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Abstract 

Background:  Tacca flour obtained from tacca tubers, an underutilized crop rich in carbohydrate and phytochemicals, 
was subjected to physical, chemical and enzymatic modifications which were supplemented into wheat flour for the 
production of healthy wheat–tacca flour biscuits. While the proximate composition and the antioxidants properties 
of the native and modified samples were carried out in order to produce modified samples with the best  antioxidant 
properties  for subsequent  preparation of  biscuits. The haematological, in vitro antioxidative and lipid peroxidative 
potentials of the biscuit samples were evaluated.

Results:  The results show that while native tacca flour had the best proximate composition, the flour sample from 
enzymatic modification had the best antioxidants properties. The biscuit produced from wheat–tacca flour at varying 
compositions of tacca flour ranging from 5 to 20% incorporations (TEB5%, TEB10%, TEB15 and TEB20%) showed that 
all the samples substituted with modified tacca flour had better haematological properties, in vitro antioxidative prop-
erties and lipid peroxidative properties compared to the 100% wheat biscuit. Specifically, the sample TEB20% (20% 
tacca flour incorporation) had the best nutritional qualities. The toxicological studies showed that the samples with 
tacca flour incorporation are better than 100% wheat flour biscuit and basal diet.

Conclusion:  Tacca flour would successfully supplement wheat flour in the production of nutritionally rich and toxi-
cologically safe biscuit with over 70% overall sensory acceptability.
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Background
The current trend of health challenges which resulted from 
life style or hereditary has elicited research into develop-
ment of functional foods derived from food crops (Awolu 
et al. 2015; Omoba et al. 2020). Baked foods from flours are 
one of the most consumed, and hence, the focus is to manip-
ulate wheat-based baked foods in order to enrich them in 
dietary fibre, protein, ash content and bioactive compounds 

(Awolu et al. 2015, 2017). These specially formulated foods 
called nutraceuticals are gaining attentions worldwide. 
(Awolu et  al. 2017). Wheat-based baked products, though 
widely consumed, have been found to be deficient in several 
nutrients in addition to development of celiac diseases for 
consumers that are gluten intolerant (Franco et al. 2020).

Tacca is a plant in Nigeria that grow naturally under the 
shade of thick forest and sometimes found growing in heap 
of decayed organic matter (Adefegha et al. 2014; Autsavak-
itipong et al. 2015). However, tacca flour and starch usage 
are limited due to the absence of gluten. Nevertheless, its 
low fat and sodium contents make it desirable and suitable 
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raw material for food formulations (biscuits and bread) for 
patient with gluten allergies and hypertension. Hence, the 
need to improve the functionality through modification 
would greatly enhance its utilization as functional ingredi-
ents for domestic and industrial uses.

Composite flours formulation may or may not include 
wheat flours in addition to some cereals, legumes and 
tubers flours (Omoba et  al. 2020; Awolu 2017). Several 
baked products have been developed from these composite 
flours. Advantages of baked products from the composite 
flours are their nutritional adequacy and presence of bioac-
tive compounds from the gluten-free raw materials.

Tubers with nutraceutical potentials abound world-
wide. Some of the tubers that are widely available in 
Nigeria are Tacca spp., yam, potato and cassava. Tacca 
is naturally grown in Nigeria and in some Pacific Island 
Nations (Ukpabi et  al. 2009). Important compounds iso-
lated from Tacca widely studied include steroidal saponins, 
steroidal glycosides (Arifianti et  al. 2020), taccalonolides 
(Plantaginea, leontopetaloides and integrifolia) (Adebiyi 
et  al. 2011; Nwokocha 2017). Taccalonolides have been 
reported with antitumor activities (Peng et al. 2010).

Since fresh tacca tubers are highly perishable due to its 
high moisture contents, it is processed into flour in order 
to enhance its shelf life (Nduoyang et al. 2015). Tacca tuber 
made into flour might be a potential replacement for wheat 
flour in the production of baked food products.

Flour modification is meant to enhance the functional, 
physicochemical and rheological characteristics of native 
flour (Olorunfemi et al. 2021; Awolu et al. 2020). Modifi-
cations have actually improved several flour qualities espe-
cially when used with gluten-free flours. Modifications can 
be physical, chemical and enzymatic (Olorunfemi et  al. 
2021; Awolu and Olofinlae 2016). While starch modifica-
tions are very common, modifications of flours are recently 
being given considerations (Olorunfemi et al. 2021).

This study was carried out to determine the effects of 
various modification methods (physical, acetylated and 
enzymatic) on the functional, physiochemical and antioxi-
dants properties of the composited wheat–tacca biscuits in 
order to arrive at the biscuit sample with the best nutraceu-
tical potential.

Methods
Collection and authentication of materials
Tacca tuber used in this study was obtained from Eruwa 
in Oyo state and authenticated at the Forestry Research 
Institute of Nigeria (FRIN), Ibadan, Oyo State, Nigeria.

