
Advances in Chemical Engineering and Science, 2023, 13, 265-288 
https://www.scirp.org/journal/aces 

ISSN Online: 2160-0406 
ISSN Print: 2160-0392 

 

DOI: 10.4236/aces.2023.134019  Aug. 10, 2023 265 Advances in Chemical Engineering and Science 
 

 
 
 

Production and Evaluation of the Nutritional 
and Functional Qualities of “Adakwa” Enriched 
with Waste Biomass of Traditional Brewer’s 
Spent Grain as a Functional Staple Food 

Tankem Tankem1, Pride Ndasi Ngwasiri1*, Wilson Agwanande Ambindei2,  
Makebe Calister Wingang3, Ngwa Martin Ngwabie4, Martin Benoit Ngassoum5,  
Ejoh Richard Aba1 

1Department of Nutrition, Food and Bioresource Technology, College of Technology, University of Bamenda,  
Bamenda, Cameroon 
2Department of Process Engineering, ENSAI, University of Ngaoundere, Ngaoundere, Cameroon 
3Department of Chemical and Biological Engineering, National Higher Polytechnic Institute, University of Bamenda,  
Bamenda, Cameroon 
4Department of Agriculture and Environmental Engineering, College of Technology, University of Bamenda,  
Bamenda, Cameroon 
5Department of Applied Chemistry, ENSAI, University of Ngaoundere, Ngaoundere, Cameroon 

 
 
 

Abstract 
Brewers’ spent grains constitute a nutrient-rich valuable and highly under- 
utilized by-product of the beer industry produced in large amounts all through 
the year. This bio-resource is a very good candidate for valorization, due to 
environmental and economic concerns, using biotechnological processing, 
particularly for food enrichment. This study was undertaken to evaluate the 
effect of fortification of Adakwa with traditional brewers’ spent grains (TBSG) 
on its physicochemical and nutritional properties as well as its acceptability 
using an experimental design. Four (4) samples of Adakwa were produced 
with TBSG incorporated rates of 0% (control sample), 10%, 20%, and 30% 
and evaluated. Using an experimental design, the effect of process parame-
ters, including the TBSG incorporation rate, cooking time, and cooking tem-
peratures on the physicochemical and nutritional properties of the Adakwa 
were evaluated while the 9-point hedonic scale was used to evaluate the sen-
sory properties and its overall acceptability: carbohydrate, protein, crude fi-
bre, cellulose, polyphenol, antioxidant activity (FRAP and DPPH). The water 
absorption activity values were 81.2 ± 0.04, 4.55 ± 0.05, 9.73 ± 0.23, 3.31 ± 
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0.05, 6.73 ± 0.23, 1.60 ± 0.09, 28.85 ± 0.8 and 117 ± 3.54 respectively for 0% 
TBSG (control); 86.8 ± 0.01, 1.81± 0.20, 16.22 ± 0.16, 5.54 ± 0.69, 6.01 ± 0.16, 
6.59 ± 0.03, 25.89 ± 0.94 and 475.0 ± 21.21 respectively for 30% TBSG. The 
sample with a high nutrient content was further produced using a central 
composite design and the factors studied were temperature and time, with 
responses, crude fiber, and FRAP content. The optimum production condi-
tion was: % TBSG: 47.06%; temperature: 123.17˚C; Time: 30.34 mins. The 
sample with 47% TBSG had the best overall acceptability after sensory evalua-
tion with sensory scores of: 5.45 ± 0.76, 7.9 ± 0.79, 8.0 ± 1.0, 7.10 ± 0.16, 8.5 ± 
1.6, 7.6 ± 0.98 for color, taste, aroma, mouthfeel, texture and overall accept-
ability respectively. Thus TBSG can be used to improve the physicochemical 
and nutritional properties of adakwa. 
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1. Introduction 

Among agro-industries, the brewery sector accounts for the production of an 
abundant amount of low-cost bio-waste which are largely underutilized despite 
their potential nutritional value and functional properties, and their disposal en-
tails high costs for the brewery [1] [2]. Traditional brewing methods have re-
mained an important activity throughout Africa despite commercial breweries 
producing variations of traditional African beers. The production of indigenous 
alcoholic beverages in a rural village of Cameroon from cereals and tubers using 
local techniques plays a major role in the economy of these communities. Tradi-
tional alcoholic beverages in Cameroon are principally produced from millet, 
sorghum, maize, rice, and cassava, with examples being “bilibili” produced from 
sorghum and corn-beer produced from maize [3]. The brewers spent grain is 
the major waste produced in brewery, after mashing process, and represents 
85% of the total dry waste from brewery while the hot trub, generated during 
wort boiling as a result of thermal denaturation and precipitation of high mole-
cular weight proteins, represents 15% - 20% of the dry matter content [4] [5] [6]. 
The chemical composition of these waste vary which depend on the type and 
quality of the ingredients used and the conditions prevailing during each step of 
the brewing process; nevertheless, they always have a high nutritional value [7] 
[8]. 

Brewers spent grain is a massively overlooked potential source of human nu-
trition as it has been reported to be very rich in fiber, protein and essential ami-
no acids, minerals, polyphenols, vitamins, and lipids [9] [10]. BSG is a hetero-
geneous biomaterial composed of lignocellulosic biomass and has been reported 
to be rich in proteins (20% - 30%), fiber (30% - 70%), lipids, vitamins, and min-
erals [9] [11]. The traditional use of BSG is in animal nutrition, but more re-
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cently it has been used in biogas production [12] [13], bioethanol production 
[14], and other applications as reviewed by [9] and [11]. Recent research sug-
gests diverse applications of BSG as a substrate for the cultivation of microor-
ganisms [15], the production of protein concentrates [16] [17], enzymes [18] 
[19], as well as for human food products [20] [21]. 

To date, the brewers spent grains generated from traditional brewing processes 
are either discarded or sold as animal feed. However, because of its nutritional 
content, traditional brewer spent grain (TBSG) is of interest for application in 
the fortification of human food products, particularly given its low cost and 
availability in large amounts. Using the brewer’s spent grain, which has a low 
monetary value, as a high-nutrient functional ingredient may enhance the eco-
nomic potential of the brew house and improve the dietary attributes of different 
food formulations [22] [23] [24]. However, it also changes the processing tech- 
nological, mechanical, and physiochemical properties of the food including 
visual appearances such as color, compact texture in addition to acceptability 
[25]. Therefore, because of its nutritional content, TBSG is of interest for the ap-
plication in the fortification of human food products to fight against malnutri-
tion. 

To address the high rate of nutritional deficiency which is prevalent in many 
African countries due to malnutrition and hidden hunger [26] [27], traditional 
food-based strategies, such as fortification in combination with public health in-
terventions can be used. In 2008 and 2012, the Copenhagen Consensus ranked 
food fortification as one of the most cost-effective development priorities [28] 
[29]. While food fortification has successfully used to prevent micronutrient de-
ficiencies in high-income countries, it is still less common in low and medium 
income countries as Cameroon where the food system is not delivering nutri-
tionally adequate diets due the production and consumption of just a few major 
starchy food crops (maize, rice, wheat) with low nutritional quality. 

The food industry is seeking to find new added-value applications that will 
change the traditional view on “waste” products and re-classify them as “co- 
products”. Using the brewer’s spent grain by-product, which has a low monetary 
value, as a high-nutrient functional ingredient may enhance the economic po-
tential of the brew house and improve the dietary attributes of different food 
formulations [24]. To date, this material is either discarded or sold as animal 
feed. An excellent review [30] mentioned that BSG has considerable potential to 
be used for several purposes, such as animal feed, food ingredients, polymer 
production, microbial products, and nutritional application. This material consists 
of the grain husks obtained as solid residue and other residual compounds not 
converted into fermentable sugars in the mashing process after the production of 
wort [31]. 

The investigation of alternative uses of BSG is pertinent, not only from the 
perspective of the brewer who can benefit from the valorisation of this by- 
product but also from an environmental perspective as the recycling and re-use 
of industrial wastes and by-products have become increasingly important [9]. 
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The bio-economy addresses the possibilities of transforming renewable biologi-
cal resources into economically and bio-energetically viable products [31]. For 
better environmental and economic performance, these by-products should be 
converted into valuable products instead of being considered useless wastes. Uti-
lization thereof will reduce the costs of food and feed production and will allow 
taking full advantage of the nutritional value of this waste. While some attempts 
have been made to incorporate the bioactive components of BSG and BSY into 
foodstuffs, further research in this area should be conducted [4]. 

Fortification of staple foods such as rice, maize and wheat flour in sub-Sahara 
Africa has been reported as a strategy for combating micronutrient malnutrition 
[32] [33] [34] [35]. Most studies on food fortification don’t target traditional in-
digenous African staple dishes. Adakwa is a local traditional indigenous snack 
that got its origin from west Africa and expanded to other places via migration 
and its highly consumed in Bamenda of the North west region of Cameroon. It 
is produced principally from mixture of corn flour and groundnut paste with 
pepper enhance the taste.  

Maize (Zea mays subsp. May L.) is widely consumed cereal crop grown glo-
bally. They are good sources of carbohydrates, vitamins and minerals. [36] re-
ported that 100 g of edible portion of maize contains 71.88 g carbohydrate, 8.84 
g protein, 4.57 g fat, 2.15 g crude fibre and 2.33 g ash. In different cultures and 
societies, they are use as compliments for soups, gravies and stews and supply 
the basic energy requirement of the consume. Maize grains are predominantly 
used for the production of different snack foods some of which may be eaten 
mainly to prevent hunger such as Adakwa. 

