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THE present work aimed to evaluate the antioxidant, antimicrobial and anticancer effects 
of citrus peels. The quality and storage characteristics of probiotic yoghurt drink samples 

were investigated which were made with 1, 2 and 3% of citrus peels powder (Orange- Mandarin- 
Lemon). Sensory analysis, acidity, pH, and bacteria counts, of the yoghurt drink samples, were 
determined on days 0, 7, 14, and 21 during storage at 4 °C. The results indicated the presence 
of antioxidant activity of citrus peels due to their high phenolic compounds content, the highest 
phenolic concentration was found in orange peel (1108 mg/100 g). The flavonoid content of 
orange peel powder was 518 mg/100 g. The corresponding values for Mandarin and lemon 
peels were 420 mg/100 g and 860 mg/100 g respectively. The antioxidant activity determined 
by DPPH in orange, mandarin, and lemon peel powders, were 45.99, 36.10, and 43.60% 
respectively. Polyphenols were identified in orange, mandarin, and lemon peels. The results 
revealed that orange, mandarin, and lemon peel powders exhibited an efficient cytotoxicity 
against human tumor cell lines representing colon carcinoma (HCT116) relative to the positive 
doxorubicin. The results also showed that lemon (Citrus limon), mandarin (Citrus reticulata) 
orange (Citrus sinensis) peels had antibacterial activity against all pathogenic bacteria and 
fungi and the ethanolic extract was higher than the aqueous with all microbes for citrus peels 
used, and the ethanolic extract of orange peels gave the highest inhibition of pathogenic 
microbes. The results of the sensory evaluation showed that yoghurt drinks containing 1 and 
2% of orange, mandarin, and lemon peel powders concentrations compared with control had 
no significant differences. It can be concluded that citrus peel may be useful to be applied to 
the development yoghurt drink with excellent antifungal and antibacterial activities without 
affecting sensory characteristics of fermented milk.

Keywords: Citrus peel, Yoghurt drink, Anti-oxidant and anti-microbial activities, Cytotoxicity 
activity.
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Introduction                                                                          

Citrus is a universal term for plants belonging to the 
family Rutaceaeis considered as an important fruit 
around the world and one-third of the processed 
crop (Jiang et al., 2014). Peels are generated as 
the primary citrus byproducts that represent about 
50-65% of fruit weight during processing. These 
byproducts are discarded and considered as a huge 
load to the environment (Mandalari et al., 2006; 
Nayak et al., 2015; Wang et al., 2008; Ramful et 
al., 2011). Citrus processing by-products have a 
rich source of naturally occurring flavonoids. The 
peel which represents roughly half the fruit weight 

contains the highest concentrations of flavonoids 
in the citrus fruit (Manthley & Grohmann, 2001).  
Fibers also have beneficial effects on human 
health. Trumbo et al. (2002) reported that the 
recommended daily intake of fiber is about 38 g 
for men and 25 g for women. The extract of Citrus 
peel contains a lot of phytochemicals including 
flavonoids, which have antioxidant activity 
(Rekha & Bhaskar, 2013). Citrus byproducts are 
promising sources of bioactive ingredients and 
valuable technological and nutritional properties. 
These byproducts can be used as ingredients and 
food additives (Marín et al., 2002; Puupponen-
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Pimia et al., 2002; O’Shea et al., 2012) in the 
food industry for their cheap valuable component 
(Galanakis, 2012). Natural products that occur in 
citrus peels e.g. sugars, flavonoids, carotenoids, 
folic acid, vitamin C, pectin and volatile oils 
present are very useful for the food industry and 
human health. Also, citrus peels are good source 
of phenolic compounds that can be extracted 
which employed as natural antioxidants to inhibit 
oxidation of some foods and can be applied in 
designing functional foods (Patil et al., 2009; 
Albishi et al., 2013).  Functional foods not only 
provide nutrients but also have biologically active 
components that can improve health and can 
reduce the risk of disease in the body (Mohammadi 
& Mortazavian, 2011). Fermented food belongs to 
the present category of functional foods. Reports 
obtain that probiotics do beneficial effects on 
the immune system and the gut, reduce side 
effects after using antibiotics, reduce symptoms 
associated with irritable bowel syndrome, help 
reduce lactose intolerance, and have antimicrobial 
and anticancer characteristics (Fontana et al., 
2013). Lactobacillus and Bifidobacteria spare are 
the most common types of probiotics (Vasiljevic 
& Shah, 2008). Probiotics are referred to as “live 
microorganisms, which when administered in 
adequate amounts confer a health benefit on the 
host” (FAO/WHO, 2001). 

