CHAPTER V

EFFECT OF PACKAGING MATERIALS ON TEXTURAL PROPERTI %Si
WATER ACTIVITY AND MOISTURE CONTENTS OF SUNNAH Cl@

BAR UPON STORAGE s

5.1 INTRODUCTION VY.

Recent discoveries have shown that changes in dietary habits 'fesYe-and lifestyle of

consumers influence nutritional requirements and nutrie e; heflge, j’ealthful

| ]
plus wholesome diet is imperative to fulfil the essent@reme s of urax‘igedy
(Mendes et al., 2013). Grden et al. (2008) reported tiat cé alg e on%ﬁ?: most
ieny® a

advanced RTE products due to their natural ing néxthe Whol@ggness that

makes them make a positive contributio yhan hea er@(%ars with the

Y

sddition of Swmah foods can supply eG‘)'al additIep In @, proteins, fibre,
' 0
on

lipids, minerals and vitamins. Cor ceredls “plaga crucial role in the

A

1
inhibition of protracted illnesses 1 : rtabe ) colc@,‘tal Eaiicer Gt Coreals nre
(

also considered as main func@wr& . mo 2l food industry (Mckevith,

2004; Charles & Louise,&h Q %
N
Y,

¢
RTE breakfast cerea% theif pro cto‘p ?(ﬂn a significant function in the human

&

NS
diet through prei le agfl ﬁical‘émstance to the human body; they are also
regarded as onomically viabl@ge of nutrients (Paul et al., 2010; Gretchmen,
1995). ers want wholesome (healthful), convenient, tasty snacks that satisfy

huseer Qwickly until the next meal (Burn 2007). Cereal bars are food products that
match these criteria and have continued to rise in sales according to ACNielsen

Market Track (Burn, 2007). Consumers are searching for bars with a balanced
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nutritional profile of calories (energy), lipid, protein, carbohydrate along with

vitamins and minerals, including fibre (King, 2006).

Cereal bars are among the convenient and RTE products dominating larger @
the consumer market. They satisfy the hunger and also provide evi @s -
excellence source of nutrients; hence, a suitable system of alternative r atherine
& Johnston, 2012). Ananthan et al. (2012) affirmed that diets baseNhole cereals
are increasing daily because of their numerous health benefits ted W1th them as

they are an excellent source of antioxidants, vitamins and di fib

The nutritious energy bars are gaining more signific N ac.c'e Uy X th; L
ars

market in recent years and now the market is presema . dwerse

names. The various brands of bars offered i 1 t d
attributes and consumer attractiveness/ peal
granola bars, organic bars, muffin bars beys, frui ﬁlle&c’byrs etc. (Ananthan et
, 2012). Cereal bars are regardm SI goé%{utrltlonal and sensory
&

features because of their h ;ents a%ohy&@(es Aneidls Drsteins and

4
vitamins (Estevez et al., 2 ' \ 0

3
\‘9

Many reports have a m th “731)0 n orporatlon of fruits in cereal bars, in

this study; Sum% ar b mg 1 rpﬁéd to enhance the nutritional value of the

b St e extremey '@‘Trlsmng and their significance for human

/:

healthm eferenced in the Holy Quran (Awan & Sohail, 1999). Flesh Date fruit

<«

(10 ms 73.50g carbohydrate, 2.30g proteins, 1.50g ash and 0.20g fat. The
dates®80 possess vitamins A, By, Bz, C, mineral elements, nicotinic acid and folic
acid. They are regarded as excellent basis of energy majorly because of the presence

of significant quantity of voluntarily digestible carbohydrate (Al- Shahib & Marshall,
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2003). The nutritional benefits of dates and other Sunnah foods cannot be realized

unless the developed product is liked by consumers.

Nanjundaswamy et al. (1976) stated that diverse fruits are being utilized to
fruits bars; they are expedient, and entice all generations to meet their mwbtem
and energy. Estevez et al. (2000) stated further that granolas contain T cereals,
fruits and legumes as a key ingredient together with chocolates coatm uts or chips.

The confectionary industry has made use of date paste as onesi gnaul ingredients,

reported by Alhamdan & Hassan (1999).

The growing/rising request for high quality RTE f with 10 o elf’]i\‘;%, has

introduced the formulation of several composite fo

various textures. Moisture movement is a @N

systems that involve no less than two ph es wi ' T

closest. It has been noted by researcher % ataf) dif 5 fro@i&e ‘wet’ phase to the
‘dry’ phase; this diffusion leads to eve an eé%l the organoleptic and
microbial quantity of the co g;od Ienc ke@lon in the shelf life of the
RTE foods (Labuza & 19'9 est é?al 2002). Researchers have
initiated methods to p ct llty, “\‘étl the multicomponent food systems
from their origin c 10ns\£§aurle, 2005; Ross, 1975). Roca et al.

(2006) observgda t ir Sttﬁ tfvat igration in food products is the result of a
NV .

number 0 \ ing moisture trans'p%’t mechanisms, improved by the complexity of

the fi ure and its components such as the interaction of water with the food

jtuets (Zogzas et al., 1996).

