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Abstract

This study was undertaken to establish the effeptioon the acceptability afakuwa. Dakuwa was prepared by
malting and milling maize grains and groundnut. Adaflour and groundnut paste were mixed togetheqimnl
ratios with the addition of sugar and red peppEropfreshdakuwa was varied using citric acid and subjected to
sensory evaluation in order to establish the @hstiip between pH and acceptabilitydakuwa. Accelerated
storage test was also carried out in order to deter the kinetics of pH change and kinetics of fidrge was
tested using zero and first order reaction relatiqps. Linear regression was used to determine efits
equation parameters and the relationship betweenapti acceptability. Decreasing pH reducgdakuwa
acceptability. Order of pH change was adequatesgriteed by both zero and first orders of reactienem the
data generated, using first order reaction kingticeelationship was derived which can be usedstionate the
shelf life ofdakuwa on the basis of pH.

Keywords: Dakuwa, pH, acceptability, kinetics, sensory evaluatiaegelerated storage, Arrhenius equation,
regression, temperature, shelf-life

1. Introduction

Dakuwa is a cereal and groundnut based snack. It is gpnaohsumed in the northern parts of NigeBakuwa

is prepared from mixtures of cereals, groundnubugd pepper, ginger, sugar and salt. The ingresliarg
thoroughly mixed, pounded and moulded into baltg ttan be eaten without further processing (Abdhuiran
and Kolawole, 2003). Nkama and Gbenyi (2001) resubthatdakuwa is also produced from cereals (maize,
millet and sorghum), tiger nuts and groundnuts.seéhauthors also reported that in the traditionathoe of
dakuwa processing, the grains are cleaned, toasted anmh@together to give a paste.

The changes occurring in foods that can affectitraity of the food may be physical, chemical afatbemical
(Robertson, 2006 and Jaiyal., 2005). Physical changes in foods can manifetiienform of separation due to
sedimentation and creaming; agglomeration or caking to absorption of moisture and gelation dugeb
formation and texture changes. Van Boekel (200d)Rwbertson (2006) reported that the chemical obsitigat
occur in foods include non-enzymic and enzymic lmiogy resulting in formation of objectionable colswand
toxicologically suspect compounds as well as Idssutritive value; lipid oxidation resulting in lesf essential
fatty acids and development of rancid flavour; agdrolysis leading to changes in flavour and vitamontent.
Furthermore, Van Boekel (2005) stated that biocbamchanges in foods include lipolysis and protsigly
causing formation of free fatty acids and rancistdaformation of amino acids and peptides, bitsste and
changes in texture.

Mancebo-Campoet al. (2008) stated that stability and quality of fomwducts is a matter of great importance
for industrial producers. However, it is complighind time consuming to monitor the stability addgproducts
under normal storage conditions. Hence, accelenatttiods are usually adopted to determine the &felbf
food products. Garcia-Garciaet. al. (2008) agreed with this position in their invgation of the shelf life of
olives using accelerated test approaatcording to Mizrahi (2004) the basic assumptiodentying accelerated
shelf life testing is that the principles of cheali&inetics can be applied to quantify the effeatsextrinsic
factors such as temperature, humidity, atmosplgages and light on the rate of deteriorative reasti By
holding a food material in a controlled environmentvhich one or more of the extrinsic factors igintained at
a higher than normal level, the rate of deteriorativill accelerate resulting in a shorter than rarme to
product failure. Because of the effect of extrinfsictors, deterioration can be quantified, the nitage of the
acceleration can be calculated and the true sfeelffithe product under normal conditions deterdin

pH plays an important role in the acceptability ahdlf life of food materials. Changes in pH mayirtmicative
of quality changes due to microbial activity or obas in composition. The lower the pH of a fooderiat, the
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fewer the types of microorganisms that can thnvéhat food. Furthermore, the lower the pH of adfoaaterial,
the more sour the food will taste. lhekoronye argbdidy (1985) reported that sour taste of foodsrabably
due to the hydrogen ions produced due to dissalufahe food’s acid in water. Thus, the pH of adaffects
the taste and can cause the food to be acceptegjested depending on the degree or extent of ssarnrhe
objective of this study was to determine the metsmarof pH change idakuwa and also to determine the effect
of pH on the overall acceptability dakuwa.