Groundnut (Arachis hypogaea), also known as peanut is a legume exhibiting 
almost all the qualities of popular edible kernels such as pistachio, almonds etc., 
and they are the world’s fourth most important source of edible vegetable oil, 
and third most important source of vegetable protein [37]. Groundnuts are also 
rich in polyphenols and chief of the antioxidant group. They contain magne-
sium, folate, vitamin E, organic fibre; all of which helps to lessen the risk of car-
diovascular disease [38]. Due to its high nutritional value, it offers some health 
benefits, like prevention of chronic disease attributed to important soluble and 
insoluble fibre, slow digestive starch, prebiotic, oligosaccharide and phenolic 
compound. The slow starch digestion helps to regulate glycaemia; fibre helps on 
gastrointestinal function, while the phenolic compounds provide antioxidant pro- 
perties [39]. 

In most developing countries of the world including Cameroon, where diets 
are more of carbohydrate origin; the occurrence of protein-energy malnutrition 
is common especially among children [40]. Traditional brewer spent grain (TBSG) 
are of interest and handy, as they could provide high been reported to be rich in 
fiber, protein and essential amino acids, minerals, polyphenols, vitamins, and li-
pids [41] [42] for incorporation into high carbohydrate-based foods. While a 
fairly large number of research works has been carried out on cereal products 
and its enrichment [43], no reports exit on enrichment of Adakwa. The objective 
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of this research was aimed at evaluating the effect of enrichment of “Adakwa” 
with traditional brewer’s spent grain and process parameters on its physico-
chemical, nutritional, and functional properties, and on the acceptability of the 
“adakwa”. 

2. Materials and Method 
2.1. Materials 

Fresh traditional brewers spent grain (TBSG) used in this study was obtained 
from a local traditional alcoholic beverage, corn beer, (Sha) producer from 
Bambili, Bamenda. All the other raw materials for the Adakwa preparation were 
obtained from the local market in Bambili, Bamenda. All chemicals used in the 
study were of analytical grade. The Food Science and Technology Laboratory of 
the National Polytechnic University Institute Bamenda was used to carry out the 
production, physiochemical, functional, and sensory analysis. 

2.2. Methodology 
2.2.1. Sample Preparation 
The fresh TBSG were processed and preserved as described by [44] before ap-
plication in Adakwa enrichment. The fresh TBSG samples were oven-dried at 
78˚C for 12 hours to a moisture content of 26%. The dried TBSG were then 
ground into flour using a blender, packaged in bags, sealed, and stored at room 
temperature until use. 

2.2.2. Preparation of Adakwa 
Adakwa was produced following the traditional method by mixing corn flour 
(50 g), groundnut paste (35 g), pepper and oil, with enrichment using the pre-
pared TBSG flour as illustrated in Figure 1. The Adakwa prepared from corn 
flour and groundnut paste without TBSG substitution served as control. After 
mixing, the mixture was kept in a tray for shaping before cooking. All samples 
were prepared under the same cooking condition of 25 minutes at 140˚C. 

2.3. Experimental Design to Study the Effect of TBSG  
Incorporation on Physicochemical, Nutritional, and  
Functional Properties of Adakwa 

The effect of TBSG on the physicochemical, nutritional, and functional prop-
erties of Adakwa was studied by the substitution method the in with the 
TBSG incorporated in the Adakwa at rates of 10% (NA + TBSG (10%)), 20% 
(NA + TBSG (20%)) and 30% (NA + TBSG (30%)) as indicated in Figure 2. 
All other ingredients were maintained the same. The Adakwa prepared from 
corn flour and groundnut paste without TBSG substitution NA (100%), served 
as control. All samples were prepared under the same condition of 25 minutes 
at 140˚C. After the preparation of the Adakwa, as shown in Figure 2, all sam-
ples were analyzed for their physicochemical, nutritional, and functional pro- 
perties. 
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Figure 1. Block diagram for production of Adakwa enriched with TBSG. 

 

 
Figure 2. Adakwa enriched with (left to right) 10%, 20% and 30% TBSG. 

2.4. Effect of Process Parameters on the Fiber Content and % 
FRAP the TBSG Enriched Adakwa 

Experimental Design 
A response surface methodology (Central Composite Design) was used to study 
the effect of the process parameters on the fiber content and % FRAP of the 
adakwa enriched with TBSG. The experimental factors studied included the% of 
TBSG to ground nut and corn flour (%), (X1), cooking temperature (˚C) (X2), 
and the cooking time (min) (X3) The experimental matrix with coded experi-
mental values were transformed into real experimental values as presented on 
Table 1 below. The experiments were conducted in a randomized order to mi-
nimize the effect of unexpected variability in the observed responses due to 
extraneous factors. 

The results obtained were fitted in the general quadratic model equation (Eq-
uation (1)) with three factors and interactions to obtain the model equation for 
the responses fiber content (Y1) and % FRAP (Y2) 
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Table 1. Experimental matrix with real values to study the effect of process parameters on 
the physicochemical, nutritional, and functional properties of the Adakwa. 

RUNS 
X1 X2 X3 

% of TBSG to ground nut 
and corn flour (%), 

Temperature (˚C) Time (mins) 

1 25 109.77 25 

2 25 160.23 25 

3 40 120 20 

4 40 150 30 

5 25 135 33.41 

6 25 135 25 

7 25 135 25 

8 25 135 16.59 

9 50.23 135 25 

10 10 150 30 

11 0 135 25 

12 10 120 30 

13 40 150 20 

14 40 120 30 

15 10 120 20 

16 10 150 20 

 

0 1 1 2 2 3 3 12 1 2 13 1 3
2 2 2

23 2 3 11 1 22 2 33 3      

Y X X X X X X X

X X X X X E

β β β β β β

β β β β

= + + + + +

+ + + + +
          (1) 

Optimized condition for the various factors in the design was obtained and 
the effect of various parameters was studied. 

2.5. Analytical Methods 
2.5.1. Effects of TBSG on the Physicochemical Properties of Adakwa 

1) Effect on pH 
The pH of the samples was determined with the help of a pH meter (Model 

PHS-3C) using 2 grams of the sample mixed with 20 ml of distilled water. 
2) Effect on Fibre content, Cellulose, Hemicellulose, and Lignin 
The crude fiber content was determined using the AOAC 2005 method [45] 

by boiling the sample in sulphuric acid followed by sodium hydroxide and the 
obtained residue was incinerated and weighed. The three components of ligno-
cellulosic biomass (cellulose, hemicellulose, and lignin) in the enriched Adakwa 
samples were determined by the method described by [46] using Acetone, So-
dium hydroxide (NaOH, 0.5 mol/L), Sulphuric acid (98%) and Barium chloride 
solution. 
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2.5.2. Effects of TBSG on the Nutritional Properties of Adakwa 
1) Effect on Lipid, carbohydrates, and protein 
The lipid content was determined following soxhlet extraction with hexane 

and evaluated according to the method described by [47] using two grams of the 
enriched Adakwa samples which were previously dried at 105˚C for 24 h. Total 
carbohydrate was determined by a spectrophotometer according to the [48] me-
thod using five grams samples while the protein content was determined with 
the help of a spectrophotometer by the biuret method using standard dilutions 
of BSA containing 0.006, 0.012, 0.018, 0.022, and 0.024 mg/ml protein. The con-
centration of vitamin C was obtained by titration (redox titration of iodine solu-
tion) against a 0.005 M iodine solution to a dark blue-black color as described by 
the [48] method. 

2.5.3. Effects of TBSG on the Functional Properties of Adakwa 
1) Effect on water absorption capacity (WAC) 
The WAC was evaluated according to the method described by [49] in which 

0.1 g samples were mixed with 10 ml of distilled water and kept in a water bath 
at 30˚C for 30 min, then centrifuged at 5000 rpm for 15 min and the weight of 
pellet determined. The excess water absorbed by the samples was expressed as 
the percentage of water bound by a 100 g sample. 

2) Effect on total polyphenol and Antioxidant activity 
The total polyphenol content was determined using Folin–Ciocalteu reagent 

and gallic acid (0.2 g/l) as the standard according to the method reported by 
[50]. During this reaction, the polyphenols are oxidized to give a mixture of blue 
tungsten oxide (W8O23) whose maximum absorption at 725 nm is proportional 
to the number of phenolic compounds. The antioxidant activity was determined 
via the DPPH method as reported by Blois (1958 by studying the effect of adak-
wa extract on DPPH radicals with some modifications. A solution of DPPH (0.5 
mmol/L) in ethanol and 0.05 mol/L acetate buffer (pH 5.5) was prepared. Extract 
in solution (0.1 ml) at different concentrations was mixed with 2 ml of acetate 
buffer, 1.9 ml of absolute ethanol, and 1 ml DPPH• solution. The mixture was 
shaken immediately after adding DPPH• and allowed to stand at room temper-
ature in dark for 30 min. The decrease in absorbance at 517 nm was measured 
using a spectrophotometer. BHT was used as positive control and the sample 
solution without DPPH• was blank. The radical scavenging activity was meas-
ured as a decrease in absorbance of DPPH and calculated as: 

( ) Abs Sample Abs blankScavenging activity % Abs control 100
s Control

− = − × 
 

 

where Abs control, is the absorbance of 517 nm of DPPH without any sample 
extracts, Abs sample is the absorbance of the different sample extracts with 
DPPH and Abs blank is the absorbance of respective extracts without DPPH. 

