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Disposal of huge amounts of food processing by-products (FPP) almost represents an environmental 
problem. The present investigation was undertaken to study the effective utilization of food processing 
by-products as sources of dietary fibers and phytochemicals which is considered bioactive compounds 
in the manufacturing of biscuits. Therefore,   peels of mango, onion and potato were dehydrated, 
grounded and substituted in biscuits by 6%. The results indicated that potato peel powder (PPP) had the 
highest content of crude protein (10.12% on dry wt. basis), while red onion skins powder (ROSP) 
recorded the highest values of lipid extract, crude fibers, ash, total dietary fibers and polyphenolics 
(9.85%, 24.90% and 5.88%, 59.36% and 90.11 mg GAE.g-1), with significant difference (p≤0.05) among 
other by-product materials. However, mango peels powder (MPP) recorded the highest content of 
carotenoids (400.07 mg.100g-1). Fractionation and identification of polyphenolics by using HPLC 
indicated that gallic acid, catechin and quercetin were the major components. On the other hand, 
Farinograph parameters revealed that the substitution of wheat flour with different FPP at 6% increased 
water absorption by 11.45 to 18.46  % ; dough development time by 43.48 to 78.26% and dough stability 
by 20.51 to 61.54%, with the superiority to PPP.  Strongest antioxidant activity was recorded for biscuits 
substituted with 6% FPP. Furthermore, sensory evaluation proved that acceptable biscuits were 
obtained, especially with MPP and PPP. Accordingly, food processing by-products could be used as 
good sources of dietary fibers and bioactive compounds that could enhance nutritional value and 
antioxidant activity of bakery products. 

Keywords: Mango peels, red onion skins, potato peels, dietary fibers, carotenoids, total phenols, antioxidant capacity, 
biscuits.  

 
INTRODUCTION 

The large amount of wastes and by-products 
of food industries, has led to contamination of the 
environment.  According to FAO (2004), annual 
production from handle  to  produce  a  large  
number  of  processed products (juices, nectar,  
pickled, canned food,  jam, … etc.) is  25  billion  

tons  annually. However, about 38% of food 
wastes occur during food processing (Helkar, et 
al., 2016).   Many investigations ascertained the 
nutritional value of these by-products as peels, 
outer leaves,  kernels and seeds of the fruits and 
vegetables of mangoes, apples, onions, potatoes 
(Singh and Rajini, 2004 and Ajila, et al., 2010).  
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 Dietary fibers (DF) are a broad term that 
includes several carbohydrates; cellulose, 
hemicelluloses, lignins, pectins, gums …etc. They 
are well known as a bulking agent, increased the 
intestinal mobility and hydration of the feces, 
especially a consumption of moderate amounts of 
DF for human health (Ballesteros et al., 2001). 
Also, high intake of (DF) has a positive influence 
on blood glucose profile (Al-Weshahy and Rao, 
2012). Dietary fibers are able to affect the 
absorption of other simple sugars, by altering the 
gastric emptying time. DF also lowers plasma 
cholesterol (Lazarov and Werman, 1996). So, in 
the food industry, there is an increasing interest in 
fruits and vegetables rich in soluble dietary fibers, 
and in fibers containing associated compounds 
(carotenes, tocopherol, flavonoids and 
polyphenols) with health promoting abilities. On 
this connection, Block and Langseth (1994) and 
Ajila, et al., (2010) showed that phytochemicals 
such as polyphenols, carotenoids and DF are 
gaining increased attention because of their 
antioxidant, anti-mutagenic and anticancer 
activities as well as other health benefit 
properties. On the other hand, the most powerful 
synthetic antioxidant (TBHQ) is not allowed for 
food application in Japan, Canada and Europe. 
Similarly, butylated hydroxy  toluene (BHT) has 
also been removed from the generally recognized 
as safe (GRAS) list of compounds. Concerns 
have been raised regarding the use of these 
synthetic antioxidants as being toxic and 
carcinogenic (Bomhard et al., 1992). Also, they 
may cause liver swelling and disturb the normal 
levels of liver enzymes (Madhavi et al., 1996). So, 
there is a strong need for alternative and natural 
antioxidants, from natural sources, to prevent 
deterioration of foods, thus, food scientists are 
looking for natural alternatives to replace these 
synthetic antioxidants, which, in general, are 
supposed to be safer (Yanishlieva and  Marinova, 
2001) On this occasion, the antioxidant activity of 
potato peels were found to be comparable to 
butylated hydroxytoluene (Baker, 1994 and 
Sweetie et al., 2005). Besides, there are 
thousands of other bioactive compounds in foods 
that have antioxidant activity but are not classified 
as "nutrients." These "non- nutritive antioxidants" 
include phenolic compounds   which found in FPP 
(Ajila et al., 2007a). It is noteworthy that, FPP can 
boost new markets in functional food industry as 
functional food ingredients (Helkar, et al., 2016). 

