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Thermal properties of potato of Chandramukhi vanety, meludmg density, specific heat, thermal conductivity and thermal diffusivity
during foam mat and thin layer drying were determined. The thin laver drying was conducted at three different temperatures ie. 50°C,
55°C, 60°C. The foam mat drving was also conducted at three different temperatures (30, 55, 60°C) with three different concentrations

of foaming agent (1%, 2%, and 3%). Glycerol monostearate (GMS) was used as a foaming agent. The specific heat, thermal

conductivity and thermal diffusivity decreases as temperature inereases from 50°C to 60°C in both of the drying. The foaming agent has

Regular article
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potato mash dunng thermal processing operations.

a sigmificant effect on drying rafe and thermo-physical properties at p<<0.05 level. Temperature and foaming both have a significant
effect on color of dned powder at p=<0.03 level. These thermal charactenistics can be prachically applied m modeling thermal behavior of

Keywords: Chandramukhi vanety potato, specific heat, thermal conductrvity, thermal diffusivity, Hunter Iab colonmeter analysis

INTRODUCTION

Potato, a starchy, tuberous crop from the perenmial Solamumfubercsum of the
Mightshade fammlby, 15 2 major food crop in the world It 15 a nch source of
carbohydrate and 1ts protem has a higher biclogical value than cereals and
considered fo be befter than mulk. Global potato production rate 1s about 324
million metric tons per year out of which India confnbutes to about 365 pmllion
metric tons per year as per a study undertaken in 2010. Due o mmadequate storage
facilities and processing units about 17-20% 15 wasted and due to 1s pernshability
more than 50% of suwrplus 15 wasted dunng transportation. Only about 3% of the
world’s potato crop is traded mtemationally (Food Proceszing Industries
Survey, West Bengal). The export potential of potato can be mereased by
employving an 1deal preservation techmigue that will increase the shelf life,
diversify its usabality, help in development of some mnovative food products, as
well as stabahze its mtermational market value.

Thin layer drying 15 one of the most common methods used for preserving
potatoes and extending their shelf lives by reducing the moisture content to a low
level Ancther comparatrvely new drying technique foam- mat dryving, onginally
developed by Morgan et al. m 1959 at the Western Eegional Research Laboratory
of the T1.5. Department of Agniculture (Morgan et al, 1961}, 15 a promising new
development in the field of drying of high moisture foods. Drymg of food
material depends upon the heat and mass transfer charactenistics of the product
being dned The thermal properties are unique and influence the efficiency of the
process as well as the process itself invohang changes m temperature of the
process and composition of the food matenal (Heldmaner al., 2002).

Thermal properties aid in selection and cahbration of the drving equipments and
understanding the transformations cccumng mside the food matrix eg., the
evolition of Biot oumber, the change in heating kinetics inside the particle as the
drying progresses. Density, thermal conductivity, thermal diffusivity and specific
heat capactty are four important thermal engineering properties of a material
related to heat transfor charactenistics. These parameters are essenfial in studying
thermal processes of potato. Specific heat in thermal processes has a key role
equpment design. Moreover, this parameter changes m food products along with
their physical and chemical properties (Alice and Grodek, 200T). Thermal
conductivity of food matenials is very important not only for process design, but
also to predict and control of different changes ocowmng in food dunng thermal
processing. Generally, this character depends on moisture content, femperature,
porosity, nutitional content and component phase’s distmbufion. Also, thermal
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diffusivity 15 a necessary fransport aftmbute that is needed m modelling and
computations of fransient heat fransfer m basic food processing operations,
ifn.r;]h;}ﬁng dryving, coochng/freeming and thermal processing (Kocabiyiker al.
Fesearch on thermal properties has been reported for agricultural crops,
especially different types of seeds, such as borage seed (Boragoofficmalis) (Yang
et al., M0Y), comin seed (Cumpmumeyminumlion) (Singh and Goswami,
2000}, guna seed (Citrulloscolocynthis) (Aviaraer al, 2008), black seed (Mizella
oxypetalaBeoiss.) (Gharibzahedier al., 2012), roselle seed (Hibiscus sabdanffal. )
(Bamghoye and Adejumo, 2010} and Loco (Concholepasconcholepas) (Reves
eral., 2011}

Thas mvestigation has been carried out with the specific objective of determining
the thermal properties of potate of Chandramukhl vanety. Moreover
effects the fransport processes dunmg foam mat drying. Hence the effect of
different degrees of foaming and meisture reduction under elevated levels of
temperature on these properties was also studed Colour as a physical property
was defermined as a measurement of the overall effect of the processmg
conditions on the quahty and acceptability of the final dried sample.

MATERIALS & METHODS
Collection and Preparation of Eaw Material

Potatoes used in this sdy were of Chandrammkhi vanety freshly collected from
local market of South Eolkata (cultivated in Tarakeswar, Hoogly district, West
Bengal, India). The potato samples were washed with nmming tap water and
distilled water respectrvely to make 1t free from dot and soil and blotted wath a
tissue paper for removal of excess smrface water. The potato samples were then
peeled and cut mto slices of equal thackness of 10403 mm each. The potatoes
had mitial moisture content of 82 34gm of moisture’100gm wet weight. The
sheed potato samples were blanched m hot water (Temperature S0+20°C)
contammg 2 gm NaCl'l00 gm of water of sodimm chlonde (MaCl) and 2mg of
potassium metz-bosulphate 1000zm of water for 10 munutes and followed by
preparzfion of mash m a mixer grinder. The potato mash was gelatimized m an
autoclave at 10 psig pressure for 15 minutes (Chakraborty er al, 2013 ). Then
glycerol monostearate (GMS) was weighed mn different amounts (1%, 2%, and
3% respectively) then mixed with a refined vegetable oil and water in a rmtio of
2:1:10 respectively and heated in boiling water bath (%0-100°C) and stired till
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GMS gets evenly dispersed to form shury. The potato mash and water was added
(in a ratio of 10:1 respectrvely) to the three different shomies and stored at 300
rpm for 10 minutes in a magnetic strrer (Eltek, Model — 2011) to form a thick
foam shury.

The foam mat drying and thin layer kot air dryving experiments were camed out
m a batch type tray dner (Suan Scientific Instruments &Equpments). The drier
was equpped with an elecincal heater, blower (230rpm) and temperature
mdicators. It consisted of trays (B00X400330mm) with perforafions of diameter
Tmm and a temperature controller (0-200°C).

The tray drer was mn intermttently in order to stabilize the desired temperafures
(ie 50°C, 55°C, 60°C respectively) m=ide the chamber The homogeneous
foamed potato was poured fo Petri plate to equal thickness of 10mm and equal
weight of 10zms each and kept for drying. Same was done for non foamed potato
mash The trays were then placed on the fray stand in pesifion for drving. The
foamed and non-foamed potato shumes were dried at different temperatures untl
constant weight. The Petn plates were taken out of the drving chamber at
different fime mtervals for determumation of weight loss. The loss in weight was
recorded using Dhona balance having least count of 0.1 mg on mitial and final
weight basis. Final moisture confent of each of the sample was obtamed by
AOAC method A enspy powder was obtamed which was grounded fo a fine
powder and packed m LDPE =ip pouches (0.06mm film thickness) separately.

Determination of Thermophysical Properties

The thermophysical properties 1e. specific heat, density, thermal conductivity
and thermal diffusmaty of the thin layer potato mash and the foamed potato mash
were calculated from Choi and Okos model (Choi and Okos, 1986). The
compositions of the potato mashes were determined at different fime infervals
with the different sample weights obtained and the mass fractions and volumetnic
mass fractions were caleulated from it

Prediction of Specific Heat

The specific heat of a food 15 defined as the quantity of thermal energy associated
with tnit mass of the food and a uwnit of change m temperature. A general
prediction model for analysis of specific heat of food as a fimction of 1=
composition and drying temperature has been developed by Choi and Okos (Chod
and Okos, 1986) based on an extensive study and analysis of specific heat data
for many types of food with different compeosifions and over a temperature range
of 20-100°C (Heldman er al, 2002). The specific heat of the total product is
expressed as a summation of the product of component specific heat and mass
fraction of the component:

o= E(caM) 0]

where ¢y, 15 the total specific heat, oy 15 the component specific heat and M; 15 the
mass fraction of the product.

Prediction of Density

The general model for prediction of density was proposed by Choi and Okos
(Choi and Okos, 1986) and mvolves around the product composition (M) and
the density (p;) for each component (Heldman ef al, 2002).

p=LEM/p) @
The proposed model predicts the density of high moisture food (= 60%) from the
compositional information and the density relafionships from the general model.
For intermediate and low moisture foods (<60%) the particle densify can be
predicted by

Pp=es{pPu - Pa) + Pu £}

based on density of the product sohds (p,) predicted from the general model, the
volime fraction of solids (e,) from the compositional components and the density
(ps) of air. The total density of the food can be calculated m a siomlar manner as
that of the high moisture foods (Heldman et al., 2002).

Prediction of Thermal Conductivity

The general model for prediction 15 based on the observations made by Chod and
Okos (1986). 'I'Imﬂ:.eunalcmkhxhwtjr (k) of the food matenal can be given as

k I&E)
“

where the volume fraction (E;) 15 estimated for each component by

E; = (M Z(Myfpd 53

Since the generzl model does not emphasize on the physical structure of the food
material so it 1s apphcable for high moisture (=60%) foods. In cases where the
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discontmuous component 15 same or lagher in concentration than the contimuous
component the thermal conductivity can be can be expressed as demwved and
proposed by Kopelman (1966)

k=kJ{1- E1-ky/k)}{1-Es (1 ky/k1-EQN (6)

where E, 15 the volome frachion of discontinuous product component, k. and ky
are the respective thermal conductivibies of the moisture and solid fractions of the
product derved from the general model (Heldmaner al , 2001).