Shelf-life is usually defined as the time during which a food product remain safe,

comply with label declaration of nutritional data and retain desired chemical, sensory,
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microbiological and physical characteristics when stored under the recommended
conditions (IFST, 1993). Hence, to evaluate shelf-life objective indexes related to
nourishment, microbiological or physicochemical attributes of food haye e
typically measured (Wansink & Wright, 2006; Cardello, 1995). Labu @ybist
(2001) stated that shelf-life is a function of environmental facto&

ime and

vulnerability of product to quality change. Vz

Chemical, physical, chemical and biological changes that rzrothout the food

chain generally lead to product deterioration and t changes™gQi in time
L ]
L Ny
compromise nutritional, microbiological or sensory qua In mapy *t&banges
in sensorial attributes arise generally before any N co 1&1 Aealt: reached

Yn

(Lawless & Heymann, 2010). Hough (20&M ed ‘qlat the shelif-life of most
S

&

foodstuffs is reduced by deviations in th ory attigutes. cise forecast of

shelf-life is indispensable to consur m r rs.djéerease in consumer’s
éing

[|]

[}
h®ajthyJfood ﬁtions require inter alia,
. AN
safe, convenient, fresh and syperNgf qualityfoo (I @ et al., 2012).
&) sy’ £
ere

According to Lovedaywl. (i 2 &A substantial time lag between
%

apprehension on healthy eating ar

10n; this od, the product is transported and

manufacture and CO\ |
® (,)
€ a tﬁ‘n

~f&&}f:veral chemical, physical and biological

stored. In the CQ the fstosag
reactions 0 Ventil Si“@ﬁleously. These reactions at times lead to
n 0

. V .
negative\ n quality as b@erved by consumers. Shelf life, according to
Loy nl. (2009), is the length of time for which a product can be stored prior to
@arance of the first characteristics that consumers find unpleasant such as tough

texture. Cereal bars 1s an intermediate-moisture food; they generally have water
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activity in the range of 0.60-0.90, Roos (2001). This water activity is low enough to

prevent the growth of most spoilage microbes (Jay, 1996).

Cereal bars are usually packed in metallised polyester films; they have a li l@f
life of three to four months (Ananthan et al., 2012). Loveday et al. (2(@% that
the shelf-life of a protein bar is often reduced by the development owgh texture
that consumer find unpleasant. The hardness development in prot h bar may be
attributed to the movement of moisture in addition to fi mi most ordered
secondary structure and lowering of surface hydrophobic f pr ew.es Zhou
et al. (2008) proposed that hardening resulted from thio Ifide inte allg&fg?c:lon
during storage of cereal bars. Baier et al. (2007) ci t m{ 1gras5. acted as
a driving force for the hardening of protein % 1%1d source of

the migration was not specified. Baier et N

bars changed markedly during storag:%e ;t' ctured stress.

Researchers have noted that RTEN rone 1pid oxidation, regardless

of fat content; they de %anderlle ;ial/ nd odour, reduced sensory
urin

assessment, nutritional lity an(i

orage (Forss, 1995; Esterbauer,

1993: Kubow, 199 11 se reagh Imalt*?ﬂ% product unpalatable. It is therefore

imperative to Q € sll/lf atf:i ~&rﬁservation of RTE foods through proper

packaging. P:%lg p]&s mpm§function in assessing the foods’ shelf lives

_ > . .
foods b t functions as ox}%%’s barrier cum loss/gain of moisture in foods
(K 08 Sharma et al., 1990). Choosing a suitable material for packaging is
ortant to guarantee utmost product quality throughout storage to inhibit lipids

oxidation (Seacheol & Zhang, 2005).



In this context, Sunnah cereal bar containing glutinous rice flakes as the main cereal
ingredient, dates, figs, raisins, saffron, habbatus sauda and binders (honey and glucose
syrup) was developed and shelf stability was evaluated in metallised polyesN 1,

(MP), aluminium foil (AF), polyethylene terephthalate (PET) and Nylon Qily ide)

under ambient temperature conditions for 120 days, which should be e to detect
any reactions in the formulations. Thus, this research aimed tN'Westigate the

influence of different packaging materials on 120-day sto mh' cereal bar’s

quality. \d.
| SF
5.2 MATERIALS AND METHODS , Y'-\
Yv N
V \

5.2.1 Sample Preparation Q‘ X
& E

The glutinous rice and other ingredients: glmgrukhon thl Qd fruits (dates,
figs and raisins), black cumin and saffr % par%a T , Nilai, Malaysia.
%f

o
All the chemicals used for the study& analsigalfeage §%ade,

Y| s
5.2.2 Preparation of puffed% s rice | 0-

0
Puffed glutinous rice wa Md z@bed i@apter 3 of this thesis.

)
¢
5.2.3 Preparation oiwd glitinod rice 5;231 bar
3 m) N
The preparati wecn descgBedfin c@ter 3. It followed the same procedure used
0

o
by Freitas WI tti (2006) with modWication.