The major by – products  from  onion  
processing  are  peels, which  accounted  about  
20%  by weight  (Michael et al., 2006). The major 

flavonoids found in dry onion peels that have been 
usually considered as waste, contain large 
amounts of quercetin, quercetin glycoside and 
their oxidative product which are effective 
antioxidants against the lethal effect of oxidative 
stress (Gülsen, et al., 2007). Also, Helkar, et al., 
(2016) ascertained that source of antioxidant and 
anti-browning bioactive compounds. The major by 
– products from mango processing are peels and 
seeds which represent 35-60% of total weight of 
mango fruits depending on the variety and 
maturity stage (Larrauri et al., 1996).  Meanwhile, 
Ajila, et al., (2007b) found that the mango wastes 
accounted (40-45%).  Regarding potatoes, the 
world production was 325,302 tons in 2007, of 
which only a few were destined for human 
consumption (Anon., 2015). The beneficial of 
potato properties can be found both in the pulp 
and in the peel. Kanatt, et al., (2005) ascertained 
the effective utilization of potato peels, as an 
antioxidant agent.  

Biscuits are one of the most popular bakery 
products; hence, it could be used as a source of 
incorporation of different nutritionally rich 
ingredients that will also help to fulfill the 
nutritional need of consumers in a cheap way. 
Because of high acceptability, the production of 
biscuits has recorded a six fold increases in last of 
century (Tyagi et al., 2007 and Srivastava et al., 
2010).   Thus, the objective of this study is to 
develop biscuits enriched with food processing by-
products which are considered as rich sources of 
dietary fibers, polyphenols and carotenoids and 
examine the quality characteristics and stability of 
biscuits   as well as antioxidant activity of such by-
product. 
 
MATERIALS AND METHODS 

Materials 
Food processing by-products were obtained 

during harvesting season of 2015, mango fruits 
(Mangifera indica L. cv. Copania) were obtained 
from a local farm, Ismailia Road (El-Salhia), 
Egypt.  Red onion skins (Allium cepa) were 
obtained from the New Beni-Suef Company for 
Preservation, Dehydration and Industrialization of 
Vegetables, Egypt. Potato peels (Solanum 
tuberosum L.) were obtained   from SFCO for 
Manufacturing and Export Agricultural Products, 
Behira Governorate, Egypt. The collected 
samples were transported to the laboratory and 
stored immediately on the refrigerator at 4°C until 
utilized. As for biscuit materials, sugar was 
purchased from Savola Company, Egypt. 
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Shortening and lecithin soy bean were purchased 
from the El Gars Company, Egypt. Fructose was 
obtained from El Watnya Company, Egypt, 
sodium chloride was obtained from El Nasr 
Company, Egypt. The food grade dextrose and 
the other materials were purchased from Arabia 
for Additives, Egypt. Regarding chemicals, 
butylated hydroxy toluene (BHT) was purchased 
from El-Gomhoreya Co. for Chemicals and Drugs, 
Cairo, Egypt. Linoleic acid was purchased from 
J.K Barker Chemical Co., USA. Tween 20 (BDH 
Chemical Co., Toronto, Canada). Folin-Ciocalteu 
and α-tocopherol as well as Standards for 
polyphenols identification were purchased from 
Sigma-Aldrich Inc. (St Louis, MO, USA). All other 
chemicals and solvents used were of analytical 
grade. 

