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Abstract
Biscuits were prepared from germinated fonio, mushroom and ginger flour blends. This study
f flour blends and sensory attributes

was carried out to evaluate the proximate composition o

o-f the biscuit.. Composite flours were produced from germinated fonio, mushroom and

ginger at varying proportions using I-optimal mixture design expert (version 10, Stat-Fasc
s in the range of germinated

Inc., USA) to produce 17 flour blends giving the ingredient
ringer flour (1-5%). Proximate composition of the

fonio (78-94%), mushroom (4 -19 %) and g
composite flours was evaluated using standard methods. The crude protein and fibre were
9.42-15.25% and 3.25-9.91 % respectively. The ash, fat and carbohydrate values within the
C(_)mposite flour were from 68.00-3.53 %, and 1.55-2.70 %, and 61.08-76.25% respectively.
Biscuits prepared from sample O score (8.20, 8.25.8.70, 8.5, 8.07, 8.00) base on appearance,
colour, taste, aroma, crispiness and overall acceptability respectively were most accepted by
the panelist. Therefore, based on the proximate composition and sensory evaluation, it is
d other nutritious propertiescan be produced from the

evident that biscuits high in protein an

site flour and can be utilized industrially.
ximate, Sensory propetties

compo
Keywords: Forio, Mushroom, Ginger, Pro
1.0 Introduction

at (RTE) snacks that are made with cereal, either

Biscuits, like the majority of ready-to-¢

alone or in combination with pulses, tubers, fruits, and vegetables. Biscuits are a popular

bakery product that appeals to people of all ages because of their longer shelf life, better

anathilakanef al, 2015).The main ingredient in biscuit making,
fiber, catbohydrate, and energy.But when

taste, and role as snacks
wheat, is low in vitamin A but high in protein,
the bran that contains these nutrients is removed.

wheat is milled and turned into flout,
or baking has been a significant issue in Nigeria. As 2 result, the

Dependence on wheat f
resulting wheat flour and its products become deficient in these nutrients and their
cin-energy malnutritionAhure and Ejoha (2020).

expetience problems with prot
case in the price of baked goods, and a progressive
s as a result of foreign

sed by higher importation cOst

exchange issucs. While Nigeria's climate is 00t ideal for growing wheat, it1s ideal for growing

other cereal crops like acha and maize. Therefore, any attempt to replace wheat flour w1t_h
f baked goods in

any of the locally accessible grain flours will significantly cut the price 0 .
Nigeria.l'v as acha, is a naturally gluten-free African ccrea

nio (Digitarialburua), also known ‘
suitable for use in the diet of celiac parjentsand it is one of the oldest cereals characterized
with a pleasant small seeds. Acha is note attribute recogmzcd for

consumers
Increasing production costs, an incr

decline in affordability have been cau

d for its high pentosan, an



onine and cystine,

grain is uniquely rich in methi
(2007) reported fortifiedfomio and wheat

dible mushrooms are a good source of

good baking operation(Ayo e/ al. 2016). The
and evokes low sugar on consumption.Ayo e/ al.
flour with soybean to increase its protein content. It
high-quality protein. Lysine, which is scarce in cereal but
number of antioxidants and is advised as a healthy food supple

and cardiovascular discase (Fernandeser af, 2015). Okafores al. (201
at flour used to make bread
quality.Ginger

abundant in mushrooms, has a
ment for people with diabetes
2) demonstrated that

adding oyster (Pluerotuspulmonaris) mushroom powder to whe
significantly improved the bread's protein content and nutritional :
(ZingiberOlfficinale) is a spice and flavoring agent that has many medicinal pmpcrncs.rln
addition to enhancing flavor, herbs and spices are also known for their e Lauve
antioxidant, antimicrobial, and other medicinal propertics (Sharifi-Rad e af, 2017).

