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The aim of this study was to identify the storage conditions that warrant the optimum quality of the
butter of P. butyracea. An experimental design was set up to study the effects of kernel boiling, the
packaging material and the storage duration on the colour, saponification value and unsaponifiable
fractions, acid and peroxide values and the iodine index of the butter of P. butyracea. The quality
parameters of the butter vary significantly according to the storage conditions of the kernels. For all
samples, the acid value increased significantly during the storage varying from 0.08 to 0.99 mg KOH/g
and from 0.08 to 0.91 mg KOH/g for the kernels boiled and dried and for the kernels dried directly
without boiling respectively. The peroxide value of the butter remains quite stable during the first 6
months of storage. The most significant modification occur between 6 and 12 months where an
increasing from 3.82 to 15.20 meq O,/kg was recorded for this parameter. The highest values of acid and
peroxide value were observed in butter extracted from the kernels stored in basket. The iodine index,
the saponification and unsaponifiable content of the butter were affected in various extent. Overall, the
kernels boiled prior to drying, stored in jute bag for a duration less than six months provided a butter
with optimum quality characteristics.

Key words: Pentadesma butyracea, kernels, butter, packaging material, storage duration.

INTRODUCTION

Traditional foods contribute to food security of millions of forest species of multipurpose uses. It is widely
poorest people in Africa and to the preservation of the distributed in Africa from Guinea-Bissau to the West of
biological diversity of forest resources (Vantomme, 1999). the Democratic Republic of Congo. The plant is known as
Pentadesma butyracea Sabine (Clusiaceae) is a ligneous “tallow tree” or “butter tree” in English, “arbre a suif” or



“arbre a beurre” in French, “Krinda” in Coéte d'lvoire,
“‘Abotoasebie” in Ghana, “Agnuhé” in Gabon and
“Kpangnan” or “Sesseido” in Benin. P. butyracea_is found
in the centre and northern part of Benin in forest galleries
and along water ways (Avocevou-Ayisso et al.,, 2011;
Natta et al. 2010). The fresh kernels consumed like kola
(Sinsin and Sinadouwirou 2003) are rich in edible butter
similar to shea butter (Tchobo et al., 2007). The P.
butyracea butter is generally extracted by traditional
processing methods that involve roasting, churning and
boiling of kernels. The resulted crude butter is sold in
local markets and used for dietary and medicinal
purposes. The fatty acid profile of Pentadesma butter is
similar to that of the sheanut butter. However the content
of unsaponifiable of the shea butter is higher than that of
P. butyracea (Tchobo et al., 2013). The typical fatty acid
composition of P. butyracea is (in mol-%) palmitic acid
(C16) 3.6, stearic acid (C18) 47.00, oleic acid (C18:1)
52.00, linoleic acid (C18:2) 0.7, linolenic acid (C18:3) 0.2,
arachidic acid (C20) 0.1 and others (Tchobo et al., 2009).
The presence of five triacylglycerols (POO, POS, OOO,
SO0, S0S), was observed in P. butyracea butter. SOO
and SOS were the predominant triacylglycerols. The
absence of tristearin (SSS) and a low content of triolein
(O0O0) were observed despite the high content of stearic
and oleic acids. The triacylglycerol SOS was the main
triacylglycerol with a concentration of over 50% whereas
the SOO content varied between 35 and 45% (Tchobo et
al., 2009). The social and economic values of P.
butyracea were the subject of a study by Avoceévou-
Ayisso and Sinsin (2009). The authors indicated that the
various organs of the plant (kernels, leaves, flowers,
bark, and roots) are used in food, cosmetic and for
therapeutic purposes. Part of the derived butter, is
exported towards the neighbouring countries (Togo) and
the other sold at the regional markets or used to satisfy
the domestic needs (Sinsin and Sinadouwirou, 2003).

In Benin, the harvesting period of the fruits of P.
butyracea coincides with the raining season ((Sinsin and
Sinadouwirou, 2003). After fruits collection, the women
processors extract the kernel which can be stored for
duration up to two years before processing. Our recent
investigations revealed that the kernels undergo various
pre-treatments such as boiling, sun drying and roasting
before storage (Ayegnon et al.,, 2015). The pre-treated
kernels are stocked in jute bags, in bowls, in the baskets
and sometimes on the flour. During the storage, the
kernels can undergo various deteriorations, which are
susceptible to alter the quality of the seed while inducing
biochemical modifications in the derived butter. Very few
works investigated the effects of the storage process on
the quality of P. butyracea kernels and derived butter.
The objective of this work was to evaluate the effect of
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storage conditions on the kernels characteristics and on
the quality of a derived butter. More specifically, the study
evaluated the effects of three storage variables that is
storage duration, the pre-treatments and the packaging
materials on the acid and peroxide values, the
saponification value, the unsaponifiable fraction of the
butter, the iodine index and the colour characteristics of
the Pentadesma bultter.

MATERIALS AND METHODS
Plant material

Fresh fruits of P. butyracea were collected from May to June 2013
in the forest galleries of Péperkou village in the community of
Toucountouna (10°20' - 10°45’' N and 1°10' - 1°40' E) located in the
Northwest of Benin. Eighty kilograms of P. butyracea fruits were
randomly collected from different trees of P. butyracea. The fruits
were stored in a dark cool box at 4°C and transported to the
laboratory for analysis. In the laboratory, the fruits were de-pulped
and kernels were cleaned to obtain fresh kernels which undergone
various treatments prior to storage (Figure 1).

Experimental design

An experimental design with three factors that is storage duration,
the pre-treatments and the packaging materials was used to study
the effects of storage conditions on the P. butyracea kernels and
the derived butter quality. The storage duration varied from 0 to 12
months and the kernel pre-treatments includes the boiling and the
drying. The packaging materials included the jute bag and the
basket container. The boiling was performed at a temperature of
90-100°C during 60 min and kernel drying was done at a
temperature of 45°C during 72 h. Samples were stored at ambient
temperature (temperature: 29.5°C; relative humidity 65+3%). The
responses were moisture content, the acid and peroxide values, the
saponification value, the unsaponifiable fraction of the butter, the
iodine index and the colour characteristics of the butter.

Characterisation of the kernels during storage

Samples of P. butyracea kernels were withdrawn at different
storage duration and analyzed for their moisture content (AOAC,
2002). The rate of the kernels deterioration during storage was
determined by counting the number of kernels deteriorated among
a subsample of hundred kernels taken randomly. The counting was
repeated three times and the average values were reported.

Oil extraction

Butter was extracted using the traditional procedure (Ayegnon et
al., 2015). The kernels are sorted and crushed. Approximately 300
g of crushed kernels were roasted at 120°C during 30 min. The
roasted kernels were ground into fine paste. Some tepid water was
added and the mixture was churned for 2 h using a mixer (Kenwood
KM 280 series, 900W, china). The generated cream is washed with

*Corresponding author. E-mail:polykap@yahoo.fr. Tel: (+229) 97870734.

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0

International License



file:///C:/Users/Aghomotsegin/Desktop/Mike/AppData/utilisateur/Documents/Pen1.html
file:///C:/Users/Aghomotsegin/Desktop/Mike/AppData/utilisateur/Documents/Pen1.html
http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

516 Afr. J. Food Sci.

Fresh cleaned kernels (45 kg)

v v v
15 Kg 15 Kg 15 Kg
Boiling
(90-100°C; 60 min)
v v

Drying (45°C, 72 h)

A 4

Packaging

Storage duration (0; 3; 6; 9

and 12 months)

A 4

Aqueous extraction of the butters for various analyses

Figure 1. Experimental design.

water, to yield the raw butter which was heated at a temperature of
120-130°C. The derived oil was filtered and cooled to generate
butter. The butter was preserved at 4-7°C in the refrigerator until
various laboratory analyses.

Physicochemical analyses of the butter

Colour measurements were performed using the chromameter
Konica Minolta (CR410). Results were expressed as L* (brightness)
and b* (yellowness). The colour coordinates of the white ceramic
standard are: Y = 86.10, X = 0.3194, y = 0.3369. Various chemical
analyses were performed as well. Thus, the saponification value
was determined according to the standards methods ISO 3657
(2006). The unsaponifiable fraction was determined after treatment
with a solution of ethanolic potassium hydroxide and extraction by
diethyl ether (NB ISO 3596, 2006); the acid and peroxide values
and the iodine index were assessed by titration using NB ISO
3960, 2006; NB ISO 3961, 2006; NB ISO 660, 2006 methods
respectively.