2.48gexure Profile Analysis (TPA) of Sunnah Cereal bars stored under

5
differcit Packaging Materials

Hardness and fracturability of the Sunnah cereal bars were determined freshly and at

the end of 120 days of storage using Texture Analyzer (Model TA.XT2 plus, Stable
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Microsystems, Surrey, UK) with a 25kg load cell. The Texture Expert programme
version 6.0.3.0 was used for data analysis. It was carried out in accordance with Piga

et al. (2005) with slight adjustments. Textural determinations were carried @e

six formulations (Table 12, chapter 3) of the Sunnah cereal bars by usi e set

with knife edge for a cut test (model HDP/WBR), a 4mm diameter_3-point bend rig

or bend tes del P/4), (Table 16). z
probe for bend test (mo V

The bars were bended to determine structural properties sapt irfide or on the

surface of the samples. The samples for the bend test posjtio ntrally on
L ]

o Ay
heavy duty plate form under the three-point bend rig pr TA - 45. ]’)aﬁq 1l and

the probe were together standardized before the tVnna@ ars sg&.ted were
{1cm in length and 1.50cm thick, in ordetwe st?ﬁdar ed ples. Textural

ter @ig stored in four

determinations were carried out on the s mulatio

different packaging at day 120. Mea %&t %f%s 0 El;)éé‘unnah cereal bars by
"]
ESUS t1 S on(ﬂ&te highest force (g) was

\

bending involved plotting force
testfand imum distance was termed

used an indicator of har essqor ben I

fracturabilty of the cere‘l{arsaiguw 1‘6@/

Texture protile anal@s me ccor, to the typical TPA curve as reference
P S

(Figure 10a & @ i n n"teQ;Jit uses the principles of compression. It is

also called w

s =T,

Alf§c
N\
tative{e At trigsato imitate the action of the jaw by compressing

the san

>4
w ce twice in an exc'h‘;age motion hence it is called the “Two Bite Test”.

ime-time curve obtained from TPA provides several textural parameters

(¢¥
—_

< identified to correlate well with sensory evaluation limits.
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Table 16: TAXT2 plus settings for comparison of texture (hardness and

fracturability) of differen

(TA - 45)

t formulations of Sunnah cereal bars by 3-point bend probe

Mode:

Measurement force in
compression

Option:
Pre-test speed:
Test-speed:
Post-test speed:
Distance:
Trigger force:
Tare mode:

PData acquisition rate:

Return to start

1.00 mm/s

3.00 mm/s z l

10.00 mm/s \d
™

8.00 mm \Y-
50g é P J 'Y.g'?
N

E""

i

FOR

TIME ——#

S
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Figure 10b: TPA calculations for Texture Expert Software

Force Texture Profile Analysis calculations for Texture Expert Software \:
' Pos, %

Test Speed . i
D * >
1st Compression Ist Withdrawal = Wait  2nd Compression | 2nd Withrawal
Fracturability is the force at t Hardness is the maximum force ;
h the 1stpeak (Force 3 in the | /,/"‘/ of the Ist penetration (Force 2
TPAFRAC.RES results file) in the software's TPAFRAC.RES
results file)

le in the soffware's
W results file
T

Note that the probe
to and waits at the point W
first encountered
force on the 1st Com@ressi

WS

Length 1

¢ 4
—

Springiness = Length 2length 1
Gumminess = Area 2iArea 1\ess (Forc ; % Gununiness * Length 2Length 1

From the first and sccon%, el
peak force. Sample:\&re
¢

significant peak in “urvg on

% Y
probe, the fo% leasgtl_an ?1 adhgstve value may be obtained; this depends on

o

the intens " the adhesion i.e. @ness of the sample to the probe. The distance

over W is stickiness occurs is a sign of the stringiness of the product.

chf life study

For the shelf life study of Sunnah cereal bars, each of the six formulations of the bars

were packaged manually in four different packaging materials (metallised polyester
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film, aluminium foil, polyethylene terephthalate and Nylon (polyamides) and stored
under ambient temperature conditions for 120 days. After which the texmantures,

moisture contents and water activity of the formulated samples were measured.

4

Water activity of the Sunnah cereal bars was evaluated by the water activif ab

Ko

Decagon, USA). The bars were placed in the disposable cup of the metr placed

&

in the water activity metre. The sample chamber lid was sealed over mple. The

water activity was then measured after about 10-15 minut az The Fisistirs

contents of the stored samples were determined as described 1 apte 3wtudy'

|5
5.3 RESULTS AND DISCUSSION
; , VY.

5.3.1 Textural attributes of Sunnah cereal barsVz ‘1

The texture analyzer mimics the human chemm Qm S t-h\ nderness of a
Ajooa%ne of the most

food product, an important sensory fedwye kilx

q
important characteristics 1s texture; iwémines 1 fe&ﬁﬁte and suitability of a
Yv N
food produce by the consumt. T two njost %qif@ texture parameters were

studied. They were hardneSthe i T&( a f{ uring the first compression;

-

d to,@)mble a food sample when placed

—
(€]

o)

Y]

first bite. It 1s also knm@e fe

d ,%nd acquR éﬁ second parameter, the degree of

on a 3-point ben o
\ .
deformation whw:d of ?mt bt& rig; a measure of the level of fracture
L

failure unde ession (Rehman @2012; Foster et al., 2011).

i,

Theragy MO significant difference (P>0.05), (Table 17), among the different

4

pack My materials/different formulations. It showed that the samples with the

highest contents of Sunnah foods had the initial maximum hardness (509.27g) and

(488 67g). The results were comparable to the results obtained in the work of Rehman



122

and his co-rescarchers (2012). They obtained hardness that ranged from bet
etween

315.58 and 420.52¢. The hardness results of this work varied between 447.50 and
.50 an