Prediction of Thermal Diffusivity

The combination of these three properfies 15 thermal diffusivity, a key property in
the anmalysis of unsteady state heat transfer (Heldman er al, 2002).
Mathematically 1f 15 expressed as

Thermal Diffusivity = ke, *p) M
Statistical amaly=iz

A mam effects analysis of vanance (ANOVA) was used to establish the
significance of differences among the vales of drying rate, specific heat, density,
and thermal conductrvity at the 0.05 sigmificance level Statistical analyses were
performed using Statistica (version T) (Stat Soft, Inc., TTSA).

Color Measurement of Dried Potato Powder

Color 15 the most impertant physical attribute for acceptability and determination
of quality. The color of the different potato samples were estimated using Hunter
Lab Colonmeter {Color flex, 4510 spec photometer). The color was measured in
terms of L*, a* and b* coordinates, where L¥* 15 the lightness () = black, 100 =
whate), a* for the red (posiive values) to the green (negative vahies) and b*
indicates the yvellowness (positive values) and blueness (pegative values). Total
color difference (AE), polar coordinate chroma or saturation (C*) and L* values
were used as an index to report the color quality and are calculated from the

following equations:

C= (¥4 (8)
AB= [(L* Lusnsed "+ (2*-2entn)* + (6*-Bia) I ©
Regression equation Modeling

RSM Modeling

Relationships between the independent vanables (temperature, percentage of
GMS) and dependent vanables (total color difference AE) for foam mat dryving
were studied The regression equation was determuned (using Statistica, version
7, Stat Soft, Inc, USA) using mmltiple regression techmque by fitting second
mdﬁregrsﬂmlequmm:m and Cornell, 1987) of the following type

on nb-l
Y=ﬁn+Eﬁ-31.+Eﬂ X+T IRXX+e (10}
=1 =1 =1 F+l

where B, B. Pi Pjare regression coefficients of variables for intercept, linear,
quadratic and mteraction terms, respectively, 2, 3 are the independent vanables,
Y 15 the dependent vanables mis pumber of independent vanables. The
relationships between the responses were judged by comelation mmltiple B
multiple B* which indicates the value of comelation coefficient and co-efficient of
determination between the expenimental and predicted data. The significance or
P-value was decided at a probabality level of 0.05.

Simple Regression

A =simple regression m between dependent vanable (total color difference (AE))
(using Statistica, version 7, Stat Soft, Inc., USA) using the first order regression
equation of following type

Y=a+bX (1

Where, a, and b is the infercept and slope respectively, and Y 15 dependent
vanables and X 15 independent vanables. The relationships between the
responses were judged by correlation multiple B multiple R* which indicates the
vahie of comelation coefficient and co-effictent of determination between the

1 and predicted data. The sigmficance or P-value was decided at a
probability level of 0.05.
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BESULTS & DISCUSSIONS
Determination of Thermophyzical Properties
Determination of Specific Hear

Fizurel shows the change m the specific heat of potato mash samples during
drying within the ange of 39529 kTkg*C to 1.5579 k1kg*C for foamed potato
mats and from 36890 kIkz"C to 1.7819 klkg"C for unfoamed thin layer potato
mats. Dunng drying with decrease in moisture content the specific heat decreased
accordingly. This co-relation between specific heat with moisture confent
comrelates with work done by Nathakaranakule er al. (1998) for cashew nuts,
Chandraszekar er al. (1999) for coffee, Bart-Plange er al. (2011) for maize cow

pea and cashew kemnel and Isa er al. (2014) for melon. One of the reasons of
change in specific heat of potato mash was may be due to its change m
percentage composition during drying. So as the moisture content decreases and
eventually becomes neghgible, the composihon of the potato mash becomes
constant and hence the specific heat finally becomes constant. The AMOVA
analysis of specific heat at different fime of drying (Table 1) shows that the
vaniaiion in GMS percentage (0% for unfoamed shory and 1% to 3% for foamed
shury) has 2 significant effect (at p<0.05 level) on specific heat before specific
heat become constant. Whereas, variation temperature of drying has a sigmficant
effect on specific heat only at the mitial stages (Table 1). One probable cause 1s
initially when the temperature was nsing up it had a significant effect on specific
heat. But as temperature elevation stopped no further sigmficant effect on
specific heat was observed.
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Figure 15pecific Heat of Potato Mash with different concentrations of GMS dunmg Drying at Dhfferent Temperatures

Table 1 ANOVA analysis of specific Heat (C,)

Variation of percentage Variation of drying

_ of GMS ___temperature
Effect F value P value F value P value
60 min C, 10069 0.00002* 72629 0.02408%*
120 min C;, 25482 0.00082* 1.0780 039312
180 min C;, 37.780 0.00027* 0.84826 047377
240 min C,, 91565 0.01172* 0.89873 045561
300 min C;, 020068 0.89228 0.94526 043963

*_ significant at p=0.05 level
Determinanon of Density

Fizure ? shows the increase in density of potato mash within the range of
1024 47kg'm’ to 1555 21kz'm’ for foam mat drying and from 1073 66 kg/m’ to

1522 81 kg/m’ for thin layer drying. This change in density with decrease in
moeisture content was also cbserved by Kibarer al. (2010) for nce, Seifi and
Alimardani (2010) for com, Gupta and Dasz (1997) for sunflower seed and
Balasubramanian (2001) for cashew. The ANOVA of density at different time
of drying shows that a sipmificant difference in densify is observed mainly for
vanation in percentage of GMS (0% for unfoamed shory and 1% to 3% for
foamed shury) at p<0.05 level (Table Z). The probable cause is dunng foaming
the volume of the potato mash mereased due to air incorporstion As drying
progressed the moisture was removed and the volume decreased Since the
volumetric contraction was ligher than moisture removed, so 1f may be a reason
why density increased with decrease in moisture content The vanation of
temperature has a significant effect on density only at 120 minutes. This might be
due to that after 60 mimmtes the temperature elevation stopped (which discussed
previoushy for specific heat). After that, the penetration of temperature to the core
of the foamed and unfoamed shury started and almost reached completion at 120

munutes.
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Figure I Density of Potato Mash with different concentrations of GMS duwring Drving at Dhfferent Temperatures
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Tahble 2 ANOVA analy=sis of Density
Variation of percentage Variation of drying
of GMS temperature

Effect F value P value F value P value
60 min Diensity T.6260 0.01802* 0.53722 061007
120 min

. 79917 0.00003* 6.7141 0.02945*
Density
180 min

. 459438 0.00015* 1.0884 039509
Density
240 min

- 54850 0.00009* 1.1014 039136
Density
300 min

. 99,743 0.00002* 1.4508 029811
Density

*_ significant at p=10.05 level
Determination of Thermal Conductivity

Fizure 3 shows the decrease mn thermal conductivity within the range of 0.5903
Wim*C to 0.2694 Wm*C during foam mat drying and 05626 W/m“C to 02912
Wim*C for thin layer drying. The positive relationship of thermal conductivity
with moisture confent of all the potato mash samples agreed with other
researchers such as Peruzellaer al., (2010) for banana, Bart-Plangeer al., (2009)
for compea and maire and Singh and Goswamd (2000) for comin seeds. Since
water has a higher thermal conductiity compared to dry agneultural matenals
and thus may contmbute to high thermal conductivity m them at the inthial stages

of drying. As drying progressed the thermal energy decreased which may be as a
result of removal of large amount of moisture from 1t The ANOVA analy=is
(Table 3) shows that throughout the process a sigmificant difference was observed
mainly for vanation in percentage of GMS (%% for unfoamed shury and 1% to
3% for foamed slury). The addition of GMS incorporates the air into the potato
mash [Dhe to vanation of air incorporation for different percentage GMS mitial
volume was different for different potato shory. Hence, the vanation of GMS has
a significant effect on thermal conductivity at p=0.05 level.

