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Ihe study investigated the ie
mmpusilz dour ltllc‘m‘ls l::: ::::isi:ximl\l(uml.sunsnry properties of gluten=freo biscuits produced from
pulmonarius (M), in the vatlo S:}-l[l:n'“- of sorghum(8), pear millet () , Kodo millet (K) and P
(MME2), $0:30:10:10 (MME) ‘ﬂ‘ ):..l,\'M; 90:00:00:10 (MMF), 50:10:30:10 (MMF1), 5():2()‘2(]‘“‘
S hyelon] pre wt'tic\“ s .|.( 25:15:10 (MMI4) and 50:15:25:10 (MMI'5) respectivel ' Il :
lé() kg for \'\‘Civ.\l; :ll:::ﬁ:;:: ‘l;“:}“l ,jl;()(‘ 12,13 g, 5{‘7 6.33 cm, 0.55- 0.58 cm, 9.77 11.54 uluyl‘”)“ H)“:
* e l‘nngcdl o QL();‘ _;l; nc:s. spread ratio and break strength respectively, while the sensory
B oess, ARG mm“h.r.. ~|- ; 1‘(1. 5.06- 7.83, 4.8.‘1-7.4(). 4.76 =730 and 5,20 -7.80 for uppcunuuzé,
i H;N\‘mml t‘:“ .{\lnc ‘uw"t:nll ncccpmlnlllly. There were significant (p=0.05) among, the
e and physicui prb w‘-‘::m;“i \ll\lc raw m‘n!m'ml composition had a significant effect on the
o B riley nmlligmii\ nt\' tl) ‘l we lns)cuus. l‘urtl\.crmn‘ru, l.hc gensory evaluation results indicated
et 1 aanple MMES was the us 13001\\3 }1 .puhrmn‘urm.\') biscuits plrmluccd were neceptable, However,
Lt o .‘l u.) ;Y““‘: ‘n‘l‘n.\t lfuoptulﬂc which can !ac exploited in the production of gluten free
$ { ercial scale in houschold in view of the casy accessibility and availability

of the grains.
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1.0 INTRODUCTION
d edible baked snacks that have been dried to an extremely low moisture level
ts and bread have increased in developing countries like Nigeria and it has
grown in popularity among the younger ones (Ayo et al., 2018a). The basic ingredient in the different
types of biscuit production includes flour and water mixture that may also contain oil, sugar and salt.
Nigeria is the number one producer of Sorghum in Aftica; sorghum and millets arc tropical low-cost
cereal grains but differin terms of grain structure and chemical composition(John ef al., 2017). There
is an increased in utilization of sorghum and -millets worldwide in ready-to cat breakfast cereals, non-
alcoholic and alcoholic beverages. They are relevant in the application of gluten-free products (John

etal., 2017).
Edible mushrooms are considered healthy food ing
proteins, dietary fibres, vitamins, minerals, pheno
and digestible carbohydrates, which makes them suitable
Generally, mushrooms possess all three functionalitics 0
functionalities. Mushrooms(P. pulmonarius) have a distinct peculi
umami due to presence of sodium salts of free amino acids such as glutamic an
adaptable in most food formulation

Hence, mushrooms arc prcfcrablc and
flavour (Das et al., 2021).

f composite OF wheat-less flours for staple processing are recent global
rising global population, some economic, social, and health factors (Wang and
se of alternative raw material such as sorghum, millets and mushroom (F.

e o @
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Biscuits are flour-base
Pastries such as biscui

redients because they contain high levels of quality
lic compounds, relatively low concentration of fat
for improving the nutritional profile of foods.
f food; nutrition, taste, and physiological
arly pleasant savory taste called
d aspartic amino acids.
s duc to their unique

At present, the use O
development due to the
Jian, 2022).Thus, the u
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l?\jnctmqal (hcalth-promuting) foods in novel
portation cost and dependency on wheat ag

I and sensory properties of

alternative gluten-

great potential as
1 help reduce the i

udy aime i
Y aimed at assessing thephysica
pulmonarius) ag an

pulmonarius) composite flour with
glutcn—f_'mc' biscuits production coulc
the basic ingredient. Hence, this st
iscuits >d i hum, n
biscuits produced from sorghum, millets and mushroom (P
om (P,

free product,

2.0 MATERIALS AND METHODS

2. 1Source of materials
hum bic
olor were purc
: .
" p hased from Kure market in Minna Niger state,

Kodo millet, pearl millet and sorg
while the oyster mushroom
w.
as chased from Sustainable Demonstration Farms, O Abuj
, Orozo Abuja