2. Materials and methods

Maize (ea mays), yellow variety grains and groundnur@chis Hypogeae) used for preparinglakuwa were
obtained from local farmers at Gidan Kwano, Chagehbaocal Government, Niger State Nigeria while suga
salt and granulated red pepp€agpsicum annum) were bought from Minna central market, Minna, &tigtate,
Nigeria.

2.1 Preparation afakuwa

Maize grains and groundnut were manually cleanéayTwere then washed in tap water and 400g each wer
soaked in 2litres of water for 12 hours after whichy were germinated for 72 hours. At the endesfrgnation,

the maize and groundnut seeds were oven dried’@t 0 sixty minutes. The groundnut seeds were eshat
140°C for thirty minutes while the maize was roasted 4@PC for sixty minutes. The groundnut was decoated
after which both maize and groundnut were millgobsately using a local attrition mill. After millg the maize
flour was sieved to obtain a particle size of 0.@bnThe maize flour and groundnut paste were theredni
together in a 1:1 ratio. To 100g of this mixtur®%d and 5% respectively of table sugar and powdeeed
pepper were added. The mixture was then passedgthrthe attrition mill once and moulded into ballfie
dakuwa balls were then packaged in low and high densitygihylene while some were left unpackagéke
packaged and unpackaged samples were stored atrmmes of 45, 55, 65 and°?5

2.2 Determination of pH

The pH ofdakuwa samples were determined by blending 5g of eactpleam 50 mL of deionised distilled
water. The mixture was filtered and the pH of tifteste was measured using a pH meter (model CE8@atury
Instruments Limited, Mumbai, India) after calibmati Analysis of pH was done every week at 45 arftC55
every five days at & and every three days at’C5

2.3 Sensory evaluation

For the purpose of determining the effect of pHttoe overall acceptability, the pH of fredbkuwa was varied
from 6 — 4 using citric acid. The samples were thebjected to sensory evaluation to ascertain thetp or
below whichdakuwa will no longer be acceptable. A twenty-member, isiained panel consisting of students
and Staff of Food Science and Nutrition Departmé&eiieral University of Technology, Minna, Nigeriasv
selected based on their familiarity withkuwa for the sensory evaluatioPakuwa samples were presented in
coded white plastic plates. The order of presesatif samples to the panel was randomized. Taprwede
provided to rinse the mouth between evaluationse Panellists were instructed to evaluate the oleral
acceptability of the coded samples on a 7-pointes¢b=disliked very much while 7 = liked very much$
described by Iwe (2002).

2.4 Data analysis

The rate of pH change with respect to zero antl dirder reaction kinetics was analysed using limegression
by means of MINITAB 14 statistical software. Thenggerature dependence of the rate constant wasssgure
using Arrhenius equation. The relationship for zand first order reactions are represented by emsai and 2
respectively while Arrhenius relationship is regmetgd by equation 3.

c=rcp — Kkt 1)
fme=Ine,— &t (2)
mk=ina- (E JRT) (3)

Where:
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¢ andeg = final and initial pH; t = timek = rate constantp = pre exponential factor or frequency factéy;
= activation energyft = universal gas constarit;= absolute temperature.