According to Ezembaez al. (2021) reported the use of malted sorghum and ginger as flavor

in the production of biscuits.
The production of composite flours from germinated forio, mushroom, and ginger powder

will mitigate biscuit diversification and its overall use in the baking industry. The aim of this
study was to produce composite flour from germination fonio, mushroom, and ginger
powder and assess the acceptability of the resulting biscuits.
2.0 Materials and Methods

rains was gotten from Kure Market, Minna Niger State, Nigeria.While

Fonio (Digitariatburna) g
mushroom  (Plenrotuspulmonarins) used for this study was purchased from Sustainable

Demonstration Farms Abuja, Nigeria. Ginger roots, corn starch, margarine, cggs, sugar, salt,

milk, and baking powder were obtained from Kure Market, Minna Niger State, Nigeria.

2.1 Preparation of composite flours and biscuit from germinated fonio (Digitiria.
7buruza), mushroom (Pleurotus. pulmonarius) and ginger (ZingiberOfficinak)

powder

Germinated fomio (Digitaria. iburua) flour was produced using the optimum germination
period of 72 h reported by Bolarinwaes al (2015). Two kilograms (2 kg) of the foine were
sorted to remove stones, dirt and other extrancous materials. The cleaned grains were
thoroughly washed and steeped in water at room temperature 3022 ©C tor 12 h. The
hydrated grains were spread on a previously sterilized moist jute bag and the grains were
allowed to germinate for 72 h. Non-germinated grains were discarded and the germinated
seeds were dried at 60 ©C for 8 h in a cabinet dryer (model-RCD-20, Ningbo BeliunRhong,
China).The withered rootless grains were gently winnowed, and the germinated grains were
dry milled and sieved to produce germinated fonio flour (GTY). Mushroom fruiting bodics,
were washed thoroughly to remove mud, ferns and other extrancous material before oven
(Model PSO-451 PrestoStantest Pvt. Ltd. India) dried at 50 ©Cfor 8 hto obtain Mushroom
flour (MF).Ginger rhizomes were cleaned and dried in aPresto laboratory hot air oven
(Model PSO-451) at 50°C for 8 h to obtained ginger powder (GP). Composite flours from
different combination levels of germinated fonio (78-94%), mushroom (4 -19 %) and ginger
flour (1-5%) were generated using I- optimal mixture using Design Expert (version 10, Stat
Ease Inc., USA). The proximate composition (method 925.10 for moisture, 923.03 for ash,
962.09 for fibre, 920.39 for fat, 955.04 for protein) of the samples were determined using
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the AOAC (2012) procedures. Biscuits were produced using the mixing method described by
Okp:dg and Okoli (2012) from the various composite blends of germinated fono, fishioom
.:md ginget. 100 % wheat flour biscuit was also produced and used as control. Other
ingredients used in the production of biscuits were shortening (40g), sugar (30g) corn starch
(Ifsp), milk (15g), salt (1g) and baking powder (1tsp). The sensory analysis was carfricd out
using 20 pancllist constituting members of staff and students of Federal University of
lechnology, Department of Food Science and Technology, Minna, Nigeria. The scnsory
parameters; determined were appearance, colour, taste, aroma and general acceptability of
the biscuits Nine — point hedonic scale was used with 9= Like extremely ... to 1= dislike
extremely. (Twe, 2002).
3.0 Results and Discussion

3.1 Proximate composition of the composite flours
The result obtained from proximate composition of flour from blends of gcrminﬂmdff’”iﬂ,

n.]l‘l:\‘hr()()m and ginger powdet are presented in Table 1.There were significant (p=0.05)
difference in the proximate composition of the flour blends. The moisture content of the
composite flours were (5.95-6.70 %) this falls below the safe moisture level (£10 g/100 g)
for prolonged storage of flours. The protein content were between 9.42 — 15.25 % and fibre
content were from 3.25 - 9.91 %.Sample L. having the highest amount of protein (15.25 %)
and Q having the highest amount of fiber (9.91 %). The high protein content in the
composite flour could be as a result of mushroom inclusion and germination which involves
synthesis of enzymes by germinating sced, change in composition resulting in newly formed
protein. Low ash content were observed for the composite blends which were from 1.68-
3.53 %, sample | shows highest amount of ash (3.53 %) and fat content were from 1.55-2.70
0. Mushrooms are not a choice of fats and the germination process also have been reported

to reduce fat contents in seed as this is used up for energy for seed growth (Chinmaes a/ .,
2021). Carbohydrate content of the composite blends were from 61.08 —76.25 %. On the

whole wheat flour had the lowest amount of ash (0.45 %) and fibre (1.30 %), while the
wheat flour recorded highest amount of fat content and carbohydrate at 2.73 % and 77.47%
respectively. Studies have shown that consumption of food rich in dietary fiber has
protective cffect against chronic discases such as diabetes and cancer. This implies that the

composite flours may be nutritionally more beneficial.
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Table 3: Proximate composition of germinated fonio( Digitaria.