Purchase of experimental albino rats
A total of 35 Wistar rats of about 12 weeks old, weighing 
between 120 and 150 g each, were obtained from Animal 

House Biochemistry Department, Federal University of 
Technology, Akure, Ondo State, for this experiment.

Preparation of tacca flour
Tacca tubers were washed, peeled and cut into about 
2  cm slices and dried in an oven at 40  °C for 8  h. The 
dried tacca chips were pulverized into flour and stored in 
sealed plastic container stared at 4 °C for subsequent use 
(Nduoyang et al. 2015).

Preparation of tacca acetylated flour
Acetylation of Tacca flours was carried out according to 
the modified method of Awolu et al. 2020. About 2 g of 
tacca flour was mixed with about 5  ml distilled water. 
Exactly 1  g of sodium hydroxide pellets was added and 
mixed thoroughly with 5  ml acetic anhydride and kept 
at 40 °C for 1 h. After about 3 to 4 times washings with 
water and alcohol, the sample (with pH 7.0) was further 
dried at 40 °C to 8% moisture.

Preparation of enzyme modified flour
Glucoamylase (from Rhizopus mould, 21,100 units/g 
solid) at (5%) (20 U mg-1 flour) was added to 1 g of the 
flour sample in acetate buffer (pH 4.6, 6 ml). The reaction 
mixture was incubated at 60 °C for 90 min. The incubated 
samples were centrifuged, and the sediment after centrif-
ugation was collected, washed with alcohol about 3 to 4 
times. Samples were later dried and stored at 12  °C for 
further analysis. (Kaur et al. 2012).

Physically modified flour
Tacca flour was modified by the method of heat treat-
ment. Flour sample was heated at the temperature of 
100  °C for about 14  h and cooled and kept in zip lock 
polybag for future use (Awolu and Olofinlae 2016).

Proximate composition of tacca flour and wheat–tacca 
biscuits
The proximate composition was carried out using official 
Methods of Analysis by Association of Analytical Chem-
ists (AOAC 2010).

Determination of antioxidant properties of samples
The 2,2-diphenyl-1-piecryhydrazyl (DPPH) free radical 
scavenging activities of the tacca flour were determined 
using the method described by Marinova and Batch-
varov (2011) with slight modification. The hydroxyl radi-
cal scavenging assay was based on a method described 
by Girgih et  al. (2013). The chelating activity of the 
extract on Fe2+as well as the scavenging activity of sam-
ple against 2, 2′-azino-bis-3-ethylbenzthiazoline-6-sul-
phonic acid (ABTS) was determined according to the 
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method described (Yadav et  al. 2020). The total phenol 
content (TPC) was determined by Folin–Ciocalteu assay 
(Sánchez-Rangel et al. 2013).

Sample with best proximate and antioxidants proper-
ties was used in the production of biscuits, which was 
used for the preparation of the experimental diet.

Animals
A total of thirty-five male Wistar albino (Rattus nor-
vegicus) rats (120–150 g) were acquired and kept in the 
Laboratory Animal House of the Biochemistry Depart-
ment, Federal University of Technology, Akure, Nigeria. 
The animals were randomly apportioned into 6 groups, 
of 7 rats per group. Rats were housed individually in 
metabolic cages under laboratory conditions of tempera-
ture (23 ± 2  °C) and relative humidity (45 ± 5%) and fed 
ad  libitum with the control diet for 14  days of acclima-
tization prior to the experiment. For the 28 days experi-
mental period, 100 g of feed was administered to rats per 
group per day.

Collection of blood samples
At the end of 28  days, the animals were weighed and 
killed by suffocation with diethyl ether after an overnight 
fasting. Plasma was collected by cardiac puncture, stored 
in the heparinized bottle and frozen at − 20  °C for bio-
chemical assay. The experimental protocol was approved 
by the Institutional Ethics Approval Committee for Labo-
ratory Animals (FUTA/SAAT/2020/016).

Haematological and biochemical assay
The haematological indices, specifically, pack cell volume 
(PCV), haemoglobin concentration (Hbc), white blood 
cells (WBC), red blood cells (RBC), neutrophil (NEU) 
and lymphocytes (LYM) were determined using methods 
described by Bain et  al. (2016). Mean corpuscular vol-
ume (MCV), mean corpuscular haemoglobin (MCH) and 
mean corpuscular haemoglobin concentrated (MCHC) 
were calculated. Aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT) and alkaline phosphate 
(ALP) were determined using the method outlined by 
Lab test Diagnostica S.A. (Lagoa Santa, Minas Gerais, 
Brazil).

In vivo enzymatic antioxidant
Superoxide dismutase (SOD) activity of the tissue 
homogenates, activity of catalase in the tissue homogen-
ates and thiobarbituric acid-reactive substances (TBARS) 
measurements were carried out according to the meth-
ods adopted by Alvariz et al. (2019). Glutathione peroxi-
dase (GPx), glutathione S-transferase (GST) and reduced 
glutathione (GSH) activities  in brain homogenate were 
determined using the method of Rizzeti et al. (2013).