Nigeria.
2.2 Production of grain flours

2.3 Preparation of mushroom (P. pulmonarius) flours
Mushroom (P. pulm i

(P. pulmonarius) flour was pr ePflr.ed were washed thoroughly to remove all the extraneous
e fruiting bodies were grounded into fine powder, sieved (250

material before oven dried at 50 °C, Th
pm) and stored in tightly stopper bottles prior to further analysis

sorghum (8), pear millet (P), Kodo millet

2.4 Production of biscuits
(MMF), 50: 10:30:10 ( MMF1 ),

Biscuits was prepared from the composite flour blends of
(K) and P.pulmonarius (M) in the ratio S:P:K:M  90:00:00:10
50:20:20:10 (MMF2) 50: 30: 10: 10 (MMF3) , 50:25:15:10 (MMF4) and 50: 15:25:10 (MMFS)
respectively. Ten pprcent (10 %) of mushroom inclusion was reported as the best concentration in
acha —mushroom biscuit production(Ayo et al., 2018b). The biscuits were produced using the rub in
method described by Airewa et al. (2022). Other ingredients used in the production of the biscuits
were shortening (40g), sugar (30 g) corn starch (1g), milk (15 g), salt (1 g) and baking powder (1 g).
The dry ingredients were mixed together thoroughly with fat until a coarse crumb-like mixture was
attained. Water was added and this was thoroughly mixed into consistent dough. The dough was cut
out into predetermined size and shape using a biscuit cutter and arranged on pre-oiled tray and baked
in a pre-heated laboratory oven at 180 °C for 25 min. After baking, the hot biscuits were removed and
allowed to cool at ambient temperature on a stainless clean tray, packed in airtight plastic transparent

containers and stored at 23°C prior to subsequent analysis and sensory evaluation.

The physical properties of the biscuits, which include the weight, thickness, diameter, spread ratio and
les were determined according to the method described by Ayo et al.
measured in (g) with an analytical weight balance.

break strength of the biscuit samp e

2018a). The average weight of (5 biscuits) was : i ‘ . :

he dizzmeter and thickness of biscuits were measured with a Vemier caliper while the spread ratio

as determined from the ratio of diameter (D) to thickness (T) as (D/T). Tl}'le sen}slory Paf?m;ET;:rV:;rt;
: i i i-trained panelists who were 1a

valuated on a 9-point Hedonic scale using twenty (20) semi-traine Multiple

. . "of Variance (ANOVA) and Duncan Multip

EHr AnL ; re version 20 to evaluate

e product (Ayo ef al., 2018b). On _
ange Test at 5 % significance level were performed using SPSS softwa
fferences in data obtained.

) RESULTS AND DISCUSSIONS
of multigrain- mushroom (P. p

2.5 Analyses of samples

ulmonarius) mushroom based bisculls

Physical properties
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» results of the physic ‘
¢ aterial Comgo:i\t‘i;[:\l g:‘?‘[“ﬁ::t‘t‘ of the biscuits prod
. > l b ( 4y

welght ol thisieriss \ulusy ed to the variations l‘lLLd are P”;‘ﬂcmc(l in Table 1. Differe :

i iy in resul . Differenc

highest weight value of 12,13 g. High e control (MMF) with ll The multigrain biscuits rec“c-“‘m

. 1 ) ~ W 3 . el X s biscui \ . B

water holding capacity, fat and moiqltlr- weight of biscuits hav . bl‘%u" v i it hm“r(‘:‘d

MM l~ 3 h_a 4 the lowest spread ratio v llC contents of the biucc, previously been attributed to h_ggh ]

addition in Pc&f‘l-buscd cookies (On alues. The low Spread‘ uits (Onwuzurike et al., 2023) g'l Clr

the di {ferences in particle sizes limilln:jba et al, 2015) and llirl‘tlo has been attributed to pcarl ‘:1"?‘ ¢

. . . 4 i i l

this assertion 18 confirmed in Table zc ls\wcllmg of starch ang :\ prrtctnd retioaahnéibas Dol e A tc:’

Adeola and Ohizua (2018) reported a where the biscuits with hi s acceptability of the biscuit and

e highest sorealk stiesth valus of 25191811ar observation. The blsec\j-}:"end ratios were more preferred.

reporte 4 by Ayo et al.( 2018a) for achla : kg. The break strcngtll v:lljaml‘;le MME (control) recorded

1.52-2.39 kg recorded for acha-mush -tigernut biscuits; however it isc observed is within the range

break strength which is a veryimport room composite flour-based bisgc?crall)’ higher than the range

b 00 kg (MMF). The break ste ant textural attributes of biscuts euit (Ayo et al, 20180 B0

