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ABSTRACT

Biscuit is gaining increasing prominence in the diet of Nigerians since most of them have adopted the western
lifestyle. It is therefore a veritable vehicle to improve the nutritional well being of Nigerians. Storage is known to
affect the quality attributes of biscuit. A nutritionally improved biscuit had been formulated from optimised sweetpo-
tato, pigeonpea and banana flour blend. This study therefore evaluated the some quality attributes of the nutritionally
improved biscuit stored at room temperature of 85% relative humidity. The moisture, colour, textural properties, ran-
cidity, microbial load and sensory properties of the biscuit packed in high density polyethylene pouches (HDPE) and
low density polyethylene pouch (LDPE) were investigated at 2 weeks interval. The water vapour transmission rate of
the high density polyethylene pack and low density polyethylene pack were 4.052 x 10-3 g/mm/day/mmHg and 6.566
x 108 g/mm/day/mmHg, respectively. The moisture content, free fatty acid and peroxide values which increased
during storage varied from 6.75 to 13.2%, 1.48 to 3.77% and 1.6 to 2.43 meqO,/kg, respectively in LDPE, while the
values increased from 6.75 to 10.35%, 1.48 to 2.83% and 1.6 to 2.37 meqO,/kg, respectively in HDPE. The L*, a*,
b*, hardness, springiness, adhesiveness, cohesiveness and overall acceptability of the biscuit decreased in both LDPE
and HDPE during storage. The biscuits stored in LDPE and HDPE were acceptable till 4 and 6 weeks, respectively.
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INTRODUCTION

Biscuit is a popular food commodity that has
gained wide acceptability among Nigerians. This
may be due to the fact that biscuits fit into the daily
busy schedule of both young and old in the country.
Biscuits are conventionally prepared from wheat
and are high in energy but low in dietary fibre.
Biscuits, may thus, present likely cases of debili-
tating diseases, including diabetes, obesity, etc in
consumers (Singh & Kumar, 2019). Preparation of
non-gluten biscuit is of particular interest to both
the consumers and Nigerian Government since it
enables the use of indigenous crops that promote
good nutrition and health. Such indigenous crops
that have been successfully employed in the manu-
facture of biscuit include cereals, legumes, roots,
tubers, etc. In an earlier study, Adeola & Ohizua
(2018) reported the formulation of a biscuit from
an optimised flour blend of sweetpotato, pigeonpea

and unripe cooking banana using a process optimi-
zation technique. The biscuit was found to be high
in dietary fibre (14.6%) and total carotenoids (151
ug/100g). However, the study did not investigate
the quality of the biscuit during storage.

Storage is crucial unit operation in the food val-
ue chain of food as many changes that affect quality
occur during stage. According to Smith ez al. (2004)
biscuit is mainly subjected to three changes during
storage. These changes are physical, chemical and
microbiological in nature. Moisture migration is a
basic activity which affects the chemical and micro-
biological changes of biscuit during storage. Ran-
cidity is a quality issue during storage as it affects
the flavour and safety of biscuit. Microbiological
changes in form of bacterial and mold attack affect
the shelf stability of biscuit. These changes have
been reported to depend on certain factors includ-
ing packaging. Various studies on the storage of
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non-gluten biscuit have revealed that the physical,
chemical and microbiological changes depend on
packaging, temperature, light and humidity, among
other important factors (Romani et al., 2015, Jan et
al., 2017 & Duta et al., 2019).

This study therefore evaluated the effect of
storage on the quality attributes of biscuit formulat-
ed from sweetpotato, pigeonpea and unripe cook-
ing banana.

MATERIALS AND METHODS

Materials

Sweetpotato (cream-fleshed), pigeonpea, ma-
ture unripe cooking banana, packaging materials
and other major ingredients such as sugar, salt,
milk, baking powder and butter were purchased
from local markets in Abeokuta, Ogun State, Ni-
geria.

Preparation of Flours from Sweetpotato,
Pigeonpea and Cooking Banana

The stages involved in preparing flour from
sweetpotato and banana were washing, peeling,
cutting, drying and milling. Pigeonpea flour was
obtained by sorting, cleaning, boiling (20 min), de-
hulling, drying and milling the grains (Ohizua et
al., 2017).

Blending of Flour

The flours were blended as previously de-
scribed (Adeola & Ohizua, 2018). Composite flour
made up of 56.67% sweetpotato, 21.67% pigeon-
pea and 21.67% cooking banana were mixed with
the aid of a Kenwood mixer (HM 430).

Biscuit Recipe

The biscuit recipe as previously formulated
was: 250 g flour, 63 g fat, 63 g sugar, 1 g salt, 20 ml
egg, 5 gmilk, 1.5 g nutmeg and 1 g baking powder.

Preparation of Biscuit

Biscuit was prepared according to the method
outlined in Adeola & Ohizua (2018). A fluffy mix-
ture of fat and sugar was obtained using a Kenwood
mixer (HM 430), after which eggs and milk were
added, during the mixing. Other ingredients such
as flour, baking powder, salt, and ground nutmeg
were added to the mixture. The dough so formed
was kneaded on a flat surface. Thereafter, the
dough was rolled into sheets and cut into desired
shape. Baking was done at 180°C for 17 min.

Shelf Stability of Biscuit

Biscuits (10 g) prepared from wheat flour were
individually packed in HDPE and LDPE packs,
heat sealed, and put in a desiccator. This was also
done for biscuits from the flour blend. Thus, four
different products were stored and analysed indi-
vidually. The desiccator was stored at 28°C with a
relative humidity of 85% in the laboratory. Stron-
tium chloride (SrCl,) was used to maintain the de-
sired relative humidity. The biscuits were analyzed
every 2 weeks for the moisture content, colour, tex-
tural profile, rancidity indices, microbial load and
sensory attributes.

Determination of the Water Vapour Trans-

mission Rate (WVTR) of Packaging Mate-

rial

About 5 g of dehydrated silica gel was trans-
ferred into a cup-like glass container, sealed using
the packaging materials intended for use in this study
and then placed in an incubator at 28°C. The rela-
tive humidity was maintained at 80%. The weight
of the cup-like glass containing the silica gel was
determined at 24 hr intervals until the difference
in mass was not more than 10% (Ojo et al., 2017,
Othman ef al., 2017). The WVTR of the packaging
material was calculated using equation 1.

dw 1

K= 5 * app [1]
Where d,./ d6, is the slope of the linear plot between
the time d6, (day) of incubation and cumulative mois-
ture gain, d,, (kg) is the weight of the silica gel in the
packaging material, A, (mm) is the surface area of the
packaging material and P (mmHg) is the saturation
vapour pressure of water at 28°C (0.378 bar).

Determination of Moisture Content

The moisture content was determined by the
hot air oven method as described by the Associa-
tion of Official Analytical Chemists (2010).

Determination of Colour

The colour of the biscuit sample was determined
using a Konica Minolta Colour Measuring System
(Chroma Meter CR-410, Minolta LTD Japan). Cali-
bration of the instrument was done with a white tile
and colour attributes [lightness (L*), redness (a*),
and yellowness (b*)] were then determined.

Determination of Texture Profile

The texture profile of the biscuit sample was
done as described by Da silva and Moreira (2008)
by using a universal texture analyzer (TVT-300 X
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PH, Perken) The measurement was taken at a test
speed of 2.0 mm per second and a trigger force of
25¢g with the sample height being 12 mm per sec-
ond. The parameters analyzed were hardness (N),
springiness, adhesiveness (N. s), cohesiveness (s),
gumminess (N), energy to peak (N. m) stringiness
(mm) and chewiness.

Determination of Free Fatty Acid

The free fatty acid content of the sample was
analysed according to the description of Kumar et
al. (2016). Five grammes of ground sample was
thoroughly mixed with 30 ml chloroform and then
filtered through Whatman No. 1 grade filter paper.
About 3 drops of 0.2 g/100 ml phenolphthalein solu-
tion were thereafter added, and titrated against al-
coholic sodium hydroxide (0.1N) to the end point
pink colour. The %FFA was calculated as shown in
equation 2.

.- . ml of NaOH*xMolarityx28.2 m
% FFA as palmitic acid = >

Weight of sample [2]

Determination of Peroxide Value

The method described by Kumar et al. (2017)
was used. The peroxide value (PV), expressed
in milli equivalent peroxide oxygen per kg of fat
(meqO,/kg), was calculated as shown in equation 3.