The reducing power of adakwa extract was determined by the FRAP method 
as described by [51] with some modifications. Briefly, extracts (2 ml) in PBS (2.5 
ml, 0.2 mol/L, pH 6.6) was added to potassium ferricyanide (2.5 ml, 10 mg/ml) 
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and the mixture was incubated at 50˚C for 20 min. 2.5 ml of 10 mg/ml trichlo-
roacetic acid (TCA) was added and centrifuged at 1160 g for 10 min. De-ionized 
water (2.5 ml) was added to 2.5 ml of the supernatant and 0.5 ml of 1.0 mg/ml 
ferric chloride (FeCl3). The absorbance was measured at 700 nm against a blank 
using a spectrophotometer. The blank of each sample was prepared by adding 
distilled water instead of FeCl3. Ascorbic acid was used as a control. Higher ab-
sorbance of the reaction indicates a higher reducing power. 

2.6. Sensory Analysis 

Sensory analysis on taste, texture, color, flavor, aroma, and overall acceptability 
was done on the adakwa prepared from the optimized adakwa prepared tradi-
tionally incorporated with TBSG. Coded samples were presented to 30 panelists 
who were familiar with adakwa for sensory evaluation using a 9-point hedonic 
scale ranging from extremely dislike to excellent was used. 

2.7. Data Analysis 

Adakwa samples were analyzed in triplicate, and the mean values, standard dev-
iations (SD), and correlation values (r2) were calculated. Statistical analysis was 
conducted on data using ANOVA and the general linear model, with Excel and 
STATGRAPHICS centurion version XVII. Mean separations were examined us-
ing the t-test. The P-value ≤ 0.05 was used for significant effect or difference, 
R-squared value > 70%, and/or standard error < 10% was used for model valida-
tion. Results were expressed in tables as mean ± standard deviation of the mean. 
The graphs were plotted using the same software. 

3. Results and Discussion 
3.1. Effects of TBSG on the Physicochemical Properties of Adakwa 

The effect of TBSG incorporation on the pH and the water absorption capacity is 
presented in Table 2. 

3.1.1. Effect on pH 
The F-ratio, which equals 6.42, is a ratio of the between-group estimate to the 
within-group estimate. Since the P-value of the F-test is greater than 0.05, there 
is no statistical significant difference between the means of the 4 samples at the 
5% significance level. The Multiple Range Tests effectively show a statistical sig-
nificant difference in the pH values amongst the samples, NA (100%) and NA + 
TBSG (30%) compared to NA + TBSG (20%) and NA + TBSG (10%) at P < 0.05. 
There was no statistical significant difference between NA + TBSG (10%) and 
NA + TBSG (20%). It also became more acid because the spent grain has an acid 
pH [52]. 

3.1.2. Effect on Water Absorption Capacity (WAC) 
The F-ratio, which equals 181.58, is a ratio of the between-group estimate to the 
within-group estimate. Since the P-value of the F-test is less than 0.05, there is a  

https://doi.org/10.4236/aces.2023.134019


T. Tankem et al. 
 

 

DOI: 10.4236/aces.2023.134019 274 Advances in Chemical Engineering and Science 
 

Table 2. Effect of TBSG on pH and the Water absorption capacity (WAC) of Adakwa. 

SAMPLES pH WAC (gH2O/100 g) 

NA (100%) 5.76 ± 0.21a 117 ± 3.54a 

NA + TBSG2 (10%) 6.66 ± 0.15c 195.0 ± 7.07b 

NA + TBSG (20%) 6.59 ± 0.025c 194.5 ± 4.95b 

NA + TBSG (30%) 6.72 ± 0.25b 475.0 ± 21.21c 

Each value is a mean of 3 trials ± standard deviation. Values with different superscripts 
along the column are significantly different (P < 0.05). 

 
statistical significant difference between the means of the 4 samples at the 5% 
significance level. The Multiple Range Tests equally show a statistical significant 
difference in the WAC amongst the products, NA (100%) and NA + TBSG 
(30%) compared to NA + TBSG (20%) and NA + TBSG (10%) at P < 0.05. There 
was no statistical significant difference between NA + TBSG (10%) and NA + 
TBSG (20%). 

The change in WAC might be due to the loosening of the dietary fiber struc-
ture, consequently exposing hydrophilic groups [53]. The increase in the wa-
ter-absorption capacity is beneficial for inhibiting syneresis and modifying vis-
cosity and texture [54]. WAC contributes to textural (hardness) properties of the 
utilization of byproducts as food ingredients [55]. 

3.1.3. Effect on Fibre Content, Cellulose, Hemicellulose, And Lignin 
The effect of TBSG incorporation on the fiber content, Cellulose, Hemicellulose, 
and Lignin is presented in Table 3. 

1) Fibre content 
The F-ratio, which equals 73.27, is a ratio of the between-group estimate to 

the within-group estimate. Since the P-value of the F-test is less than 0.05, there 
is a statistical significant difference between the means of the 4 variables at the 
5% significance level. The Multiple Range tests as well show a statistical signifi-
cant difference in the fiber content between the product NA + TBSG (10%) and 
NA + TBSG (20%) compared to that of NA + TBSG (30%) and NA (100%) at P 
< 0.05. Whereas, NA + TBSG (20%) and NA + TBSG (30%) showed no signifi-
cant difference. 

Thus, BSG-enriched bread may be considered a good source of dietary fiber to 
attain the necessary daily fiber intake (28 - 36 g/day) required for healthy nutri-
tion[56]. [57] reported that the addition of BSG in extruded snacks increased the 
fiber content of the snacks from 4.8% in the control sample (0% TBSG) to 19.8% 
in samples containing 30% TBSG. This, therefore, suggest that the incorporation 
of BSG to supplement corn flour for adakwa production would enrich dietary 
fiber values as well. 

2) Cellulose 
The F-ratio in the ANOVA table, for the mean values of cellulose, equals 2.98, 

between-group estimate to the within-group estimate. Since the P-value of the  
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Table 3. Effects of TBSG on Fiber Content, Cellulose, Hemicellulose, and Lignin content 
of Adakwa. 

SAMPLES Fiber content cellulose Hemicellulose Lignin 

NA (100%) 9.73 ± 0.23a 3.31 ± 0.05a 4.24 ± 0.04a 0.38 ± 0.02a 

NA + TBSG (10%) 13.75 ± 0.00b 4.60 ± 0.11c 7.58 ± 0.25b 0.47 ± 0.02b 

NA + TBSG (20%) 13.68 ± 0.02b 5.47 ± 0.15b 8.44 ± 0.11b 0.45 ± 0.02b 

NA + TBSG (30%) 16.22 ± 0.16c 5.54 ± 0.69b 9.13 ± 0.51c 0.67 ± 0.02c 

Each value is a mean of 3 trials ± standard deviation. Values with different superscripts 
along the column are significantly different (P < 0.05). 

 
F-test is greater than 0.05, there is no statistical significant difference between 
the means of the 4 samples at the 5% significance level. In the same light, the 
Multiple Range tests show a statistical significant difference between the product 
NA (100%) and NA + TBSG (10%) compared to cellulose content of NA + 
TBSG (20%) and NA + TBSG (30%). But no statistical significant difference in 
cellulose content of NA + TBSG (20%) and NA + TBSG (30%) at P < 0.05. 

3) Hemicellulose 
The F-ratio in the ANOVA, for the mean values of hemicellulose, equals 

16.14, between-group estimate to the within-group estimate. Since the P-value of 
the F-test is less than 0.05, there is a statistical significant difference between the 
means of the 4 samples at the 5% significance level. The Multiple Range tests as 
well show a statistical significant difference in the hemicellulose between the 
product, NA + TBSG (10%) and NA + TBSG (20%) compared to NA (100%) 
and NA + TBSG (30%) at P < 0.05. Whereas, NA + TBSG (10%) and NA + 
TBSG (20%) showed no significant difference. 

4) Lignin 
The F-ratio, for the mean values of lignin, equals 49.88 between-group esti-

mates to the within-group estimate. Since the P-value of the F-test is less than 
0.05, there is a statistical significant difference between the means of the 4 sam-
ples at the 5% significance level. In the same light, the Multiple Range tests show 
a statistical significant difference in the lignin content between the product, NA 
(100%) and NA + TBSG (30%) compared to NA + TBSG (20%) and NA + TBSG 
(10%) at P < 0.05. Whereas, NA + TBSG (20%) and NA + TBSG (10%) showed 
no significant difference. 

3.2. Effects of TBSG on the Chemical and Nutritional Properties of 
Adakwa 

Effect on Lipid, Carbohydrates, and Protein 
The effect of TBSG incorporation on the Lipid, carbohydrates, protein, and vi-
tamin C is presented in Table 4. 

1) Lipid content 
The value of total lipids for the four samples varies from 5.2 ± 0.14 for sample 

NA+TBSG (10%) to 8.75 ± 0.35 for sample NA (100%), thus total lipids are  
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Table 4. Effects of TBSG on Lipid, carbohydrates, protein, and vitamin C content of 
Adakwa. 