=

509.27g. It could be concluded that the hardness values were directly proporg R.
0% to

the amount of Sunnah foods used in the formulations. However, decreasi %
nggr was
observed in the study of apricot- -date bars b
y Rehman et al. (2012). M
n value of
hardness was obtained in the apricot-date bar with minimum a t oF d
ruits an

vice-versa. The difference in the observation could be olwtra d to th
ced to the

difference in fruits used for the study and the binders us e Wor f
O man et

al. (2012). o
| S

Table 17: Hardness (g) and fracturability (g) of fres 0 u S 1al
1

Parameters C O
AE
BN P)S

(g)
n S
Hardness 509.27" 488. 67“\ s 50 o 9 {?/\-488 63*  486.0
. .07°

\
( a
‘,,8@8 41.93*  45.01°
d c@ﬁns do not differ by Tukey’s test

&

N

\ f' (')C/
ho

a 0g, Llycose syrup — 70g), B (Sunnah foods —

A (Sunnah food% &
450g, honey % ucogp § 3 @ C (Sunnah foods — 300g, honey — 100
glucose SY28 i OdSVOOg’ honey — 50g, glucose s’yrup - 140g), f]:::’
(Sunnah ] 150g, honey — 10 ucose syrup — 70

g), F (S5 )i B
ucose syrup — 140g)_ (Sunnah foods — 150g,

honey é’.
Thechss of the Sunnah cereal bars in this study, (Table 17) was lower than th
r than the

obtained in the work of Shaheen et al. (2013); they evaluated th
) (% e

/‘

=

Fracturability 41 41

Means followed by the §
(P<0.05).

amounts

physicochcmical characteristics of date based fibre enriched fruit bars. They obtained
: obtaine
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hardness values that ranged from 1307.40 to 2368.90g. Different fruits were added at

the same amount in their formulations. It was ascertained in their study that the

sample with no added fruits had the highest hardness while the sample with v@

fruits had the lowest hardness. This corroborated the observation that :hn of

varieties of Sunnah foods reduced the hardness of the Sunnah cereal . This was

the reason the hardness of the cereal bars in this work were lower téghog? obtained in

their study. T '

Munhoz et al. (2014) reported that high hardness values cer lwgre not

Ng

usually related to the low acceptability of the pr evalbat b’/ &‘T?sory
2 4

evaluation. Usually, cereal bars being a product thw prepare flgyyc.ontent

Jed to the product that was more dense and h@tas gf‘M ti (@ S -

further hardness did not infer that the prmw ower pt.a\,Q_ The panelists

ave the best texture scores for fort tia (&%jed(gq the Snstrumental
g P

analysis as indicated that the sampw avera ture .50 g) tended to be a

o
Jittle bit softer and more likget by e cons,ner I\i[u@et al. (2014) reported that

cereal bar containing boco%o ail g S ot{é{MN and 117 481 £or Hheie fwo

[¢']

twe e forces exerted by the texture

O

!
r&atég)a result of the diversity of structures in

formulations. The vaa\t& ob

@
analyzer to break eSSt 1ah gereal

—
=
o
o
=~
c
=t
5
e
=
o]
2
=2

d ¢ j ric ack cumin, dates, figs, etc.). Freitas and

Moretti (‘)Aatcd further cerea.@es had a heterogeneous mixture structure with

\

espe shape and size of ingredients. There were also variations in thickness
£ :

@*cngth of cereal bars, thus the variations in the hardness of the bars.
a

Comparing with other studies, the result of hardness obtained in this study was lower

than the results obtained by Aigster et al. (2011) who formulated resistant starch-
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supplemented cercal bars and obtained values of 908g and 1492g for the two
formulations in their study. The hardness levels were different because of the
ingredients used. Resistant starch cereal bars undoubtedly presented higher, V;W
than Sunnah foods used in the formulation of bars in this study. Sun-Water %t al.
(2010) claborated cereal bars with apple DF and inulin. The force exe to panetrate
the apple DF and inulin cereal bars were 61.72N and 44.05N, respewz Tnulin, like
honey facilitated the reduction of cereal bar hardness. hiw apparent in

formulation C hardness and fracturability, 447.70 g an - o re%y_ The
fracturability of formulations A, C and E, also follow%wis trenfl. T ilf_i &
observed in the hardness of Sunnah cereal bar% hose gdgve ed\,w S
Waterhouse & collcagues (2010) could be traw he bind%x;ed. The
apple DF and inulin in their bars reduced tl\‘@ss of the (S®%Vaterhouse, ot

al., 2010). ‘é) GA\? (;\(\
Q-
le

7]
pathare et al. (2012) in their worl\

d th har s values of their bars
N
ranged from 56.00N to 284.0N. differgnce 1 h.ar@ values when compared to
i $ethod of their bars by fluidized
the Sunnah cereal bars Waglrace to roguctiol hod of their bars by fluidize

bed granulation (l’illhi\& 2%, Bis prajsﬁ had a great effect on the level of

I
the hardness. Souz % (20 ).fO luwte&ja'zluten-free cereal bar with whole flour

\ .
of pscudo-ccr% cultags ey obémed values of hardness that varied between

19.64g angd ey The hardness \@wersely proportional to the amount of puffed

real é the formulations. The hardness of the Sunnah cereal bars in this work
gere

flowcqehe same trend; it ranged between 509.27 g and 447.5 g.