VeV

PV W

N x 1000 [3]

where, V, = Volume of sodium thiosulphate solu-
tion consumed for sample

V, = Volume of sodium thiosulphate solution con-
sumed for blank

N = Normality of sodium thiosulphate solution
W = weight of fat content in the 20 ml of aliquot
Determination of Microbial Load

The method described by Onwuka (2018) was
used. One gram of each sample was aseptically
transferred into 9 ml of distilled water in a MacCa-
rtney’s bottle. An appropriate serial dilution of the
nutritionally improved biscuit samples was carried
out and 0.1 ml of the selected dilution (102) was
spread on duplicate plates using a sterile syringe.
Bacterial load was enumerated by incubating the
samples on the nutrient agar for 24 hr at 32°C and
the fungal load was enumerated by incubating the
samples sabaurand dextrose agar for 72 hr at 25°C.
The count was expressed as colony forming units
per gram of the sample.

Evaluation of Sensory Properties
The method described by Iwe (2002) was

used. Biscuit samples (5 g) were served in coded
disposable cups to an untrained panel of 50 peo-
ple comprising of students and staff of the College
of Food Science and Human Ecology, FUNAAB.
The panelists were requested to rate their level of
liking of biscuits’ attributes (appearance, aroma,
taste, texture and overall acceptance) on a 9 point
Hedonic scale where 1 was ‘dislike extremely and
9 was ‘like extremely’. The evaluation was done
on each day of observation in five sessions. Each
panelist was given the coded samples and water
was provided to rinse their mouths between each
sample assessment.

Analysis of Data

Data were presented as mean and standard
deviation using SPSS version 21. Significant dif-
ferences were separated using Duncan’s Multiple
Range Test at 5% significant level.

RESULTS AND DISCUSION

Physicochemical Properties of Biscuit

The water vapour transmission rate (WVTR)
refers to the rate at which water vapour permeates
through a packaging film, and it is directly propor-
tional to water permeability (Othman et al., 2017).
The WVTR of HDPE and LDPE was found to be
4.052 x 10-3g/mm/day/mmHg and 6.566 x 10-13 g/
mm/day/mmHg, respectively. Higher water vapour
permeation is therefore expected to occur in LDPE.
Water has effect on the storability of hygroscopic
food materials as biscuit. Food packaging should
therefore aim at reducing the ingression of mois-
ture in such food materials.

Table (1) presents the effect of storage on
the moisture contents of the biscuits. The mois-
ture contents of the biscuits in both the LDPE and
HDPE increased during storage, and this observa-
tion conforms to the findings of Yilmaz and Ogiitcii
(2015). This may have been due to the permeability
of the packaging materials. The moisture content
of the biscuit in LDPE was higher than the one in
HDPE, due to the higher WVTR of LDPE. At the
end of the storage, the moisture content of the im-
proved biscuit was higher than the wheat biscuit,
may be due to the higher initial moisture content
of the former. Moisture content and water activity
have effect on the qualities of food during storage
(Sampaio et al., 2009, Takeungwongtrakul & Ben-
jakul, 2017, Nwosu & Akubor, 2018, Balestra et
al., 2019). The more available the moisture con-
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tent, the higher the activity of the spoilage agents
(Vaclavik & Christian, 2005). Foods such as bis-
cuits require low moisture permeability-packaging
so as to preserve their crispiness (Nwosu & Aku-
bor, 2018, Duta et al., 2019).

Table 1: Moisture content (%) of biscuit during
storage

(Week) HDPE LDPE HDPE LDPE
0 6.650  6.65 678  6.7%
2 7.070 735 7.07°  8.88
4 874> 927>  9.49¢  12.62¢
6 9.56c  11.45¢ 9.56¢  12.66¢
8 10.12¢ 12,644 10.33¢  13.10¢

Mean values with different superscripts within the same col-
umn are significantly different (p < 0.05).

Table (2) presents the changes observed in
the colour attributes of biscuit stored in HDPE
and LDPE. Colour is an important attribute which
arouses the appetite of an individual (Adeola &
Ohizua, 2018). It is one of the important criteria
used in controlling the process of baking (Pereira et
al., 2013). In both packaging types, the L*, a* and
b* values were observed to decrease during storage
for both wheat and improved biscuits. The decrease
in the colour attributes may be due to the increased
biochemical reactions as a result of increase in
moisture during storage which may have led to a
decrease in colour-imparting bioactive components
of the biscuit. The a* and b* values of the improved
biscuit were higher than those recorded for wheat
biscuit. This may be due to the differences in the
pigments contained in the flour samples. Pigmenta-
tion in yellow-fleshed potato is due to carotenoids
while carotenoids (principally xanthophylls) to-
gether with flavone compounds are responsible
for pigmentation in wheat flour (Val, 2000). Jan et
al. (2017) observed increase in L* and b* values
while a* values decreased during the storage of a
gluten-free biscuit prepared from germinated che-
nopodium flour.

Textural Properties of Biscuit

There were significant (P<0.05) changes in the
texture profile of biscuit during the storage period
(Table 3). Textural properties of a food depend on
the processing parameter, chemical composition
of the ingredient and the physical properties of the
food (Mesquita et al., 2013, Laukova et al., 2019).

4

Table 2: Colour attributes of biscuit during

storage

Storage Period (Week) L* a* b*
Wheat biscuit (HDPE)
0 60.62¢  4.63>  24.66¢
2 60.49bc 4,532 24 32¢
4 59.553bc 4270 24 12be
6 59.12a 4,132 23.66P
8 58.182  3.892  20.44a
Wheat biscuit (LDPE)
0 60.62¢  4.63>  24.664
2 59.33bc 4526 21.21°
4 59.34bc 4262 23,64
6 58.28% 4.000  22.44be
8 57.342 3.832  19.612
Improved biscuit (HDPE)
0 58.54¢  5.37¢  2521¢
2 53.692 5.97¢ 2252
4 56.15>  6.144  23.41°
6 61.01¢ 3.862  22.36°
8 57.74c 448 22360
Improved biscuit (LDPE)
0 58.54> 537°  2521¢
2 54722 528  22.71°
4 59.53b 519> 24.65¢
6 58.13> 4.632  23.62°
8 55.152 4.7 21.27»

Mean values with different superscripts within the same col-
umn for each biscuit are significantly different (p < 0.05)

Hardness, which is an important textural property
due to its close association with human percep-
tion of freshness, has been defined as the force
required to attain a given deformation (Harahap et
al., 2019). The hardness of the biscuits decreased
with increase in the duration of storage in both
HDPE and LDPE. Pereira et al. (2013), Morais
et al. (2018) and Duta et al. (2019) also reported
a decrease in the hardness of biscuit during stor-
age. The decrease in the hardness may be due to
increase in moisture content of biscuit during stor-
age (Qadri et al., 2018). Springiness, adhesiveness,
and cohesiveness also decreased during storage in
both the LDPE and HDPE, may be as a result of
increased moisture during storage. Harahap et al.
(2019) also reported that hardness, adhesiveness
and %deformation were positively related. Accord-
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Table 3: Textural profile of biscuits during storage

Storage Period Hardness Springiness Adhesiveness  Cohesiveness Chewiness

(Weeks) (\)) (Ns) o)
Wheat biscuit (HDPE)

0 1632.95¢ 0.930 0.98¢ 0.67¢ 293.57¢

2 2055.12» 0.84° 0.98¢ 0.64° 292.56¢

4 2066.62¢ 0.672 0.97¢ 0.64> 288.17¢

6 1790.842 0.622 0.74° 0.63 271.06°

8 1577.622 0.642 0.572 0.622 221.44»
Wheat biscuit (LDPE)

0 1632.95¢ 0.93¢ 0.984 0.674 293.57¢

2 2037.55» 0.79be 0.90¢d 0.56¢ 283.67¢

4 1805.102 0.63q 0.83¢ 0.47v 230.990

6 1449.10¢ 0.572 0.64° 0.402 224.14b

8 1414.602 0.602 0.40- 0.372 186.802
Improved biscuit (HDPE)

