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Abstract 
L. acidissima Linn fruits have greater ability to prevent various 

chronic diseases. In this study, an attempt was made to utilize L. acidissima 
Linn fruit powder for development of phynolic enriched herbal biscuit to 
supplement scarce phytochemicals having greater antioxidant activity. The 
DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical scavenging (RS) activity of 
biscuit determined found to be 56.65%. The HMF content in biscuit at 
frequent baking temperatures with numerous baking times was considered. 
The HMF content in LAFP biscuit (204 mgkg−1 at 200°C) was found to 
significantly detain whereas in WFB (308.8 mgkg−1 at 200°C) greater 
amount of HMF content was found. The nutritional composition of biscuit 
was significantly affected by LAFP. The moisture (2.76%), protein 
(9.10%), fat (23.26%), crude fibre (2.54%), ash (3.23%) and total 
carbohydrate (66.03%). were found to directly proportional to WF while 
inversely to LAFP. The physical properties was analyzed through Texture 
profile Analyzer (TA-XT, Exponent Lite, Stable Micro Systems, UK), 
sensory attributes was evaluated at 9-point hedonic scale. Optimization 
process for LAFP biscuit preparation was performed by using CCRD 
optimization methods. The desirability of optimized LAFP biscuit was 
0.832 with respect of 1.0 found. Therefore, nutritional and antioxidant 
potential of developed herbal biscuits will produce to be beneficial for all 
age group of peoples. The further research work needs to be carried out for 
commercial production of L. acidissima Linn fruit herbal biscuit. 
 
Keywords: Limonia acidissima, Fruit Powder, Phynolic content, Herbal 
biscuit, Hydroxymethylfurfural. 

1. Introduction 
In recent years, considerable attention has been 

paid by the consumer. They are interested and 
demanding for healthy, natural, functional and herbal 
food products. Biscuits are used as most convenient 
cereals based bakery product, consumed all over the 
word in both rural as well as in urban populations. 
There are number of reasons behind such wide range of 
popularity like good nutritional value, availability in 
different forms, varied taste and ready to eat nature. 
Except this is remarkably has low cost as compared to 
other cereals based processed foods with a longer shelf 
life. The bakery products can be used as a vehicle for 
incorporation of different nutritionally rich ingredients. 
Wheat flour, sugar, salt, fat and water are the principle 
ingredients used in biscuit making (Gandhi et al., 2001; 
Sudha et al., 2007a). As the quality of biscuits highly 

influences by the nature and quality of ingredients 
used, several researchers worked on it to describe the 
effect of major ingredients in biscuit dough systems 
and development of final product (Akubor 2003; 
Biguzzi et al., 2014). Presence of fiber content in 
biscuit also increases its nutritional quality and 
acceptability (Berglund et al., 1994). Many attempts 
are being made to improve biscuits functionality, 
nutritional value by modifying their nutritive 
composition. Such improvements are very often 
achieved by changing the ratio of raw materials whole 
grains other than wheat or by changing the ratio of 
fiber content in basic recipes (Hooda and Jood, 2005; 
Tyagi et al., 2007). Except this a very important aspect 
of food functionality is improving its antioxidant 
activity as there are many scientific evidences 
indicating the role of food antioxidants in preventing 
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different types of chronic diseases like cancer and 
coronary heart diseases (Slaga et al., 1987; Marnett, 
2000). 

Herbal product is the oldest form of healthcare 
known to mankind. Herbs had been used by all cultures 
throughout history. A huge number of populations of 
the world use herbal food products as a primary health 
care. Modern medicine recognizes use of herbal food 
products as an alternative medicine as they are derived 
from the natural sources. Consumers are today 
becoming nutritionally aware about the advantages of 
herbal food products containing antioxidants and other 
biologically active compounds like flavonoids, 
saponins, coumerins and alkaloids etc. These 
biologically active compounds prevent the occurrence 
of severe disease like cancer, asthma, cardiac debility, 
hepatitis and tumor etc. (Ang-Lee et al., 2001; Chitra, 
2010). It is documented that, about 80% of the world’s 
population believe in traditional medicine, particularly 
plant drugs for their primary healthcare (Patwardhan et 
al., 2005). Therefore increase in the demand of plant 
based medicines, Pharmaceuticals, health care 
products, food supplements, functional foods and 
cosmetics etc. not only in India and China but also in 
developed countries as traditionally it assured that 
these products are non toxic, have less side effects and 
easily available in affordable prices (Kalia, 2005). 

Limonia acidissima Linn is the moderate size 
slow growing tree of family Rutaceae (Citrus family) 
with sharp strong spines (Morton, 1987). It belongs to 
monotypic genus Limonia, native to India, Pakistan, 
Srilanka and Southeast Asia east to Java. It is an ideal 
tree growing in wasteland. Its other common names in 
English include Elephant-apple, Monkey fruit, Curd 
fruit and Kath bel. This plant has medicinal importance 
and prescribed as traditional medicine for the treatment 
of various diseases (Kirtikar and Basu, 1993). It has a 
wide range of biological activities e.g. adaptogenic 
activity, for blood impurities, for jaundice and 
hepatoprotectent (Patil et al., 2004; Kumar and Omer, 
2004). Limonia acidissima Linn plant is related with 
number of traditional medicinal claims like liver 
disorder, ulcers, cut wounds, skin cancer, breast cancer, 
Anti-hyperglycemic and antioxidant activities (Qureshi 
et al., 2010). However, some of these traditional 
medicinal claims are proved scientifically by scholars 
and researchers like breast cancer (Pradhan et al., 
2012), Anti-hyperglycemic and antioxidant activities 
(Ilango and Chitra, 2009a), Hypoglycemic effect 
(Khatib et al., 2010), Lowered blood glucose 
concentration (Gupta et al., 2008), Hepatoprotective 
activity (Ilango and Chitra, 2009b), Wound healing 
activity (Chitra, 2010). Through the literature survey it 
has been investigated that fruits of Limonia acidissima 
Linn plant contains flavanoids, glycosides, saponins 

and tannins (Saima et al., 2000), some amount of 
coumarin (Adikaram et al., 2007) and tyramine 
derivatives (Parthasarathi et al., 1991; Rahman and 
Gray, 2001). The unripe fruits contain 0.015% 
stigmasterol and seeds contain oil high in saturated 
fatty acids (Morton, 1987). 