In other words. the hardness increased progressively and proportionately with the

erease of cereal compositions; this corroborated with the work of Enriquez et al.
INCred.
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(2003). Hardness and fracturability are characteristics of high importance in
determining cereal bar quality parameters. Maximum hardness and fracturability of
protein date bars developed by Nadeem et al. (2012) were 2887.31g and 74. 7

respectively. The v alues obtained in this present research were lower than qﬁ

obtained by Nadeem & co- -researchers (2012) because the proteinous compone had a

greater effect on texture of food products (Loveday et al., 2009). Z%Zal. (2008)

suggested that hardness of protein bar resulted from interchange 10l-disulphide

reactions during storage: this also leads protein aggregati Wk @n atid
®

IS

t ad'mz)

g TQT: fr urabx@'values of
< Olg, (T ¢ I@ne higher the
A

amount of Sunnah foods added in tlu@]on 'ﬁ‘aCturablhty It was

stated by Rehman et al. (2012) that\ re gt}t'fle Were ereased with

the addition of dried fruits whigh (Wthe eductioh in @urablhty of the bars.
e

Fracturability in the \VOK hahe

(Table 17), flactumbll eir

0
no added with haq \mfm

co-authors (7(: F qctura& s af@ d by added fruits. The fracturability of the

s shown in Table\ﬁ) revealed that formulation F (45.01 g), one of

cross-linking which could result in a hard texture.

]
(¢

Fracturability, on the other hand followed the

fracturability of their bars ranged from 64.25 t

the Sunnah cereal bars varied between 37. N

. 2013)X 3¥so followed the same pattern,

d fr “5’7 60 to 79.38g. Also, sample with

dle of {rj(aurablhty in the work of Shaheen and

Sunnah ¢

the ns wnh the lowest Sunnah foods had the highest fracturability. This was

i Syggorgince with the findings of Shaheen et al. (2013) and Rehman et al. (2012).

Foster et al. (2011) studied identification of multiple compartments present during

mastication of solid. They obtained a value of 210.30 and 310.30N for cereal bar and
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muesli bar respectively. The authors stated that lower hardness was attributed to
fracture failure on compression. Therefore, their bars had lower hardness compared to
the Sunnah cereal bars due to the above-mentioned reason. Fracturability val SW
varied between 20.50Pa and 201Pa were reported for texture of prot 1% by
Loveday et al. (2010). It was revealed that addition of fruits reducenﬁlc.turability

which this study had reinforced. V

5.3.2 Shelf life results of Sunnah cereal bars § z l

The three parameters measured with the bars packaged gnd st®red Or\ge]@fe
o | 1O

study of Sunnah cereal bars, in four different pack mate}la viZ.: me&g lised

polyester (MP), nylon (polyamide), aluminium zoil and W?G’:thylene

O

contents and water activity, ay. They we evaluat%fo 2 of storage in the
packaging materials at ambient temp\% 6 ? ] &

terephthalate (PET) were textural paramet@ss figcturafdity), moisture
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Table 18: Moisture contents (%) of Sunnah cereal bars after 120 days of storage

Formulations

Packaging A B C D E z
Materials %\

Nylon  21.670°  19.696° 16350  17.820° 15.263%

AF 17.890°  16.494°  12.213° 12.857° 9.560°

MP 19807  19.530°  15703% 14570 3bw00bc
pET 21253  18.716' 18533 18% - 1’6&{?
A v

Means that do not share a letter in rows and c 51g ant] fferent

(p<0.05). 4\
N )

&

Abbreviations: AF (Aluminium foil), MP sed polygsicr), P@ (Polyethylene

A,
terephthalate). " A\ $
Q-

5.3.2.1 Moisture content of the 120 st Mh c{E 1 bar

At the end of storage of thc% cere bar t;a r,l days, the moisture contents

?

recorded in the p’l(,k"l“l nls lang rom 7 to 21.670% for nylon, 16.053
to 21.253% for fllun AF silils |19 A) for metallised polyester and 9.120
to 18.716% for enet repthgiat ), (Table 18).

b 4
It was obs that the compositi@ fruits had a massive effect on the moisture

contet % igher the Sunnah food contents, the higher the moisture contents. Table

sho M that addition of Sunnah foods had significant (P<0.05) effect on moisture.
Comparison among the different packaging materials showed that aluminium foil
(AF) was the best packaging materials in term of moisture among the packaging

materials used for the Sunnah cereal bars. There was a significant difference in the
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moisture contents among the different formulations of the bars. Formulations E and F
had the lowest Sunnah food contents (150 g each) and they had the lowest moisture
contents, 9.12% and 9.56% respectively. An observation of the formulations a8g#s

the packaging materials showed that the formulations with the lowest S %\Ood

compositions (150 ¢) had the lowest moisture contents (9.12% and 9.56%) aRer 120-
day storage. The same trend was observed in the findings of Rehma% 2012) who

reported that addition of dehydrated apricot paste in the fo WS af their: baws

increased the moisture contents. \d
®

Metallised polyester also showed a good barrier to mois migrafion j t]‘e @\mh

cereal bars during storage. Formulation F had the m% ten@.lo%)

tain lowéimounts of

ve assistgell the @ple to be more
" \Tk 1d
compact. Loveday ct al. (2009) repo E%t ‘s‘u% 1 (.g\\cose Syrup wou

q .
decrease moisture contents by remo& ater 1 th fo jon.
Y- , S
However, polyethylene tere tl (PET)
'3 4 &

moisture contents of thKSulatu:E} 6,053 to 21.253%. More so, there

ignific 1fgre 15 non ’&é formulations in term of moisture

as no significant difggren®e (
) @b  p S
1 R isgare“absorption during storage, metallised

contents with th TFIn tgrm m l@j p g g

lyester wq‘%ﬂttcr Ly gtovidihe excellent barrier to moisture during the

poly¢ :
V.