Many health benefits are linked to the 
consumption of probiotic products such as 
treatment of diarrhea, reduction of lactose 
intolerance symptoms, reduction of cholesterol 
in the blood, treatment of irritable bowel 
syndrome, and inflammatory bowel disease, anti-
carcinogenic properties, synthesis of vitamins, 
and enhancing immunity. Classified as stirred 
yoghurt with low viscosity, is a growing area of 
interest based on its convenience, portability, and 
ability to deliver all of the health and nutritional 
benefits of stirred or set yoghurt (Eder, 2003; 
Thompson et al., 2007).

Prebiotics are classified as “non-digestible 
food ingredients that beneficially affect the host 
by selectively stimulating the growth and/or 
activity of one or a limited number of bacteria in 
the colon, and thus improve host health (Gibson 
& Roberfroid, 1995).

When prebiotics are combined with probiotics, 
their relationship is classified as symbiotic. This 
combination can improve the survival rate of 
probiotics and provide additional health benefits 
to the host (Collins & Gibson, 1999). Fiber of 

various sources is added to dairy products due to its 
water-holding capacity and its ability to increase 
the production yield, reduce lipid retention, 
improve textural properties and structure, and 
reduce caloric content by acting as a bulking 
agent (Larrauri, 1999). Citrus fruit peels can be 
used as sources of functional compounds and 
preservatives for the newer food products (Singh, 
et al., 2020). Consumption of foods containing 
fiber may prevent or decrease gastrointestinal 
disorders (Elia & Cummings, 2007). Decrease 
hypertension, hypercholesterolemia, coronary 
heart disease and cancer (Pereira et al., 2004; 
Mann, 2007). Both dietary fiber and probiotics 
are reported to relieve constipation and reduce the 
incidence of colon cancer (Farnworth, 2008; Kaur 
& Gupta, 2002).

The main objectives of this study are to 
investigate the possibility of using probiotic 
bacteria in the production of yoghurt drink mixed 
with different levels of citrus peels to contribute 
to the manufacturing of new functional foods 
and evaluate the antioxidant, antimicrobial and 
anticancer effects of citrus peels.

Materials and Methods                                                    

Plant materials
Lemon (Citrus Limon), mandarin (Citrus 

reticulata), orange (Citrus sinensis), cow milk 
and sucrose were purchased from a local market, 
Giza, Egypt. 

Chemicals, solvents, standards and reagents 
were purchased from Sigma Chemical Co. (St. 
Louis, Mo, USA). All other chemicals used were 
of analytical grade.

Preparation of citrus peel (Orange – Mandarin- 
Lemon) powder

Lemon, mandarin and orange fruits were 
washed by running tap water, peeled and their 
edible portions were carefully separated. The 
obtained fresh citrus peels were cut into small 
pieces before the drying processes. Each of fresh 
lemon or mandarin or orange peel pieces was 
divided separately into two parts and each part 
was dried using the following  methods, The 
fresh citrus peels pieces were dried in an air oven 
(Shellab-Model 1350FX.-Made in the USA) at 
40±2 °C for ~ 48 h (lemon, mandarin or orange) 
dried citrus peels were ground to a fine powder 
using a mechanical laboratory grinder and the 
flour obtained was passed through a 35-mesh 
sieve (0.425 mm), then packaged in polyethylene 
bags and stored at 4±1°C until required for use.
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Preparation of extracts 
Citrus peel extracts were prepared 