During baking of biscuit temperature and time 
play a key role in its final characteristics, Throughout 
this time numerous changes occurs, 
Hydroxymethylfurfural (HMF) is a most common 
characteristic of backed products derived from 
caramelisation or via Maillard reaction and thermal 
decomposition of sucrose also appearance the HMF at 
very high temperatures (Perez-Locas and Yaylayan, 
2008). Hydroxymethylfurfural showed carcinogenic 
activity, genotoxic and mutagenic activity under certain 
experimental conditions in rodent and some bacteria 
(Bruce et al., 1993; Lee et al., 1995). However, to date, 
it is not clear whether or not HMF poses a health risk to 
humans. Biscuits available in Spain’s marcket, the 
range of HMF content was reported to 3.1mg kg−1 to 
182.5 mg kg−1 (Rufian-Henares and De la Cueva, 
2008) and it was also found in  French cookies from 
0.5 to 74.5 mg kg−1 (Ait-Ameur et al., 2007). 

Through the literature survey and keeping these 
views in mind, it assures that fruit of Limonia 
acidissima Linn is useful for human health care as it 
contains various biologically active compounds 
effective against several chronic diseases. Therefore 
fruit of this plant will be a best raw material for 
fortification of wheat flour for the development of 
herbal biscuit. The developed biscuit will help 
consumers to maintain their normal health and various 
physicochemical and biological functions. 
 
2. Material and Methods 

Fresh ripe fruits of Limonia acidissima were 
procured from the local market of Banda district, U.P., 
India. Fruits were vacuum dried (Sonar instrument Pvt. 
Ltd.) and grinded in electronic mixer grinder. Fresh 
whole wheat flour, sugar, margarine, baking powder, 
baking soda, vanilla essence and milk powder were 
purchased from the Khaneja Store Lanka Varanasi 
India. 
 
2.1 Preparation of Biscuit 

Biscuits were prepared using two different 
recipes. Biscuits of recipe include L. acidissima fruit 
powder (5-10 g), wheat flour (50-70 g), Margarine (22 
g), sucrose (23-28 g), NaHCO3 (0.8 g), water (17.6 ml) 
and NH4HCO3 (0.4 g) while as for control biscuit same 
recipes were used in 100 g except L. acidissima fruit 
powder. The recipe was adapted from the American 
Association of Cereal Chemists (AACC 2000) Method 
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10-54. NaHCO3 and NH4HCO3 were added at amounts 
widely used in similar biscuit recipes (Fig 1). 

 
2.2 Texture Profile Analysis (TPA) of Biscuits 

The primary texture characteristics of biscuit are 
hardness and fracturability. These properties were 
measured through the bled and snap (also known as 
three point break) technique of Gains, 1991 using the 
Texture profile Analyzer (TA-XT, Exponent Lite, 
Stable Micro Systems, UK). The peak force (g) and the 
distance at break (mm) were recorded (Saha et al., 
2011). 

 
2.3 Nutritional Analysis 

All experiments were performed in triplicate. 
Moisture content was evaluated as per the method of 
AOAC (1984). By using Socs-plus method the fat 
content of the biscuit sample was determined after 
moisture removal. Socs-plus method is one of the 
standard methods for analysis of fat in food. The 
method is recognized by the AOAC (1998). Kjeldahl- 

 

 
 

Fig 1: Flow chart for Limonia acidissima fruit powder fortified herbal biscuits. 
 

Weigh all ingredients

Mix dry ingredients 
together

Beat margerine for 1 
minute

Beat sugar and 
margerine together for 5 

minutes

Add vanilla essence and 
beat for 30 seconds

Mix dry and wet ingredients

Add warm water and knead gently

Prepare soft non-sticky dough

Use a biscuit cutter to cut out 
shapes

Line biscuits on an aluminium 
tray and put it in an oven

Bake it at temperatures, viz.180 °C of 18 minutes

Remove tray and cool for 20 
minutes

Packaging in polyethylene packets 
(25 °C)
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method was used to determine the protein content of 
the biscuit was determined (AOAC, 1990). The 
carbohydrate content to be determined as total 
carbohydrate by difference that is by subtracting the 
measured moisture, fat, protein, crude fibre and ash 
from 100 in 100 gram of food (Serrem et al., 2011). 
Ash content was measured by using the standard 
methods of AACC (2000). 
 
2.4 Chemical Analysis 

The DPPH (2, 2-diphenyl-1-picrylhydrazyl) 
radical scavenging (RS) activity of biscuit determined 
by subsequent method of Brand-William, Cuvelier and 
Berset (1995) with some modifications. HMF content 
of biscuit was determined through the method 
recommended by Keeney and Bassette (1959). The 
absorbance was measured at 517 nm (DPPH) 443 nm 
(HMF) using UV UV-1800 spectrophotometer 
(Shimadzu, Japan). 
 
2.5 Sensory Analysis 

The Limonia acidissima fruit powder (LAFP) 
fortified herbal biscuit sample were evaluated for their 
sensory characteristics using semi-trained sensory 
panel consisting of 15 judges drawn from PhD scholars 
and staff of the Centre of Food Science and 
Technology, BHU, Varanasi. Semi-trained panelists 
were asked to mark the score according to the 9-point 
sensory score card (Lawless et al., 2010). 
 