Samples 
Lipid 

(g/100 g) 
Carbohydrates 

(g/100 g) 
Protein 

(g/100 g) 

NA (100%) 8.75 ± 0.35a 81.2 ± 0.04a 4.55 ± 0.05a 

NA + TBSG (10%) 5.2 ± 0.14b 82.0 ± 0.02b 4.40 ± 0.3a 

NA + TBSG (20%) 5.61 ± 0.18b 82.04 ± 0.06b 4.46 ± 0.09a 

NA + TBSG (30%) 5.6 ± 0.14b 86.8 ± 0.01c 1.81 ± 0.20b 

Each value is a mean of 3 trials ± standard deviation. Values with different superscripts 
along the column are significantly different (P < 0.05). 

 
minimal in sample NA + TBSG (10%) and highest in sample NA (100%). The 
difference in lipid content between sample NA (100%) and sample NA + TBSG 
(10%) is a result of incorporating BSG (10%) into NA. The F-ratio in the 
ANOVA table, for the mean values of lipid, equals 55.18, between-group esti-
mate to the within-group estimate. Since the P-value of the F-test is less than 
0.05, there is a statistical significant difference between the means of the 4 sam-
ples at the 5% significance level. However, the Multiple Range shows that the li-
pid content of NA+BSG (10%), NA + TBSG (20%) and NA + TBSG (30%) are 
not significantl different statistically but there exists a statistical significant dif-
ference between the product NA (100%) and NA + TBSG (10%), NA (100%) and 
NA + TBSG (20%), NA (100%) and NA + TBSG (30%) at P value < 0.05. 

It was observed that as the level of substitution of BSG increased, fats ex-
tracted from cookies increased from 2.120 to 2.310g in 15% BSG supplement 
[58]. Fat is a source of energy that is needed in adakwa production, thus using 
BSG to supplement corn flour for adakwa formation would enhance its nutri-
tional value. 

2) Carbohydrates 
The Multiple Range shows that the carbohydrate content of NA + TBSG 

(10%) and NA + TBSG (20%) is not statistical significantly different but there 
exists a statistical significant difference in the carbohydrate content between the 
product NA + TBSG (10%) and NA + TBSG (20%) compared to NA (100%) NA 
+ TBSG (30%) at P value < 0.05. 

The value of total carbohydrate for the four samples varies from 81.2 ± 0.04a 
for sample NA (100%) to 86.8 ± 0.01c for sample NA + TBSG (30%), therefore 
total carbohydrate is minimal in sample NA (100%) and highest in sample NA + 
TBSG (30%). This difference in carbohydrate content between sample NA (100%) 
and sample NA + BSG (30%) is a result of incorporating TBSG (30%) into NA. 
Total carbohydrates amount decreased (from 53.69% to 40.46%) as the content 
of TBSG in the samples increased. The main carbohydrate in wheat flour is re- 
presented by starch, while the BSG contains only residual amounts of starch, this 
compound being consumed by the extensive amylolysis during the mashing 
process [24] [59]. BSG is predominantly a fibrous material [2] [60] that is poor 
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in fermentable sugars. In addition, the washing until exhaustion of this residue 
for the recovery of the brewing wort extract reduces the sugar content to its 
minimum. 

3) Protein content 
Total protein value for the four samples varies from 1.81 ± 0.20b for sample 

NA + TBSG (30%) to 4.55 ± 0.05 for sample NA (100%), therefore total pro-
tein content is lower in sample NA + TBSG (30%), and the highest in sample 
NA (100%). This difference in protein content between samples NA (100%) 
and sample NA + TBSG (30%) is a result of incorporating BSG (30%) into 
NA. 

The F-ratio in the ANOVA table, for the mean values of protein, equals 63.88, 
between-group estimate to the within-group estimate. Given the P-value of the 
F-test is less than 0.05, there is a statistical significant difference between the 
means of the 4 samples at the 5% significance level. However, the Multiple Range 
shows no statistical significant difference between the product NA (100%), NA + 
TBSG (10%), and NA + TBSG (20%). But a statistical significantly different in 
protein content of NA (100%), NA + TBSG (10%), and NA + TBSG (20%) 
compared to that of NA + TBSG (30%) at P < 0.05. 

3.3. Effect on Vitamin C and Mineral Content 

The effect of TBSG incorporation on Vitamin C and Ca is presented in Table 5. 

3.3.1. Effect on Vitamin C 
There is no statistical significant difference between the means of the 4 samples 
at the 5% significance level. The Multiple Range Tests effectively show a statis-
tical significant difference in the vitamin C content values amongst the samples; 
NA (100%), NA + TBSG (10%), NA + TBSG (20%), NA + TBSG (30%) at P < 
0.05. The mineral and vitamin contents of the test bread relative to the control 
suggest their superiority over the control [61] [62]. 

3.3.2. Effect on Ca Content 
There is no statistical significant difference between the means of the 4 samples 
at the 5% significance level. The Multiple Range Tests effectively show a statis-
tical significant difference in the calcium content values amongst the samples; 
NA (100%), NA + TBSG (10%), NA + TBSG (20%), NA + TBSG (30%) at P < 
0.05. The mineral and vitamin contents of the test bread relative to the control 
suggest their superiority over the control [61] [62]. The high ash content of the 
test bread and the control was an indication that the products are good sources 
of minerals [63]. 

3.4. Effects of TBSG on the Functional Properties of Adakwa 
3.4.1. Effect on Polyphenol Content and Antioxidant Activity 
The effect of TBSG incorporation on the Polyphenol content and Antioxidant 
activity is presented in Table 6. 
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Table 5. Effects of TBSG on Vitamin C and Ca of Adakwa. 

SAMPLES Vitamin C Ca (mg/100 g) 

NA(100%) 25.23 ± 0.32a 20.67 ± 0.44a 

NA + TBSG2 (10%) 21.49 ± 0.69b 22.62 ± 0.19b 

NA + TBSG (20%) 23.76 ± 0.45c 25.45 ± 0.25c 

NA + TBSG (30%) 30.18 ± 1.2d 46.72 ± 1.2d 

Each value is a mean of 3 trials ± standard deviation. Values with different superscripts 
along the column are significantly different (P < 0.05) 

 
Table 6. Effects of TBSG on Polyphenol content and Antioxidant activity of Adakwa. 

SAMPLES 
Polyphenol 
(mg/100 g) 

FRAP 
(%) 

DPPH 
(EC50 mg/mL) 

NA (100%) 6.73 ± 0.23b 1.60 ± 0.09a 28.85 ± 0.82c 

NA + TBSG (10%) 5.75 ± 0.00a 5.77 ± 0.11b 20.03 ± 0.71a 

NA + TBSG (20%) 5.79 ± 0.00a 5.65 ± 0.02b 21.35 ± 0.73a 

NA + TBSG (30%) 6.01 ± 0.16c 6.59 ± 0.03c 25.89 ± 0.94b 

Each value is a mean of 3 trials ± standard deviation. Values with different superscripts 
along the column are significantly different (P < 0.05). 

3.4.2. Polyphenol Content 
The ANOVA table decomposes the variance of the data into two components: a 
between-group component and a within-group component. The F-ratio, which 
equals 7.25, is a ratio of the between-group estimate to the within-group esti-
mate. Since the P-value of the F-test is less than 0.05, there is a statistical signifi-
cant difference between the means of the 4 samples at the 5% significance level. 
The Multiple Range Tests show a statistical significant difference in the poly-
phenol content between the products NA (100%) and NA + TBSG (30%) com-
pared to NA + TBSG (20%) and NA + TBSG (10%). But no statistical significant 
difference in cellulose content of NA (10%) and NA + TBSG (20%). 

The supplementation of fermented BSG to pasta significantly enhanced the 
concentration of the phenolic compounds, especially after mimicked gastric di-
gestion [64]. BSG is recognized as a carrier of valuable phenols whose antioxi-
dant, antiradical, but also anti-carcinogenic, and anti-apoptotic properties, have 
been acknowledged [9]. Cooking methods have an essential role in the stability 
of phenolic compounds and their subsequent release during digestion. It is 
worth noting, however, that the fate of phenolic compounds during heat treat-
ments varies greatly [64]. On the other hand, heat treatments are of paramount 
importance for the release of phenolic compounds from food matrices during 
digestion, consequentially increasing their bio-accessibility [65]. 

3.4.3. DPPH Activity 
The F-ratio in the ANOVA, which equals 87.0568, is a ratio of the between- 
group estimate to the within-group estimate. Since the P-value of the F-test is 
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less than 0.05, there is a statistical significant difference between the means of 
the 4 samples at the 5% significance level. 

The Multiple Range Tests equally show a statistical significant difference in 
the DPPH activity amongst the products NA (100%) and NA + TBSG (30%) 
compared to at P < 0.05. Whereas there was no significant difference between 
NA + TBSG (20%) and NA + TBSG (10%). Cooking led to a decrease in anti-
oxidant activity, as determined by DPPH, while digestion amplified the radical 
scavenging activity. Whilst some of the peptides and phenolic compounds re-
sponsible for the scavenging properties against DPPH might have leached in the 
cooking water, it is also known that food processing affects its antioxidant prop-
erties [66]. 