Statistical analysis

Statistical analysis were performed using the statistical program
SPSS16.00 (SPSS, Chicago, IL, USA) and the one-way ANOVA
model was used applying the Tukey’s post-hoc test to evaluate
significant difference among means at p < 0.05.

RESULTS AND DISCUSSION

Effects of the storage conditions on the kernels
quality

The effects of factors that is kernels pre-treatments,
packaging material and the storage duration on the
kernels moisture content and the quality parameters of
the derived butter are presented in Table 1. The storage
duration and the pre-treatments applied (directly dried
kernel, boiled and dried kernel) significantly affected the
kernel moisture content which increased from a mean
value of 6.68% to 8.51% for all treatments after twelfth
months of storage. No significant difference could be
observed in the moisture content of the kernels stored in
jute bag and those stored in basket along the storage
duration (Figure 2). In a study by Aissi et al. (2012),
roasted kernels, and boiled and dried kernels of P.
butyracea stored for 24 months reached similar levels of
moisture content (7.85 and 8.24% respectively).
Increased level of moisture content could lead to kernels
deterioration as a result of increasing microbial and
enzymatic actions. We inspected the kernels throughout
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Table 1. Analyze of variance showing the effect of the storage duration, the pretreatment and packaging material on physic-chemical characteristics of the

butter.
Fischer value (F)

Factors - - - - -

DL MC Acid Peroxide Saponification Unsaponifiable lodine L* b*
Storage duration 4 40.502*** 494.124** 369.585*** 187.131%*= 496.275%* 19.667** 3.872** 151.495%*
Packaging 1 53.314%** 1.250 18.420*** 20.169*** 0.687 1531  488.093** 38.898***
Pretreatment 2 1.326 0.006 164.528** 343.852%** 832.011%** 32.987***  1.358* 46.844***
Storage duration*Packaging 4 3.364* 7.861*** 8.465%** 1.262 0.285 0.114 2.528***  16.802***
Storage duration*Pretreatment 4 0.048 4.922%*  28.301*** 1.372 491.169*** 1.316  701.036*** 13.364***
Packaging*Pretreatment 1 0.021 3.200 8.298* 7.778* 0.157 1.156 2.262%* 8.868***
Duration*Packaging*Pretratment 4 0.089 3.068* 8.330*** 0.562 0.701 0.112 5.112*** 9.679***

*Significant with the threshold of 5%; ***Significant with the threshold of 1%e.

-=%==Boiled and Dried
kernels Jute bag

—=&— Boiled and Dried
kernels Basket

—=— Dried kernels Jute
hag

—@- Dried kernels
Basket

6 T T T |
0 3 6 9 12
Storage duration (month)

Moisture content of kernels (%)

Figure 2. Effect of storage duration, pre-treatments and packaging materials
on moisture content of P. butyracea kernels.

the storage duration and observed that samples
stored for longer duration showed higher rate of
kernels deterioration. There is a correlation
between kernel moisture content and the propor-

tion of seed damaged (r = 0.63, p< 0.001). The
highest rate of kernels degradation was recorded
in samples boiled and stored in the basket
whereas much as 31-33% of kernels were

damaged after 12 months of storage. Indeed,
cumulative to increased level of moisture content,
insect attacks favoured by kernel cracking during
boiling and subsequent drying may accentuate
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seed damage during storage.

Effects of the storage conditions on acid and
peroxide values of derived butter

The butter moisture content was affected by the kernel
storage duration and by the kernel pre-treatments.
Longer kernel storage resulted in higher humidity in the
derived butter. Such increase in the product water
content may be detrimental to the butter quality since it
may favour various biochemical deterioration processes.

Butters extracted from the kernels stored in the basket
exhibited higher moisture content compared to those
from kernels packed in jute bag due to high exposure of
kernel to the relative humidity (Figure 3). The acid value
of the butter was significantly affected by the storage
duration (P<0.001) and the interaction between storage
duration and packaging materials (storage
duration*packaging). Figure 4 shows the trend in the acid
value of the butter as function of the storage duration with
respect to various pre-treatments and packaging
materials. The butter acid value was similar for all
treatments at the beginning of storage and averaged to
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0.08 mg KOH/g. This value increased (P<0.001) to an
average value of 0.95 mg KOH/g of butter after twelfth
months of storage. For all samples, the acid value
increased slowly in the storage period between 0 and 9
months and increased sharply thereafter. Studies on
shea butter also revealed an increase in the fatty acid
value as a result of longer kernel storage (Nkouam et al.,
2007). Indeed, high acid value in the butter samples
suggests an increase in the free fatty acids which may
result from lipid hydrolysis. High moisture content of
butter is favourable to such phenomenon and we found a
significant correlation between the butter moisture
content and its acid value (r = 0.49, p< 0.07). Mendez
and Falque (2007), reported an increase in acidity of oil
stored in PET plastic. Kapseu et al. (2005) indicated that
the acid value of shea butter increases with the storage
duration and the treatment conditions of the shea fruits.
The authors assigned this increase to physiological
activities in the fruits. During storage, fatty acids are
degraded to produce some energy and precursors for the
synthesis of new molecules. Various studies on other
oleaginous kernels such as the works of Kapchie (2005)
on the aiélé fruits (Canarium Schweinfurthii Engl.) and
researches by Anhwange et al., (2010) on Citrus lanatus
revealed that longer kernel storage resulted in an
increased in level of acid value in the oil.

All the factors studied significantly affected the peroxide
value of the butter. The analysis of variance revealed
significant (P<0.001) effects of the kernel pre-treatments,
the packaging materials, the storage duration, and their
interaction on the peroxide value (Table 1). Figure 5
shows the trend in the peroxide value of the butter as
function of the storage duration with respect to various
pre-treatments and packaging materials. Overall, the

peroxide value of the butter increased with the storage
duration for all treatments. During the storage, the
modification pattern of the peroxide was comparable to
that of the acid value. Notably, there was a slow increase
between 0 and 9 months of storage followed by a sharp
increase till the twelfth month of preservation. Butters
extracted from kernels boiled before drying and showed
lower peroxide value compared to those from kernel dried
without boiling. During the heating process of kernels,
denaturation of native lipases may occur, which would
have limited the oxidation of fatty acids in the butters
extracted from the boiled kernels. The mean peroxide
value increased from 0.84 to 7.32 meqO, / kg in butter
extracted from boiled and dried kernels while it varied
from 2.72 to 15.20 meqO,/ kg in butter from kernels dried
without boiling after 12 months of storage. Values
obtained in this study are similar to findings by Aissi et al
(2011) who reported a value of 0.83 meqO, / kg for
butters extracted from boiled and dried kernels of P.
butyracea and 1.00 meqO, / kg for the butters from
roasted kernels. Mégnanou and Nianké (2013) found a
modification in the peroxide value of stored shea butter in
the range of 2.79 to 10.30 meq O,/kg within four weeks of
storage. In this study, the peroxide value found in butter
extracted from kernels dried without boiling after 12
months of storage which is higher than the tolerated
value in the cosmetic and food sectors which are 10 meq
O,kg and 15 meq Oykg respectively (Codex
Alimentarius, 2006). Indeed, when the concentration of
peroxide reaches a certain level, complex changes occur
with the formation of ketones, aldehydes and hydroxyl
groups which are volatile and mainly responsible for the
off-flavours (rancidity) and odours (Abdulrahim et al.,
2000).
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Effects of the storage conditions on the

saponification value and unsaponifiable fraction of
the butter

The saponification value refers to the average length of
the fatty acid chains which make up fat. It is an indicator
of the soap making ability of oil. High saponification value
indicates the presence of high percentage of fatty acids
and triacylglycerol in the oil (Omolara et al., 2011). The
present study revealed significant (P<0.001) effects of the
three studied factors on the saponification value of the
butter extracted from the stored kernels (Table 1). Figure
6 shows the trend in the saponification value of the butter
as function of the storage duration with respect to various
pre-treatments and packaging materials. There is a
drastic decrease in the saponification components of the
butter during the first three months of storage. No
significant change occurred in this butter parameter
afterward. The saponification value decreased from
188.98 to 168.05 mg KOH/g in butter extracted from
boiled and dried kernels over 3 months of storage. It
varied from 196.46 to 174.53 mg KOH/g in butter
extracted from kernels dried without boiling during the
same storage period. Clearly, butters from kernels boiled
prior to drying showed low levels of saponification value
compared to those from kernels dried without boiling
whatever the storage duration. Our results are similar to
findings by Aissi et al. (2011). The saponification values
found in our butters are in the range between 160 and
195 mg KOH/g of butter, which falls in the normal interval
recommended by the Regional Technical Committee
(RTC, 2006) for vegetable oils of good quality. Also, our
data are similar to the saponification values reported for
common oils such as soya bean (189 - 195 mg KOH/qg),
peanut (187 - 196 mg KOH/g) and cotton seed oil, (189 -
198 mg KOH/g) (Codex Alimentarius, 1993). Nevertheless,
saponification values found for P. butyracea butter in this
study are higher than that of shea butter (Warra et al.,

2011) indicating that this kind of butter has potential to be
used in the cosmetic industry for soap making.