Bl mortant factor e arl:igth depicts the peak force requirc(lat“gsd between 2.30 (MMF3)

strength and as such could b ling and transportation. The multi s bisouit £0C.3 1
e more susceptible to dama es d — samples had lower brecK

ges during product distribution (Adeola and

Th
paw m
higher

1. Physical pro ; i
y properties of biscuits produced from multigrain and mushroom (P.

pulmonarius) composite flours

Biscuit Weight Diameter  Thickness  Spread Break
rea
ratio strength(k

Samples (® (cm) (cm) gth(kg)
5662001  633%002  057°:0.00 1111001  2.90%0.04
2.604£0.10

MMF
10.214:0.01 6.10=£0.00  0.56°£0.02 10.89£0.02

MMF1
11.44°+0.01 6.00°+0.00 0.5540.04 10.912£0.01 2.73°40.08
9.77°40.02 2.30e+0.14

Table

MMF2
MMF3 11 726+0.01  5.47%0.06 0.56°£0.02
MMF4 12.1 32£0.01 6.10£0.00 0.58+0.00 10.52+0.00 2.73+0.06
MMFS 9.30‘-‘«:0.01 6.3540.00 0.5540.00 11.5420.10 2.80°+0.00
aTues are means £ standard deviation of trl Tforent -
V8 mn are signi ficantly Sferent at (020. 0. Srent superscript 1o the same
MMF= 90% sorghum flour, 10% mushroom flour
MMF 1= 50% sorghum flour, 10% pearl millet flour, 30% kodo millet flour, 10% mushroom (P- pulmonarius )flous
0% kodo millet flour10% mushroom (P. pulmonarius Yfloor

0% pearl millet flour, 2
ulmonarius )flour

50% sorghum flour, 2
Jet flour10% mushroom (P. P

hum flour, 30%

kodo mil

MMEF2=
MMF3=50% sorg
sorghum flour,

millet flour, 10%
monarius )flour,

pearl
kodo millet flour,10% mushroom (P. pul

et flour, 15%
ur 10% mushroom (P. pulm

ur, 25% kodo millet flo

MMF4=50% 25% pearl mill
MMF5=50% sorghum flout, 15% pearl millet flo onarius Yflour,
mushroom (P. pulmonarius) mushroom based biscuits

of the multigrain-

rties of the b
d overall accep

7.80 respective y.

3.2 Sensory properties

¢ sensory prope

The results of th
mouthfeel an

appearance crispiness avour,

783, 4.83 10 7.40, 4.7 to 7.30 an 520 to espectiV
creamy yellowish appearance in contrast t0 the mult1gram biscu 2 i
' ve contri «d to the high core in appeard ;
;;,I;?iizr?tu lforlxll;oZition . mentation 0 {lets and maill rea;tlol? . blr(Z(\)fzorvzgi ec

. 1 : og than in millet cooki€s whi

gigftfuer COIOTSattrlll)utes r he clc;(\))ves 11 the P ameters followed l)y ;amille :A;Vf(lzhé
B o en senso attributes sCOres the biscuits S les wer hin the rang

Generally, the mea
51
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e results of the physical properties o

raw matccrimll1 composition contributed t:)h :hblhw'}s produced are present i :

igher w ght and thickness values th ¢ variations in re ed in Table 1. Differences i

B weight value of 12.13 g Hi an the control (MMP) T e MMFA o
water holding capacity, fat and ‘moig er weight of biscuits havct iy sample MMF4 having the
MMF3 had the lowest spread ratio sture contents of the biscu‘tprc‘mm‘y e afi ten 8 SRS
addition in pearl-based cookies (Omvalues' The low spread rati‘os éOHWUzurikc et l., 223\ Sernp 0
the differences in particle sizes limi:mdba et al,, 2015) and high s reasdbee_n L = T
this assertion is confirmed in Table 2e swelling of starch and a t?enz T et e
Adeola and Ohizua (2018) reported where the biscuits with high s : 30(;2 e a1
Al ol itz GO e Ofa;‘m‘laf ohservation. The biscﬁilt)r:a ratios were more preferred.
reported by Ayo et al.( 2018a) for a h-90' kg. The break strength Val\;:mgie et i i
1.52-2.39 kg recorded for acha—muc ; -tigernut biscuits; however it is :n Scrl\llcd ig - o
break strength which is a veryim o;tar nos Sompots Foi- ity biimf:a(x o i
e e T ks tfengtgt dtex"cural attributes of biscuits ranged Y atwes a0 p s

portation. The multigrain samples had lower break

strength and as such could b .
e more susceptible to damages during product distribution (Adeola and