according to the method by Yadav et al. (2015) 
with slight modifications. 4 g of peel powder, 
stored at 4 °C, was taken in 4 different conical 
flasks. 20 mL of ethanol, water. The conical flasks 
were tightly stoppered with plugs of non-absorbent 
cotton and this was wrapped with aluminum foil as 
a precautionary measure. The conical flasks were 
placed in a shaker incubator pre-set at 30°C at 130 
rpm for 36 hr for extraction to complete. After the 
extraction process was completed, the flasks were 
removed from the incubator and the contents were 
poured into centrifuge tubes (Tarson Tubes) that 
were tightly capped and were centrifuged at 4200 
rpm at 10°C. The clear liquids were immediately 
transferred to clean, dry petri-plates and were 
placed in a tray drier at 35°C to concentrate it up 
to 80% and to ensure that the solvent used for 
extraction evaporated. The centrifuge tubes with 
pellets were discarded. When most of the solvents 
had evaporated, the extracts were carefully 
transferred into small Eppendorf tubes and stored 
at 10°C.
Development of yoghurt drink

The preparation of yoghurt drink was done as 
the milk-based was heated at 85  °C for 30 min, 
and then cooled to 42.5 °C. Yoghurt culture was 
added (1% starter culture), and fermentation was 
conducted at 42.5 °C for 5 hr. When the pH of 
yoghurt reached 4.6, the fermentation process was 
stopped. Then the yoghurt was cool down to 4 °C 
and stored for 12 hr. The prepared citrus peels 
(1%,2%,3%) were  added to the yoghurt and 10% 
of sugar. The samples were mixed for 50 s using 
an electric stirrer and packed in sterilized cups 
and stored in refrigerator at 4OC.

The inoculants were prepared from lyophilized 
bacteria cultures of the probiotic microorganisms 
Bifidobacterium Bb 12 and Lactobacillus 
acidophilus LA-5, Streptococcus thermophilus 
(were purchased from Christian Hansen 
laboratories). The stock culture was prepared with 
1g of each culture (containing 1.0×107 CFU/g).

Analytical Methods
Determination of total phenolic content
Phenolic compound contents of orange 

peel powder, mandarin peel powder and lemon 
peel powder were determined using the Folin-
Ciocalteu reagent (Singleton et al., 1999). Gallic 
acid was used as standard and the results were 
expressed as mg gallic acid equivalents/100g 
dry weight orange peel powder, mandarin peel 
powder and lemon peel powder.

Determination of total flavonoids content
Total flavonoid contents were determined 

using aluminum chloride (AlCl3) according to 
the method of Zhishen et al. (1999). The results 
were expressed as mg quercetin equivalents/g dry 
weight.

HPLC analysis of phenolic component 
Phenolic concentrations of citrus peel were 

determined by HPLC like the method described 
by Goupy et al. (1999). As follows: 1g of sample 
was mixed with methanol and centrifuged at 10000 
rpm for 10min ((HERMLE Z206A, Germany) 
and therefore the supernatant was filtered through 
a 0.2 μm Millipore after that, its injection into 
HPLC, using equipped with a variable wavelength 
detector (Agilant, Germany) 1100. Also, the HPLC 
was equipped with auto sampler, Quaternary pump 
degasser and column compartment. Analyses 
were performed on a C18 reverse-phase (BDS 
5 μm, Labio, Czech Republic) packed stainless-
steel column (4×250 mm, i.d.), malti wavelength 
detector set at 330 nm and 280 nm for detection 
of flavonoids and phenolic compounds, degasser, 
the column used for fractionation Zorbax 
OD.4.6x250nm and also the flow rate of mobile 
phase during the run was 1 mL/min. The column 
temperature was maintained at 35°C. HPLC 
method started with the linear gradient at a flow 
rate of 1.0 mL/min with a mobile phase of water 
/ acetic acid (98: 2 v/v, solvent A) and methanol / 
acetonitrile (50: 50, v/v, solvent B), starting with 
5 % B and increasing B to levels of 30% at 25 
min, 40% at 35 min, 52% at 40 min, 70% at 50 
min, 100% at 55 min. The initial condition was re-
established by 5 min wash in both solvents.