The analysis of variance revealed significant effects of
the kernel pre-treatments, the storage duration and the
interaction pre-treatments * storage duration (P<0.001)
on the unsaponifiable fraction of the derived butter (Table
1). The type of packaging materials used did not affect
(P>0.05) the unsaponifiable fraction. Figure 7 shows the
trend in the unsaponifiable fraction of the butter as
function of the storage duration with respect to various
pre-treatments and packaging materials. Prior to storage,
the kernels boiling resulted in a sharp decrease in the
butter unsaponifiable fraction which remain unchanged
during storage.

Reduction of thermo labile compounds such as
tocopherols, carotenoids, triterpene alcohol, sterols,
phenolics that account for unsaponifiable butter fractions
may be reason for this reduction. Indeed, these
substances contained in unsaponifiable fraction of the oll,
have antioxidant and other health related benefits in
animals and in human subjects and are useful in
softening the skin (Goreja, 2004; Kochhar et al., 2000).
During the storage course, the unsaponifiable fractions in
the butter extracted from kernels dried without boiling and
decreased within three months of storage (1.85 to 1.2%)
and remain invariable afterwards. Clearly, thermal
treatments are not favourable for unsaponifiable
components concentration of the butter. Indeed, butters
with a high unsaponifiable fraction are preferred for
cosmetic and medicinal purposes due to the antioxidant
and anti-inflammatory properties of the unsaponifiable
fraction compounds such as tocopherols, phenols and
sterols (Maranz and Wiesman, 2004; Honfo et al., 2013).

Effects of the storage conditions on the iodine index
of the butter

The iodine value expresses the degree of saturation of
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oil; it is an indicator of the storability of the oil. The higher
the iodine numbers of an oil, the higher its degree of
unsaponification, and the shorter its shelf-life is (Hui,
1996). The analysis of variance revealed significant
(P<0.001) effects of the pre-treatments and the storage
duration of the kernels on the iodine index of the butter
(Table 1). Figure 8 shows the trend in the iodine index of
the butter as function of the storage duration with respect
to various pre-treatments and packaging materials. From
this figure, it is clear that butters extracted from kernels
dried without boiling exhibited higher iodine values
compared to butter from kernels boiled prior to drying
whatever the storage duration. During the storage
process, the iodine index decreased, varying from 45.23

to 39.58 mgl, /100 g of butter after storage in the butters
extracted from boiled and dried kernels. In the butters
extracted from kernels directly dried this value decreased
from 45.86 to 41.75 mgl,/100 g. Values of the iodine
obtained for butters of P. butyracea in this study are
similar to data reported by Kouadio et al. (1990);
Adomako et al. (1977) and Tchobo et al. (2013). The
decreasing of the iodine index during the storage could
be explained by a reduction in the number of double
bonds by oxidation or hydrogenation phenomenon.
Similarly, these biochemical reactions highly catalyzed by
the high hydrothermal applications during boiling would
be the main cause of discrepancy in iodine values of
butters extracted from boiled and non-boiled kernels.
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Interestingly, iodine values obtained in this study are in
agreement with the norm required for butter at the
international level (58-72 mgl, /100 g of butter) (NBF 01-
005, 2006). Likewise, the iodine values obtained for all
samples in this study are consistently below 100 which
allows classifying the P. butyracea butter in the category
of non-drying oil which are useful in the production of
soaps (Asuquo, 2008; Warra et al., 2013).

Effects of the storage conditions on the colour
characteristics of the butter

There are significant (P<0.001) effects of kernels pre-

treatments, packaging materials and storage duration on
the brightness (L*) and yellowness (b*) of butter (Table
1). In addition, the linear and the interactive effects of
these factors were significant with respect to the two
parameters mentioned. Figure 9 shows the trend in the
brightness of the butter as function of the storage
duration with respect to various pre-treatments and
packaging materials. The brightness of the different types
of butters tend to decrease during the storage. In
opposite, the yellowness index increases (Figure 10).
Kernels stored in jute bags exhibited relatively higher
values for the yellowness index.

Similarly, butters extracted from the boiled and dried
kernels showed a yellowness index relatively higher than



butter from directly dried kernels. The butter of P.
butyracea is naturally yellow with bright colour and these
colour characteristics are preferred by consumers
(Ayegnon et al., 2015). Chukwu and Adgidzi (2008) found
that the colour of shea butter varies, depending on the
processing technique, in particular on the temperature
applied during processing. Several studies have
underlined the difference between the preparation modes
of beige and vyellow shea butters and the different
sensorial characteristics associated (Mégnanou, 2008).
Clearly, this study revealed that longer storage duration is
favourable to the butter yellowness but detrimental to its
brightness.

Conclusion

The storage duration, the pre-treatments and the
packaging materials of the kernels of P. butyracea affect
the quality characteristics of the derived butter.
Particularly, the colour, the peroxide and the acid values,
the iodine index, the saponification and unsaponifiable
fractions of the butter are affected in various extents. The
packaging materials currently used in the different
production sites of Benin to store the P. butyracea
kernels affect the quality of the derived butter. More
specifically, the basket is less effective, compared to the
jute bag, in preserving the quality of the butter within 6
months of storage. Overall, this study shows that it is
advantageous to treat the P. butyracea kernels by boiling
before storage.
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Meat rapidly decomposes and discolours due to oxidation and enzyme activity; therefore, it must be
frozen when stored. This study investigates the effects of different freezing and thawing processes on
pork quality. Pork meat was frozen by natural convection freezing (NCF, -38°C), individual quick-freezing
(IQF, -45°C), or liquid nitrogen freezing (LNF, -100°C). Freezing was completed when the thermocouple
temperature reached -12°C. The meat was then placed in a general showcase at -24°C for 24 h. Thawing
was conducted by natural convection thawing (NCT, 25°C) or running water thawing (RWT, 10°C). The
cooking loss and drip loss contents of the samples did not significantly differ, whereas the thawing loss
contents were higher in the NCF sample than that in the other samples. Compared to fresh meat, the L,

a, and b’ colour values decreased and the total colour difference (AE) was similar in the samples
subjected to IQF/RWT. The pH values of all the samples except for the one subjected to NCF were
significantly increased than that in fresh meat (p < 0.05). IQF/RWT Treatment resulted in the highest
water-holding capacity and maintained homogenous tissue similar to fresh pork; however, the shear
force value was lower than those in the other frozen/thawed samples. These results suggest that the
IQF/RWT process was optimal for pork.

Key words: Freezing, thawing, pork, shear force, pH.

INTRODUCTION

Optimization of processed meat quality attributes, such
as colour, pH, water-holding capacity (WHC), shear
force, thawing, and cooking loss, are important to the
meat processing industry (Mortensen et al., 2006). The
meat quality attributes that are influenced by freezing
processes depend on many factors, including the
temperature, time, air speed, and rate of freezing and

thawing (Giddings and Hill, 1978; Nicholson, 1973).
Freezing is the most effective process for the
preservation of food quality. Freezing and thawing can
greatly affect the structural and chemical properties of
muscle foods, including muscle fibers, lipids, and
proteins, all of which have the potential to significantly
influence the quality properties of meat and vegetable
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products (Miller et al., 1980).