Table 3 AMOVA analysis of Thermal Conductivity

Variation of Variation of drying
percentage of GAMS temperature

Effect F value P value F value P value
60 min Thermal

ductivity 31.457 0.00046% 0.94329 044034
120 min Thermal "

uctivity 351594 000033 12146 036067
180 min Thermal

ductivity 243 52 000000 31447 011638
240 min Thermal

ductivity 24 663 000090 14600 030434
300 min Thermal

ductivity 14.973 0.00342% 32019 011318

*_cigmificant at p=0.05 level
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Figure 3 Thermal Conductivity of Potato Mash with different concentrations of GMS dunng Dryving at Different Temperatures

Determinarion of Thermal Diffustviry

Fizure 4 shows the decrease mn thermal diffusivity withm the range of 1.4644 X
10™ m¥s to 1.0271 ¥ 10™ m%: for foam mat drying and from 14372 X 10°%
m’’s to 1.0717 X 10°* m?fs for thin layer drying. Hobani and Al-Askar, (2000),
found the thermal diffusraty of Ehudary and Sufii dates to decrease hmearly with
decreasing moisture content. Other researchers such as Aviara and Hagque
(2001), Tanzaknl and Lumyong (2008), Shyamal et al., (1994) reported a

positive relationship between thermal diffusivity and moisture content for
sheanut kemel, straw mmshroom and wheat respectively. Moisture has a higher
ahility to conduct thermal energy than dry matenals. Since the potato mashes
contamed high percentages of ligmd the inifial thermal diffusivity was high As
time elapsed the removal of moisture tock place which may be the cause of
decrease m thermal diffosmaty and hence when the moisture content became
negligible the thermal diffusivity also became constant.
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Figure 4 Change in Thermal Diffosmaty of Potato Mash with different concentrafions of GMS dunng Drying at Different Temperatures
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Color Measurement of Dried Potato Powder

It was observed that L* valoes are higher in case of foam-mat drying than in case
of thin layer drying and the values increased as the dryving air femperafures
mereased from 50 to 60°C m all the cases (Table 4 ). This may be due to the fact
that foam mat drying with addition of GMS up to 2% decreased the drying time
by almost 50% so the length of exposure to heat was less and thus the whiteness
of the powder was preserved but above 2% GMS there was no sigmificant change.
Shi er al. (1999) for tomato and Jakubezyk er al. (2011) for foam-mat dried
apple showed that higher L* value 15 desirable in dried products. The total coler
difference (AE) between raw potato and foam mat dried potato was less than that
between raw and thin layer dned potato. The color saturation or vividness (C¥) of
the foam mat dned powder 15 comparzble to the fresh raw potato shees. Dirving at
60°C with 2% GMS has shown the saturation of 16.44 which is closest to the
standard raw potato.

Tahble 4Effect of Dryving on Color of Potato Powder

Temperature ("C) ?LE Lt a*  b* AE cx
Eaw Potato Slices
(Standard) 6933  -147 1571 - +15.78
] 6575 201 2335 9126 +£2343
s0 1 7185 197 2129 7023 +£2138
2 7279 183 2048 6754 2056
3 7287 185 2110 7253 +£2118
] 6337 220 2383 +£10.723 +2393
55 1 7339 168 1835 5777 1842
2 7477 132 1718 6288 1723
3 7479 137 1791 6535  £1796
] 6153 245 2405 £12073 2417
50 1 7584 101 1932 £7929 1934
2 7870 089 1642 9688 +l644
3 7863 093 1738 9748 1740
Regression Analyziz
RSM Modeling

The E5M modeling was fitted to response data of total color difference (AE). It
was found that temperature and square term of temperafure both have sigmuficant
effect on total color difference (AE) at p<1).05. The model equation 15

TCD [AE) = 227.4916-8.1574*T+0.0746%T2-3. 1052 *%GMS-
1.992#%GMS 00795+ T+%4GMS 12

In equation 12, T denotes temperature ("C). The value multiple B (0.98) and
multiple B? (0.97) was found to be very good which indicates that the modal was
very effective for prediction of total color difference.

Simple Regression

A simple regression has been done to obtain the model equation for dependent
vanable (total color difference (AE)) and mdependent vanable (femperature) for
thin layer drying (Table 4). The model equation 15
T.C.D (AE) = -5 56783+ 294 7*Temperature ("C) (13)

It was found that temperature has sigmificant effect on total color difference (AE)
at p=0.05. The value mmltiple B (01.9%) and mmltiple B* (0.99) was found to be
very good which indicates that the model was very effective for prediction of
total color difference.

Joglekar and May (1987) have suggested for a good fit of a model, regression
coefficient (R%) should be at least 80%. The above two model (ie equations 12,

13) can be effective for prediction purpese because B value is more than 80%
{ie B 0.80).

CONCLUSION

Change in femperzfure and degree of foaming agent sigmficantly affected the
thermal properties of potato. As drving progressed the decrease in moisture
content showed a considerable decrease in specific heat capacity, thermal
conductivity and thermal diffusnity while density increased due to loss of
moisture. Enowledgze of these thermal properties 15 important for mathematical
modelling and simmlation of heat and meisture fransport systems. However, it 15
also observed that the moisture confent sizmficantly affects different thermal
characteristics. The vanations m temperature also had sigmificant effect on the
color of the potato. Moreover the dned sample wath 2% GMS seemed to have
retained the color comparable to the onginal color of mw potato.
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The aim of this stady was to determine the gluten confent of a representative samphing of Sardinian craft beers. Twenty-five craft beers
preservative addifions provided by Italian law. The competifive enryme mmunozssay (Ridasereen competitnre ELISA kit) was used for
ghaten quanfification. The levels of gluten found ranged from 39 mg/L mn a Pilsner beer to 2400 mg/L 1n 2 Weizen Mo gluten-free beer
was found and exght (32%) of the twenty-five beers analyzed contained less than 100 mg/L of gluten and could be labeled as “very low

ghaten™ according to the Commission Regulation (EC) No 4172009,

Short commmumication Furthermore a sigmficant positive comelation between ghiten content and foam stabihty was found.
QREN am!s: Keywords: Craft beer; Beer; ELISA; Antibody E5; Celiac disease; Gluten-free beer; Foam stability
INTRODUCTION (Figure 1). Sardimia is the Italian region with the highest prevalence of CD

It 15 well known that beer 15 one of the most consumed alccholic beverages all
over the world Its average anmmal consumphion is 74 and 86 lifers per capifa In
Europe and Morthern Amernica respectively (Hager er al, 2014). In Kaly it 1s
arcund 29 2 hifers per capita whereas in Sardima, an Italian region in the center of
the Mediterranean Sea, it is almost double (Assobirra, 2011).

Cuwrrently, beer consumption is appreciably shifting towards the less explored
world of craft beer (Assobirra, 2015). Craft beer 15 mainly chosen according to
different flavor preferences and 15 mainly drunk by habitual beer dnnkers m
places traditionally connected to its consumphion such as pubs and restaurants
{Aquilani er al , 2015). It 15 percerved to be of higher quality than indusinal beer.
Moreover, its anfiosadant capacity 15 hagher (Sanna and Pretti, 2015; Tubaro,
20109).

As sanctioned by the Italian law({Legge 18 luglio 2016, n. 154, 2016), craft beer
must be produced by mucrobrewenes, small and independent compames which
produce limited amounts of beer (less than 200000 hectoliters per year) and mmst
be neither micro-filtered mor pasteurized. Furthermore craft beers are often
bottled with yeast and sugar to naturally produce carbon diccade within the bottle
m a process called bottle refermentation (Briggs, 2004).

The expenience of mucrobrewenes in Sardima started quife early, 1f compared
with the rest of Ialy. It was m 1993 when the mucro-brewery Adis Scopel
(Guspim, Sardima, Ttaly) proposed its beers to the local market In 2016 twenty-
two microbreweries In operation could be counted Im the region, evenly
distibuted throughout a temifory that has a hftfle more than 1.6 mmllion
Since for brewing wsually ghuten-containimg barley malfs are used, some amount
of gluten 15 expected in the final product and it mav be toxic for celiac patients.
Celiac Disease (CD) 15 an aufoimmmne disorder charactenzed by a chrome
mflammation of the small infestine due to a permanent mntolerance fo gluten
proteins (or to their frapments produced during digestion) found in wheat, barley
and rye (Selimogluer al , 2010). Ghaten proteins are composed of prolamins and
glutelins located in the starchy endosperm of the cereal. The most troublesome
components of ghiten are the prolamins; such as ghadm from wheat, hordein
from barley, secalin from rye and avenin from oats (Van Landschoot, 2011).
The funchional changes m celiac patients melude reduction in food digestion,
decreased absorption of macro and mwcroputrients and increased secretion of
water and solutes (Rostomer al , 2006).

Combining the cases of NCGS ﬂJom—Ceha.cG—hthmsltmtjr} with those of
CD, the inmidence nses alarmungly to & people out of 100 worldwide (Genetics
home reference, 2015). According to the Anmnal Report of the Itahan Mimstry
of Health, CD prevalence m Italy 1s 0. 28%, but it is thought to be underestimated
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(Ttalian Miniztry of Health, 2014).

CD seems to be highly comrelated with other autormmmne diseases (Gujral et al.,
2011}, so ifs relatively high rate m Sardmian population 15 not smpnsing. The
Mediterranean 1sland of Sardnia 15 m fact well known for being a genetic isolate
with a particularly high prevalence of aufcimmmne diseases (Sardu et al., 2012).
As observed all over the world, CD prevalence 15 also increasimg in Sardimia
(Figure 1) with the total number of diagnosed CD patients passing from 3169 m
2007 to 6145 in 2014 (Ttalian Ministry of Health, 2008, 2015). For these
reasons, ghiten confent charactenzation of food and beverage appears impellent.

0.4 - DSaJdinia
- B taly
=
= 03
=
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= 0.2 -
3
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0.0 . .
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Year

Figure 1 Increasing of Celiac Desease (CDY) prevalence mn Italy and Sardima
from 2010 to 2014. Data from the annual reports on Cehac Disease of the Itahan
Ministry of Health (2011, 2013, 2014, 2015).

Eliminafion of sources of gluten from the diet 15 the only effective remedy to lead
a normal hfe. Therefore, 1f is very important to know the effective daily dose of
ghaten intake, without neglecting the hydrolyzed forms present in farmented
products such as beer, and a comect characterization and proper labeling of
products becomes essential
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In 2009 the Codex Ahmentarms Commission asserted that gluten-free foods
cannot confam wheat, rye, barley, oats or thewr crossbred vanefies, unless they
have been specially processed to reduce the gluten level below 20 ppm (Codex
Albimentarin: Commission, 2008).

