively. On the contrary, y-cadinene previously
identified as main constituents (27.1 and 12.7 — 20.4%) in
the aerial parts and fresh flowers of S. canadensis collected
Poland and Egypt during the flowering stage (Kalemba et
al., 1990; Weyerstahl et al., 1993; Kalemba and Thiem,
2004; El-Sherei et al., 2014) was not detected in our oil
samples. Moreover, all the samples collected in Poland,
India and Egypt lacked bornyl acetate while the latter was
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identified in considerable amounts (3.4 — 26.3%) in the oil
of aerial parts of the plants, collected in Russia, Austria,
Ukraine and Kazakhstan.

CONCLUSION

There is a great potential in finding new antimicrobial
drugs from the wild. Natural crude drug extracts and
biologically active compounds obtained from plant species
used in traditional medicine can be prolific resources for
new drugs. Moreover, according to literature, some
monoterpenes and sesquiterpenes as o-pinene, myrcene,
limonene and germacrene D have cytotoxic effects against
different cell lines. We can support usage of such natural
products as potent preservative agents, as well as possible
candidates for new medical preparations. Data from our
studies confirm the availability of Solidago canadensis: its
aerial part containes from 0.1 to 0.7% of essential oil in the
leaves and from 0.1 to 0.4% of essential oil in the
inflorescens. The major compounds detected in oil samples
of S. canadensis were a-pinene (1.3 — 61.27%), limonene
(0.5 —22.5%), bornyl acetat (3.4 — 29.8%) and germacrene
D (1.8 — 39.2%). Samples from inflorescences contained
the maximal percentage of monoterpene hydrocarbons,
while the leaves' samples showed the maximal cumulative
percentage  of  sesquiterpene and  monoterpene
hydrocarbons. The wvariability of the qualitative and
quantitative composition of essential oils in different
geographical locations will allow futher selection of form
containing the maximum amount of active substances.
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ASSESSMENT OF THE PHYSICOCHEMICAL AND BACTERIOLOGICAL
QUALITIES OF NONO - A FERMENTED COW MILK

Pius Abimbola Okiki, Comfort Adetutu Adeniji, Oluwadunsin Adedeji Oyetunji,
Omosolape Aminat Yusuf, Omolara A. Peters

ABSTRACT

Nono is a spontaneously fermented yoghurt-like milk product consumed is a staple food commodity in parts of the Sub-
Saharan West Africa. Nono is usually consumed along with ‘Fura’ as ‘Fura da Nono’ in Nigeria. Studies on
physicochemical and bacteriological qualities were carried out on samples of Nono obtained from 5 different sources in
Ado-Ekiti, Nigeria. The Nono samples were found to be nutritious, containing moderate levels of ash, crude fat, crude
protein and carbohydrate. The pH of the Nono samples was relatively low (4.04 £0.04), while the density and specific
density were close to that of distilled water at room temperature. Total aerobic plate count of Nono samples was
1.8 +0.02 x 106 CFU.mL'. A total of 15 bacteria species namely Eubacterium nodatum, Bacillus subtilis,
Chromobacterium violaceum, Propionibacterium acnes, Amycolatopsis benzotilytica, Tropheryma whipplei, Moraxella
catarrhalis, Campylobacter gracilis, Neisseria sicca, Vibrio natiensis, Photobacterium damselae, Corynebacterium
kutsceri, Corynebacterium xerosis, Lactobacillus fermentum and Lactobacillus casei were isolated from the Nono samples.
The gram-positive bacterial isolates were resistant to all antibiotics tested with the exception of Erythromycin where 40%
susceptibility was obtained, while the gram-negative bacteria showed high resistance to the tested antibiotics, but with 80%
susceptibility to Ofloxacin. The nono samples were observed to exhibit antibacterial activity against cultures of Salmonella
typhimurium ATCC 14028, Escherichia coli ATCC 29929 and Staphylococcus aureus ATCC 29293. Most of the bacteria
isolated were of less public health importance, but the high prevalence of multi-drug resistance is of great concern.

Keywords: Nono; fermented milk; nutrition; antibiotics resistance

INTRODUCTION

Milk has been preserved since early times by

period of 24 to 48 hours under the ambient temperature
(28 £2 °C). Fermentation of milk is spontaneous (with its

fermentation techniques. Asia, Africa, the Middle East,
Northern and Eastern Europe are known for the production
of traditionally fermented milk products (Savadogo et al.,
2004). Nono is a spontaneously fermented yoghurt-like
milk product consumed as a staple food commodity in
parts of the Sub-Saharan West Africa. Its production and
consumption gives economic benefits such as food
security to the rural people in the region (Akabanda et al.,
2010).

Nono is produced by Fulani women in Nigeria. The
Fulani is an ethnic group in northern Nigeria with the
tradition of earning a living from cattle rearing and sales,
but they are found all over the country. Cattle rearing is an
integral part of the culture of this group of people. They
produce their fermented milk, ‘Nono’, for sales by
traditional methods. Fresh cow milk is collected in the
morning in calabashes, sieved and left to ferment for a

own natural bacteria). The curd separates from the whey,
the curd is removed and used in the preparation of local
cheese or butter, while the milk (whey) is left to ferment
further for some few hours thereby converting it to yogurt-
like (Akabanda et al., 2010). Fermentation span varies
from one producer to another resulting in products of
variable quality and stability. The finished product — nono
is sold in beautiful calabashes along with Fura (dough of
boiled ground millet mixed with a host of other ingredients
and spices) as ‘Fura da Nono’ (Figure 1).

The milking process, production and marketing of nono
is not appealing to some people, especially the elites,
because of the the quality of the water commonly used, the
feeding methods of the cows, and above all the processing
environment. Sanitary practices are essential in milk
processing so as to minimize the risk of infection to people
through consumption of milk products (Chan et al., 2007).
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Figure 1. Fulani woman displaying nono (Dobby’s Signature.com, 2014).

Common bacterial flora of fermented milk are the Lactic
Acid Bacteria (LAB) which among others comprises of
Lactobacillus  lactis, L. bulgarius, L. helvericus,
Leuconostoc species, Streptococcus thermophilus, S. lactis
and S. cremoris; as well as the Propionic Acid Bacteria
(PAB). Most coliforms inhabit the intestines of warm-
blooded animals and are shed along with their faeces to
living environments. Many other food borne pathogens
equally originated from faecal contaminations (Congan,
1995).

Pathogenic bacteria are not supposed to be present in any
successfully fermented dairy product because of heat
treatment and low acidity of the product. Their presence in
these products is sign of re-contamination. The occurrence
of Enterococcus species, coliforms, Salmonella species,
Clostridium species and Bacillus species is a sign of re-
contamination (Ledenbach and Marshall, 2009).

Milk products have been frequently implicated in the
transmission of diseases such as tuberculosis, brucellosis,
diphtheria, scarlet fever and gastroenteritis. This is as a
result of contaminations by the implicated human
pathogens (Bryan et al., 1988). The contamination could
be attributed to three reasons. Firstly, the wide distribution
of coliform in nature which predisposes products to
contamination before and after pasteurization; secondly,
conditions of storage and thirdly, some enteric pathogen
may be disseminated by dairy products gotten from an
infected animal (Ledenbach and Marshall, 2009).

Quality and safety or raw cow’s milk have to be regularly
controlled (Zajac et al., 2012).

Scientific hypothesis

There has been many contradicting reports on the safety
of Nono consumption. But nono is believed to be safe for
human consumption, hence the popular demand for this
fermented milk product. The present study investigates the
quality and safety of nono with the following objectives of

the study:
1. Determining the physicochemical qualities of the
nono
ii. Assessing for bacteria of public health importance
in nono samples
iii. Evaluating the probiotic potential of nono.

MATERIAL AND METHODOLOGY

Collection of Samples

Samples of nono were purchased from 5 different
locations in Ado-Ekiti, Nigeria, and brought in sterile
bottles to the Microbiology Laboratory, Afe Babalola
University, Ado-EKkiti, Nigeria, for analysis.

Physicochemical analyses of nono

Proximate nutrient composition and some other physico-
chemical properties such as pH, density and specific
density was carried out according to the Association of
Official Analytical Chemists (2000).

Isolation of aerobic organisms from nono

The Pour-plate technique was used for primary isolation
of aerobic bacteria. Following serial dilution of the nono
samples, 1 mL each of 10 and 107 dilutions were evenly
spread on freshly prepared nutrient agar (Oxoid, England),
in du regulatory microbial criteria for raw cow milk
plicates and incubated at a temperature of 37 C for 24
hours. Bacterial load were estimated, and distinct colonies
were picked and sub-cultured on nutrient agar plates.

Isolation of lactic acid bacteria from nono

This was carried out as described by Ibrahim and Nural
(2016), 1 mL each of 10™ and 107 dilutions of Nono was
evenly spread on freshly prepared deMan, Rogosa and
Sharpe agar, MRS (Oxoid, England), distinct colonies
were picked and sub-cultured on nutrient agar plates.

Characterization and identification of isolates

All isolates were characterized wusing standard
morphological and biochemical tests as described by
Barrow and Feltham (1993). Bacterial isolates were
identified using online bacterial identification application
(Gideon informatics, 1994-2017), with reference to
Bergey’s Manuals (Brenner, et al., 2005a,b, Vos et al.,
2009, and Krieg et al., 2010).
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Antibiotic susceptibility test of bacterial isolates
from nono

The susceptibility of the isolated aerobic bacteria to
antibiotics was determined by Kirby-Bauer disc diffusion
method on Mueller-Hinton agar (CLSI, 2016). This test
was carried out by making an even spread of the pure
isolates on prepared Mueller-Hinton agar (Oxoid,
England) using sterile swab sticks and aseptic placement
of the antibiotic disks (Oxoid, England) using sterile
forceps. The plates were incubated at 37 'C for 24 hours
after which the zone of inhibition was measured and
interpreted according to Clinical Laboratory Standards
Instituite (CLSI, 2016). Antibiotics used are; Augumentin,
AUG (30 pg), Ofloxacin, OFL (5 ug), Ampicillin, AMP
(30 pg), Ciprofloxacin, CIP (5 pg), Gentamicin, GEN (10
pg), Ceftazidime, CAZ (30 ug), Nitrofurantoin, NIT (300
pg), and Cefuroxime, CXM (30 ug), for gram negative
isolates; and Streptomycin, STP (10 pg), Ampicillin (30
pg), Cloxacillin, CLX (5 pg), Tetracycline, TET (10 ug),
Chloramphenicol, CHL (10 pg), Erythromycin, ERY (5
pg), Penicillin, PEN (10 pg), and Gentamicin (10 ug), for
gram positive isolates.

In-vitro antibacterial activities of nono

The in-vitro antibacterial of nono was carried out by agar
well diffusing assay with Mueller-Hinton agar (Oxoid,
England) as described by Clinical and Laboratory

Table 1 Physicochemical qualities of Nono.

Standards (2016). Nono was centrifuged and the
supernatant was tested against Salmonella typhimurium
ATCC 14028, Escherichia coli ATCC 29929 and
Staphylococcus aureus ATCC 29293. Each test was
performed in triplicate.

Statisic analysis
All data were expressed as mean + Standard deviation.

RESULTS AND DISCUSSION

Nutritional quality of nono

The Nono samples were found to be nutritious,
containing moderate levels of ash, crude fat, crude protein
and carbohydrate (Table 1). The pH of the nono products
was relatively low (4.04 +0.04), while the density and
specific density were close to that of distilled water at
room temperature (Table 1). The low pH value of 4.04 has
the ability to inhibit spoilage microbes, as well as giving
Nono its sharp taste. The pH values obtained in this study
is in consistent with pH values of 4.1 — 4.4 reported earlier
by Bankole et al. (1992) from Nono samples obtained
from Zaria, Northern Nigeria.

Bacteriological quality of Nono

Aerobic plate count (bacterial load) of 1.8 £0.02 x 10°
CFU.mL"! (6.26 log, CFU.ijl) was recorded in Nono in
this study. The bacterial load reported is slightly higher

Analyte Value +SD
pH 4.04 +£0.03
Density (g.mL™") 0.96 +0.01
Specific density (g.mL") 0.97 £0.01
Moisture (%) 90.88 +0.04
Ash (%) 3.81 £3.67
Crude Fiber (%) ND

Crude Fat (%) 1.35 £0.07
Crude Protein (%) 2.88 +0.78
Carbohydrate (%) 0.92 +0.16
Energy (Kcal kg™) 230.25 +3.04

SD — Standard Deviation.
ND — Not Detected.

Gram positive bacteria

100% -
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Figure 2 Antibiogram of bacteria isolated from Nono.
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than the values of 4.1, 49 £0.11 and 4.5 +0.4 log
CFU.mL"' for raw whole milk reported by Asaminew and
Eyassu (2007), Abebe et al. (2012) and Kunova et al
(2017), respectively. The bacterial load of 6.26 log,
CFU.mL" compared favourable with the value of 6.68
+1.19 log;o CFU.mL™" and 5.59 +0.69 log,, CFU.mL" of
Nono produced in 24 and 48 hr respectively in Ghana
(Akabanda et al., 2010). However earlier studies by
Bankole et al. (1992) reported an average aerobic plate
count of 1.6 x 10° from Nono samples obtained from Zaria,
Northern Nigeria.

Fifteen (15) different bacteria species were isolated. The
aerobic bacteria isolated from Nono were Eubacterium
nodatum, Bacillus subtilis, Chromobacterium violaceum,
Propionibacterium acnes, Amycolatopsis benzotilytica,
Tropheryma whipplei, Moraxella catarrhalis,
Campylobacter gracilis, Neisseria sicca, Vibrio natiensis,
Photobacterium damselae, Corynebacterium kutsceri and
Corynebacterium xerosis. The isolated lactic acid bacteria
were Lactobacillus fermentum, and Lactobacillus casei.

Most of thebacteria species isolated from nono in this
study are not commonly associated with food related
illnesses. However, other species of some of the genera,
especially Campylobacter, Bacillus, and Vibrio, have been
implicated in food related illnesses (Donkor et al., 2007).
Campylobacter species such as C. jejuni, C. coli and C.
fetus are considered pathogenic while B. cereus and B.

anthrax are of clinical importance and V. cholerae is the
causative agent of cholera (Shah et al., 1998; Logan,
1988 and Julian, 1997). Although these species were not
reported in the study, the species reported are indicators of
potential contamination by the organisms. This is an
indication of inadequate hygienic practices during
production (Theodore et al., 2016 and Zajac et al.,
2012).

According to Harrigan (1998), raw milk drawn from a
healthy udder normally will contain only a few hundreds
to a few thousands of bacteria per milliliter, mostly from
the genus Micrococcus and the udder diphtheriod,
Corynebacterium bovis. Microbial contamination of milk
often arises from the udder surface, bovine faeces, soil,
bedding, feed, as well as milk-handling equipment. Lack
of potable water and use of detergent was a major
constraint to hygienic practices on the farm (Theodore et
al., 2016; Solomon et al., 2013 Galton et al., 1989).

The gram-positive bacteria isolated from Nono were
resistant to all antibiotics tested with the exception of
Erythromycin where 40% susceptibility was obtained,
while the gram-negative bacteria showed high resistance to
the tested antibiotics, but with 80% susceptibility to
Ofloxacin (Figure 2).

All the bacteria were resistant to multiple drugs showing
cluster of resistance to 5 — 8 antibacterial drugs (Table 2).
High prevalence of multi-drug resistant bacteria among

Table 2 Antibiotics resistance cluster of bacteria isolated from Nono.

Bacteria

Drug cluster

Vibrio natiensis
Photobacterium damselae

AMP/CAZ/CXM/GEN/CIP/OFL/AUG
NIT/AMP/CAZ/CXM/GEN/CIP/OFL/AUG

Campylobacter gracilis NIT/AMP/CAZ/CXM/GEN
Neisseria spp NIT/AMP/CAZ/CXM
Moraxella catarrhalis NIT/AMP/CAZ/CXM

Tropheryma whipplei
Propionibacterium acnes

Amycolatopsis benzoatilytica
Eubacterium nodatum

Bacillus subtilis

Chromobacterium violaceum

AMP/CAZ/CXM/GEN/CIP/OFL/AUG
STR/TET/AMP/CHL/CLX/ERM/GEN/PEN

STR/TET/AMP/CHL/CLX/ERM/GEN/PEN
STR/TET/AMP/CHL/CLX/ERM/GEN/PEN
STR/TET/AMP/CHL/CLX/ERM/GEN/PEN

STR/TET/AMP/CHL /CLX/ERM/GEN/PEN

14

12

10 -

Zone of inhibition (mm)
oo

0

Salmonella typhimurium
B Escherichia coli

O Staphylococcus aureus

Figure 3 Antibacterial activity of nono against selected bacterial isolates.
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food animals and meat processing equipment in Nigeria,
has been well documented (Osibote et al., 2014; OKiki et
al,, 2013). The high prevalence of bacteria that are
resistant to multiple drugs in Nono is of great public health
concern, because many people in Nigeria especially those
from the Northern part of the country, have preference for
nono to industrially produced yogurts.

Enterococci and members of the Enterobacteriaceae were
not detected in all the samples (Nono) analyzed as against
the report of Fabianova (2010) who reported the presence
of Enterococci in raw cow milk. This may reflect the
inhibitory effect of metabolites (acetic acid and lactic acid)
and reduced pH produced by the mixed culture lactic acid
bacteria thereby contributing to the quality and safety of
the fermented milk product. Their presence, even at the
initial fermentation period, suggested that they were
probably introduced from the external environment, i.e.
from the udder surface, bovine faeces, soil, beddings,
human skin, and they survived because of the high pH
(Bezkorovainy, 2001; Harrigan, 1998).

Antimicrobial quality of Nono
The nono samples were also observed to exhibit
antibacterial activity against cultures of Salmonella
typhimurium ATCC 14028, Escherichia coli ATCC 29929
and Staphylococcus aureus ATCC 29293 (Figure 3).
According to the work of Krishnendra et al. (2013)
selected lactic acid bacteria (L. casei, L. fermentum and L.
plantarum)  showed inhibitory properties against
Escherichia coli and Staphylococcus aureus. The report of
the author agrees with the findings of the study as the nono
samples containing L. casei and L. fermentum showed
inhibition of S. aureus and E. coli. The study is further
established by the Coconnier et al. (1997) and Bernet
Camard (1997) who reported the inhibition of Salmonella
typhymurium by L. fermentum in their separate works.
Lactobacillus fermentum is a potent probiotic. Strains
of Lactobacillus fermentum have been found to be pH and
bile tolerant, strong enough to survive the stresses of the
digestive system, the stomach pH between 1.5 and 3, and
the upper intestine 3 — 5 gL' of bile (Pan et al., 2011).
Lactobacillus  fermentum has the ability to reduce
cholesterol levels. L. fermentum removes cholesterol in
vivo by the absorption of cholesterol, which as a result
accelerates cholesterol metabolism, as well as by the
incorporation of cholesterol from the host into its cell
membrane or walls (Pan et al., 2011). Marika and
Zilmer (2009) work on experimental introduction of the
strain ME-3 of Lactobacillus fermentum into dairy
products as a probiotic ingredient, revealed that the
organism (L. fermentum) was able to suppress reputable
contaminants of food such as pathogenic Salmonella
species, Shigella species, and bacterial agents of urinary
tract infections such as E. coli and Staphylococcus species.
Some L. casei strains are considered to be probiotic, and
may be effective in alleviation of gastrointestinal
pathogenic bacterial diseases (WHO, 2002). According to
Ridwan et al (2008) Lactobacillus species are safe and
effective in treatment of acute and infectious diarrhoea. L.
casei has been found to have a wide spectrum of coverage
against pathogenic organisms that translocate from the
gastrointestinal tract, thereby demonstrating therapeutic
benefit in pancreatic necrosis (Gratino and Alvarez,

2006). L. casei bacteria can also be used in the natural
fermentation of beans to lower levels of the compounds
causing flatulence upon digestion (Gratino and Alvarez,
2006).

CONCLUSION

Since there are no standardized methods of processing
nono, the products are of varying quality and stability, and
if adequate hygienic practices are not ensured during
processing, the quality of the final product may be
compromised. Standard processing method that will ensure
the production of Nono that meets International regulatory
standards for safety should be employed. Thus microbial
process technology can be transferred to the local
producers. Education of producers on good manufacturing
practices including basic hygienic principles will equally
be crucial in achieving standard products.

In conclusion, Nono as a fermented milk product is of
high nutritional value and a good probiotic food.
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INFLUENCE OF MILK THISTLE PRESSED PARTS ON RATS LIVER
HISTOLOGY

Hana Dockalova, Pavel Horky, Ladislav Zeman, Jiii Skladanka

ABSTRACT

Milk thistle (Silybum marianum) is one of the best known and very often used herbs with positive effect on liver. The aim
of this article was to study influence of addition of milk thistle pressed parts in feed ration on liver histology and weight
increase of laboratory rats. The experiment was tested by 15 pieces of laboratory rats divided into 3 groups (A, B, C).
The rats in first group (A) hade feed ration with addition of 10% milk thistle pressed parts, second group (B) hade feed
ration with 20% and control group (C) hade feed ration without addition of milk thistle pressed parts. The silymarin content
of pressed milk thistle seed was 26.2 mg/g. The aim of this article is to study influence of addition of milk thistle pressed
parts in feed ration on liver histology and weight increase of laboratory rats. The hypothesis is that the feeding addition —
milk thistle seed pressed parts has positive effect on weight performance and liver histology. Does the feeding addition
have any effect on these health indicators? Does feeding of milk thistle seed pressed parts have any sense? In results,
the groups with addition of milk thistle had significant bigger average gain increases than the control group. Histological
results vary considerably among groups ofrats. All rats inthe control group had dystrophic liver with sinusoidal
congestion. In most rats of the group A, the dystrophy was minimal without congestion. On the other hand, most of rats
of the group B had liver dystrophy caused by large droplets steatosis with congestion. All rats in control group C were
found to have significant dystrophy caused by steatosis. The results indicate rats receiving the addition of milk thistle
pressed parts in their feed had a lower incidence of liver steatosis due to the hepatoprotective effects of silymarin.