The relationship between pH and overall acceptgbiias determined using linear regression. Theessjon
equation was then fitted into Arrhenius equatiomgisirst order parameters, to derive a relatiopshom which
shelf life can be estimated on the basis of pH ghan

3 Results and Discussion
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Figure 1. pH of unpackagethkuwa under accelerated storage
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Figure 2. pH oflakuwa packaged in LDP under accelerated storage
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Figure 3. pH oflakuwa packaged in HDP under accelerated storage
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3.1 pH Changes

The changes in pH afakuwa under storage at different temperatures are shiodigures 1-3. The pH values
ranged from 6.19-4.61; 6.22-4.62 and 6.23-4.66ifgrackagediakuwa anddakuwa packaged in LDP and HDP
respectively. At 45 and 86, the pH initially increased before it started @@sing while at 65 and % it
decreased continuously. The decrease in pH was pror®unced as the storage temperature was increase
samples stored at higher temperatures had lowenai# pH. The pH drop observed through the peribd o
storage may be due to the action of microorganisintgwuld also be due to an increase in the hydrage (H")
concentration. Rustorat al. (1995) attributed the drop in pH of stored peabeverage to protein-protein
interaction leading to release of hydrogen ion.sEhauthors also reported that increased storageetaimre
resulted in an increased rate of pH drop. The drqyH, with respect to keeping quality, will be atvantage as

it could limit microbial activity thereby extendintpe shelf life of the product. Conversely, it meguse the
product to taste very sour thereby causing it toeected.

3.2Kinetics of pH changes
Table 1. Regression parameters for first ordertiiaef pH change idakuwa under accelerated storage

Temperature (°C)
Packaging | Parameter [ 45 | 55 | 65 | 75
NP
Standard errof 0.0054 0.0070 0.009y 0.0130
Intercept 1.82 1.81 1.73 1.70
Slope -0.0169 -0.021p -0.0201 -0.0312
K (week)) 0.0169 | 0.0212| 0.0201 0.031p
r 0.963 0.960 0.933 0.937
LDP
Standard errof 0.0038 0.0078 0.0060 0.0158
Intercept 1.81 1.81 1.72 1.72
Slope -0.0154 -0.0208 -0.0155 -0.0369
K (week?) 0.0154 | 0.0208| 0.0155 0.036P
r’ 0.976 | 0.948 | 0.956 0.934
HDP
Standard errof 0.0037 0.0051 0.0062 0.0071
Intercept 1.82 1.81 1.73 1.73
Slope -0.0107 -0.0168 -0.014 -0.03p3
K (week?) 0.0107 | 0.0168| 0.014 0.0328
r 0.957 0.966 0.948 0.982

NP: Unpackaged sample; LDP: low density polyethgjedDP: high density polyethylene; K: rate constamt
regression coefficient
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Table 2. Regression parameters for zero orderiksef pH change idakuwa under accelerated storage
Temperature (°C)
Packaging | Parameter [ 45 | 55 | 65 | 75
NP
Standard errof 0.0289 0.0386 0.04%6 0.0472
Intercept 6.18 6.12 5.62 5.57
Slope -0.105| -0.121| -0.103 -0.177
K (week?) 0.105 | 0.121 | 0.103| 0.177
r’ 0.972 | 0.962 | 0.943]| 0.974
LDP
Standard errof 0.0220 0.0428 0.0352 0.0835
Intercept 6.13 6.13 5.59 5.59
Slope -0.0911 -0.119 | -0.0778 -0.187
K (week?) 0.0911 | 0.119 | 0.07794 0.187
r’ 0.975 | 0.953 | 0.940 | 0.929
HDP
Standard errof 0.0221 0.0308 0.0310 0.0400
Intercept 6.15 6.08 5.61 5.61
Slope -0.0639 -0.09756 -0.0763 -0.166
K (week?) 0.0639 | 0.0975| 0.0763 0.166
r’ 0.956 | 0.963 | 0.952| 0.978

NP: Unpackaged sample; LDP: low density polyethgjedDP: high density polyethylene; K: rate constamt
regression coefficient

Table 3. Arrhenius regression parameters for dirder pH change idakuwa under accelerated storage