2.6 Statistical Analysis 

Analysis of data generated during the present 
investigation was carried out using ANOVA (Analysis 
of Variance) by employing CCRD. The significance 
difference between the mean was tested against the 
critical difference at 1%level of significance by using 
statistical tools RSM (MINITAB 15) for data analysis. 
Statistically optimization of desirable biscuit was done 
by selecting three factors. On the basis of preliminary 
experiment the level of all the independent variable 
such as wheat flour, L. acidissima fruit powder and 
sugar were decided to produce better quality product. 
The level of wheat flour used in the range (50-70 g) 
and L. acidissima fruit powder in the range of (5-10 g). 
Design Expert 9.0.2.0 software was used to optimize 
these variables Table 1, ANOVA and model statistics 
for development of L. acidissima fruit powder fortified 
herbal biscuits is presented in Table 2. 
 
3. Results and Discussion 

Emulsifiers in general had a greater beneficial 
effect particularly in the case when biscuits are made 
from medium hard wheat flour (Manohar and Rao, 

1999; Amjid et al., 2013). The dough becomes more 
cohesive with higher level of wheat flour owing to the 
plasticity of gluten. Morad et al. (1984) reported the 
deterioration in rheological characteristics with 
increasing levels of other grains or material in 
composites which could be attributed to the dilution of 
wheat gluten upon substitution. Sudha et al. (2007) and 
Menjivar and Faridi (1994) reported that fat coats the 
surface of the flour particles inhibiting the development 
of the gluten protein. The free fat disrupts the gluten 
network resulting in softer dough. Water uptake by the 
flour in the absence of sufficient fat would results in 
dough hardness except this other flour components 
such as starch and lipids along with sucrose can also 
affect the distribution of water in biscuit dough 
(Assifaoui et al., 2006). 
 
Table 1: CCRD for optimization of two independent 

variables 
 

Run 
Factor 1 Factor 2 
WF (g) LAFP (g) 

1 70 5 
2 70 5 
3 50 5 
4 60 11.7045 
5 60 7.5 
6 70 10 
7 60 7.5 
8 50 10 
9 70 10 
10 60 7.5 
11 60 7.5 
12 60 7.5 
13 60 7.5 
14 50 5 
15 50 10 
16 60 7.5 
17 60 7.5 
18 60 3.29552 
19 76.8179 7.5 
20 60 7.5 

WF: Wheat Flour and LAFP: Limonia acidissima fruit 
powder 

 
The coefficient of estimation of biscuit’s color 

(Table 3) showed that the level of Limonia acidissima 
fruit powder had positive effect and only the level of 
wheat flour had negative effect on the color. The terms 
for the effect of these two variables were significant. 
Fig 2a shows the response surface plot for color as 
influenced by the level of Limonia acidissima fruit 
powder and wheat flour. 
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Table 2: ANOVA and model statistics for the optimization of L. acidissima fruit powder fortified herbal biscuits 

 

 
WF: Wheat flour; LAFP: Limonia acidissima fruit powder; Cl: Color; F: Flavor; Sw: Sweetness; B: Bitterness; H: Hardness; 
Fr: Fracturability; AA: Antioxidant activity 
 

Table 3: CCRD for the optimization of L. acidissima fruit powder fortified herbal biscuits 
 

RUN 

Factors  Responses 

WF (g) LAFP (g) 
 

Cl F Sw B H (g) Fr (mm) 
AA 
%DPPH 
inhibition 

16 50.00 05.00  8.20 7.73 7.58 7.83 68.15 38.72 48.27 
1 70.00 05.00  7.46 7.08 7.10 7.16 73.24 38.51 47.87 
4 50.00 10.00  8.70 7.50 7.49 8.90 67.52 37.73 82.66 
17 70.00 10.00  7.80 6.80 6.80 8.10 72.63 38.26 68.90 
3 50.00 05.00  7.70 8.57 8.70 7.80 72.98 38.54 47.80 
20 70.00 05.00  7.78 7.42 7.30 7.10 74.87 38.97 47.71 
7 50.00 10.00  8.72 7.92 7.76 8.90 71.24 37.85 71.42 
12 70.00 10.00  8.56 7.31 7.20 8.10 73.92 39.68 70.24 
13 43.18 07.50  8.40 8.50 8.65 8.50 69.95 38.22 66.47 
15 76.81 07.50  7.60 6.95 6.94 7.60 76.28 39.08 49.98 
5 60.00 03.29  7.78 7.64 7.53 6.70 70.86 38.95 41.56 
9 60.00 11.70  8.74 7.26 7.15 8.80 69.69 38.14 86.90 
11 60.00 07.50  7.73 7.14 7.07 8.00 67.23 37.17 52.95 
6 60.00 07.50  8.70 8.30 8.10 8.28 75.46 38.88 54.24 
18 60.00 07.50  8.50 7.81 8.60 8.10 70.57 39.08 55.39 
19 60.00 07.50  8.43 7.68 7.80 7.96 70.59 39.07 56.76 
8 60.00 07.50  8.70 7.63 8.60 7.89 70.45 39.93 54.86 
2 60.00 07.50  7.85 7.87 8.60 8.30 71.29 38.21 54.98 
14 60.00 07.50  8.30 7.90 8.60 7.30 70.19 39.97 55.64 
10 60.00 07.50  8.48 7.78 8.60 8.08 70.35 39.21 61.38 
WF: Wheat flour; LAFP: Limonia acidissima fruit powder; Cl: Color; F: Flavor, Sw: Sweetness, B: Bitterness, 
H: Hardness, Fr: Fracturability, and AA: Antioxidant activity. 

 
From the figure it can be observed that with the 
increase in the level of Limonia acidissima fruit 
powder the color raises rapidly which is anti 
proportional to the level of wheat flour. 

The coefficient of estimation of biscuit’s flavor 
(Table 3) showed that the level of L. acidissima fruit 
powder and wheat flour had negative effect. The terms 
for the effect of these variables were significant. (Fig 

2b) shows the response surface plot for flavor as 
influenced by the level of L. acidissima fruit powder 
and WF. From the figure it can be observed that with 
increase in the level of L. acidissima fruit powder the 
flavor decreases but the level of WF has greater 
influence in flavor. 