Methods 

Technical applications 

Preparation of peel powders of food 
processing by-products  

Mango and potato peels were washed with 
tap water, sliced and soaked in 0.1% sodium meta 
bisulphite solution for 30 min., to avoid enzymatic 
browning, and then mango peels were dried at 
60°C for 24 hours in an air oven to a moisture 
content around 9%. The dried mango peels were 
milled with grinder and sieved through a 150 mm 
sieve. However, red onion skins were washed 
with tap water to remove any adhering particles 
and then potato peels and red onion skins were 
dried in an air oven at 55°C up to 7-9% moisture 
content. The dried peels were ground into a fine 
powder in a high mixer speed (Tornedo Egypt, Al-
Araby Co., Egypt). Then, the materials were 
sieved through a 80 mm sieve. The obtained 
powders were packed in poly ethylene bags and 
stored at 4 ± 1° C until used. 

Preparation and manufacturing of biscuits  
The biscuit formula used was as follows: 

wheat flour 72% extraction ratio (100.0 g, 30.0 g 
powdered sucrose, 4.0 g butter milk, 0.6 g sodium 
chloride, 0.7 g of sodium bicarbonate, 0.7 g 
ammonium bicarbonate, 2.0  g dextrose, 3.0 g 
baking powder, 0.006 g vanillin and the required 
volume of water). Substitution of wheat flour with 
MPP, ROSP and PPP were conducted based on 
6% of the wheat flour weight. Control sample was 
prepared with wheat flour only. Then, biscuits 
were manufactured according to the method 
described by Rowayshed, et al., (2015) and baked 

at 205°C for 8-10 min. After  baking, different 
biscuit samples were cooled at room temperature 
(at 23 ± 2° C) and were packed in polyethylene 
pouches, sealed and stored at 4 ± 1° C, until 
further analysis and testing. 

Gross chemical composition of food 
processing by- products  

Samples of MPP, ROSP and PPP were 
analyzed for their moisture, crude protein, ether 
extract, total ash and crude fiber contents 
according to the methods described in the AOAC 
(2005). Nitrogen free extract (NFE)  was 
calculated by difference as follows:   NFE (%) = 
100 - ( % moisture + % protein + % lipid extract  +  
% ash  + % crude fiber ). However, total dietary 
fibers content was determined enzymatically 
according to the method described by Asp et al., 
(1983)   

Total polyphenols content in different by-
products and biscuit samples were determined 
according to the method of Singleton and Rossi 
(1965), and the result was expressed as Gallic 
Acid Equivalent (GAE, milligram of gallic acid per 
one gram of dried sample). While, the carotenoids 
content was determined spectrophotometerically 
using the method described by de Carvalho et al., 
(2012), at 450 nm absorbance and the results 
were expressed as milligram per 100 gram 
sample. 

Fractionation and identification of 
polyphenolic compounds 

The chromatographic analysis was carried out 
to fractionate and identify polyphenolic 
compounds by using the analytical HPLC system 
employed comprised a Shimadzu HPLC High-
Performance Liquid Chromatography equipped 
with a Shimadzu Series diode array detector 
(Hewlett Packard, Tokyo,  Japan), according to 
the method of  Delage et al., (1991). Ten 
microliters of the sample and the standards were 
injected. The polyphenolic compound 
concentrations were calculated by comparing the 
peak areas of the by-product extract with that of 
standards and the final data was expressed as 
microgram per one gram material (μg/g) on dry 
weight basis. 

Measurement of rheological properties 
Both wheat flour sample (control) and wheat 

flour substituted with 6% selected food processing 
by-products were determined by using 
Farinograph test according to the methods in 
AACC (2000). The measured parameters were 
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water absorption, dough development time, dough 
stability and Farinograph quality number. 

Antioxidant activity 
Antioxidant activity of the prepared biscuit 

extracts (according to the method of Ajila, et al., 

2007b) was determined by using -carotene 
bleaching method following according to Marco 

(1968), with little modifications. One mL of -
carotene (Sigma-Aldrich Inc.) solution, 0.2 mg/mL 
in chloroform, was added to round-bottom flasks 
(50 mL) containing 0.02 mL of linoleic acid and 
0.2 mL of Tween 20. Each mixture was then 
dosed with 0.2 mL of 80% methanol (as a control) 
or corresponding extracts or standards. After 
evaporation to dryness under vacuum at room 
temperature, fifty ml. of oxygenated distilled water 
were added and the mixture was shaken to form a 
liposome solution. The samples were then, 
subjected to thermal auto oxidation at 50 °C for 2 
hr. The absorbance of the solution at 470 nm was 
measured on a spectrophotometer (Beckman DU-
50) by taking measurements at 10 min intervals, 

and the rate of bleaching of -carotene was 
calculated by fitting linear regression to data over 
time. All samples were assayed in triplicate. Both 

BHT and -tocopherol in 80% methanol (at 50 
ppm) were used as control. 