0 1442.55¢ 0.382 0.76¢ 0.422 222a

2 1444.12 0.4442b 0.69b¢ 0.472 294.37»

4 915.752 0.5q 0.012 0.412 201.24»

6 870.72 0.5¢ 0.0420 0.412 177.47»

8 731.152 0.62° 0.082 0.482 239.762
Improved biscuit (LDPE)

0 1442.55b 0.382 0.76¢ 0.422 2224

2 1284.954 0.59° 0.032 0.53q 402.45b

4 778.55%® 0.61° 0.11° 0.65° 312.75%

6 33241 0.720 0.012 0.63° 149.732

8 303.292 0.66° -0.01a 0.62° 125.622

Mean values with different superscripts within the same column are significantly different (p < 0.05)

ing to Hussein et al. (2018) springiness index is the
ratio of the height a sample springs back following
its deformation by the first and second chews while
adhesiveness is the amount of work required to pull
food away from a surface such as teeth and tongue.
On the other hand, cohesiveness is a parameter that
measures the sensory crumbliness and perceptions
which are related to denseness of the biscuit as well
as the energy needed to chew the food piece (Sanz
et al., 2009). The improved biscuit had lower val-
ues for hardness, springiness, adhesiveness and
cohesiveness than wheat biscuit. Biscuits with
lower cohesiveness values have been reported to
possess greater fragility (Pereira et al., 2013). For
wheat biscuit, there was a decrease in chewi-
ness during storage in the two types of the
packaging materials. However, in the case of
the improved biscuit, the chewiness of the bis-

cuit stored in LDPE reduced during storage, while
in HDPE, it fluctuated during storage with the final
value greater than the initial. Chewiness refers to
the energy needed to chew a solid food to the
point that it is ready for swallowing.

Rancidity Indices of Biscuit

Fat is a major ingredient of biscuit and its
decomposition (oxidation) during storage leads
to loss of quality such as losses in flavour, nutri-
tional value and safety (Daglioglu et al., 2004, Bi-
alek et al., 2016). Table (4) presents the free fatty
acid (FFA) and peroxide values (PV) of biscuits
increased during storage. PV is used to determine
the hydroperoxides formed during the initial stages
of the oxidation (Bialek ez al., 2016). Hydroperox-
ides often lead to the production of many second-
ary lipid oxidation products that are detrimental to

5
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Table 4: Rancidity indices of biscuit during storage

Wheat Biscuit Improved Biscuit
Storage HDPE LDPE HDPE LDPE
Period
(Week) FFA PV FFA PV FFA PV FFA PV
(%) (meqO,/kg) (%) (meqO,/kg) (%) (meqO,/kg) (%) (meqO,/kg)
0 3.00¢ 1.97 3.00 1.97 1.48 1.60 1.48 1.60
2 4.14b 2.06¢ 4,79 2.49b 1.92b 1.86b 2.500 1.83b
4 4.26b 2.25b 4.95b 2.78¢ 2.48¢ 2.03¢ 2.83¢ 2.14¢
6 4.60¢ 2.60¢ 5.27¢ 3.08¢ 2.674 2.174 3.384 2.17¢
8 4.87 2.80¢ 5.68¢ 3.39¢ 2.83¢ 2.37¢ 3.77¢ 2.434

Mean values with different superscripts within the same column are significantly different (p <0.05)

human health (Bialek et al., 2017). For wheat bis-
cuit, FFA values ranged from 3.0 to 4.87% and 3.0
to 5.68% for HDPE and LDPE, respectively while
the PV also ranged from 1.97 to 2.8 milliequivalent
peroxide oxygen per kg oil (meqO2/kg) and 1.97
to 3.39 meqO2/kg for HDPE and LDPE materials,
respectively. For the improved biscuit, FFA val-
ues varied from 1.48 to 2.83% and 1.48 to 3.77%
for HDPE and LDPE packages, respectively while
those of PV 1.6 to 2.37 meqO2/kg and 1.6 to 2.43
meqO2/kg for HDPE and LDPE materials, respec-
tively. Swapna & Rao (2016) stated that increase
in FFA during biscuit storage may be due to the
hydrolysis of fat. The increase observed in the ran-
cidity indices during storage was in accordance
with the findings of Bashir et al. (2015), Yilmaz
& Ogiitcii (2015) and Bialek et al. (2016). There
are differences in the acceptable level of FFA and

ference in the composition of the biscuits (Romani
etal.,2015).

Microbial Load of Biscuit

Table (5) reveals that the microbial load of
the biscuit samples increased during storage. This
conforms to the report of Jan et al. (2017). Signifi-
cant (P < 0.05) differences were observed in the
microbial loads. The bacterial count of wheat bis-
cuit stored in HDPE and LDPE ranged from 5.50 to
63 x102 cfu/g and 5.50 to 90.5 x102 cfu/g, respec-
tively. The improved biscuit had bacterial count of
11.0 to 72.0 x102 cfu/g and 11.0 to 103 x102 cfu/g
for HDPE and LDPE, respectively. It was also
observed that the bacterial count of the improved
biscuit was higher than wheat biscuit, may be as a
result of differences in composition and the higher
moisture content of the former. The fungal count of

PV in literature. Yilmaz & Ogiitcii Taple 5: Microbial load of biscuit during storage

(2015) reported that the level of PV of
shortening for baked foods must not be
more than 1 meqO2/kg. On the other
hand, Bialek ef al. (2016) stated that 3

(Week)

Storage Period

Wheat biscuit Improved biscuit

HDPE LDPE HDPE LDPE
(x102 cfu/g) (x10%cfu/g) (x102 cfu/g) (x10? cfu/g)

meqO2/kg is the safe level of PV for
bakery fats. Daglioglu ef al. (2004) fur-

ther stated that 10 meqO2/kg is accept- (2)
able maximum limit for biscuits and

similar products. The safe limit of FFA 4

for biscuit has been reported to be 1.5% 6
(Daglioglu et al., 2004). The ranges of 8
FFA of both the wheat and improved Fungal count
biscuits were therefore higher than the 0
recommended levels while the PV of 2

the biscuits is within the safe limit of 10 4
meqO2/kg. The FFA and PV values of 6

wheat biscuit were higher than those of
the improved biscuit for both the HDPE

Bacterial count

5.500 5.500 11.00 11.0¢
24,50 35.5 35.5 54.50
37.0¢ 59.5¢ 50.5¢ 71.5¢
47.5¢ 78.0¢ 62.0¢ 92.0¢
63.0¢ 90.5¢ 72.0¢ 103.0¢
0.50 0.50 2.00 2.00
5.00 23.5 9,50 20.00
16.0¢ 26.00 15.5 32.5¢
24.0¢ 41.5¢ 26.0¢ 52.0¢
30.5¢ 54.5¢ 32.0¢ 63.0¢

and LDPE. This may be due to the dif-

6

Mean values with different superscripts within the same column for each organ-
ism group are significantly different (p< 0.05)
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wheat biscuit stored in HDPE and LDPE ranged Table 6: Sensory properties of biscuit during storage

from 0.50 to 30.5 %102 cfu/g and 0.50 to 54
x102 cfu/g, respectively. The fungal count of

Storage Appearance Aroma Taste Texture

Overall

; - ) ; Period Acceptability

the improved biscuit stored in HDPE and LDPE  (yyeeks)
ranged from 2.0 to 32 x102 cfu/g and 2.0 to 63 <yjcat biscuit (HDPE)
%102 cfu/g. It. was also obseryed that Fhe fungal 0 203 758 76l 7.10° 7744
count of the improved biscuit was higher than
wheat biscuit. The higher microbial load of the 2 743> 7.60c 7.50° 7.10¢ 727
improved biscuit when compared with wheat 4 6322 6.3%  6.68" 6.23° 6.55°
biscuit may be due to the fact that dried sweet- 6 6.032  571s  5.81* 548 5.550
potato products have been reported to be high \wheat biscuit (LDPE)
in sugar, which encourage the growth of micro- .
organisms (Hal, 2000). There are public health 0 7030 7sse el 70 77
concerns about molds because of their associa- 2 74007200 75T 7200 7.50°
tion with mycotoxins. In previous studies, Agu 4 5.45° 5.42: 5520 545 5.458
& Okoli (2014) reported that the microbial load 6 5.42a 5.35a 5712 523 5.29a
of biscuits produced from the composite flour 1mproved biscuit (HDPE)
Qf wheat, b@nlseed and plantain was found to 0 735 674> 697 6320 7 06>
increase during storage. They reported a bacte-
rial load of 4.0 x 103 cfu/g and a mold count of 2 6.5 6.53" 643" 6.73 6.57°
5.0 x 104 cfu/g for the most acceptable biscuit 4 ST7+ 558 5.52¢ 545 STl
sample. The microbial load observed for the 6 5.452 548 558 5.65 5.558
biscuit samples during the storage period was Improved biscuit (LDPE)
within the recommended limit of 104 to 106 0 7 350 674>  7.0° 6200 7.06¢
cfu/g (Centre for Food safety, 2014, Khanom 5 637 63% 617 616 6.33
etal., 2016).