The coefficient of estimation of biscuit 
sweetness (Table 3) showed that the level of L. 

Term 
Responses 

Cl F Sw B H (g) Fr (mm) 
AA %DPPH 
inhibition 

Model Linear Quadratic Quadratic Quadratic Quadratic Quadratic Quadratic 
F value 9.41 28 12.08 35.04 29.25 3.18 29.48 
P>F 0.0008 0.0001 0.0003 0.0001 0.0001 0.0429 0.0001 
Mean 8.21 7.64 7.81 7.97 71.38 38.71 58.80 
SD 0.29 0.13 0.27 0.26 0.66 0.51 3.18 
CV% 3.54 1.69 3.49 3.30 0.93 1.31 5.40 
R2 0.6383 0.9618 0.9157 0.8955 0.9634 0.7411 0.9637 
Adjusted 
R2 

0.5704 0.9275 0.8399 0.8015 0.9305 0.5081 0.9310 

Predicted 
R2 

0.4464 0.7734 0.7072 0.7514 0.7584 0.3373 0.7820 

Lack of Fit 1.02 1.98 0.40 0.18 5.04 0.21 2.27 
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acidissima fruit powder had negative effect while level 
of wheat flour act against LAFP’s effect on the 
sweetness. The terms for the effect of these v
were significant. (Fig 2c) shows the response surface 
plot for sweetness. From the figure it can be analyzed 
that the increase in the level of 
powder not shows any significant effect on sweetness 
while as the level of wheat flour increases intensity of 
sweetness decreases to a little extent.

The coefficient of estimation of biscuit 
bitterness (Table 3) showed that the level of 
acidissima fruit powder had negative effect and the 
level of sugar and wheat flour had very low positive 
effect to suppress the level of bitterness. The terms for 
the effect of these three variables were significant. The 
response surface plot for bitterness shows in (
From the figure increase in the level of 
fruit powder has greater negative impact, increas
intensity of bitterness. However increase in the level of 
wheat flour has slight significant effect on the 
bitterness. As the level of L. acidissima
 

(a) 
 

 
Fig 2: Response surface plots showing effect of 

fortified herbal biscuits. Color (a), Flavor (b), Sweetness (c) and Bitterness (d).
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fruit powder had negative effect while level 
of wheat flour act against LAFP’s effect on the 
sweetness. The terms for the effect of these variables 

) shows the response surface 
plot for sweetness. From the figure it can be analyzed 
that the increase in the level of L. acidissima fruit 
powder not shows any significant effect on sweetness 
while as the level of wheat flour increases intensity of 

tness decreases to a little extent. 
The coefficient of estimation of biscuit 

bitterness (Table 3) showed that the level of Limonia 
fruit powder had negative effect and the 

level of sugar and wheat flour had very low positive 
he level of bitterness. The terms for 

the effect of these three variables were significant. The 
response surface plot for bitterness shows in (Fig 2d). 
From the figure increase in the level of L. acidissima 
fruit powder has greater negative impact, increases the 
intensity of bitterness. However increase in the level of 
wheat flour has slight significant effect on the 

L. acidissima fruit powder 

increases similarly with increase of wheat flour the 
intensity of bitterness increases 

The coefficient of estimation of biscuit hardness 
(Table 3 and Fig 3a) showed that the level of 
acidissima fruit powder have negative effect on the 
hardness of biscuit this is because greater fibre (3.23%) 
content rather than WF (2.04%) (
flour had positive effect on the hardness of biscuit.
From the figure it can be observed that as the leve
L. acidissima fruit powder increases there is decrease 
in the hardness of biscuit. However increase in the 
level of wheat flour shows greater increase in the 
hardness of biscuits. The f
found to influence by the level of 
powder and wheat flour. From the 
analyzed that the level of 
decreases the fracturability while wheat flour shows 
positive effect when the level of it increases. The 
typical curve for hardness and 
optimized biscuit was as shown in 

 
(b) (c)   

 

Response surface plots showing effect of L. acidissima fruit powder (LAFP) and WF on the parameters of 
fortified herbal biscuits. Color (a), Flavor (b), Sweetness (c) and Bitterness (d).
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increases similarly with increase of wheat flour the 
intensity of bitterness increases to a little extent. 

The coefficient of estimation of biscuit hardness 
) showed that the level of L. 

fruit powder have negative effect on the 
hardness of biscuit this is because greater fibre (3.23%) 
content rather than WF (2.04%) (Table 7) and wheat 
flour had positive effect on the hardness of biscuit. 
From the figure it can be observed that as the level of 

fruit powder increases there is decrease 
in the hardness of biscuit. However increase in the 
level of wheat flour shows greater increase in the 
hardness of biscuits. The fracturability of biscuit was 
found to influence by the level of L. acidissima fruit 
powder and wheat flour. From the Fig (3b) it is 
analyzed that the level of L. acidissima fruit powder 
decreases the fracturability while wheat flour shows 
positive effect when the level of it increases. The 
typical curve for hardness and fracturability of 
optimized biscuit was as shown in Fig (3c).

 
      

(d) 

fruit powder (LAFP) and WF on the parameters of 
fortified herbal biscuits. Color (a), Flavor (b), Sweetness (c) and Bitterness (d).  
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(c) 
 
Fig 3: Response surface plots showing interaction effect of LAFP and WF on 

of biscuit. The Texture Profile Analysis (TPA) graph of optimized LAFP and WF fortified phynolic enriched 
herbal biscuits (c). 
 