Several commercial test kits for gloten gquanfification are available and the
majonty are based on ELISA (enzyme linked immmnosorbent assay). The official
standard method for gluten determination according to the Codex Alimentanus is
an ELISA which uses the B5 antibody. Mowadays, second generation compefitive
ELISA based on the Mendez RS antibody 15 considered the most reliable method
to detect partially hydrolyzed prolamnms in beer (Panda er al, 2015; Hager e
al, 2014; Haas-Lauterbacher al , 2013).

Considenng the massive amount of beer consumed in Sardima, the number of
craft brewenes and the increase of diagnosed CD patients on the island, we made
a screening of the most representative craft beer styles produced m Sardimia to
quantify their actual glufen content In order to assess the productive range of the
1sland, eighteen different beer styles were selected with an alechol content in the
range from 3.59 %V to 8.15% VIV and different grist composition.

MATERTAL AND METHODS

Beer sampling

Twenty-five bottled beers produced m Sardmia by seven local micro-breweries
were analyzed: seventeen all-barley malt (one Althier, two Amber Ale one
Amenca IPA one Bitter, one Dubbel, one Golden Ale, one Helles, one Imperial
Stout, one Italian Grape Ale, fwo Pale Ale, three Pilsner, one Rauchbier and one
Strong Ale) and eight wheat content beer (three Blanche, one Saison, one Stout,
two Weizen and one White IPA). For gluten deternunation and beer amalysis
three bottles of each brand and beer style were analyzed.

Determination of gluten contents

Analysis of glufen confent m beer was performed by a competifive immmne
enrymatic method because it is the method of choice for the determmation of
peptide frapments in beers and other food products confaming hydrolyzed
proteins (Codex Alimentarin: Commizsion, 2008). Analysis was camed out by
the RIDASCEEEN Ghadin compefifive assay (Art. Mo, E7021, E-Biopharm,
Darmstadt, Germany) accordmg to the manufacturer’s mstruction The
monoclonal antbody BS recognizes several small repetitive celiac-toxic epitopes
(QQFFP, LOFFP, QLPYP, QLPTP, QQSFP, QQTFP, PQPFP, QQPYP and

PQPFP). Since the epitope (JQJFFP 15 present in wheat gliadin_ barley hordein and
rye secalin, anfibody E5 recogmizes fractions m all of these grains (Haas-
Lauterbacher al., 2012).

Bottles were shaked for 3 mumites m order to suspend the pellet on the bottom
and 100 ml of beer was poured in a beaker and degassed; 1 ml sample was used
for glufen determination. Ghadin concentrations were cooverted mto ghiten
concenirations by mmltplying the test results by a factor of 2 (Codex
Alimentarin: Commission, 2008). The beer containing wheat was diluted fo a
final dilution factor of 2500; the all-barley malt beers were diluted to a final
dilufion factor of 500 as desenbed m the assay. A commercially available gluten-
free beer made from barley malt (Perom gluten-free, Perom, Roma, Kalia) was
used as negative control, and the kit prolamume-free solufion was used as blank.

Beer analysis

The onginal extract (% wi'w), apparent extract (% w/w) and alcohol content (%
VIV) were measured with a DMA 4500 density meter (model PBA-B Generation
M, Anton Paar, Graz, Ansina). Foam stability was measured with a NIBEM-TPH
foam stability tester (Haffmans, Zeist, The Metherlands) according to the official
Analytica EBC method 9421 (European Brewery Convention, 1998).
Analy=sis was conducted at 20°C, using carbon diccade to generate a standard
glass full of foam The MNibem tester measures the foam collapse time over a
distance of 30mm Turbidity analysis was performed according to the official
Analytica-EBC method 9.29 (European Brewery Convention, 1998) using a
Turbidity meter (model HI-93703 Hanna Instruments) and was expressed in EBC
umafs.

RESULTS AND DISCUSSION
Determination of gluten contents in Sardinian craft beer samples

Gluten level of mdustrial beers has been analyzed by competitive ELISA in
precedent studies (Guerdrum and Bamforth, 2011; Van Landschoot, 2011;
Dostileker al, 2006), but glufen content of Sardimian craft beers was here
analyzed for the first time. Table 1 shows the measured ghiten levels and data
analy=is of twenty-five craft beers.

Table 1Giaten levels, onginal extract, apparent extract, alechol content, turbadity and foam stability in craft beers analvzed

Beer stvle Gluten Original extract Apparent Aleohel Turhbidity Foam stability
Tah (mg/L) (% wiw) extract (% wiw)  content (% v/¥) (EBC units) {23 cm)
Alibier * 163+19 14 (B+0.02 3.13=0.01 5.91+0.01 1.4+0.1 28612
Amber ale * 97+l 17164024 3.92+0.06 7.30+0.09 20+04 24242
Amber ale * 900 11.78+0.02 3.29+0.01 4.52+0.01 24402 251+5
IPA * 15326 15.90+0.01 332:0.01 6.87+0.01 12405 269=31
Bitter * 61+1 11.42+0.03 3.12+0.01 4.43+0.01 11.5+0.2 265+4
Blanche * 1628 15.44+0 22 432002 5934012 6.6+0.5 2708
Blanche * 4594120 12.52+0.01 3210001 4.97+0.01 124032 203+1
Blanche * 490+14 12.01+0.03 2 BE=0.02 4.85+0.04 10.3+0.1 282+15
Drbbel * 17747 18.46+0.16 6.70=0.01 6_55+0.06 24 6+0.6 2869
Golden ale * 53+18 12 28+0.01 2.59+0.01 5.16+0.01 3.1+03 251+1
Hells * 124+43 12,4440 .02 3.14=0.01 4.96+0.01 226411 217=14
IGA * 22749 20.18+0.01 5.74=0.01 8.15+0.04 23406 268+7
Pale ale * 112+19 13.07+0.17 3.00=0.05 5.37+0.11 61+2 5 24445
Pale ale * 1930 12 87+0.08 2 680,02 5444004 20+02 28648
Pilzner * 108+10 12334001 275001 5.06+0.01 184032 231=11
Pilzner * 50+7.0 11.30+0.04 238002 4.73+0.02 21406 20446
Pilzner * 39+7 13.13+0.02 3 36=0.02 5.24+0.01 21+05 21710
Rauchbier * B0+6 13.02+0.01 3.65=0.01 5.00+0.03 4 8+09 23615
Saisom * 1703 14.09+0.03 348001 5.74+0.01 54401 289+1
Stout * 182+38 17.11+0.01 4 45001 694001 53402 209+16
Stout * 153+13 11.16+0.01 4.62+0.01 3.58+0.01 55.1+0.1 168+3
Strong ale * 4943 17.53+0.03 4 06=0.01 7424002 18403 236+1
Waizen® 500=0 12.27+0.01 2.13=0.01 5.40+0.01 43401 25044
Waizen® 2400+437 12 56+0.01 2.65=0.01 5204001 36406 16412
White IPA * 224422 11.22+0.02 232002 4.71+0.02 1.6+0.1 289+7
Gluten free <]1(** 10.55+0.01 1.52+0.01 5204001 1.1+0.1 176+8

Values are averages of three measurements = the standard deviation. *All barley-malt beers. “Wheat or wheat malt in grist composition. ** Results bevond

the quantification it of the ELISA used
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As expected, beer incloding wheat or wheat malt in the totzal gnst, contained
higher levels of ghiten (from 130 to 2400 ppm) compared with beers without
wheat or malied wheat in the grist (39 to 220 ppm). Mone of the craft beers
analyzed was gluten-free The lowest level found was 39 mg/l. in a Pilsner beer
and the highest was 2400 mgL in a2 Weizen. In eight beer samples {32%) we
found a level of ghoten below 100 mgl. These beers could be labeled as “very
low gluten” accordng to the Codex Alimentarius Commuission Stapdard (Codex
Abimentarin: Commission, I008). In a previous study (Guerdrum and
Bamforth, 1011), 2 range of commermally available mdustnal beers was
analyzed using the same Ridascreen Ghadin Compettive ELISA kit 36% of
those beers tumed out to be gluten-free and all of them were “low m ghoten™ with
the exception of a wheat beer. As reported above, unhke industrial beers, the craft
beers analyzed were produced without a stabilization process, pasteunzafion or
micro-filtration and they were bottle-fermented. Besides, industnal beers are
often stabalized beer Tbefore packaging by kieselpubr filiration,
often follow a general formula and maize or nee products are often added to cut
beer mamifacture costs (Briggs, 2004). Maize and rice are gluten-free ingredients
and contribute to keep low gluten level in fimshed beer. Stabilization processes

and different grist compositon may result in relatively low ghadin levels mn

Gluten content relationzhip with foam retention, turbidity amd original
extract

A correlation analysis among gluten confent and all-barley mali beer analysisis
shown m Figure 2. Gluten composihion 15 well known for having mfluence on
chemical-physical charactenistics of beer foam (Bamforth and Kanauchi, 2003,
Steiner et al., 2010). Moreover different authors reported evidence that some
horden species mmprove quality and persistence of beer foam (Sheehan and
Skerritt, 1997; Vaager al. 1999, Evans er al, 2003). The sigmificant comrelation
between ghaten content and foam stability found in thes study (Figure 2a) was not
swprising. As already described by Bamfiorth and Eanaucha (2003) this may be
due to the interaction between hop acids and some members of the hordein
storage protein family denving from malt.
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Figure I Relatonships between gluten content and foam stabihty (3), original extract (b) and turbadity (2) among all-barley malt beers. Comelation was performed

using Pearson correlation coefficient.