4 4.812 4.58 4772 4.58 4.452
Sensory Attributes of Biscuit during 6 4940 500 491 4.94a 4740

Storage

Table (6) shows that the mean values of the

Mean values with different superscripts within the same column for
each biscuit treatment are significantly different (P < 0.05). Scale 1

sensory attributes of the wheat and improved -’Extremely dislike, Scale 9 — ‘Extremely like’

biscuits reduced as the storage period increased,
although higher scores were given to those stored in
HDPE than those in LDPE packages. Kumar et al.
(2017) also reported a decreasing trend in the sen-
sory attributes of biscuit during storage. Significant
(P < 0.05) differences were observed in the sensory
attributes of the samples. Averagely, the overall
scores of wheat biscuit were higher than the im-
proved biscuit. This may be due to the fact that the
panelists were used to wheat biscuit. Furthermore,
Hal (2000) stated that sweetpotato-based ingredients
imparted distinct taste, smell and texture to products
which tended to make them to be marketed as differ-
ent products. This is has been attributed to the fact
that sweetpotato flour possess distinct flavour com-
ponent and that the free sugar in sweetpotato flour
caramelizes during baking (Laukova et al., 2019).
The wheat and improved biscuits stored in HDPE
were acceptable (based on the overall acceptability
scores) to the panelists till 6 weeks while the accept-
ability of those stored LDPE was 4 weeks.

CONCLUSION

The quality attributes of a nutritionally im-
proved biscuit during storage have been investigat-
ed. The water vapour transmission rate of the high
density polyethylene pack and low density polyeth-
ylene pack were 4.052x10-13 g/mm/day/mmHg and
6.566 x 1013 g/mm/day/mmHg, respectively. There
was a reduction in the L*, a*, b*, hardness, springi-
ness, adhesiveness and sensory attributes while
the moisture, free fatty acid, peroxide value and
microbial load increased during storage. Changes
in the quality attributes of the biscuit were more
pronounced in low density polyethylene packs than
high density polyethylene packs. The improved
biscuits packed in high density polyethylene pack
and low density polyethylene pack at 28 °C with a
relative humidity of 85% were acceptable to pan-
elists till 6 and 4 weeks, respectively.
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ABSTRACT

In the recent years, the industrial applications of microwaves have been popular all over the world. Microwave
heating has been applied in a wide range in the food processing such as cooking, blanching, drying, thawing, temper-
ing, baking, pasteurization and sterilization. Microwave energy has many advantages than conventional heating. The
present review aimed to investigate the heating of microwave and its applications in the field of food processing. Fur-
thermore, focus on the advantages and disadvantages of microwave heating and comparison between the traditional
heating methods and the heating using the microwave energy on the quality of the food products will be also high-
lighted. The advantages of pasteurization and sterilization of fresh juices,food fluids and other food products and their
ability to exhibit inhibition for the most microorganisms at lower temperatures than the usual heating methods have
been discussed. Also, using the microwave heat in drying food products suchas microwave assisted air drying,freeze
drying followed by microwave, vacuum drying combined by microwave and using drying by microwave combined

with the conventional drying methods were reviewed.

Keywords: Microwave, drying, cooking, blanching, baking, thawing, and pasteurization.

INTRODUCTION

Microwave was principally used for commu-
nication during the Second World War with the
development of radar. Presently, the microwave
heating had become so accepted all over the world.
Microwave oven has become one of the common
household appliances which is used for food pre-
heating, cooking, and tempering of frozen foods.
The microwave is the novel tool to attain consumer
demands for food and more easier in use and saving
time in its preparation. Recently, most food indus-
tries use microwave to heat, dry and sterilize many
food products. Microwaves have been used suc-
cessfully in many foods processing such as cook-
ing, blanching, drying, thawing, tempering, baking,
pasteurization and sterilization. Microwave heating
has many benefits as compared to the conventional
heating methods. These advantages are;speed of
heating, saving energy, short times for start-up
and shut down to reach the desired temperatures.
The heat is generated throughout the food and
has greater penetration depth. Also, about 80% or
higher heating efficiency can be obtained. Moreo-
ver, the heating is clean,noiseless and no burned
out gas is generated. It is suitable for heat- sensi-
tive food products and multiphase fluids. Other ad-
vantages include products of good quality in terms
of flavour, taste, texture, colour and nutritional
contents (Ahmed & Ramaswamy, 2007, Tewari,

2007,Chavan & Chavan, 2010, Kalla & Devaraju,
2017).

The principle of microwave heating:

Microwave is one of the electromagnetic radio
wave. The radio wave which has a frequency band
ranging from 300 MHz to 300 GHz is known as
microwave. Two frequencies (915 and 2450 MHz)
are used for microwave processing. The Microwave
heating is given by the interaction between dipolar
water molecules orcharged ions and electromagnet-
ic field. When food is placed in a microwave oven,
the behavior of food contents is different. The wa-
ter is the principle component that absorbs heat and
make food to be heated. The food which has a high
level of moisture being the faster in heating. Wa-
ter acts like a magnet. It has two ends opposite in
charge, 2 hydrogen atoms (positive charge) and ox-
ygen molecule (negative charge). So, water in food
behaves as a magnet. Therefore, when microwave
oscillate the water molecule, it will rotate due to its
different poles. This because the positively charged
end of water will attracts to the negative end of mi-
crowave. Meanwhile, the end of water which has a
negative charge will attracts to the microwave posi-
tive end. Heat will generate as a result of molecu-
lar friction due to the rotation of dipolar molecule.
Due to the strong dipole rotation of water, it is the
first component which reacts with microwaves and
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produce heat. The microwaves rotate at very high
speed of 2450 time / sec. So, the water molecules
will rotate 2450 time/ sec. The water molecules will
crash each other very fast to produce heat as the re-
sult of the rotation. This heat flows by convection,
conduction or radiation through the food to warm it
up (Fig. 1) (Kalla & Devaraju, 2017).

Magneti‘/ = [ N _
= Wa e—-
Tele Ie\:1gth

T

V777 (speed of light)

Microwave heating is very rapid and the food
products reach the desired temperature in a short
time. Cooking using microwave heating is suitable
for the small amounts of foods( Sukhwant, et al.,
1992).

The physical and chemical properties of veg-
etables are changed as a result of cooking in boil-

A Elachic Fold ing water. Also, some reduction in
o dietary components were observed
AT AT Traveling direction in cooked vegetables by microwave

heating(Sukhwant, et al, 1992, Zia-
ur-rehman, et al, 2003, Zhang &
Hamauzu, 2004).The advantages of
cooking by microwave are less loss
of moisture content and minimal loss
of nutrients of foods. Also, its speed,

~

\ r/"' / Il ! fT | !\ \ Py saving in energy and uniform heating
L i ~ wp b Tr ;’ N\ ! | ) | through the food products.Because
N A A ¢ q Pe q ! microwave heating penetrates inside

Following delay

e U

Followmg delay

the food materials, so, cooking oc-
curred internally and rapidly through
the whole volume of the food, which

Fig. 1: Microwave heating formula and the dielectric properties reduces the cooking time and energy.

of materials (Lehpamer, 2010)

Microwave travel similar to light waves. Mi-
crowave heating has some characteristics which are
not found in the other conventional heating methods.
These are: 1- internal heating. 2- select and rapid
heating 3- clean energy and uniformity 4- rapid re-
sponse and easy to control. (Figs. 2 & 3). (Oliveira
&Franca, 2002, Ahmed & Ramaswamy 2007, Mar-
ra, et al, 2009, 2010).