Antioxidant activity
Determination of DPPH radical scavenging activity
Free radical scavenging activity was 

determined by a DPPH radical scavenging assay, 
according to the modified method of Brand-
Williams et al. (1995). The percentage radical 
scavenging activity (RSA) was calculated using 
the following formula: 

% RSA = [(A
0
 − A

1
)/A

0
] × 100 

Where A
0
 is the absorbance of the control, 

and A
1
 is the absorbance of samples after the 

reaction. The free radical scavenging activities 
of the extracts were expressed as Inhibition 
Concentration 50 value (IC

50
). The IC

50
 value was 

defined as concentration in mg/ml of the sample 
that inhibits 50% of the formation of DPPH 
radical. 
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Assessment of antimicrobial activity of citrus peel 
(orange – mandarin- lemon) water and ethanol 
extracts

Antimicrobial activity of water and ethanol 
extracts of Citrus peel (Orange – Mandarin- 
Lemon) samples were carried out using five 
pathogenic bacterial strains, one pathogenic fungal 
strain and one pathogenic yeast. This method 
was carried out using the disc diffusion method; 
the plates were incubated at 37 °C overnight (in 
case of bacteria) and 28 °C for 3 days in the case 
of fungi. The inhibition zones were recorded in 
mm for replicates that were prepared for each 
treatment according to the method of Kotzekidou 
et al. (2008).

Pathogenic microorganisms
Bacteria
The bacterial strains used in this work (Gram-

positive and Gram-negative) were kindly supplied 
by the Microbiology Department, Faculty of 
Agriculture Cairo University. These strains are 
Staphylococcus aureus ATCC 25923, E.Coli 
ATCC25922, Bacillus cereus 33018, Salmonella 
typhimurium, ATCC 20231 and Pseduomones 
aeruginosa ATCC 27853. These Cultures were 
maintained on nutrient agar slants at 4 oC.

Mold
Filamentous food–borne fungus; Aspergillus 

niger was isolated from different spoilage sources 
(vegetables, fruits, grains) (Rizk et al., 2009).

Yeast
Candida albicans CAIM-22 was obtained 

from MIRCEN (Microbiology research Center) 
Ain–Shams University, Cairo, Egypt.

Physicochemical analysis
The physicochemical analyses were determined 

according to AOAC (2005) methods. The pH and 
acidity were carried out by AFNOR (1980). 

Viscosity
Viscosity was expressed in Pascal sec (Pas) by 

viscometer using a glass tube and a normalized 
ball equipped with a chronometer at 25 °C

Microbiology analyses during storages
The coliform bacteria were determined 

according to the method described by APHA 
(1976).

Proteolytic bacterial count
Proteolytic bacteria were counted according 

to the procedure described by Brock et al. (1982) 
and Difco Manual (1984) 

Lipolytic bacterial count
Lipolytic bacteria were counted according to 

the methods mentioned by Harrigan & McCance 
(1976) and Difco manual (1984).

Yeast and mold counts
The procedures of Difco-Manual (1984) were 

applied.

Measurement of potential cytotoxicity by 
sulphorhodamine B (SRB) assay

Potential cytotoxicity of orange peel powder, 
mandarin peel powder, and lemon peel powder 
were tested using the method of Skehan et al. 
(1990) in Cancer Biology Dep., National Cancer 
Institute, Cairo Univ., Egypt. Cells for colon 
(HCT) cancer were plated in a 96-multiwell plate 
(104 cells per well) for 24 hr before treatment 
samples to allow attachment of cell to the wall of 
the plate. Plant and seeds in DMSO (0, 5.0, 12.5, 
25.0 and 50.0 µg mL-1) were added to the cell 
monolayer. The final concentration of solvent in 
the culture medium was maintained at 0.5% (v/v) 
to avoid solvent toxicity. Triplicate wells were 
prepared for each dose (concentration).