According to Steiner er al., (2010), the same hordein storage protems are also
responsible for turbidity in beer. Monetheless, we found no comrelation between
the two (Figure 2c). This could be explamed by mteraction of several vanables
maore frequently ocowmng mn craft beers than i mdustrial beer such as presence
of yeasts (deriving from the bottle fermentation). Furthermore yeasts flocculation
ability (the ability of yeasts to settle on the bottom at the end of refermentafion)
and cell pumber, can vary from beer to beer and cause turbidity mdependently
from gluten content (Boulton, 2001).

It appears more difficult to explicate the lack of correlation (Figure 2b) that was
found between ghiten content and onginal extract (the amount of sugar m wort
before fermentation) which directly derives from a higher amount of malt used to
produce beer and therefore more ghoten potential A possible explanation could
be the ligh wvamability observed m craft beer production, both among
microbreweries and within the same plant, due fo the lack of aufomation in the
production process which makes 1f enfirely dependent on manpower skills.

CONCLUSION

Although hferature shows a relafive low glufen content for commercial beers,
with a high percentage of unaware gluten-free beers, a swpnsing lgh gluten
level was found in Sardiman craft beers. Even 1if 37% of the analyzed beers could
be labeled as “very low ghiten”, we found no gluten-free beers among our
samples. Considening the high mate of gliten mtolerance mm  Sardima
population and the high etherogenity level of mdividual senmtivity, ghuten
sensitive persons should be careful when dnnking craft beer. Moreowver,
comrelation analysis highlight the relevance of ghiten content on foam stability of
craft bears.
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ABSTRACT

Wheat flour 15 staple diet and is mamly consumed m the form of chapatt and bread m Pakistan. Wheat 15 deficient in lysine which is the
first limiting amuno acid in wheat. Protemns are indispensable constituents of human diet and are considered crucial for the growth,
mantenance and repair of the body fissues. They are one of the essenfial bmlding blocks of all hife. The objectnve of this study was to
prepare the compoesite flour by blending straight grade flour with oyster mushroom powder (OMP) in different proportions for the
baking of bread. The flour was also evalnated for rheological properties. The supplemented bread was subjected to sensory evalation
and physical analysis by Fannograph measurements of the following charactenistics affected by mushroom powder: water absocrption,
dough development tme, softening of dough, dough stability and mixng tolerance index Results showed that OMP nereased water
absorphion capacity of dough with highest absorption recorded m T (66.4%) and momimum in T, (36.4%). Dough development time
increased with the ncreasing amount of OMP. I was minmmum in Ty (1.5 min) and maximum in Ts (4.6 man). The capacity of dough to
get soft also mereased with mereasimg treatment level Dough stability also decreased with increasing level of OMP. Miang tolerance
index was also significantly affected by OMP. Eesults of amylograph indicated that peak viscosity mereased from 1595 to 1700 BU

from T (3% omshroom powder) to Ts (15% mushroom powder) with the increase of OMP.

Keywords: Amylograph, Bakery Products, Farinograph, Mushroom Powder, Protein, Bread

INTRODUCTION

In many cultures, edible mushrooms have been consumed as food and medicme
for many years (Wan Rosil er al., 2011; Akbarirad et al., 2013). They constitute
a sigmificant food item regarding health, lmman ouintion and disease prevention
(Chang and Miles, 2004). It 15 generally said that “foods and medicines have a
common ongin” (Kaul, 2001). Mushrooms are versatle food items which may
be consumed fresh or cooked wholly. Mushrooms have been meluded in a
normal buman, diet for so long but currently, amounts consumed have increased
to a great extent involving a larger mumbers of species. Nowadays, mushrooms
are eaten for their distmetive flavor, texture as well as for the health benefits
which they provide (Chang and Miles, 2004).

Mushrooms have a hagh nutnitional value, being fanrly well off in protem, having
the appropnate amount of essential amino acids and fiber but with low fat
content. Considerable amounts of vitamins (C, D, E, By, B; and By;) are provided
by edible mushrooms (Mattila e al., 2001). The edible mushroom can be the
best food for diabetic patients and for those who desire to get nd of excess fat
since it contains small quantities of carbobydrate and fat (Deepalalshmi and
MMirunalini, 2014). In the developing countries, oyster mushrooms considerably
contrnibute in overcoming protein deficiency. Also, they are nch m calemum, 1ron,
potassium, copper, mine, and manganese (Owaid, 2013). Parienlarly, to produce
mushroom capsule and extract special strains of dned mushrooms are used. The
mushroom 15 a nch food and m addition to bemng a satisfying meal, 1t 15 unnvaled
for flavor (Alam and Kaza, 2001). Dietary mushrooms offer a broad range of
curative properfies. (hster mushroom has mmportant therapentic properties
meluding antibacterial, antifungal, anfiviral, anhecancer activifies, blood lipad
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agamst insommia, cancer, asthma diabetes, cholesterol reduction, allergies and
stress (Wang er al., 2000).

Fresh mushrooms being penishable start detericration instantly within a day after
harvest. Because of the extremely delicate nature of fresh mushrooms, they have
to be preserved Many post-harvest procedures can be applied fo improve the
shelf Iife. Preserve the quality of mmshrooms and enhance storage. This will play
a fundamental role in their commercialization (Gothandapani er al, 1997).
Many methods are nsed for preservation of mushroom but canmng 15 the most
commonly implemented methods at a2 commercial scale. There are many other
ways used to merease the shelf hife of mushroom hke dryving, pickling ete. Diryving
15 a reasonably easy and frequently used techmque among several methods for
the preservation of mmshrooms (Rai et al, I1003). However, drying rate 1s
influenced by many factors which include the thickness of mushroom, moisture
diffusivity, temperature and methed of drying (Yapar er al., 19907,

For the diversification of bakery products many outritionally neh meredients are
added m them (Sudha er al., 2007). Non-wheat flours which are nch mn protemn
can be meorporated m different products fo avert protein deficiency (Sharma
and Chauhan, 2002). Development and consumption of such thermpeutic bakery
products like bread would be helpful in raismg the muintional status of the
masses. In this light bread technology probably constifutes one of the oldest
technolopes known to man (Selomulye and Zhou, 2007). Bread 1= m fact an
important food item considered to be one of the commonly used food products n
the world. It is the staple food for many countries and 15 pnneipally made of hard
wheat flour, fat, veast, salt, sugar and water (Badifu er al., 2005). This cereal
product has low protemn confent and as such 1s not a balanced diet becanse of its
low lysine and other essential amimo acids (AGU er al., 2010). Since bread 1s an
important food that 15 accepted, it can be used as a convement food item for
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protein fortification thereby mmproving the nuintional health of the people and
prevenfing malmuinfion. The premux or composite flowr techmique plays a
significant role in balancing the deficiency of essential puinients in wheat
(Anjum et al, 2006). This composite flour techmique 15 actually the process of
meorporating other cereals or legumes into wheat flour. As such, locally
accessible raw matenial 15 therefore used for the preparahion of better quality local
agriculiural food products In an econonucal way (SHAHZADI, 2004). E 15 from
this perspective that while keepmg in view the muintional and medicmal
mportance of mushroom, this study was camed out to improve the mutntional
and functional properties of bread by supplementing wheat flour with mushroom
powder. The experimentation involved development of mushroom powder,
evaluation of the effect of wheat supplementation wath this powder on
theological, physical and chemical properies of bread, and evaluafion of
organoleptic properfies of bread with acceptable level of mushroom powder
addition

MATERTAL AND METHODS
Samples

The research was camed out at National Institate of Food Science and
Technology, University of Agnculture, Faisalabad Ohster mushroom was
obtained from Mushroom Lab of Institute of Horticultwral Sciences, University of
Agnculiure, Faisalabad Femaiming raw material was procured from the local
market. Mushrooms were dned at a temperafure of 45 °C for 2 days. Then
mushrooms were ground to powder form.

Proximate analysis

Proximate analysis of wheat flour and mushroom powder were performed
according to their respective methods desenibed mm AACC (2000).

Eheological analy=iz

Dough rheclogy of composite flour prepared with different levels of mushroom
powder (0%, 3%, 6%, 9%, 12%, and 15%) was determuned by using fannograph
and amylograph following the procedure 15 given m AACC (2000).

Farinographic studiez

Wheat flour was examuned for physical dough properfies by using fannograph
according to the procedure outlined m AACC (2000) Method No. 54-21. The
faninograms were inferpreted for different charactenstics such as water
absorption, dough development time, dough stability, mixing tolerance mdex and
softening of dough as desenbed below.

Water absorption

Percentage of water required to reach the center of the curve on the 500
Brzbender units (BU) lines wath the maxmmum consistency of the dough (peak) 1s
termed as water absorption of that flouwr sample. For each treatment, water
absorption was recorded directly from the burette attached to the fannograph.

Dough development time

This 15 the time required for the curve to reach ifs full development or utmost
consistency possessing hghest peak. High peak values are associated with strong
flour, which have long mpong time.