Microwave applications in food processing:
Cooking
Cooking with microwave is the most famil-

iar application of microwave at the entire world.

Less loss and rapid External heating,

LA 4

Microwave heating

Fig. 2: Microwave heats object internally
(Lehpamer, 2010)
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takes time and many loss

Conventional heating

Moreover, because the transfer of

heat is fast, flavour, colour, vitamins
and most the food nutrients will be well preserved
(Puligundla, et al., 2013).

Many studies on the effect of cooking using
microwave heating on the food ingredients were in-
vestigated. A reduction in energy consumption was
noted due to the benefits of cooking using micro-
wave oven for raw and soaked rice comparing to the
cooking in boiling water. The brown rice cooked by
microwave retained higher levels of protein, fat, and
ash contents as compared to steaming and conven-
tional boiling methods (Lakshmi et al, 2007). When
the legumes such as common beans and chickpeas

£

Microwave
heating

Conventional

aamesadwa |

Time
Fig. 3: Microwave heating is fast
(Lehpamer, 2010)
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were cooked by microwave, the time for cooking
was short and they retained higher levels of the
major minerals (Ca, Na, K, and Mg) and the minor
ones (Fe, Cu, and Zn) comparing with the traditional
cooking methods (Marconi, ef al, 2000, Arab, et al,
2010).

Baking

The baking process is the first commercial ap-
plication of microwave energy. At 2450 MHz, the
first bread baking was reported by Ahmed& Ra-
maswamy(2007). Baking is an important process
in bakery industry. The dough expand during the
baking process and have high volume, losses in
moisture and at the final stage the moisture loss
decrease as a result of the falling down of air cells
in the dough due to the increased vapor pressure
(Mondal, & Datta, 2008).

Many advantages are found for using micro-
wave in baking industry such as short time, small-
space, preserves nutrients and save energy as com-
pared to conventional baking. Some problems are
noted when baking is carried out using microwave
heatingonly such as tough and quite hard texture,
dry and loss of flavour and colour. Also, many
studies reported that there were some problems re-
lated to the microwave bread baking such as the
lack of crust formation, surface browning, less firm
texture, low volume, lack of colour and rapid stal-
ing. Also, some defects were found in cakes baked
by microwave such as low volumes, tough textures,
lack of colour, high weight loss (Scanlon & Zghal,
2001, Sumnu,2001).

Therefore, recently the combination of micro-
wave with thermal energy (conventional or infrared
baking)is investigated by many researchers to pro-
duce crust loaf in short time to avoid the absence
of crust formation and the brown colour of loaf
surface. The combination of traditional heat source
with microwave energy succeeded to decrease the
baking time by 50 % (Sumnu, 2001, Sumnu, et al,
2005,Yolacaner, et al, 2017)

The European soft wheat with high d- amylase
can be used with the combined process. This be-
cause the microwave heating was uniform to rise in
the whole product. Therefore, the inhibition of &-
amylase is fast enough to prevent extensive dam-
aged starch (Tewari, 2007).

Goedeken, et al (1997) reported that the power
of microwave oven should be adjusted to avoid
the water loss during bread baking. Sumnu, ef al,

(2005) reported that doughnut proofing by mi-
crowave heating can be completed in 4 min only
comparing with 40-60 min by traditional heating
methods. Also, using microwave heating in bak-
ing cookies at the final stages resulted in producing
products without cracking andhave good proper-
ties.

During the conventional baking, the conduc-
tive and radiant heat heated the products from outer
surface. This causes some structural changes in the
ingredients of the dough such as the gelatinization
of starch, denaturation of protein, increase in the
volume and crust formation. While, microwave
radiation interacts with water molecules, that re-
sults in the structure changes and water movement
(Therdthai & Zhou, 2003). The heating mechanism
in the microwave differs from the conventional
methods. In the microwave the energy absorption
results in internal heating and generates internal va-
por pressure (Yolacaner, et al, 2017).

Ahmad, et al. (2001) studied the radiation of
high- frequency and their effect on the quality of
biscuits which baked in a convection oven, fol-
lowed by baking immediately in microwave oven
for 30 sec. Baking by microwave reduced checking
in biscuits to 5 % as compared with 61% in conven-
tional baking and less affected to checking when
exposure to high humidity.

Microwave baking do not have the ability to
form browning as the conventional methods in
baked products (Chavan&Chavan, 2010). Durairaj,
et al.(2009) reported that ceramic layer is useful
in decrease the thermal runaway and enhance the
power absorption in food samples by the ceramic
layers in the microwave oven.

Some studiesfound that using microwave ov-
ens provide with infrared heating will enhance the
quality of the baked products (Datta & Ni, 2002,
Sevimli, et al., 2005). Today the most important
use of microwave heating is in the final stages of
the baking industry, when the conventional pro-
cesses lead to longer baking times (Kumar, 2015).

Drying:

The food preservation by drying process is
used for many products, especially fruits and veg-
etables to extend self-life (Doymaz, 2006). So, new
methods are used to shorten the drying time and
decrease of the consumption of energy. The ben-
efits of microwave heating are its penetration depth
and the uniform heating. Microwave drying is used
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to shorten drying time to an extent of about 90-
95%and saving energy consumption as compared
with the conventional air drying. Also, only 20-
35% of the floor is needed for microwave system
(Maskan, 2000, Ahmed &Ramaswamy, 2007).

Microwave drying of food is used in the fi-
nal stage (falling period) of drying food products
because the migration of water from the center of
the products is decreased. The mechanism of dry-
ing with microwave is different from the tradi-
tional hot air drying method. Drying food using
microwave heating, the heat is generated through
the product causing higher heat transfer. Also, the
temperature rises more faster than in conventional
drying (Gowen, et al, 2008, Chandrasekaran, ef al,
2013,Gaukel, et al, 2017).

The microwave drying cause too much high
temperature at the edges of the food products dur-
ing the final stages of drying which results in pro-
duction off flavours. So, the use of microwave dry-
ing in food processing at a commercially industry
was for drying products in the final stage of drying.
In the food industry it could be used two — stage
drying process involving conventional drying at
the initial stage using forced air followed by micro-
wave drying (Ahmed& Ramaswamy, 2007). It was
found that the drying time of banana slices reduced
by 64% when hot air drying combined with mi-
crowave (at 350 W), as compared to the air drying
method (at 60°C). The banana samples took place
a longest time in the falling rate period by air dry-
ing. Meanwhile, the samples were lighter in colour
and, the product had excellent taste, no shrinkage
and good flavour (Maskan, 2000, Chandrasekaran
et, al, 2013, Kumar, 2015).

Bouraoui, et al,( 2007) studied three different
methods for drying potato slices ( microwave heat-
ing, convective drying and combined microwave
and convective drying ). The results showed that
the drying by microwave heating producing dried
potato slices of better quality and reducing drying
time. Microwave drying at low power have a good
effect on the quality of dried apple slices. The coat-
ing material affects the textural quality of the slices
such as texture strength(Askari, ef al., 2006).

Pasta is made from semolina by steps include,
hydration, mixing, kneading and extruding to ob-
tain the different shapes then drying. The drying
step is the difficult and critical to obtain pasta of
high quality. It is difficult because the moisture mi-
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grates slowly to the surface when hot air is used.
Using microwave heating will provide a positive
moisture flow to the surface. In many countries,
pasta products and noodles are dried successfully
by microwave at 915 MHz at a commercial scale
(Goksu et al., 2005).

Szadzinska, et al.(2019) investigated the mi-
crostructural alteration, and rehydration properties
ofthe dried raspberry using drying with the applica-
tion of microwaves (MW) and ultrasound (US) and
convective drying (CV) as a reference method. The
results showed significantly shorter drying time by
54-64% for CV followed by US and 69% for CV
combined by MW comparing to CV. Also, and a
lower energy consumption resulting in energy sav-
ing of 14to 23% for CV followed by US and 54%
for CV combined with MW, as compared to CV.

