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Abstract
De-oiled bottle gourd (Lagenaria siceraria) seed is a highly nutritious by-
product of edible oil industries. The seed contains a substantial amount 
of quality protein, dietary fiber, minerals, and essential amino acids. The 
present study is undertaken to improve the quality of commercial biscuit 
through replacement traditional wheat flour with de-oiled bottle guard 
seed cake powder. Response surface methodology was used to carry 
out experimental layout with two independent variables viz; de-oiled 
bottle guard seed coded as bottle guard seed cake powder (BGSCP) and 
whole wheat flour (WWF) against five dependent responses viz., swelling 
capacity (SC), water absorption capacity (WAC), oil absorption capacity 
(OAC), protein, insoluble and soluble fiber. The most desirable (R2 - 0.899) 
solution was found at the formulation level of 50g BGSCP and 40g WWF. 
Nutritional assessment of optimized biscuit heightened a significant (p < 
0.05) rise in the amount of crude protein, ash content, and soluble fiber as 
in comparison with the control group sample. BGSCP fortification revealed 
significant improvement (43.22) in terms of essential amino acid availability 
as compared to control biscuit. However, the fatty acid compositions of 
optimized biscuit were insignificantly (p > 0.05) different.
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promoting programs in schools are crucial, seen in 
most countries, where the government collaborates 
with schools, to ensure proper nutrition for children. 
Whereas in developing countries, such as Saudi 
Arabia there is a lack or nonexistence of Child 
Nutrition Programs collaborated with public or private 
schools to provide nutrition education, training, and 
learning resources related for teachers, parents and 
children.6 Child Nutrition Programs can be delivered 
in schools, clinics, child care centers, but most 
effective ones are those associated with schools 
via three main approaches, nutrition education, 
counseling, and the environment,.7 There has been 
large disparity between developed and developing 
countries with regard to child nutrition intake and 
policies in schools, which does not exist in Saudi 
Arabia yet.6 Our previous work demonstrated an 
insight of the need and interest of parents and school 
principals in implementing Child Nutrition Programs 
showing positive attitudes. Both respondents are 
willing to invest in teacher/caregiver trainings and 
a demand on providing learning resources to 
support such programs was seen by book stores 
as well. However, the main barriers revealed by 
global consulting companies were high costs as 
a main one, followed by lack of awareness, high 
resistance and reluctance. Yet, factors contributing 
to implementing child nutrition programs are mostly 
parents pressure.8 Our objectives in this review is 
to provide enough information on existing Child 
Nutrition Programs, which are run by governmental 
sectors and global nutrition consulting companies 
in different countries, to be able to develop a cost 
effective Child Nutrition Program to be implemented 
in Saudi kindergarten schools. 

Methodology
A systematic review of the literature on child nutrition 
programs, which provides nutrition services to 
schools, which included programs run by the United 
Stated Department of Agriculture USDA in the United 
states and programs run by the British Nutrition 
Foundation BNF in the United Kingdom. In addition 
to reviewing five successful business profiles via 
interviews of global nutrition consulting companies 
in different countries, which included the United 
Kingdom, India and Singapore.

Governmental Programs
There are several governmental programs to provide 
school meals to schools in the United States by 
United States Department of Agriculture (USDA)9 

and  in the United Kingdom by BNF British Nutrition 
Foundation.10 Both National School Lunch Program 
(NSLP) and School Breakfast Program (SBP) 
provides meals and snacks to students following 
recommended dietary intakes planned by dietitians, 
and also work on smarter lunchrooms, which is 
creating a healthy environment for kids in schools, 
with providing more healthy options, such as fruit, 
vegetables and grains. In addition to the afterschool 
snack program, which serves students that stay 
for an afterschool activity with low prices snacks. 
Furthermore, nutrition education for kids, caregivers 
and teachers has been seen with serval programs, 
such as Child and Adult Care Food Programs 
(CACFP) and Summer Food Program (SFB), where 
a great selection of tools and learning resources 
are provided to promote health and wellness. This 
include recipes and cooking techniques , which is 
also seen by the British Foundation in the United 
kingdom. BF provides a nutrition curriculum with 
12 sessions to support children at different age 
groups starting from 3 to 5 years old, to schools in 
the United Kingdom. The structure of the curriculum 
include teacher training sessions, teacher’s guide 
and children learning tools, which are excellent for 
the public use containing activities, and exercises. 
It is a great source for Saudi Arabia to start building 
their own curriculum following such program. 