Monolayer cells were incubated with the 
prepared samples for 48 hours at 37 °C in an 
atmosphere of 5% CO

2
. After 48 h, cells were fixed, 

washed and stained with sulphorhodamine-B stain. 
Excess stain was washed with 1% acetic acid and 
at`1tached stained was recovered with Tris EDTA 
buffer. Color intensity was measured in an ELISA 
reader. The relation between surviving fraction 
and tested sample concentrations were plotted to 
get the survival curve of each tumor cell line after 
the cytotoxicity of the specified compound and 
IC

50
 (dose of the tested samples which reduces 

survival rate to 50%) were evaluated.

Statistical analysis
The data were analyzed using SPSS program 

version 19 (2000). Means and standard deviations 
were determined using descriptive statistics.

Results and Discussion                                               

Polyphenolic compounds (as phenolic 
acids and flavonoids) are important fruit 
phytochemicals compounds for their antioxidant 
activities, their chelation of redox-active metal 
ions, and inactivation of lipid radical chains and 
prevention of hydroperoxide conversion into 
reactive oxy radicals (Cabral de Oliveira et al., 
2009). Phenolic content is used as an indicator of 
antioxidant capacity and as a preliminary screen 
for any product when planned to utilize as a 
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natural source of antioxidants in functional foods 
(Viuda-Martos et al., 2011). Several studies have 
revealed a positive relationship between TPC and 
antioxidant activity in many parts of plants and 
fruits. It’s considered that the antioxidant activity 
of phenolic compounds is due to their high redox 
potentials, which permit them to act as reducing 
agents, hydrogen donors and singlet oxygen 
quenchers (Radha et al., 2014). Data in Table 1 
illustrated that the highest phenolic concentration 
was found in orange peel (1108mg/100 g). For 
mandarin peel was found 930 mg/100 g. On the 
other hand, lemon peel, phenolic content was 
(581 mg/100 g). Flavonoids referred to as primary 
antioxidants and act as radical acceptors and 
chain reaction breakers. The position and degree 
of hydroxylation are of primary importance in 
determining the antioxidant activity of flavonoids 
(Shahidi et al., 1992). Citrus peels are a rich source 
of natural flavonoids. Also, phenolic and flavonoid 
compounds of citrus have high antioxidant 
activity. Flavonoids possess a broad spectrum 
of chemical and biological activities including 
radical scavenging properties. Such properties 
are evident for flavonols (Kamran et al., 2009; 
Hayat et al., 2010; El–Seedi et al., 2012). From 
the results, the flavonoid content of orange peel 
powder was 518 mg/100 g. The corresponding 
value for Mandarin peel was 420 mg/100 g 
while the flavonoid content of lemon peel was 
860 mg/100 g. Wang et al. (2008) analyzed the 
flavonoid content of different varieties of citrus 
fruits and found that seven varieties had less than 
20 mg flavonoid per gram. The lemon peel had 
a negligible amount of 21.6 mg/g on dry basis. 
However, in the presented study, the flavonoid 
content of lemon peel powder was much higher 
than those reported previously.

The antioxidant property is linked to the 
ability of phenolic compounds to scavenge free 
radicals, break radical chain reactions and chelate 
metals (Nayak et al., 2015). The total antioxidant 
capacity of plant extracts is influenced by their 
chemical composition and antioxidant content. 
Antioxidants are greatly used as food additives to 
support the degradation of foods and to improve 
their shelf life by preventing lipid per-oxidation 
as well as protect oxidative damage (Kumaran 
& Karunakaran, 2006). Table 1 revealed that 
antioxidant activity in orange peel powder, 
mandarin peel powder and lemon peel powder, 
were 45.99, 36.10 and 43.60% respectively. The 
DPPH % activity of dried orange peel extracted 
was higher than mandarin and lemon peels. The 

present investigation demonstrated that between 
the three peel powders studied, the orange peel 
had higher antioxidant activity than mandarin and 
lemon peel powders. This could be attributed to the 
overall bioactive components present in the peels. 
The antioxidant activity of peel extract might be 
due to the reduction of superoxide, inactivation 
of free radicals, or complexion with metal ions 
or their combination (Karoui & Marzouk, 2013). 
Casquete et al., (2015) determined the antioxidant 
capacity of lemon, lime, mandarin and orange 
peel using (DPPH and ABTS). Regarding DPPH 
in control samples of lemon, lime, mandarin and 
orange peel were 80.93, 53.11, 69.02 and 102.39 
mg Trolox /100g of peel extracts, respectively. 
The different levels obtained from these assays 
may indicate a relative difference in the ability of 
antioxidant compounds in the extracts to quench 
aqueous peroxyl radicals (Thaipong et al., 2006).

