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Abstract
The alim of this stu
dy was to i
estigate the proximate composition and i viteo stare h digestibility of
ends, Wheat flour (WEH) was

wheat four and g
“gp\;,m(;\i \m\'u\iﬁ:T::\\‘\:‘[;.:(u;i'tmluvnmi brown finger millet flour bl
‘ ed-termented brown fing
5% 10%, 1%, 20% 25% and 30%) ‘« i tinger millet Hour (GEBEME) at different proportions
s\ el A T and uniformly blended to obtain WEGHAEME samples. The
blends were profiled using \tmm!‘ , Sty o WO T g 8 Hatas
D orein, ash, total dlataey b dard methods, Wheat flour containing 30% GEBEME had the highest
LAy \m ,ju‘mn‘\t.«mt starch (RS, 20.79%), slowly digestible starch (505 29.25%)
' ¢ ' '
#/1008) and rapidly digestible starch (RDS, 43.96%) compared to 100%
at flour with gorminated-

and lowest total starch (
bstitution of whe
ary content, and starch

:\ i\::t ftlm;tl. The results obtained demonstrated that su
A A A\ }

;‘ i :':‘;\ yown finger millet flour improved the protein, ash, total diet
digestibility slowly of the blends compated to the control
t, Germination, Solid state fermentation, proximate characteristics,
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4.0 Introduction
terest in the consumption of foods with potential health properties due to the
aused by significant increase

There is increasing in
growing prevalence of various chronlc and non communicable diseases ¢
ary patterns and changing lifestyles of

in the consumption of high carbohydrate foods because of diet

people (Liv et al. 2019; Cao et al, 2022). Accordingly, rosearch developments for food security

targeting developing nations have been geared towards integrating functional ingredients from
nutrient bloavailabitity

and underutilized crops and modifying the food matrix to enhance

2021),

derutilized grain cultivated in the tropicald
jcronutrients, phytochc\micals. and antioxidant
2021). Brown finger millet grains contain 52.71 §/100g starch, 7.54 g/100 g ¥
45.17g/100g digestible starch (Azeez et al., 2022) compared to refined wheat flour t
higher total starch content (68.52 §/100 g) (Chinma et al., 2023). Brown finger millet has low
agement of diabetes and other chronic

index and has been found to be useful in the man

communicable diseases (Singh et al., 2012).
It has been reported that combined germinatc\d and solid-state ferment
starch digestibility, residual antinutrients, improve
rties compared to the r

(GFBFMF) contained low
phytochemical, antioxidant, functional and processing prope
millet flour and could be utilized in the formulation of functional bakery products (A2 |
These findings corroborate previous studies which showed that combined effects of ,8"’2;“"" o
fermentation positively influence the propertics of cereal and/or legume for diverse food appies '
at flour with grrmin.\ted‘fermomod prown finger
arch digestibility of the

(Rasane et al., 2015). Therefore, substituting whe
millet flour m g to improve the proximate compos

eveloping regions of Afrlca and

activities (Mitharwal et al.,
asistant starch and
hat contained
plycemic
and non-

neglected
(Mensi and Udenigwe,
rown finger milletis anun
Asia. Itis rich in nutrients, m

od brown finger millet flour
d phvsiuchemica\,

aw brown finger
eezetal, 2022).
ation and

tion and st
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resultant composite flo

thare is paucity of lnfornt:rasnf:r: cl)n’:rts;oved nutrition, and promotion of health and wellness. However

substituted with Eermlnated-ferme:tpm)dmate composition and starch characteristics of wheat flou‘r
evaluate the proximate compositio ed brown finger millet flour. The objective of the study was to
brown finger millet flour blends, n and starch digestibility of wheat and germinated-fermented

2.0 Materials and Methods

2.1 Source of materials

Brown finger millet grain

antral market Minnga, Ni;ear?: wheat flour (Golden Penny Plc., Lagos, Nigeria) were procured from

2.2. Preparation of germi

Tirs germinated-féfrzqent::t;i \er:df{:n;ent'ﬁd brown finger millet flour (GFBFMF)

i e e g v%ermn et.f‘lour w?s prepared as reported by Azeez et al. (2022).

alution for 30 min, drained and soaked iﬁ ;‘ter'ﬂlzed with 0.07 g/L food grade sodium hypochlorite

S rknass (at 25 5Cfor 48 h]. The germinated lStI!led water (for.12 h atc 28 + 2 oC) and germinated under

rashire, D) at 40:5C for 2., The germ.graln;were drlgd inan ?ur-draft oven(Mod.elTIZh, Genlab,

100 resh] to obtaln germinated fi ma.te brown finger millet grafins were milled and sieved

L e preparation of germinated-f inger mnllgt flour. Thereafter, germinated finger flour was used

O el [A022). Bricfl, o eb- ern:\ented finger millet flour following the method reported by

e ion was poured in\t/. 12/ aker’s yeast (1 g) was mixed with 65 mL distilled water and the