3.4.4. FRAP 
The F-ratio, which equals 903.90, is a ratio of the between-group estimate to the 
within-group estimate. Since the P-value of the F-test is less than 0.05, there is a 
statistical significant difference between the means of the 4 samples at the 5% 
significance level. The Multiple Range Tests equally show a statistical significant 
difference in the FRAP amongst the products, NA (100%) and NA + TBSG (30%) 
compared to NA + TBSG (10%) and NA + TBSG (20%) at P < 0.05. There was 
no statistical significant difference between NA + TBSG (10%) and NA + TBSG 
(20%). 

Bioprocess BSG exhibited enhanced antioxidant activity, characterized by high 
radical scavenging activity, long-term inhibition of linoleic acid oxidation, and 
protective effect toward oxidative stress on human keratinocytes [64]. 

3.5. Effect of Process Parameters on the Physicochemical,  
Nutritional, and Functional Properties of Adakwa Enriched 
with TBSG 

Using the central composite experimental design, results obtained for the effect 
of process parameters on the Fibre content and the FRAP of the TBSG enriched 
Adakwa is as presented in Table 7. 

3.5.1. Effect of % TBSG, Temperature, and Time on the Fiber Content of 
Adakwa 

From the ANOVA analysis and Pareto chart of, of fiber on Figure 3, it can be 
seen that % BSG, temperature, and time all had a significant (P < 0.05) effect on 
the fiber content of adakwa. Amongst the interactions between % TBSG, tem-
perature, and time, those with a positive significance (P < 0.05) were the qua-
dratic effect of % TBSG and time along with the interactive effect of % BSG- 
time. Also, the quadratic effect of temperature had a positive significance at P > 
0.05. The rest of the factors and interactive effects showed a negative significant 
(P < 0.05) effect on the fiber content of adakwa apart from the interactive effect 
of temperature time. 

The model equation obtained from the regression coefficient for fiber content 
was: 
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Table 7. Effects of process parameters on Fibre content and FRAP of TBSG enriched 
Adakwa. 

 
Experimental Factors Responses 

RUNS 

X1 X2 X3 Y1 Y2 

% of TBSG to 
ground nut and 
corn flour (%), 

Temperature 
(˚C) 

Time 
(mins) 

Fiber 
(g/ml) 

FRAP  
(%) 

1 25 109.77 25 9.5 5.65 

2 25 160.23 25 7.31 5.35 

3 40 120 20 9.45 6.59 

4 40 150 30 8.46 6.45 

5 25 135 33.41 8.28 5.2 

6 25 135 25 7.26 5.24 

7 25 135 25 8.12 5.17 

8 25 135 16.59 10.8 5.21 

9 50.23 135 25 9.795 6.61 

10 10 150 30 8.67 5.37 

11 0 135 25 10.74 2.1 

12 10 120 30 8.52 5.57 

13 40 150 20 7.88 6.13 

14 40 120 30 10.78 6.21 

15 10 120 20 10.98 5.32 

16 10 150 20 11.575 5.23 

 

 
Figure 3. Pareto chart representing the effect of % TBSG, temperature, and 
time on the fiber content of adakwa. 
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1 2 3
2
1 1 2 1 3
2 2
2 2 3 3

fiber 47.8625 0.182881 0.230868 1.46864

           0.00408615 000257778 0.0121333

           0.00115557 0.002 0.0264513

X X X

X X X X X

X X X X

= − − −

+ − +

+ − +

 

According to [67], the model is considered valid as the R-squared value for fi-
ber content is 97.85% > 70% and adjusted R-squared = 93.03% with Standard 
Error of Est. = 0.4 < 10% (The optimized conditions to attain a maximum fiber 
content of 17.68 mg/100 g was found to be; % TBSG: 10%; temperature: 147.21; 
Time: 16.59 mins. 

The effect of % TBSG and temperature on the fiber content of adakwa at a 
constant time is depicted in Figure 4(a) below. The fiber content tends to in-
crease with an increase in temperature and decrease in % TBSG. This could be 
so because at high temperatures there is a breakdown of the glycosidic bonds of 
polysaccharides which can lead to the release of oligosaccharides and thus in-
crease the quantity of soluble dietary fiber [68]. 

When the % TBSG is kept constant, the effect of temperature and time on the 
fiber content can be studied as shown in Figure 4(b). In this case the fiber con-
tent was seen to increase with an increase in temperature and a decrease in time. 
This could be a result of the formation of resistance starch Maillard reaction 
products which are resistant to degradation/digestion [69]. 

When the effect of % TBSG and time was studied at a constant temperature 
on the fiber content (Figure 4(c)), it tends to increase with an increase in both % 
TBSG and time. This could be attributed to the fact that the TBSG is rich in fiber 
thus adding the quantity of TBSG into adakwa tends to elevate the fiber content. 
This was similar to the works of [58] who reported an increase in the fiber con-
tent of cookies incorporated with TBSG. Health benefits are often attributed to 
dietary fiber, but it is often difficult to attribute the effects solely to increased di-
etary fiber consumption. Increasing consumption of high-fiber foods increases 
dietary fiber intake which exerts positive physiological effects on the body [70]. 

3.5.2. Effect of % TBSG, Temperature, and Time on the % FRAP of  
Adakwa 

From the ANOVA analysis and Pareto chart (Figure 5), % TBSG had a signifi-
cant (P < 0.05) effect on the % FRAP of adakwa. 

Amongst % TBSG, temperature, and the time those with a positive signific-
ance (P < 0.05) were % BSG and the quadratic effect of temperature and time 
along with the interactive effect of % TBSG-time. The rest of the factors and in-
teractive effects showed a negative significant (P < 0.05) effect on the % FRAP of 
adakwa. 

The model equation obtained from the regression coefficient for % FRAP was; 
2

1 2 3 1
2

1 2 1 3 2
2

2 3 3

% FRAP 30.715 0.117178 0.328436 0.409966 0.000517676

                 0.000372222 0.000616667 0.00126579

                 0.000383333 0.00877581

X X X X

X X X X X

X X X

= + − − +

− + +

− +

 

The model is considered valid as R-squared value for fiber content is 70.0354% > 
70% and Absolute Error = 0.4351 < 10% [67]. 
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(a) 

 
(b)                                                   (c) 

Figure 4. Response surface for the fiber content of adakwa as a function of (a) %BSG and Temperature; (b) Temperature and 
Time; (c) % TBSG and Time. 

 

 
Figure 5. Pareto chart representing the effect of % TBSG, tempera-
ture, and time on the FRAP content of adakwa. 
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Table 8. Sensory evaluation results for adakwa. 

Sample (N = 30) Colour Taste Aroma Mouthfeel Texture Overall acceptability 

0% TBSG 6.72 ± 0.78a 6.7 ± 1.01a 6.5 ± 1.11a 7.7 ± 0.65b 8.1 ± 0.77b 6.7 ± 0.45a 

47% TBSG 5.45 ± 0.76a 7.9 ± 0.79b 8.0 ± 1.0b 7.10 ± 0.16b 8.5 ± 1.6b 7.6 ± 0.98b 

Values are mean ± standard deviation. Values with the same superscript letters along the column are not significantly different 
while those with different superscript letters along each column are significantly different from each other (P > 0.05). 

 
The optimized conditions to attain a maximum fiber content of 8.145% were 

found to be; % TBSG: 50.23%; temperature: 110.07; Time: 33.41 mins. 
The FRAP tends to decrease with an increase in temperature. This is in corre-

lation with the works of [71] who reported an increase in the FRAP with an in-
crease in temperature up to a maximum temperature of 42.5 above which there 
is a decrease in FRAP value. The optimized conditions to attain a maximum fi-
ber content and FRAP was found to be; % TBSG: 47.06%; temperature: 123.17˚C; 
Time: 30.34 mins. 

3.6. Sensory Evaluation 

Sensory evaluation was done on adakwa which was prepared using Traditional 
Brewer Spent Grain (TBSG). Table 8 shows the mean sensory scores for adakwa 
prepared using TBSG. Mean scores for color, taste, mouthfeel, aroma, texture, 
and overall acceptability reveal that no significant difference (P-value > 0.05) 
was observed between attributes of adakwa prepared from TBSG. Sample 47% 
TBSG had the best overall acceptability after sensory evaluation with sensory 
scores of; 5.45 ± 0.76, 7.9 ± 0.79, 8.0 ± 1.0, 7.10 ± 0.16, 8.5 ± 1.6, 7.6 ± 0.98 for 
color, taste, aroma, mouthfeel, texture and overall acceptability respectively. 
From the sensory evaluation still, most of the panelists chose their overall accep-
tability based on the texture of the adakwa, and also the overall acceptability 
reading was closest to like very much. 