Diet
The processed diets used for the animal study are as 
follows:

Group A—5% tacca flour + 95% wheat flour.
Group B—10% tacca flour + 90% wheat flour.
Group C—15% tacca flour + 85% wheat flour.
Group D—20% tacca flour + 80% wheat flour.
Group E—100% wheat flour.

Production of wheat–tacca biscuit
Wheat–tacca biscuit was produced according to the 
modified method of Olagunju et al. (2020). The propor-
tion of ingredients used consisted of composite flour 
(200 g), margarine (0.3%), salt (0.75%) and baking powder 
(1.5%). All dry ingredients (flour, salt and baking pow-
der) were weighed and mixed in a bowl to obtain an even 
mixture after which margarine was added and mixed fol-
lowed by the egg and the batter was kneaded and rolled 
out. It was then cut (5-mm diameter), arranged on a bak-
ing tray and baked for 10  min at 180  °C in a preheated 
oven. Baked biscuits were cooled at room temperature 
and packaged in polyethylene bags for further analysis.

Sensory evaluation of biscuit
The sensory evaluation of biscuit samples was carried by 
fifty untrained panellists in order to determine the con-
sumer acceptance and preferences. The colour, aroma, 
taste, texture and overall acceptability were evaluated 
using a nine-point Hedonic scale where 1 represents 
“extremely dislike” and 9 “extremely like”, respectively. 
Means and standard errors of the mean (SEM) of repli-
cate scores were determined and subjected to analysis of 
variance (ANOVA) using the statistical package for social 
statistics (SPSS version 16.0) as well as means using the 
Duncan’s new multiple range test.

Statistical analysis
Data were analysed by analysis of variance (ANOVA) 
using SPSS version 16.0 software (SPSS Inc., Chicago, 
IL, USA). All analyses were carried out in triplicate. The 
results were presented as mean ± standard deviation 
(SD) of 3 determinations. The means were separated 
using Tukey’s test. Level of significance was set at P < 0.05 
(Omoba et al. 2020).

Results
Proximate composition (g/100 g) of modified Tacca flour
The proximate composition of the native and modified 
tacca flour is presented in Table 1. The moisture content 
of all the samples ranged from 7.34 to 10.14%; total ash 
from 1.19 to 2.59%; crude protein from 5.56 to 14.08%; 
crude fibre from 1.23 to 2.91%; and carbohydrate content 
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from 68.86 to 82.10%. The energy values ranged from 
347.69 to 381.06 kcal/ 100 g.

Antioxidant activities of tacca (native and modified flour)
The antioxidant activities of Tacca (native and modi-
fied flour) samples are shown in Figs.  1, 2, 3, 4, and 
5. The hydroxyl radical (•OH) ranged from 42.46% in 
TF–50.58% in TEF; ABTS* radical scavenging activities 
(42.46% in TF–50.58% in TEF), Fe2+ chelation (42.46% 
in TF–50.58% in TEF), DPPH* radical scavenging activi-
ties (22.50 mmol TEAC/ g in TF–59.88 mmol TEAC/ g 
in TEF).

Haematological parameters of animal fed with wheat–
tacca biscuits
The results of the haematological studies of the basal diet, 
100% wheat biscuit and the biscuit produced from com-
posite flours consisting enzymatic modified flours and 
wheat flours (TEB) are presented in Table 2. The higher 
the tacca flour incorporation in the composite flour, the 

higher the haematological values (TEB20% > TEB15 > TE
B10% > TEB5% %).

Effects of the biscuit samples on liver functions
The results of the effect of alanine aminotransferase 
(ALT), alkaline phosphate (ALP) and aspartate ami-
notransferase (AST) on the enzymatic modified tacca–
wheat biscuit in albino Wistar rats of the liver are 
shown in Figs. 6, 7 and 8. The properties are cytosolic 
enzymes found in the liver and heart, and they are bio-
markers for liver functionality.

Table 1  Proximate composition and energy of tacca native and modified flour (dry weight basis)

Means (± SEM) with different alphabetical superscripts in the same column are significantly different at P < 0.05

TF Native tacca flour, TPF Tacca physical flour, TAF Tacca acetylated flour, and TEF Tacca enzymatic starch

*Ref - stands for standard values of the components

Samples Moisture
(g/100 g)

Total ash 
(g/100 g)

Crude protein 
(g/100 g)

Crude fat 
(g/100 g)

Crude fibre 
(g/100 g)

Carbohydrate
(g/100 g)

Energy (Kcal/100 g)

TF 8.46 ± 0.02a 2.59 ± 0.01a 5.56 ± 0.06d 3.38 ± 0.01a 2.91 ± 0.01a 82.10 ± 0.14a 381.06 ± 3.13a

TPF 7.34 ± 0.01d 1.91 ± 0.01b 11.38 ± 0.01c 2.83 ± 0.05b 2.45 ± 0.01b 74.09 ± 0.70b 367.35 ± 3.01b

TAF 10.12 ± 0.01c 1.22 ± 0.01c 12.80 ± 0.01b 2.69 ± 0.01c 2.24 ± 0.03c 68.93 ± 0.01c 351.13 ± 1.90c