(Pleurotuspulmonarius) and ginger ﬁ

ZingiberOfficinale) co

iburua), mushroom

mEosite flour blends
Fat %o Carbohydratc

| Runs | GF MM | GG Moisture | Protcin % | Fibre Ash %
‘ content % %o
(%)
A 93.00 4.00 3.00 CTTT012 | 10675035 | 3.2570.15 | 1.9720.04 | 1.75£0.34 | 76.2510.43
B Tem 35 |43 | e4io03 | T245E010 | 7075001 | 2055006 | 2355000 | 6970047
e 78.00 (700 | 500 | 6575003 | 14005000 | 8.05£0.42 | 300£0.00 | 24240559 m?‘\
D [ 7800 [ 1900 [ 3.00 | 670£047 | 13874006 | 8.7440.02 | 3.30+0.05 2124016 ()4_.(77}"_6’55“1
[ 3 [ N s RIS 6145010 | 12.85£0.09 | 7.54£0.37 | 2.01£0.00 | 2.22+£0.05 69.24+0.06
[F ]()3.()() 4.00 3.00 5.95+0.07 | 10.54%0.35 | 4.77£0.16 | 1.68+0.25 1.80%£0.03 71.()1:':(),43‘\
] G [ 82.92 15,1 1.92 6.33+0.12 | 12.53%£0.10 9.1510.@ 2.84+0.19 | 2.1210.16 66.6310.16
[ & ) o 8.33 5.00 6.45+0.07 | 13.76+0.12 | 4.96£0.00 | 2.08+0.02 \ 2.24+0.59 | 70.51+0.02
f I ] 82.33 13.33 4.33 6205007 | 13395037 | 7.87£0.00 | 2.01£0.04 | 2.35+0.78 | 66.67£0.06
,J , 82.92 “15.17 1.92 6.10£0.01 13.24+0.60 | 9.11£0.01 | 3.53£0.04 2.52+0.19 | 65.50£0.04
! K I 87.00 12.00 1.00 5.95+0.07 | 11.89£0.00 | 8.73+0.23 \ 2.69+0.27: 252019 \ 68.22+0.13 J
1 5 ] 80.00 19.00 1.00 6.50+0.42 | 15.2510.28 | 9.91£0.04 ‘ 3.03+0.00 \ 2.43+058 \ 61.08+0.12 J
[ M [ 89.92 7.92 2.17 5.95+0.07 | 9.67£0.50 | 8.25+0.04 ‘ 2.27+0.03 \ 2.25%0.56 \ 71.811£0.62 J
l N I 89.92 7.92 2.17 6.20£0.07 | 10.37£0.10 | 5.34£0.15 \ 2.09£0.00 \ 2.58+0.03 \ 72.62+0.13 J
[ O I 94.00 5.00 1.00 6.21+0.07 | 9.85+0.06 | 7.25%0.04 \ 2.1710.28 \ 2.70+0.28 \71.84i0.()2 J
[ P / 91.00 4.00 5.00 61310.02 | 9.42£0.62 | 7.47£0.15 \ 1.95+0.11 \ 1.55+0.04 \ 66.06£0.07 J
F I 87.00 12.00 1.00 6.1710.07 | 13.29+0.27 | 9.75+0.37 \ 2.00%0.00 \ 2.02+0.00 \ 66.77+0.00
I cC , 5 x 2 9.03+0.01 | 9.00£0.00 | 1.32+0.12 \ 0.45+0.05 \ 2.73+0.25 \77.47t0.09 J