Keywords: Silybum marianum; histology; growth performance; silymarin

studied the antimicrobial and antioxidative effect
of phytogenic additives, also phytobiotics have potential

INTRODUCTION
Effective agents of milk thistle stimulate regeneration

of hepatocytes. Complex of milk thistle agents is called
silymarin, this stabilises membranes of hepatocytes and
thus silymarin increase hepatocytes resistance to toxins
and oxidants. Effect of silymarin stimulates production
of new hepatocytes. Extracts of milk thistle has been used
in the treatment of acute and chronic liver disorders. Liver
disorders are usually caused by toxins, drug, alcohol
and hepatitis and gall bladder disorders (Zhu et al., 2016).
Silymarin appears to be safe and well tolerated (Dhiman
et al., 2005). Pharmacological taking of milk thistle is
known from history and has general dissemination.

Many studies have demonstrated that the active
components of silymarin have many hepatoprotective
properties (Abenavoli et al., 2011) and these studies are
predominantly focused on human treatment however
at present research get focused too on milk thistle (pressed
milk thistle seed) like feed supplement for animals.
Properties of production of S. marianum (such as oil,
pressed seed or flour) markets too alternative uses
(Andrzejewska et al., 2015). Jakubcova et al. (2015)

in animal feeding and it has effect on human nutrition
in closing stage. Milk thistle constituents to the animal diet
can promise for conventional methods of animal farming
(Kosina et al., 2017) and seems to be a promising natural
feed additive to improve the health condition (Cullere et
al., 2016). Results of different researches indicate positive
effect of feeding Silybum marianumon  growth
performance but by way of contrast this exist some
researches with different ambiguous results.

From point of influence of taking S. marianum on liver
histology of view some studies state results, that using
of S. marianum have not any significant effect on liver
histology (Blevins et al., 2010; Dhiman et al., 2005;
Jacobs et al., 2002; Tedesco et al., 2004) by contrast
results (Guo et al., 2016; Loguercio et al., 2012) state
association with improvement in liver histology. It should
be noted that significant evaluation often is difficult
and ambiguous, also next research is necessary and by
reason this study can make a contribution to the issue
of influence of S. marianum on liver histology.
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Scientific hypothesis

The aim of this article is to study influence of addition
of milk thistle pressed parts in feed ration on liver
histology and weight increase of laboratory rats.
The hypothesis is that the feeding addition — milk thistle
seed pressed parts has positive effect on weight
performance and liver histology. Does the feeding addition
have any effect on these health indicators? Does feeding
of milk thistle seed pressed parts have any sense?

MATERIAL AND METHODOLOGY

The experiment was established by 15 pieces
of laboratory rats divided into 3 groups (A, B, C)
in experimental facilities of Department of Animal
Nutrition and Forage Production in Mendel University.
The rats in first group (A) had feed ration with addition
of 10% milk thistle pressed parts, second group (B) had
feed ration with 20% and control group (C) had feed ration
without addition of milk thistle pressed parts (only scraped
barley). Served milk thistle pressed parts had flour-like
structure and was mixed equally with scraped barley also
the rats could not prefer any feeding component. Milk
thistle variety MIREL was used. The feeding mixture
and water were available ad-libitum. Water and feed ration
were daily served and rests were removed.

The length of this experiment was 28 days. Starting
average rat’s weight was 90 £3 g. The rats were weighted
in 0 — 7 — 14 — 21 — 28. The rats were sacrificed
inhalational anaesthetic Isofuran way on 28" day and liver
samples were taken to histological analyse. Histological
analyse was performed at University of Veterinary
and Pharmaceutical Sciences Brno.

Determination of silymarin

The content of silymarin was performed by HPLC
method in Department of Chemistry and Biochemistry
at Mendel University in Brno. Analysis of silymarin was
performed on a HPLC-UV / VIS instrument (Dionex
Ultimate 300). Chromatography column Hypersil GOLD
Dim (150 x 4.6) was used for separation by temperature
30 °C. The sample (5 uL) was injected by autosampler.
Flow rate was 1 mL.min"'. Content of mobile phase was A:
0.1% formic acid, B: 100% methanol. The substances were
leaved to infuse in an isocratic elution way (mobile phase
A was 65% and mobile phase B was 35%). Detection

of separated substances was in motion
under circumstances of wavelength 288 nm.
Statisic analysis

The data were statistically processed using

STATISTICA.CZ, version 10.0 (the Czech Republic).

The results were expressed as average values (weight)
with standard deviation (SD). Statistical significance was
determined by the examining the basic differences
between groups by ANOVA and Scheffé's test (one-way
analysis). The differences with p <0.05 were considered to
be significant.

RESULTS AND DISCUSSION
Growth Performance

The results show that the weight gain of the rats fed
with mixtures of 10% the milk thistle was higher
compared to rats of the control group. The highest average
daily gains were found in rats fed by mixtures of 20% milk
thistle. On the seventh day of the experiment,
the difference between groups C and A was found to be
statistically significant, same as the difference between
groups C and B. Statistically significant difference was
also observed between groups C and B on the 28" day.
Rats receiving the addition of milk thistle in their feed
dose grew more intensely than the control group. Kosina
et al. (2017) describes the positive effect of the milk thistle
on the growth potential of experimental animals (rabbits
in this case). Therefore, the addition of the milk thistle
in the feed dose could have a positive effect on the growth
potential of animals. Feng et al. (2016) states that
silymarin significantly affected weight gain in mice. This
trend was also observed in our experiment.

In group C, all animals had wide-area liver dystrophy
and congestive  parenchyma  according to histological
images. Dilation of porto-biliary system and central veins
were less common than in groups A, B.

In group A, liver parenchyma is showed like intact hardly
any dystrophy with dilated porto-biliary system
in the pictures LM 6, LM 7 and LM 8, whereas pictures
IM 9 and LM 10 show distinct dystrophy caused
by steatosis.

In group B, LM 11, LM 12, LM 14 and LM 15 show

area-wide distinct liver dystrophy caused by steatosis.
In animals of all groups A, B, C, there was a more distinct
dystrophy caused by steatosis. In groups B and C, the vast
majority showed liver steatosis. In Group A, 40% of the
animals were found with steatosis, 80% in group B, and
100% in group C. The results of Guo et al. (2016) suggest
silymarin reduces inflammatory processes causing hepatic
tissue damage. Also in our study, the incidence of hepatic
dystrophy was lower in groups receiving the addition of
milk thistle (especially group B). Blevins et al. (2010) and
Tedesco et al. (2004) report histological examination of
the liver found the occurrence of steatosis even in groups
of animals fed by the addition of silymarin and did not
confirm effect of silymarin reducing the incidence
of steatosis.

Table 1Average daily gain (g.day™') — Group C (Control group), Group A (rats fed with 10% part of milk thistle pressed
parts), Group B (rats fed with 20% part of milk thistle pressed parts).

Groups Average daily gains during the experiment
0.day 7. day 14%. day 21 day 28" day
(g.day! £SD) (g.day! £SD) (g.day! £SD) (g.day! £SD) (g.day! £SD)
Group C 0.0 2.3 40,52 2.1+0.42 1.9 £0.42 1.7 £0.52
Group A 0.0 3.4+0.6° 2.540.32 1.8 £0.52 1.7 £0.6°
Group B 0.0 3.6 +0.3° 2.4+0.4* 2.0 +£0.72 3.1 +0.6
Note: Change in index 2,° shows significant difference at the level (p <0.05)
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Liver Histology

Figure 1 Liver Mash of rats in group C (control group). Magnification 200x.

Note: LM 1: Parenchyma is congestive, all-dystrophic, locally with trabecular system, without necrosis, with distinct
dilation of porto-biliary system. LM 2: Locally distinct sinusoidal congestion, otherwise identical to LM 1. LM 3:
Congestion, massive wide-area hepatodystrophy with structural destruction focuses. LM 4: Identical with LM 3. LM 5:
Sinusoidal congestion, wide-area dystrophy but less distinct compared to the previous cases, trabecular structure in
good condition.
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Figure 2 Liver Mash up A (10% part of milk thistle pressed parts). Magnification 200x.

Note: LM 6: Minimum dystrophy, dilatation of porto-biliary system, otherwise almost intact parenchyma.

LM 7: LM 7 is identical to LM 6. LM 8: LM 8 is identical to LM 6. LM 9: More distinct dystrophy caused by steatosis,
trabeculary system in good condition, dilatation of central veins. LM 10: Distinct dystrophy caused by large droplets
steatosis, moderate congestion, plates of hepatic cell with good structure.
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Figure 3 Liver Mash of rats in group B (20% part of milk thistle pressed parts). Magnific

Note: LM 11 is comparable with LM 10. LM 10: distinct dystrophy caused by large droplets steatosis, moderate
congestion, plates of cells structure in good condition. LM 12: Wide-area massive dystrophy with persistence of
trabeculary system, without necrosis, dilatation of porto-biliary system. LM 13: Compared to LM 12, significantly less
dystrophic parenchyma, moderate congestion and dilatation of central veins, without alteration of plates of cells
structure. LM 14: Congestion, wide-area dystrophy caused by large droplets steatosis. LM 15: Identical with LM 14.
(Congestion, wide-area dystrophy caused by large droplets steatosis).
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Dystrophy of the liver parenchyma caused by steatosis
in rats of our experiment seems to be related to the barley
monodiets — the animals received only barley and addition
of milk thistle pressed parts in some groups.
An unbalanced ratio of nutrients could be the cause of liver
damage. Involvement of the health burden -caused
by inadequate nutrition was targeted in order to investigate
hepatoprotective effects of silymarin as we do not
anticipate the occurrence of histological findings
in healthy animals with ideal nutrition. In animals
receiving the addition of milk thistle pressed parts,
the incidence of liver steatosis was lower which was
probably related to the hepatoprotective effects
of silymarin. From a histological point of view, the most
convenient percentage of milk thistle pressed parts is 10%
(group A) according to our results.

CONCLUSION

In the experiment, the effect of milk thistle was
investigated on liver health in rats. In addition to liver
histology, rats were also monitored for their continuous
weight gains. Average daily weight gain of rats fed
by mixtures with milk thistle compared to the control
group increased, with the highest weight gain in the group
B (20% addition of milk thistle). In animals in all groups
A, B, C, there was more distinct dystrophy caused
by steatosis. In groups B and C, the majority of rats were
found with liver steatosis. According to histology findings,
rats of group A were found with steatosis in 40%, 80% in
Group B and 100% in group C. Dystrophy of liver
parenchyma caused by steatosis in rats can be probably
related to nutritional imbalance (barely monodiets).
Induction of the health burden has been targeted in order
to investigate the hepatoprotective effect of silymarin,
as histologic findings are less probable in healthy animals
with the ideal nutrition. In the animals fed with the
addition of pressed parts of milk thistle, the incidence of
liver steatosis was lower which may be related to
hepatoprotective effect of silymarin. According to the
results from the histological point of view, the most
appropriate proportion of milk thistle pressed parts was
10% — group A. The content of silymarin in the pressed
parts was 26.2 mg.g'.
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TIBIA MINERALIZATION OF CHICKENS DETERMINED TO MEAT
PRODUCTION USING A MICROBIAL PHYTASE

Maria Angelovicovd, Martin Mellen, Peter Zajdc, Jozef Capla, Marek Angelovi¢

ABSTRACT

The target of the research was 6-phytase of microbial origin. It was used in feed mixtures for chickens determined to meat
production. Its effect has been studied in relation to the tibia mineralization by calcium, phosphorus and magnesium. 6-
phytase is a product of Aspergillus oryzae. That was obtained by means of biotechnological processes of production of
commercially available enzymes. It was incorporated in the feed mixtures 0.1%. In a 38-day feeding trial, 300 one-day-old,
as hatched, Cobb 500 chickens determined to meat production (100 birds per group) were fed on one concentrations of
dietary non-phytate phosphorus (2.32, 2.31 g.kg™, respectively and supplemental microbial phytase (0 and 500 FTU kg
feed mixtures). Control group was used to compare the results and control feed mixtures contained 4.5 g.kg" without
microbial phytase. At days 40 it was selected 6 birds in every group, which were slaughter in accordance with the
principles of welfare. Left tibias of every bird were used to determination of calcium, phosphorus and magnesium contents.
According to in vivo, it was found that the addition of microbial phytase to reduced dietary non-phytate phosphorus
increased concentrations of calcium (Ca), phosphorus (P) and magnesium (Mg) in tibia. The differences among groups
were statistically significant (p <0.05). It was concluded that reducing of dietary non-phytate phosphorus on the 2.32, 2.31
g kg, respectively, by monocalcium phosphate and microbial phytase supplementation in feed mixtures facilitated tibia

mineralization at chicken determined to meat production.

Keywords: broiler; microbial phytase; additive; phosphorus; tibia; mineralization

INTRODUCTION

The availability of phosphorus in feedstuffs of plant
origin is generally very low, ranging from 30 to 40%
(Nelson et al, 1968a). To increase phosphorus
bioavailability, the most commonly used method is
supplementing high dosage of inorganic phosphorus in
feed, which leads to the excretion of large amounts of
phosphorus in animal manure. Consequently, the cost of
feed and the environmental adverse impact are increased.
Moreover, phytate limits the availability of several other
essential nutrients, such as minerals, protein and amino
acids (Biehl and Baker, 1996). Among the strategies
designed to reduce excessive drainage of phosphorus but
also calcium into the environment from the poultry
industry, the two most important are (1) determining the
exact phosphorus and calcium requirements for present
modern chickens determined to meat production and
formulating to meet those requirements exactly and (2)
using additives such as microbial phytase to increase
phytate phosphorus utilization and decrease excretion of
these nutrients into environment (Angel et al., 2005).

As phytase is increasingly used worldwide, science and
technology related to the enzyme have evolved to a new

exciting field at a fast pace. Clearly, supplemental phytases
improve dietary phytate-phosphorus utilization by food-
producing animals, and reduce environmental pollution of
phosphorus from animal waste in areas of intensive animal
production (Kliment et al., 2010).

Phytases are a group of enzymes that catalyze the release
of orthophosphate from inositol hexakisphosphate
(Mullaney and Ullah, 2003). The phytases are divided
into four classes: histidine acid phosphatases, B-propeller
phytases, cysteine phosphatases and purple acid
phosphatases (Puhl et al.,, 2007; Huang et al., 2011).
These include the fungal phytases from Aspergillus ficuum
(Kostrewa et al., 1997) A. fumigatus (Xiang et al., 2004)
A. niger (Oakley, 2010) and Debaryomyces castellii
(Ragon et al., 2009) and the bacterial phytases from
Escherichia coli (Lim et al., 2000) and Klebsiclla
pneumoniaec (Bohm et al., 2010). The enzymes are
additionally classified into 3-, 5- or 6-phytases (EC
3.1.3.8, EC 3.1.3.72 and EC 3.1.3.26, respectively) based
on the carbon position on the inositol ring at which they
initiate phosphate hydrolysis. Thus 3-phytases first remove
the phosphate group at the C3 or C1 position (1L- vs. 1D-
convention) while 6-phytases do so at the C6 position (or
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C4 in the 1L convention) (Lei and Porres, 2003). Very
few 5-phytases have been identified (for example that from
from Selenomonas ruminantium (Chu et al., 2004).

The efficacy and safety of a microbial 6-phytase
expressed via the use of synthetic genes in Aspergillus
oryzae was investigated from days 8 to 22 of age using
480 Ross PM3 broiler chickens. Five treatments were
tested. A diet containing 5.6 g.kg" of phosphorus was fed
to the control treatment. Another diet containing 4.1 g.kg™
phosphorus was fed to another treatment as negative
control. This diet was fed in 3 other treatments with the
addition of phytase (500, 1000, or 2000 U.kg™). Lower
feed intake and higher weight gain was obtained with the
treatment containing 2000 U.kg™" phytase compared to the
two control treatments and the treatment containing
500 Ukg' phytase, leading to a significant improvement
in feed conversion ratio with the 2000 Ukg' phytase.
Tibia strength and ash were improved with the latter and
were dose-dependent described by an exponential
function. Safety test using a concentrated preparation of
the novel 6-phytase enzyme did not reveal any
toxicological significant findings. Tested 6-phytase
improved broiler performance and reduced the need for
phosphate (Aureli et al., 2011).

Recently study demonstrated that diets containing non-
phytate phosphorous closer to the requirements along with
the use of supplemental phytase decreased the total
phosphorus concentrations in litters without affecting
phosphorus solubility in litters and amended soils
(Maguire et al., 2004).

Phytate phosphorus digestibility can be measured at
either ileal or fecal levels. Total tract phosphorus
digestibility can be used to determine phosphorus retention
as it has fewer practical limitations. However,
determination of phytate phosphorus release should be
measured at the ileal level because in the hindgut phytate
is degraded by the intestinal microflora, but the released
phosphorus is not absorbed. Direct measurement of the
hydrolysis of phytate phosphorus at the ileal level will give
a good indication of the effectiveness of a phytase feed
additive. In addition, tibia ash, bone strength and
performance data are useful parameters for validation of
matrix values (e.g. inorganic phosphorus, calcium, energy
and digestible amino acids) for phytase (Dersjant-Li et
al., 2015).

Phosphorus supply may indeed play a controlling role for
the total numbers of bacteria as suggested by the
significant calcium/phosphorus and phytase effects which
were independent of one another, and tended to be
additive. Phytase seems to have an important role to play
in modulating the gut flora but their effects are clearly
framed by the background levels of phosphorus and
calcium in the diet. The changes in the microbiome as a
result of feeding a phytase at high inclusion levels 5000
FTU are novel, although it must be noted that although the
changes were significant, the scale of the changes were not
extraordinary. The fact that phytase, rather than calcium
and phosphorus levels played a significant role in
promoting better animal performance suggests that the
linkage between microbiome structure and performance is
not inextricable (Ptak et al., 2015).

Benefits of phytase supplementation likely occur due to
release of phosphorus and extraphosphoric effects

simultaneously over a wide range of phytase
concentrations. In contrast to the aforementioned
knowledge Watson et al. (2006) noted that significant
extra-phosphoric increases in body weight gain have been
reported at concentrations ranging from phytase as low as
300 to 800 FT Ukg™.

Experimentally the low non-phytate phosphorus diet,
medium and high non-phytate phosphorus feed mixtures
were compared. They found the increasing ash percentage,
phosphorus content and breaking strength of tibia on day
21 and 42 (p <0.001). Supplementation of 6-phytase but
also 3-phytase significantly improved the ash percentage
on day 21 and phosphorus content of tibia at 21 and 42
days of age (p <0.001). Dietary 6-phytase enhanced ash
percentage (linear contrast, P = 0.039) and tended to
increase breaking strength (linear contrast, P = 0.094) in
tibia of chickens at 42 days of age compared to control
diet. There was a significant interaction between non-
phytate phosphorus levels and phytase sources on ash
percentage at 42 days of age (p <0.01). The ash percentage
and phosphorus contents in ashes of bone are the main
parameters for mineral deposition in animal bones (Jiang
et al., 2013).

A decrease in dietary phosphorus, especially in finishing
chickens determined to meat production (21 to 38 days
old) is a crucial issue in poultry production from an
environmental and economic point of view. Nevertheless,
phosphorus must be considered together with other dietary
components such as calcium and microbial phytase.
Phosphorus level is possible to decrease in finishing
chickens, if the calcium content is appropriate.
Nevertheless, decreasing the dietary phosphorus and
calcium cannot allow a maximization of bone
mineralization, but the optimal threshold remains to be
determined (Rousseau et al., 2012).

In chickens determined to meat production it has
extensively been reported that phytase supplementation to
maize-soybean meal feed mixtures permits total
phosphorus concentration to be reduced without impairing
bone mineralization (BrozZ et al., 1994; Qian et al., 1996;
Sebastian et al., 1996a; Yan et al., 2001; Viveros et al.,
2002; Brenes et al., 2003; Dilger et al., 2004; Onyango et
al., 2004, 2005; Payne et al., 2005; Catala-Gregori et al.,
2006).

Scientific hypothesis

The purpose of this study was to present the in vivo
results of 6-phytase effect on tibia mineralization in
chickens kept for meat production. In the experiment were
used the feed mixtures of soy-cereal type with reduced of
non-phytate phosphorus content.