4. Conclusion and Perspectives 

The results of this research showed that adakwa produced using TBSG aids in 
improving its physicochemical and nutritional properties. The optimized condi-
tions to attain a maximum fiber content and FRAP were found to be: % TBSG: 
47.06%; temperature: 123.17˚C; Time: 30.34 mins. Adakwa produced with in-
corporation of 47.0% TBSG at 123˚C for 30 mins had the highest sensory score 
of: 5.45 ± 0.76, 7.9 ± 0.79, 8.0 ± 1.0, 7.10 ± 0.16, 8.5 ± 1.6 and 7.6 ± 0.98 for col-
or, taste, aroma, mouthfeel, texture and overall acceptability respectively. Thus, 
TBSG can be used to improve the physicochemical and nutritional properties of 
adakwa thereby increasing mostly the crude fiber content in humans. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

https://doi.org/10.4236/aces.2023.134019


T. Tankem et al. 
 

 

DOI: 10.4236/aces.2023.134019 284 Advances in Chemical Engineering and Science 
 

References 
[1] Tang, D.-S., et al. (2009) Recovery of Protein from Brewer’s Spent Grain by Ultra-

filtration. Biochemical Engineering Journal, 48, 1-5.  
https://doi.org/10.1016/j.bej.2009.05.019 

[2] Robertson, J., et al. (2010) Profiling Brewers’ Spent Grain for Composition and Mi-
crobial Ecology at the Site of Production. LWT-Food Science and Technology, 43, 
890-896. https://doi.org/10.1016/j.lwt.2010.01.019 

[3] Maoura, N., Mbaiguinam, M., Gaillardin, C. and Pourquie, J. (2006) Suivi technique, 
analytique et microbiologique de la «bili bili», bière traditionnelle tchadienne.  
http://www.afriquescience.info/document.php?id=354  

[4] Rachwał, K., Waśko, A., Gustaw, K. and Polak-Berecka, M. (2020) Utilization of 
Brewery Wastes in Food Industry. PeerJ, 8, e9427.  
https://doi.org/10.7717/peerj.9427 

[5] dos Santos Mathias, T.R., Alexandre, V.M.F., Cammarota, M.C., de Mello, P.P.M. 
and Sérvulo, E.F.C. (2015) Characterization and Determination of Brewer’s Solid 
Wastes Composition. Journal of the Institute of Brewing, 121, 400-404.  
https://doi.org/10.1002/jib.229 

[6] Marco, I.D., Miranda, S., Riemma, S. and Iannone, R. (2016) Life Cycle Assessment 
of Ale and Lager Beers Production. Chemical Engineering Transactions, 49, 337-342. 

[7] Santos, M., Jiménez, J.J., Bartolomé, B., Gómez-Cordovés, C. and del Nozal, M.J. 
(2003) Variability of Brewer’s Spent Grain within a Brewery. Food Chemistry, 80, 
17-21. https://doi.org/10.1016/S0308-8146(02)00229-7 

[8] Olajire, A.A. (2020) The Brewing Industry and Environmental Challenges. Journal 
of Cleaner Production, 256, Article 102817.  
https://doi.org/10.1016/j.jclepro.2012.03.003 

[9] Lynch, K.M., Steffen, E.J. and Arendt, E.K. (2016) Brewers’ Spent Grain: A Review 
with an Emphasis on Food and Health. Journal of the Institute of Brewing, 122, 
553-568. https://doi.org/10.1002/jib.363 

[10] Fărcaș, A.C., et al. (2014) Nutritional Properties and Volatile Profile of Brewer’s 
Spent Grain Supplemented Bread. Romanian Biotechnological Letters, 19, 9705- 
9714. 

[11] Mussatto, S.I., Dragone, G. and Roberto, I.C. (2006) Brewers’ Spent Grain: Genera-
tion, Characteristics and Potential Applications. Journal of Cereal Science, 43, 1-14.  
https://doi.org/10.1016/j.jcs.2005.06.001 

[12] Tišma, M., Jurić, A., Bucić-Kojić, A., Panjičko, M. and Planinić, M. (2018) Biovalo-
rization of Brewers’ Spent Grain for the Production of Laccase and Polyphenols. 
Journal of the Institute of Brewing, 124, 182-186. https://doi.org/10.1002/jib.479 

[13] Nganyira, P., Shao, G. and Emmanuel, J. (2022) Evaluating the Potential Applica-
tions of Brewers’ Spent Grain in Biogas Generation, Food and Biotechnology In-
dustry: A Review. Heliyon, 8, e11140. https://doi.org/10.1016/j.heliyon.2022.e11140 

[14] Wagner, E., Sierra-Ibarra, E., Rojas, N.L. and Martinez, A. (2022) One-Pot Bioe-
thanol Production from Brewery Spent Grain Using the Ethanologenic Escherichia 
coli MS04. Renewable Energy, 189, 717-725.  
https://doi.org/10.1016/j.renene.2022.03.014 

[15] Malomo, O., Daniels, A.O., Olajiga, O., Femi-Ola, T.O. and Alamu, A.E. (2013) The 
Use of Brewer’s Spent Grain in the Cultivation of Some Fungal Isolates. Interna-
tional Journal of Nutrition and Food Sciences, 2, 5-9.  
https://doi.org/10.11648/j.ijnfs.20130201.12 

https://doi.org/10.4236/aces.2023.134019
https://doi.org/10.1016/j.bej.2009.05.019
https://doi.org/10.1016/j.lwt.2010.01.019
http://www.afriquescience.info/document.php?id=354
https://doi.org/10.7717/peerj.9427
https://doi.org/10.1002/jib.229
https://doi.org/10.1016/S0308-8146(02)00229-7
https://doi.org/10.1016/j.jclepro.2012.03.003
https://doi.org/10.1002/jib.363
https://doi.org/10.1016/j.jcs.2005.06.001
https://doi.org/10.1002/jib.479
https://doi.org/10.1016/j.heliyon.2022.e11140
https://doi.org/10.1016/j.renene.2022.03.014
https://doi.org/10.11648/j.ijnfs.20130201.12


T. Tankem et al. 
 

 

DOI: 10.4236/aces.2023.134019 285 Advances in Chemical Engineering and Science 
 

[16] Wen, C., Zhang, J., Duan, Y., Zhang, H. and Ma, H. (2019) A Mini-Review on 
Brewer’s Spent Grain Protein: Isolation, Physicochemical Properties, Application of 
Protein, and Functional Properties of Hydrolysates. Journal of Food Science, 84, 3330- 
3340. https://doi.org/10.1111/1750-3841.14906 

[17] Shen, Y., et al. (2019) Feed Nutritional Value of Brewers’ Spent Grain Residue Re-
sulting from Protease Aided Protein Removal. Journal of Animal Science and Bio-
technology, 10, Article No. 78. https://doi.org/10.1186/s40104-019-0382-1 

[18] S.S. Hassan, B.K. Tiwari, G.A. Williams, and A.K. Jaiswal (2020) Bioprocessing of 
Brewers’ Spent Grain for Production of Xylanopectinolytic Enzymes by Mucor sp. 
Bioresource Technology Reports, 9, Article 100371.  
https://doi.org/10.1016/j.biteb.2019.100371 

[19] Bernal-Ruiz, M., Correa-Lozano, A., Gomez-Sánchez, L., et al. (2021) Brewer’s Spent 
Grain as Substrate for Enzyme and Reducing Sugar Production Using Penicillium 
sp. HC1. Revista de la Academia Colombiana de Ciencias Exactas, Físicas y Natu-
rales, 45, 850-863.  

[20] Puligundla, P. and Mok, C. (2021) Recent Advances in Biotechnological Valoriza-
tion of Brewers’ Spent Grain. Food Science and Biotechnology, 30, 341-353.  
https://doi.org/10.1007/s10068-021-00900-4 

[21] Zeko-Pivač, A., et al. (2022) The Potential of Brewer’s Spent Grain in the Circular 
Bioeconomy: State of the Art and Future Perspectives. Frontiers in Bioengineering 
and Biotechnology, 10, Article 870744. https://doi.org/10.3389/fbioe.2022.870744 

[22] Gemechu, F.G. (2020) Embracing Nutritional Qualities, Biological Activities and 
Technological Properties of Coffee Byproducts in Functional Food Formulation. 
Trends in Food Science & Technology, 104, 235-261.  
https://doi.org/10.1016/j.tifs.2020.08.005 

[23] Neylon, E., Arendt, E.K., Zannini, E. and Sahin, A.W. (2021) Fundamental Study of 
the Application of Brewers Spent Grain and Fermented Brewers Spent Grain on the 
Quality of Pasta. Food Structure, 30, Article 100225.  
https://doi.org/10.1016/j.foostr.2021.100225 

[24] Waters, D.M., Jacob, F., Titze, J., Arendt, E.K. and Zannini, E. (2012) Fibre, Protein 
and Mineral Fortification of Wheat Bread through Milled and Fermented Brewer’s 
Spent Grain Enrichment. European Food Research and Technology, 235, 767-778.  
https://doi.org/10.1007/s00217-012-1805-9 

[25] Naibaho, J. and Korzeniowska, M. (2021) Brewers’ Spent Grain in Food Systems: 
Processing and Final Products Quality as a Function of Fiber Modification Treat-
ment. Journal of Food Science, 86, 1532-1551.  
https://doi.org/10.1111/1750-3841.15714 

[26] Ofori, K.F., Antoniello, S., English, M.M. and Aryee, A.N.A. (2022) Improving Nu-
trition through Biofortification—A Systematic Review. Frontiers in Nutrition, 9, Ar-
ticle 1043655. https://doi.org/10.3389/fnut.2022.1043655 

[27] FAO (2021) The State of Food Security and Nutrition in the World 2021.  
https://www.fao.org/state-of-food-security-nutrition/2021/en/  