fahc $nah cereal bars td‘&lO ays.

storage ofi

ehers (2013) showed that there was decrease in moisture contents in their
co-roverchers (2015)

bars after storage for 120 days. Moreover, there was a great difference in the cereal
ars « storag -

base used. Cassava tlour was used in the study of Silva et al. (2013) while the cereal
asce o . asSavd



129

base in this study was puffed glutinous rice which had different properties from

cassava flour as a result of different compositions of cassava flour and puffed

glutinous rice. \Y'

Ananthan et al. (2012) developed a shelf life stable protein rich composi@ bar;
the bar was packaged in three different packaging materials, namely Iwopylene
paper aluminium polyethylene and metallised polyester. The auﬂNeported that
cereal bars were usually packed in metallised polyester film Ort they found

out that the most suitable for packaging cereals with res tofits ;y and

acceptability was metallised polyester film with va@he mgtallg d’PQ&y‘?ster

4
package in this study also showed suitable results the‘fQ the, ?tkaging

was not done under vacuum. cV W

As shown in Table 18, nylon (po]yam1 ) had "th e? @JC barrier. Nylon
(polyamide) presented the highest ee c&%at% ed from 14.027 to
21.670%. There was a significar %enl“ S) z@g the formulations with
nylon as a packaging mﬂtt‘qve f bﬁ(’n owed increase in moisture
contents during the 12(&Nmage' ph} alsg~found by Mendes et al. (2013).

The authors formula nolas \;/l

QS
of b@'and fruit peels. The formulated bars

:S' )

. #nt PYT packhgin (nterials. Tt was concluded in their study
s 1. i

that there waslg STt increasofin 1 Olﬂ? contents of the formulations.
A R
Freitas &\(ctti (2005) studied the stability of cereal bars with high vitamin and

were packaged 11

piRtelNgy Is using three packaging films (PET met/PEBD; PET/PEBD/AI/PEBD and
PET/PEBD). These materials had diverse barrier features and the bars were stored for
180 days. The authors observed that the moisture contents of the cereal bars increased,

the moisture contents increased from 10.19% to 12.37%, they concluded that the best
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packaging material was PET laminated with aluminium. The aluminium foil as a

packaging material in this study corroborated this trend. The moisture contents in their
study varied from 10.19 to 12.37%; this was in agreement with the values foun@

materials (9.120 — 18.716%) in the present study. The metallised polyestea h}o _

19.807%) also showed a favourable result but polyethylene terephtha]ite (PET) but

nylon differed, it ranged from 16.053 —21.253% and 14.027 - 21. Ow ectively.

A critical look at the moisture contents revealed that asides fo ns 'x and B, MP
and AF as packaging materials had the moisture contents o forr u] educed

as reported by Silva & co- -authors (2013). The moist thai f‘nlk 4
i P 4

bars reduced from 12.00 to 9.79% for a 120-day st eﬂk (2 had a

reduction of 11.85 to 11.76% when their bar s ereﬁso red 20 days in

a PET packaging materials. O

457,\},

5.3.2.2 Water activity of the 120-d @Suﬁnah }eal
<</

The a,, values denote the avallablv mm’ture eri ood product that usually
l

Jead to microbial spoilage (L%&t al. , fo shows the water activity of

the bar formulations ¢ 11‘& ay, Jorag Wat@ctmty is an indicator of storage.

N
The water activity 0@ 1 tighs Wg’k 0.620, the upper limit set for yeast

and mold tolerapc tated ﬁéhrlstlan (1978). e Formnlations wwith

increase in wa Ctivity fol owed &}‘Fmdmgs that reported that water activity of

cereal b -cased significantly w1th time with values that varied between 0.22 to

0. @ vww.dupontteijinfilms. com).
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Table 19: Water activity of Sunnah cereal bars after 120 days of storage

Formulations

Packaging A B C D E T
Materials
Nylon  0.574° 0.591° 0.563° 0.599°  0.587° lcsgr

AF 0.543¢ 0.586" 0.533° 0.558° O.549Y'V.585b°

59¢ 0.551° 0.543 0.576° 0.5 0.570°

N

MP 0.

PET 0.587" 0.567" 0.593" 0.592° .‘93 [ 0.609°
[ |

Means followed by the same letters in rows and columns do iffe b?‘ﬂ#g’s Foct

N
P<0.05).
( i 3
A (Sunnah foods — 450g, honey — 100g, glucose 7% mnmJo.ods -
450g, honey — 50g, glucose syrup — 140g), C (gunn fo g, h X;— 100g,
glucose syrup — 70g), D (Sunnah foods — 300ge01 — 50 se s —140g), E
(Sunnah foods — 150g, honey — 100g, glucw um@ oods — 150g,

honey — 50g. glucose syrup = 140¢g). 3
O, NE
T
e
There were significant differences .05) a thQ rmulations packed in
T N
aluminum foil. It could b(obs ved that tpe ﬁples with higher honey

£ il
compositions had lower leggls offvat 5&{ y. T‘l‘ s Was in line with the findings of
Brandt (2000) that rc;\t&la ‘Quld in moisture which could help to

¢ D! c%’ -
keep the bars frcsEi and long-lastifg. £ hw uction in moisture reduced the water

—

N
Jctivity of the w 0.9 43 &m-Waterhouse et al. (2010) observed that

binders li\'\ y and glucose syru;tf)cmtated an increase 1n in shelf life as this was

evidcn%ly due to decrease of water activity. They reported further that honey

othP¥ binders often modified water activity in the filings of confectionery. Water
activity determinations assist in prediction of food mechanical properties, stability and

shelf life (Sun-Waterhouse et al.. 2010) and reported that a fibre-enriched snack bar
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filling water activity value, ay. reduced to 0.440. The values in this study were higher

than theirs because of the Sunnah foods composition and the types of binders.