Ultrasound and microwaves were applied in
drying red beetroot using convective drying con-
tinuously (hybrid processes) or periodically (hybrid
intermittent processes). The drying processes were
evaluated in terms of drying time, drying rate, and
energy consumption. Furthermore, the total colour
change, retention of natural dye (betanin), water
activity, texture, and microstructure of dry product
were examined. It was found that hybrid intermittent
drying reduces the total drying time and energy con-
sumption, enhances both the drying rate and product
quality, it was demonstrated that the hybrid inter-
mittent drying can serve as an alternative to con-
ventional hot air drying that could produce a more
porous, nice colour, and crispy vegetable products
(Szadzinska, et. al.,2020).

Microwave assisted vacuum drying, Zhang et
al. (2006) reported that the thermal efficiency has
been improved when microwave was combined
with vacuum drying. Microwave vacuum drying
was used for various cereal grains, concentration of
citrus juice and for production of grape puffs. Many
studies reported that microwave applications were
used for drying fruits and vegetables (Marra, et al,
2010)

Zielinska et. al. (2019) investigated hot air
convective drying (HACD) and microwave vac-
uum drying (MWVD) on the drying kinetics and
quality of whole cranberries in terms of texture. It
was found that drying times were shorter for the
samples dried by MWVD as compared to the sam-
ples dried by HACD. Moreover, cranberries pro-
cessed by MWVD were significantly had greater
hardness, gumminess, and chewiness as compared
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to HACD samples. Also, the texture was hard
and crispy and resistance to stress associated with
manufacturing, packaging and storage. Meanwhile,
HACD produced brittle fruits that were difficult to
store and transport and were not fully suitable for
direct consumption. Furthermore, when freezing
was followed by MWVD the overall appearance of
cranberries was improved.

Freeze drying is the method used to preserve the
sensitive food products in good quality. It needs a
long processing period and consumed great amount
of energy. So, microwave can help the freeze dry-
ing to produce food products of high quality similar
to that of vacuum freeze drying and can shorten the
drying period effectively .The drying rate in micro-
wave freeze drying of cabbage was more effective
than that of vacuum freeze drying (Kalla&Devavju,
2017)

The falling rate period in the fluidized bed dry-
ers is long drying time. However, using microwave
heating combined with fluidized bed dryers can
overcome this disadvantage (Chen, 2001, Puligun-
dlaet al, 2013, Kumar, 2015)

Using vacuum drying can produce a more po-
rous dehydrated products compared by air dried
products. Drying by hot air had many disadvantag-
es such as lengthy time and low energy efficiency.
This is due to the rapid reduction of surface mois-
ture transfer. This resulted in reducing the quality of
food. So, to overcome these disadvantages micro-
wave was combined with hot air drying (Masken,
2001, Sharma & Prasad, 2001).

Botha et al, (2012) found that when using os-
motic dehydration for drying pre- heated samples
of pineapple, they were dried quickly by using mi-
crowave at different power conditions and had a
good quality.

Carrot slices dried with microwave vacuum
drying contained high content of & - carotene and
vitamin C, also had soft texture and good colour
than that of air drying. Also, carrot slices dried at
400 W power by microwave retained about 88% of
its 13 - carotene (Mayer-Miebach, et al, 2005).The
kinetics and drying properties of potato slices were
studied using different microwave powers and vac-
uum pressure by Song, et al, (2009).

Blanching

In the blanching process the food products are
exposure to boiling water, steam or boiling solutions
containing salts or acids to inactivate the enzymes

which catalyze the oxidation of food products and
cause undesirable changes in texture, colour and
flavour of the food products. This process is an
essential step in food processing such as canning,
drying and freezing. Also, blanching serves to de-
crease the microbial load of the food products and
eliminate dissolved oxygen from the food (Maskan,
2000, Ahmed & Ramaswamy, 2007).

In general, hot water or steam is commonly
used in the blanching step in the food industry. The
traditional blanching method is associated with a
reduction in weight and leaching some nutritive
components such as sugars, water soluble vitamins
and minerals (Maskan, 2000, Ramesh, et al, 2002).

To keep the nutritional quality of food prod-
ucts, microwave blanching can be used to reduce
the leaching of nutrients in water, since it requires
little amount of water for efficient heat transfer in
food products (Ponne, et al, 1994, Ramesh, et al,
2002, Lin & Brewer, 2005,Puligundla, et al, 2013).

The advantages of blanching using microwave
compared with traditional methods include saving
consumed energy, speed of operation, no addi-
tional water requirement, precise process and faster
times for start - up and shut down. The combina-
tion of microwave heating with initial hot water or
steam could provide an excellent economic benefit.
Steam or low cost hot water were used first to raise
the temperature, then microwave heating does the
more difficult and the high cost of internally blanch-
ing stage of food products. Furthermore, blanching
by microwave will finish the blanching of the cent-
ers quickly regardless to the thick or non-uniform
sections (Shaheen, et al, 2012).

Also, when using microwave to inactivate en-
zymes (peroxidase, catalase, polyphenol oxidase
and pectinase), a reduction in time and energy
were achieved as compared with the traditional
methods. Furthermore, the bioactive compounds
were enhanced and avoid the leaching effect of
water blanching for the phytochemicals due to the
short time required by microwave blanching. The
food materials blanched with microwave include
vegetables, fruits, leaves, tubers, and mushrooms
(Dorantes- -Alvares et al, 2017, Kalla & Devaraju,
2017).

Using microwave heating in blanching pro-
cess was preferred than using hot water or steam in
blanching step because leafy vegetables can retain
its maximum green colour, vitamin C (ascorbic acid)
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and chlorophyll contents. Also, it is more effective
in retaining water-soluble vitamins and other nutri-
ents as compared to the traditional blanching meth-
ods. Microwave heating were carried out for blanch-
ing many vegetables like, carrots, mushroom, sweet
potato, peas, pepper, beet and green beans. Further-
more, maximum retention of red pigments and total
antioxidant activity were found in all the treatments
(Severini, et al,2016,Wang et al, 2017).

However, using the microwave heating can
lead to some problems such as non-uniform for
heating and distribution of the energy which causes
hot and cold points in the product (Chandrasekaran,
2013, Xiao, et al , 2017).

Pasteurization and sterilization:

Pasteurization is the process that uses relative-
ly mild heat treatment on foods. The main goals of
pasteurization are to destroy pathogenic microor-
ganisms and inactivate some enzymes in foods. It
is usual method used to extend the storage period
and shelf-life of food products to make food safe
for consumption like milk and fruit juices, where
minimum process is necessary to minimize health-
associated. The absorbed energy from microwave
causes a rise in the temperature of the food to be
high enough to destroy the pathogenic microorgan-
isms such as bacteria by thermal treatment and to
inactivate the undesirable enzymes in foods (Nott
& Hall, 1999, Tewari, 2007, Guo, et al,2017).

Pasteurization can be achieved by many meth-
ods such as ohmic heating, non-thermal technolo-
gies (UV light, high hydrostatic pressure, high
intensity ultrasound, pulsed electric field and ion-
izing radiation)( Pereira& Vincente, 2010).

Microwave destroys the microorganisms at
sublethal temperatures can be explained by dif-
ferent theories:1-The theory of selective different
heating: the microorganisms are selectively heated
to higher temperature than the fluid surrounding it
and killed very quickly. 2- Electroporation theory:
the cell membrane had pores as a result of electri-
cal potential, which causes the drainage of cellular
materials. 3- Cell membrane method: the voltage
applied causes rupture in the cell membrane. 4-
Magnetic field theory: the coupling electromag-
netic energy causes disrupted of some components
of the cell like protein of the DNA. Also, the polar
and / or charged moieties of proteins (COQO, and
NH,) are affected by the electrical component of
the microwaves and the disruption of non- covalent
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bonds by microwaves cause of speedy microorgan-
isms’ death (Kozempel, et al, 1998, Koulchma, et
al.2001).

Salazer-Gonzalez, et al, (2012) reviewed the
using of microwave pasteurization of many liquid
foods such as different fruit juices, milk, coconut
milk and sweet potato puree and they reported that
desired lethality could be obtained. Microwave
pasteurization of ready-to-eat meals has also been
found to be a commercial success in European
countries although US industries are still reluc-
tant to use this technology. Moreover, microwave
pasteurization of packaged products is possible for
different packaging materials (plastic, paper, and
glass).