[28] Olson, R., Gavin-Smith, B., Ferraboschi, C. and Kraemer, K. (2021) Food Fortifica-
tion: The Advantages, Disadvantages and Lessons from Sight and Life Programs. Nu-
trients, 13, Article 1118. https://doi.org/10.3390/nu13041118 

[29] Chichaibelu, B.B., Bekchanov, M., von Braun, J. and Torero, M. (2021) The Global 
Cost of Reaching a World without Hunger: Investment Costs and Policy Action Op-
portunities. Food Policy, 104, Article 102151.  
https://doi.org/10.1016/j.foodpol.2021.102151 

https://doi.org/10.4236/aces.2023.134019
https://doi.org/10.1111/1750-3841.14906
https://doi.org/10.1186/s40104-019-0382-1
https://doi.org/10.1016/j.biteb.2019.100371
https://doi.org/10.1007/s10068-021-00900-4
https://doi.org/10.3389/fbioe.2022.870744
https://doi.org/10.1016/j.tifs.2020.08.005
https://doi.org/10.1016/j.foostr.2021.100225
https://doi.org/10.1007/s00217-012-1805-9
https://doi.org/10.1111/1750-3841.15714
https://doi.org/10.3389/fnut.2022.1043655
https://www.fao.org/state-of-food-security-nutrition/2021/en/
https://doi.org/10.3390/nu13041118
https://doi.org/10.1016/j.foodpol.2021.102151


T. Tankem et al. 
 

 

DOI: 10.4236/aces.2023.134019 286 Advances in Chemical Engineering and Science 
 

[30] Nigam, P.S. (2017) An Overview: Recycling of Solid Barley Waste Generated as a 
By-Product In Distillery and Brewery. Waste Management, 62, 255-261.  
https://doi.org/10.1016/j.wasman.2017.02.018 

[31] Xiros, C. and Christakopoulos, P. (2012) Biotechnological Potential of Brewers Spent 
Grain and Its Recent Applications. Waste and Biomass Valorization, 3, 213-232.  
https://doi.org/10.1007/s12649-012-9108-8 

[32] Ohanenye, I.C., et al. (2021) Food Fortification Technologies: Influence on Iron, 
Zinc and Vitamin A Bioavailability and Potential Implications on Micronutrient 
Deficiency in Sub-Saharan Africa. Scientific African, 11, e00667.  
https://doi.org/10.1016/j.sciaf.2020.e00667 

[33] Kiran, A., Wakeel, A., Mahmood, K., Mubaraka, R., Hafsa and Haefele, S.M. (2022) 
Biofortification of Staple Crops to Alleviate Human Malnutrition: Contributions and 
Potential in Developing Countries. Agronomy, 12, Article No. 452.  
https://doi.org/10.3390/agronomy12020452 

[34] Bourassa, M.W., Atkin, R., Gorstein, J. and Osendarp, S. (2023) Aligning the Epi-
demiology of Malnutrition with Food Fortification: Grasp Versus Reach. Nutrients, 
15, Article No. 2021. https://doi.org/10.3390/nu15092021 

[35] Saha, S. and Roy, A. (2020) Whole Grain Rice Fortification as a Solution to Micro-
nutrient Deficiency: Technologies and Need for More Viable Alternatives. Food Che- 
mistry, 326, Article 127049. https://doi.org/10.1016/j.foodchem.2020.127049 

[36] Shah, T., Prasad, K. and Kumar, P. (2015) Studies on Physicochemical and Func-
tional Characteristics of Asparagus bean Flour and Maize Flour. Conceptual Frame-
work & Innovations in Agroecology and Food Sciences, 103-105. 

[37] Chukwumah, Y., Walker, L., Vogler, B. and Verghese, M. (2007) Changes in the 
Phytochemical Composition and Profile of Raw, Boiled, and Roasted Peanuts. Journal 
of Agricultural and Food Chemistry, 55, 9266-9273.  
https://doi.org/10.1021/jf071877l 

[38] McDaniel, K.A., White, B.L., Dean, L.L., Sanders, T.H. and Davis, J.P. (2012) Com-
positional and Mechanical Properties of Peanuts Roasted to Equivalent Colors Us-
ing Different Time/Temperature Combinations. Journal of Food Science, 77, C1293- 
C1299. https://doi.org/10.1111/j.1750-3841.2012.02979.x 

[39] Cardador-Martínez, A., Loarca-Piña, G. and Oomah, B.D. (2002) Antioxidant Ac-
tivity in Common Beans (Phaseolus vulgaris L.). Journal of Agricultural and Food 
Chemistry, 50, 6975-6980. https://doi.org/10.1021/jf020296n 

[40] Ijarotimi, O.S. and Keshinro, O.O. (2012) Formulation and Nutritional Quality of 
Infant Formula Produced from Germinated Popcorn, Bambara Groundnut and Afri-
can Locust Bean Flour. Journal of Microbiology, Biotechnology and Food Sciences, 
1, 1358-1388. https://doi.org/10.4162/nrp.2012.6.5.381 

[41] Cuomo, F., Trivisonno, M.C., Iacovino, S., Messia, M.C. and Marconi, E. (2022) 
Sustainable Re-Use of Brewer’s Spent Grain for the Production of High Protein and 
Fibre Pasta. Foods, 11, Article No. 642. https://doi.org/10.3390/foods11050642 

[42] Devnani, B., Moran, G.C. and Grossmann, L. (2023) Extraction, Composition, Func-
tionality, and Utilization of Brewer’s Spent Grain Protein in Food Formulations. 
Foods, 12, Article No. 1543. https://doi.org/10.3390/foods12071543 

[43] Jerome Adekunle, A. and Olawale, O. (2003) Effect of Defatted Groundnut Concen-
trate on the Physico-Chemical and Sensory Quality of fura. Nutrition & Food Science, 
33, 173-176. https://doi.org/10.1108/00346650310488525 

[44] Fărcaş, A.C., et al. (2017) Exploitation of Brewing Industry Wastes to Produce Func-
tional Ingredients. In: Kanauchi, M., Ed., Brewing Technology, IntechOpen, Lon-

https://doi.org/10.4236/aces.2023.134019
https://doi.org/10.1016/j.wasman.2017.02.018
https://doi.org/10.1007/s12649-012-9108-8
https://doi.org/10.1016/j.sciaf.2020.e00667
https://doi.org/10.3390/agronomy12020452
https://doi.org/10.3390/nu15092021
https://doi.org/10.1016/j.foodchem.2020.127049
https://doi.org/10.1021/jf071877l
https://doi.org/10.1111/j.1750-3841.2012.02979.x
https://doi.org/10.1021/jf020296n
https://doi.org/10.4162/nrp.2012.6.5.381
https://doi.org/10.3390/foods11050642
https://doi.org/10.3390/foods12071543
https://doi.org/10.1108/00346650310488525


T. Tankem et al. 
 

 

DOI: 10.4236/aces.2023.134019 287 Advances in Chemical Engineering and Science 
 

don. https://doi.org/10.5772/intechopen.69231 

[45] AOAC (2005) Official Method of Analysis. 18th Edition, Association of Officiating 
Analytical Chemists, Washington DC. 

[46] Yang, H., Yan, R., Chen, H., Zheng, C., Lee, D.H. and Liang, D.T. (2006) In-Depth 
Investigation of Biomass Pyrolysis Based on Three Major Components:  Hemicellu-
lose, Cellulose and Lignin. Energy Fuels, 20, 388-393.  
https://doi.org/10.1021/ef0580117 

[47] Bourely, J. (1982) Observations sur le dosage de l’huile des graines de cotonnier. 
Coton et Fibres Tropicales, 37, 183-196. 

[48] AOAC (1999) Official Methods of Analysis. 16th Edition, Association of Official 
Analytical Chemists, Washington DC. 

[49] Phillips, R.D., Chinnan, M.S., Branch, A.L., Miller, J. and McWatters, K.H. (1988) 
Effects of Pretreatment on Functional and Nutritional Properties of Cowpea Meal. 
Journal of Food Science, 53, 805-809.  
https://doi.org/10.1111/j.1365-2621.1988.tb08959.x 

[50] Singleton, V.L., Orthofer, R. and Lamuela-Raventós, R.M. (1999) [14] Analysis of 
Total Phenols and Other Oxidation Substrates and Antioxidants by Means of Fo-
lin-Ciocalteu Reagent. In: Methods in Enzymology, Vol. 299, Academic Press, Cam-
bridge, MA, 152-178. https://doi.org/10.1016/S0076-6879(99)99017-1 

[51] Nobossé, P., Fombang, E.N. and Mbofung, C.M.F. (2018) Effects of Age and Extrac-
tion Solvent on Phytochemical Content and Antioxidant Activity of Fresh Moringa 
oleifera L. Leaves. Food Science & Nutrition, 6, 2188-2198.  
https://doi.org/10.1002/fsn3.783 

[52] Matos, C. (2023) Desenvolvimento de Pão Fonte de Fibras a partir do Bagaço de 
Malte, UFRGS, Porto Alegre-RS. http://www.sciepub.com/reference/125758  

[53] Yan, L., Li, T., Liu, C. and Zheng, L. (2019) Effects of High Hydrostatic Pressure 
and Superfine Grinding Treatment on Physicochemical/Functional Properties of 
Pear Pomace and Chemical Composition of Its Soluble Dietary Fibre. LWT, 107, 
171-177. https://doi.org/10.1016/j.lwt.2019.03.019 