The following table describes the six main 
governmental nutrition programs run at schools in 
the United States by the United States Department 
of Agriculture (USDA) and the main program run by 
the British Nutrition Foundation (BNF) in the UK, 
where each of those programs uses different tools 
and resources;  

According to the our descriptive study, we found out 
that most of the governmental programs run in the 
united States focus on supporting schools meals 
into a healthier diet. Some programs focus on Lunch 
rooms, food sources and training. However, the most 
effective type of program reviwed was the one carried 
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Table 1: governmental funded nutrition meal programs

Program 	 Important components/ tools and resources

National School Lunch (NSLP) (11, 12)(11, 12)(14, 15) and	 .    Smarter Lunchrooms  

School Breakfast Programs (SBP) 	 .    Afterschool Snack Programs  

• The programs are designed to promote health and	 .    Community Eligibility Provision  

wellbeing of children by providing nutritious meals,  	 .    Bulletins and Memos  

• Participants: Public school districts, private schools	 .    Sponsorships from Outside Organizations  

residential child care institutions (RCCIs), and charter schools	 .    Special Toolkits and Resources for Schools,

	 School  Districts, and Community Partners 

Child and Adult Care Food Programs (CACFP)	 .          At-risk afterschool meals (federal funding to 

• It provides federal funds to non-residential child care and	 afterschool snacks and activities for 

adult care facilities to serve nutritious meals and snacks	 nutrition education)

• Participants: Non-residential, licensed public or private,	 .          Culinary workshops • Sponsors	

non-profit child care centres or family day care homes	 .          Workshop and resources on gardening etc. 

	

Summer Food Program (SFB)	 .       Sponsors 
Under the program, the sponsor receives 	 .          Workshop and resources 

payments for serving healthy meals and

snacks to children aged 18 years and younger

• Participants: Public and private schools

	

Special Milk Programs	 .          Letter to households (for receiving free milk)  

Special milk programs provide milk to children in non-profit  		  • Application for free milk

schools that do not participate in other child nutrition programs		  • Documents related to eligibility

.    Participants: Public school districts, private schools,  	

residential child care 

Food Distribution/USDA Foods	 .    USDA Website  

.    Program provides protein-rich food, fruits and vegetables,   	 .    ‘USDA mixing bowl’ website devoted to cooking  

poultry and eggs, nuts, grains, oils, and cheese to children

.    Participants: Local Education Agencies (LEAs), public 	 .    USDA food toolkit for schools (for assisting    

and private schools, residential child care institutions	 professionals and students, school staff, community,  etc.)

(RCCIs), and approved state agencies	 .    Handbooks  

	

Fresh Fruit and Vegetable Program 	 .          Nutrition education resources such as books 

.    Under the program, a variety of free fresh fruits and  		  • Books with games and activities	  

vegetables are provided to enrolled students in participating		  • Jokes on fruit and vegetables

elementary schools through the school day, with the major		  • Website resources

objective being to combat childhood obesity.	 .          Sample menu with graphics

.    Participants: All schools  

	

British Nutrition Foundation (BNF)	 .          Nutrition training across societies, schools, and
		  modes of mass communication. 
It is not-for-profit organization that promotes nutrition sciences 	 .          The organization also offers teachers training school 

in the U.K. The organization is supported by EU and other		  curriculum through its BNF Education Program.