T b, Thareatt o : 0 g of fermented finger millet brown and uniformly mixed in a glass

it 1 after, the slurrY was covered with aluminium foil (Magic Wrap, Yuyao, Zhejiang,
ermented in a fermentation cabinet (National MEG Company, Lincoln, USA; at 27 «C for

16 h). Thereaf_ter, the batter was dried in an air-draft oven at 40 «C for 24 h and the dried flour was

blended and SIEYed through 100 um mesh sieve to obtain germinated-fermented brown finger millet

flour. The constituents of the germinated-fermented brown finger millet flour were profiled using

standard methods. The GFBFMF contained 5.72 pH, 0.17% titratable acidity, 7.92 /100 8 moisture

content, 13.15 g/100g protein, 2.91 g/100g ash, 1.13 /100 8 fat, 14.86 g/100 g total dietary fiber,

55.08 g/100g total starch, 9.33 g/100 8 resistant starch, 54.95 g/100g rapidly digestible starch and

36.72 g/100 g slowly digestible starch.

h different levels of 0, 5, 10, 15, 20,
flour blends were thoroughly mixed
d in a plastic container

2.3 Formulation of blends

The flour blends were formulated by substituting wheat flour wit
25 and 30% germinated—fermented brown finger millet flour. The
with a blender (BLX750RD, Kenwood, Sheffield, UK) and separately package

with lids before analysis.

2.4 Profiling of proximate composition and starch digestibility of flour blends

The proximate composition (moisture, protein, ash, fat, total dietary fiber and carbohydrate content)
of the samples was analyzed according to the method of AOAC (2005). Total starch kit (Megazyme, K-
RSTA, Wicklow, Ireland) was used in profiling total starch content (Chinma et al., 2023). Starch
fractions (resistant, slowly and rapidly digestible starch) were assayed following a standard procedure
(Englyst et al., 1992) as detailed ina previous work by Chinma et al. (2023)..anef|y, 200 mg of sample
mixed with sodium acetate puffer (15 mL, pH 5.2) and allowed to equilibrate for 5 min at 39°C.
Resistant starch (RS gested starch (RDS) and slowly digested starch (SDS) were detgrmmed
following the hydrol ucose oxidase-peroxidase from Megazyme k}t, B'ra;/,
Ireland. The percentage O dly digestible starch (RDS) and slowly digestible

starch (SDS) were calculate
RS (%) = {(TS-RDS-SDS)/TS ]1x 100

2.5 Statistical analysis _
Data obtained were subjected to analysis

Armonk, NY, USA) and Tukey’s test W
differences among means.
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f resistant starch (RS), rapi
das described in equation 1.
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e significant
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as employed at 5% pro



3.0 Results and Discussion

3.1 Proximate composition of w

The proximate COompositi k-
itions of

? . . t

- Tatt,)l'e 1‘:I Tge moisture content heat f|

flour blends during storage Tp of the Gilang our and wheat-Grg

-t and ot Starch COMinurad te 100% whe Sw FM flour blends are presented

: nte

as relative|
' atfloy el¥ low and
R ar e . the ¢ rour lower | suggests s 8
g f protein, ash ang topy o te B F o, ash and total d‘etzf\"ff:t:::mm; Ef s
and higher

100% wheat flo it total g lends pro
(1007 ur), addition of gg 2l dietary fiper in ¢ bably due to the inclusion effect caused b
used py

al dietary fi BFMm berin GF
tot ry fiber content of th, F(5-30%) cq BFMF than 100%. Com
e used a significant inc pELesHO tig Lok
as fat and ¢ rease in the protei
arbohydrate co protein, ash and
n

e composit tent decreased

; owth and p: ﬂ(-Jur Sé.lmples could be beneficiai(pbicoa;g?
good health. Higher dietary fiber ntent ofmine:!:iuollogncal activities (Chinma et af 2023?
ascribed to the inclusion of 3 ﬁbe:o'n tent of the composite ilzments required fo the promotion o
foods rich in dietary fiber are imp:ri: ?FBF uta:than L0G% Wheiat iay pary be
ntin i

MF which co
Il uld b ici :
results suggest that the blends would b : e beneficial, owning to the fact that
3.2 In vitro starch digestibility of we- e usef

GFBFpm
he 1009 \,

F blengs

Table 2 shows that a significant diﬁiizFMF blends
igestible and rapi S nce was recorded i . i

dig ining GFB pidly digestible starch) between 100‘;d l:\ thes stavcy fractiogs {re<isiany SEE

containing FMF. The 100% wheat flour contai e W eat flour and the composite samples

with lower eslsEant SErah srd sivdy i . ained higher total starch and rapidly digestible starch

: wly digestible starch than the WF

RS and SDS increased steadily with the addition of GFBFMF whi -GFBFMF samples (Table 2). The

tacreased. The decreased starch digestibility recorded in w“éhgiégs::smm (TS) and RDS significantly

to higher resistant starch and total dietary fiber content i s amplgs may k?e partly ascribed
h have been previousl ntent in GFBEMF. Higher dietary fiber and resistant

st.arc - p y reported to cause decreased starch digestibility in foods by reducing the

dlfqu.IOI’\ of amylas-e enzyme, and the release of the products of starch hydrolysis because these

constituents can stick on the starch granules acting as physical barriers for enzyme degradation

(Chinma et al., 2021). The improved starch digestibility of the WE-GFBFMF samples suggests their

potential in promoting good health because the samples would not cause 2 spike in the blood sugar

level. Therefore, there is the need to explore their potential in the development of functional wheat-
based foods.