The method adopted for the process 

optimization was bases on numerical 
constraints have been listed in (Table 5
of constraints suggested, Design Expert 9.0.2.0 
software, selected 6 solutions. Out of four stated 
combinations it has shown the first combination as the 
best selected according to our nee
maximum desirability of 0.832 (Table 6
surface plot for the desirability of the product 

Patel and Pandey…Fortification of Limonia acidissima Linn Fruit Powder to Develop the Phynolic Enriched Herbal Biscuits

ng and Technology | Year-2014 | Volume 1 | Pages 74-85
14 Jakraya Publications (P) Ltd 

80 

(a)                   (b) 

Response surface plots showing interaction effect of LAFP and WF on the hardness (a) and fracturability (b) 
of biscuit. The Texture Profile Analysis (TPA) graph of optimized LAFP and WF fortified phynolic enriched 

The method adopted for the process 
optimization was bases on numerical method. The 

Table 5). On the basis 
of constraints suggested, Design Expert 9.0.2.0 
software, selected 6 solutions. Out of four stated 
combinations it has shown the first combination as the 
best selected according to our needs and has the 

Table 6). Response 
surface plot for the desirability of the product 

according to the optimized solution selected shown in 
(Fig. 4). The desirability of the 
powder fortified herbal biscuits f
acceptability and afterward the desirability of the 
product decreases with decrease in the level of WF as 
well as the changes in other responses.

The nutritional composition of the LAFP 
biscuit, control biscuit WF and LAFP are present
Table 7. The Moisture, protein and ash 
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the hardness (a) and fracturability (b) 
of biscuit. The Texture Profile Analysis (TPA) graph of optimized LAFP and WF fortified phynolic enriched 

according to the optimized solution selected shown in 
). The desirability of the L. acidissima fruit 

powder fortified herbal biscuits firstly shows a higher 
acceptability and afterward the desirability of the 
product decreases with decrease in the level of WF as 
well as the changes in other responses. 

The nutritional composition of the LAFP 
biscuit, control biscuit WF and LAFP are presented in 
Table 7. The Moisture, protein and ash content in both  
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Fig 4: Response surface plots for desirability of the 
optimized L. acidissima
fortified herbal biscuits (overall desirability).
 

the samples (B1 and B2) differed 
(p<0.05), while the fat and total carbohydrate content 
had no significant variation among samples.
protein content in WF and LAFP was found to be 
11.86±0.75% and 6.46 ±0.49%, while the incorporated 
biscuit having 9.10±0.10%, which represe
value of protein than control biscuit (10.43±0.15%).
The crude fibre content of LAFP was found to be not 
more significant effect on the biscuit (2.54±0.37% 
LAFP biscuit). The fat content in LAFP biscuit 
observed to be 23.26±0.42% and 24.33±0.3
biscuit. The carbohydrate content of LAFP biscuit 
(66.03±0.40%) was found to be less then control 
biscuit (68.50±0.95%) due to high carbohydrate 
composition in WF (71.56±0.37%) as compared to 
LAFP (07.56±0.12). 

Antioxidant activity (% DPPH inhibition) of 
LAFP biscuit was found to a good source of 
antioxidant properties. It is analyzed that the increase 
in level of L. acidissima fruit powder in the product 
increases the antioxidant activity (% DPPH inhibition) 
to a greater extent (41.56% to 86.90%). However
increase in the level of wheat flour had little negative 
effect or decreases antioxidant activity of biscuits 
(Table 3). The optimized antioxidant activity of LAFP 
biscuit was found to 56.65% (Table 6 and 
effect of baking temperature and time on the 
antioxidant activity of biscuit was measured as it 
decreases with increase in its baking time and 
temperature. The final baking time and temperature of 
biscuit 180°C for 18 minutes was optimized (
HMF content of LAFP biscuit was found to start to 
form after a lag-phase, the length of which was 
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Response surface plots for desirability of the 

L. acidissima fruit powder and WF 
fortified herbal biscuits (overall desirability). 

and B2) differed significantly 
(p<0.05), while the fat and total carbohydrate content 
had no significant variation among samples. The 
protein content in WF and LAFP was found to be 
11.86±0.75% and 6.46 ±0.49%, while the incorporated 
biscuit having 9.10±0.10%, which represent the lower 
value of protein than control biscuit (10.43±0.15%). 
The crude fibre content of LAFP was found to be not 
more significant effect on the biscuit (2.54±0.37% 
LAFP biscuit). The fat content in LAFP biscuit 
observed to be 23.26±0.42% and 24.33±0.37% LAFP 

content of LAFP biscuit 
(66.03±0.40%) was found to be less then control 
biscuit (68.50±0.95%) due to high carbohydrate 
composition in WF (71.56±0.37%) as compared to 

Antioxidant activity (% DPPH inhibition) of 
LAFP biscuit was found to a good source of 
antioxidant properties. It is analyzed that the increase 

fruit powder in the product 
increases the antioxidant activity (% DPPH inhibition) 

a greater extent (41.56% to 86.90%). However, 
increase in the level of wheat flour had little negative 
effect or decreases antioxidant activity of biscuits 
(Table 3). The optimized antioxidant activity of LAFP 
biscuit was found to 56.65% (Table 6 and Fig. 5a). The 
effect of baking temperature and time on the 
antioxidant activity of biscuit was measured as it 
decreases with increase in its baking time and 
temperature. The final baking time and temperature of 

°C for 18 minutes was optimized (Fig. 5b). 
HMF content of LAFP biscuit was found to start to 

e length of which was shorter  

 

(a) 
 

(b) 
 
Fig 5: Effect of LAFP and WF (a), baking temperature 

and time (b) on the antioxidant activity (DPPH 
% inhibition) of biscuit.
 