including online 	 .          BNF generates revenue through several means,

nutrition tutorial and training for teachers and parents.	 .          The organization also collaborates with independent 

government agencies through projects and subsidies.		  consultants 

.          Participants: All schools		  and offers paid membership to gain access to

		  BNF publications.
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Effect on Oil Absorbing Capacity
Oil absorbing capacity (OAC) is a measure of the 
improved flavor and mouthfeel of the products.28,29 
OAC of the BGSCP fortified biscuit observed in the 
range of 0.61 to 1.04 g/g (Table 2). Similar to the 
WAC a formulation ratio of 30g BGSCP and 60g 
WWF displayed the minimum OAC score, however, 
the formulation ratio of 50g BGSCP and 40g WWF 
secured the maximum score. Following the quadratic 
regression equation obtained from the RSM ANOVA 
showing the effect of BGSCP and WWF on the OAC:

The regression of analysis presented in Table 2 
reveals that the calculated APV was 47.55 which 
was fairly higher than the required value for adequate 
precision, Furthermore, the model F-value: 246.48 
of statistical analysis implied that the model was 
fitted to the data fairly. A slight positive significant 
(p < 0.05) effect was indicated by BGSCP at the 
linear and quadratic level and slight negative at an 
interactive level. However, WWF displayed moderate 
negative effect at the linear and interactive level and 
slight positive at quadratic level. Figure 1C displays 
that increasing the concentration of BGSCP resulted 
in an increased OAC. Similar observations were 
recorded in different types of flours by the Kaushal 
and research team.30 Therefore, it was hypothesized 
that the conceivable cause for the surge in the OAC 
of fortified biscuit may be due to the alteration in the 
presence of characteristics of BGSCP constituents, 
which might attract the non-polar hydrophobic 
hydrocarbon of the oil. Protein is the main constituent 
which affects the OAC of the products which have 
been characterized for polar and non-polar side 
chain (Table 5). Monomer units of protein such as 
hydrophobic amino acid play a crucial role in the 
significant interaction with lipids hydrocarbon.31 
Moreover, Sangeethapriya and Perumal20 assumed 
that the OAC in mucilage dietary fiber isolated from 
Zizyphus mauritiana fruits was due to the presence 
of hydrophobic dietary fibers.

Effect on Protein Content
The protein content of fortified biscuit was ranged 
from 11.57 to 23.84 g/100g. A formulation of 30 g 
BGSCP and 40 g WWF displayed the minimum 
protein content (11.57 g/100g) and the formulation 
of 54.14 g BGSCP and 50 g WWF resulted in highest 

protein content (23.84 g/100g). It can be inferred from 
the table 2 that the BGSCP and WWF had a positive 
effect on the protein content at the level of linear 
and quadratic and slight negative at the interactive 
level, showing a significant effect (p <0.05) at linear, 
interactive and quadratic level. However, WWF had a 
positive effect on protein value at linear, and negative 
at interactive and quadratic level. Replacement of 
WWP with BGSCP displayed significant effect (p < 
0.05) on the protein content of fortified biscuit. The 
coefficients of the first order term variables indicate 
that the protein content of fortified biscuit increased 
gradually with increasing the BGSCP proportion, 
however, increasing the WWF content displayed 
negative effect (Fig. 1D). As it can be seen from the 
Table 4 BGSCP had approximately 7 times higher 
protein content than the WWF biscuit (control), 
approx. 2 times higher than the cake prepared 
using potato peel Jaddou et al.,.18 Which might have 
been resulted in an increase in the protein content 
of fortified biscuit due to increasing the BGSCP 
concentration. The quadratic equation obtained from 
the RSM data for the effect of BGSCP and WWF on 
the biscuit protein is given below:

 
The model F-value of 75.98 (Table 2) revealed 
that lack of fit was insignificant (p < 0.2159) and 
the model was significant (p < 0.0001). The higher 
APV of 20.79 also inferred the best suitability of the 
model compared to the minimum required value of 
the signal to noise (4). The ratio of 28.79 indicates 
an adequate signal.