Ohizua, 2018)-
1. Physical properties of biscui
: iscuits . e
arius) composite floursproduced from multigrain and mushroom (P.

pulmon
Weight Diameter  Thickness Spread Break
i h(k

ratio stren

Table

t1n the same

0% mushroom flour

MMEF= 90% sorghum flour, 1
P pulmonurius )flour

MMF1= 50% sorghum flour, 10% pearl millet flour, 30% kodo millet flour, 10% mushroom
MMEF2= 50% sorghum flour, 20% pearl millet flour, 20% kodo millet flour10% mushroom (P. pulmonan’us Yfloor
do millet flour10% mushroom (P. pulmonarius )flour

o/, pearl millet flour, 10% ko
om (P. pulmonarius )flour,

MMF3=50% sorghum flour, 30
sorghum flour, 25% pearl millet flouf, 15% kodo millet flour,10% mushro

15% pearl

MMF4=50%
(P. pulmonarius )flour,

MMF5=50% sorghum flour,

millet flour, 25% kodo millet flour 10% mushroom

3.2 Sensory properties of the multigrain- mu

The results of the sensory P pertics of f
appearance, © ispiness flavour, outhfee and overall acceptability range 0

7.83, 4. to 7.40, 4.76 to 0 and 520 to 7 80 respec jvely. Visually, t ontrol sample had 2
creamy yellowish appearanc contrast t0 the multigrain biscuits sarpples with a darker appearance
which cou d have con ibuted t0 the high scoré in appearance- s may artly ¢ attributed tc:i
ingredient composition; pigment? the millets a2 alllarfi reaction. Al baﬁ(2d022) re;;c;ir:c l
lighter color gttributes in sor. ookies than 1 millet cookies ch could Ee ue t0 Vv e
differences. ample had the 1 west score in all the_ paxamet rs follow yt;e;m;;n L
Generally, the mean Sensory attributes scores of the biscuits samples Were n g

a0 ®
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cutoff score (5), which su
Ak ggests the Gidif
taste sensation in sample MMF3 panelists” acceptance of the bi i
" 1scuits.
Jower sensory Scores. Samples M;lv‘i\gsMMm and this probably °°“1d‘ ;i\g\helrmels T o
and MMF4 hada high pearl nﬁllctcc?ntean\;e\:;'s:l‘l‘m ¥ Sht%h\;‘\y
ich was probably

more intense and could no
t be masked b
y the mushroom

(P.pulmonarius)

flavor. More desirable

flavor in sorghum than mi
pearl et has b
el b y Omooba et al. (2015) in sorghum and 1
een reported by O : pear

millet biscuits.

Table 2. Mean Sens :
ory Scores of Biscuits produced from multigrain- mushroom P

pulmonarius) composite flours

Sensory Paramet
Appearance Crispiness  Flavor e;;outhfeel
MMF 763+1.18 6 0Q®
3 .00b°+£1.85 726%+1.52 6 93]
MMF ; ? 33'?):1 7 763137 6960165 7'.03»1-1'.?2
)WF,[MFS 5.96!: 1.82 6.70°+1.53 6.43°x1.62 6.13%42.02
96°+1.92 5.06°+2.04 4.834:0.90 4764217
MMF4 7.062£1.50 5.56°2.38 5.30°+1.84 5.96°+1.62
7.66%£1.12 7.832£1.04 7.40%:1.47 730%1.18
Values aré means + standard deviation of triplicate determinations; means with
column are mgmfmantly different at (P>0.05). ,

MMF= 90% sorghum flour, 10% mushroom (P. pulmonarius) flour

ghum flour, 10% pearl millet fl

MMF1= 50% sor our, 30% kodo millet flour, 10%
et flour, 20% kodo millet flourl0%

MMEF2= 50% sorghum flour, 20% pear] mill

MMF 3=50% sorghum flour,

30% pearl millet flour, 10% kodo millet flour10%

orghum flour, 25% pearl millet flouf, 15% kodo mi

Acceptabili

mushroom (P- pulmonarius
mushroom (P- pulmona
mushroom (P. pul

1let flour,10% mushroom (P.