It was found that pasteurization of eggs shell
by microwave can be achieved without losing the
shell integrity. Also, the inhibition of Salmonella
in the yolk of eggs can be obtained by microwave
pasteurization. About 22% reduction of microbes
was attained for microwave heating for 15 sec.
Whereas, about 36% reduction was obtained us-
ing moist heat treatment for 15 min (Dev, et al.,
2008,Shenga, et al., 2010).

Sterilization is a more severe thermal treatment
of foods. The process is designed to achieve com-
mercial sterility of the food products, giving it long-
term shelf foods. The traditional heat sterilization is
mainly carried out by heating and is characterized
by slow heat transfer and long sterilization time,
which seriously affects the quality of food prod-
ucts. Therefore, microwave heating has the advan-
tage of overcoming the limitation imposed by slow
thermal diffusion of conventional heating. Some
researchers have claimed non-thermal or enhanced
thermal effects, to be associated with microwave
heating on the destruction of microorganisms and
inactivation of enzymes (Ahmed, & Ramaswamy,
2007, Kalla, & Devaraju, 2017). To preserve fluid
foods, the process of high — temperature short- time
(HTST) has been used to avoid the thermal deg-
radation in food quality. But for solid foods, the
HTST is not suitable due to the slow penetration
of heat and overheating of the solid surface during
the time of heating. Meanwhile, heating by micro-
wave will overcome the slow heat penetration of
traditional heating methods. The heat produced by
microwave will shorten the time of heating as com-
pared to the commercial sterilization (Ahmed&
Ramaswamy, 2007, Vadivambal & Jayas, 2010).
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Sterilization of food products packed in differ-
ent materials can be achieved by using new tech-
niques like microwave irradiation, Ultra Violet light
(UV), cold plasma and ozone. Some packaging ma-
terials may migrate into food materials. Benzene
may be produce as a result of the high temperature
of microwave heating due to the leaking of some
polymers or adhesive components of packaging
materials. So, paper, glass and ceramics were pre-
ferred for using in microwave packaging (Guilard,
et al., 2010, Chandrasekaran, 2013). When maca-
roni packed in pouches with cheese were preserved
by sterilization using heat of microwave at 950
MHz, no changes in the taste, texture or flavour of
the products were observed (Esteve, ef al., 1998).
According to U.S. Food and Drug Administration
(FDA) (2019) the non-thermal inactivation effect
of microwave process on the destruction of micro-
organisms and inactivation of enzymes is not suffi-
cient to use in sterilization of all types of food. It is
recommended to include only thermal effects in the
models. The sterilization of potatoes and fish fillet
using in pouches was approved recently by the
FDA. The process was carried out by dipping the
food package in boiling or hot water and usingthe
heat of microwave at a frequency of 950 MHz. The
food pathogens and spoilage bacteria will be elimi-
nated in 5 to 8 min and the products were safe and
have good quality (Brody, 2012).

Several studies demonstrated that the applica-
tion of microwaves in the sterilization of foods is
limited due to the uneven heating of the product
during sterilization. Also, the temperature of the
product at some locations does not reach the real
temperature distribution during microwave heating.
Other researchers reported that replacement of the
conventional heating by microwave energy as only
heating source is impossible without understanding
the real heating and inactivation mechanisms, tem-
perature distribution in all layers of foods and other
critical factors. To distinguish between thermal and
no thermal effects on destroying microorganisms,
most studies used the experiments under identical
heating conditions to evaluate the inactivation ef-
fects of conventional and microwave heating. The
major drawback in the microwave sterilization is
the lack of availability of actual temperature pro-
files. Measurement of temperatures at some loca-
tions does not guarantee the real temperature dis-
tribution in the food product during heating by
microwave (Nguyen, et al 2013, Peng, et al, 2017
Michalak, et al, 2020).

Thawing and tempering;

Thawing of frozen food products is the rever-
sal process of freezing. Thawing is the process used
for change the frozen products from frozen state to
reach temperature of 0°C and be free from ice (un-
frozen state) or defrosting. Before cooking the fro-
zen foods should be thawed, to be sure that the food
during cooking is sufficiently heated to destroy
the spoilage microorganisms. When conventional
thawing methods are used, it will take a long time,
the outer surface of food product will be the first
area which rise in the temperature and results in
bacteriological and chemical deterioration. Thaw-
ing using hot air or water will subject the outer sur-
faces of frozen meat blocks to high temperatures
for a long time. Microwave heating is usually used
for thawing food products because its heat is gener-
ated from the center to the surface and the process
will be more faster than the conventional thawing
(Shaheen, et al., 2012, Kalla & Devaraju, 2017).

The heating of microwave is usually used for
thawing frozen bread. It was reported that some
bakery products thawed or heated by microwave
have low quality, due to presence of some bad
properties such as lack of browning, low volume,
flavour changes, tough, difficult to chew crumb
and bread staling after short time of heating (Sum-
nu, 2001).

The disadvantagesof using microwave in thaw-
ing process are the phenomenon of runaway heat-
ing due to the unbalance in heating and the higher
amount of power absorption in liquid parts of the
materials. So, it is important to adjust the heat pro-
duced by the microwave ovens. At commercial
practice few quantities of frozen products such as
frozen meat, vegetables, fish, fruits and juice con-
centrates are thawed by microwave heating (Kalla
& Devaraju, 2017).

The tempering process is usually carried out
at temperature below freezing point (generally bel-
low- 18°C) and ranged between -5 to -2°C, where
the water in the food product is turned to ice but
not all the quantity of water changed to ice. At this
temperature the product will be strict but not hard.
Many studies reported that complete thawing the
frozen foods completely by microwave is not prac-
tical. Therefore, tempering by microwave showed
great benefits and can be used instead or alternative
to thawing. At the tempering temperature, the tex-
ture and the product firmness are intact and permits
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further processing without causing harm. Temper-
ing is more commonly used in the technique for the
products that are subsequently required size reduc-
tion, and it is quicker than the thawing. Tempering
also reduces problems such as drip in the frozen
products and bacterial growth that are associated
with the thawing. Furthermore, it can handle large
amounts of frozen product at small cost, has a high
yield, and is accomplished in small spaces with no
bacterial growth compared to traditional tempering
techniques either with water or air (Chizoba ef al.,
2017).

In many times it is not important to com-
plete the thawing to save energy, the time will be
shorter and obtain products of good quality. The
frozen meat is usually found in large pieces. So,
in order to cut and slice the frozen meat, it should
be tempered firstly. Therefore, the pieces will be
tempered from the hard state to a temperature to be
easier for cutting without damage the product. The
temperature used for tempering will be according
to the shapes of pieces, the method used for cutting,
slicing and the composition of food product such as
moisture, fats, and proteins. Traditional tempering
methods usually use hot air and water; in this case
the meat surfaces from outside will subject to high
temperatures for long periods until the heat reaches
the center of the product. Tempering microwave
has been carried out for frozen foods such as fish,
meat and poultry either in different methods such
as batch or continuous systems.

The advantages of microwave tempering are
handling large quantities of frozen products, low
cost, occupy tempering of bulky products due to
its deeper penetration in the product as compared
to the frequency of (2450 MHz) (high band)
microwave(Ahmed& Ramaswamy 2007, Shahen, et
al., 2012, Kalla. & Devaraju, 2017).

The main advantages and disadvantages of
microwave heating:

In conclusion, microwave heating presents
some advantages and disadvantages in comparison
to the conventional techniques as reported by some
researchers (Salazar-Gonzaler, et al., 2012,Chan-
drasekaran, et. al., 2013, Kumar, 2015, Kalla &
Devaraju, 2017, Szadzinska, et al., 2019).

The advantages:

1- Faster heating: the microwave heat generates
with high heating efficiency (80% or more
achieved).
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2- The heat is generated throughout the food and
has greater penetration depth.

3- Shorter processing time: it uses about a quar-
ter of the time used in the conventional heating
and requires short times for start-up and shut
down to reach the desired temperatures.

4- Better quality of processed food products: the
target temperature reached quickly due to the
high heating rate, thus reducing the harmful ef-
fects of thermal heating on the food and it is
more effective in retaining the nutrients com-
ponents of the food products.

5- It is suitable for the sensitive, high viscosity,
and multiphase fluids.

6- It is safe to handle the packed foods after mi-
crowave pasteurization.