Freezing has many advantages for the preservation of
meat, but it can results in the destruction of muscle fibers
due to the formation of ice crystals of various sizes
according to the freezing rate (Hong et al., 2005b). This
may lead to problems during thawing, such as drip loss,
various WHC contents, decreases in the gel-forming
potentials of muscle fiber proteins, and reductions in the
space within the myofibrils (Sakata et al., 1995; Huff-
Lonergan and Lonergan, 2005). Classic freezing and
thawing procedures change the texture and cooking
properties of food, and this is probably due to the
destruction of the membrane structure and concentration
changes in the solute (Londahl, 1997). The development
of new methods for the freezing and thawing of foods is
required in food industries (Massaux et al., 1999).

Several novel freezing techniques, such as individual
quick freezing (IQF) and liquid nitrogen freezing (LNF),
have been developed in recent years. IQF is an
improvement of classical air blasts freezing, which
generally entails temperatures of -18°C or lower
(Fennema et al.,, 1975). In IQF, small food pieces are
frozen in an air blast freezer at temperatures that are
lower (-30 to -50°C) than that used for traditional freezing.
IQF can freeze individual or bulk samples of various food
groups, such as meat, vegetables, and fruits, in less time
(Jo et al., 2014). Cryogenic freezing with liquid nitrogen
results in high freezing rates, even at the center of the
product, and faster freezing time compared with
conventional air freezing (Zhou et al., 2010). However,
the cost of the cryogenic liquid is high, and this system
has the disadvantage of freeze cracking, which causes
critical and irreversible damage (Lovatt et al., 2004).

While freezing is a simple and effective way for
preserving food, the thawing of frozen food is also
important in the process. During food thawing, thermal
treatments can damage the chemical, physical, and
microbiological properties of food (Hong et al., 2009;
Boonsumrej et al., 2007). Minimum thawing times can
reduce microbial decomposition, the deterioration of food
product quality, and water loss from dripping or
dehydration (Taher and Farid, 2001). Most meat thawing
is performed within the temperature ranges of -5 to -1°C,
and only a small fraction of thawing is performed within
the temperature range of -24 to -5°C (Heldman, 1975).
Thawing can play an important role in membrane
decomposition as well as affect the sensory properties of
the food (Nilsson and Ekstrand, 1995). The freeze-thaw
process has negative effects on the physicochemical
properties and overall quality of the food (Jeong et al.,
2011). Therefore, guidelines for the conditions for the
optimal processing for freezing and thawing need to be
established.

The freeze-thaw process may affect the quality of meat
differently depending on the species. Universally, frozen
storage is necessary to increase shelf life because pork
meathasoneofthe shortestshelflivesamongmeatproducts

due to fast microbial growth and lipid oxidation (Wulf et
al., 1995).

The objective of this study was to investigate the
changes in the physicochemical properties, micro-
structure, and quality of pork meat that result from
different freezing [natural convection freezing (NCF), IQF,
and LNF] and thawing [natural convection thawing (NCT)
and running water thawing (RWT)] processes.

MATERIALS AND METHODS
Materials and sample preparation

Pork (crossbreed of Landrace x Yorkshire x Duroc, 6 month old
hogs) samples (eye of round) were obtained from a commercial
market (48 h postmortem; pH, 5.7-5.9). The fat and connective
tissue were removed, and the pork was cut into a rectangular shape
(1 x1x5cm, 90 + 0.5 g) parallel to the muscle fiber direction. For
the fresh (unfrozen) pork, parts of the samples were placed into a
showcase at 4°C for 24 h. After freezing treatment, the sample was
vacuum packaged in a polyethylene bag, individually. A
thermocouple (k-type) was inserted into the center position of each
sample in order to monitor the temperature of the samples during
freezing and thawing.

Freezing and thawing process

NCF was performed at -38°C in a showcase, whereas IQF was
conducted with the use of a -45°C air blast freezer (SEO JIN
Freezer Co., Ltd., Goyang-City, Korea). For LNF, the samples were
sprayed in a cryo-chamber system (150 x 30 x 50 cm [L x W x H],
HyunDae FA, Korea) with four circular spray nozzles (MS TECH
CO., LTD., Sungnam-City, Korea) with a spray angle of 60° and a
flow rate of liquid nitrogen vapor of 9.0 L/min. The samples were
cryogenically frozen (-100°C) for 2 min 30 s. The freezing was
finished when the temperature of the thermocouple reached -12°C.
Each freezing treatment sample was divided into two groups and
vacuum packaged in a polyethylene bag that was placed in a
general showcase at -24°C for 24 h. The thawing process was
performed with two methods so that one group was thawed in
running water (RWT) at 10°C and the natural convection thawing
(NCT) treatment was kept at 25°C. Thawing was finished when the
temperature center position reached 4°C. The temperature-time
profiles of all of the samples were observed by connecting the
thermocouple with a mobile corder (MV-100, Yokogawa Electric
Corporation, Tokyo, Japan).

pH measurements

The pH values of the prepared samples were measured with a pH
meter [S-220, Mettler-Toledo (Schweiz) GmbH, Greifensee,
Switzerland]. Five grams of each sample was mixed with 45 mL of
distilled water and homogenized at 12,000 rpm for 1 min with a
homogenizer (HP-91, SMT Co. Ltd., Japan).

Thawing loss and cooking loss

After the thawing treatment, the pork surface exudate was removed
with a tower, and the samples were weighed. The thawing loss was
determined by calculating the difference in the pre-freezing and
post-thawing weights. After determining the thawing loss, the
samples were bagged in polyethylene pouches and thermally
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treated in an 80°C water bath (DX9, Hanyoung Nux Co., Ltd., Nam-
gu, Incheon, Korea) until the core temperature reached 75°C.
Cooking loss was calculated as the difference in the weights from
before cooking to after cooking.

I"Fl - I’Vz
Thawing loss (%) = ———— = 100

I"Fl

W;: weight of the sample after freezing (g)
W,: weight of the sample after thawing (g)

. I'Vl - H"F:
Cooking loss (%) = — X 100
1

Wi: weight of the sample after freezing and thawing (g)
W,: weight of the sample after thermal treatment (g)

Water-holding capacity (WHC)

WHC was measured with modification of the method of Hong et al.
(2005a). One gram of each thawed pork sample was weighed and
then placed into a centrifuge tube with absorbent cotton. The
samples were centrifuged with a centrifuge separator (1736R,
LABOGENE, Korea) at 1,500 x g for 10 min at 4°C. After
centrifuging, the pork was removed from the tube, and the weights
of the centrifuge tubes were determined before and after the drying.
The WHC was expressed as the percentage of moisture content in
the meat.

Wy — W,
WHC(%) = (1 - ——2) x 100
I"Fi

W;: weight of the sample after centrifuging (g)

W5: weight of the tube, including the cotton, after centrifuging (9)
W3 weight of the tube after the sample was removed and after
centrifuging (9).

Shear force measurement

The samples from each batch were cut into cuboids (1 x 1 x 5 cm).
The shear force of the pork samples was determined before and
after cooking in quintuplicates with a texture analyzer (CT3,
Brookfield Engineering Laboratories, Inc., Middleboro, MA, USA)
that was equipped with a v-type plain probe. The texture analysis
conditions were as follows: compression type, 10 kg force load cell;
test speed, 2.5 mm/s; target distance, 15 mm; and trigger loads of
900 g and 650 g on uncooked and cooked samples, respectively.
The test was repeated at least 16 times. The maximum peak force
(kg) was used as the indicator of the texture parameter.

Colour measurement

The colour change of each sample was determined with a
colourimeter (CR-400, Konica Minolta Inc., Tokyo, Japan) that was
calibrated with a white standard plate (L" = +97.83, a = -0.43, b =
+1.98). The CIE L', &, and b'values were determined as indicators
of brightness (L), red to green colour (a), and yellow to blue colour
(b). To measure the colour changes, four pieces of pork were
arranged in the direction of their longest length. The total colour
difference (AE) was numerically calculated by determining the
colour difference between the fresh meat and the treated samples
with the following equation:
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AE = 4/ (AL)? + (Aa*)? + (ab%)?