TEF 12.87 ± 0.01b 1.19 ± 0.02c 14.08 ± 0.05a 1.77 ± 0.01d 1.23 ± 0.01d 68.86 ± 0.01d 347.69 ± 2.04d

*Ref < 10.00 > 3.00 > 14.00 < 10–25 > 5 64.00 400–425

Fig. 1  Total phenol content in native and modified tacca flour. TF: 
Native tacca flour, TPF: tacca physical flour, TAF: tacca acetylated flour, 
TEF: tacca enzymatic starch

Fig. 2  The hydroxyl radicals (OH) of native and modified tacca flour. 
TF: Native tacca flour, TPF: tacca physical flour, TAF: tacca acetylated 
flour, TEF: tacca enzymatic starch

Fig. 3  Fe2+ chelating ability of native and modified tacca flour. TF: 
Native tacca flour, TPF: tacca physical flour, TAF: tacca acetylated flour, 
TEF: tacca enzymatic starch
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Effects of enzymatic tacca–wheat biscuit on kidney 
function
The effect of enzymatic tacca–wheat biscuit on kidney 
functions as defined by the creatinine and uric acid levels 
is shown in Figs. 9 and 10, respectively.

Effects of enzymatic tacca–wheat biscuit on in vivo 
enzymatic antioxidant
The results of the effect of the samples on the in vivo anti-
oxidant enzymes, namely catalase (CAT), superoxide dis-
mutase (SOD), glutathione peroxidase (GPx), glutathione 
S-transferase (GST) and reduced glutathione (GSH), are 
shown in Figs. 11, 12, 13, 14 and 15.

Lipid peroxidation activities of the sample biscuits
Effect of enzymatic tacca–wheat biscuit on albino Wistar 
rats TBARS level is shown in Fig. 16.

Sensory attributes of enzymatic wheat–tacca biscuit
Biscuits samples produced with 5%, 10%, 15% and 20% 
of wheat–tacca flour are shown in Fig. 17, while the sen-
sory attributes of the tacca–wheat biscuit are presented 
in Table 3.

Discussion
The results of the proximate composition of the native 
and modified tacca flour as presented in Table 1 indicated 
that the moisture content of all the samples ranged from 
7.34 to 12.87%, which is similar to previous work of Ona-
banjo and Ighere (2014) who reported moisture content 

Fig. 4  DPPH radical scavenging ability of native and modified 
tacca flour. TF: Native tacca flour, TPF: tacca physical flour, TAF: tacca 
acetylated flour, TEF: tacca enzymatic starch

Fig. 5  ABTS* scavenging ability of native and modified tacca flour. TF: 
Native tacca flour, TPF: tacca physical flour, TAF: tacca acetylated flour, 
TEF: tacca enzymatic starch

Table 2  Haematological parameter of rats fed with tacca enzymatic biscuit

Means (± SEM) with different alphabetical superscripts in the same row are significantly different at P < 0.05

100% Wheat: Rats fed with 100% wheat flour biscuit

TEB5%: Rats fed with 5% enzymatic tacca flour + 95% wheat flour biscuit

TEB10%: Rats fed with 10% enzymatic tacca flour + 90% wheat flour biscuit

TEB15%: Rats fed with 15% enzymatic tacca flour + 85% wheat flour biscuit

TEB20%: Rats fed with 20% enzymatic tacca flour + 80% wheat flour biscuit

Parameters Basal 100% Wheat TEB 5% TEB 10% TEB 15% TEB 20%

PVC (%) 17.00 ± 0.52c 20.02 ± 0.13b 21.04 ± 0.16ab 22.05 ± 0.32a 22.10 ± 0.90a 22.20 ± 0.34a

Hb (g/dl) 8.57 ± 0.22b 9.10 ± 0.31b 9.70 ± 0.09ab 9.50 ± 0.10a 9.50 ± 0.30a 9.60 ± 0.50a

WBC (× 103 mm−3) 6.45 ± 0.31d 6.70 ± 0.41d 8.40 ± 0.32b 9.90 ± 0.43a 7.70 ± 0.31c 9.50 ± 0.30a

RBC (× 103 mm−3) 3.55 ± 0.01d 4.50 ± 0.02c 5.00 ± 0.11b 5.30 ± 0.17a 5.45 ± 0.55a 5.45 ± 0.51a

MCHC (g/dl) 26.40 ± 0.30d 33.30 ± 0.11b 33.30 ± 0.21b 34.20 ± 0.45a 31.10 ± 0.16c 33.10 ± 0.13b

MCH (pg) 19.20 ± 0.40d 29.80 ± 0.20c 30.00 ± 0.40c 38.40 ± 0.50a 33.90 ± 0.20b 34.30 ± 0.10b

MCV (fl) 17.20 ± 0.11d 89.30 ± 0.11c 90.00 ± 0.20b 98.50 ± 0.30a 91.00 ± 0.50b 89.90 ± 0.50c