Each value is a me

basis
GF=Germi

powder, C= Wheat flour

3.2 Sensory

properties

of

(Pleurotuspulmonarius) and ginger

The results for. the sensory analysis of the germinate
as presented in Table 2. The scores of all the sensory attr1
significant (p<0.05) among th
1.00%) scored the highest overa
were from 6.52-8.00 with run O h
(CC). The sensory properties in term o

germinate

an of triplicate analyses * standard deviation. All values are on dry weight

nated fonio (Diitariaiburna), MM= Mushroom (Plenrotuspulmonarins), GG= Ginger

fonio(Digitariaiburua), ~mushroom

(ZingiberOfficinale) based biscuits

e formulation combinations.
Il acceptability followed by sample N and P. The appearanc
aving the highest value which is same with the contrc
f taste, aroma, and crispness the composite flout
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differ compared to the control wheat biscuit
Table 2: Sensory properties of germinated fonio(
(Pleurotus. pulmonarius) and ginger (Ziry;ibcrO(?icgﬁaIg)w

/iRuns

Appearance

Colour

Taste

Aroma

1102019

7.00£0.17

6.80+029

;

6.521+0.11

6.1420.12

17254014

7.30+0.14

6.521+0.22

6.25+0.19

16.40+0.15

EETES

Digitaria iburua),
ased biscults
I Crispiness
6652027 | 7.00£0.12
6.81+0.13

16.85+0.13

mushroom

Overall
acceptability
\

17.05%0.27
.2410.20

5.85+0.27

C

|D 7.00£0.13 | 6.9520.09 | 6.160.25 6211027 | 6425015 6.2110.23

. 6.95+0.08 | 6.85+0.10 | 6.05£0.26 16302026 | 6.3520.19 6.05£0.20

g T35T00T | 7155015 [ 7002205 | 6955021 | 7108017 7058019

G 730%0.14 | 7.25%0.12 | 7.2520.16 | 6.85%0.16 Z15%013 | 7102012
H 307014 | 755012 [7255016 | G85E0.16 | T1550.13 405012

I - 5T011 7205009 | 6205032 |635E031 | 6055035 6.36%0.32

J 695+0.11 | 6.95£0.08 |6.35+£0.33 | 6.50%0.18 (S0T019 | 6351022
F K =357019 | 6855018 | 6852018 | 68580.18 | 6855018 6.8520.18
| L 007000 | 6855010 | 6405016 | 645%0.13 | 650£0.13 6358048
M 507015 | 7605015 | 7.6020.15 | 7.600.15 | 7.6020.15 760%0.15
N — 804022 | 7.80x0.22 |7.80t0.22 |7.8010.22 |7.80+0.22 78050320
O 8201017 | 825%0.17 |8.70%0.10 |8.5530.17 | 8.07X0.11 18002070
P ——oE0Zi 7705021 | 7702021 | 7008021 | 7.70%021 7702040
Q I0T023 | 7405023 | 740502 | 7408023 | 7402022 7402023
cc* S00£0.80 | 6.90£1.32 |7.00£1.50 |6.80%1.5 | 7.80£1.50 \7.80 132

~ Wheat flour biscuit

Fach value is a mean of triplicate analyses & standard deviation. CC*

4.0 Conclusion

The proximate composition
composite flour and the sensory attri
study shows that there were significant difference
the composite flour and sensory attribute of the biscuit. the
that the moisture content were from 5.95-6.70%, the protein
0.42- 15.25 % and 3.25- 9.91%, respectively, and the ash, fat, and carbohydrate content w
were from 1.68-3.53%, 1.55-2.70%, and 61.08-76.25%. Depending on the proportion, the
protein and ash contents of the flour blends increased. The high protein content of the

of blends of germinated jfomio, mushroom, and ginger
bute of the biscuit were evaluated in this study. The
(p=0.05) in the proximate composition of
proximate composition reveals
and fiber content were from
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composite tlour may be due to mushroom inclusion and germination, which involves

All of the composite flours were successful 1n

enzyme synthesis by germinating seed.
producing acceptable biscuits with sample O having the highest overall acceptability.
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