Effect on Insoluble Fiber Content
The insoluble fiber content of biscuit ranged 
from 2.12 to 9.12 g/100g. A formulation level of  
54.14 g BGSCP and 50 g WWF displayed  
minimum insoluble value while the formulation  
level of 30 g BGSCP and 60 g WWF resulted 
in maximum value. A degree of precision of the 
designed experimental setup was confirmed  
through the APV of 37.27 obtained by statistical 
regression. Fur ther the statistical analysis  
model F-value of 159.84 also implied that the  
model fitted to the data well. Following the  
quadratic regression equation was used to 
investigate the effect of BGSCP and WWF on the 
biscuit insoluble fiber:
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There was a negative effect of BGSCP at the 
linear and interactive level and the positive at  
the quadratic level. However, WWF displayed 
significant (p < 0.05) positive effect at the linear and 
quadratic level and negative at an interactive level. 
Figure 1E displays that increasing the concentration 
of BGSCP resulted in a decrease in insoluble 
content, however increasing the WWF resulted in 
an increase same. It was due to lower insoluble fiber 
content in BGSCP (Table 4). Jabbou et al.,18 reported 
that the insoluble fiber content (19.59 %.) in potato 
peel fortified cake which is around ten times higher 
than our findings.

Effect on Soluble Fiber Content
The soluble fiber content of fortified biscuit was 
observed in the range of 6.07 to 9.27 g/100g. The 
minimum value was obtained for the formulation 
which had 25.86g BGSCP and 50g WWP while the 
maximum value obtained for the formulation ratio 
of 50 g BGSCP and 60 g WWF. Table 2 reveals 
that both BGSCP and WWF had a positive effect  
on soluble fiber at linear and negative at the 
interactive level and quadratic level. Replacement 
of WWP with BGSCP displayed significant effect 
(p < 0.0003) on the soluble fiber content of 
biscuit. The coefficients of the first order term 
variables indicate that the soluble fiber content of 
fortified biscuit increased gradually with increasing  
the BGSCP proportion, however, increasing the 
WWF ratio displayed negative effect (Fig. 1F). As it 
can be seen from the Table 4 BGSCP had approx. 
three times higher soluble fiber content than the 
WWF biscuit. Which might have increased the same 
with increasing the BGSCP concentration. Following 
the quadratic regression equation was used to 

investigate the effect of BGSCP and WWF on the 
biscuit soluble fiber:

 
The model F-value of 139.40 (Table 2) depicted  
that the model was significant (p < 0.0003) and lack 
of fit was insignificant (p < 0.7724). The APV was 
14.75 which was higher than the lowest required 
ratio of signal to noise (4).

Optimization of the BGSCP and WWF Level and 
Validation of the Model
To optimize the optimum level of formulation for 
BGSCP and WWF RSM tool was used. In order to 
arrive at the optimum Design Expert software (Trial 
version 11) was carried out. Independent variable 
BGSCP and dependent responses were, OAC, 
protein and soluble fiber were given the highest 
priority during the optimization process, while WWF 
and swelling capacity at average and insoluble fiber 
at a minimum. Optimized solutions obtained for the 
biscuit quality attributes were determined as BGSCP 
50 g and WWF 40 g level (Table 3). The desirability 
of independent variables and dependent responses 
are given in Fig. 2 displayed that optimized level 
of BGSCP, WWF and responses had a desirable 
correlation coefficient above its acceptable limit.32 
The model predicted value was performed four times 
to validate the predicted optima and there was no 
significant (p < 0.1) difference between the predicted 
and experimental value. 