Dough stability

The dough stability was recorded as the time difference betwresn the points where
the fop of the cwrve first intersected 500 BU line (Amval time) and the pomt
where the top of curve left 500 BU lne (Departure fime).

Mixing tolerance index

The muxing tolerance index was derived in Brabender unit (B} as the difference
from the top of the curve at the peak to top of the curve after 5 minutes from the
peak.

Amvlograghic studies

Amylogragh charactenistics of flour are related to the heating behavior of the
starch confent of the flowr. Alpha-amylase actvity was studied for mdex of
biochemical change in BU according to the Method Mumber 22-12 grven
AACC (2000). The straight grade flour sample and blend (flour plus mushroom
powder) were mun through Brabender-visco. Amylograph equipped with 65 grams
capacity bowl to deternumne properties of dough. A sample of 65 g of flour was
combined with 450 ml of dishlled water (DW) and mixed to make shury. The

shury was stured wiule being heated in the amylograph beginning at a
temperature of 30 “C and increasing at a constant rate of 1.5 °C per mimite untl
the shury reaches 95 °C. The amylograph recorded the resistance to stimng as a
viscosity curve on graph paper. Peak viscosity was the maxinmm resistance of a
heated flour and water shory fo mixing with pins. i was expressed m Brabender
Unuts (BIT).

Product development

Wheat flour m the bread was replaced by mushroom powder as descnbed mn the
treatments (Table 1). Ty was considered as control.

Tahble 1 Expenmental plan
_Treatments Muszhroom powder (%)
Ty i}
Ty 3
T: &
Ts 9
T, 12
Ts 15
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Phyzical analysiz of bread

Loaf weight and volume

Loaf weights and volumes were measured 1 hour after removal from the oven
The loaf was weighed using an electromic balance and loaf volume was measured
by rapeseed displacement method given in AACC (2000). Each loaf was putin a
container and covered with rapesesds totally fill the container. After that, the loaf
was removed and the volume of rapeseed was recorded usmg the method of
Dabat. (2010). Specific volume was measured by dniding loaf weight to loaf
volume.

Texture amalysis

The textural stady of bread was conducted by using Texture analyzer (Model TA-
HT2, Stable Microsystems, Swmrey, UK) with a 5kg load cell as desenbed by
Piga et al. (2005). It is an awtomatic equpment having software attached whach
gives the measurements of the hardness and resistance of the bread to bend or
snap. The Texture Expert program version 4 was used for data analysis. Texture
analyzer has three-point bending ng (HDP/ABP) usmg five-kilogram load cell
heavy duty platform (HDP/90). The ng base plate with two adjustable supporis
that were placed at five cm distance to support the sample. This distance was kept
at same for all the samples mmning. The bread was placed at the central area of
the supports. The resistance of the sample to bend 15 the distance at the point of a
break, related to the fracturabality of the sample. The sample that breaks at a very
short distance has a high fractarability otherwise low fractorability. The display
shows force in gram (g) and distance in mallimeters (mm). Three loaves of bread
of each freatment were analyzed for the hardness (firmness) and fractuwrabality.

Color of bread

The bread crust and crumb color were determined by colonmeter (Neuhaus color
test-II, Neotec) according to the method desenbed by Bocha and Morais (2003)
with some modifications. It was first calibrated with the standards (54 CTn for
dark and 151 CTo for light). Then the bread sample was ground and filled in Petr
plates, to get the optmum reflection of light, emerged by the photocells of the

Sensory evaluation of bread

The prepared bread loaves were evaluated by a panel of judges (10 panehst)
external properties such as crust color, volume, form symmetry, evenness of bake
and infernal properties like crumb color, grain, aroma, texture, and taste by
method of Land and Shepherd (1988).

Statistical amaly=iz

The data obtained was analyzed statistically in order to compare the effect of
different treatments on different parameters of bread. The standard statistical
procedure (AMOVA) was applied according to the method desenbed by STEEL
eral (1997).

RESULTS AND DISCUSSION

Proximate analysziz of wheat flour and mushroom powder

Proximate composifion of wheat flour and mushroom powder are shown in Table
2 and Table 3 respectively. In wheat flour, moisture (12.50%), ash {0.35%), crude

protein (9.45%), crude fiber (0.30%), crude fat (1.25%) and NFE (76.15%) are
present. These results are in close agreement fo those obtamned by Ibrahium er
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al. (2014) who analyzed the effect of replacement of wheat flour with mmshroom
and sweet potato flour on nuirnitional composition and sensory characteristics of
biscuits and observed moisture mnging from 10.2-12.5%, crude protemn 8.23-
12.71%, crude fat 1. 2-1 8%, crode fiber 0.30-0.76% and ash 0.30-0.66%.

Tahble 2 Proscamate analysis of wheat flour

Characteristics %% age

Mosture 12 50+0.43
Ash 0351001
Crude protein 9 45+0.03
Crude fiber 0.30+0.01
Crude fat 1254004
NFE 761522 66

Tahble 3 Procuimate analysis of mushroom powder
Characteristics
Moisture
Ash
Crude protein
Crude fiber
Crude fat
NFE

Lpage
7674031
707028

29.60+1.21
8331034
1.78+0.07
4555+1 86

On ifs part, mushroom powder contained moisture, ash, crude protemn, crude
fiber, crude fat and NFE in the range of 7.67=0.31%, 7.07+0.28%, 29.60+1.21%,
8.33+0.34%, 1.78=0.07% and 45 5521 86% respectively. These values he within
the range mentioned by Dickeman er al, (2005). The values of wheat flour and
mushroom powder are in accordance with the values menficned by Bano and
Eajarathnian (1988).

Eheological properties of composite flour

Eheological properties of dough are used as quality indicators for cereal products.
There are various instuments, findamentals and emparicals which can be used
for checking the rheology of dough products. Fundamental rheometry describes
the physical properties of material over a wide range of stramns and rates allowing
direct companson of results obtamed by vanous testing instuments and
researchers. For better quality cereal product, 1f is important to have knowledge
about the rtheological behavior of wheat flour dough (ASGHAR er al., 2009).

Farinographic studiez

The fannograph is a sensitive instument which measures the water absorption
and mixmg behavior durmg mixmmg. It provides information about absorption or
amount of water required for dough to reach a definite consistency and secondly
a general profile of mrxing behavior of dough Plyer (1988) has reported that
flour from strong wheat vaneties had the ability to absorb and retam a large
amount of water.

Water absorption

The analysis of vanance for water absorption of different composite flour
revealed that water absorption was significantly affected by the level of
supplementation I 15 obvicus that water absorption renged from 56.4 to 664 m
(66.4%) was ubsewedm 15% mushroom powder supplemented flowr while
nuninmm water absorption (36.4%) was observed m 100% wheat flour {control).
It 15 reported that water absoiption increases with the merease in protein content.
But other factors ke starch damage dunng milling also affect water absorption
{Asghar et al , 2007). Studies of Hesham et al. (2007) have concluded that water
absorption of flour mereases with the addiion of mushroom powder and lepume
flours. The increasing water absception may be due to the fact that maw and
germinated legume and mushroom powder contain more fiber, sugars and hagher
protein content, which refain more water.

Dough development time

The analysis of vanance for dough development time of different composite flour
revealed that the dough development time was significantly affected by the level
of supplementation. The mean values of dough development time ranged from
1.5 mm. to 4.5 min. in different composite flour the highest dough development
fime (4.5 mon) was observed m the 15% mushroom powder supplemented flour,
while miminmm deugh development fime was observed mm 100% wheat flour
(control). The dough development time increased with increase m the level of
glhuten quality. Dough development time 1s a sign of protein quality and strength
of flour (Pyler, 1988). The resulis of the cument study are m lne with the
findmgs of Rosell er al. (2001) who observed that dough development tome
merezsed by adding kydrocolleids in the bread.

Softening of dough

The analysis of vanance for softenmmg of dough of different composite flour
revealed that the softening of dough was significantly affected by the level of
supplementation. The mean vahies of softening of dough ranged from 255 to 70
BU m different composite flours. In this study, maxmum softening of dough was
observed m 15% mwshroom powder supplemented flour while the minimum
softening of dough was observed i 100% wheat flour.

Dough stability

The analysis of vanance for dough stability of different composite flour revealed
that the dough stability was =igmficantly affected by the lewel of
supplementation. The mean vahies of dough stability

ranged from 1.8 min to 54 min m different composite flours. An owerall
increasing trend of dough stability was observed wath increase mn protemn content.
The mimmum dough stability was observed wath pmshroom powder
supplemented flour 1.8 min while higher dough stability was observed m 100%
wheat flour (control). The dough stability 15 actually tolerance of flowr to over or
under

mixmg. It 15 a primary index of flour quality and 15 one of the most significant
determinations made by farinograph (Pyler, 1988). It 15 clear from the study of
Hezham er al. (2007) that dough stability decreased as the concentration of
mushroom powder increased.

Mixing tolerance index

The analysis of vanance for mpang tolerance mdex of different composite flowrs
revealed that the mixing tolerance index was significantly affected by the level of
supplementation. The mean val

ues of mixmg tolerance mndex ranged from 52 to 75 BU m different composite
flour. An overzll mereasing trend of mixing tolerance mdex was observed with
increase m protein confent. The highest mixing tolerance index (75 BU) was
observed In 15% mushroom powder supplemented flour while lowest miang
tolerance index {32 B1T) was observed i 100%: wheat flour {control).