Antioxidant activity (AA) was calculated as 
percent inhibition relative to control using the 
following equation (Al-Saikhan et al., 1995).  

AA= (R control - R sample) / R control x 100 
Where R control and R sample were the bleaching 

rates of beta-carotene in reactant mixture without 
antioxidant and with by product extract, 
respectively. 

Sensory evaluation 
Sensory evaluation was carried out with 10 

panelists from Al-Awael Company, Giza, Egypt. 
Testing was done in the sensory laboratory. Each 
panelist was served with 4 randomly arranged 
biscuit samples on a rectangular plastic tray. The 
biscuits were individually sealed in a pouch and 
coded with a three-digit number prior to testing. 
The 4 samples consisted of 3 types of samples 
substituted with MPP, ROSP and PPP and a 
control (100% wheat flour). Water was provided 
for rinsing between the samples. Panelists were 
asked  to evaluate the colour, crispiness, flavour 
and overall acceptability of the biscuits using the 
9-point hedonic scale according to Shalini and 
Sudesh (2004), where:   1=dislike extremely, 
2=dislike very much, 3=dislike moderately, 
4=dislike slightly, 5=neither like nor dislike, 6=like 
slightly, 7=like moderately, 8=like very much, and 
9=like extremely.  

Statistical Analysis 
All measurements and determinations were 

done in triplicate and recorded as mean ± 
standard division (SD). Statistical analysis was 
performed with the Student t-test and MINITAB 12 
computer program using one way analysis of 
variance (ANOVA) test (Minitab Inc., State 
College, USA).  
 
RESULTS AND DISCUSSION 

Gross chemical composition of selected food 
processing by-products  

The chemical composition of food processing 
by-products is shown in Table (1).  

 
Table 1. Chemical composition of food processing by-products (on dry weight basis). 

 

Parameters MPP ROSP PPP 

Crude  protein (%) 3.17 b ± 0.42 2.61 b ± 0.12 10.12 a ± 0.94 

Lipid  extract (%) 1.75 b ± 0.13 9.85 a ± 1.32 1.23 b ± 0.50 

Crude fibers (%) 9.77 b ± 0.82 24.90 a ± 3.51 10.27 b ± 1.24 

Total ash (%) 3.24 b ± 0.45 5.88 a ± 0.85 4.69 a ± 0.50 

Nitrogen free extract (%) 82.07 a ± 3.66 56.76 c ± 4.12 73.69 b ± 3.09 

Total dietary fibers (%) 48.16 b± 2.26 59.36 a± 3.87 49.01 b ± 2.55 

Total polyphenols (mg GAE/g) 79.84 b ± 2.51 90.11 a ± 4.32 36.79 c ± 1.82 

Total carotenoids (mg / 100g) 400.07a± 0.28 91.00 b ± 0.14 121.00 b ± 0.98 

Moisture (%) 9.04 a ± 1.46 9.12 a ± 1.07 7.31 b ± 1.22 

 
               Means in the same row with different letters are significantly different at p≤0.05. 
               Each value represents the mean of three replicates ±SD.  
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The results showed that moisture content 
ranged between 7.31-9.12%. The potato peels 
powder (PPP) recorded the highest content of 
crude protein, while red onion skins powder 
(ROSP) recorded the highest values of moisture, 
lipid extract, crude fibers and total ash. However, 
MPP recorded the highest content of nitrogen free 
extract with high significance (p≤0.05) among the 
other food processing by-products. Our results are 
in accordance with those reported by Ashoush 
and Gadallah (2011) and Elhassaneen et al., 
(2016). The obtained results also showed that 
ROSP have the highest content of polyphenols 
(90.11 mg GAE/g) and total dietary fibers (59.36 
%), with significant difference (p≤0.05). 
Meanwhile, significancy was recorded between 
POSP, PPP and MPP. However, MPP recorded 
the highest content of carotenoids (400.07 mg 
/100g), with significant difference (p≤0.05), 
followed by PPP and ROSP. Meanwhile, no 
significancy was recorded between PPP and 
ROSP. Our findings are in harmony with those 
found by Schieber and Saldana (2009) and Ajila 
et al., (2010). All of these data confirmed that 
such selected food processing by-products could 
be used successfully in food technology 
applications due to their high nutritional values, as 
good sources of crude protein, crude fibers and 
total ash (minerals).  