However, all the values in this study after 120 days of storage were below 0. 7@.

indicated low risk of spoilage microorganisms’ proliferation and pathogeﬁh]age

indicating good shelf life (Beuchat, 1981).

Furthermore, Moura et al. (2013) in the acceptability and shelf life SWidy of a light
fibre-rich banana and acai bar found that the water activity tf m 0.704 to
0.689 in 90 days. Some of the water activity values of the Sur cefeal ql]o%sd
this assertion (0.543 — 0.609). Analysing each of th ackag g te‘-ia.\sf?yith
respect to the formulations, it could be observed th ula and @‘S;kaged
in nylon had reduced ay during the storage 1 Fo g‘lla' S B<€ and F had

increase in a, while formulation E remamed th me O

A

\&

Formulations A, C, D and E pack&shﬁwed P ater activity (0.543,
ﬁgm

0.533, 0.558 and 0.549 rcspecm W lj e (0.586) and F had its

water activity increased (0.5% 85)

packaging material wnh t to ‘Vat tivity. y formulation F had increased

water activity (0.557 7 ) fte}é d&)@fstorage Formulation F had higher
h

g-—ﬂ

eta Sﬁ!i ester seemed to be the best

n@ be responsible for moisture absorption

glucose syrup an hghey )t
’ < |
that tends t 1ts wat ac‘vn@ T as a packaging material was good as a

packagi numl for tonnulatlo\ A and B in term of water activity. Other
%C D. E and F, all had increase in the water activity values. This showed
Q had little inhibition/barrier against moisture absorption. The reduction of
water activity during storage followed the results obtained in the work of Silva et al.

(2013), the water activity values of the cassava flour based cereal bar reduced during
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the storage period. The results obtained in this present study were lower than those

found in the rescarch carried out by Aigster et al. (2011), they used multilayered
flexible metallised packaging which was reported to have excellent Oxygen@

characteristics. %

Aigster ct al. (2011) detected an increase in the water activity valueY"wesistant-

starch cereal bars after 28-day storage period. The preliminary, aMal ay, of the

i ; fL co-authors

er
(2011), (0.690) in cereal bars, this considerably increase er Me of

- : . AN
storage up to the value of 0.770. A high prellmmary%f — it§ v@e s

'

0.650 was also obtained by Loveday et al. (2009) ilwm b}ﬂi{ The st %Y.Ee of 50
days. These results emphasized the magnitudeewin 1?1‘3 tomf‘%rocedures

Sunnah cereal bars were lower than the values reported b

and more suitable films, metallised polyesterXalquS :
cereal bars. These two packaging mat%b!erﬁ %h n mg i polvamide) and
f

"

polyethylene terephthalate (PET) be& their mo@/e barriers.

T 1 S
The variation between initia% al wa} c ‘ug/%'hng the storage period of the
pars could be ;m,-ibutcd'qugcs ’n\dity, fch was not manipulated, or the

absence of ]1011105ch m, a

o

ge! e@ multicomponent food products.

¢
¢
al. 007) po{n\&dl that the changes in the water activity

4
figures (0'28-%5” that@ver€ l&g‘y responsible for affecting the mechanical

w sars might be relat\cd to the disparities in the microstructure and

features
C]%é‘nnsmucm of the cereal bars. Freitas & Moretti (2006) produced and

cha ized cercal bars with oat, textured soy protein and wheat germ. They reported

Furthermore., L¢

a final value that was Jower than ay values in this study (0.637) for their cereal bars.
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Water activity (ay) determinations assist to predict the mechanical features, stability

and shelf life of the cereal bar.
5.3.2.3 Textural Properties of the 120-day stored Sunnah cereal bars c\z

The shelf life study of a food product involves submission several samples%ne food

products, in this study, Sunnah cereal bars, were submitted for a seq%Zf tests over

WO%). Wright
(2004) reported that shelf life is a factor of vital import

it eﬁ%ﬂorage
period in which foodstuffs with high initial quality stagproteCted jfor n'urﬁ&wh.
A

Texture is one of the most significant properties use conS}m IS ass?s food
Y

a lengthy period of time in order to ascertain their limits (Griz

quality (Hogan ct al.. 2012). The packaging matei%ls ere sf

&

The samples that were stored in the nylon (p\ de) all

- S
their textures except formulations A (478" and g “Q
6 )
] %
However, there was no significar tere 0.0\Qfﬁﬁ texture for all the
formulations, (Table 20). Ffmylagon C ld elh@ texture (hardness) value

’ s
\N) ined%éﬁﬁ the sensory evaluation by the

omlﬁfons A and B had the highest fruits

(540.10 g). This corrclatewne i
'&u

panelists before the b pa

i
‘ .I e
compositions, 455@cac ) thisfmigh a(e @B?ributed to the lowering of the hardness
val'i

NS
wulaffo pwe@ghest compositions had higher moisture

of the bars.