Neutrophils (%) 14.00 ± 0.03f 20.00 ± 0.21e 32.00 ± 0.41d 41.20 ± 0.48c 45.0 ± 0.22b 52.00 ± 0.41a

Lymphocytes 60.00 ± 0.20e 60.00 ± 0.47e 65.00 ± 0.46d 70.40 ± 0.15c 75.00 ± 0.40b 77.00 ± 1.25a

Monocytes (%) 0.00 ± 0.00d 1.00 ± 0.00c 2.00 ± 0.00b 3.20 ± 0.00a 2.00 ± 0.00b 3.00 ± 0.00a

Eosinophils (%) 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 1.00 ± 0.00a 0.00 ± 0.00b 0.00 ± 0.00b

Basophils (%) 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a
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of wheat–sweet potato flour biscuits to be between 9.34 
and 12.71%. The slight differences reported in the mois-
ture content might not be unconnected to the processing 
conditions like modification, washing and drying (Ndu-
oyang et  al. 2015). According to DeMan et  al. (1999), 
flours with moisture content less than 14% can resist 
microbial growth and hence enhance storage stability.

The ash contents of the native sample were significantly 
reduced by modifications. The values were, however, 
higher than 0.45% reported for wheat flour (Peng et  al. 
2010). Enzymatically modified flour recorded the least 
ash content.

The crude protein for native, physically, acetylated and 
enzymatically modified tacca flour was 5.56, 11.38, 12.80 
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Fig. 6  Effect of enzymatic tacca–wheat biscuit on albino Wistar rats 
by alanine aminotransferase. 100% Wheat: Rats fed with 100% wheat 
flour biscuit, TEB5%: Rats fed with 5% enzymatic tacca flour + 95% 
wheat flour biscuit, TEB10%: Rats fed with 10% enzymatic tacca 
flour + 90% wheat flour biscuit, TEB15%: Rats fed with 15% enzymatic 
tacca flour + 85% wheat flour biscuit, TEB20%: Rats fed with 20% 
enzymatic tacca flour + 80% wheat flour biscuit
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Fig. 7  Effect of enzymatic tacca–wheat biscuit on albino Wistar rats 
by alkaline phosphate (ALP). 100% Wheat: Rats fed with 100% wheat 
flour biscuit, TEB5%: Rats fed with 5% enzymatic tacca flour + 95% 
wheat flour biscuit, TEB10%: Rats fed with 10% enzymatic tacca 
flour + 90% wheat flour biscuit, TEB15%: Rats fed with 15% enzymatic 
tacca flour + 85% wheat flour biscuit, TEB20%: Rats fed with 20% 
enzymatic tacca flour + 80% wheat flour biscuit
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Fig. 8  Effect of enzymatic tacca–wheat biscuit on albino Wistar 
rats by aspartate transferase (AST). 100% Wheat: Rats fed with 
100% wheat flour biscuit, TEB5%: Rats fed with 5% enzymatic tacca 
flour + 95% wheat flour biscuit, TEB10%: Rats fed with 10% enzymatic 
tacca flour + 90% wheat flour biscuit, TEB15%: Rats fed with 15% 
enzymatic tacca flour + 85% wheat flour biscuit, TEB20%: Rats fed 
with 20% enzymatic tacca flour + 80% wheat flour biscuit
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Fig. 9  Effect of enzymatic tacca–wheat biscuit on albino Wistar rats 
by creatinine. Basal: Rats fed with animal chow. 100% Wheat: Rats fed 
with 100% wheat flour biscuit, TEB5%: Rats fed with 5% enzymatic 
tacca flour + 95% wheat flour biscuit, TEB10%: Rats fed with 10% 
enzymatic tacca flour + 90% wheat flour biscuit, TEB15%: Rats fed 
with 15% enzymatic tacca flour + 85% wheat flour biscuit, TEB20%: 
Rats fed with 20% enzymatic tacca flour + 80% wheat flour biscuit
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Fig. 10  Effects of enzymatic tacca–wheat biscuit on albino Wistar 
rats by uric acid. Basal: Rats fed with animal chow. 100% Wheat: Rats 
fed with 100% wheat flour biscuit, TEB5%: Rats fed with 5% enzymatic 
tacca flour + 95% wheat flour biscuit, TEB10%: Rats fed with 10% 
enzymatic tacca flour + 90% wheat flour biscuit, TEB15%: Rats fed 
with 15% enzymatic tacca flour + 85% wheat flour biscuit, TEB20%: 
Rats fed with 20% enzymatic tacca flour + 80% wheat flour biscuit
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Fig. 11  Effect of enzymatic tacca–wheat biscuit on albino Wistar rats 
by catalase activities. 100% Wheat: Rats fed with 100% wheat flour 
biscuit, TEB5%: Rats fed with 5% enzymatic tacca flour + 95% wheat 
flour biscuit, TEB10%: Rats fed with 10% enzymatic tacca flour + 90% 
wheat flour biscuit, TEB15%: Rats fed with 15% enzymatic tacca 
flour + 85% wheat flour biscuit, TEB20%: Rats fed with 20% enzymatic 
tacca flour + 80% wheat flour biscuit
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Fig. 12  Effect of enzymatic tacca–wheat biscuit on albino Wistar rats 
by superoxide dismutase. 100% Wheat: Rats fed with 100% wheat 
flour biscuit, TEB5%: Rats fed with 5% enzymatic tacca flour + 95% 
wheat flour biscuit, TEB10%: Rats fed with 10% enzymatic tacca 
flour + 90% wheat flour biscuit, TEB15%: Rats fed with 15% enzymatic 
tacca flour + 85% wheat flour biscuit, TEB20%: Rats fed with 20% 
enzymatic tacca flour + 80% wheat flour biscuit
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Fig. 13  Effect of enzymatic tacca–wheat biscuit on albino Wistar 
rats by glutathione peroxidase (GPx). 100% Wheat: Rats fed with 
100% wheat flour biscuit, TEB5%: Rats fed with 5% enzymatic tacca 
flour + 95% wheat flour biscuit, TEB10%: Rats fed with 10% enzymatic 
tacca flour + 90% wheat flour biscuit, TEB15%: Rats fed with 15% 
enzymatic tacca flour + 85% wheat flour biscuit, TEB20%: Rats fed 
with 20% enzymatic tacca flour + 80% wheat flour biscuit
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Fig. 14  Effect of enzymatic tacca–wheat biscuit on albino Wistar rats 
by glutathione S-transferase (GST) activities. 100% Wheat: Rats fed 
with 100% wheat flour biscuit, TEB5%: Rats fed with 5% enzymatic 
tacca flour + 95% wheat flour biscuit, TEB10%: Rats fed with 10% 
enzymatic tacca flour + 90% wheat flour biscuit, TEB15%: Rats fed 
with 15% enzymatic tacca flour + 85% wheat flour biscuit, TEB20%: 
Rats fed with 20% enzymatic tacca flour + 80% wheat flour biscuit
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Fig. 15  Effect of enzymatic tacca–wheat biscuit on albino Wistar rats 
by reduced glutathione (GSH) activities.100% Wheat: Rats fed with 
100% wheat flour biscuit, TEB5%: Rats fed with 5% enzymatic tacca 
flour + 95% wheat flour biscuit, TEB10%: Rats fed with 10% enzymatic 
tacca flour + 90% wheat flour biscuit, TEB15%: Rats fed with 15% 
enzymatic tacca flour + 85% wheat flour biscuit, TEB20%: Rats fed 
with 20% enzymatic tacca flour + 80% wheat flour biscuit
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Fig. 16  Effect of enzymatic tacca–wheat biscuit on albino Wistar 
rats by TBARS level. 100% Wheat: Rats fed with 100% wheat flour 
biscuit, TEB5%: Rats fed with 5% enzymatic tacca flour + 95% wheat 
flour biscuit, TEB10%: Rats fed with 10% enzymatic tacca flour + 90% 
wheat flour biscuit, TEB15%: Rats fed with 15% enzymatic tacca 
flour + 85% wheat flour biscuit, TEB20%: Rats fed with 20% enzymatic 
tacca flour + 80% wheat flour biscuit
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and 14.08%, respectively. Crude protein values in the 
native flour were significantly lower than 15.1% reported 
for wheat flour (Ade-Omowaye et  al. 2008). However, 
crude protein in modified flour sample was significantly 
higher (p > 0.005) than that of native samples especially 