MATERIAL AND METHODOLOGY

Carry out of experiment

In vivo experiment was realized on Zamostie Company
poultry experimental station with deep litter breeding
system. The experiment included 300 pcs of one-day-old
hybrid chickens Cobb 500 divided into 3 groups (in each
group n = 100) according to scheme in Table 1. Spaced
deep litter box allowed chickens to an unlimited access to
feed and water as well as to perform their natural
activities. The bottom layer of the litter consisted of 8 cm
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Table 1 Scheme of feed individual experiment.

Broiler chicks Group Experimental phase, Phosphorus, content per kg of feed mixture
n==o6 feed mixture and phytase supplement
Conirol Starter (day 1 to 18) non-phytate P 4.50 g.kg':
(CG) Grower (day 19 to 32) non-phytate P 4.50 g.kg
Finisher (day 33 to 38) non-phytate P 4.50 g.kg
. Starter (day 1 to 18) non-phytate P 2.32 g.kg”
Cobb 500 Experimental 1 Grower (day 19 to 32) non-phytate P 2.32 g kg™

(G-RP) Finisher (day 33 to 38)

non-phytate P 2.32 g kg™

Starter (day 1 to 18)

non-phytate P 2.32 g.kg" +0.1% (500

Experimental 2
(G-RP +MPH)

Finisher (day 33 to 38)

Grower (day 19 to 32)

FTU kg ") 6-phytase
non-phytate P 2.32 g.kg" +0.1% (500
FTU kg") 6-phytase
non-phytate P 2.31 g.kg™ +0.1% (500
FTU kg") 6-phytase

Note: n = multiplicity; P = phosphorus; CG = control group; G-RP = experimental group 1 with reduced non-phytate
phosphorus content to 2.32 g kg™ feed mixtures; G-RP +MPH experimental group 2 with reduced non-phytate
phosphorus content to 2.32 g kg™ and with addition 6-phytase microbial origin 0.1% (500 FTU.kg™") in feed mixtures.

Table 2. Nutrient and energy contents per kg of feed mixtures.

Feed mixture

Starter Grower Finisher

experimental control experimental control experimental control
MEyn MJ 12.076 12.00 12.081 12.035 12.449 12.421
Crude protein, g 212.95 212.32 192.64 192.68 173.17 172.92
Lysine, g 11.60 11.58 9.97 10.00 10.07 10.00
Methionine, g 4.68 4.67 5.19 5.18 5.40 5.39
Methionine + cystine, g 7.85 7.83 8.04 8.03 7.96 7.94
Threonine, g 8.20 8.18 7.34 7.34 6.53 6.53
Calcium, g 8.18 8.14 7.22 7.19 7.20 7.24
P total, g 5.37 7.96 5.33 7.92 5.24 7.83
P non-phytate, g 2.32 4.50 2.32 4.50 231 4.50
6-phytase, FTU 0*, 500%* 0* 0*, 500** 0* 0%*, 500%* 0*

Note: MEy = metabolizable energy; P = phosphorus; - = Control group; experimental group 1 (reduced phosphorus
content); = experimental group 2 (reduced phosphorus content +6-phytase).

of wood sawdust’s and the top layer consisted of 5 cm of
adjusted wheat straws. The chickens to the age of 14 days
consumed a feed from plate feeders and water from the hat
drinkers located on the floor. Older chickens consumed
feed from the tube feeders and drank water from bucket
drinkers till the end of the experiment. Microclimatic
conditions were equal for all groups in accordance with the
recommendations for the final type chickens Cobb 500.
The temperature in the hall was ensured by the air
conditioner as well as heating lamp to the age 18 days.
Ventilation in the hall on the farm was ensured by the
ventilation system and ventilation windows. Light regime
was automatically adjusted according to the requirements
for this type of chickens.

The experiment lasted 38 days and was divided into three
phases:
e starter, from day 1 to day 18,
e grower, from day 19 to day 32,
e finisher, from day 33 to day 38 day

The feed mixtures of soybean-cereal type starter, grower
and finisher were fed during the different stages. The
experiment consisted of two experimental groups G-RP
(reduced non-phytate phosphorus content to 2.32, 2.31
gkg! feed mixture, respectively without add-6-phytase)
and G-RP + MP (non-phytate phosphorus content to 2.32,

231 gkg" feed mixture, respectively with the addition of
compound 6-phytase 0.1% (500 FTUkg"') in feed
mixtures. The reduction of non-phytate phosphorus
content was carried out by reducing of share feed
ingredient monocalcium phosphate from 1.7% to 0.55% in
the starter feed mixture, from 1.75% to 0.60% in the
grower feed mixture and from 1.80 to 0.65% in the finisher
feed mixture. The control group was used with commonly
used feed mixtures to compare of results. In the control
feed mixtures was the non-phytate phosphorus content
4.5 g kg™ and without microbial phytase.

The procedure was chosen for the balance of phosphorus
using feed phosphatase by Angelovicova (1999), Rada
and Havlik (2010). They predict a phosphorus
digestibility of plant feeds 30% in broiler chickens.
A share of plant feeds is in our feed mixture starter
89.25%, in grower 93.00% and finisher 92.60%. In
experimental feed mixtures was reduced phosphorus
content through feed supplement monocalcium phosphate
(MCP F Belgium) to 2.32 gkg’ in feed mixtures starter
and grower and to 2.31 g.kg" in feed mixture finisher from
need a standard for broiler chickens of non-phytate
phosphorus 4.5 g.kg™ (control group). Nutrient and energy
content per kg of feed mixtures is shown in Table 2.
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In general, creating formulas of the feed mixtures for
broiler chickens is predicted on average phosphorus
digestibility 30% of plant feeds. The required amount of
phosphorus is added in mineral form. The remaining 70%
of phosphorus is therefore unavailable from plant feed,
which is basically the inaccurate estimate. The percentage
of digestible phytate is in the range from 0 to 60% (Rada
and Havlik, 2010).

The characteristics of the additive in the
experimental feed mixtures

6-phytase of microbial origin used in experiment is
commercial feed additive RONOZYME® P5000 (CT).

Gene encoding phytase in microscopic fungus
Peniophora lycii was transferred to a host of microscopic
fungus Aspergillus oryzae (DSM 14223) (EFSA, 2010).
Aspergillus oryzae vektora Phytase encoding cDNA inserts
were introduced into Aspergillus oryzae vector pHD414.
Plazmid DNA was isolated and transferred to Aspergillus
oryzae with amdS" plasmid. Clones amd S" were detected
in the medium, the phytase activity and isolated clones
producing phytase. Phytases were then purified from
Aspergillus oryzae supernetantov clones producing 6-
phytase. ¢cDNA nucleotide sequences Peniophora Iycii
phyA are deposited in the European Molecular Biology
Laboratory database (Classen et al., 1995).

6-phytaza is a product of Aspergillus oryzae. The safety
of genetically modified Aspergillus oryzae was confirmed
by the European Food Safety Authority. Authorization of
product was characterized as a supplement improving a
digestive physiology and as environmental enzyme.

Preparation of the sample for chemical analysis

At the end of the experiment the chickens were selected
from each group of 6 pieces about the same body weight
1800 g. Left tibia of every chicken was removed from the
carcasses immediately after the birds had been slaughtered
via exsanguination of the jugular veins and carotid
arteries on both sides. The tibiaec were stripped of muscle
and stored at +4 °C.

Calcium, phosphor and magnesium determine in
tibia

The tibiae were boiled in distilled water for 5 min to
facilitate removal of any remaining muscle and connective
tissue, oven-dried at 105 °C for 24 h, cooled in a
desiccator, weighed, and incinerated in a muffle furnace at
550 to 600 °C for 6 h in porcelain crucible. The ash was
cooled in a desiccator, and weighed. The obtained ash was
used to preparation of solution mineralized. In the solution
of mineralized tibia was calcium and magnesium measured
by atomic absorption spectrophotometer GBC Avanta at a
wavelength of 422 and 285 nm and phosphorus content by
JENWAY 6400 spectrophotometer at a wavelength of 666
nm.

Statistical analysis

The results are presented as average values, standard
deviation and coefficient of variation. Scheffe’s test was
used at the significance level of a = 0.05 to compare a
difference between groups. SAS statistical package (5) was
used to perform statistical analyses, verion 8.2.

RESULTS AND DISCUSSION

Approximately 50% of phytine phosphorus from feeds
can be released by use of phytase (Christensen et al.,
1997) but this value can be significantly lower since
efficiency of the use of phytase depends on series of
factors. In general, moderate reduction of mineral source
of phosphorus, with addition of phytase in feed mixtures
for broiler chickens is optimal, whereas greater reduction
or complete exclusion of mineral phosphorus from diet
even with increased concentrations of added enzyme
phytase causes lower growth and lower consumption of
food in broilers (Lukié et al., 2005).

Calcium content in the tibia of chickens

Results of calcium content in the tibia of chickens are
shown in Figure 1 and Table 3.

The highest calcium content in tibia of chickens was
84.86 g.kg"', which fed the feed mixtures with the reduced
non-phytate phosphorus content and with the share of
6-phytase. It represents 43.46% of tibia ash. The lowest
calcium content in tibia of chickens was 69.33 g.kg, i.e.
33.09% of tibia ash, which were fed with the feed mixtures
with the reduced non-phytate phosphorus content and
without 6-phytase. In the control group was tibia calcium
content of chickens 78.13 g.kg™" (39.39%). The assessment
of basic statistical characteristics shows that the lowest
values of fluctuation of calcium content in tibia were at
chickens fed by feed mixtures with the reduced non-
phytate phosphorus content and with the share of
6-phytase. Maximum variation of calcium content in the
tibia was in the control group. The differences of calcium
content in tibia were statistically significant (p <0.05)
between chickens fed by feed mixtures with reduced non-
phytate phosphorus content and with the share 6-phytase
and control group and also chickens fed by feed mixtures
with reduced non-phytate phosphorus content without
6-phytase, between chickens of control group and chickens
which fed by feed mixtures with reduced non-phytate
phosphorus content and without 6-phytase. Based on the
investigation in vivo effects of dietary phytase were
clarified some relationships between dietary phytate and
calcium. Our findings are consistent with the current
literature knowledge (Plumstead et al., 2008). A problem
was the absence of any clear effect of dietary phytate
concentration on calcium digestibility and retention. In
contrast to earlier observations, in other experiment
(Nelson et al., 1968b) the calcium requirement of 3-wk-
old chicks was increased by at least 50% when dietary
phytate levels were increased from 0.0 to 25.1%. The
increased calcium requirement demonstrated in their study
was hypothesized to be caused by increased binding of
calcium in the intestine, because 1% phytate was found to
be able to bind 0.36% calcium. It has been documented
that microbial phytase improves the availability of calcium
in corn and soybean feed mixture (Schoner et al., 1991;
Schoner et al., 1993; Kornegay et al., 1996). Sebastian
et al. (1996a) reported that phytase supplementation of a
low-phosphorus feed mixture increased the relative
retention of calcium by 12.2% in chickens. This
conclusion was confirmed by their later work (Sebastian
et al., 1996b) in which microbial phytase supplementation
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Figure 1. Mean calcium content in the tibia.

Note: CG = control group; G-RP = experimental group 1 with reduced non-phytate phosphorus content to 2.32 g.kg’

1

feed mixtures; G-RP + MPH experimental group 2 with reduced non-phytate phosphorus content to 2.32 g.kg™" and
with addition 6-phytase microbial origin 0.1% (500 FTU kg ") in feed mixtures. Means bearing different superscripts

differ statistically significant at (p <0.05).

Table 3 Basic statistical characteristics of calcium content in the tibia.

Group n SD (g.kg™) CV (%)
CG 6 3.16 4.05
G-RP 6 2.97 4.28
G-RP +MPH 6 1.51 1.79

Note: n = multiplicity; SD = standard deviation; CV = coefficient of variation, CG = control group; G-RP =
experimental group with reduced non-phytate phosphorus content to 2.32 gkg”' feed mixtures; G-RP +MPH
experimental group with reduced non-phytate phosphorus content to 2.32 g.kg™' and with addition 6-phytase microbial

origin 0.1% (500 FTU kg™') in feed mixtures.

of alow-phosphorus feed mixture increased growth and
relative retention of total phosphorus, calcium, and
improved bone mineralization in chickens determined to
meat production.

Phosphorus content in the tibia of chickens

Results of phosphorus content in the tibia of chickens are
shown in Figure 2 and Table 4.

The highest phosphorus content in tibia of chickens was
24.09 gkg', which were fed by feed mixtures with the
reduced non-phytate phosphorus content and with the
share of 6-phytase, i.e. 12.55% of tibia ash. The lowest
phosphorus content in tibia of chickens was 19.26 gkg”,
which fed the feed mixtures with the reduced non-phytate
phosphorus content without 6-phytase, i.e. 9.21% of tibia
ash. In the control group was tibia phosphorus content of
chickens 21.88 g kg™ (11.02%).

The assessment of basic statistical characteristics shows
that the lowest values of fluctuation of phosphorus content
in tibia were at chickens, which were fed by feed mixtures
with reduced non-phytate phosphorus content and with the
share of 6-phytase. Maximum variation of phosphorus
content in the tibia was in the control group. The
differences of phosphorus content in tibia were statistically
significant (p <0.05) between chickens fed by feed
mixtures with reduced non-phytate phosphorus content and
with the share 6-phytase and control group and between
chickens, which were fed by feed mixtures with reduced
non-phytate phosphorus content without 6-phytase and
control group. Similar the results were confirmed by Singh

et al. (2013) They investigated the influence of different
levels (%) of dietary non-phytate phosphorus fed from 0 to
20 day (0.45, 0.40, 0.35, 0.30, 0.25, compared with
feeding 0.20 non-phytate phosphorus with and without 500
FTU of phytase per kg of feed mixture) and from days 21
to 36 of age (0.414, 0.364, 0.314, 0.264, 0.214, compared
with 0.164 non-phytate phosphorus with and without 500
FTU of phytase per kg of feed mixture) were evaluate
using a total of 588 day-old commercial broiler chicks.
Each treatment was replicated four times in a completely
randomized design. In conclusion, the results showed that
the combination of a lower level of non-phytate
phosphorus and phytase may be used to increase dietary
phosphorus utilization, without severe changes in
performance and bone quality. The same conclusion also
have found Karimi et al. (2011) where results experiment
showed that the combination of a lower level of non-
phytate phosphorus and phytase may be used to increase
dietary phosphorus utilization, without severe changes in
performance and bone quality. In fact, the ash content is
closely related to phosphorus concentration. Enhancement
of ash percentage and phosphorus content of tibia with
application of either source of phytase suggests that
phytase can increase mineral deposition in phosphorus
deficient diet, which is in agreement with the results
described in the scientific literature by Viveros et al.,
2002; Sebastian et al.,, 1996b. Ahmad et al. (2000)
observed that phytase in a low-phosphorus feed mixture
increased the phosphorus retention by 20.4% and 12.73%
as compared to a negative control and normal phosphorus
diet supplemented with phytase, respectively.
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Figure 3. Mean phosphorus content in the tibia.

Note: CG = control group; G-RP = experimental group with reduced non-phytate phosphorus content to 2.32 g kg™
feed mixtures; G-RP +MPH experimental group with reduced non-phytate phosphorus content to 2.32 gkg™ and with
addition 6-phytase microbial origin 0.1% (500 FTU kg) in feed mixtures. Means bearing different superscripts differ
statistically significant at p <0.05.

Table 4 Basic statistical characteristics of phosphorus content in the tibia.

Group n SD (g.kg™!) CV (%)
CG 6 2.16 5.91
G-RP 6 1.14 4.05
G-RP +MPH 6 0.49 2.03

Note: n = multiplicity; SD = standard deviation, CV = coefficient of variation; CG = control group; G-RP =
experimental group with reduced non-phytate phosphorus content to 2.32 gkg' feed mixtures; G-RP +MPH
experimental group with reduced non-phytate phosphorus content to 2.32 g.kg' and with addition 6-phytase microbial

origin 0.1% (500 FTU kg™) in feed mixtures.

Magnesium content in the tibia of chickens

Results of calcium content in the tibia of chickens are
shown in Figure 3 and Table 5.

The highest magnesium content in tibia of chickens was
1.27 gkg', which fed the feed mixtures with reduced non-
phytate magnesium content and with a share of 6-phytase,
i.e. 0,609% of tibia ash. The lowest magnesium content in
tibia of chickens was 1.01 gkg”, which fed the feed
mixtures with reduced non-phytate magnesium content
without 6-phytase, i.e. 0.47% of tibia ash. In the control
group was tibia magnesium content of chickens 1.21 g.kg™”
(0.608%). The assessment of basic statistical
characteristics shows that the lowest values of fluctuation
of magnesium content in tibia were at chickens feeding the
feed mixtures with reduced non-phytate magnesium
content. Maximum variation of magnesium content in the
tibia was at chickens feeding of feed mixtures with
reduced non-phytate phosphorus and with a share 6-
phytase. The differences of magnesium content in tibia
were statistically significant (p <0.05) between chickens
fed by feed mixtures with reduced non-phytate phosphorus
content and with the share 6-phytase and control group and
between chickens, which were fed by feed mixtures with
reduced non-phytate phosphorus content without 6-phytase
and control group.

Our findings are in accordance with the literature data
that shows that supplemental phytase increases the mineral
content in tibia (Sohail and Roland, 1999).

However, we were unable to find any literature data on
the phytase influence on magnesium content in broiler
tibia. It is interesting to note that contents of magnesium
was statistically higher in broilers fed by feed mixtures
with reduced phosphorus content and 6-phytase addition in
comparison with the feed mixtures without 6-phytase or
with the commercial feed mixtures. In contribution to the
application of phytase are results of the latest studies
indicating the positive effect on digestibility and
availability not only of calcium, phosphorus, but also the
magnesium and other minerals and organic matters with
the use of phytase.

Also, because of almost universal presence of phytate in
grain cereals and oil meals, phytase represents enzyme
with the highest potential among other enzymes which can
be used in poultry production (Lukié et al., 2009).

Research of the issues relating minerals and another
substances and application of phytase in broiler production
are equally important and are mutually complementary
(Huyghebaert et al., 2005).

These researches are especially important for the purpose
of solving issues and problems which are very frequent
and induced by rapid growth of broilers (bone
deformations, predisposition to breaking and infections,
etc.), as well as poor quality of the product, i.e. bone
firmness, which is considered as serious disadvantage in
the processing industry, because of frequent breaking of
bones during handling, transportation and automatic
broiler processing procedures.
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Figure 4. Mean magnesium content in the tibia.

Note: n = multiplicity; SD = standard deviation; CV= coefficient of variation, CG = control group; G-RP =
experimental group with reduced non-phytate phosphorus content to 2.32 gkg' feed mixtures; G-RP +MPH
experimental group with reduced non-phytate phosphorus content to 2.32 g.kg™' and with addition 6-phytase microbial
origin 0.1% (500 FTUkg") in feed mixture; Means bearing different superscripts differ statistically significant at

p <0.05.

Table S Basic statistical characteristics of the magnesium content in the tibia.

Group n SD (g.kg™ CV (%)
CG 6 0.06 4.57
G-RP 6 0.02 2.41
G-RP+MP 6 0.08 6.61

Note: n = multiplicity; SD = standard deviation, CV = coefficient of variation; CG = control group; G-RP =
experimental group with reduced non-phytate phosphorus content to 2.32 gkg' feed mixtures; G-RP +MPH
experimental group with reduced non-phytate phosphorus content to 2.32 g.kg" and with addition 6-phytase microbial

origin 0.1% (500 FTU.kg™") in feed mixtures.

CONCLUSION

The target of our research was 6-phytase of microbial
origin and its effectiveness in relation to the tibia
mineralization of chickens kept for meat production. In the
experiment, we used a 6-phytase of microbial origin,
which is the product of a microscopic fungus Aspergillus
oryzae. We used the final type of hybrid combination
Cobb 500. The experimental feed mixtures had reduced
non-phytate phosphorus content 2.32 gkg' versus
4.50 gkg"' control feed mixtures. We used the feed
mixtures of soybean-cereal type (starter, grower and
finisher). Based on the experiment, we came to the
following conclusions that statistically significant
(p <0.05) the highest content of calcium, phosphorus and
magnesium was in the tibia of chickens fed by feed
mixtures with reduced non-phytate phosphorus content and
with the 6-phytase. Based on the experimental results, we
can conclude that it has been confirmed scientific
hypothesis, which we have established. Application of
6-phytase of microbial origin had a positive effect on the
utilization of phytate phosphorus in feed, which resulted
tibia mineralization.
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EFFECT OF SORBITOL ON DOUGH RHEOLOGY AND QUALITY OF SUGAR
REPLACED COOKIES

Majid Majeed, Muhammad Ahsan Mahmood, Muhammad Usman Khan, Mohammad Fazel,
Mohammad Ali Shariati, Igor Pigorev

ABSTRACT

A high amount of sugar is used in bakery products, which may cause diabetes, high blood glucose levels and obesity. Due
to these reasons, sugar is being replaced with substitutes. There is different carbohydrate-based sugar substitutes (polyols)
that can efficiently replace sugar. Among polyols, sorbitol is an efficient replacer that can mimic sugar with minimal
effects on cookie quality. Effects of different sorbitol levels (0 to 12.5%) were seen on the dough rheology. Mixographic
studies showed that peak height and mixing time reduced with the addition of sorbitol. Farinographic studies showed that
water absorption and the mixing tolerance index of dough reduced with the supplementation of sorbitol, whereas dough
development time, arrival time, dough stability time and softening of dough increased. Extensographic studies revealed that
sorbitol substitution produced hard, cohesive, adhesive and elastic dough. Sugar in cookies formulations was reduced from
100 to 50% by replacing with sorbitol 0 to 50%. Physical analysis of sorbitol containing cookies showed that the diameter
and spread factor of cookies decreased with higher levels of sorbitol, whereas thickness, color, hardness and water activity
of cookies increased. The calorific value of cookies decreased with the increasing levels of sorbitol. At upto 20%
replacement of sugar, other parameters of cookies were not affected. Sensory evaluation of the cookies showed that
hedonic points for sensory evaluation parameters reduced with the increasing levels of sorbitol, T, (20% replacement)

showed maximum overall acceptability.