N
contents ). Formulation A@s the only sample that had reduced hardness

(4912 s he aluminium foil packaging.

FomQJtms A. B. and D had reduced/lower hardness in the metallised polyester

packaging. Higher fruit compositions in formulations A and B could be a cause of

their softer texture while lower honey or glucose syrup in formulation D might be
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attributed to its lesser texture value. The interaction between the components of the

bars, notably the fruits and the binders’ interaction could cause moisture migration in

the packaged bars. \T

Compared to other packaging materials, PET appeared non-suitable aSAeCEaging

material for the bars. Only formulations C and F had their hardnesswased and

remained firm. Formulations A, B, D and E in PET lost their fi mring storage
;1

because the four formulations had reduced hardness. Aigster e l)lreported that
resistant starch-supplemented granolas (cereal bars) had inc i thwpesi_of
_ N
their textures. The hardness increased from 333 g , 908 g IJZQ‘B for
’ X
anol

control sample and 10 ¢/100 g resistant starcthehﬁe{ n a@ 21-day
storage. However, 15 g/100 g resistant starch@ne t;a ggatola @s hardness

reduced from 1492 g to 1471 g over the 21%0% rag3< re.\vge no significant
a

Table 20: Hardness (g) of%; cere‘g

different packaging materigls

rmyfation
Packaging A ’ ff (,) D E =
. O

aterials
i - \\,3 b B
524.70° 511.83° 501.53* 542.67°  506.67%

AF aNg! 23" :
0637  444.97°  491.23° 450.10° 47323"  478.37°
e 7

PET  488.63" 488.53" 555.53° 450.10°  488.53" 516.93%

504.10°  480.93*  491.23°

Means in rows and columns that do not share a letter are significantly different

(P<0.05).



136

Table 21 Fracturability (g) of Sunnah cereal bars after 120 days of storage in four

different packaging materials

Formulations
Packaging A B C D E %

Materials
(8)

Nylon  43.72°  4141" 4355 52.98°  44.23° W_zla
AF  39.86"  4295" 4398 46.04* 4424 32.66°
MP  42.69°  41.99" 4244 41.41° | 3446°
PET  46.04" 3472  4243° 42.66° 0 r '%a"('

Means followed by the same letters in rows and colu.@lot gif*r
<0.05).

o ¥

A (Sunnah foods — 450g, honey — 100g, glu%w—up B (@Ih foods —

450g, honey — 50g, glucose syrup — 140g)\ nah foo 30@ oney — 100g,

glucose syrup — 70g), D (Sunnah foods — 300g, ®n 50 cose syrup — 140g), E

(Sunnah foods — 150g, honey — 100g, .% SYW&SF

honey — 50g, glucose syrup — 140g). “
N K
l q§\

shelflife studies performed by various

(L@ay et al.,, 2009) or lose compact

researchers. Granolas&gQu bec
2 e T
texture upon StOgsy. teqturey o t&: \(rgtein bars changed substantially during
storage; the f ‘@‘ ity iﬂ‘c’v’??d'fro@.s Pa on the first day to 201 Pa on day 50
A N

(Loveday & 9009). Baier et al.‘(@m) found a very similar trend of hardening in

protg @ red at 37°C and water activity of 0.11 or 0.42 for 28 days. The authors
qt@hcr that protein bars stored at water activity of 0.80 hardened for nearly 4
days and softencd afterwards. The shelf life of protein bars is often limited by their

inclination to become unacceptably hard during storage (Loveday et al., 2009). Taillie
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(2006) reported bar hardening could become detectable after 2 to 3 months and

unacceptable after 4 to 6 months.

Hogan et al. (2012) reported in their study that it is generally acknowledge E
discontinuity in the osmotic potential between dissimilar components or mlh oions

is the driving force for hardening. The initial water activity of the Sunnah

cereal bars (0.557 — 0.597) were lesser than that found by Algster et 011) (0.69),

in granola bars. A high original value (0.65) was also obt y I veday et al.
(2009) in protein bars through storage 50-day at 20 °C. Th dings € lsed the

significance of using extra automated procedures a@onal it lng

layers rather than the manual methods used in this r
e ‘1 { |

The instrumental TPA properties for the ofigted t g results of the

panelists for the texture of formulation Wth w ufe tQSQave good texture,
Furthermore, hardness and fractura afﬂ:cte th gomture contents and

water activity. Hardness increasgd wi de mols@ contents and showed a

peak at 12.21% in AF packa% formulltio l over the cereal bars can be

P 4
considered as a wcll-bﬂa&&mc@ é)
&

‘CLUSlO‘ |
5.4 CON ? (J(_)
Hardness and nht)f ;GRQ\ mah cereal bars reduced with increase in
monstun Alummlum fml@ appeared to be the best packaging materials

when %ﬂd to polyethylene terephthalate (PET), metallised polyester (MP) and

0 aluminium foil (AF) had good moisture barrier by considering the

moisture contents and water activity values of the formulations with respect to the

packaging materials. It also maintained the texture of the samples during the storage
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period. It is the most appropriate for packing bars with respect to the product’s
stability. The cereal bars remained shelf stable when the moisture contents, water
activity and textural properties of the bars were taken into consideration for W
day storage period. Incidence of hard texture during storage is the constraj actor
for shelf life; however the product remained stable texturally during thi ﬁstorage

period.

{
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