in enzymatically modified sample which had over 200% 
increase. Processing increases the activity of glucoam-
ylase on the cell wall matrix, thereby setting loose some 
bound protein molecules (Alrahmany and Tsopmo 
2012), which could lead to the increased protein contents 

Fig. 17  Biscuits samples produced with 5%, 10%, 15% and 20% of wheat–tacca flour, respectively. TEB (5%): Rats fed with 5% enzymatic tacca 
flour + 95% wheat flour biscuit, TEB (10%): Rats fed with 10% enzymatic tacca flour + 90% wheat flour biscuit, TEB (15%): Rats fed with 15% 
enzymatic tacca flour + 85% wheat flour biscuit, TEB (20%): Rats fed with 20% enzymatic tacca flour + 80% wheat flour biscuit

Table 3  Sensory attributes of tacca–wheat biscuit

Means with different alphabetical superscripts in the same column are significantly different at P < 0.05

100% Wheat: 100% wheat flour biscuit

TEB5%: 5% enzymatic tacca flour + 95% wheat flour biscuit

TEB10%: 10% enzymatic tacca flour + 90% wheat flour biscuit

TEB15%: 15% enzymatic tacca flour + 85% wheat flour biscuit

TEB20%: 20% enzymatic tacca flour + 80% wheat flour biscuit

Sample Appearance Aroma Texture Crispiness Taste Overall acceptability

100%Wheat 7.24 ± 1.33a 6.40 ± 1.63b 6.40 ± 1.43b 6.90 ± 0.12a 7.30 ± 1.96a 7.20 ± 0.89a