Keywords: calorific value; cookies; dough rheology; polyols; sensory evaluation

INTRODUCTION

Polyols are carbohydrates that are hydrogenated,
meaning that a hydroxyl group replaces the aldehyde or
ketone group found in sugars. These are also different
from dense energy sweeteners such as cyclamate,
polydextrose and aspartame aspartame, which are utilized
in very low quantities so that their contribution to the
calorific value of foods is very negligible. These
sweeteners are 40% to 100% sweet as compared to sucrose
and provide 0.2 to 3 kcal.g”' energy as compared to sugars
and starch. These are partially digested and absorbed by
the human body. Some polyols, such as erythritol, sorbitol,
and mannitol, occur naturally in foods (Fitch and Keim,
2012). Some polyols can help retain moisture in foods,
lower water activity to help to protect against spoilage,
impart smoothness and creaminess by inhibiting sugar
crystallization, provide viscosity, and/or assist in retaining
flavor at high temperatures. They also provide bulkiness to
foods once in the body. Most polyols are considered
GRAS, specifically sorbitol, erythritol, isomalt, maltitol,
lactitol, and polyglycitols. Xylitol and mannitol (special
dietary purposes) are regulated as food additives.

Excessive polyol load, more than 50 grams per day of
sorbitol and/or more than 20 grams per day of mannitol,
can create gastrointestinal disorders (Kroger et al., 2006).
Sorbitol is related to the family of sugar alcohols. The
molecular formula of sorbitol is C6H1406, molar mass
182.17 gmol”, and density is 1.489 gcm™. It is a
colorless, odorless, and sweet-tasting liquid that is 60%
sweet as compared to sucrose, and it provides 2.6 kcal.g”'
energy (Fitch and Keim, 2012).

Bakery products continue to improve as the user becomes
more conscious about the health benefits of consuming
less supplemented sugars. Low sucrose or low calorie is a
top-level marketing approach in bakery products and
baking sectors. They do, however, provide functional
benefits to bakery goods when sugars used are replaced
with polyols. When used in place of sugar, polyols can
make almost all bakery products healthier while still
giving a sweet taste similar to sucrose. Bakery products
prepared with polyols cannot become asslimy on the
surfaces as early as products prepared with other
sweeteners do. Microorganisms also cannot flourish well
on these sweetening agents as they do on sucrose, and
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hence the shelf life of products is extended. However,
unlike sugars, polyols do not normally develop crisp and
colored surfaces on baked commodities. The non-coloring
character can be beneficial where a disturbance in
browning is not required. Along with the non-browning
characteristic, polyols often affect the cooling rate of
baked products. Isomalt is an exception; it does not
provide any typical cooling effect in bakery foods (Baek
et al., 2004).

Isomalt has a very low hygroscopicity compared with
polyols, such as sorbitol, xylitol and maltitol, and has a
very low glycemic index. In many baking formulations;
substituting sugar with isomalt remains the color, aroma,
taste, texture, appearance and volume of sugar (Grabitske
and Slavin, 2008). Maltitol, that is 90% sweet as
compared to sucrose, is utilized as a sugar substituent in
frostings, chocolate bars, low calorie muffins, icing
creams, biscuits, breads and cakes. Malitol syrup is
utilized to substitute maize syrup in similar bakery
utilizations (Nadji et al., 2005). Glucitol is the other name
of sorbitol. The human body utilizes it very slowly. It can
be produced by reducing glucose i.e. altering the
functional group of glucose from aldehyde to hydroxyl. It
is present in apples, plums and other stone fruits in
appreciable quantities. Sorbitol provides bulk and
functionality to bakery products but not as much sweetness
(Yan et al., 2010).

Scientific hypothesis

Bakery products are the most widely produced and
consumed food items, after dairy products. Among the
bakery products, cookies are the most significant. Cookies
are famous and abundantly liked by all ages of people,
including children. These are important bakery
commodities that are used as snack foods by children and
adults in Pakistan. Biscuits hold an important position in
snack foods due to a wvariety taste, crispness, and
digestibility. This project was selected to examine the
influence of different sorbitol substitution levels on dough
rheology and physio-chemical and sensory characteristics
of cookies to reduce the total calories provided by the
cookies and to improve their nutritional value.

MATERIAL AND METHODOLOGY

Procurement of Raw Materials

Raw materials used in the present study were purchased
from local market. Wheat flour was purchased from
“Farrukh Flour Mills” Jhang road, Fa cookies preparation.
Sorbitol was purchased from local market. Sorbitol
available in the market is basically imported from “India”
a treatments plan has depicted in Table 1.

Analytical Methods for Wheat Flour and
Treatments
Proximate Composition of Wheat Flour

Wheat flour was analyzed for moisture, total ash, crude
protein, crude fiber and crude fat by using methods
described in AACC (AACC, 2000). The nitrogen free
extract (NFE) was calculated by difference method.

Moisture Content

The moisture content in the flour sample was estimated
according to the method mentioned in AACC method No.
44-15A (AACC, 2000).

Total Ash

The ash content in flour sample was estimated by
following the procedure given in AACC method No. 08-01
(AACC, 2000).

Crude Fat
Flour sample was analyzed for crude fat according to the
method No. 30-10 in AACC (2000).

Crude Fiber
The crude fiber was determined by following the method
No. 32-10 outlined in AACC (2000).

Crude Protein

Kjeldahl apparatus (Model: D-40599, Behrs Labor
Technik, Gmbh-Germany) was used to determine nitrogen
% in the flour sample according to AACC method No. 46-
10 (AACC, 2000).

Nitrogen Free Extracts (NFE)
The nitrogen free extract (NFE) of wheat flour sample
was calculated according to the following expression:

NFE (%) = 100 - (% Moisture +%Ash +%Crude Fat
+%Crude Protein +%Crude Fiber).

Rheological Analysis of Treatments

The wheat flour sample was supplemented with sorbitol
according to treatments (Table 1) respectively and effects
of supplementation on flour rheology were studied as
described below.

Mixographic Analysis

The mixographic studies were carried out by using
mixograph equipped with 10g capacity bowl (National
Mfg. Co., Lincoln, Nebraska). All the treatments were run
through mixograph by adding 60% water to each sample
according to the instructions given in AACC method No.
54-40A (AACC, 2000). Each mixogram was interpreted
for mixing time and maximum peak height percentage.

Farinographic Studies

The treatments were run through Brabender Farinograph
equipped with 50 grams bowl capacity to assess the
physical dough behaviour of different flour treatments
according to AACC Method No. 54-21 (AACC, 2000).

The parameters such as water absorption, dough
development time, softening of dough, arrival time,
departure time, dough stability time and mixing tolerance
index were calculated from the farinograms as described
below.

Extensograhic Analysis

All the treatments were analyzed through Brabender
Extensograph according to the methods outlined in AACC
(2000) separately.
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Table 1 Treatment Plan.

Treatment

Sorbitol %

Ty 0.0
T, 2.5
T, 5.0
T; 7.5
Ty 10.0
Ts 12.5
Legend: T acts as control

Table 2 Cookies Recipe (T).

_Ingredients Amount
White flour 500g
Sugar 250g
Shortening 250g
Baking powder 7-8¢g
Egg 1
Cardamom Flavor 1 -2mL

Water Hydration Capacity of Treatments

The water binding capacity or the amount of water
retained by the flour has been subjected to centrifugation
and was measured according to the procedures given in
AACC method number 56-30 (AACC, 2000).

Preparation of Cookies

Cookies of different treatments were prepared from the
wheat flour according to methods 10-50 D (AACC, 2000).
Table 2 depicts used recipe for the preparation of control
cookies (Ty).

Preparation Method

The ingredients weighed accurately. Dry ingredients
were mixed thoroughly by mixer (Mod. A-200, Hobart,
USA).

Analysis of Cookies
Physical Analysis of Cookies

Cookies of different treatments were analyzed firstly for
their physical parameters after preparation. Cookies
diameter, thickness and spread factor was measured
according to their respective methods described in AACC
(AACC, 2000). Cookies treatments color was determined
by methods described by (Rocha and Morais, 2003).
Texture and water activity was determined according to
the methods described by (Piga et al., 2005).

Calorific Analysis of Cookies

The amount of heat measured in calories that is released
when a substance is completely oxidized in a bomb
calorimeter is called the gross energy of substance.
Calorific Value of the cookies treatments was estimated by
using Oxygen Bomb Calorimeter (Werke IKA C200). The
method of Krishna and Ranjhan with slight modifications
was used in determination (Krishna and Ranjhan, 1981).

Proximate Analysis of Cookies

Cookies of different treatments were analyzed for
moisture, total ash, crude protein, crude fibre and crude fat
by using methods described in AACC (AACC, 2000). The

nitrogen free extract (NFE) was calculated by difference
method.

Sensory Evaluation of Cookies

The cookies of different treatments were rated using 9-
point hedonic score system (9 = like extremely; 1 = dislike
extremely) by taste panel (Meilgaard et al., 2004).

Statistical Analysis

The results obtained from different parameters of all the
treatments were exposed to statistical analysis. Completely
Randomized Design (CRD) was used, followed by the
Analysis of Variance Technique (ANOVA) and the results
were interpreted according to the Least Significant
Difference Test (LSD) at 5% level of significance as
described by (Steel et al., 1997).

RESULTS AND DISCUSSION

Chemical Composition of Wheat Flour

The results regarding the chemical composition of wheat
flour indicated that it contains 12.70% moisture, 10.8%
crude protein, 0.86% crude fat, 0.24% crude fiber, 0.56%
ash and 74.74% nitrogen free extract. The results are in
close agreement with the findings of others in the literature
(Ahmad, 2011; Mushtagq et al., 2010).

Rheological Analysis of Treatments
Mixographic Analysis

The statistical data regarding the mixographic parameters
showed that mixing time and peak height of treatments
decreases with the increasing levels of sorbitol (Table 3).
Ts showed minimum mixing time 3.2 minutes and
minimum peak height 33%, whereas T, showed maximum
mixing time 7 minutes and maximum peak height 63%,
showing an overall decreasing trend. The decrease in
mixing time and peak height was due to fact that in present
study flour blended with different levels of sorbitol was
run through mixograph rather than plain flour. These
results were in close agreement with the findings of others
in literature (Asghar, 2004; Farooq, 1996).
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Table 3 Effect of different treatment on mixograph parameters of dough.

Treatments Mixing Time (minutes) Peak Height (%)
T, 5.50° 55P
T, 6.60° 60°
T, 7.00° 63
Ts 4.80° 49°
T, 3.80¢ 429
Ts 3.20° 33°
Table 4 effect of different treatment on farinograph parameters of the dough.
T W.A D.D.T AT D.T D.S.T S.0.D M.T.I
(%) (min) (min) (min) (min) (B.U.) (B.U.)
TO 57.20° 7.30" 1.259 16.50° 15.25° 60.00¢ 40.00°
T, 56.20% 8.50° 2.75° 16.75° 14.00¢ 72.50% 38.00%
T, 54.60° 7.75° 2.25° 16.90° 14.65% 71.00% 28.50¢
Ts 52.80° 8.00¢ 2.70° 17.00° 14.30% 78.00° 32.50°
T4 49.60¢ 9.50° 1.30¢4 16.00° 14.70* 75.00™ 36.50°
T5 48.00¢ 9.00° 1.75° 16.80° 15.05" 70.00° 27.50¢
Table 5 effect of different treatment on extensograph parameters of dough.
T Energy Resistance to Extensibility Maximum Ratio No Ratio No
(ecm?) Extension (mm) (B.U.) (B.U./mm) Maximum
(B.U.) (B.U./mm)
To 49° 28" 51¢ 803° 0.50 15.60°
T, 48° 260° 554 759° 4.70° 13.80°
T, 454 398® 63¢ 5861 6.30° 9.20°
Ts 48° 56° 52¢ 824° 1.10° 15.80°
T, 57° 370° 107° 378¢ 3.50¢ 3.50¢
Ts 55° 286° 126 302" 2.30¢ 2.40°
Farinographic Studies Extensographic Analysis

The statistical analysis regarding the farinographic
characteristics showed that water absorption, dough
stability time and mixing tolerance index of treatments
decreases with the increasing levels of sorbitol, whereas
arrival time, dough development time and softening of
dough increases with increasing levels of sorbitol
(Table 4). Ts showed minimum water absorption and
mixing tolerance index 48% and 27.5 B.U. respectively,
whereas T, showed maximum water absorption and
mixing tolerance index 57.2% and 40 B.U. respectively.

Ty showed minimum arrival time, dough development
time and softening of dough 1.25 minutes, 7.30 minutes
and 60 B.U. respectively, whereas T, T, and T; showed
maximum arrival time, dough development time and
softening of dough 2.75 minutes, 9.50 minutes and 78 B.U.
respectively. T showed minimum dough stability time 14
minutes, whereas Ty showed maximum dough stability
time 15.25 minutes.

The decrease in water absorption trend is due to
reduction in protein and complex carbohydrates contents
in treatments respectively. The increase in dough
development time and arrival time trend is due to less
mixing behaviour of sorbitol as compared to wheat flour.
The decrease in dough stability time and increase in
softening of dough trend is also due to the less resistance
of sorbitol to over mixing as compared to the wheat flour.
The results are in close agreement with the findings of
others in literature (Rashid, 2007; Rakha, 2006).

The statistical data regarding the extensographic analysis
of the treatments showed that work needed to deform the
dough, resistance to extension of dough, dough
extensibility and ratio no of dough increases with the
increasing concentration of sorbitol; whereas maximum
force required breaking the gluten strands and the ratio no
maximum reduces with the increasing sorbitol contents
(Table 5).

Ty showed minimum values for energy, resistance to
extension, dough extensibility and ratio no 49 cm2, 28
B.U., 51 mm and 0.5 B.U. /mm whereas T4, T,, T5 and T,
showed maximum values 57 cm2, 358 B.U., 126 mm and
6.5 B.U. /mm respectively. Ts showed minimum values for
maximum force and ratio no maximum 302 B.U. and 2.40
B.U. /mm whereas T; showed maximum values 824 B.U.
and 15.80 B.U. /mm respectively.

Sorbitol (polyol) lowers the water absorption, increases
the sliminess and hardness of the dough and hence
increases the energy required to deform the dough, dough
resistance to extension and dough extensibility. Maximum
force required for breaking the gluten strands and ratio no
maximum shown decreasing trend because as the flour is
replaced with sorbitol the gluten content of treatment
lowers and hence the concentration of gluten strands
lowers, overall needing less force for breakage. The results
are in close agreement with the findings of (Alava et al.,
2007; Akthar, 2011).
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Table 6 effect of sorbitol on the physical charachteristic of cookeis.

T Diameter Thickness Spread Color Hardness Fracturability Water
(mm) (mm) Factor (CTn) (g) (mm) Activity

T, 132.00° 33.00¢ 40.00™ 154.67° 1735.0f 20.39° 0.1800°

T,  150.00° 36.00° 41.67° 147.67%® 3250.0d 21.37° 0.1940%

T, 134.67° 34.01% 39.54° 140.67" 3045.0e 20.97¢ 0.2050%

T;  125.3° 35.40% 35.42° 152.33° 4966.7b 21.49° 0.2200"

T, 127.33° 35.04% 36.36° 152.67° 5450.0a 22.64° 0.2350%

Ts  122.00¢ 37.80° 32.28¢ 134.67° 4125.0c 21.40° 0.2450°

Table 7 effects of sorbitol on the chemical analysis of cookies.

T Moisture (%) Ash Crude Protein Crude Fat (%) Crude Fiber (%) NFE (%)

(%) (%)

T, 3.30% 0.49" 9.20° 21.50° 0.241 65.27

T, 3.38" 0.54° 9.12° 21.54° 0.27° 65.15"

T, 3.50° 0.56¢ 9.05° 21.60° 0.30¢ 64.99°

T;  3.60% 0.60° 9.26 21.40° 0.33¢ 64.81°

T, 3.68% 0.63° 9.32° 21.46° 0.37° 64.54°

Ts 3.80° 0.66" 9.05 21.60° 0.40° 64.49°

Calorific Value (keal/g)

e

[

(%]

-

=

Figure 1 Effect of sorbitol on the calorific value of cookies.

Water Hydration capacity of Treatments

The statistical analysis revealed that water hydration
capacity of treatments did not show significant effect of
sorbitol replacement. T5 showed minimum (0.85 g.g”)
water hydration capacity, whereas TO showed maximum
value (1.05 g.g") respectively.

Proteins and fiber rich flours and meals show high water
hydration capacity due to their more moisture retaining
behavior. The results are in close agreement to the finding
of others in literature (Mahajan et al., 1999; Zoulias et
al., 2002).

Analysis of cookies
Physical Analysis of cookies

The statistical analysis showed that diameter, spread
factor and color of treatments decrease, whereas thickness,
texture and water activity increases with the increasing
concentration of sorbitol (Table 6).

Ts showed minimum values of diameter, spread factor
and color 122 mm, 32.28 and 134.67 CTn, whereas T,
showed maximum values of diameter and spread factor
150 mm and 41.67 and TO showed maximum value of
color 154.67 CTn respectively. TO showed minimum
values of thickness, hardness, fracturability and water
activity 33 mm, 1735 g, 20.39 mm and 0.18, whereas Ts
showed maximum values of thickness and water activity

37.80 mm and 0.24 and T4 showed maximum values for
hardness and fracturability 5450 g and 22.64 mm
respectively.

The decrease in diameter and spread factor and increase
in the texture of cookies with the addition of sorbitol is due
to the elastic shrinkage of gluten network. The increase in
water activity of treatments is due to more hygroscopic
nature of sorbitol as compared to the sucrose. Basically,
polyols reduce the Millard and Caramel browning
reactions as compared to sugars. The color of cookies
reduces with the addition of sorbitol (colorimeter reading
increases), but here trend is slightly different due to less
controlled cookies preparation and baking (time and
temperature) conditions and due to not proper calibration
of colorimeter and human reading measuring errors. The
results are in close agreement with the findings of
(Mushtaq et al., 2010; Pasha et al., 2002; Siddique,
1995).

Calorific Analysis of Cookies

The statistical data regarding the calorific analysis of
treatments showed that calorific value of treatments
decreases with the increasing sorbitol content (Figure 1).
Ts showed minimum calorific value 4.40 kcal.g'l, whereas
T, showed maximum value 6.13 kcal.g" respectively. The
decrease in the calorific value with the increasing sorbitol
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levels was due to the less energy provided by the sorbitol
as compared to the sugar. The results are in close
agreement with the findings of (Siddique, 1995; Bond
and Dunning, 2006).

Chemical Analysis of cookies

Statistical data regarding the chemical analysis of cookie
treatments revealed that moisture, ash, and crude fiber
contents increase with the increasing sorbitol content,
whereas increasing sorbitol levels have a non-significant
effect on crude protein, crude fat, and nitrogen-free extract
contents (Table 7).

T, showed minimum values of moisture, ash and crude
fiber 3.30%, 0.49% and 0.27%, whereas T5 showed
maximum values of moisture, ash and crude fiber 3.80%,
0.66% and 0.40% respectively. Crude protein ranged from
9.05 to 9.32%, crude fat ranged from 21.40 to 21.60% and
nitrogen free extract varies from 64.49 to 65.27% between
the treatments.

The moisture content of the treatments increases with the
increasing sorbitol levels was due to more hygroscopic
nature of sorbitol as compared to the sucrose. Ash contents
of treatments increases with the increasing sorbitol levels
are due to the higher ash content of sorbitol as compared to
the sucrose. Crude fiber content of cookies increases with
the higher concentration of sorbitol due to low digestion of
sorbitol as compared to the sucrose. The results are in
close agreement with the findings of others in the literature
(Mushtaq et al., 2010; Siddique, 1995; Winkelhausen et
al., 2007).

Sensory Evaluation of Cookies

Statistical data showed that the hedonic points related to
the sensory parameters of cookies decrease with the
increasing levels of sorbitol in treatments (Table §). Ts
showed minimum hedonic points related to taste and
crispness at 6 and 6, respectively, whereas T, showed a
maximum value of 6.75 and 6.90, respectively. T4 showed
minimum hedonic points related to mouth feel and overall
acceptability of 6.20 and 5.75, whereas TO and T2 showed
maximum hedonic points of 7.05 and 7.32, respectively.

The hedonic points related to the treatments decrease
with the increasing levels of sorbitol because sorbitol
lowered the sweetness level, increased the hardness, and
had an aftertaste in cookies as compared to sugar. The
results are in close agreement with the findings of
(Mushtaq et al., 2010; Siddique, 1995; Rosell et al.,
2001).