Overall

7.56°1.07
7.56°+1.10
6.50°1.30
5204180
6.26°£1.70
7.80%:1.09

different superscript in the same

) flour
rius ) floot
monarius Yflour

pulmonarius )flour,

(P. pulmonarius ) flour,

MMF4=50% S

MMEF 5=50% sorghum flour, 15% pearl millet flour, 25% kodo millet flour 10% mushroor

Conclusion - N o

This study concludes t t acceptable physical and seqsonal characteristics gluten -free kfxscmts can be

developed using multigrail consisting of sorghum, millets and mushroom (- pulmonangs) composiie
iscul 0 flour 15% peat 1let flour 25% kodo millet flour and

flour. Biscuits pPro uced from 50% sorghum ouf, P | d o

10% mushro0 (P onarius) composite flour ( 5) was the most accepted. 1018 could &

e f bi cu.it fi pdividuals that are non- tolerant t0 wheat ghuten Pro ein. Based o0 this studys
the' va]:}egio ls0 d that further 1€ ch s b nducted usg bic‘)?rocesses suc as
lte:'rsninlftioy ar] millets to reduce the after taste and f course egxplore the nutritio al properties ©
these gluten: Tee piscults
References » s iscuits prep
e = and OB (2018)- lzilysul:) g:na picgioa;) dr};\f/e otato. d Science @

¢ ] & ng

from flour plends of pe €00

Nurio” 6(3),5 2 0 Pro ate P jon of 8° ated fonlt

Airewa, ES- 0jo, MO g Anonse (zms )‘ulmonariuS) and gNES ingibe jﬁcﬁfatzﬂ

(digitaria iburua mushroo® (Ple roof ¢ biscuits PO er® %t?eg’lce and
composite 0 - a sensory D0 o iing of the '€ ritute 0 ch?nma CE.
46% Annual Conferenc® ? Genel g1 Octobe™ 123-128 Badau M-
Technolog Abuja, Niger! ;2



Pe-Proceedings ¢ .
e g8'of heé 48(H NIFST Conferencé KANO 2024 TU
‘Cereals, Composite Flours %i“ C;‘:?dﬁi

Danbaba, N. Yak
, N. ubu C.M,, James 4
Okafor G.I. (Editors). , James, S.,; Ajenifuja- Solebo T., Adedeji, O.B. b

3 31, O.E. Balogun, V.T. and

Aljobair, M.O (2022). Physi
: . Physicochemical :
sorghum and millet composi " I R i
& nsory att ; ;
posite flour. Food Science and JF\Iyutrit‘;‘(f)r:1 \‘C?)(({E))C(%(z(\\gs Q,Pl’cparcd S
s 1TULLD). 3423,

o J o b S 0) I.l‘ O‘) ) C.A. A Pr

Evaluation of Acha-ti
-t1 i
i) gernut Composite Flour and Biscuits Asian Food Sci J
. As cience Journal, \(3).

Ayo, J. A., Ojo, M. O Omel
s , M. O, agu, C. A,, and K.
mushroc)m blend ﬂ " ’. aael‘, R.U. (2018b . i 1 1
555715.d0i:10.190 our and biscuit. Nutrition and Food SzieQ uahlw Charectenzauon a gelior
-10. R0/NFSIJ.2018.07.555715 nce International Journal, 7T (3),

Das, A. K., Nanda, P. K
detictents, D, % 'é‘glz‘;dagat, }:1-, Bandyopadhyay, S., Gullén, P., Sivaraman, G. K.
’ , B., an Lo:renzo, J. M. (2021). Edible Mushrooms 2as ’Func\'xona\

Ingredient
A}im;ecxll‘ls o De\;}lolpmem of Healthier and More Sustainable Muscle Foods: A Flexitarian
' olecules (Basel, Switzerland), 26(9), ey

https://doi.org/’l 0.3390/moleeu\es7_6()92463.

J. R. N., and de Kock, H. L. (2015). Sensory and nutritive profiles of biscuits

Omoba, O. S., Taylor,
et plus soya four with and without sourdough
50(2), 2554-2561.

from whole grain sorghum and pearl mill
fermentation. International Journal of Food Science and Technology,

https://doi.org/lO.l 111/ 1jfs.12923.
p., Obasi, N. E., Ogah, M., Okereke 1., Uche ,P.C. and Echendy, C.

Onwuzuruike, U.A ., Ukegbu,
(2023). Physical Properties, Dietary Fibre Profile and Peroxide Value of Biscuits Produced
1 A Fat SQubstitute Indonesian Food

from Wheat-T1gernut Flo
Science and Te

d Millets: Grain-Quality Characteristics

R.N., Ta lor, K- and Duodu, G. (2017). Sorghum an _ _ ‘

e and Ma);lagement of Quality Requirements, Chapter 13Ed\tor.(s): Colin Wrigley, 1an Ba&eyZl
ood Sciencé, Technology M ereal (Grains (Secon

9720081007 198.

Diane Miskelly, 1n cie
iti ,Woodhead Publishing s
1.0T /10.10 /B9 -0-08-100 19- 13-9.

flour gubstitutes in bread

-0'2.'2.—00\63—\