TEB5% 6.14 ± 1.04c 6.60 ± 1.53a 6.70 ± 1.53a 6.70 ± 0.42b 7.22 ± 0.13b 7.11 ± 0.22b

TEB10% 6.19 ± 1.00b 6.50 ± 1.03b 6.50 ± 1.07c 6.90 ± 0.53b 7.18 ± 1.32b 7.10 ± 0.61b

TEB15% 6.14 ± 1.06c 6.45 ± 1.11b 6.40 ± 1.56d 6.79 ± 0.42b 7.22 ± 1.36b 7.14 ± 0.77b

TEB20% 6.21 ± 1.39b 6.49 ± 1.95b 6.50 ± 1.69d 6.75 ± 0.16b 7.20 ± 1.17b 7.15 ± 0.89b
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observed in the modified samples. Also, modification 
techniques involving the use of glucoamylase might lead 
to the breaking down of carbohydrates which led to an 
increase in the percentage of protein content.

The crude fat and fibre contents of the native samples 
were significantly reduced by modifications; physically 
modified samples, however, retained crude fire and fat 
contents most, while enzymatic modified samples had 
the least contents. The values of crude fat in native flour 
were higher than 1.3% reported for wheat flour according 
to Ade-Omowaye et al. (2008).

The antioxidant activities of Tacca (native and modi-
fied flour) samples shown in Figs.  1, 2, 3, 4 and 5 indi-
cated that the hydroxyl radical (•OH) ranged from 
42.46% in TF–50.58% in TEF; ABTS* radical scavenging 
activities (42.46% in TF–50.58% in TEF), Fe2+ chelation 
(42.46% in TF–50.58% in TEF), DPPH* radical scaveng-
ing activities (22.50  mmol TEAC/ g in TF–59.88  mmol 
TEAC/ g in TEF). It was observed that the antioxi-
dant activities (OH*, ABTS*, Fe2+ chelation, DPPH* 
and total phenol) obtained from the present study were 
significantly (p > 0.05) higher in the modified samples 
(enzymatic > acetylated > physical) than native samples, 
respectively. The total phenol in native and modified 
tacca flour ranges from 21.78% in TF to 26.96% in TEF, 
which is about 5.18% increase in antioxidant activities.

Antioxidants are molecules that slow down the oxida-
tion of other molecules and function as protective agents 
against oxygen free radicals, thereby preventing some 
types of cell damage (Krishnaiah et al. 2011). Oxidation 
is a chemical reaction that generates free radicals, lead-
ing to chain reactions that may damage and affect cells. 
Free radicals cause “oxidative stress”, leading to cell dam-
ages (Ademosun et al. 2020). Oxidative stress is involved 
in the onset of many diseases including cancer, arterio-
sclerosis, cardiovascular diseases, diabetes, Alzheimer’s 
disease, Parkinson’s disease and eye diseases such as cata-
racts and age-related macular degeneration (Oboh and 
Rocha 2007). However, antioxidant functions by scaveng-
ing the free radicals thereby prevent oxidative stress and 
cell damage and also lead to reduced risk of cardiovascu-
lar diseases (Ademosun et al. 2020; Aruoma 1998).

Plant food materials are reported to be rich in total 
phenol and flavonoid content, also leading to high anti-
oxidant activities in some plant materials (Ademosun 
et al. 2020; Awika and Rooney 2004).

The haematological studies of the basal diet, 100% 
wheat biscuit and the biscuit produced from com-
posite flours consisting of enzymatic modified flours 
and wheat flours (TEB) are presented in Table  2. The 
results revealed that the composite flours biscuits had 
better haematological values than the 100% wheat bis-
cuit and the basal diet. We noticed an increase in the 

haematological values with increase in the incorpora-
tion of tacca flour in the composite flour (TEB20% > TE
B15 > TEB10% > TEB5%). This increase might be due to 
the impact of modification on the tacca flour leading to 
an increased antioxidant activities as well as the level 
of mineral particularly iron present in the enzymati-
cally modified tacca flour. The literature has it that iron 
is beneficial to blood formation (Abbaspour et al. 2014, 
Camaschella 2015).

However, the result obtained showed that the value 
obtained in TEB 15% and TEB 20% was significantly 
(p < 0.05) lower than values obtained in other experi-
mental diet and there is a significant (p > 0.05) different 
between (TEB 15% and TEB 20%), TEB 10% and other 
experimental diets. This implies that TEB 15% and TEB 
20% consumption in rats reduced the rate of free oxygen 
production and hence reduced the rate of cell damage 
and occurrence of cardiovascular diseases.

The high concentration of PCV and RBC observed in 
rats fed TEB 20% compared to other experimental ani-
mal group further indicates the nutritional qualities of 
the food samples. Scientific study has proven that diets 
containing poor protein would usually result in poor pro-
duction of haemoglobin and poor immunity (Roberts 
et al. 2000). However, the values obtained from the pre-
sent study suggest that the formulated diet will promote 
adequate blood production in the body as well as more 
immunity against germs and infections (Dewan 2007). 
Hence, TEB 20% contains better haematological param-
eter compared with other experimental samples.