CONCLUSION

The present study showed that the dough rheology of
wheat flour could not be significantly improved by sorbitol
supplementation. Sorbitol lowered the mixographic and
farinographic parameters values in the treatments. Sorbitol
substitution also resulted in harder, cohesive, adhesive and
elastic dough as compared to the control treatment. The
physical properties of sorbitol-substituted cookies did not
significantly improve, as replacement resulted in harder,
more brittle, lighter in color, higher in water activity and
lower in diameter and spread factor values. Calorific
content of sorbitol-replaced treatments were lowered as
compared to the control treatments. Chemical
characteristics of  sorbitol-containing  treatments

significantly improved with substitution, as moisture, ash,
and crude fiber contents of sorbitol-containing cookies
increased with the increasing levels of sorbitol. Crude
protein, crude fat, and nitrogen-free extract did not
significantly change with the sorbitol replacement in
treatments. Sensory evaluation of treatments showed that
sorbitol substitution lowered the hedonic points related to
the sensory parameters with the increasing levels of
sorbitol. T, (20% sugar replacement) showed hedonic
points of all sensory parameters closest to the control (T).
T, also showed maximum hedonic points related to the
overall acceptability of all the cookie treatments, showing
it as the best treatment of the research.
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TOTAL PHOSPHORUS, PHYTATE PHOSPHORUS CONTENTS AND THE
CORRELATION OF PHYTATES WITH AMYLOSE IN SELECTED EDIBLE BEANS IN
SRI LANKA

Keerthana Sivakumaran, Jagath Wansapala, Theja Herath

ABSTRACT
Phytate a major anti nutritional factors in legumes and it accounts for larger portion of the total phosphorus, while limiting

the bioavailablity of certain divalent cations to the human body. Legumes of eleven varieties cultivated in Sri Lanka, Mung
bean (MI5, MI6), Cowpea (Waruni, MICP1, Bombay, Dhawala, ANKCP1), Soybean (MISB1, Pbl) and Horse gram
(ANKBIlack, ANKBrown) were analyzed for phosphorus content and phytate content. Total phosphorus content was
quantified by dry ashing followed by spectrophotometrical measurement of the blue colour intensity of acid soluble
phosphate with sodium molybdate in the presence of ascorbic acid while phytate phosphorus using anion exchange
chromatographic technique followed by spectrometrical measurement of the digested organic phosphorus and amylose
content by Simple lodine-Colourimetric method. Where the least value for phosphorus was observed 275.04 +1.44
mg.100g"' in ANKBlack (Horse gram) and the highest in MISB1 (Soyabean) with 654.94 +£0.05 mg.100g™!. The phytate
phosphorus content (which is a ratio of phyate to total phosphorus) was highest in Dhawala (Cowpea). The phytate
phosphorus (which is a ratio of phyate to total phosphorus) was highest in Dhawala with 67.42% and least in Bombay
(Cowpea) with 24.87%. The amylose content of the legumes was least in Pb1 with 8.71 £0.13 mg.100mg™' and the highest
in MI6 22.58 +0.71 mg.100mg™'. The correlation between phyate and total phosphorus was significant (p <0.05) and
positive (r = 0.62). Similarly the correlation coefficient for phytate phosphorus and total phosphorus was significant
(p <0.05) and positive (r = 0.63). Amylose content of legumes was significantly correlated negatively (p <0.05) with the
total phytates content (r = -0.82).

Keywords: phytates; phosphorus; amylose; phytate phosphorus; legumes

INTRODUCTION mixed diets, it is 150 — 1400 mg (Greiner, 2006).

Phosphorus which is an essential mineral is important for
human health and optimal livestock production. Phytic
acid (phytate; myo-inositol 1,2,3,4,5,6, hexakisphosphate)
is one of the anti-nutritional factors (ANFs) among
naturally occurring constituent of plant seeds, roots, tubers,
and some fruits and vegetables and it acts as a storage
form of phosphate (Reddy and Sathe, 2002). In seed and
grains phytate is accumulated within subcellular single
membrane particles, aleurone grains or protein bodies.
Legumes are the richest source of macro nutrients such as
protein, starch and micronutrients minerals and vitamins
while they contribute to important health protective
compounds such as phenolics, inositol phosphates and
oligosaccharides. Lolas and Markakis (1975) stated that
phytate accounts for 80% of the total phosphorus in most
legumes. The recommended average daily intake of
phytate for humans on vegetarian diets, is 2000 — 2600 mg,
for inhabitants of rural areas in developing countries, on

Presence of phytates is of a major concern in the foods and
animal feeds industries because the phosphorus in this
form is unavailable to monogastric animals due to a lack of
endogenous intestinal phytases; enzymes specific for the
dephosphorylation of phytic acid (Greiner, 2006) .In
poultry rearing where sufficient dietary intake of
phosphorus is maintained for reducing phosphorus intake
in poultry manure. In addition, the strong chelating
characteristic of phytic acid which works on a broad pH
range reduces the bioavailability of other essential dietary
nutrients such as minerals (e.g. Ca®" ,Zn** Mg?', Mn*",
Fe?*/**, proteins and amino acids (Garcia-Estepa et al.,
1999; Azeke, 2010). Phytate occurs primarily as
Potassium-Magnesium salt in rice, beans, sesame seeds
and as a Calcium- magnesium-Potassium salt in
soyabeans. Phytic acid is hydrolysed enzymatically by
phytases. Apart from the binding divalent cations dietary
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phytic acid has beneficial effects by acting as antioxidant
or anticancer agent (Raboy, 2001).

Scientific hypothesis

Usually legume based food (cooked) items contain higher
amounts phytate than the cereal-based food items. Few
food items, such as sesame seeds (toasted), soy protein
concentrate, rice (unpolished and cooked), maize bread
(unleavened) and peanuts have exceptionally high amounts
of phytate (Dahiya, 2016). As such the aim of this study is
to determine the correlation between Phosphorus content
and the phytate contents in legumes, correlation between
the phytate phosphorus and the total phosphorus content as
well as the correlation between Amylose and total phytates
in some commonly consumed legumes in Sri Lanka.

MATERIAL AND METHODOLOGY

Chemicals
Anion exchange resin (AG 1- X 4 Chloride form, 100-
200 mesh) and the other reagents with analytical grade.

Materials

In this study, two varieties of mung bean (MI5 and MI6),
five varieties from cowpea (ANKCP1, MICP1, Bombay,
Wauni and Dhawala), two varieties from soybean
(PbO0land MISB1) and two varieties from horse gram
(ANKBIlack, ANKBrown) recommended by the
Department of Agriculture, Sri Lanka were selected. These
eleven legume varieties were obtained by random
sampling method under same field and similar
environmental conditions from Angunakolapelessa, Grain
Legumes and Oil Seed Crops Research and Development
Centre, which is the main agriculture research centre
located in Southern Dry Zone of Sri Lanka. Samples were
stored in the cold room at 10 °C till further usage.

Sample preparation

Cleaned and dried whole legume seeds were ground with
a RETSCH S/S CROSS BEATER Hammer Mill Skl to
0.5 mm (500 um) sieve size and the flour was packed in an
air tight polythene bag till further usage.

Determination of phytate phosphorus content

Anion exchange method described by AOAC (2012) in
method 986.11 was used in determining the phytate
content in the legumes.

A glass column about 0.7 mm x 30 mm with a valve with
anion exchange resin AG 1 — X 4 Chloride form, 100 —
200 mesh was used in the determination of phytate
phosphorus content.

Phytate extracted from duplicate test portions of dried
legume flour using dilute HC1 (1 mL), mixed with 1 mL
Na;EDTA-NaOH solution and placed on an ion exchange
column, the elute was discarded. Then the column was
eluted with 15 mL of distilled water followed by 0.1 M
NacCl respectively. Both elutes were discarded. Finally the
column was eluted with 15 mL of 0.7 M NaCl and the
fraction was collected to a digestion tube. 0.5 mL of
concentrated H>SO4 and 3 mL of concentrated HNO3 were
added to the tube and digested on a kjeldhal block at
250 °C until yellow fumes evolved. The boiling was

continued until clear solution was obtained. When the
flask was cooled 10ml of distilled water was added and
heated for 10 minutes at low heat. After cooling the
contents of the tube was transferred to a 50 mL volumetric
flask followed by addition of 2ml of molybdate solution
and 1ml sulfonic acid make up to the mark and mixed
well. After 15 minutes absorbance was measured at
640nm.

The recovery of the column has been tested using
standard Sodium phytate solution of concentration
2.8 pg.mL"!. Triplicate samples were done with the
standard phytate solution to test the recovery of the
column. Standard curve plotted using Standard phosphate
solution (Primary standard, 80 pg.mL"' KHpPOy) was

used in determining the phytate phosphorus content.

Determination of total phosphorus
Initially a standard curve for Phosphorus was plotted
using 0.01 mg P.mL"' standard phosphorus (KHpPOy)

solution. Phosphorus (total) in foods method described in
AOAC (2012) (method 995.11) was used to analyse the
phosphorus content in eleven legume varieties. Flour (1.5
g) was weighed into a crucible and 0.5g of Zinc oxide was
added and mixed. Then the samples were ashed in the
muffle furnace at 550 °C for 4 hours. Then the crucibles
were removed from the furnace and let to cool. To the cold
crucibles, 5 mL of water, and 5 mL of concentrated HCI
were added. The crucibles were covered with watch glass
and boiled for 5 minutes in a water bath. The contents of
the crucibles were filtered into a 100ml volumetric flask
and rinsed the crucibles and watch glass with hot water
through the filter into the flask. After cooling the flask to
room temperature, 50% KOH was added until the solution
was slightly opalescent. HCl was added until the
opalescent disappears. The solution was cooled to room
temperature and diluted to the volume with water. Then
10 mL of the solution was transferred into a 100 mL
volumetric flask and diluted to the mark. Then 5 mL of the
diluted solution was transferred to a 50 mL volumetric
flask and 15 mL of deionized water was added. Then
20 mL of molybdate ascorbic acid solution prepared
immediately before use, 25 mL of sodium molybdate
solution and 10 mL of ascorbic acid solution was
transferred to a 100 mL volumetric flask, the solution was
mixed and diluted to markwas added and swirled. The
flasks were loosely stoppered and placed in a metal basket.
The metal basket was placed in vigorously boiling water
bath for 15 minutes. Then the flasks were cooled under the
tap water and diluted to the volume with deionized water.
Absorbance was measured at 823nm.

Determination of amylose content

Initially a standard curve for Amylose was plotted using
Standard potato amylose solution (0.40 mg.mL™").
Powdered sample of the legume variety (particle size 0.5
mm, 100 mg) was precisely measured into an Erlenmeyer
flask (100 mL). ethy alcohol (95%, 1 mL), NaOH (1 N,
9 mL) were added to the flask and boiled to gelatinize for
10 minutes in boiling water bath. The solution was cooled
to room temperature and was transferred into a volumetric
flask (100 mL) with two successive washings. An aliquot
(5 mL) was transferred into a volumetric flask (100 mL).
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Acetic acid (1 N, 1 mL) and lodine/Potassium lodide
(2mL) were added. The solution of each flask were
diluted to 100 mL mark with distilled water. Meanwhile
blank was prepared without sample with other same
conditions. After stabilizing the samples at 30 °C, the
absorption was measured 620 nm using UV-
spectrophotometer.

Statistical analysis

All the data were analyzed using parametric tests. The
data were statistically evaluated by one way ANOVA
using Minitab 17 software. All test procedures were made
at 5% significant level (p <0.05).

Microsoft excel 2013 has been used for graphical
illustration of data. The correlation between phosphorus
and phytate contents were determined using Pearson’s
correlation test.

RESULTS AND DISCUSSION

Total phosphorus content in legumes

Legume sample is dry ashed to remove any organic
compounds. Acid soluble phosphate forms a blue complex
with Na,MoOy4 in the presence of ascorbic acid as the
reducing agent. Intensity of the blue colour is determined
spectrophotometrically.

The phosphorus content of the legume varieties ranged
from 275.04 +1.44 mg.g”! in ANKBrown to 654.94 £0.05
in MISBI1. There was a significant difference (p <0.05)
among the phosphorus content of the legume varieties
(Refer to Tables). There was a significant difference
(p <0.05) in phosphorus contents between soya bean
varietals of Pbl and MISBI1. There was no significant
difference (p >0.05) existing between Waruni and MICP1
varieties of Cowpea, while there was significant difference
(p <0.05) among Bombay, Dhawala and ANKCPI.
According to Ravindran et al. (1994) it was reported that
the phosphorus content of soyabeans, cowpea and green
gram were 600 mg.100g!, 390 mg100g' and
380 mg.100g™! respectively which are in accordance to the
results obtained. There was a significant difference

Table 1 Phosphorus and phytate phosphorus.

(» <0.05) between MI5 and MI6, and similarly ANKBlack
and ANKBrown. According to Vitorello et al. (2002)
grain phosphate content can vary depending the dose of
fertilizer phosphorus and the difference in genotypes.

Phytate phosphorus contents of legumes

It was shown in the table the phytate phosphorus content
of the legume varieties were significantly different
(p <0.05) from each other. The phytate phosphorus content
ranged from 103.056 +£10.255 mg.g! in ANKBIlack to
334.545 +£13.397 mg.g”! in Pbl. There was no significant
difference (p >0.05) between the phytate phosphorus
contents of Soya bean varieties Pbl and MISB1 varieties.
Meanwhile there was significant difference (p <0.05)
between the Cowpea varieties Dhawala and ANKCPI.
There was no significant difference (p >0.05) between
Mung Bean varicties of MI5, MI6, and the cowpea
varietals of Dhawala, Bombay and ANKBlack of Horse
gram. The study of Ologhobo and Fetuga (1982)
indicated that generally phytic acid phosphorus
represented 31.3 — 59.4% of total phosphorus with an
average of 47.2%. These results are partly consistent with
a view that phytic acid is the principal form of phosphorus
in many seeds and that about 40 — 80% of the total
phosphorus contents of dry legume seeds are in the form of
phytic acid phosphorus (Lolas and Markakis, 1975).

Phytic acid is the principal form of phosphorus in many
seeds and that about 40 — 80% of the total phosphorus
contents of dry legume seeds are in the form of phytic acid
phosphorus (Lolas and Markakis, 1975). Ologhobo and
Fetuga (1982) indicated that the soybean dry seeds were
the richest source of phytate (1.47% dry weight basis)
followed in descending order by cowpeas (1.37%). The
ratio of phytate phosphorus as percentage of total
phosphorus was highest in soybeans.

There was a significant, (p <0.05) positive correlation
between phosphorus and phytate contents with the
correlation coefficient of 0.62 as shown in Figure 1.
According to the findings of Chitra (1994), there was a
significant positive correlation (r = 0.99) between phytic
acid and total phosphorus content in all the legumes.

Nameof Variety Phosphorus mg.100g™! £SD Phytate Phosphorus mg.100g! Phytate P as a % of
+SD total phosphorus
Soya bean
Pb1 573.70 £3.37° 334.55+13.40* 58.31%
MISB1 654.94 £0.05 * 286.23 £0.92 2 43.70%
Cowpea
Waruni 443.19 +0.00 ¢ 117.79 +4.63 ¢ 26.58%
MICP1 441.44 +1.774 241.26 £7.65° 54.65%
Bombay 544.71 £1.89 ¢ 135.45+4.58 ¢ 24.87%
Dhawala 377.70 £0.31 ¢ 254.64 £23.27° 67.42%
ANKCP1 427.45 +0.00 ° 192.14 £0.95 © 44.95%
Mung bean
MIS 373.09 £0.64 ¢ 131.83 +28.48 ¢ 35.33%
MIeé 405.63 £3.16 f 119.32 £7.00 ¢ 29.42%
Horse gram
ANKBIlack 284.49 £4.66 1 103.06 +10.26 ¢ 36.23%
ANKBrown 275.04 £1.44 1 159.12 +£19.10 = 57.85%

Note: results are expressed as mean +standard deviation of triplicates and Means that do not share a same letter are
significantly different (p <0.05).
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Table 2 Amylose contents of legumes.

Name of variety

Amylose mg per 100mg sample £SD

Soya bean
Pb1
MISB1
Cowpea
Waruni
MICP1
Bombay
Dhawala
ANKCP1
Mung bean
MIS
MIeé
Horse gram
ANKBIlack
ANKBrown

8.71 £0.13 ¢
8.99+0.18 ©

20.85+0.16°
18.56 £0.41 ©
21.02+0.19°
20.60 £0.22 ®
20.06 £0.25°

22.24+091°
22.58+£0.71°

20.10 £0.04 ¢
19.23 £0.04 ¢

Note: results are expressed as mean +standard deviation of triplicates and Means that do not share a same letter are

significantly different (p <0.05).

Scatterplot of Phytates mg/g vs amylose mg/100mg

Phytates mg/g
(=)}

y=11.71 - 0.3463x
r=-0.82

10.0

15.0

.5 20.0 22,5

amylose mg/100mg

Figure 3 Correlation between total phytates — mg.g' and amylose — mg.100mg™' in legumes.

According to the finding of Raboy et al. (1984) and
Mosenthin (2007), phytic acid and seed total phosphorus
in soybean gradient stated were highly and positively
correlated (r = 0.94)

The magnitude of correlation coefficient obtained in the
analysis was low due to one of the reason of prolonged
storage of legumes led to activation of phytase enzyme at
high humidity and high temperature conditions which can
lead to significant loss in phytates. According to Chitra
(1994) the decrease in phytic acid was the lowest in
soybean (29%) after 12 months of storage at 25 °C and
37 °C. The values obtained are in close agreement with the
results reported by Reddy and Sathe (2002).

An experiment conducted by Cossa et al. (1999) for
maize samples phytate phosphorus and phosphorus
contents were determined where the correlation coefficient
was 0.70. Though some of the results of phytate
phosphorus and total phosphorus obtained deviates from
that reported in the literature, could be due to certain

reasons such as variations in the environmental factors
such as locations, irrigation conditions, type of soil,
fertilizer applications, year of growing the cultivar etc.

The sample that has been used for the analysis was stored
in the cold room till further usage which could had again
led to loss in phytates with storage time (Reddy and
Sathe, 2002). The population in the developing countries
consumes plant foods like legumes on a daily basis, there
can be problems in meeting the daily dietary requirement
for phosphorus, since it is clear from the experimental
results that phytate phosphorus account for 29 to 67% of
the total phosphorus which can adversely affect the
mineral absorption (Chitra, 1994). As such it is advisable
to consume processed (fermented/cooked/germinated)
legumes in order to reduce phytate contents (Reddy and
Sathe, 2002). There are studies stating that phytate
containing foods are rich sources of dietary fiber which
have great affinity for minerals at the same time, therefore
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it is difficult to state that phyate availability solely affects
mineral absorption (Ravindran et al., 1994).

Amylose contents of legumes

The amylose content in legumes ranges from 8.705 +0.129
mg.100g™" in Pbl to 22.580 +£0.714 mg.100g" in MIG.
There is a significant difference (p <0.05) existing among
the amylose content of eleven legume varieties. The
amylose content of MIS5 and MI6 are significantly higher
than the other varieties, which are not in the range of the
values obtained by Kaur et al. (2011) where mung bean
(Vigna radiata L) amylose contents were varied between
29.9 — 33.6 mg.100mg’'. Similarly Sandhu and Lim
(2008) who studied the digestibility of Indian legumes
stated the amylose % of mung bean as 31.6 +0.7
mg.100mg™!. the amylose content of Soyabean are
significantly lower (p <0.05), which is lower that the
values obtained by Stevenson et al. (2006), where the
apparent amylose content was 19 — 22 mg.100mg™ and
absolute amylose content was 11.8 — 16.2 mg.100mg™! in
Glycine max (L.)Merr. But according to Gunathilake et
al. (2016) who observed that the carbohydrate contents in
two varieties of Soyabean Pbl and MISB1 as 18.0% and
15.0% respectively, it is evident that a lower amylose
content can be as a result of lower total carbohydrate
content. There is no significant difference (p >0.05)
between ANKBIlack and ANKBrown varieties, the values
obtained by Marimuthu and Krishnamoorthi (2013) for
the amylose content of the South Indian horse gram was
32.14 £0.10 mg.100mg™!, similarly Chavan et al. (2010)
stated the amylose content of black horsegram to be
36.30 £1.40 mg.100mg™! which are not in accordance to
the values obtained in the experiment. The amylose
content of MICP1 is significantly lower (p <0.05) from the
other cowpea varieties.

According to Pearsons correlation between phytates and
amylose there is a significant negative (p <0.05) correation
existed between the phytate and amylose content of
legumes (r = -0.82), according to Dayakar et al. (2016)
there was a significant correlation between amylose and
phytates contents in Sorghum was -0.26.