Nutritional Assessment of Optimized Biscuit 
with Control Biscuit
Proximate Composition
The Nutritional values of optimized biscuit and 
control biscuit are given in Table 4. The primary aim 

Table 3. Most Desirable Solution of the Experiment

Soln	 BGSCP	 WWF	 Swelling	 WAC	 OAC	 Protein	 Insoluble	 Soluble	 Desirability
			   capacity				    fiber	 fiber

1	 50.00	 40.00	 22.536	 9.314	 1.033	 21.459	 2.164	 6.785	 0.899
2	 49.9	 40.00	 22.528	 9.348	 1.031	 21.419	 2.160	 6.778	 0.897
3	 50.00	 41.19	 22.422	 9.856	 1.017	 21.517	 2.111	 6.848	 0.882
4	 48.87	 40.00	 22.407	 9.779	 1.005	 20.878	 2.112	 6.672	 0.867
5	 50.00	 45.75	 21.943	 11.225	 0.958	 21.740	 2.023	 7.050	 0.809
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of this work was to enhance the nutritional value 
of commercial biscuit through the incorporation  
of de-oiled BGSCP and effluent utilization of  
de-oiled BGSCP which a by-product of edible  
oil industries. It can be seen from Table 4 that  
the optimized biscuit had a high level of protein  
(21 g/100g), ash (3.86 g/100g) and soluble fiber 
(6.79 g/100g) compared to control biscuit protein  
(5.87 g/100g), ash (0.37 g/100g) and soluble fiber  
(3.75 g/100) revealed that the fortified biscuit had 

Fig. 2: Bar Graph of the Desirability of Independent Variables and  
Dependent Responses at Optimum.

excellent proximate value and were significantly 
(p < 0.05) higher. The protein content of fortified 
biscuit was approx. two times higher than the biscuit 
prepared by Limonia acidissima fruit powder15, four-
time biscuit prepared using buckwheat flour33 and 
two times biscuits made with pearl millet flour.13

Mineral Composition
As result indicated that fortified biscuit had higher 
ash content than the control biscuit revealed that 

Table 4. Proximate Composition of Optimized and Control Biscuit

Constituents	 BGSCP	 Control biscuit	 BGSCP biscuit 
	 (g/100g)	 (g/100g)	 (g/100g)

Moisture	 11.01±0.41	 3.78±0.07a	 4.17±0.67b
Fat	 4.61±0.23	 21.15±1.43a	 20.21±1.24a,b
Protein	 33.71±1.62	 5.87±0.83a	 21.46±1.08b
Ash	 5.17±0.04	 0.37±0.05a	 3.86±0.23b
Carbohydrate	 45.50±2.72	 68.83±1.26a	 50.30±1.89b
Soluble fiber	 10.52±1.43	 3.75±0.37a	 6.785±1.12b
Insoluble fiber	 3.85±0.72	 3.19±0.46a	 2.16±0.56b

Note: Mean values (± standard deviation) were the averages of three independent 
measurements. Data are significantly different at the level of p < 0.05.
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the higher mineral content. Phosphorus (P: 1086.34 
mg/100g) was the abundant mineral in optimized 
biscuit followed by potassium (K: 657.15mg/100g), 
magnesium (Mg: 265.38mg/100g) and calcium (Ca: 
85.31mg/100g) which were significantly (p < 0.5) 

higher than the control biscuit (Table5). Limiting 
minerals such as sodium (Na: 36.18mg/100g), 
iron (Fe: 15.67mg/100g) and aluminum (Al: 10.74 
mg/100g) were also significantly (p < 0.05) higher 
than the minerals recorded in control biscuit. 

Table 5. Mineral Contents of Optimized and Control Biscuits

Minerals	 BGSCP (mg/100g)	 Control biscuit (mg/100g)	 BGSCP biscuit (mg/100g)