Packaging Material
Parameter NP LDP HDP
N 4 4 4
Standard error | 1.96 | 4.46 3.56
Intercept 1.51 3.51 4.54
A (week™) 453 | 33.45 | 93.69
Slope -1750 | -2420 | -2810
E, (kJ/mol) 14.55 | 14.55 | 23.36
r’ 0.987 | 0.978 | 0.944

NP: Unpackaged sample; LDP: low density polyethg]é#DP: high density polyethylene N: Number of gsjn
A: frequency factor; E activation energy;’r regression coefficient

T he regression parameters for first and zero dkatetics of pH changes ilekuwa during storage at different
temperatures are shown in tables 1 and 2 respbctitgle the Arrhenius regression parameters ar€ahble 3.
The standard error and reaction rate constantaseck with increasing temperature while the interegyl the
coefficient of regression decreased with increasemgperature for both first and zero order kinetsndard
error values ranged from 0.0037-0.0130 and 0.020&3% for first and zero order respectively. Thact®n
rate constants ranged from 0.0107-0.0369 and 0-0613% for first and zero order respectively while
coefficient of regression fell between 0.933-0.882 0.929-0.978 for first and zero order respelstive

The lower standard error and higher coefficientreédression values of first order kinetics of pH ruipes
compared with zero order kinetics indicate that khreetics of pH changes idakuwa was better described by
first order kinetics.
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Figure 4. Log-transformed pH of unpackagituwa under accelerated storage
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Figure 5. Log-transformed pH dékuwa packaged in LDP under accelerated storage
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Figure 6. Log-transformed pH dékuwa packaged in HDP under accelerated storage

21



Food Science and Quality Management www.iiste.org
ISSN 2224-6088 (Paper) ISSN 2225-0557 (Online) JLNLE
V0l.24, 2014 NSTE

Figures 4-6 show the plot for the logarithmicalgrtsformed data using equation (2). According to Baekel
(2008) a logarithm plot resulting in a straigh#liis usually taken as proof of a first order reacti

The increase in the rate constants with increasntperature indicates that change in pH will odaster at
higher temperatures. The Arrhenius regression petexs) obtained by linear regression of In K vers(s
describe the temperature dependence of pH changlekuwa. The activation energy, which was obtained from
the slope of the plot, is the energy barrier thatetules need to overcome in order to be able dotré/an
Boekel, 2007 and Ariahet al., 2010). This means that the higher the activagioergy, the slower the change in
pH. However, the higher the temperature, the muaciee it will be for the molecules to overcome #&rergy
barrier (activation energy) and react and the highe rate of pH change. Generally, the higherténeperature,
the higher the rate of change.

Table 4. Effect of pH on the overall acceptabitifydakuwa

pH | *Overall acceptability score
6.04 6.72
5.60 6.47
5.20 5.88
4.80 5.11
4.40 4.92
4.00 4.63

*Values are based on a 7 point scale wherdike=very much; 4 = neither like nor dislike; abhd- dislike
very much.

3.3pH and overall acceptability

The effect of pH on the overall acceptabilitydakuwa is shown in Table 4. As the pH decreased, theativer
acceptability also decreased. The relationship éetmpH and overall acceptability as obtained framlinear
regression of pH versus overall acceptability wescdbed by the regression equation:

A =003 + l.12pH 4)

With respect tgaH, equation (4) becomes
pH = 0A—0.03/1.12 (5)

For first order kinetics,

In pH = InpHp — &t (6)

relating equation 5 to equation 6 gives

In(PA —0.03/1.12) = InpH, — kt  (7)

with respect ta equation (7) becomes

t=InpH, — In(0A-003/1.12)/k (8)

Where,

14 = the minimum allowable score for overall accepitgtbelow which the product is no
longer acceptable.

pHp = initial pH of dakuwa

p#H = final pH of dakuwa at which overall acceptability score is just belime minimum

& = rate constant

t = the time it will take forpH; to drop topH

Equation (8) can be used to predict the shelf difedakuwa in different packaging materials at different
temperatures. The predicted shelf life will be lobse the time it will take for the the pH to draprh an initial
value of about 6i(#) to a final value of about 4.§X}: the point after which the product will no londae
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acceptable going by the result of the sensory etialn. Furthermore, equation (8) is based on tlseraption
that other quality indices remain constant (uncleaihghroughout the period of storage.