4.0 Conclusion . . : , i
The results obtained in this study demonstrated that the addition of mcreazmti leve! :2iier;rs\;1nat:§g !
: i to wheat flour significant\y improved the protein, €=~
prown finger millet flour : ) blends could
fe.rme"t:f s nd starch digestibility of the blends. This suggests that the WF GfFBFc]::c‘:naleproperties
LAl future work on the rheological and techno-func
serve as functional flours. However, during food product

. & _ation
f the flour blends are needed t0 determine their specific food applicati
of the flou

development.



composition of wheat and mm:a:mnma.?_‘am:nma brown finger Bzm_wmmﬂ_wcq ble o
WEF: 90WF: :

Eie wmm_nmmz__" EE 20 GFBFMF %‘b GFBFMF
8.05:0.03° % 8.01£0.03’ % 8.010.02° ‘m.omwo.ow
Eﬁ% 11.56:0.01° %%%

088001 | 1.03:0.01° % 1.36+0.00° %%

- 195000 | 1:142001 T oproor® | 1035008 orsooor (102000 |

3022007 %%%%

%%‘%

OWF = 100% wheat flour »no:ﬁos..

r millet flour,

2.28+0.02°
L iar [ Tssa0al | M0
are significantly different(p = 0.05). 10
qua._:mnma-*mqam:ﬁma prown finge
mqu._:m.nmg-*qum:nma

Table 1: proximate
samples

\\\\\\\\\\\\\\\
ontent (g/ 1008)

Moisture C
protein (g/100 g)

h /1008

Fat (g/100g)

1.54 +0.01%

Total dietary fiber (e
Carbohydrate content (g/100g) 77.35 £0.23°
Mean £ standard=deviation of triplicates. values with different superscripts inarow
ed brown millet flour; 95WF:5GFBFMF = 95% wheat flour : 5%
fermented brown finger millet flour; mmémnpmmﬂm_ﬂgm = 85% wheat flour: 15%
n finger millet flour; quTNmmmmmgm = 75% wheat flour -
ted brown finger millet flour.

GFBFMF= mm::m:mﬁmn_-ﬁmqam:n
heat flour: 10%

wcémnuommmﬂg_” =90% W
brown finger millet flour; 80WF:20GFBFMF = 8
25% mma3m:m~ma-*mﬂ3m3ma brown finger mille

mmqam:mﬁmg.ﬁmqamsgm brow
men

Germinated-
ME =70% wheat flour : 30

0% wheat flour: 20%
t flour and 70WF:30GFBF

% mm:,:._:mama-*m«

JOWF:
30 GFBFMF

fermented brown finger millet flour blends

Table 2: In vitro starch of wheat and mm:ﬂw:mﬂmu-
S00WF | 95WF: | 90WFE: 85WF: ﬁ
5 GFBFMF 10 GFBFMF 15 GFBFMFE 20 GFBFMF
Total starch (g/100g) 65.82%0.10° | 64.60£0.14° %EE%%
Resistant starch (%) 3.150.13' | 24.07+0.11° %%%%
Rapidly digestible starch (%) 5229:0.17' | 50.05%0.15° %%%%
a56:0.19 | 2588:0.15° E%E%
ripts in a row are significantly different (p £0.05). 100WF = 100% wheat flour (control);
erminated-fermented brown finger millet flour,
nated-fermented

Siowly digested starch (%)

Mean standard=deviation 0 ues with different supersc
GFBFMF= mmgmnmﬁma.ﬁm:ﬂmzﬂma brown millet flour; 95WF:5GFBFMF = 95% wheat flour : 5% G
90WF:10GFBFMF =90% wheat flour : 10% mm_.:,;:mﬁma-*m::m:ﬁma brown finger millet flour; 85WF:15GFBFM
brown finger millet flour; 80WF:20GFBFMF = 80% wheat flour : 20% Germinated-fermented brown finger millet
25% Germinated-fermented brown finger millet flour and 70WF:30GFBFMF = 70% wheat flour : 30% Germinated

F = 85% wheat flour: 15% Germi
flour; 7SWE:25GFBFMF =7
fermented brown finger millet flour.

f triplicates. val
5% wheat flour :
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