Se	 4.78 ± 0.14	 0.15 ± 0.04a	 2.35 ± 0.11b

As	 1.75 ± 0.24	 0.06 ± 0.01a	 2.64 ± 0.26b

Cu	 4.59 ± 0.11	 0.6 ± 0.02a	 2.79 ± 0.53b

Zn	 3.08 ± 0.23	 4.1 ± 0.17a	 5.67 ± 0.31a

Ni	 4.34 ± 0.62	 0.08 ± 0.00a	 0.98 ± 0.02b

Mn	 3.67 ± 0.15	 5.89 ± 0.51a	 5.67 ± 0.72a

Cr	 54.82 ± 0.67	 0.84 ± 0.23a	 1.94 ± 0.04b

Na	 26.34 ± 1.24	 1.89 ± 0.45a	 36.18 ± 1.34b

Fe	 17.25 ± 1.27	 5.67 ± 0.28a	 15.67 ± 2.48b

Al	 251.14 ± 2.78	 4.26 ± 0.87a	 10.74 ± 1.01b

Mg	 123.84 ± 2.15	 186.37 ± 5.67a	 264.38 ± 10.56b

Ca	 119.30 ± 3.46	 37.94 ± 2.62a	 85.31 ± 25.78b

P	 1062.4 ±1 7.24	 476.81 ± 4.75a	 1086.34 ± 54.24b

K	 472.07 ±7 .07	 507.34 ± 12.64a	 657.15 ± 4.24b

Note: Mean values (± standard deviation) were the averages of three independent measurements. Data are 
significantly different at the level of p < 0.05.

Table 6. Fatty Acid Profile of Optimized and Control Biscuits

FAME	 BGSCP (%)	 Control biscuit (%)	 BGSCP biscuit (%)

Palmitate (C16:0)	 15.80 ± 3.41	 40.53 ± 2.57a	 35.73 ± 1.35a

Stearate (C18:0)	 9.10 ± 1.03	 7.32 ± 1.14a	 6.89 ± 0.44a

Oleate (C18:1)	 16.50 ± 2.28	 33.67 ± 3.52a	 37.58 ± 2.53a

Linoleate (C18:2)	 54.51 ± 2.23	 15.10 ± 0.19a	 14.68 ± 1.08a

Linolenate (C18:3)	 1.5.08 ± 0.5	 0.28 ± 0.15a	 0.58 ± 0.29a

Arachidonate (C20:4)	 0.67 ± 0.04	 0.08 ± 0.07a	 0.06 ± 0.04a

DHA cis-7 (C22:7, cis)	 0.62 ± 0.21	 0.78 ± 0.05a	 0.51 ± 0.12a

ΣSFA	 24.90	 47.85a	 42.62a

ΣMUFA	 16.50	 33.67a	 37.58a

ΣPUFA	 57.30	 16.24a	 15.83a

PUFA/SFA	 2.30	 0.34a	 0.37a

ΣFA	 98.70	 97.76a	 96.03a

Note: Mean values (± standard deviation) were the averages of three independent measurements, Percentage 
of fatty acids presented is the average of three analyses. SFA- saturated fatty acid; MUFA - monounsaturated 
fatty acid; PUFA - polyunsaturated fatty acid; FA - fatty acid. Data are significantly different at the level of p < 0.05.
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However, trace minerals such as zinc (Zn: 5.67 
mg/100g) and manganese (Mn: 5.67 mg/100g) 
were similar to the control biscuit. Higher the mineral 
content was due to BGSCP as it can be seen from 
Table 5, which displayed an enormous amount 
of mineral. Findings were similar to the mineral 
composition of bottle gourd kernel5 and less than 
the mineral compositions reported by Hassan et 
al.,4 in whole bottle seed. Similarly, fortified biscuits 
displayed lower mineral compositions than the 
values reported by Adebiyi et al.,13 in pear millet  

flour fortified biscuits. Nevertheless, results depicted 
that the fortified biscuit had quite a comparable 
mineral composition to values suggested by RDA.34

Fatty Acids Composition
The fatty acids profile of optimized biscuit was 
insignificant (p > 0.05) different from the control 
biscuit. Table 6 displays that fortified contain 
following unsaturated fatty acids oleate (37.58%), 
linoleate (14.68%), linolenate (0.58%), arachidonate 
(0.52%) and docosahexaenoic acid (DHA: 0.51%). 