at higher baking temperatures. After this lag phase, 
HMF accumulated in the biscuits following exponential 
kinetics. Amounts of HMF generated at the end of 
baking were very sensitive to baking temperature, with 
higher HMF concentrations at 
temperatures. After 20 minutes of baking, HMF
concentrations in LAFP biscuit
approximately 204 mgkg
times as high as the amount of HMF measured after 20 
min at 180°C (35 mgkg
compared with baking at 160°C (1.6 mgkg
baking temperature, HMF concentrations in wheat 
flour biscuits (WFB) were 
the LAFPB. At 200 °C, the concentration of HMF in 
WFB (308 mgkg−1) after 20 min of baking was 
approximately 1.5 times higher as compared to LAFPB 
(204 mgkg−1) baked at same temperature and time 
6a-c). This high HMF content in WFB is due to high 
content in their carbohydrate and protein content 
(Table 7) (Perez-Locas and Yaylayan
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Effect of LAFP and WF (a), baking temperature 
and time (b) on the antioxidant activity (DPPH 
% inhibition) of biscuit. 

at higher baking temperatures. After this lag phase, 
HMF accumulated in the biscuits following exponential 
kinetics. Amounts of HMF generated at the end of 
baking were very sensitive to baking temperature, with 
higher HMF concentrations at the higher baking 

After 20 minutes of baking, HMF 
concentrations in LAFP biscuit (LAFPB) were 
approximately 204 mgkg−1 at 200°C, which is almost 6 
times as high as the amount of HMF measured after 20 
min at 180°C (35 mgkg−1) and 127 times as high as 

with baking at 160°C (1.6 mgkg−1). At every 
baking temperature, HMF concentrations in wheat 
flour biscuits (WFB) were much higher as compared to 
the LAFPB. At 200 °C, the concentration of HMF in 

) after 20 min of baking was 
5 times higher as compared to LAFPB 

) baked at same temperature and time (Fig 
. This high HMF content in WFB is due to high 

carbohydrate and protein content 
Locas and Yaylayan, 2008). 
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4. Conclusions 
From the literature survey it was found that 

study of various researchers and scientists have proved 
L. acidissima Linn fruits have greater ability to prevent 
various chronic diseases. Researchers proved number 
of traditional clams associated to the preventive action 
of L. acidissima Linn fruit. Traditionally the fruit of L. 
acidissima Linn is used for making preserve, chutney, 
juice etc. but it is never recognized before for 
fortification of bakery products. In this study, an 

attempt was made to utilize L. acidissima Linn fruit 
powder for fortification of wheat flour used for 
development of phynolic enriched herbal biscuit to 
supplement scarce phytochemicals having greater 
antioxidant activity. During this study it was found that 
the herbal biscuits developed by the fortification of L. 
acidissima Linn fruit powder showing greater 
antioxidant activity. The HMF content in biscuit was 
also found to significantly arrest by LAFP due to its 
low sugar and protein content as compare to wheat 

 
Table 4: Coefficient of estimation of coded factors for different factors for the optimization of L. acidissima fruit powder 

fortified herbal biscuits 
 

Factor 

Coefficients 

Cl F Sw B H (g) Fr (mm) 
AA (% 
DPPH 
inhibition) 

Intercept 8.21 7.78 8.47 7.94 70.57 39.24 56.44 
A -0.22 -0.42 -0.44 -0.33 1.86 0.30 -3.16 
B 0.31 -0.14 -0.15 0.56 -0.43 -0.19 13.02 
AB - 0.061 0.079 -0.029 0.10 0.27 -1.80 

A2 - -0.036 -0.24 0.040 0.94 -0.17 0.99 
B2 - -0.13 -0.40 -0.066 -0.068 -0.21 3.11 

Cl: Color; F: Flavor; Sw: Sweetness; H: Hardness; B: Bitterness; Fr: Fracturability; AA: 
Antioxidant activity, A: LAFP and B: WF. 

 
Table 5: Constraints for the optimized solution 

 
Name  Goal Lower Limit Upper Limit 
A: Wheat flour Minimize 50 70 
B: L. acidissima fruit powder Equal to -> 7.3 7.3 
Color intensity Maximize 7.46 8.74 
Flavor Maximize 6.8 8.57 
Sweetness Maximize 6.8 8.7 
Bitterness Minimize 6.7 8.9 
Hardness Minimize 67.238 76.284 
Fracturability Maximize 37.17 39.97 
Antioxidant activity (% 
DPPH inhibition) 

Maximize 41.56 86.903 

Where, Lower Weight = 0.6 - 1; Upper Weight = 0.6 - 1; Importance = 3 – 5 
 

Table 6: Predicted optimization value for L. acidissima fruit powder fortified herbal biscuits 
 

Code: Cl: Color; F: Flavor; Sw: Sweetness; H: Hardness; B: Bitterness; Fr: Fracturability; AA: Antioxidant 
activity 

 

Factors Responses Desirability 

WF (g) LAFP (g)Cl F Sw B H (g) Fr (mm) 
AA 
% DPPH 
inhibition 

 

50.000 7.300 8.569 8.492 8.740 8.281 72.574 38.507 56.649 0.862 Selected 
50.000 7.300 8.565 8.484 8.747 8.281 72.479 38.528 56.751 0.860  
50.285 7.300 8.563 8.481 8.738 8.272 72.554 38.532 56.554 0.854  
50.000 7.300 8.555 8.468 8.760 8.279 72.297 38.565 56.944 0.852  
50.000 7.300 8.545 8.450 8.771 8.277 72.102 38.603 57.149 0.852  
50.000 7.300 8.524 8.413 8.787 8.274 71.713 38.670 57.549 0.850  
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Table 7: Principal proximate composition 
 

Constituent (%) WF (g/100 g) LAFP (g/100 g) 
B1 Amount 
(g/100 g) 

B2 Amount (g/ 
100 g) 

Moisture 09.42±0.26a 08.17±0.24b 03.20±0.52c 01.76±0.30d 
Protein 11.86±0.75a 15.46±0.49b 08.43±0.15c 07.10±0.10d 
Fat 02.60±0.20a 09.43±0.25b 23.33±0.20c 23.26±0.41c 
Crude fibre 2.04±0.17a 3.23±0.42b 2.27±0.20c 2.54±0.37c 
Ash 01.96±0.30a 05.42±0.22b 02.16±0.20c 03.23±0.25d 
Total 
Carbohydrate 