Fractionation and identification of 
polyphenolic compounds 

Polyphenolic compounds constitute one of the 
major groups of compounds acting as primary 
antioxidants or free radical terminators (Ajila, et 
al., 2008), hence, polyphenols were fractionated 
and identified using HPLC from different by-
product samples, and the obtained results are 
presented in table (2). It could be noticed that 
eight phenolic compounds were identified from 
MPP; gallic acid is a major component (629.18 
µg/g),followed by catechin (577.36 µg/g) and 
querectin (45.94 µg/g). These results are in 
harmony with those found by Prasad, et al., 
(2012). They also added that MPP contain 
mangifrin, beside gallic acid and catechin which 
exhibited antioxidant activity. Also, Ajila, et al., 
(2007a) confirmed that anthocyannins presented 
in MPP exhibited antioxidant activity. On the other 
hand, the main polyphenolic component in red 
onion peels (ROSP) is querectin (1180 µg/g), 
followed by gallic acid (242.15 µg/g) and syringic 
acid (189.38 µg/g). These results are in harmony 
with those documented by Lee and  Mitchell 
(2011), who added that onion is considered one of 

the major source of dietary flavonoids, especially, 
quercetins (about  ten different glycosides), which 
have antioxidant activity. Also, Elhassaneen, et 
al., (2016) who ascertained that onion is a rich 
source of phenolic compounds with high 
antioxidant potency. Concerning, polyphenolic 
compounds presented in (PPP), results showed 
that eleven compounds were identified, quercetin 
is considered the major compound (339.63 µg/g), 
followed by gallic acid (266.78 µg/g), then caffeic 
acid (134.74 µg/g).These results are in agreement 
with those found by AL-.Saikhan, et al., (1995), 
Dorta, et al., (2012) and Farvin, et al., (2012).. 
Also, Schieber and Saldana (2009) who proved 
that PPP contain the previous components which 
have nutritionally and pharmacologically 
interesting effects.  

Effect of selected by-products on the 
rheological parameters of wheat flour 

Farinograph parameters were measured for 
wheat flour substituted with 6% MPP, ROSP and 
PPP, compared to wheat flour only and the 
obtained results are presented in Table (3). The 
substitution of different food processing by-
products increased the water absorption by the 
rates of 14.36, 18.46 and 11.45% for dough 
containing 6% ROSP, PPP and MPP, 
respectively. Similarly, Ashoush and Gadallah 
(2011) investigated the effect of MPP at different 
replacing levels (5, 10, 15 and 20%) on the 
rheological properties of biscuits and found that 
wheat flour incorporated with MPP showed an 
increase in water absorption from 60.4 to 67.6%. 
This increment may be due to high content of 
dietary fibers in. Other investigations pointed out 
that this increment is referred to the interaction 
between water molecules and hydroxyl groups of 
polysaccharides through hydrogen bonding 
(Rosell et al., 2001 and Dikeman and Fahey, 
2006).  However, Sudhakar and Maini (2000) 
reported that mango peels contain a high amount 
of pectin, a soluble dietary fiber, which had water 
holding capacity more than cellulose.   

The dough development time (Ddt) in min., by 
the rates of 43.48, 78.26 and 56.52% with 6% 
incorporation of ROSP, PPP and MPP, 
respectively. These increments may be due to 
high content of dietary fibers and pectin which act 
as a food hydrocolloid. The increasing in (Ddt) 
illustrates that the dough with the addition of by-
products a longer relaxation time (the dough is 
tougher). Khalil et al., (1976) and Nasr (1998) 
stated that the dough development time is 
affected and varied proportionally with the protein 
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content of the flour and its quality.   
 

 

 
Table 2. Polyphenol components of selected by-products (µg/g).  