Table 7. Amino Acids (mg/G) Profile of BGSCP, Control and Fortified Biscuit

Amino acids	 BGSCP (mg/g)	 Control biscuit(mg/g)	 BGSCP biscuit (mg/g)

HISα	 16.97 ± 0.31	 14.12 ± 0.12a	 11.92 ± 0.8b

ALAα	 51.25 ± 1.12	 21.40 ± 0.34a	 32.70 ± 1.4b

ARGα	 87.65 ± 2.54	 54.12 ± 0.21a	 43.54 ± 0.8b

CYSα	 34.36 ± 1.07	 25.23 ± 0.32a	 19.29 ± 1.1b

LYSα	 46.08 ± 1.14	 14.31 ± 1.00a	 29.79 ± 0.8b

TYRα	 54.71 ± 2.24	 13.07 ± 0.23a	 24.35 ± 0.8b

THRα	 32.12 ± 0.42	 2.11 ± 0.05a	 30.51 ± 0.1b

METα	 14.93 ± 0.55	 1.08 ± 0.11a	 7.76 ± 0.4b

VALα	 34.62 ± 0.56	 14.03 ± 0.32a	 26.89 ± 1.4b

ILEα	 23.73 ± 0.35	 6.83 ± 0.22a	 14.38 ± 0.5b

LEUα	 66.15 ± 3.76	 10.24 ± 0.19a	 34.10 ± 0.9b

PHEα	 43.80 ± 0.85	 6.32 ± 0.31a	 42.11 ± 3.7b

TRPα	 14.71 ± 0.90	 11.31 ± 0.01a	 25.23 ± 1.1b

GLUβ	 169.27 ± 8.82	 204.73 ± 1.74a	 95.61 ± 3.7b

GLYβ	 27.22 ± 1.51	 21.22 ± 0.23a	 22.38 ± 0.5a

SERβ	 27.67 ± 1.73	 13.62 ± 0.00a	 16.51 ± 0.2b

PROβ	 28.10 ± 1.43	 20.31 ± 0.52a	 18.26 ± 1.7a

ASPβ	 116.48 ± 4.02	 87.02 ± 0.01a	 51.78 ± 6.8b

TEAA	 521.01	 194.17a	 342.57a

TNEAA	 368.74	 364.91a	 214.54b

TAA	 889.75	 541.08a	 557.11a
TSAA	 5.54	 4.86a	 4.55a
TArAA	 14.64	 3.97a	 16.45b

TAAA	 32.11	 53.92a	 28.25b

TBAA	 16.94	 15.27a	 15.30a

TAlAA	 22.81	 13.62a	 23.45
THAA	 6.72	 2.91a	 8.44

Note: αEssential amino acid, βnon-essential amino acid; *TEAA - total essential amino acids, TNEAA – total non-
essential amino acids, TSAA – total sulphur amino acids, TArAA – total aromatic amino acids, TAAA – total acidic 
amino acids, TBAA – total basic amino acids, TAlAA – total aliphatic amino acids; THAA – total hydroxylic amino 
acids and TAA – total amino acids. Values present in mean ± standard deviation of triplicate for each sample (n=3). 
Data are significantly different at the level of p < 0.05.
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Saturated fatty acids (SFA) were palmitate (35.73%) 
and stearate (6.89%), respectively. The total SFA 
of the optimized biscuit was recorded up to 42.62 
% followed by monounsaturated fatty acids (MUFA 
(37.58 %) polyunsaturated fatty acids (PUFA) 
(15.83 %). The ratio of PUFA to SFA in optimized 
biscuit was found to be 0.37, which was less than 
the recommended level (>0.4), which depicted that 
the higher amount of SFA in a biscuit with respect 
to its PUFA. Similar findings reported by Ganorkar 
and Jain35 displayed that the cookies fortified 
with flax seed flour and refined palmolein oil had  
PUFA/SFA ratio of 0.05 to 0.2.
 