71.56±0.37a 07.56±0.12b 68.50±0.95c 66.03±0.40c 

Mean value of triplicate data is given, The values represented with different superscript in a row are significantly 
different (p<0.05) , Where, WF: Wheat flour; LAFP: Limonia acidissima fruit powder; B1: Control biscuit; B2: 
Limonia acidissima fruit powder fortified herbal biscuit 

 
 

 
(a) 

 

 
(b) 

 

 
(c) 

 
Fig 6: Effect of baking temperature and time on the Hydroxymethylfurfural (HMF) content of LAFP biscuit 

(LAFPB) and wheat flour biscuit (WFB) (a-c). 
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flour biscuit. Panelists showed positive responses 
toward the sensory attributes of developed herbal 
biscuits. Therefore, nutritional and antioxidant 
potential of developed herbal biscuits will produce to 
be beneficial for all age group of peoples. The further 
research work needs to be carried out for commercial 
production of L. acidissima Linn fruit herbal biscuit. 
Some flavor enhancers as well as low calorific 
sweetners can be used for commercialization of 

developed product. It can play a decisive role to reduce 
the antioxidant deficiency of all age group of peoples. 
 
Acknowledgements 
         We are immensely thankful to Centre of Food 
Science and Technology, Institute of Agricultural 
Sciences, Banaras Hindu University, for providing an 
opportunity to complete this work by extending the 
facilities and financial support. 

 
References 
Adikaram NKB, Yamuna A, Lesliegunatilaka A, 

Ratnayuke BM, Kithsiri EM and Wijeratne (2007). 
Antifungal activity, acid and sugar content in wood 
apple (Limonia acidissima) and their relation to 
fungal development. Plant Pathology, 38: 258-265. 

Ait-Ameur L, Trystram G and Birlouez-Aragon I (2007). 
Accumulation of 5-hydroxymethyl- 2-furfural in 
cookies during the backing process: Validation of an 
extraction method. Food Chemistry, 98: 790-796. 

Akubor P (2003). Functional properties and performance 
of cowpea/plantain/wheat flour blends in biscuits. 
Plant Foods in Human Nutrition, 58: 1-8. 

American Association of Cereal Chemists (2000). 
“Approved methods of the 10th edition”. St. Paul, 
Minn: AACC. 

Amjid MR, Shehzad A, Hussain S, Shabbir MA, 
Moaazam-Rafiq-Khan MR and Shoaib M (2013). A 
comprehensive review on wheat flour dough 
rheology. Pakistan Journal of Food Science, 23(2): 
105-123. 

Ang-Lee MK, Moss J and Yuan CS (2001). Herbal 
Medicines and Perioperative Care. The Journal of 
the American Medical Association, 286(2): 208-216. 

AOAC (1998). The official methods of analysis of the 
“Association of Official Analytical Chemist’s 
international 17th edition. Gaithersburg, Maryland. 

AOAC (1990). Protein (crude) in animal feed, combustion 
method 990. 03. In: “Official Methods of Analysis”. 
First supplement (1990) to the 15th edition, 
Association of Official Analytical. Chemistry, 
Arlington, VA, USA, pp. 18-19.  

Assifaoui A, Champion D, Chiotelli E and Verel A 
(2006). Characterization of water mobility in biscuit 
dough using a low-field 1H NMR technique. 
Carbohydrate Polymers, 64: 197-204. 

Association of Official Analytical Chemists (1984). 
“Approved Methods of Analysis”, 14th Edition, 
Association of Official Analytical Chemists, 
Washington, USA. 

Berglund PT, Fastnaught CE and Holm ET (1994). 
Physiology and sensory evaluation of exruded high 
fiber barley cereals. Cereal Chemistry, 71: 91-95. 

Biguzzi C, Schlich P and Lange C (2014). The impact of 
sugar and fat reduction on perception and liking of 
biscuits. Food Quality and Preference, 35: 41-47. 

Brand-Williams W, Cuvelier ME, Berset C (1995). Use of 
free radical method to evaluate antioxidant activity. 
Lebensmittel Wissenschaft and Technologie, 28: 25-
30. 

Bruce WR, Archer MC, Corpet DE, Medline A, Minkin S 
and Stamp D et al. (1993). Diet, aberrant crypt foci 
and colorectal cancer. Mutation Research, 290: 111-
118. 

Chitra V (2010). A prospective phytochemical and 
pharmacological screening of fruit pulp of Limonia 
acidissima Linn. A Thesis, SRM University, 
Kattankulathaur. 

Gandhi A, Kotwaliwale N, Kawalkar J, Srivastava D, 
Parihar V and Raghu NP (2001). Effect of 
incorporation of defatted soy flour on the quality of 
sweet biscuits. Journal of Food Science and 
Technology, 38: 502-503. 

Gupta R, Saxena AM and Johri S (2008). Ethanolic 
extract of Feronia elephantum Correa fruits on blood 
glucose levels in normal and streptozotocin-induced 
diabetic rats. Natural Product Radiance, 8(1): 32-36. 

Hooda J and Jood S (2005). Organoleptic and nutritional 
evaluation of wheat biscuits supplemented with 
untreated and treated fenugreek flour. Food 
Chemistry, 90: 427-435. 

Ilango K and Chitra V (2009a). Hepatoprotective and 
Antioxidant Activities of Fruit pulp of Limonia 
acidissima Linn. International Journal of Health 
Research, 2(4): 361-367. 

Kalia AN (2005). Worldwide trade in medicinal plants 
and derived products. 1st edn, In: ‘Text book of 
Industrial Pharmacognosy, CBS Publishers, New 
Delhi, 8-27. 

Keeney M and Bassette R (1959). Detection of 
intermediate compounds in the early stages of 
browning reaction in milk products. Journal of 
Dairy Science, 42: 945-960. 