Components 
Retention 

Time (min.) 
(MPP) (ROSP) (PPP) 

Gallic acid 3.130 629.18 242.15 266.78 

Catechin 3.834 577.63 0.00 0.00 

Caffeic acid 4.951 12.77 1.76 134.74 

Syringic acid 5.312 41.32 189.38 15.97 

Rutin 5.712 0.00 0.00 0.00 

Coumaric acid 7.653 0.00 0.71 1.33 

Vanillin 8.377 3.14 3.46 25.04 

Ferulic acid 8.975 0.00 1.10 112.87 

Naringenin 9.408 2.77 18.01 2.76 

Querectin 10.669 45.94 1180.00 339.63 

Cinnamic acid 11.157 0.05 13.94 15.49 

Propyl gallate 10.236 0.00 4.25 8.52 

4.7-Dihydroxyiso flavone 10.485 0.00 63.58 26.40 

 
 

Table 3. Farinograph parameters of wheat flour substitution with 6% of food by–products. 

Treatments 
Water  

Absorption (%) 
Arrival time  

(min) 

Dough  
Develop. 

 time (min) 

Dough  
stability (min) 

Farinograph  
quality number 

*Control 58.5 c ±2.45 1.1 b ±0.19 2.3 c ±0.21 3.9 b ±0.34 149 c ±5.8 

**C +  MPP 65.2 ab ±2.90 1.7 b ±0.23 3.6 a ±0.41 5.6 a ±0.29 155 b ±3.1 

C +  ROSP 66.9 ab ±3.98 1.5 b ±0.16 3.3 b±0.10 4.7 b ±0.51 153 b ±3.9 

C +  PPP 69.3 a ±5.09 2.1 a ±0.11 4.1 a ±0.38 6.3 a ±0.67 161 a ±4.2 

 
        *Wheat flour, 72 % extraction ratio; Mean values with the different letters in the same column are significantly                  

different at level p≤0.05. 

Concerning, dough stability (DS), it is the most 
important index for dough strength. Substitution of 
food processing by-products, MPP, ROSP and 
PPP by 6 % to wheat flour showed markedly 
longer stability periods than the control sample 
(5.6 , 4.7 and 6.3 min., respectively), the 
increment rates were 43.59, 20.51 and 61.54%, 
respectively, compared with control sample. This 
finding could be attributed to the effect of 
materials on the quality of both protein and dietary 
fibers of flour in particular the binding force 
property. Regarding Farinograph quality number 
(FQN), significant increments (p≤0.05) were found 
between the control sample and samples 
substituted with different FPP. These results are 
in harmony with those found by Pečivova et al., 
(2011).  

Antioxidant activity of biscuit samples 
Table (4) shows the antioxidant activity and 

bioactive compounds content (total dietary fibers, 

carotenoids and phenolics) of the control biscuits 
(wheat flour only) and those substituted with 
different food processing by-products. It could be 
noticed that the control biscuits showed low 
antioxidant activity (35.65%), however, 
substituting with food processing by-products 
(MPP, ROSP and PPP) induced significant 
increasing (p≤0.05) in the antioxidant activity by 
the rates of 32.69, 99.80 and 71.59 %, 
respectively, with no significant difference 
between MPP and ROSP. Such increments in AA 
% are correlated with the high content of the 
different bioactive compounds as presented in 
Table (1). Where, the dietary fibers (g/100g), 
carotenoids (mg/100g) and phenolics (mg 
GAE/100g) in biscuits substituted with 6% MPP 
recorded (9.44, 23.07 and 463.44 %), however, 
ROSP (01.01, 5..7 and 75..75 %) and PPP (9.51, 
9.07 and 214.87), respectively. Our findings are in 
agreement with those found by Ashoush and 
Gadallah (2011). Many studies indicated that 
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there was a positive relationship between total 
phenolics and antioxidant activity in different food 
products (Vassoand Constantina, 2007, Hegazy, 
2009 and Ahmed, 2015). 