Amino Acids Composition
As it is summarized earlier that the major objective 
of this work was to improve the protein content  
and quality of commercial biscuit using BGSCP. 
Taking a kook from the Table 7 BGSCP was a 
good source of essential amino acids viz., histidine  
(HIS: 16.97), alanine (ALA: 51.25), arginine 
(ARG: 87.65), cysteine (CYS: 34.36), lysine  
(LYS: 46.08), tyrosine (TYR: 54.71), Threonine 
(THR: 32.12), methionine (MET: 14.93), isoleucine, 
val ine (VAL: 34.62), (ILE: 23.73), leucine  
(LEU: 66.15), phenylalanine (PHE: 43.80),  
tryptophan (TRP: 14.71). Nonessential amino 
acids were also dominated in the BGSCP such as  
glutamic acid (GLU: 169.27), glycine (GLY: 
27.22), serine (SER: 27.67), proline (PRO: 28.10) 
and aspartic acid (ASP: 116.48 mg/g protein). 
Total essential amino acids (TEAAs) in BGSCP 
was recorded up to 521.01mg/g protein which 
was comparable similar to the TEAAs of egg  
(659.70mg/g) and three times higher than the  
milk (179.50mg/g)36, revealed that could be a 
supplement with reference egg protein.37 Total 
nonessential amino acids (TNEAAs: 368.74 mg/g), 
total amino acids (TAA: 889.75 mg/g protein), 
total Sulphur amino acids (TSAAs: 5.54%), total 
aromatic amino acids (TArAAs: 14.64%), total acidic 
amino acids (TAAAs: 32.11%), total basic amino 
acids (TBAAs: 16.94%), total alkaline amino acids 
(TAlAAs: 22.81%) and total hydroxyl amino acids 
(THAAs: 6.72%) were found to be relatively similar 
to the finding of values reported by Ogunbanjo  
et al.,3 in bottle gourd seed flour. Similarly, fortified 
biscuit displayed excellent profile of essential  
amino acids which were significantly (p<0.05) 
higher than the control biscuit except for HIS 

(11.92), ARG (43.54), CYS (19.29), GLU (95.61) 
and ASP (51.78 mg/g protein). It was found that 
the TEAAs content of biscuits was improved up  
to 43.22% by incorporating BGSCP as compared 
to control biscuit. Recorded a significant (p < 0.05) 
improvement from 194.17 mg/g protein (control) 
to 342.57 mg/g protein (fortified). Adebiyi et al.,13 
reported that the biscuit prepared using pearl  
millet flour had an approx. 240 mg/g protein  
TEAAs which was less than the current study. 
However, total amino acids of fortified and control 
biscuit (557.11 and 541.08 mg/g protein) were 
unchanged. Results revealed that the fortified 
biscuit had quality protein with possibly all essential  
amino acids suggested by WHO/FAO/UNU.37

Conclusion
This study was important from the point of view to 
the incorporation of the quality ingredient in bakery 
products aimed to enhance nutritional value through 
utilization of edible oil industries by-products. The 
fortification of commercial biscuits with quality 
protein rich BGSCP can be considered as an 
alternative ingredient which had high protein with 
excellent amino acid profiles, soluble fiber and plenty 
amount of minerals. The optimized fortified biscuits 
had high nutritional value for commercial exploration. 
It is necessary to improve technological development 
which could increase the way of fortification of 
BGSCP into different food matrices to make it more 
commercial. In this manner, RSM was implied for 
statistical designing of experimental conditions in 
order to optimize the level of BGSCP and WWF for 
production of high soluble fiber, high protein, high 
mineral biscuit. Optimization for the preparation of 
improved quality biscuit was predicted based on the 
score of chemical and functional characteristics. The 
formulation with 50g BGSCP and 40g WWF was 
considered to be the most desirable combination to 
produce quality biscuit. The optimized had 21.46% 
quality protein, 3.86% ash (with high in desirable 
minerals) and 6.79% soluble fiber. The nutritional 
assessment revealed that the essential amino acids 
content of fortified biscuit improved up to 43.22% 
compared to control biscuit. 
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