Khatib N, Patil SD and Patil PA (2010). Hypoglycemic 
effect of Methanolic extract of Feronia elephantum 
fruits in Streptozotocin diabetic rat. Journal of 
Pharmacy Research, 3(10): 2398-2399. 



Patel and Pandey…Fortification of Limonia acidissima Linn Fruit Powder to Develop the Phynolic Enriched Herbal Biscuits 

 
Journal of Bioresource Engineering and Technology | Year-2014 | Volume 1 | Pages 74-85  
© 2014 Jakraya Publications (P) Ltd 

85 

Kirtikar KR and Basu BD (1993). Indian Medicinal 
Plants, 2nd edn., Delhi, India, 3: 2343. 

Lawless HT, Popper R and Kroll BJ (2010). A 
comparison of the labeled magnitude (LAM) scale, 
an 11-point category scale and the traditional 9-point 
hedonic scale, Food Quality and Preference, 21: 4-
12. 

Lee YC, Shlyankevich M, Jeong HK, Douglas JS and 
Surh YJ (1995). Bioactivation of 5-hydroxymethyl-
2-furaldehyde to an electrophilic and mutagenic 
allylic sulfuric acid ester. Biochemical and 
Biophysical Research Communications, 209: 996-
1002. 

Manohar RS and Rao PH (1999). Effect of emulsifiers, fat 
level and type on the rheological characteristics of 
biscuit dough and quality of biscuits. Journal of the 
Science of Food and Agriculture, 79: 1223-1231. 

Marnett LJ (2000). Oxyradicals and DNA damage, 
Carcinogenesis, 21: 361-370. 

Menjivar JA and Faridi H (1994). Rheological properties 
of cookie and cracker dough, In: H. Faridi (edn.), 
The science of cookie and cracker production, 
London, UK: Chapman and Hall. 

Morad MM, Doherty CA and Rooney LW (1984). Effect 
of Sorghum Variety on Baking Properties of U.S. 
Conventional Bread, Egyptian Pita “Balady” Bread 
and Cookies. Journal of Food Science, 49: 1070-
1074. 

Morton J (1987). Fruits of warm climate: wood apple 
(edited), Florida: Florida Flare Books. 

Morton J and Julia F (1987). “Wood-Apple. In: Fruits of 
warm climates,” Morton Florida Flare Books, 190-
191. 

Parthasarathi G, Prabal S, Srabani D, Swapnadip T, 
Kokke WCMC and Akihisa T (1991). Tyramine 
Derivatives from the Fruit of Limonia acidissima. 
Journal of Natural Products, 54: 1389-1393. 

Patil MKM, Zambare GN, Khandelwal KR and 
Bodhankar SL (2004). “Hepatoprotective activity of 
aqueous extract of leaves of Feronia elephantum 
against thioacetamide and allyl alcohol intoxication 
in rats”. Toxicology International, 11(2): pages 69-
74. 

Patwardhan B, Warude D, Pushpangadan P and Bhatt N 
(2005). “Ayurveda and traditional Chinese medicine: 
a comparative overview”. Evidence-Based 
Complementary and Alternative Medicine, 2(4): 
465-473. 

Perez-Locas C and Yaylayan VA (2008). Isotope labeling 
studies on the formation of 5-(hydroxymethyl)-2-
furaldehyde (HMF) from sucrose by pyrolysis-

GC/MS. Journal of Agricultural and Food 
Chemistry, 56: 6717-6723. 

Pradhan D, Tripathy G and Patanaik S (2012). Anticancer 
Activity of Limonia acidissima Linn (Rutaceae) 
Fruit Extracts on Human Breast Cancer Cell Lines. 
Tropical Journal of Pharmaceutical Research, 
11(3): 413-419. 

Qureshi AA, Kumar KE and Omer S (2010). Feronia 
limonia – A path less travelled. International 
Journal of Research in Ayurveda and Pharmacy, 
1(1): 98-106. 

Rahaman MM and Gray AI (2001). Antimicrobial 
constituents from stem bark of Feronia limonia. 
Phytochemistry, 59(1): 73-77. 

Rufian-Henares JA and De la Cueva SP (2008). 
Assessment of hydroxymethylfurfural intake in the 
Spanish diet. Food Additives and Contaminants A, 
25(11): 1306-1312. 

Saha S, Gupta A, Singh SRK, Bharti N, Singh KP, 
Mahajan V and Gupta HS (2011). Compositional 
and varietal influence of finger millet flour on 
rheological properties of dough and quality of 
biscuit. LWT-Food Science and Technology, 44: 
616-621. 

Saima Y, Das AK, Sarkar KK, Sen AK and Sur P (2000). 
An antitumor pectic polysaccharide from Feronia 
limonia. International Journal of Biology and 
Macromolecule, 27: 333-335. 

Serrem CA, Kock HLD and Taylor JRN (2011). 
Nutritional quality, sensory quality and consumer 
acceptability of sorghum and bread wheat biscuits 
fortified with defatted soy flour. International 
Journal of Food Science and Technology, 46: 74-83. 

Slaga TJ, Connell JO, Rotstein J, Patskan G, Morris R, 
Aldaz M and Conti C (1987). Critical genetic 
determinants and molecular events in multistage skin 
carcinogenesis. Symposium on Fundamental Cancer 
Research, 39: 31-34. 

Sudha ML, Shrivastava AK, Vetrimani R and Leelavathi 
K (2007a). Fat replacement in soft dough biscuit 
quality. Journal of Food Engineering, 80: 922-930. 

Sudha ML, Vetrimani R and Leelavathi K (2007b). 
Influence of fiber from different cereals on the 
rheological characteristics of wheat flour dough and 
on biscuit quality. Food Chemistry, 100: 1365-1370. 

Tyagi SK, Manikantan MR, Harinder S, Oberoi and Kaur 
G (2007). Effect of mustard flour incorporation on 
nutritional, textural and organoleptic characteristics 
of biscuits. Journal of Food Engineering, 80: 1043-
1050. 

 