Sensory evaluation of biscuits enriched with 
food processing by-products 

In all food stuffs, sensory evaluation is 
considered one of the most important parameter 
that can be taken as a final guide to determine 
their quality from the consumer point view. So, the 
influence of substituting different selected FPP on 
the organoleptic properties of the biscuits in terms 
of colour, crispiness, flavour (taste and odour) and 
overall acceptability was evaluated and the 
received data were statistically analyzed and 
illustrated in Fig. (1). from these data, it could be 
noticed that the biscuits substituted with 6 % 
MPP, ROSP and PPP were significantly different 
(p≤0.05) in colour. The ROSP biscuits were 
shown to be the least liked by the panelists. 
Broyart (1998) reported that the initial acceptance 
of baked products is much influenced by colour, 
which can also be an indicator of baking 
completion. As for ROSP, flour imparts a dark 
brown colour to the biscuits; this might have given 
the panelists an impression of ‘over-baked’ 
product, thus affecting their acceptability. 
However, in MPP biscuits, the colour could be 
partially contributed by the carotenoids in MPP 
flour which imparts a yellowish colour to the 
biscuits. Similar findings were reported by 
Brennan et al. (2001). Colour was not significantly 
different among the control and MPP biscuits and 
significantly (p≤0.05) different among the control 
and ROSP and PPP biscuits. Wheat flour was 
also substituted with PPP in the production of 
white bread, but it increased crumb darkening and 
reduced the loaf volume (Toma et al., 1979). 
Concerning crispiness, there was no significantly 
difference in crispiness between the control and 

MPP biscuits, while significant (p≤0.05) difference 
was found among the control and ROSP and PPP 
biscuits. This observation in MPP substitution 
could be due to either the small percentage of 
wheat flour substitution in the biscuits formulation, 
which did not affect the gluten network in the 
dough, nor the development of an open internal 
structure upon baking.  

Regarding the perceived flavour, no 
significant difference was observed in terms of 
flavor between the control biscuit and biscuits 
substituted with 6% MPP. This could probably due 
to the nature of MPP which did not impart any 
additional flavour to the crackers. However, there 
was a significantly different (p≤0.05) in flavor 
between biscuits substituted with ROSP and PPP 
compared to the control biscuits. In similar study 
of Ashoush and Gadallah, (2011) investigated the 
effect of MPP at different replacing levels on 
sensory properties of biscuits; they found that 
biscuits with mango flavor recorded acceptability 
up to incorporating ratio by 10% MPP.  The lowest 
score for the ROSP biscuits could be attributed to 
the ‘oniony’ after-taste, as was perceived by some 
panelists. 
 Also, Orr et al., (1982) found that adding 
PPP caused a musty odor in breads, but the 
extrusion of potato peel before its utilization can 
reduce this aroma from the final product.  There 
was no significant difference in term of overall 
acceptability between the control and MPP 
biscuits. This could be attributed to the close 
resemblance of the biscuit types in terms of the 
colour, crispiness and flavor of the commercial 
biscuits. However, the ROSP and PPP biscuits 
were significantly different (p≤0.05) in overall 
acceptance. The lower ratings for the ROSP and 
PPP biscuits could be due to the unpleasant flavor 
of the biscuits.

Table 4. Antioxidant activity and bioactive compound contents of the biscuits 

Treatments 
Antioxidant  

Activity 
(AA%) 

Total dietary 
 fibers (%) 

Total 
carotenoids 
(mg/100g) 

Total 
polyphenolics 
(mg GAE/100g) 

*Control 35.65 c ±3.76 6.94 b ±1.33 2.67 c ±0.55 3.29 c ±1.66 

C + 6% MPP 68.34 a ±3.20 9.44 a ±2.10 23.07 a ±3.61 463.44 a ±24.98 

C + 6% ROSP 71.23 a ±4.11 10.18 a ±1.09 7.65 b ±1.76 523.54 a ±35.65 

C+ 6% PPP 61.17 b ±1.89 9.51 a ±0.98 9.07 b ±2.04 214.87 b ±9.83 

 
         *Wheat flour (72 % extraction ratio). Each value represents the mean of ten replicates ±SD. Mean values with                  

the different letters in the same column are significantly different at level p≤0.05.         
         MPP, mango peels powder, ROSP, red onion skins powder; PPP, potato peels powder. 
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Figure 1.  Sensory evaluation of biscuits substituted with food processing by-products MPP, 
Mango peels powder; ROSP, red onion skins powder; PPP, potato peels powder; CB   control 

biscuits. 
 

CONCLUSION 
According to the above mentioned results, the 

selected food processing by-products (peels of 
mango, onion and potato) are considered good 
sources of dietary fibers and bioactive compounds 
such as carotenoids and polyphenolics. 
Accordingly, biscuit samples substituted with 6 % 
of these by-products had high contents of total 
phenolics and carotenoids. The Increment of such 
bioactive compounds exhibited higher antioxidant 
activity than control ones. Biscuit samples, 
especially enriched with 6 % of mango peels 
powder perceived high scores of sensory 
characteristics.  
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