7- Ease of operation, small space requirement,
and low energy consumption (high efficiency),
reduction of noise levels, and low maintenance
cost.

8- Environmentally it is clean energy, and does
not produce toxics gases or any pollutants
wastes.

The disadvantages:

1- The microwave ovens usually use electricity,
which is high in costs.

2- It is much expensive to build long towers.

3- To obtain high quality food products, it needs
qualified engineers who have experience to de-
velop this novel technology for using at indus-
trial scale.

4-  Microwave heating is not suitable for bread
baking because bread staling may occur quick-
er as compared with the conventional baked
methods.

5- Microwave drying usually is used only in the
falling period of drying many products.

6- Applying microwave heating in drying of some
food products may cause too much heating at
the edges and corner of the products resulted in
off-flavours and unacceptable taste.

7- In order to use microwave heating in the drying
of food products, it should combine the drying
by microwave with the traditional drying meth-
ods to achieve products of high quality.

8- The non uniform temperature distribution, re-
sulting in hot and cold spots mainly in solid and
semi-solid products.
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ABSTRACT

In this article, the Milling Damaged Starch (MDS) in discussed in terms of formation, structure, functionality
and its effects on the quality of baking products. The MDS is different from native starch regarding granular struc-
ture, crystalinity and molecular degradation. Such a diversity is responsible for the different functionality of MDS.
So ,gelatinization ,pasting properties , in vitro enzymatic digestibility of wheat flour containing high level of MDS
vary considerably as compared with their counter parts properties in wheat flour containing low MDS. This article

discusses all the aforementioned information.

Keywords: Damaged starch, structure, gelatinization, functionality, baking quality.

INTRODUCTION

Due to forces (friction, shear, collision and im-
pingement) applied on wheat kernels during mill-
ing , breaking of starch granules occurs , resulting
in formation of Milling Damaged Starch (Suki et
al., 2016, Zhang et al., 2019).

The MDS level in wheat flour affects consid-
erably the baking quality of bread. Such an effect
can be attributed to the elevation of both water ab-
sorption capacity (WAC) and rate of enzymatic hy-
drolysis in MDS as compared to the native starch.
In other words, moderate MDS level could be im-
prove dough quality, on contrary to high MDS lev-
el which leads to starch dough as found by Barrera
etal., (2013) and Wang et al., (2017)

Recently, numerous researches have targeted
at uncovering the diversity in structure, physico-
chemical and functionality of MDS (Hackenberg
et al 2016, Ooms et al, 2018). Meanwhile, Wang
& Zheng (2020) published an extensive review on
MDS in terms of generation, measurement, func-
tionality along with its effect on starch-based food
systems. The present article summarizes the effect
of milling conditions on MDS and thereby its effect
on the quality of baking products.

Factors affecting formation of MDS

Quality of wheat kernels, flour coarseness
and milling conditions are the main three factors
affecting formation of MDS. Harder wheat grains

possess higher MDS than the soft ones. This can
be attributed to the requirement of stronger mill-
ing force to destroy the tightly structure of starch
grains belonging to harder grains. Consequently,
the damaged severity increases (Makowska et al.,
2014, Abo-Dief, 2020).

Wheat flour contains starch in a range of 78-
82%. The level of MDS depends on hardness of
the kernel as well as grinding severity as reported
by Scanlon et al., (1988).0Obviously, more grind-
ing energy is required for hard grains to mill en-
dosperm into flour (Posner & Hibbs, 2005, Abo-
Dief et al .,2019)

It is noteworthy that MDS content affects the
quality of flour. Wet gluten along with MDS play
a pivotal role in determining dough and thereby
bread quality. According to Wang & Zheng (2020),
higher level of MDS and lowest gluten content (by
hard milling) causes a dilution of gluten network
and consequently reduces its ability to holding
more water. The wide variation in the amount of
MDS in wheat flour can be attributed to the tem-
pering conditions and process of reduction during
milling. Notwithstanding, it was reported that the
flour physical properties including colour, particle
size and MDS are influenced by each of the follow-
ing factors: wheat quality, milling system (Barak et
al., 2014, Rahil et al., 2015, Sakhare et al., 2015).

Leon et al (2006) found that Properties of
bread during storage is controlled by higher level
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of MDS. This effect is a result of lowering starch-
gelatinization enthalpy (AH) and higher melting
enthalpy of amylase-lipid complex.

Compared to dry milling, wet milling could
better ensure starch granular integrity as a result
of absorption the heat generated through milling.
Such an effect is due to the excessive water addi-
tion. Accordingly, hindering the temperature eleva-
tion and decline MDS (Ahmad & Rajab, 2018).

Abo Dief (2020) found that prolonging the
period of tempering to 36 hr at 12C° resulted in a
decline in the level of MDS for Australian and Rus-
sian wheat. This can be attributed to the lower tem-
pering temperature which lower water penetration
within the wheat grain and thereby required longer
time until the endosperm becomes moist. So, the
starch granules become more resistant to pressure
and shear forces applied by milling rollers as a re-
sult of extending tempering period to 36 hr.

Structure of MDS

Granules of MDS are rough, distored and de-
formed. The greater MDS level is, the rougher and
more irregular and distroed starch granule is (Bar-
rera et al., 2013, Sakhare & Inamdar, 2014, Wu et
al.,2018).

Scanning electron microscopic (SEM) exami-
nation was used by Abo-Dief (2020) to illustrate
the effect of tempering conditions (tempering and
time) along with milling systems on the appear-
ance and size of starch granules. The photographs
showed that the hard milling gave more damaged
starch, cracked flatted or less rouned for the flour
of the two cultivars (Australian and Russian) than
that of normal milling (Figure 1 and 2). Also, the
tempering at 12C° had generally some effects for
different tempering times being less pronounced on
the appearance of starch granules. Such n effect can
be explained on the basis that the amorphous am-
ylose, like a flexible mechanical plasticizer, could
absorb excessive shock and cushion the destruction
of amylopectin crystalinity via external forces in
starch granules, and thereby alleviating the particle
size reduction (Liu et al., 2018).

Functionality of MDS

Generally, a decreasing of tendency in both
gelatinization temperature and enthalpy (AH) could
be traced as a results of high MDS level (Shi et al.,
2016). This phenomenon can be attributed to the in-
creased disorder in crystalinity structure of starch,

24

which in turn reduces the energy required for ge-
latinization. Obviously, moisture content plays a
pivotal role in gelatinization of MDS (Liu et al.,
2018).The MDS often has lower viscosity, which
results in fragile surface of broken MDS when they
get swollen during gelatinization (Tan ef al., 2015)

Regarding water hydration property of MDS,
the higher the milling severity is m, the greater the
MBDS solubility is (Dhital et al., 2010 & Liu et al.,
2017). The point of interest is that the MDS has
augmented rate of in vitro digestibility, on contrary
to native starch. It was reported that higher MDS
could be result in greater digestibility percentage.

Effect of MDS on baking quality

The MDS plays a key role in determining the
quality of baking products. For instance, texture of
these products is influenced by MDS (Liu et al.,
2019)

Bread produced from flour has high MDS
level gives loves of low specific volume (Hacken-
berg et al., 2016). Due to the high water capacity of
MDS, enzymatic hydrolysis is reported in addition
to lowering the formation of fermentable sugar and
consequently dimishing the amount of gas gener-
ated during fermentation (Hackenberg et al., 2016).
In other words, MDS may cause disruption of glu-
ten network. Such an effect lead to poor ability of
dough to hold gas. Moreover, it was found that
MDS has effect on colour of the baked products
and accordingly affects the appeal of consumers
(Vouris et al., 2018).

Use of wheat flour containing high MDS was
found to diminish the diameter of cookies. This can
be explained based on the MDS which leads to stiff
dough (Barak et al., 2014, Mancebo, et al., 2015)

In a conclusion, MDS plays a pivotal role in
determining quality of wheat flour and subsequent-
ly the baking products made from it (Abo-Dief,
2020, Wang & Zheng, 2020).
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Fig. 1: Effect of tempering conditions and hard milling system on starch appearance for Australian
and Russian wheat flour
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Fig. 2: Effect of tempering conditions and normal milling system on starch appearance for Austral-
ian and Russian wheat flour
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