4 Conclusion

pH of dakuwa decreased with storage time and the higher th@deature of storage, the higher the rate of
decrease. pH change dakuwa was adequately described by first order kinetRackaging did not affect the
kinetics of pH change idakuwa. A direct relationship exists between the pH arel dbceptability oflakuwa
such that the lower the pH, the less acceptdditewa becomes. For pH alone to be used in estimatinghib#

life of dakuwa, other quality indices such as lipid oxidation anidrobial activities must be prevented.

References

Abdulrahman, A.A. & Kolawole, O.M. (2003), ‘Tradithal preparation and uses of maize in Nigeri&frican
Journal of Biotechnology, 4: (3) 1-5

Ariahu, C.C., Abashi, D.K. & Chinma, C.E. (2010Kinetics of ascorbic acid loss during hot watkmiching
of fluted pumpkin Talfaria occidentalis) leaves’, Journal of Food Science Technology, (DOI 10,
1007/s13197-010-0123-0)

Garcia-Garcia, P., Lopez-Lopez, A. & Garrido-Fememny A. (2008), ‘Study of the shelf life of ripves using
an accelerated test approacluurnal of Food Engineering, 84: 569-575.

Ihekoronye, A.l. & Ngoddy, P.O. (1985), ‘Integratedod Science and Technology for theTropics’, Mdlcmi
Education Ltd, London and Oxford.

Iwe, M.O. (2002), ‘Handbook of Sensory Methods amalysis’, Rojoint Communications Services Ltd, §au
Nigeria.

Jay, J.M., Loessner, M.J. & Golden, D.A. (2005)odiérn Food Microbiology’, (7 Edition). Springer Verlag,
New York.

Mancebo-Campos, V., Fregapane, G. & Salvador, M2D08), Kinetic study for the development of an
accelerated oxidative stability test to estimatgiwi olive oil potential shelf life’ European Journal of
Lipid Science and Technology, 110: 969-976

Mizrahi, S. (2004), ‘Accelerated Shelf Life Testst: Understanding and Measuring the Shelf LifeFobd.
(Steele, R. Ed.). CRC press, Boca Raton, Florida.

Nkama, I. & Gbenyi, D.I. (2001), ‘The effect of rtiab of millet and sorghum on the residual phytades
polyphenols indakuwa — a Nigerian cereal-legume snack foodNigerian Journal of Tropical
Agriculture, 3: 270-275.

Robertson, G.L. (2006), ‘Food Packaging: Princigled Practice’, Taylor and Francis, New York.

Rustom, L.Y.S., Lopez-Leiva, M.H. & Nair, B.M. (199 ‘UHT-sterilized peanut beverages: changes in
physicochemical properties during storageyrnal of Food Science, 60: 378-383

Van Boekel, M.A.J.S. (2005), ‘Technological Inndeat in the Food Industry’, In: Innovation in Agriebd
Systems: Product Quality and Consumer acceptareed, W.M.F. & Meulenberg, M.T.G. (Eds.).
Academic Publishers, Wageningen.

Van Boekel, M.A.J.S. (2007), ‘Key reactions in Fe@hd Ways to Model Them’, In:

Linnemann, A.R. & Van Boekel, M.A.J.S. (Eds.). HoBroduct Design: An Integrated Approach. Academic
PublishersWageningen.

Van Boekel, M.A.J.S..(2008), ‘Kinetic modelling fafod quality: A critical review’ Comprehensive Reviews in
Food Science and Food Safety, 7: 144-158.

23