Alanine aminotransferase (ALT), alkaline phosphate 
(ALP) and aspartate aminotransferase (AST) are cyto-
solic enzymes found in the liver and heart, and they are 
biomarkers for liver functionality. An increase in serum 
AST, ALT or ALP activity is an indicator of liver and kid-
ney destruction. The ALT, ALP and ASP values of the 
TEB samples were not higher than 100% wheat biscuit 
(Figs. 6, 7 and 8). The essence of this comparison was to 
ensure that consumption of the tacca-based samples is 
safe for human consumption. In other words, the result 
implies that the tacca-based biscuit would have accept-
able liver functionality with no side effects on the liver.

The effect of enzymatic tacca–wheat biscuit on kid-
ney functions as defined by the creatinine and uric acid 
levels is shown in Figs.  9 and 10, respectively. Creati-
nine is an endogenous metabolite and substrate for 
multiple transporters expressed in the proximal tubule 
cells of the kidney (Scotcher et al. 2020). It is a key indi-
cator of renal function (Arroyo and Pepper 2020). The 
results obtained from enzyme activities of creatinine 
and uric acid showed that animal fed with100% wheat 
flour biscuit and basal diets had significantly higher val-
ues of creatinine and uric acid than TEB samples. The 
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reduced values of the TEB biscuit samples indicated 
that they had higher kidney protection, better than 
100% wheat biscuit.

The effect of the samples on the in vivo antioxidant 
enzymes, namely catalase (CAT), superoxide dismutase 
(SOD), glutathione peroxidase (GPx), glutathione 
S-transferase (GST) and reduced glutathione (GSH), is 
shown in Figs. 11, 12, 13, 14 and 15. Antioxidant enzymes 
(CAT, SOD, GPx, GST and GSH) are present in the tissue 
(heart, kidney and liver) of living subject and inhibit free 
radicals production by minimizing reactive oxygen spe-
cies (ROS) and/or scavenging radical, chelating and metal 
breaking chain reactions (Yadav et al. 2020). Glutathione 
is a small tri-peptide protein synthesized in the liver. It is 
a potent antioxidant with high redox potential, and it also 
serves as a co-factor for antioxidant enzymes (Valko et al. 
2007). The results showed that increasing quantities of 
tacca flour in the samples resulted in increased catalase 
activities. The same trend was observed in SOD, GPx, 
GST and GSH (Figs. 12, 13, 14 and 15). In fact, highest 
values of the antioxidants activities were observed in TEB 
20% (20% tacca flour incorporation). Tacca flour there-
fore showed a great antioxidant potential which would be 
beneficial to consumers of tacca flour biscuits. This high 
antioxidant activities of biscuits with tacca flour will be 
an added advantage over wheat flour biscuits.

Thiobarbituric acid-reactive substances (TBARS) are 
formed as a by-product of lipid peroxidation. Lipid peroxi-
dation is the oxidative degradation of lipids (Trevisan et al. 
2001) and results in cell damage (Muller et al. 2007; Weber 
et al. 2013). Lipid peroxidation proceeds by a free radical 
chain reaction mechanism, which must be terminated fast 
enough in order to prevent damage to the cell membrane, 
which consists mainly of lipids (Trevisan et al. 2001). The 
TBARS of the biscuit samples are shown in Fig. 16. Sam-
ples with higher tacca flour incorporation had the least 
TBARS, hence least lipid peroxidation. This result there-
fore shows that biscuits with higher tacca flour incorpora-
tion will not pose negative lipid peroxidation effects which 
could lead to mutagenic and carcinogenic activities.

The tacca-incorporated biscuits are shown in Fig.  17, 
while the sensory attributes of enzymatic wheat–tacca bis-
cuit (TEB) and the control (100% wheat) biscuit samples 
are presented in Table 3. The sensory parameters used in 
the sensory evaluations were appearance, aroma, texture, 
crispiness, taste and overall acceptability. It was observed 
that the control sample (100% wheat) has the highest rat-
ing by panellist in terms of overall acceptability. However, 
TEB5% had the best aroma and texture. There were no sig-
nificance differences in the overall acceptability of all the 
TEB samples. Quantitatively and probably qualitatively, the 
acceptability of TEB samples was above 70%, which is very 
close to 72% obtained for wheat flour biscuit (Table 3).

Conclusions
Tacca flour could serve as a veritable substitute of wheat 
flour in the production of non-gluten baked products. In 
addition, biscuits produced with wheat–tacca flour were 
rich in bioactive compounds with acceptable haematologi-
cal properties. The toxicological analysis result implies that 
incorporation of tacca flour into wheat flour up to 20% was 
very safe for consumption. Enzymatic modification of the 
incorporated tacca flours considerably improved the anti-
oxidants properties of the biscuits. The biscuits produced 
from wheat-modified tacca flour composite flour has better 
in vivo, in vitro antioxidant properties and better haemato-
logical attributes in albino rats fed with it when compared 
with that of 100% wheat biscuits and hence could be said to 
exhibit nutraceutical potentials.
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