A study of Mueen Ud Diin (200%) related to mixing tolerance index showed that
mixmg tolerance index vaned from 21 to 64 BU in straight grade flours. SUDHA
er al. (2007) reported that by the addition of wheat bran and nece bran blend,
mixmg tolerance was increased sigmficantly. The results of this study were m
accordance with the result of Lee e al 2000. Moreover, Oh and Eim (2002)
suggested that by the addition of green tea powder, mixang tolerance index 1s
significantly increased.

Amylographic studies

The amylograph 1s related to the starch content of the flour and its behavier
duning heating. Amylograph checks the alpha amylase activity durmg gelation
peniod of starch. In the present study, wheat flour was substituted with mushroom
powder due to which amylase activity decreased. Analysis of vanance related to
peak wiscosity shown in Table 4 showed mean values of peak viscosity of
different composite flour. It 1s clear from the table that mushroom powder has a
significant effect on wheat flour. The peak viscosity was observed and it was
noted that peak viscosity increased from 820 to 1700 BU. It showed that as the
level of fiber increased, peak viscosity started to decreased.

Table 4 Effect of mushroom powder on peak viscosity of different composite
flour

Treatment Peak viscosity (BU)
T, 820"

T 1700*

T: 16504

T, 1635™

T, 1610™

Ts 1595¢
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Legend: To = Confrol (100% Wheat flowr), T; = 3% mmshroom powder
supplementation, T; = 6% mmshroom powder supplementation, T; = 9%
mushroom powder supplementation, T, = 12% mushroom powder

supplementation, Ts= 15% mushroom powder supplementation.

Sudha e al. (2007) studied the effect of apple pomace as a source of dietary fiber
on the rheolozy of cake. They concluded that amvloeraph studes showed
decrease in viscosity of peak and cold paste viscosity from 950-730 BU and from
1760-970 BU, respectrvely. The studies of Sharma er al. (1999) were related to
the effect of cowpea flouwr and wheat flour blend on rheclogical and bakmg
properties. They showed that peak wiscosity decreased with increase n
mushroom powder level. That may be due to less swelhng and gelatimzation of
starch due to protem molecules around them
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Analyzis of Bread
Phyzical analyzis of bread
Loaf weight and volume (Rapeseed displacement method)

The results indicated that loaf volume of bread was affected sizmificantly by
different levels of mushroom powder. It 1= obvious from results that loaf volume
was higher for the bread prepared from the non-supplemented wheat flour as
compared to the supplemented wheat flour. The mean values for loaf volme of
bread prepared from the different composite flour samples are showed in Table 5.
The results revealed that the masximmum loaf volume (575 cm®) was obtained from
the bread produced by 100%: wheat flour (control)} followed by the 3% mmshroom
powder supplemented bread (555 cm”) while the minimum loaf volume (450
em”) was found in the 15% mushroom powder supplemented bread. The decrease
m loaf volume of the bread may be attributed to the reduction m the wheat
strocture forming protems and a low ability of the dough to entrap amr. The
protein quantity, alpha amylase actrvity, and damaped starch might have a
significant effect on bread volume and baking quality for different composite
flonrs (Butt er al | 1997).

Tahble & Effect of mushroom powder on physical charactenistics of mushroom
powder supplemented bread

- . Specific loaf
Treatment Volume (cm®) Weight () volume (em’/e)
Ta 575.00° 1607 35
T, 555.00% 170= 3.26%
T, 530.00¢ 180° 204¢
T, 500,004 205¢ 2434
T, 474 67¢ 215* 2208
T: 450,00 15 2.00°

Also, Vittadini and Vodovetz (2003} reported that soy flour added bread has
lower loaf volume as compared to the 100% wheat flour bread. Results regarding
the weight of loaf bread are shown m Table5 .Values of loaf weight increased
from 160 g to 225 g by an mcrease in supplementafion level of mushroom
powder. Specific loaf volume 15 measured by drviding the volume of bread loaf to
the weight of bread loaf. The results revealed that specific volume 15 sigmficantly
affected by the addition of mushroom powder. Mean values related to specific
loaf volume are shown m Table 5. According to the resulfs, specific volume
varies from 3.59 to 2.00 cm’/g. The highest value was attained by 100 % wheat
flour but bread contaimmg 15 % pmshroom powder had the lowest value of
specific volume. It 15 clear from the studies of Okafor er al. (2012} that values of
specific loaf volume decreased from 3.73 to 198 cofg by the addition of
mushroom powder.

Textural characteriztics of bread

Bakery products have a charactenstic shape and definite texture that is accepted
by the consumers. Any sipmficant deviation from the optimal fexture
characteristics of the product can be considered as a reduction mn quahty. Texture
has a sigmficant influence on consumer’s perception of a good bread quahty. The
most important attnbutes of bread inchide hardness and springmess, and forther
parameters such as chewiness, pummaness, and cobesiveness can be taken info
account as well Hardmess 15 defined as the force required for biting bread
samples, sprimpmness is the degree to which a sample retumns to s ongmal
thickness after compression. Cohesiveness 1s a charactenstic of mastication,
gpumminess depends on cohesiveness and hardness; chewiness depends on
springiness and gummimess (Mereted er al., 2003).

Bread hardness by compression test

The analysis of vanance results for bread hardness prepared form different
composite flours are presented im Table 6. The resulis mdicate that the bread
hardness vaned and was highly significant among different composite flours. The
results showed that bread hardness ranged from 224 to 1020 g among the vanous
bread. The lughest bread hardness (1020 g) was recorded from the bread prepared
with 15% mmshroom powder. The lowest hardness (224 g) was recorded with the
bread produced by 100% wheat flour. Similar textural and crumb grain profiles
have been stated previously by means of sensonal and mstrumental stodies of
bread (Shittu er al., 2007T).

Penetration test for bread fracturability

The results indicate that bread fracturability varied significantly among different
composite flours. The fractarability of bread increased as the level of mushroom
powder mereased in bread. The mean values presentfed in Table & revealed that
bread fractwabibity ranged from 37.02 to 3509 mm among bread of vanous
mushroom powder supplementation.

Table 6 Effect of mushroom powder on fextural charactenstics of mmshroom

powder supplemented bread
Treatments Bread hardness (g) Bread fructurability (mm)
T, 14 35.09°
T 2B0F 35.16%
T: 440! 35.16™
T 552¢ i6.3g®
T, 860" 36.74°
T: 1020* 37.02*

Color

The color of bread was determined with the help of Color meter I as desenbed
by Rocha and Morais (2003). The color of the bread was determined by placing
the bread under photocell The colonmeter was calibrated by using standards
(34CTn for dark and 165CTn for light). It is evident that the color value differed
significantly due to differences in supplementafion level of mushroom powder In
wheat flour. The mean values of the color of bread prepared from composite
flours given m Table 7 indicated that the bread from control (100% wheat flour)
had the maxinmm color value (162CTn) and 1fs value decreased gradually as the
level of mushroom powder supplementation increased in wheat flour. The darker
color was due to mmshroom powder supplementation. The bread prepared from
15% supplementation of mmshroom powder in wheat flowr got the mumimum
color value (135CTn).

Table 7 Effect of mushroom powder supplementation on color score of bread

Treatments Color (CTn)
Ts 162
T, 152*
T: 142
T 14le
T, 140

Ts 135¢
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Sensory evaluation of bread

Sensory evaluation 15 an important cnferion for quality assessment m new
product development and fo meet the consumer requirements. Any new product
must give satisfaction and pleasure to the consumers 1f 1t has to be a part of their
eating habits. For this reason, the bread prepared from wheat flour supplemented
with mushroom powder was evaluated for vanous sensory attnbutes. The sensory
evaluation of bread for various atimbutes such as vohmme, color, the symmetry of
form, evenness of bake, the character of crust, grain, the color of crumb, aroma,
taste and fexture was camed out. The product was evaluated by a panel of judges
and the results are described below.

Volume

The resulis revealed that the scores assigned to a volume of bread were affected
significantly by the level of mmshroom powder supplementation. It 1s evident
from the results which are shown in Table B that there was a significant decrease
in assigming scores to bread as the level of mushroom powder supplementafion
increased m flour. The highest volume score (7.85) was gaimed by bread
prepared from control (100%) followed by 3% mmshroom powder (6.71) and 6%
mushroom powder supplemented wheat flour (6). The lowest wvolume scores
(3.20) was obtained from the bread prepared from 15% mushroom powder
supplemented composite flour. The decrease m volume was observed with
increase in the level of mushroom powder supplementation.

Replacement of wheat flour with non-wheat flour had a certain negatrve effect on
bread volume. Ighal (2007) also found that meorporation of cowpea flour m
wheat flour significantly reduced the score for the volume of bread. Mewalter er
al. (2004) and Hezahm er al. (2007) also reported that incorporation of cowpea
flour m dough had a certain negative effect on bread volume.