CONCLUSION

Soyabean contains the highest amount of Phosphorus of
654.94 £0.05 mg.100g™! in MISB 01 and least amount of
275.04 +1.44 mg.l100g' in ANK brown. Phytate
phosphorus accounts for major portion of the total
phosphorus ranging from 29.42% to 67.42% in legumes.
There is a high positive correlation between phytate and
Phosphorus as well as phytate phosphorus and phosphorus.
While, there is a strong negative correlation between
phytates and amylose content in legumes.
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COMPARISON OF RHEOLOGICAL PROPERTIES OF VARIETAL GRAPE SEED
OILS

Patrik Burg, Petr Travnicek, Vladimir MaSan, Kazimierz Rutkowski, Vladimir Visacki

ABSTRACT

The aim of this work was to determine the rheological properties of grape seed oils from different varieties selected at
different temperatures. Measurement of the rheological properties of grape seed oils was performed on the instrument
Anton Paar MCR 102. The rheological properties of the liquid have been performed at temperatures of 0 °C, 15 °C, 30 °C,
45 °C and 60 °C. The density of measured samples ranged from 0.905 £0.002 to 0.948 +0.002 g.mL"!. Subsequently, there
were determined viscosity values at a shear rate of 5 s™!. As expected, the viscosity decreased with increasing temperature.
Highest viscosity values reached grape seed oil of variety Pinot gris where at 0 °C the viscosity reached 0.206 +0.037 Pa s.
Samples measured at 0 °C showed non-Newtonian behavior, while at higher temperatures liquids behave as Newtonian
substances. All grape seed oils samples exhibit non-Newtonian behavior at lower temperatures. In experiments carried out
at 0 °C, it was observed that the tested samples tends to behave as shear-thinning system with thixotropic properties. At
higher temperatures was, in line with other scientific works, observed that samples behave as Newtonian fluids. Knowledge

of the rheological properties of oils are very important for their processing, storage, and may affect their quality.

Keywords: grape seeds; grape seed oil; rtheology; viscosity

INTRODUCTION

Globally, there are produced more than 120 million tons
of edible oils and fats while approximately 80% of them
are derived from plant sources and thus they are referred to
as vegetable oils. The development of natural oils is one of
the alternatives how to protect the environment from
hazardous materials (Fasina and Colley, 2008). Oils and
fats are the essential materials for margarine, shortening,
salad oil and other specialty or tailored products, which
have become significant ingredients in food preparation or
processing in homes, restaurants, food manufactures and
they are one of the main ingredients used to manufacture
soaps, cosmetics and  pharmaceutical  products
(Rodenbush et al., 1999). The majority of edible oils and
fats produced worldwide annually is derived from plant
sources and these are referred as vegetable oils. Common
commercially-available vegetable oils are colza, olive,
sunflower and others (Francakova et al.,, 2015). New
possibilities in terms of application are in larger scale
offered by grape seed oil (Hamm and Hamilton, 2000).

According to chemical composition, grape seed oil
belongs to oils with a high proportion of unsaturated fatty
acids (90%), 75% of which is represented by linoleic acid
(Baydar and Akkurt, 2001). Thus, it can be considered as
very valuable in terms of nutrition. A high proportion of
tocotrienols in wine oil, i.e. substances, which are together
with tocopherols included in the group of vitamins E,

makes this oil significantly different from the other
described vegetable oils (Hassanein and Abedel-Razek,
2009). Tocotrienols may have a much higher antioxidant
capacity in comparison to tocopherols, which are often a
single component representing vitamin E in other
vegetable oils (Choi and Lee, 2009; Hassanein and
Abedel-Razek, 2009).

From the perspective of contained substances, grape seed
oil has been studied rather in detail, however, information
about its physical properties are insufficient (Fasina and
Colley, 2008). Oil viscosity has the greatest importance
from the perspective of rheological properties. Oil
viscosity is typically measured and defined in two ways,
either based on its absolute (dynamic) viscosity or its
kinematic viscosity. The absolute viscosity of oil is its
resistance to flow and shear due to internal friction and it
is measured with SI units of Pa s. In contrast, the
kinematic viscosity of oil is its resistance to flow and shear
due to gravity and it is measured with SI units of m?.s!.
The kinematic viscosity of oil can be obtained by dividing
the absolute (dynamic) viscosity of oil with its
corresponding density (Diamante and Lan, 2014). In case
of non-Newtonian fluids, we talk about the so-called
apparent viscosity. This value is a variable depending
especially on the shear rate value. Therefore, it is
reasonable to state this value only when we know
measuring conditions (Singh and Heldman, 2001).
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It has been well established that temperature has a strong
influence on the viscosity of fluids with viscosity generally
decreasing with increase in temperature (Rao, 1999). The
Power Law (Ostwald) is commonly used to describe the
relationship of the temperature dependence on vegetable
oil viscosity (Fasina and Colley, 2008). Several
researchers have reported the viscosity of vegetable oils at
room temperature (Lang et al., 1999; Diamante and Lan,
2014). The studies about temperature effect on viscosity of
vegetable oils have been mostly carried out at temperatures
above 30 °C. The absolute viscosity of fluids is an
important property needed in fluid flow and heat transfer
unit  operations. This includes pumping, flow
measurement, heat exchange, sterilization, freezing and
many other operations. The aim of this study was to
evaluate the rheological behavior of varietal grape seed
oils at different temperatures.

Scientific hypothesis
Grape seed oils obtained through pressing at different
temperatures behave as Newtonian fluids.

MATERIAL AND METHODOLOGY

Sample

For the purpose of this paper, grape seed oil of six grape
species was used. The oil was pressed on the UNO FM 3F
press. This press model is designed for pressing of all oily
seeds. The drive is configured for the three-phase voltage
with the possibility to change main drive speed by a
frequency changer, which enables better optimization of
press parameters. The press consists of an electric motor
(power 1.5 kW), transmission, stamping system and motor
starter including a frequency changer. The stamping
system consist of a matrix, scroll, head, holder, nozzles,
nozzles with diameter of 10 mm and heating cup.

Rheological measurement

The rheological evaluation of grape seed oil for this
paper was performed on an Anton Paar MCR 102
Rheometer (Austria) with the measuring geometry cone-
plate. The gap between the cone and the plate is set at the
stable value of 0.103 mm. The diameter of the cone
equaled to 50 mm with the angle of 1°. Rheological tests
were performed at the temperatures 0 °C, 15 °C, 30 °C, 45
°C and 60 °C. Values of shear rates at individual
rheological tests were following: Hysteresis loop test — the
range of shear rate was set from 2 to 100 s, Time
dependent test — the constant value 50 s! of shear rate was
set. The apparent viscosity was measured at the shear rate
557l

The Power Law (Ostwald) model was used to evaluate
dependence of the shear rate on the shear stress. This

Table 1 Description of samples (n = 3).

model is applied to fluids without initial yield stress and it
was utilized for rheological description of foods. For
example, authors Al-Mahasneh et al. (2014) state that the
Power Law model is appropriate for description of
rheological behavior of honey. This model is given by
equation:
T=Kxy" (D)
where: T — shear stress (Pa), K — consistency coefficient,
vy — shear rate (s!), n — flow behavior index.

The linear regression analysis of measured values was
also carried out for the comparison.

Statisic analysis

Each measurement was repeated three times. Therefore, a
standard deviation was determined for every value
characterizing the sample of grape seed oil. The data were
treated with a one-factor analysis of variance. Tukey HSD
(honest significant difference) at the significance level of
0.05 was utilized for multiple comparisons of data. A
statistical analysis was carried out using the software
package “Statistica 12.0" (StatSoft Inc., USA).

RESULTS AND DISCUSSION

Sampling of wine marc from 6 species (Dornfelder—Dr,
Blaufrankisch—BF, Palava—Pa, Riesling—RR, Pinot gris—
PG, Zweigelt-Zw) was carried out in order to separate
seeds immediately after pressing on pneumatic presses in
the processing season 2015. The compression pressure in
the pneumatic presses was in the range of 1.8 bar. In order
to separate seeds from wine marc, there was used a
vibratory separator prototype, which applies the principle
of mechanic vibrations transmitted to three plane sieves
with different hole shape and size. In order to achieve
successful pressing of seeds and for their potential storage,
their initial humidity was decreased from 40 — 45% to 8 —
10%, because at higher humidity around 20% there occurs
fast mould infection and subsequent spoilage. The
temperature during drying in a chamber dryer did not
exceed 40 °C. The varietal grape seed oil was pressed on
the UNO FM 3F press. All oils were stored at room
temperature (around 20 °C) and in a dark place before the
analysis. Table 1 shows the species of tested oils according
to varieties, place of their origin and volume weight.

The apparent viscosity was determined as the first
rheological parameter of the analyzed samples. The values
for apparent viscosities of the individual samples at
various temperatures and at the shear rate of 5 s are
shown in Table 2. For comparison, the dynamic viscosity
of wine ranged from 0.001479 to 0.001945 mPas in the

3 [e]
Sample Origin Variety Dg‘slilt{_?ié(])))C
Dr Velké Bilovice Dornfelder 0.948 +0.002
BF Rakvice Blaufrankisch 0.911 +0.004
Pa Rakvice Palava 0.943 +0.001
RR Velké Pavlovice Riesling 0.941 +£0.003
PG Velké Bilovice Pinot gris 0.905 +£0.002
W Rakvice Zweigelt 0.933 +0.001
Volume 12 64 No. 1/2018



Potravinarstvo Slovak Journal of Food Sciences

Table 2 Apparent viscosity of samples at the shear rate 5 s (n = 3).

Sample Apparent viscosity (Pa s)
0°C 15 °C 30 °C 45 °C 60 °C
Dr 0.195 +0.005 0.075 +0.002 0.042 +0.000 0.027 +0.000 0.019 +0.001
BF 0.172 +£0.015 0.078 £0.001 0.041 +£0.000 0.024 +0.001 0.017 +£0.002
Pa 0.180 +0.001 0.078 +£0.000 0.043 +£0.001 0.025 +£0.001 0.021 £0.002
RR 0.163 +£0.020 0.079 £0.000 0.044 +0.001 0.028 £0.001 0.018 +0.001
PG 0.206 +0.037 0.075 +£0.003 0.040 +£0.001 0.024 £0.001 0.017 +0.001
W 0.165 +0.002 0.076 +£0.002 0.042 +0.000 0.027 £0.000 0.017 +0.001

work presented by KoSmerl et al. (2000). The value of
apparent viscosity in rendered fat at the temperature 10 °C
and the shear rate 50 s reached the approximate value
0.16 Pa s (Travnicek et al., 2013). Diamante and Lan
(2014) conducted determination of values of viscosity in
vegetable oils of different origin. In case of grape seed
oils, they determined the value 0.0227 Pa s at the
temperature 50 °C, at the temperature 26 °C then viscosity
reached the value 0.0466 Pa s. Authors of the publication
state that in this range of temperatures grape seed oil
behaved like Newtonian fluid. Also Fasina and Colley
(2008) carried out determination of viscosity of vegetable
oil at different temperatures. Results of their measuring in
grape seed oil range from 0.0415 to 0.0169 Pa s
(temperature 35 — 65 °C). As in the previous case, authors
Fasina and Colley (2008) state that in the tested range of
temperatures (35 — 180 °C) grape seed oil behaved like
Newtonian fluid. It is then apparent from Table 2 that
viscosity values are in correspondence with values
measured by other authors (Diamante and Lan, 2014;
Fasina and Colley, 2008). It is also evident that according
to expectations viscosity decreases with increasing
temperature. The same effect of temperature on the
absolute viscosities of vegetable oils was also observed by
Steffe (1992), Abramovi¢ and Klofutar (1998) and
Santos et al. (2005) for various vegetable oils at different
temperatures.

In statistical evaluation of measured data by ANOVA,
there was the hypothesis hO accepted in all cases stating
that there is no statistically significant difference in
apparent viscosity among samples at individual
temperatures at the level of importance o = 0.05.

Afterwards, the so-called hysteresis loop test was
performed. It consisted of gradual increasing of the shear
rate to the set value. The sample was stressed at the
constant shear rate value and then the shear rate was
gradually decreased. If a loop was created, it was possible
to describe the given sample as showing either thixotropic
or anti-thixotropic (rheopectic) behavior. Thixotropic
behavior is obtained from shear-thinning fluids in which
no equilibrium is established between the structural

breakdown and reformation process (Pyle et al., 1997) and
can be described as a time dependent shear—thinning
system. On the other hand, anti-thixotropy can be
considered as a time dependent shear—thickening system.

Hysteresis loops of individual samples were observed at
0 °C. However, it was evident that hysteresis loops are not
significant. This test was conducted also for further
temperatures (15 °C, 30 °C, 45 °C and 60 °C). Significant
hysteresis loops were not recorded at these temperatures.

It is possible to determine the so-called degree of
thixotropy (in case of positive values) or antithixotropy (in
case of negative values) when calculating the area of
created loop. The software provided together with the
equipment Anton Paar MCR 102 was used for the
calculation. Calculation results are visible in Tab. 3. It is
obvious from the table that values of the hysteresis area are
very low and they decrease with increasing temperature.
By the influence of high variability of measured data there
were calculated high values of standard deviations (SD).
Also according to the assumption (probably again by the
influence of high variability of data) there were not
recorded any statistically significant differences between
individual samples and individual temperatures. For
comparison, the value of the hysteresis area of heather
honey at the temperature 10 °C is 25000 Pa s (Witczak
et al., 2011), in case of wine lees this value moved around
1.25 Pa s (Lachman et al., 2015). However Baudez
(2006) states that hysteresis area is simply a consequence
of the shear localization rather than thixotropic behavior
and its area is closely linked to the apparatus and the data
sampling. This means that the loop test is only an
approximate test for rheology evaluating of samples. Due
to this reason, there is necessity of another types of
rheological tests.

Thus, based on this type of test, it is not possible to
decide if it is Newtonian or non-Newtonian fluid,
especially due to high variability of data (Table 2). In case
it was Newtonian fluid, dependence of the viscosity value
on the shear rate value would be constant. If it was non-
Newtonian fluid, viscosity would change with the
increasing shear rate value. In Figure 1 there are shown

Table 3 Hysteresis areas of samples at various temperatures (n = 3).

Sample Hysteresis area (Pa s™)
0°C 15 °C 30 °C 45 °C 60 °C
Dr 2.01+1.28 1.57 £2.23 1.25 +0.56 0.97 £0.37 0.01 £0.25
BF 291 £1.07 2.46 £1.40 1.17 £0.73 0.34 £0.28 0.13 £0.47
Pa 5.20+3.42 4.40 +1.37 1.2940.11 0.20 £0.20 0.12+1.13
RR 7.97 £27.54 0.65 +0.84 0.59 +£0.13 0.66 £0.51 0.09 +0.46
PG 3.04 £15.80 1.95 +£1.00 0.46 £0.04 0.23 +0.35 0.11 £0.20
W 4.61 +£0.42 1.74 £0.75 0.53 +0.44 0.16 £0.05 0.06 £0.05
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Figure 1 Dependence of the apparent viscosity on the shear rate at the temperature of 0 °C for samples.

dependences of the shear rate on the apparent viscosity in
individual samples at the temperature 0 °C.

It is obvious from the picture, that there occurs decrease
of viscosity with the increasing shear rate. This would
indicate that it is the shear-thinning system, alternatively
the shear-thinning system with thixotropic behavior.

Nevertheless, it is necessary to mention that in some cases
there are small changes of viscosity with the increasing
shear rate. In case of increasing temperature, changes of
viscosity are not almost noticeable in individual samples.
The next step utilized the Ostwald mathematical model to
evaluate dependence of the shear rate on shear stress.

Volume 12

No. 1/2018



Potravinarstvo Slovak Journal of Food Sciences

0.182

0.18

0.178

0.176

0.174

Apparent Viscosity (Pa.s)

0.172

0.17

0.176
0.175
0.174
0.173
0.172
0.171

0.17
0.169
0.168
0.167
0.166

Apparent Viscosity (Pa.s)

0.1655
0.165
0.1645
0.164
0.1635
0.163
0.1625
0.162
0.1615

Apparent Viscosity (Pa.s)

L
(]
]
200 400
Time (s)
Dr
{
o
]
200 400
Time (s)
Pa
L J
200 400
Time (s)
PG

Apparent Viscosity (Pa.s) Apparent Viscosity (Pa.s)

Apparent Viscosity (Pa.s)

0.1655
0.165
0.1645
0.164
0.1635
0.163
0.1625
0.162
0.1615
0.161
0.1605

0.173
0.172
0.171

0.17
0.169
0.168
0.167
0.166

0.1645
0.164
0.1635
0.163
0.1625
0.162
0.1615
0.161
0.1605

]
200 400
Time (s)
BF
200 400
Time (s)
RR
{
{
(]
200 400
Time (s)
ZW

Figure 2 Change of the apparent viscosity over time at the temperature of 0 °C for samples.

This model is mostly used to describe flow curve
material(s) with shear-thinning (pseudo plastic) or shear-
thickening (dilatant) behavior without initial yield stress.

0.9974 to R? =

600

600

600

The results of calculation showed that determination
coefficient of all temperatures and varieties is very high,

ranging from R? 0.9999. Authors
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Diamante and Lan (2014) described dependence of the
shear rate on shear stress by linear regression. The
coefficient of determination in case of description of
dependence of the shear rate on shear stress in grape seed
oil ranged from R? = 0.9995 to R?> = 1.000. In case of
description of dependence of the shear rate on shear stress
by linear regression, the coefficient of determination in
individual samples ranged in the interval from
R?=10.9996 to R? = 0.9999.

Further important parameters of the Ostwald model are
parameters n and k. The consistency index k indicates the
extrapolated shear stress at the unit shear rate. The flow
index is the rate of deviation from Newtonian behavior;
when n <1, the apparent viscosity of the sample decreases
(shear-thinning behavior), although the apparent viscosity
of the sample increases when n >1 (shear-thickening
behavior). If n = 1, it is Newtonian fluid. Values of
coefficients n is always close to 1. Generally, it can be
said, that coefficient » is the lowest at the temperature
0 °C. While the lowest value n was shown in case of the
sample Dr at the temperature 0 °C (r = 0.91 £0.011). The
highest value of parameter & was calculated also for the
sample Dr at the same temperature (kK = 0.246 +0.013).
After completion of the analysis of variance there were
found statistically significant differences in the coefficient
n in samples Dr and Pa, RR, Zw at the temperature 0 °C
and in samples PG and Pa, RR, Zw at the same
temperature.

On the basis of past findings, it can be assumed that oil
samples at low temperatures (0 °C) behave as shear-
thinning fluids or as shear-thinning fluids with thixotropic
behavior. Thixotropic fluids are time-dependent, or
viscosity value changes over time at the constant press. It
is necessary to conduct another type of test in order to
confirm or rebut the presumption about thixotropic
behavior of samples. The subsequent set of tests consisted
of measuring of change of apparent viscosity depending on
time at a constant value of shear rate.

Results of the experiment at the temperature 0 °C for
individual samples of species are stated in Figure 2. It is
apparent in pictures, that there occurs decrease of apparent
viscosity over time in all samples. Nevertheless, it is
necessary to remark that decrease is very small. In the Dr
sample decrease of the apparent viscosity makes
approximately 5% from the original value, in the BF
sample approximately 2.5%, in the sample Pa 4.5%, in the
sample RR 3%, PG 2%, and in the sample Zw also
approximately 2%. After circa 10 minutes, apparent
viscosity values stabilize and there does not occur further
decrease.

From the perspective of previously stated information it
is possible to consider that a system becomes a shear-
thinning system with thixotropic properties at lower
temperatures. At higher temperatures a system becomes
Newtonian fluid. This phenomenon can be explained by
the fact, that oil pressed from grape seeds contains micro
particles, which are diffused within the fluid. In case of
lower temperatures, intermolecular powers increase and
probably help diffused particles to create aggregates in a
stressed sample, which afterwards result in decrease of
viscosity and so-called shear-thinning behavior with
thixotropic properties. In case of longer pressure these
aggregates disorganize and values of apparent viscosity

stabilize. Another aspect, which can contribute to this
behavior of fluid, is formation of ice crystals from water,
which is in a small amount represented in oil. We also
cannot forget the fact, that at lower temperatures there may
occur crystallization of fats (Bell et al., 2007). Generally,
the crystal size, shape and alignment, degree of formation
of mixed crystals and ability of crystals to flocculate into a
network which increases firmness are important (Opfer,
1978).