Light microscopy

Light microscopy of fresh and frozen pork tissue was conducted on
0.2 cm-thick sections of formalin-fixed, paraffin-embedded samples
stained with hematoxylin and eosin (H and E; BBC

Biochemical, USA), using autostainer (Leica autostainer X| ST5010
Autostainer XL, Leica Microsystems Ltd., Korea).

Statistical analysis

All of the reported values are the average of three (or more)
experiments. Analysis of variance and Duncan’s tests were
conducted at the 95% confidence level (p < 0.05) with SPSS 20.0
software (IBM Corporation, Armonk, NY, USA) in order to determine
the significance of the differences in the results.

RESULTS AND DISCUSSION
Temperature-time profile

Figure 1 shows the time-temperature profiles of the pork
treatment during freezing and thawing. The freezing time
for the core temperature of the pork to reach -12°C was
58 min in the NCF treatment. IQF treatment showed rapid
freezing compared to NCF, and the freezing time was
estimated as 18 min. The LNF-treated pork showed the
most rapid temperature drop among the freezing
treatments, and the center temperature reached -12°C in
3 min. These results were in accordance with the freezing
temperature of each treatment. Based on Boonsumrej et
al. (2007), cryogenic freezing was favorable as a rapid
freezing technique compared to air-blast freezing or
commercial freezing, and this was in agreement with the
results of our study.

For the thawing method, the overall thawing times of
RWT and NCT were well differentiated (Figure 1b). All of
the RWT treatments thawed within 10 min compared to
the NCT treatments that took longer than 30 min.
Although the NCT treatment was conducted at a higher
temperature (25°C) than the RWT treatment (10°C), the
results indicated that RWT was more advantageous than
NCT for the rapid thawing. In addition, the thawing times
of the samples differed according to the type of freezing
that was applied. In the RWT treatments, the rapidity of
the thawing occurred in the order of IQF, NCF, and LNF,
and the same order was observed for the NCT
treatments. Although the reason why the thawing rate
was affected by freezing type was unclear in the present
study, this study demonstrated that IQF that was followed
by RWT was the best condition for the meat freezing and
thawing processes.

pH

The freezing and thawing treatments affected the pH of
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Figure 1. Time-temperature profiles of the (A) freezing and (B) thawing processes.The freezing
and thawing treatment included natural convection freezing (NCF), individual quick-freezing
(IQF), liquid nitrogen freezing (LNF), natural convection thawing (NCT), and running water

thawing (RWT).

the pork, as depicted in Figure 2. Irrespective of the
thawing methods, NCF treatment resulted in pH values of
5.46 - 5.47, which was not significantly different from the
5.46 pH of the fresh control. However, pork that was
frozen by IQF and LNF showed a significantly higher pH
than that of the control (p < 0.05), and a particular
increase in pH was noticeable with LNF. For the thawing
methods, the NCT treatments resulted in higher pH
values compared to the RWT treatments (p < 0.05).
Consequently, the highest pH (5.58) was obtained with
LNF treatment that was combined with NCT (p < 0.05).
Various studies have reported inconsistent relation-
ships of muscle pH and freezing/thawing treatment.

Leygonie et al. (2012) and Devine et al. (1995) have
reported that frozen/thawed meat had a slightly lower pH
than that of the fresh state due to the electrolyte exudate
from the muscle tissue. Muela et al. (2010) postulated
that the pH of fresh meat and frozen/thawed meat did not
differ significantly.

Alternatively, Kim and Lee (2011) reported that
frozen/thawed meat had a higher pH than fresh control
meat because of partial denaturation of the muscle
proteins. Those authors also insisted that the pH of
treated meat is an important indicator of the physical
properties of the muscle proteins. In the present study, it
was clear that the impact of the treatment conditions on
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Table 1. Effects of the freezing and thawing treatments on the water binding properties.

Freezing treatment® Thawing methods?

Thawing loss

Cooking loss Water holding capacity

Control 15.74+0.617° 85.3323.32%

NCF 6.7520.322*°  19.07+1.556° 80.5+1.87"

IQF NCT 4.48+1.23° 18.9+0.795% 79.18+2.14™
LNF 4.16+1.268°  20.39+0.72° 82.43+0.51%
NCF 4.67+1.282°  21.69+1.842° 77.68+1.87%
IQF RWT 4.8+1.425®  19.97+2.613% 85.19+1.230%
LNF 3.75+1.21°  20.18+1.448° 79.65+1.575%

'Freezing treatment: NCF (natural convection freezing), IQF (individual quick freezing), and LNF gl)iquid nitrogen

freezing). *Thawing treatment: NCT (natural convection thawing) and RWT (running water thawing).

Each value is

expressed as the mean * standard deviation of multiple measurements (n = 5). *°Means within the same column with

different superscript letters differ significantly (p < 0.05).

the physical state of the meat proteins was remarkable.
Despite the finding that the LNF treatment was for a short
period (2.5 min), an extreme temperature condition would
result in cold denaturation of the muscle proteins, which
would thereby increase the pH of the meat. Furthermore,
thawing at relatively high temperature (25°C of NCT) was
not favorable to minimize the quality loss of frozen
muscle comparing to that thawed at low temperature
(10°C of RWT). For the protein state, the application of
LNF required the optimization of the proper operating
conditions, such as the processing temperature and time.

Water-binding properties

The water-binding properties of the frozen/thawed pork
are given in Table 1. With the exception of NCF that was
followed by NCT treatment, the overall thawing loss of the
pork ranged from 3.75 to 4.80%, which was not
significantly different among the treatments. However, the
NCF/NCT treatment had the highest thawing loss (6.75%)
among the treatments (p < 0.05). The highest thawing
loss resulting from the NCF/NCT treatment was possibly
related to the slow freezing and thawing rates. The NCF
treatment involved a slow freezing rate by which the pork
tissue would be more damaged than with the other
freezing methods. Considering the decreased thawing
loss of LNF that was followed by NCT treatment, the
freezing rate appeared to influence the thawing loss of
the pork rather than the thawing rate. However, it was
obscure why LCF showed a small amount of thaw drip
with RWT treatment. One possible explanation is that the
frozen rapidly mean was not affected by the thawing
methods, while rapid thawing was necessary when the
meat was frozen slowly.

The cooking loss of the fresh control was 15.7%, and
the loss was significantly lower than the losses from the
freezing/thawing treatments (p < 0.05). Among the
treatments, no significant differences in cooking loss were
found, and the loss ranged from 18.9% to 21.7%. There
was no doubt that the tissue damage that was caused by

ice crystallization and recrystallization attributed to the
high cooking loss compared with fresh meat. For
frozen/thawed meat, Mortensen et al. (2006) reported
that a low freezing temperature and a high thawing
temperature tended to result in high thawing loss and
cooking loss. However, sample size is another important
factor that affects the cooking loss of meat samples
(Leygonie et al., 2011). In the present study, the meat
was sampled in small strips that are used for home meal
replacement products. The small size of the samples was
compensated for by the insignificance of the cooking loss
of the frozen/thawed treatments.

Compared to 85.3% of fresh control, the WHC of the
treatments was slightly or significantly lower than the
control and ranged from 77.7 to 85.2%. Jo et al. (2014)
found that the WHC of muscle freezing/thawing treatment
is lower than that of fresh controls, and this is in
accordance the findings of this study. Miller et al. (1980)
noted that the WHC percentage decreases for pork and
beef meat because of damage to the muscle tissue from
being frozen. Ngapo et al. (1999) showed that damaged
cell membranes cause the drip exudate from the
intracellular space to the extracellular space, which
results in the easy release of drips from the muscle
tissue. In this study, LNF that was followed by NCT
(82.4%) and IQF that was followed by RWT treatment
(85.2%) did not show significant differences in WHC
compared with a control, while other treatments had
lower WHCs than controls (p < 0.05). With respect to
food hygiene, the thawing process is supposed to be
conducted at a relatively low temperature in a short time,
and, thus, RWT would be better than NCT in order to
minimize the water binding properties of the treated meat.
Therefore, these results suggest that IQF is the best
application for meat freezing.