Color of crust

The scores assigned fo crust color of bread were sigmficantly affected by the
supplementation of mushroom powder. It 1s obvious from results that color scores
for bread differ sigmificantly due to the different treatments. The interaction of
treatments showed a sigmificant effect on the color score of the bread A
significant decrease in color score was observed with mevease m the level of
supplementation of mushroom powder. The effect of blending, on the bread color
was more pronounced when higher concentrations of mushroom powder were
used. The mean score for the color of the bread prepared from the mushroom
powder supplemented composite flour samples are shown m Table 8. I 1s
obvicus from results that bread prepared from the flour contaming 15%
mushroom powder got the lowest color score (4.0) followed by the 12%
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mushroom powder (4.28). The highest score (8.14) was obtained by control
followed by 2% mushroom powder. It was observed that decrease in color score
of mushroom powder supplemented bread decreased proporfionally with the
merease in the level of mushroom powder. Crust color of the bread was light
brown which darkened progressively with the mmereasing level of mushroom
powder. The darkened color of crust may be due to the Maillard reaction taking
place durning baking of loaves, due to high lysine contents. This corroborates with
Hussain (2004) who found that there was a progressive decrease in assigning the
scores to crust color of bread as the wheat flour was replaced by non-wheat flour.
Okafor er al (2012) also reported that scores for color of crust decreased by
mereasing the level of mushroom powder form contrel (100% wheat flour) to Ts
(15 % mushroom powder)

Symmetry of form

The results for the symmetry of form of bread prepared from different composite
flours mdicated significant differences among bread prepared from mmshroom
powder supplemented bread with respect o their symmetry of form. The mean
scores assigned to the symmetry of form of bread prepared from mmshroom
powder supplemented bread are shown in Table 8. It 15 evident from the results
that bread prepared from 100% wheat flour got sigmificantly the highest scores
(3) but non-sigmficantly different from each other for their symmetry of form
from bread prepared wath 15% mmshroom powder supplemented wheat flour.
IQBAL (2007) also found that incorporation of cowpea flour in wheat flour
significantly reduced the score for symmetry of form of bread.

Evenness of bake

It 15 obvious from the results that evenness of bake differs significantly due to
different treatments. The mean squares concerming scores allocated to evenness
of bake of bread prepared from different mushroom powder supplemented wheat
flours are presented in Table 8. The results pomt out that score for the evenness
of bake of bread ranged from 2.71 to 142, The lghest score (2.71) for the
evenness of bake was allocated to the bread prepared from the 100% wheat flour
(control). The bread prepared from the 15% mushroom powder supplemented
wheat flour obtamed the lowest score (1.42) for the evenness of the bake.
Chavan et al. (1991) observed that the score assigned to evenness of bake
decreased as the supplementation level of peamut flour increased Hussain (2004)

found that there was a progressive decrease mn assigning the scores to evenness of
bread as the wheat flour was replaced by non-wheat flour.

Character of crust

The scores assigned to the character of crust were significantly affected by the
addition of mmshroom powder m wheat flour. The mean scores assigned fo the
crust character of bread prepared from mushroom powder supplemented wheat
flour are given in Table 8. The character of crust scores was allocated maamum
(2.85) to bread prepared from 3% mushroom powder supplemented in wheat
flour followed by bread prepared from 6% mushroom powder supplemented
wheat flour. Chavan et al. (1991) observed that the score assigmed fo crust
character of bread decreased as the supplementation level of peanut flour
increased. Hussain (2004) equally reported that the scores assigned to the
character of crust were significantly reduced by the addition of flaxseed flour in
straight grade flour.

Color of crumb

The results indicate that mushroom powder supplementation level significantly
affected the crumb color of the bread. The scores assigned by the panehsts to the
crumb color of bread prepared with different levels of mushroom powder
supplementation in wheat flour (Table 8) indicated that bread prepared wathout
mushroom powder supplementation (100% wheat flowr) got significantly the
highest scores (8.14) for crumb coler while the bread prepared with 15%
mushroom powder supplemented wheat flour were ranked at the bottom (3.50) by
the judges. I 15 also evident from the resulfs that bread prepared from 3% and 6%
mushroom powder supplemented wheat flour had close values. These results are
similar to the findmg of Okafor er al (2012) who observed that scores assigned
to the crumb color of bread decreased as the level of mmshroom powder
increased. Chavan er al. (1991) observed that the score assigned to the color of
the crumb of bread decreased as the supplementation level of peanut flour
increased. The darkening of color 15 due to the Maillard reaction.

Tahble 8 Effect of mushroom powder on external characteristics of mushroom powder supplemented bread

Treatment Volume Color of crust S}W of Evenness of bake C]J.a:::::r of C:::]i::f
Ta 785 214 300 214" 27t 814a
T 6.71" 785" 242° 214" 285" 7.7k
T, 6.00° T.00¢ 214 amnt 27t 7.00e
Ts 5424 5714 2004 2,008 2.00¢ 6.00d
T, 4.42¢ 428 1.14 1.714 L7 4.50e
Ts 320" 4.00° Lo" 142 1.42¢ 350f
Internal characteriztics Tahble 2 Effect of mushroom powder on mternal characteristics of mushroom

Grain

The statistical analysis mdicated that scores given to grain of bread were affected
significantly by the levels of mmshroom powder supplementation in wheat flour.
The results presented in Table 9 mmdicated that there was a progressive decrease
m scores assigned to the grain of bread as the supplementation level of
mushroom powder increased. The highest scores (9.71) were given fo gramn of
bread prepared from control (100% wheat flour) followed by bread prepared
from 3% mmshroom powder (B.71) and 6% mmshroom powder (7.50)
supplemented wheat flour. The lowest scores to grain (4.00) were assigned to the
bread prepared from 15% mushroom powder wheat flour. These observations are
m line with those made by Hussian (2004) who observed that scores given to
grain of bread were affected =ignificantly by the levels of flaxseed
supplementation m straight grade flour. Hesham er al. (2007) also found that
mushroom powder and legume flour deteriorates the crumb gram in proportion to
quantity of flour used to replace the wheat flour.

powder supplemented bread

Treatment Grain Aroma Texture Taste
T, 742 7.50¢ £.85° 13.14*
T 871" T4 11.00" 11.71*
T: 9.71# 7.28% 10.71% 10.58¢
T 7.50¢ 714" 11.71* 1057
T, 5.50¢ 5.71% 9.28° £.00
Ts 4.00¢ 5.00 7.14° 7.28°
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Legend: T,= Control (1007 Wheat four), 1) = 3% mushroom powder
supplementation, T; = 6% mmshroom powder supplementation, T: = 9%
mushroom powder supplementation, Ts= 12% mushroom powder
supplementation, Ts= 15% mushroom powder supplementation

Aroma

The results pertaiming to analysiz of vanance relating to the aroma of bread
prepared from different levels of mushroom powder supplementation showed that
supplementation levels significantly affected the scores given to aroma of bread.
The scores assigned to the aroma of different breads presented in Table 9 showed
that bread prepared from 100% wheat flour got statistically the highest scores
(7.50) for aroma followed by bread from 3% mushroom powder supplemented
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wheat flour (7.42) whereas the minmmum aroma scores were assigned to the bread
prepared from 15% mushroom powder supplemented wheat flour. Hussain
2004) observed that scores given to aroma of bread were affected sigmficantly
by the levels of flaxseed supplementation in straight grade flour.

Texture

Sensory demonstration of food products structure in terms of their response to
stress by senses in the omscles of hands, fingers or tongue in the tactical nerves n
the surface of the sk 15 called texture (Dah, 2010). It is considered a quality
attnbute associated with product freshness. Food texture may be extremely
mmportant because it acts as an mdicator of food quality. The analysis of vanance
regarding the texture of bread prepared from different composite flours is given
m Table 9. The results indicated that scores given to texture of bread differed
significantly due to differences m supplementation level of mushroom powder m
wheat flour. Results proved that the bread from 100% wheat flour got the
maxmum scores for fexture (11.71) and the scores decreased gradually as the
supplementation level of mushroom powder increased m wheat flour. The bread
prepared from 15% supplementation of mmshroom powder in wheat flour
obtained the lowest scores (7.14) by the mdges for texture. Huszain (2004) found
that there was a progressive decrease in assigning the scores to evenness of bread
as the wheat flour was replaced by non-wheat flour. Ory and Conkerton (1983)
also observed that the meorporation of peanut flour in wheat flour significantly
affect the texture of bread. Chavan er al. (1991) observed that the score
assigming to evenness of bake decreased as the supplementation level of peanut
flour increased.

Taste

The major component of the flavor detected by the faste buds of the tongue,
mouth membrane and mfluenced by the texture, flavor, and composite of food
products is called taste. It is conmidered the most important attnbute regarding the
quality of any food product. (Miyaki er al., 2015). The statishical resulis for
scores allocated to the taste of the bread samples prepared from different
mushroom powder wheat flour blends showed a significant effect of level of
mushroom powder supplementation. The results showed that the bread prepared
from 100% wheat flour got the highest scores (13.14) for taste by the panelists. Tt
15 clear from the results that bread prepared from 10%% mushroom powder
supplemented wheat flour were graded at the bottom with respect to taste scores.
The results in Table 9 firther exposed that bread prepared from 6% (10.58) and
9% omshroom powder (10.57) supplemented wheat flour acqured non-
significantly different scores for taste. There was a dechine in assigning the scores
to bread by increasing the level of mushroom powder supplementafion 1n wheat
flonr. Okafor er al. (20121) reported that scores allocated to the taste of bread
decreased as the level of mushroom powder supplementation increased. Hussain
(2004} also observed that scores grven to taste of bread were affected
significantly by the levels of flaxseed supplementation m straight grade flour.

CONCLUSION

The results of the present study suggest that mushroom powder may be
supplemented up to 6% in wheat flour to get acceptable bread wath mmproved
protein content The blending of mmshroom powder in wheat flour can help to
mprove the mitntonal status of the masses m the under-developed and
developing countries.
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