CONCLUSION

The professional publications cited in the text, which
dealt with rheological properties of oils (including grape
seed oils), imply that all monitored samples showed
Newtonian behavior. Temperature 26 °C was the lowest
temperature at which these fluids were tested (Diamante
and Lan, 2014). In the work, there were tested grape seed
oil samples also at lower temperatures. Followings
conclusions can be draw from this work:
1. Samples of grape seed oil behave like Newtonian fluid
at higher temperature.
2. It was observed during the experiments that tested oils
have the tendency to behave like the shear-thinning system
with thixotropic properties at the temperature 0 °C.
3. This phenomenon may be caused for example by micro
particles, which are due to higher values of intermolecular
forces at lower temperatures attracted and create
aggregates. Non-Newtonian behavior may be also caused
by formation of crystals from water contained in oil or also
by formation of crystals caused by fat crystallization at
lower temperatures.
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EVALUATION OF ANTIOXIDANT POTENTIALS OF DIFFERENT SOLVENT-
FRACTIONS OF D/ALIUM INDIUM (AFRICAN BLACK VELVET TAMARIND)
FRUIT PULP - /N VITRO

Afolabi Olakunle Bamikole, Oloyede Omotade Ibidun, Obajuluwa Adejoke Ibitayo, Adewale
Olusola Bolaji, Olayide Isreal Idowu, Balogun Bosede Damilola, Fadugba Abimbola, Obafemi
Tajudeen Olabisi, Awe Obabiolorunkosi Joseph, Adewumi Funmilayo

ABSTRACT

Plant phytonutrients have been harnessed for their various curative properties both in vitro and in vivo. In this study African
black velvet tamarind (ABVT) fruit pulp was evaluated for it antioxidant potentials using chloroform and hexane fractions
through different antioxidant parameters. In the results; total phenolic contents quantified in mg GAE/dried sample in
chloroform and hexane extracts were; 14.57 £5.85 and 9.78 +4.61, total flavonoid contents in chloroform and hexane
extracts as; 48.58 +£0.00 and 27.35 +0.00 while the FRAP (ng AAE.g"' dried sample) was lower in chloroform (298.10
+0.00) than hexane extracts (1029.81 £0.00). More also, ability of varied concentrations of the extracts (with their IC50) to
cause inhibition against Fe**-induced MDA that was determined by TBARS in rat’s brain and liver tissue homogenates,
Fe’"-chelating ability and other antioxidant assays, showed an appreciable significant (p <0.05) difference. The various
antioxidant properties showed by ABVT has indicated that, if the pulp is incorporated in diet, it could serve as an
alternative in managing various ROS-induced degenerative ailments as it has been clearly demonstrated in the protection of
brain and liver homogenates from Fe**-induced oxidative stress.

Keywords: Oxidative stress; cellular damage; antioxidants; Dialium indium; African Black velvet tamarind

INTRODUCTION

Oxidative stress induction through reactive oxygen
species (ROS) has been studied explicitly and the roles
play in promoting different diseases both in humans and
animals directly or otherwise as a results of either a
decrease in natural cellular antioxidant ability or an
increased oxidants level cannot be over emphasized
(Afolabi and Oloyede, 2014a). Fe*', among series of
metals has been implicated to play a crucial catalytic role
in the generation/production of ROS which have the
capacity to damage cellular lipids and other
macromolecules resulting in wide range impairment in the
cellular function and integrity through Fenton’s reaction
(Afolabi, 2015; Britton et al., 2002). Several studies have
shown that, when ROS are generated, several cellular
protective pathways must have been disrupted by several
mechanisms which could lead to cellular eruption and
damage to enzymes localized in different cellular
organelles (Afolabi and Oloyede, 2014b; Akomolafe,
2013; Rani, 2013), which aftermath, would lead to the
formation of several neurodegenerative, cardiovascular

diseases and many other terminal ailments (Oboh et al.,
2013).

In recent times, attention has been shifted to exploiting
plant-based products for the prevention and treatment of
these different ROS linked diseases by various inhibition
against its formation and different activities (Raghuveer
et al., 2011), also, in the body, several cellular defensive
anti-oxidative mechanisms have been devised to fight
against the initiation of ROS (Britton et al., 2002).
However, consumption of diets enriched in antioxidants
may help in fighting the ROS-initiated diseases by strongly
improving body’s antioxidant status. Dialium indium,
commonly known as African black velvet tamarind
(ABVT) is a large tree found in many parts of Africa such
as West Africa, Central African Republic and the Chad.
The fruits are usually circular and frightened, usually has a
sweet-Sour taste, black in colour with a stalk of about
6mm long, it belongs to the family Fabaceae-
caesalpiniodaea (Eziaku and James 2014; Okegbile and
Taiwo, 1990). It is popularly called Icheku or Nchichi in
Igbo, Awin among Yorubas and Tsamiyar Kurm in Hausa,
Nigeria. The fruit is quite popular as a spice with belief
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that fruit can bring down systemic cholesterol level. The
velvet tamarind pulp is eaten in Southeastern Nigeria
because of its refreshing properties and pleasant taste
(Nwaukwu and Ikechi, 2012). Black tamarind and its
pulp has been found to be highly enriched in vitamin C
and other vital essential nutrients needed in human diet
which could also be used instead of synthetic drugs to treat
stomach upset when soaked in water (Nwaukwu and
Ikechi, 2012; Dike, 2010).

Scientific hypothesis

It has been well elucidated in the current work that, when
0.1 mg.mL™" of the various solvent extracts of ABVT was
appraised, the trends that indicated various activities
increasingly in concentration — dependent manner were
observed. If 0.2 mg.mL’' of the same extracts was
subjected to the same assays as found in the current work,
it could be scientifically assumed that same trend would be
achieved, if and only if the same methods and procedures
are engaged.

MATERIAL AND METHODOLOGY

Chemicals used

Chemicals and reagents used such as thiobarbituric acid
(TBA), 1, 10-phenantroline, Folin-coicalteau’s reagent,
trichloroacetic acid (TCA), gallic acid with Diphenyl-2-
picryl-hydrazyl (DPPH) from Sigma-Aldrich, Inc. (St
Loius, MO), FeCl;, Sodium carbonate, AICl;, Sodium
dodecyl sulphate (SDS), FeSO, (Iron II Sulphate),
potassium ferricyanide, ferric chloride acetic acid,
hydrogen peroxide, methanol were procured BDH
Chemicals Ltd., (Poole, England) and other chemicals used
were of analytical grades and prepared in all-glass
apparatus using distilled water.

Sample collection and preparation

African Black velvet tamarind (ABVT) fruits were
obtained from a popular place in Ikare- Akoko in Ondo
State, Nigeria. The voucher sample was taken to the
herbarium of Plant Science Department of Ekiti State
University, Ado-Ekiti, Ekiti State, where it was
authenticated. Thereafter, the sample was treated and
pulverized using a laboratory blender and the fine powders
obtained stored at moderate temperature until further use.

Obtention of sample
Ethanolic extraction procedure

The blended ABVT pulp was air-dried to a constant
weight in a ventilated place at ambient temperature of
30 + 2 °C, pulverized using a laboratory blender and the
fine powdery form obtained was stored at moderate
temperature until further use. About 120 g of the sample
was weighed and used for the extraction in 70% ethanol
for 72 h.

Solvent Partitioning

About 5 g of the ethanolic extract of ABVT pulp was
reconstituted in distilled water and then defatted with Pet-
ether, the fat free aqueous residue was partitioned
repeatedly with n-hexane in a separating funnel flask until
exhaustion. The remaining marc was finally partitioned
again with chloroform solvent until exhaustion. Thereafter,

the aqueous residue was remove and the solvent fractions
were concentrated in water bath at 50 °C.

Determination of total phenolic content

The total phenolic contents of the solvent extracts were
determined by the method of Singleton et al. (1999).
0.2 mL of the extract was mix with 2.5 mL of 10% folin-
ciocalteau’s reagent and 2 mL of 7.5% Sodium carbonate.
The reaction mixture will be subsequently incubated at
45 °C for 40 min., and the absorbance was measured at
700 nm with garlic acid as standard and the result
expressed in mg GAE.g"' of the dried sample.

Determination of total flavonoid

The total flavonoid contents of the extracts were
determined using a colorimeter assay developed by Bao et
al. (2005). 0.2 mL of each extract was added to 0.3 mL of
5% NaNO; at zero time. After 5 min, 0.6 mL of 10%
AICl; was added and after 6 min, 2 mL of NaOH was
added to the mixture followed by the addition of 2.1 mL of
distilled water. Absorbance was read at 510 nm against the
reagent blank and flavonoid content was expressed as g
quercetin equivalent/gram dry sample (ug QE.g" dry
sample).

Determination of ferric reducing property (FRAP)

The reducing properties of the extracts were determined
by the described method of Pulido et al. (2000). 0.25 mL
of the extract was mixed with 0.25 mL of 200 mmol.L" of
Sodium phosphate buffer pH 6.6 and 0.25 mL of 1% KFC.
The mixture was incubated at 50 °C for 20 min, thereafter
0.25 mL of 10% TCA was also added and centrifuge at
2000 rpm for 10 min, 1 ml of the supernatant was mixed
with
1 mL of distilled water and 0.2 mL of 1% ferric chloride
and the absorbance was measure at 700 nm and ascorbic
acid was used as standard, with the result expressed in pg
ascorbic acid equivalent/g dried sample (ug AAE.g" dried
sample).

Fé**_Chelating assay

The in vitro Fe** chelating ability of the ABVT pulp
solvent extracts were assayed according to the method of
Puntel et al. (2005). Briefly, 0.9 mL of aqueous
0.5 mmol.L"" FeSO, and 0.15 mL of leaf extract were
incubated for 5 min at room temperature. Then, 78 pL of
ethanolic solution of 1,10-phenanthroline was added. The
absorbance of the orange colour solution was read at
510 nm. The in vitro Fe** chelating ability of the samples
was calculated by using the following formula:

Chelating ability (%) = (AbS control — ADS Sample) / ADS control
x 100

Abs control = The absorbance of the control (reaction
mixture in the absence of sample)

Abs sample = The absorbance of the reaction mixture
(with the sample).

Estimation of DPPH Radical Scavenging Ability

The free radical scavenging ability of the ABVT pulp
extracts against DPPH was determined using the described
method of Gyamfi et al. (1999). 1 mL of the extract was
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mixed with ImL of the 0.4 mmol.L"' methanolic solution
of the DPPH, the mixture was left in the dark for 30 min
before measuring the absorbance at 516 nm.

Determination of NO radical scavenging ability

The scavenging effects of the solvent extracts of ABVT
pulp on nitric oxide (NO) radical were measured according
to the method of Mercocci et al. (1994). An amount of
100 — 400 pL of the aqueous extract was added in test
tubes to 1 mL of SNP solution (25 mmol.L™") and the tubes
were incubated at 37 °C for 2 h. An aliquot (0.5 mL) of the
incubating mixture was removed and diluted with 0.3 mL
of Griess reagent. The absorbance of the chromophore
formed was immediately read at 570 nm against distilled
water as blank. Results were expressed as percentage
Nitric oxide radical-scavenging ability.

(%) Nitric oxide radical scavenging activity = (Absper —
Abssample / Abs Ref) x 100

Degradation of deoxyribose (Fenton’s reaction)

The ability of the solvent fractions of ABVT pulp to
prevent Fe*'/H,0, induced decomposition of deoxyribose
was carried out using the method of Halliwell and
Gutteridge (1981). Briefly, freshly prepared aqueous
extract (0 — 100 pL) was added to a reaction mixture
containing 120 puL 20 mmol.L" deoxyribose, 400 pL
0.1 M phosphate buffer (pH 7.4), 40 pL 20 mmol.L"
hydrogen peroxide and 40 pL 500 pmol.L"' FeSO4, and
the volume for made to 800 pL with distilled water. The
reaction mixture was incubated at 37 °C for 30 min, and
the reaction was stop by the addition of 0.5 ml of 2.8%
trichloroaceticacid (TCA), this was followed by the
addition of 0.4 mL of 0.6% TBA solution. The tubes were
subsequently incubated in boiling water for 20 min. The
absorbance was measured at measured at 532 nm in
spectrophotometer.

Hydroxyl radical scavenging ability (%) =
Absmmrol — AbsTest sample X 100
Abscomrol

where Abscono = absorbance of the control (reacting
mixture without the test sample) and Abses sample =
absorbance of reacting mixture with the test sample.

Lipid peroxidation by thiobarbituric acid reactive species
assay
Preparation of Tissue homogenates

The rats were decapitated under mild di-ethyl ether
anesthesia while the cerebral and liver tissues were rapidly
extracted and placed on ice and weighed. This tissues were
subsequently homogenized in cold 0.1 mol.L™" Tris-HCI
buffer pH 7.4 (1:10 w/v). The tissue homogenates were
centrifuged for 10 min at 3000 g to yield a pellet that was
discarded and the supernatant was used for the assay.

Thiobarbituric acid reactive species assay

The lipid peroxidation assay was carried out using the
modified method of Ohkawa et al. (1984). Briefly, the
reaction mixture consisting 100 pL of tissue, 30 pL of
0.lmol.L" pH 74 TrissHCl buffer, different
concentrations of the extracts were incubated with 50 pL

of the freshly prepared 250 umol.L"' FeSO, with distilled
water at 37 °C for 1 h. The color reaction was carried out
by adding 200, 500 and 500 pl each of the 8.1 % sodium
dodecyl sulphate (SDS), 1.33 M acetic acid (pH 3.4) and
0.6% TBA respectively. The reaction mixture was
incubated at 100 °C for 1 h. The absorbance was read after

cooling at 532 nm in an ultraviolet visible-
spectrophotometer. The results were expressed in
percentage inhibition of Malondialdehyde (MDA)
produced.

Statistical analysis

All experiments were carried out in duplicate. Results
were expressed as mean values +standard deviation (SD)
of duplicated samples. Differences and levels of
significance were evaluated by one-way analysis of
variance (ANOVA) followed by Duncan’s multiple test
(Zar, 1984). Significance was accepted at p <0.05.

RESULTS AND DISCUSSION

Plants are naturally endowed with natural antioxidants
that exhibit cell’s defensive mechanisms through
scavenging the reactive oxygen species (ROS), with
protective effects against degenerative diseases in humans
(Shalaby and Shanab, 2013). They exhibit antioxidant
activities through electron donation and thereby
neutralizing the damaging effects of free radicals, whose
formation is associated with aerobic cells normal natural
metabolic processes (Amic et al., 2003). This work reports
the antioxidant properties of different solvent extracts of
ABVT fruit pulp by considering various parameters. Most
plants that are rich in phenolic and polyphenolic acids
exhibit strong antioxidant and anti-radical activities (Mary
et al., 2003), capable of removing free radicals, activate
antioxidant enzymes, chelate metal catalysts, reduce alpha-
tocopherol radicals and inhibit oxidases (Amic et al.,
2003). This group of compounds constitute the main class
of natural antioxidants present in plants (Andrea et al.,
2003). As represented in Figure 1, the phenolic contents in
the different solvent extracts of ABVT pulp considered,
were clearly revealed, chloroform extract demonstrated
higher content of phenol groups than that of hexane
extract, which means that, the potential to exhibit
antioxidant activities will be more in the chloroform
extract than that of hexane extract.

Also, the flavonoid contents of ABVT pulp solvent
extract as shown in Figure 2, reveal that, chloroform
extract of the ABVT pulp showed higher flavonoid content
than that of hexane extract. Howbeit, the plant flavonoids
have been unfolded in several works recently to have
antioxidant activity both in vitro and in vivo (Shimoi et al.,
1996; Geetha et al., 2003), by suppressing the reactive
oxygen formation, chelating trace elements involved in
free radical production, scavenging reactive species and
protecting antioxidant defensive mechanism in the cell
(Agati et al., 2012). Figure 3, shows the ferric reducing
ability (FRAP) of the extracts expressed in ug ascorbic
acid equivalent/g dried sample, the reducing power is
associated with antioxidant activity and may serve as a
significant indicator of the antioxidant activity (Meir et
al,, 1995). The results in the Figure 3, indicated that,
hexane extract of ABVT pulp has higher reductive
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Figure 1 Total phenolic contents of hexane and chloroform fractions of ABVT pulp.
Key: H. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract, GAE=Galic acid equivalent. The alphabets
a and b show the levels of significant (p <0.05) difference between the extracts.
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Figure 2. Total flavonoid contents of hexane and chloroform extracts of ABVT pulp.
Key: H. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract, QE = Quercetin equivalent. The alphabets
a&b show the levels of significant (p <0.05) difference between the extracts.
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Figure 3. Ferric reducing abilities of hexane and chloroform extracts of ABVT pulp.
Key: H. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract, AAE = Ascorbic acid equivalent. The
alphabets a and b show the levels of significant (p <0.05) difference between the extracts.

capacity than that of chloroform extract. Whereas, in reveals that, H. Extract of ABVT pulp was also able to
Figure 4, the disruption of o-phenanthroline-Fe’* complex chelate Fe*" considerably higher than Chlor. Extract. The
expressed as percentage inhibition in Figure 4, during ability of the H. Extract to chelate Fe*" matched with the
incubation with both solvent extracts of ABVT fruit pulp, fact that, the H. Extract showed higher value for FRAP in
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Figure 3. However, the chelating ability showed by these
extracts could have been credited to the phenolic and
flavonoid contents as reported by Zhao et al. (2006). The
possibility of an extracts/substances to chelate and
deactivate transition metals by the antioxidant mechanism
of action, has been said to prevent such metals from
participating in the initiation of lipid peroxidation and
oxidative stress through metal-based catalytic reaction
(Oboh et al., 2007).
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The Figure 5 relays the bleaching capacity of 1,1-
diphenyl-2-picrylhydrazyl (DPPH’) chromogenic radical
by antioxidant/reducing compounds present in ABVT pulp
solvent extracts to its corresponding hydrazine (Boligon et
al.,, 2014). DPPH is a free radical donor that accepts an
electron or hydrogen to become a stable diamagnetic
molecule (Afolabi and Oloyede, 2014). As shown in
Table 1, there was no significant difference in the ICsy of
the various concentrations of the solvent extracts of ABVT

—a—H-Extract —»— Chlor-Extract

20 25 35

Concentration of extract used (ng.mL")

Figure 4 Fe*' — chelating ability (%) of different solvent extracts of ABVT pulp.
Key: H. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract.
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Concentrations of the extract used (ug.mL")

Figure 5 DPPH radical scavenging ability of different solvent extracts of ABVT pulp.
Note: Hex. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract.

Table 1 The ICs, (ng.mL™") values (Concentration of the extracts that will cause 50 percent inhibition) of ABVT pulp
solvent extracts calculated from a linear regression curve of the percentage (%) inhibitions against various

concentrations of the extracts.

Assays(%) Hexane extract Chloroform extract
Fe*'Chelation 30.16 £2.16° 23.94 +1.35°
DPPH Radical Scavenging 181.62 +0.37* 181.37 £2.14*
NO radical scavenging ability 107.20 +2.79* 73.24 +£0.63"

Hydroxyl radical scavenging ability

131.61 +13.55%

131.61 +£0.49"

Note: Results represent mean values (n = 2) +SD. The values with the same superscript along the row are not

significantly (p <0.05) different.
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pulp examined. The inhibition of DPPH’ radical exhibited
by both extracts, could be attributed to their various
phenolic and flavonoid contents.

Nitric oxide (NO) is an important physiological
messenger that participates in inflammatory processes
which can directly/independently induce toxicity in the
tissues resulting in vascular damage and other disorders at
an increased level (Moncada et al., 1991). The cellular
damage is heightened when NO react with superoxide
radical to form a non-radical peroxynitrite (ONOO-),
which is a powerful oxidant (Halliwell and Gutteridge
1999; Balavoine and Geletti, 1999). As presented in
Figure 6, ABVT pulp solvent extracts showed considerable
inhibitions against generation of NO induced radicals. The
mechanisms of inhibition exhibited by the extracts are not
known but could be ascribed to the presence of antioxidant
contents, as ability of plants to demonstrate antioxidant
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properties against generation of oxidants have been linked
to the presence of array of important phenolic and non-
phenolic phytochemicals which includes phenolic acids,
flavonoids and alkaloids (Cheplick et al., 2007), however,
this agrees with Figure 1 and 2.

The ability of the solvent fractions of ABVT pulp to
prevent Fe’'/H,0, from causing decomposition of
deoxyribose to generate OH radical through Fenton
reaction was also carried out. H. Extract showed higher
inhibitory effect against the production of hydroxyl radical
at the very lower concentration than Chlor. Extract, the
results are presented in Figure 7, with various ICs, in
Table 1. This inhibition possibly could have been
responsible for by the antioxidant parameters as shown in
Figure 1 and 2 as well.

Likewise, incubation of both the liver as well as brain
tissue homogenates with Fe’" to test for the ability of

—— Chlor. Extract

80 100 120 140 160

Concentration of the extract used (ng.mL-")

Figure 6 Nitric

oxide inhibitory ability (%) of different solvent extracts of ABVT pulp.

Note: H. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract.
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Figure 7 Hydroxyl radical scavenging ability (%) of different solvent extracts of ABVT pulp.
Note: H. Extra ct = Hexane Extract; Chlor. Extract = Chloroform Extract.
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Figure 8a Inhibition of Fe*" — induced lipid peroxidation in rat brain homogenate by different solvent extracts of
ABVT pulp. Key: H. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract.
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Figure 8b Inhibition of Fe** — induced lipid peroxidation in rat liver homogenate by different solvent extracts of
ABVT pulp. Key: H. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract.

ABVT pulp solvent extracts in inhibiting the formation of
MDA was assayed for by lipid peroxidation reaction as
shown in Figure 8 a and b. Lipid peroxidation is one of the
major effects of ROS-mediated injury leading to the
generation of a variety of relatively stable end products.
ROS concentrations above the clearance capacity of the
cell cause oxidative stress, mitochondrial dysfunction,
cellular damage, in most cases, cell death (Ferreiro et al.,
2012). Several studies have implicated malondialdehyde
(MDA), one of the byproducts as main indicator in
monitoring the level of oxidative stress/damage caused by
ROS in the tissues (Aitken and Fisher, 1994). Incubation
of both the liver and brain tissue homogenates with Fe*"
(iron II) induced oxidative stress, being perceptible by the
increased MDA levels in homogenates in the absence of

the extracts (Figure 8a and b). However, there were
significant (p <0.05) reduction when the solvent extracts of
ABVT pulp were introduced in the reaction with the
various concentration considered in dose-dependent
manner. The ability of the ABVT pulp solvent extract to
inhibit formation of MDA could be traceable to the
antioxidant properties of the extracts as being evidenced in
Fe*" chelation and/or scavenge free radicals produced by
the Fe*'-catalyzed production of reactive oxygen species
(ROS), which is in agreement with Figure 4.