Shear force

Figure 3 depicts the shear force of the cooked pork. The
fresh pork had a shear force of 2.41 kg, and the frozen/
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Figure 2. Effects of the freezing and thawing treatments on the pH of pork. The pH values of
the control (fresh pork) and after the freezing and thawing treatments of natural convection
freezing (NCF), individual quick-freezing (IQF), liquid nitrogen freezing (LNF), natural
convection thawing (NCT), and running water thawing (RWT). Each value is expressed as
the mean # standard deviation of multiple measurements (n = 5). *“Means with different
superscript letters are significantly different (p < 0.05).
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Figure 3. Effects of the freezing and thawing treatments on the shear force of cooked pork. The
control (fresh pork) and experimental samples were subjected to freezing and thawing with natural
convection freezing (NCF), individual quick-freezing (IQF), liquid nitrogen freezing (LNF), natural
convection thawing (NCT), and running water thawing (RWT). Each value is expressed as the
mean * standard deviation of multiple measurements (n = 5). *“Means with different superscript
letters differ significantly (p < 0.05).

thawed treatment values ranged from 2.31 to 3.31 kg. of meat that was treated by IQF did not significantly differ
Regardless of the thawing methods used, the shear force than the control. However, the LNF and NCF treatments
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Table 2. Effects of the freezing and thawing treatments on the CIE colour of pork.

Freezing treatment® , ) L* a* b* .
Thawing treatment a3 2 v Total colour difference (AE)

Control 59.16+1.7*° 8.02+0.94®  7.1+0.76

NCF 54.52+1.46° 7.93+1.03° 8.74+1.68° 5.34+1.37°

IQF NCT 55.07+2.24° 6.18+0.63" 5.62+0.96° 4.98+1.90°

LNF 54.39+2.48° 8.05+1.03° 6.66+0.96™ 5.03+2.36%

NCF 54.84+2.29° 7.74+1.06° 6.75+1.22" 4.69+2.10°

IQF RWT 56.04+3.04° 6.97+0.90%° 7.14+0.75° 4.19+1.75°

LNF 53.7621.24° 7.37+1.28%° 5.52+0.55° 5.81+1.27°

NCF 54.84+2.29° 7.74+1.06* 6.75+1.22"° 4.69+2.10°

'Freezing treatment: NCF (natural convection freezing), IQF (individual quick freezing), and LNF (liquid nitrogen freezing). Thawing
treatment: NCT (natural convection thawing) and RWT (running water thawing). *Each value is expressed as mean =+ standard deviation of
multiple measurements (n = 5). *“Means within the same column with different superscript letters differ significantly (p < 0.05).

that were followed by RWT treatment had significantly
higher shear forces compared with controls (p < 0.05).
Shanks et al. (2002) and Lagerstedt et al. (2008) reported
that meat toughness was decreased by the freezing and
thawing process. The decrease in the shear force might
have been due to the loss in cell membrane durability
that occurred as a result of ice crystal formation and the
reduction in the shearing (Lui et al, 2010). The
tenderization of meat can occur as a result of the
activation of enzymes, such as those involved in
proteolysis, and the loss of physical structure by ice
crystal formation (Leygonie et al.,, 2012). In these
investigations, however, the shear force was measured
prior to the thermal processing. Alternatively, Lagerstedt
et al. (2008) reported that the shear force of frozen meat
is closely related to the storage period and storage
condition. In addition, the frozen/cooked meat showed a
higher shear force than the fresh/cooked meat did
(Kolczak et al.,, 2005). In this study, IQF treatment
resulted in the best tenderness of the meat, and the IQF
was favorable for applying it as a quick freezing
technique.

Colour

The CIE colour parameters of the treatments were
compared with those of fresh controls (Table 2). All of the
freezing and thawing treatments had lower L', a, and b’
values compared with those of the control, with the
exception of b’ in which the NCF/NCT samples showed a
significantly lower b* compared with the control (p <
0.05). Lind et al. (1971) obtained similar results in that the
freezing rates did not have a significant effect on colour.
The b" value of the IQF/RWT sample had the most similar
values as the fresh pork samples among the frozen/
thawed samples. The total colour difference tended to be
lower than those of the other samples, but the difference
was not significant. The results can be explained by the
IQF/RWT value being similar to those of fresh pork meat.

The hue angle of the meat product has been used to
indicate the colour stability of fresh and processed meats
(Brewer and Harbers, 1992). Leygonie et al. (2012)
reported that the CIE L*, a*, and Chroma values in the
visual test were significantly decreased in the frozen/
thawed samples. These results suggest that the meat
product should exhibit an overall browner and more
somber appearance because of rapid oxidation of the
myoglobin after freezing/thawing.

Light microscopy

The light microscopy images of the pork samples are
shown in Figure 4. For the raw pork (control), transverse
sections of the myofibrils have most uniform shape and
the myofibrils were maintained their integrity. However,
segmental muscle and segmental coagulation necrosis in
longitudinal section were observed after NCF and NCF
treatments. This result could be explained by Jo et al.
(2014) in which this phenomenon may result from ice
crystal formation and recrystallization. Alternately, IQF
maintained the condition of myofibrils, although their
density was not as intense as that of the raw meat.
Furthermore, the condition of myofibrils did not change
after different thawing treatments. Based on Mortensen et
al. (2006), cell structure of frozen muscle tissue was
closely depending on freezing rate. Rapidly frozen
muscle tissue showed broadly intact structure with partial
damages, whereas the tissue frozen slowly showed
completely damaged cell structure. Therefore, our results
could demonstrate that tissue damage during freezing
and thawing is inevitable, and confirm that tissue damage
was more influenced by the freezing methods than
thawing methods.

Conclusion

This study compared the effects of different freezing and
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Figure 4. Histological appearance of the frozen and thawed pork samples following the different freezing and thawing
processes. (A) Control (raw pork), (B and E) natural convection freezing, (C and F) individual quick-freezing, (D and G)
cryogenic freezing (B, C and D), natural convection thawing, and (E, F and G) running water thawing.

thawing treatments on the quality of pork. The factors of
temperature, time, and the rates of freezing and thawing
influenced the changes in the meat quality attributes,
such as colour, thawing loss, WHC, and shear force. The
results of this study suggested that IQF/RWT treatment is
an effective process by which the meat quality is
maintained.
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Barley (Hordeum vulgare L.) belongs to the grass family Poaceae and is an ancient and important cereal
grain crop. Whole grain products are recommended for healthy diets as being recognized sources of
dietary fiber and antioxidant substances such as polyphenols and vitamin E. The current study was
conducted to evaluate the antioxidant activity for 19 cultivars (Bahman, MB-82-12, Nosrat, Kavir,
Torkman, Makoeei, Karoun, Valfajr, Reihane, Dasht, MB-42-4, Nik, Rihane-03, Sahra, Yosef, DD-10,
Nimrooz, Fajr-30, Gorgan-4) of barely (Hordeum vulgare L) grain and their malts. The Ferric reducing
antioxidant power (FRAP) method was used to evaluate this activity. The Range of antioxidant activity in
barely grain was ranged between 0.31-1.01 mg/kg and in malt was ranged between 0.64-3.34 mg/kg. The
average antioxidant activity was significantly higher in malt (1.584+0.596 mg/kg) compared to barely
grain (0.633 +0.221 mg/kg) p<0.001. Results of the current study show that Nosrat cultivar had
significant difference from other cultivars of barley. But in malt products, MB-82-12 cultivar had
significant difference with other malt products and had higher antioxidant activity. Finally, we
recommend that, if the goal is to select the most antioxidant activity of barely and malt products, we
preferred to use Nosrat cultivar of barley and MB-82-12 malt.

Key words: Antioxidant, barley cultivars, malt, ferric reducing antioxidant power (FRAP).