[54] Kieserling, K., Vu, T., Drusch, S. and Schalow, S. (2019) Impact of Pectin-Rich 
Orange Fibre on Gel Characteristics and Sensory Properties in Lactic Acid Fer-
mented Yoghurt. Food Hydrocolloids, 94, 152-163.  
https://doi.org/10.1016/j.foodhyd.2019.02.051 

[55] Park, J., Choi, I. and Kim, Y. (2015) Cookies Formulated from Fresh Okara Using 
Starch, Soy Flour and Hydroxypropyl Methylcellulose Have High Quality and Nu-
tritional Value. LWT-Food Science and Technology, 63, 660-666.  
https://doi.org/10.1016/j.lwt.2015.03.110 

[56] Anderson, J.W., et al. (2009) Health Benefits of Dietary Fiber. Nutrition Reviews, 
67, 188-205. https://doi.org/10.1111/j.1753-4887.2009.00189.x 

[57] Ainsworth, P., İbanoğlu, Ş., Plunkett, A., Ibanoglu, E. and Stojceska, V. (2007) Ef-
fect of Brewers Spent Grain Addition and Screw Speed on the Selected Physical and 
Nutritional Properties of an Extruded Snack. Journal of Food Engineering, 81, 702- 
709. https://doi.org/10.1016/j.jfoodeng.2007.01.004 

[58] Ajanaku, K.O., Dawodu, F.A., Ajanaku, C.O. and Nwinyi, O.C. (2011) Functional 
and Nutritional Properties of Spent Grain Enhanced Cookies. American Journal of 
Food Technology, 6, 763-771. https://doi.org/10.3923/ajft.2011.763.771 

[59] Makowska, A., Mildner-Szkudlarz, S. and Obuchowski, W. (2013) Effect of Brewer’s 
Spent Grain Addition on Properties of Corn Extrudates with an Increased Dietary 

https://doi.org/10.4236/aces.2023.134019
https://doi.org/10.5772/intechopen.69231
https://doi.org/10.1021/ef0580117
https://doi.org/10.1111/j.1365-2621.1988.tb08959.x
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1002/fsn3.783
http://www.sciepub.com/reference/125758
https://doi.org/10.1016/j.lwt.2019.03.019
https://doi.org/10.1016/j.foodhyd.2019.02.051
https://doi.org/10.1016/j.lwt.2015.03.110
https://doi.org/10.1111/j.1753-4887.2009.00189.x
https://doi.org/10.1016/j.jfoodeng.2007.01.004
https://doi.org/10.3923/ajft.2011.763.771


T. Tankem et al. 
 

 

DOI: 10.4236/aces.2023.134019 288 Advances in Chemical Engineering and Science 
 

Fibre Content. Polish Journal of Food and Nutrition Sciences, 63, 19-24.  
https://doi.org/10.2478/v10222-012-0061-9 

[60] Salihu, A. and Bala, M. (2011) Brewer’s Spent Grain: A Review of Its Potentials and 
Applications. African Journal of Biotechnology, 10, 324-331. 

[61] Hamad, A. and Fields, M. (2006) Nutritional and Sensory Evaluation of Bread Made 
from Fermented Corn Meal. Journal of Food Science, 44, 1514-1516.  
https://doi.org/10.1111/j.1365-2621.1979.tb06475.x 

[62] Onoja, U., et al. (2014) Nutritional Composition, Functional Properties and Sensory 
Evaluation of Breads Based on Blends of ‘Orarudi’ (Vigna sp.) and Wheat Flour. 
Scientific Research and Essays, 9, 1119-1026. https://doi.org/10.5897/SRE2014.6104 

[63] Beebe, S., Gonzalez, A.V. and Rengifo, J. (2000) Research on Trace Minerals in the 
Common Bean. Food and Nutrition Bulletin, 21, 387-391.  
https://doi.org/10.1177/156482650002100408 

[64] Schettino, R., et al. (2021) Bioprocessed Brewers’ Spent Grain Improves Nutritional 
and Antioxidant Properties of Pasta. Antioxidants (Basel), 10, Article 742.  
https://doi.org/10.3390/antiox10050742 

[65] Martini, S., Conte, A., Cattivelli, A. and Tagliazucchi, D. (2021) Domestic Cooking 
Methods Affect the Stability and Bioaccessibility of Dark Purple Eggplant (Solanum 
melongena) Phenolic Compounds. Food Chemistry, 341, Article 128298.  
https://doi.org/10.1016/j.foodchem.2020.128298 

[66] Fares, C., Codianni, P., Nigro, F., Platani, C., Scazzina, F. and Pellegrini, N. (2008) 
Processing and Cooking Effects on Chemical, Nutritional and Functional Properties 
of Pasta Obtained from Selected Emmer Genotypes. Journal of the Science of Food 
and Agriculture, 88, 2435-2444. https://doi.org/10.1002/jsfa.3350 

[67] Nde, D.B., Boldor, D., Astete, C., Muley, P. and Xu, Z. (2016) Oil Extraction from 
Sheanut (Vitellaria paradoxa Gaertn C.F.) Kernels Assisted by Microwaves. Journal 
of Food Science and Technology, 53, 1424-1434.  
https://doi.org/10.1007/s13197-015-2160-1 

[68] Zhang, J., et al. (2016) Optimization and Microbial Community Analysis of Anae-
robic Co-Digestion of Food Waste and Sewage Sludge Based on Microwave Pre-
treatment. Bioresource Technology, 200, 253-261.  
https://doi.org/10.1016/j.biortech.2015.10.037 

[69] Esposito, F., Arlotti, G., Bonifati, A., Napolitano, A., Vitale, D. and Fogliano, V. 
(2005) Antioxidant Activity and Dietary Fibre in Durum Wheat Bran By-Products. 
Food Research International, 38, 1167-1173.  
https://doi.org/10.1016/j.foodres.2005.05.002 

[70] Shaikh, S., Yaqoob, M., Kumar, A. and Mca, S. (2019) Importance in Dietary Fiber 
in Food: A Review. SSRN Electronic Journal, 6, 810-817. 

[71] Yim, H.S., et al. (2013) Optimization of Extraction Time and Temperature on An-
tioxidant Activity of Schizophyllum commune Aqueous Extract Using Response Sur-
face Methodology. Journal of Food Science and Technology, 50, 275-283.  
https://doi.org/10.1007/s13197-011-0349-5 

 
 

https://doi.org/10.4236/aces.2023.134019
https://doi.org/10.2478/v10222-012-0061-9
https://doi.org/10.1111/j.1365-2621.1979.tb06475.x
https://doi.org/10.5897/SRE2014.6104
https://doi.org/10.1177/156482650002100408
https://doi.org/10.3390/antiox10050742
https://doi.org/10.1016/j.foodchem.2020.128298
https://doi.org/10.1002/jsfa.3350
https://doi.org/10.1007/s13197-015-2160-1
https://doi.org/10.1016/j.biortech.2015.10.037
https://doi.org/10.1016/j.foodres.2005.05.002
https://doi.org/10.1007/s13197-011-0349-5

	Production and Evaluation of the Nutritional and Functional Qualities of “Adakwa” Enriched with Waste Biomass of Traditional Brewer’s Spent Grain as a Functional Staple Food
	Abstract
	Keywords
	1. Introduction
	2. Materials and Method
	2.1. Materials
	2.2. Methodology
	2.2.1. Sample Preparation
	2.2.2. Preparation of Adakwa

	2.3. Experimental Design to Study the Effect of TBSG Incorporation on Physicochemical, Nutritional, and Functional Properties of Adakwa
	2.4. Effect of Process Parameters on the Fiber Content and % FRAP the TBSG Enriched Adakwa
	Experimental Design

	2.5. Analytical Methods
	2.5.1. Effects of TBSG on the Physicochemical Properties of Adakwa
	2.5.2. Effects of TBSG on the Nutritional Properties of Adakwa
	2.5.3. Effects of TBSG on the Functional Properties of Adakwa

	2.6. Sensory Analysis
	2.7. Data Analysis

	3. Results and Discussion
	3.1. Effects of TBSG on the Physicochemical Properties of Adakwa
	3.1.1. Effect on pH
	3.1.2. Effect on Water Absorption Capacity (WAC)
	3.1.3. Effect on Fibre Content, Cellulose, Hemicellulose, And Lignin

	3.2. Effects of TBSG on the Chemical and Nutritional Properties of Adakwa
	Effect on Lipid, Carbohydrates, and Protein

	3.3. Effect on Vitamin C and Mineral Content
	3.3.1. Effect on Vitamin C
	3.3.2. Effect on Ca Content

	3.4. Effects of TBSG on the Functional Properties of Adakwa
	3.4.1. Effect on Polyphenol Content and Antioxidant Activity
	3.4.2. Polyphenol Content
	3.4.3. DPPH Activity
	3.4.4. FRAP

	3.5. Effect of Process Parameters on the Physicochemical, Nutritional, and Functional Properties of Adakwa Enriched with TBSG
	3.5.1. Effect of % TBSG, Temperature, and Time on the Fiber Content of Adakwa
	3.5.2. Effect of % TBSG, Temperature, and Time on the % FRAP of Adakwa

	3.6. Sensory Evaluation

	4. Conclusion and Perspectives
	Conflicts of Interest
	References