CONCLUSION

The potency of ABVT pulp solvent extracts having
appraised, has indicated that the pulp, if incorporated in
diet, could serve as an alternative in managing various
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degenerative ailments as it has been clearly demonstrated
in the protection of brain and liver from Fe*'-induced
oxidative stress. The mechanism for doing this has also
been shown in Fe’'-chelation, DPPH inhibition, nitric
oxide inhibition and hydroxyl radical scavenging ability.
All these could have been as a result of the antioxidant
parameters in the form of phenolic/polyphenolic acid and
flavonoids.
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HEATING AND DEHYDRATION OF GRAIN AND CEREALS AT A COMBINED
ENERGY SUPPLY

Sergey Zverev, Otari Sesikashvili

ABSTRACT

The paper dwells on the development of experimental dependencies of heating and dehydration of grain and cereals when
varying the irradiance, ambient temperature in the heat treatment zone and the initial moisture content of product, and the
development of the mathematical models for heating and dehydration of some grains and cereals. The grain was heated on
the laboratory equipment with quartz halogen linear infrared emitters. The irradiance on the working surface in the
treatment zone was determined by calculation using a specially developed program. The ambient temperature was
determined by a thermocouple thermometer placed in a ceramic tube. The grain temperature was estimated as average by
weight by a thermocouple thermometer after its transfer into a thermally insulated container. The following dependencies
have been obtained: 1 — Temperature dependence of the heating time for different heating modes and initial moisture
content. 2 — Dependence of moisture content on the heating time under different conditions and initial moisture content. 3 —
Dependence of moisture content on a temperature under different conditions and constant initial humidity. The models of
the heat-moisture exchange and dehydration processes have been created, and the model parameters K, and Ky of the
temperature dependence of some grains have been identified, as well as their dependence on moisture content and
treatment modes has been evaluated. It has been established that this model describes adequately the process of dehydration
to an extent limited by the upper temperature value of grain not much more than 100 °C. Within not limited to the upper
temperature value of grain not much more than 100 °C. From the presented graphs (Figures 1.24 — 1.26) and earlier
obtained results for barley and millet, it can be assumed that the model describes adequately experimental data on the
small-sized (3 — 5 mm) objects.

Keywords: IR; radiation; grain; dehydration; heat

INTRODUCTION

Heat treatment, in particular, through the use of the
radiative (infrared) energy supply, is an operation fairly
common in the technological processes of processing food
products, including grain. (Pan and Atungalu, 2002;
Zverev, 2009). Heat transfer is carried out in two ways: by
convective method from the air medium in the processing
zone, and by radiation method (infrared radiation). It could
therefore be spoken of a combined heat supply. Industrial
installations based on this principle of heating are used in
small and medium-sized grain processing enterprises in the
processes of production of instant cereals, cereal flakes,
feed ingredients, including for decontamination and
inactivation of anti-nutrients. The heating process, as a
rule, is carried out at a high thermal head and is limited to
the time of the beginning of darkening of the grain surface.
The temperature of product varies continuously throughout
the processing period, that is, the process is of a
substantially non-isothermal nature.

The change in temperature during the heating process is
paralleled by dehydration of product. The temperature and
final grain-moisture content of the in the process of
heating by infrared (IR) radiation is determined by a
number of factors: heating time, initial grain-moisture
content, and heat treatment modes (irradiance, ambient
temperature within the exposure zone). As a rule, in
industrial installations the modes are conditioned by the
design, and they rarely change during the operation, even
if such an option is available. The moisture content of
source raw material depends on its conditions on delivery,
storage conditions and can vary, sometimes within rather
wide limits. The outlet temperature of product is controlled
by its residence time within the exposure zone. The
heating process, as a rule, is carried out at a high thermal
head and is limited to the time of the beginning of
darkening of the grain surface. The temperature of product
varies continuously throughout the treatment period, that
is, the process is of a substantially non-isothermal nature.
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Figure 1 Diagram of the experimental-industrial block of the emitters: 1. The KGT-1000-220-type infrared source; 2
— Top reflector; 3 — Side reflector; 4 — A working surface of the processing zone.
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Figure 2 The dependency diagram of the ambient temperature in the treatment zone on the irradiance.

The work was aimed at obtaining the experimental
dependencies and developing the models of heating and
dehydration of grain (cereal) by varying irradiance,
ambient temperature in the heat treatment zone of infrared
heating of grain and cereals, and the initial moisture
content of product.).

Scientific hypothesis

The temperature and final grain-moisture content of the
in the process of heating by infrared (IR) radiation is
determined by a number of factors: heating time, initial
grain-moisture content, and heat treatment modes
(irradiance, ambient temperature within the exposure
zone). There is a correlation dependence of moisture
content on the temperature of product, as well as influence
of above listed factors on it. There is a probability of its
invariable towards some of these factors.

MATERIAL AND METHODOLOGY

Heating of grain was carried out on the laboratory
equipment with the KGT-1000-220-type quartz halogen
linear infrared emitters.

Diagram of the equipment is shown in Figure 1.

The irradiance on the working surface in the processing
zone was determined by calculation using a specially
developed program. Variation by the number of the
emitters, height of their installation above the monolayer
of grain product and the type of pallet allowed changing
independently, under a limited range, the irradiance and
ambient temperature in the treatment zone. Change in the
number of lamps, i.e. of the installed total power of the
emitters in a fixed closed volume of the working area of
the laboratory equipment leads to an increase in the
ambient temperature. The dependency diagram of the
irradiance and ambient temperature in the treatment zone
when the lamps are installed at an altitude hl = 100 mm, is
shown in Figure 2.

Grain was arranged in a monolayer on a pallet, which for
a fixed time was placed in a heated treatment zone. Then it
was poured into a thermally insulated container, where the
average temperature of its mass was determined by using a
thermocouple and an electronic thermometer.

As the subjects of research, there were used triticale
(Triticosecale Wittmack) grain (the average thickness — 2.8
mm, the average weight of corn seed — 0.050 g), spelt
(Triticum spelta) cereal (the average thickness — 2.1 mm,
the average weight of corn seed — 0.031 g) and white
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lupine (Lupinus albus) grain (the average thickness 4.4
mm, the average weight of corn seed — 0.23 g).

The significant factors influencing the rate of grain
heating at a high-temperature micronization (HTM) are
heat treatment modes (ambient temperature, irradiance on
the surface of the monolayer) and moisture capacity of
product. The experiment plans included the widest
possible ranges of factors, however, for technical reasons,
it had been impossible to cover the high irradiance region
at a low ambient temperature.

The ambient temperature was determined by means of a
thermocouple thermometer placed in a ceramic tube with a
high reflection ratio in the infrared spectrum. The grain
temperature was estimated as the average by weight by a
thermocouple thermometer after its transfer into a
thermally insulated container (reproducibility of the results
was approximately +3 °C), humidity - according to GOST
(State Standard) 13586.5-2015 (Grain. Method for
determination of moisture content).

Statisic analysis

Nonlinear modeling was carried out by using an
application software package "STADIA-6", developed at
the M.V. Lomonosov Moscow State University,
(Kulaychev, 1999).

Scoping the adequacy of the models is a complex
procedure, requiring high computational costs, which are
rapidly growing with dimensions of space of external
parameters. By the volume, this task may greatly exceed
the task of parametric optimization of a model itself
(especially in the case of a nonlinear model), that’s why
for the newly-designed objects, it may not be resolved.
Some indication of the adequacy of the models is provided
by the Squared multiple correlation, R2, (Table.1 and 2).
In addition, directly in the diagrams in Figure 21 — 26, we
can see that the residual dispersion and the dispersion
medium differ considerably.

RESULTS AND DISCUSSION

The relationships between a temperature and a
heat time at different heat modes and initial
moisture content

Figures 3 — 5 illustrate the empirical relationships
between a temperature increment of some types of grain
and cereals and the time AT(t) at different heat modes.

It is obvious that with the intensification of heat supply
(by increasing the ambient temperature and/or the
irradiance or the emitter power), the heating rate is
increasing, that is, the heat time to a fixed temperature is
reduced.

The effect of the initial moisture content on the nature of
the products temperature change can be seen in Figures 6 —
8.

With increasing moisture content for fixed heating times
and modes, the temperature slightly reduces.

The relationship between a moisture content and
a heat time at different heat modes and initial
moisture content

Similar relationships for the relative loss of moisture
AU(t) / Uy (relative to the initial moisture content) are
shown in Figures 9 — 11. As can be seen, the rate of
moisture loss depends heavily on the heat modes.

The relationship of a moisture content on a
temperature at different heat modes and constant
moisture content

Reconstruct the graphs of moisture loss into the functions
of the temperature. The results are shown in Figures 12 —
14.

As can be seen, the relationships U(T) are practically
invariant to heat modes, but they depend on the initial
moisture content.

The morphology of the moisture content/temperature
curves in the general case can be described as follows. At
the initial stage of heating, a significant decrease in
moisture content is observed, then the moisture content is
decreasing, then it is diminishing by law close to linear, at
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Figure 3 The relationship between a temperature increment of a RUNO-type spelt with initial moisture content of
18%, and a heat time at the different irradiance and ambient temperature T.: 1 — E=23 kW.m?, T,=303°C;2-E=11

kW.m?, T,=270°C;3—E=0kW.m?, T,=212°C.
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Figure 4 The relationship between a temperature increment of triticale and initial moisture content of 15%, with a
heat time at the different irradiance and E ambient temperature T.: 1 —E =16 kW.m*, T.=271°C; 2 - E =10 kW.m
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Figure 5 The relationship between a temperature increment of a DEGA-type white lupine with initial moisture
content of 18%, and a heat time at the different irradiance and ambient temperature T: 1 — E =22 kW.m™, T, = 301
°C;2—-E=13kW.m? T,=223°C;3—E=0kW.m? T, =177 °C.

the temperatures around 100 °C the rate of moisture loss
increases again, and then decreases, falling to zero. The
initial stage can be explained by the increased initial
moisture content of the near-surface layers caused by the
inadequate time of binning and by the non-aligned
moisture content in the grain volume, or by the presence of
a shell with different from kernel gyroscopic properties
(for example, in lupine). The section near the temperature
of 100 °C is associated with the intensification of
evaporation near the critical point, and is due to the
"burning out" of moisture. The nature of the dependence of
a particular curve depends on product, initial moisture
content, heat modes, the temperature range under
consideration.

Modeling of the processes of heat-moisture
exchange

There have been put forward many mathematical models.
In general, the processes of heat and moisture exchange

are interrelated and described by a system of
corresponding nonlinear differential equations, which, as a
rule, cannot be solved analytically. The application of
numerical methods is also practically impossible, since the
series of coefficients that are included in the equations are
not defined. Therefore, we have to resort to various kinds
of quite oversimplified assumptions and simplifications.
Let’s use the solution obtained by A.V. Lykov in the
form of exponential series (Lykov and Mikhailov, 1963).

Y = 1+a; exp(-K;t) +a, exp(-K,t) +a; exp(-Kjt), (1)
where Y = (T — Ty)/(T., — Ty) — for the temperatures;

Y = (U - Up)/(U,, - Uy) — for moisture content;

T — temperature;

T, — wetting temperature;

T, — temperature at t—oo;

U — moisture content;

Uy — initial moisture content;

U, —moisture content at t—o0;

t — time;
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Figure 6 The relationship between a temperature increment of a RUNO-type spelt cereal and a heat time (the
irradiance — 23 kW.m™, ambient temperature — 303 °C) at moisture content, %: 1 — 12; 2 — 16; 3 —22.
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Figure 7 The relationship between a temperature increment of triticale grain and a heat time (the irradiance — 16
kW.m?, ambient temperature — 300 °C) at moisture content, %: 1 — 18; 2 — 13; 3 — 10.
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Figure 8 The relationship between a temperature increment of white lupine and a heat time (the irradiance — 15
kW.m’z, ambient temperature — 263 °C) at moisture content, %: 1-7;2 —12; 3 — 17.

———— O
Volume 12 83 No. 1/2018



Potravinarstvo Slovak Journal of Food Sciences

100 °C, and the rate of moisture loss increases sharply.
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Figure 9 The relationship between a relative moisture content of a RUNO-type spelt cereal with initial moisture
content of 18%, and a heat time at the different irradiance E and ambient temperature T.: 1 — E =23 kW.m?, T, =303
°C;2-E=11kW.m? T,=270°C; 3 - E=0kW.m? T, =212 °C.
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Figure 10 The relationship between a relative moisture content of triticale with initial moisture content of 18%, and a
heat time at the different irradiance E and ambient temperature T: 1 — E = 16 kBt/M%, T, =271 °C; 2 — E = 10 xBt/™?,

T, =204 °C; 3 —E = 0 kBt/M%, T, = 148 °C.

A model of the convective-radiation heating

Taking advantage of using the first two terms of the
series (1), and setting the coefficients to be constant, for
the initial conditions AT(0) = 0, a model of heating can be
represented in the form

AT(t) = Ko[ 1 - exp(-K)]. )
where AT = (T — Ty),
Ko, K; — empirical coefficients.

The coefficients are assumed to be constant in time, but
dependent on the heating conditions (initial humidity,
irradiance and ambient temperature in the treatment zone). It
is obvious that the condition of constancy (slight change) in
the coefficients is not satisfied in the entire temperature
range. It is known from the experiments that the intensive
dehydration begins near the temperature of product at

Therefore, the proposed dependence can be regarded as an
initial, rather rude approximation.

Analysis of the coefficients, including on a number of
other grain crops as well, has revealed a correlation of K,
with the initial moisture content, and of K; with treatment
modes.

As a rule, in industrial installations, the irradiance and
temperature in the treatment zone are constant, i.e. K; =
const. From the batch to the batch of grain, its moisture
content may change, which primarily affects the
coefficient K.

Correlation between the model coefficients and
moisture content and heat treatment modes

Based on the results of multi-factorial experiment, the
parameters K, and K; of the temperature dependence (4)
for white lupine grain, triticale, and spelt cereal were
identified, and their dependence on moisture content and
treatment modes was evaluated. The results are shown in
Figure 15 and Figure 16.
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The effect of moisture content was evaluated at fixed
heat treatment modes. From the graphs in Fig. 15, the
correlation of the coefficient K, with moisture content is

Relative moisture content

clearly visible, while for K; such a correlation is not

observed (Figure 16).

It is a little more difficult to evaluate the effect of heating
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Figure 11 The relationship between a relative moisture content of a DEGA-type white lupine with initial moisture
content of 15%, and a heat time at the different irradiance E and ambient temperature T.: 1 — E=22 kBr/m?, T=301 °C;
2 — E=13 xBr/™*, T;=223 °C; 3 — E=0 kBt/m’, T=177 °C.
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Figure 12 The relationship between a relative moisture content of a RUNO-type spelt cereal with initial moisture
content of 18%, and a temperature at the different irradiance E = 0-23 kW/m” and ambient temperature T, = 212-303

°C.
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Figure 13 The relationship between a relative moisture content of triticale with initial moisture content of 18%, and a

temperature at the different irradiance E = 0-16 kW.m™ and ambient temperature T, = 148-271 °C.
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Figure 14 The empirical relationships between the change of moisture content of white lupine grain and a temperature
at the different initial moisture contents and heat: 1 — initial moisture content — 8%, irradiance — 0 — 17 kW.m™,
ambient temperature 157-308 °C; 2 — initial moisture content — 10%, irradiance — 14 kW.m™, ambient temperature —
263 °C; 3 — initial moisture content — 12%, irradiance — 0 — 22 kW.m™, ambient temperature — 183 — 301 °C; 4 — initial
moisture content — 15%, irradiance — 0 — 22 kBt/m?, ambient temperature — 177 — 301 °C; 5 — initial moisture content —

17%, irradiance — 14 kB1/m?, ambient temperature — 263°C.
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Figure 15 The dependence of coefficient K, on moisture content: 1 — lupine, the sunflower seed; 2 —triticale, spelt

cereal and pearl barley.

modes, since a change in the irradiance leads to a change
in the ambient temperature, and the evaluation of energy
activity of the medium causes some difficulties.

A generalized model

Proceeding from the results of the analysis of the
dependences of the model coefficients (2) on the initial
moisture content of cereal and the ambient temperature in
the treatment zone, a generalized model is proposed in the
following form

AT(t) =KO0 (1- KwW ){ 1 — exp[-Kt(E + KT ATc) t]}. (3)
Based on the results of a complete set of initial

experimental data, the model parameters were identified
taking into account the effect not only of moisture content,

but also of heat treatment modes. The results of
identification of model parameters (3) are given in Table 1.

A model of dehydration

We shall use the relationship (1). We shall confine
ourselves to the first approximation, which, after
substituting the model for the heating time (2) and the
transformations, leads to a model for the relative current
moisture content, as a function of a temperature increment

U/Up = (1 — AT/ ko), )

where AT — temperature increment, ko and C — empirical
coefficients.

The value of the parameter k, can be taken from the
results of the identification of the heating model
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Figure 16 The dependence of coefficient K; on moisture content: 1 — lupine, the sunflower seed; 2 —triticale, spelt
cereal and pearl barley: A — spelt; m — triticale; ® — lupine; ¢ — pearl barley; x — the sunflower seed.
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Figure 17 The dependence of coefficient K, on the grossed installed capacity in the treatment zone of infrared emitters

for pearl barley.
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Figure 18 The dependence of coefficient K, on the grossed installed capacity in the treatment zone of infrared emitters

parameters or, just as the parameters B and C, may be
identified by the results of dehydration experiments.

Identification of the parameter B and C by the results of
the experiments with a wide variation in the initial
moisture content, irradiance and temperature in the
treatment zone, has shown a dependence on the initial

moisture content and the absence of correlation with
heating modes. As a result, a model is proposed

U/Uy = (1 — AT Uy/ Ky)©, (3)

where U, — initial moisture content.
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Figure 19 The dependence of coefficient K, on the ambient temperature in the treatment zone for triticale grain.
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Figure 20 The dependence of coefficient Ky on the ambient temperature in the treatment zone for triticale grain.

Table 1 Model parameters (3).

Squared multiple
Type of product Ko Kr K K. 20rrela fion, II{)Z
Triticale grain 113.0 0.0714 0.00129 0.0125 0.993
Spelt cereal (“Runo”) 121.1 0.0444 0.00149 0.0134 0.995
White lupine (“Dega”) 128.3 0.2144 0.000298 0.00567 0.990

Calculated by a model (3) and experimental values of grain temperature are shown in Figures 21 — 23.

Experimental temperature

. 0
increment, C

[} 0 40 [ 10

Calculated temperature increment, 'c

Figure 21 Experimental and calculated values of a temperature increment of triticale grain when varying by the
irradiance of 0 — 22 kW.m™, ambient temperature 148 — 347 °C and initial moisture content W= 10...21%.
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Figure 22 Experimental and calculated values of a temperature increment of spelt cereal when varying by the
irradiance of 0 — 22 kW.m™, ambient temperature 132 — 313 °C and initial moisture content W= 12...22%.
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Figure 23 Experimental and calculated values of a temperature increment of white lupine when varying by the
irradiance of 0 — 17 kW.m™, ambient temperature 142 — 275 °C and initial moisture content W = 7...17%.

Table 2 Model parameters (4).

Type of product Ko, C Squared multiple correlation, R’
Triticale grain 27.3 0.44
Spelt cereal (“Runo”) 48.3 1.26 0.99
White lupine (“Dega”) 30.4 0.32

Calculated by a model (3) and experimental values of relative moisture content for triticale grain are shown in Figure
24,

s

Relative moisture content

D65 070 075 080  0B5 080 055 100
Calculated m oisture content

Figure 24 Calculated (K, = 27.3, C = 0.446, squared pair correlation R* = 0.998) and experimental values (initial
moisture content Uy= 0.11-0.27, irradiance E = 0-27 kW.m™, temperature in the treatment zone T,=340 — 150 °C) of
relative moisture content for triticale grain.
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However, it should be borne in mind that this model
describes adequately the process of dehydration to an
extent limited by the upper temperature value of grain not
much more than 100 °C.

However, it should be borne in mind that this model
describes adequately the process of dehydration to an
extent limited by the upper temperature value of grain not
much more than 100 °C. From the presented graphs
(Figures 1.24 — 1.26) and earlier obtained results for barley
and millet, it can be assumed that the model describes
adequately experimental data on the small-sized (3 — 5
mm) objects.

CONCLUSION

Despite the assumptions made, the considered models
describe adequately the grain temperature rise during
infrared heating in the range of 10 — 100 °C and moisture
content up to 15%. High correlation coefficients and a
significant difference between the residual variance and
the variance of the mean allow us to speak about the
adequacy of models. We have to explain the physical
reality of invariance of the dependence of moisture content
on the temperature of infrared radiation.

Simplicity of models allows even in production
conditions, having determined the coefficients of the
model, to correct processing modes. At higher
temperatures and initial humidity, more complex
distributed models are needed.

An i