INTRODUCTION

Freeradicals contribute to more than one hundred disorders and induce abnormal proteins (Pourmorad et al., 2006).

in human body. Free radicals due to environmental pollu- Free radicals are controlled by enzymes such as medicinal
tants chemicals, toxins, radiation, etc caves depletion of plants, fruits, vegetables and seeds and can constitute an
immune system antioxidants, change in gene expression important source of antioxidants and they may be used to
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reduce oxidative damage and tissue injury (Amjad and
Shafighi, 2013). Many plants have anti-oxidative and
pharmacological activities. Bioactive phenols, especially
bioflavonoids are very interesting as antioxidants
because of the ability to act as free radical scavenging,
inhibition of hydrolytic and oxidative enzymes (Frankel,
1995). Some researchers suggest that the biological
activity of these compounds is related to their antioxidant
action (Gryglewski et al., 1987). Antioxidants play an
important role in inhibition and radical scavenging, thus
providing protection against diseases. Antioxidants inhibit
many oxidation reactions caused by free radicals such as
singlet oxygen, superoxide radicals, proxy radicals, hydro-
xyl radicals and proxy nitrate (Karthikumar et al., 2007).
The antioxidant properties of phenolic compounds in
grains have been associated with the health benefits
attributed to these crops and the value-added products
derived from them. Antioxidants may play an important
role in the chronic disease prevention by arresting
oxidative damage caused by reactive oxygen species
(ROS) to vital biomolecules such as DNA, lipids, and
proteins (Hollman, 2001). One of the richest sources of
phenolics among the grains is barley. In beer, for
example, 70 to 80% of the phenolic constituents originate
from malted barley while the remaining 20 to 30% come
from the hops (Gerhauser 2005). The scavenging activity
of barley phenolics against DPPH and ABTS were
comparable to a synthetic antioxidant, butylated hydroxyl-
toluene (BHT) (Ragaee et al., 2006). Barley (Hordeum
vulgare L.) is one of the ancient cereal crops that
currently have received increasing demands worldwide. It
is considered as one of the most important cereals
worldwide. It is the major cereal in many dry areas of the
world and is vital for the livelihoods of many farmers. In
Iran, it is mainly grown for grain and straw for small
ruminants during winter, with green fodder sometimes
used for winter grazing. Barley assumes fourth position in
total cereal production in the world after wheat, rice, and
maize. Barley is more productive under adverse
environments than other cereals. Barley has also been
used as animal fodder, as a source of fermentable
material for beer and certain distilled beverages, and as a
component of various health foods (Celus et al., 2006). It
is used in soups and stews, and in barley bread of
various cultures. Barley grains are commonly made into
malt in a traditional and ancient method of preparation
(Alazmani, 2015). Moreover, about two thirds of barley
crop has been used for feed, one-third for malting and
about 2% directly for food (Baik and Ullrich, 2008; Gupta
et al., 2010). Barley grains were good source of phenols
and contains very high amount of total phenolics. A wide
range of phenolic antioxidant compounds has been found
in barley such as benzoic and cinnamic acid derivatives,
proanthocyanidins, flavonols, chalcones, flavones,
flavanones, and amino phenolic compounds (Hernanz et
al.,, 2001). They are present in free and bound form in
cereals. Bound phenolics are ester-linked to cell-wall
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polymers in the outer layers of kernel. Ferulic acid and its
dehydrodimer derivatives is the major phenolic compound
in cereals present mainly in bound form (Manach et al.,
2004, Kim et al., 2007). Phenolics and other antioxidants
found in cereals may act as free radical scavengers
(Ragaee et al., 2006) and/or reducing agents, chelating
pro-oxidant metals and singlet oxygen quenchers (Zielinski,
2002). Recently, no correlation was found between phenol
and flavonoid contents and antioxidant activity in barley
grain varieties (Sharifi et al., 2013). Malt and its products
made from grains especially barley is considered as raw
materials in industries with the highest conversion index
and thus the greatest added value (Namaghi and
Ghaboos, 2010). Over centuries, malting has been used
for promoting enzymatic activity and decomposition of
cell wall, softening the kernels, develop-ment of different
aroma, flavor, and color, producing reduction sugars, and
increasing the availability of vital nutrients of the grains.
Malting is a biotechnologically complicated process
including steeping, germination and drying germinated
malt under temperature and humidity controlled
conditions so that a friable nutrition product would be
made (Gupta et al., 2010). During malting barley seeds
are germinated to promote the mobilization of storage
compounds process. Malting is influenced by various
physicochemical factors including: barley variety, sulphur
and nitrogen content, O, and CO, content, contents of
carbohydrates, enzymes, antioxidants, proteins and lipids
of barley and steeping and germination time (Eksiri et al.,
2014). Today, malt has found a special application in
food industry worldwide. Malt and its extract are used as
sweeteners, flavorings, colorings a fermenting agent in
malt vinegar and beer brewing, malt concentrate, malto-
dextrin, maltose syrup, infant formula, coffee malt, and
some bakery products. Malt also shows medicinal
properties including lowering blood sugar level,
functioning against intestinal diseases, stimulation of
lactating glands, anti-diarrhea, strengthening hairs and
preventing them to become gray (Namaghi and Ghaboos,
2010). Antioxidants are not equally distributed in barley
grain. p-Coumaric acid exhibited the lowest amount in the
kernel center and rapidly increased towards outer layers
such as lignified huslc (Salomonsson et al.,1980).
Phenolic acids are present mostly in the aleuronic layer
and endosperm (Goupy et al., 1999). The highest amount
of ferulic acid is found in cell walls of aleurone layer being
rich in arabinoxylans. Natural antioxidants of cereals may
act as free radical scavengers, reducing agents, potential
complexes of pro-oxidant metals and singlet oxygen
guenchers. Furthermore, many natural antioxidants
present in barley exert wide — ranged biological effects
including antibacterial antiviral anti-inflammatory, anti-
allergic and anti — thrombotic effects and may also be
involved in vasodilator actions (Cook and Sammon,
1996). Polyphones identified in barley include antho-
cyanins, flavonols, phenolic acids catechins and

proanthocyanidins. Antioxidants mostly play an important
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role in malting and processing due to their ability to delay
or prevent oxidation reactions and oxygen free radical
reactions. Antioxidants such as sulfites, formaldehyde, or
ascorbate can be added into the brewing process in order
to improve beer flavor stability. Approximately 80% of
phenolics of beer are derived from barley malt and the
remaining comes from hops (Goupy et al.,, 1999). The
phenolics in barley malting include polyphenols (benzoic
and cinnamic acids derivatives), flavonoids, proantho-
cyanidins, tannins and aminophenolic compounds. All
these compounds identified as non-enzymatic inhibitors
of lipid peroxidation have been also known as having
important antioxidant and antiradical properties (Eksiri et
al.,, 2014). Thus the presence of natural antioxidants in
malting barley and screening of malting barley varieties
with the highest level of radical scavengers seem
important to produce beers with high levels of antioxidant
activity (Gupta et al., 2010). Recently, barely malt extract
was found to prevent the reduction of antioxidant
enzymes activities, to decrease the levels of
malondialdehyde and carbonyl in liver and brain, and to
improve total antioxidant capability in the D-galactose
induced mouse aging model (Qingming et al., 2010). Malt
contains various compounds of barley (endogenous
phenolic compounds) from the malting process (Maillard
reaction products) which can play significant role in
malting and brewing through their antioxidant properties
(Goupy et al., 1999). Munich-style malts melanoidin rich
atmosphere is known to have antioxidant properties that
are beneficial in stabilizing the taste of beer (Briggs,
1998). Malt processing releases inherent bound phenolic
compound and creates new antioxidants through the
maillard reaction in barley leading to increased
antioxidant activity (Baba et al., 2014). Germinated barley
can contain more than 45 mg/g dry weight as fat and
linoleic acid as the main component (50-60%). During
malting, a significant reduction in fat content could be
observed, indicating rapid degradation. Free fatty acids
produced during lipolysis can be done by autoxidation
and lipoxygenase yields highly reactive peroxide agueous
deoxygenated. This hydro peroxidase enzyme can
produce carbonyl compounds such as trans-2-nonenal
(Moll and Moll, 1986). Two ways may be used naturally
for oxidative deterioration of beer and malting method of
optimizing control: protecting antioxidants present in
barely (mainly polyphones) and promotion of new
products in antioxidants. Antioxidants are generally
thought to play a significant role in malting and brewing
due to their ability to delay or prevent oxidation reactions
and oxygen free radical reactions (Zhao et al., 2008).
Antioxidant compounds present in barley extracts are
complex, and their activities and mechanisms would
largely depend on the composition and conditions of the
test systems. In order to better understand the
antioxidant power of barley and malt, FRAP method (as a
spectrophotometric method) was used to measure the
antioxidant activity.

MATERIALS AND METHODS
Barley and malt samples

The barley cultivars were collected from the seed and plant
improvement institute which included 19 Iranian barley cultivars:
(Bahman, MB-82-12, Nosrat, Kavir, Torkman, Makoeei, Karoun,
Valfajr, Rihane, Dasht, MB-42-4, Nik, Rihane-03, Sahra, Yosef, DD-
10, Nimrooz, Fajr-30, Gorgan-4). These cultivars were collected
from the growing area of Iran and corresponding malts were
studied. All barley samples (with germination capacity above 95%)
were malted in the same way using standard malting conditions.
The following technology was used for malt production from the
tested grains: washing and steeping of grains (H,O T=17+2°C) until
moisture content in grains reached 38—-40%. Then the grains were
placed for germination. The kilning procedure occurred in six
successive steps of heating: 50°C for 12 h, 60°C for 1.5 h, 65°C for
1.5 h, 70°C for 1.5 h, 75°C for 1.5 h and 80°C for 4 h till constant
moisture content was achieved in the grains (5+1%). Then the
barley grains were held under warm and humid conditions for
several days (germination) (Jones, 2005) and also to maintain
embryo growth, enzymes synthesis and endosperm breakdown
(Gupta et al., 2010). Finally they were dried under air current
gradually increasing the temperature (kilning) for ensuring the
product stability. This method is commonly used at the USDA
Cereal Crops Research Unit described by Jones and Marinac
(2000).

Extraction procedure

Barley (or malt) was finely ground in a laboratory mill. Fifty grams of
ground sample was extracted with 150 mL of water at 45°C. After a
1 h extraction, the weight was filled up to 200 g. Then the extract
was filtered with Whatman No.1 filter paper. The crude extract was
stored at —20°C until used (MacGregor and Balance, 1980).

Ferric reducing antioxidant power (FRAP) assay

Briefly, 900 pL of the FRAP reagent (TPTZ 0.01 M: FeCl; 0.02 M:
0.1 M acetate buffer pH 3.6 (=1:1:10) was prepared daily, and 90
uL of distilled water and 10 yL of barley or malt extract were mixed
and incubated at room temperature. Antioxidant activity was
determined spectrophotometrically at 593 nm (UV Vvisible
spectrophotometer, GBC Cintra 40, Victoria, Australia) after 30 min.
A series of concentrations of FeSO, including 1000, 750, 500, 250
and 125 uM were used for construction of calibration curve and
were measured as described for sample solutions. All samples
were performed in triplicate (Ozgen etal., 2006,Jannat et al.,2010).

Statistical analysis

The experimental results were expressed as means * standard
deviation (SD). SPSS version 18 was used to carry out the analysis
of variance (ANOVA), P < 0.05 values were regarded as significant.

RESULTS AND DISCUSSION

Antioxidant activity of barley grain is not negligible. The
results of the current study are shown in Table 1. The
cultivar of barley had a significant influence on anti-
oxidant efficiency. As shown in Table 1, malt of
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Table 1. Antioxidant activity of different cultivars of barley grain and their malts.

Cultivar  Malt (Mean+SD) (mgkg™) Barley (Mean+SD) ( mgkg™)
Rihane-03 2.25%0.007 0.43+0.001
Makoeei 2.11+0.005 0.73+0.002
Mb-82-12 3.351£0.044 0.31+0.001
Gorgan-4 1.17+0.002 0.80+0.001
Mb-42-4 1.75+0.086 0.35+0.001
Karoun 0.65%0.001 0.71+0.004
Dasht 1.27+0.001 0.40£0.001
Nik 1.37+0.001 1.02+0.005
Fajr-30 1.48+0.017 0.56+0.001
Yosef 2.03+0.003 0.89+0.003
DD -10 0.98+0.001 0.32+0.001
Nosrat 1.12+0.002 1.02+0.002
Sahra 1.35+0.005 0.84+0.001
Kavir 1.65+0.002 0.59+0.001
Bahman 0.98+0.003 0.74+0.001
Torkman 1.89+0.003 0.53+0.001
Valfajr 1.31+0.001 0.47+0.001
Rihane 1.38+0.003 0.78+£0.002
Nimrooz 2.01+0.001 0.55+0.001

Mb-82-12 cultivar had higher antioxidant activity than the
others. On the other way, malt of Bahman and DD-10
cultivars varieties had lowest antioxidant activity and had
significant difference with other cultivars. Most of the
malts of the different barley cultivars had significant
differences with each other, but Nik and Nosrat cultivars
had no significant difference in antioxidant activities. In
barley cultivars antioxidant activities, Nosrat cultivar had
higher anti-oxidant activites and had a significant
difference with other varieties. On the other hand, Mb-82-
12 variety had lowest antioxidant activities. Differences in
antioxidant activity between other barley varieties were
significant. Majority of malts had higher antioxidant
activities than their corresponding barleys. The increase
of antioxidant activity could come from the development
of such non-enzymatic browning products as Maillard
products, which can also act as antioxidants, particularly
melanoidins (Goupy et al., 1999; Yanagimoto et al., 2002;
Yilmaz and Toledo, 2005; Osada and Shibamoto, 2006).
In addition, hydrolytic enzymes can lead to the release of
bound phenolic compounds, mainly the phenolic acids
associated to lignin and arabinoxylans. Besides the
synthesis of amylases, proteases and a-glucanases
causing polymer degradation, other hydrolytic enzymes
can lead to the release of bound phenolic compounds,
mainly the phenolic acids associated to lignin and
arabinoxylans (Maillard et al., 1996; Maillard and Berset,
1995). Moreover, kilning leads to more friable tissues and
probably allows better extraction of phenolic acids, mostly
present in the outer layers of the grain (Maillard et al.,
1996 and 2007). At the later stage of the drying process,

some observed increase in antioxidant activity could be
attributable to the occurrence of antioxidant substances
or phenolic compounds by thermal reactions such as
non-enzymatic browning reactions (Yanagimoto et al.,
2002; Yilmaz and Toledo, 2005; Osada and Shibamoto,
2006). Appearance of maillard reaction products during
kilning has previously been proved. It has been shown
that beers naturally contain products resulting from the
thermal breakdown of carbohydrates or from the non-
enzymatic browning reaction (Amadori compounds,
enediols, enaminones, enediamines, reductones and
melanoidins (Moll and Moll, 1986). Duenas et al. (2009)
showed that germination produced significant changes in
flavonoids and non-flavonoid phenolic compounds of
Lupinus angustifolius seeds. The results obtained
indicate that germination modifies the quantitative and
qualitative polyphenolic composition of lupin (Lupinus
angustifolius L.) seeds during the different days of the
process, with a significant increase of flavonoids. An
increase in the antioxidant activity was also observed as
a consequence of the process (Duenas et al., 2009). In
fact, germination releases reducing sugars and amino
acids. During the first steps of kilning, the water at the
surface layers of the grain is removed (the humidity falls
from 0.45 to 0.12 g/g) and the first intermediates of
maillard reaction can be produced. Then, high
temperatures and low humidity contents achieve the
extension of the maillard reaction. Caramelization of
sugars can also occur during the last steps of kilning,
catalyzed by the low concentration of organic acids
(Karakus, 1975). Ferulic acid reacts with maillard reaction


http://pubs.acs.org/action/doSearch?action=search&author=Berset%2C+Claudette&qsSearchArea=author
http://www.sciencedirect.com/science/article/pii/S0023643896900353

538 Afr. J. Food Sci.

intermediates derived from glucose and proline at kilning
temperatures, leading to higher antioxidant activity and
an increase of antioxidant properties of maillard reaction
products with heating time (Samaras et al., 2005).

Conclusion

The present study demonstrated the influence of barley
cultivar, and malting on antioxidant activity. The cultivar
of barley has significant influence on antioxidant
efficiency. Thus, this foundation can help the selection of
barley cultivars, knowing their antioxidant efficiency and
their phenolic composition. The choice of a cultivar must
take into account two parameters: the antioxidant power
of barley and its increase during malting. Antioxidant
activity of barley seems to be somewhat related to the
total phenolic content, particularly to the content of
flavan-3-ols. Thus, it could be more judicious to choose a
cultivar of barley showing a poly phenolic profile with the
most antioxidative compounds. The influence of the
kilning process was also demonstrated. During kilning,
antioxidant activity increased, as well as the content of
phenolic acids. However, more study is needed to
demonstrate factors affecting the antioxidative capacity of
barley and malt.
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