Polyphenolic compounds of orange peel 
powder, mandarin peel powder and lemon peel 
powder

Qualitative HPLC profile of the orange peels, 
mandarin peels and lemon peels was performed 
using HPLC. Qualitative HPLC analysis of 
the major peaks of the orange peels, mandarin 
peels and lemon peels water extracts were based 
on the comparison of their retention times with 
reference standards. The following polyphenols 
were identified in orange peels, mandarin peels 
and lemon peels water extract: gallic acid, 
chlorogenic acid, catechin, Caffeine, Coffeic 
acid, Syringic acid, Rutin, Ellagic acid, Coumaric 
acid, Vanillin, Ferulic acid, naringenin, propyl 
gallate, 4`.7-DihydroxyisoFlavone, quercetin, 
and cinnamic acid. The major compound in 
orange peel was naringenin while Coffeic acid 
and Vanillin were not found in Table 2. 

Also, the major compound in mandarin was 
naringenin while Ellagic acid and Vanillin were 
not found. However, the major compound in 
lemon was gallic acid while Caffeine, Coffeic 
acid, Syringic acid not found Gorinstein et al. 
(2001) in a comparative analysis of biochemical 
characteristics of citrus fruits reported the highest 
total phenolic content in peels of lemons (190 
mg/100 g) followed by oranges (179 mg/100 g) 
and grapefruit (155 mg/100 g). Huge amounts of 
flavanones and many polymethoxylated flavones 
are contained in citrus peels which are rare in 
other plants (Bocco et al., 1998; Rekha & Bhaskar, 
2013). Also, Abd El-ghfar et al. (2016) reported 
that citrus peels have high contents of natural 
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phenolic, flavonoids, carotenoids and ascorbic 
acid with a significant antioxidant activity which 
could be recommended to use as functional 
ingredients for the food industry.

Cytotoxicity effect of orange peel powder, 
mandarin peel powder and lemon peel powder

Apoptosis may be a specialized process of cell 
death that›s a part of the normal development of 
organs and tissue maintenance but can also occur as a 
response to varied environmental stimuli, indicating 
toxicity. Since apoptosis can play a critical role in the 
development of cancer, the ability of toxins to induce 
apoptosis appears to be linked to their toxicological 
effects (Dragan et al., 2001).

Orange peel powder, mandarin peel powder 
and lemon peel powder were evaluated for their 
cytotoxicity activities in-vitro disease oriented 
antitumor screening using sulphorhodamine B 
(SRB) assay including human tumor cell lines 
representing colon carcinoma (HCT116). The 
percentage of the viable cells and the IC

50
 value 

TABLE 2. Fractionation of polyphenols and flavonoids components by HPLC (µg/g) for citrus peels.

Components Conc.
(µg/g orange)

Conc.
(µg/g mandarin)

Conc.
(µg/g lemon)

Gallic acid 1641.85 958.46 867.48

Chlorogenic acid 1152.05 548.44 0.00

Catechin 1627.06 1207.60 469.17
Caffeine 122.90 33.97 0.00
Coffeic acid 0.00 96.54 0.00

Syringic acid 198.47 95.01 0.00

Rutin 1046.71 686.40 309.19

Ellagic acid 216.50 0.00 95.59
Coumaric acid 74.36 60.94 56.70
Vanillin 0.00 0.00 30.95
Ferulic acid 609.42 247.52 70.76

Naringenin 6167.63 3612.51 158.73

Propyl Gallate 1104.64 426.26 217.65

4`.7-DihydroxyisoFlavone 176.77 94.62 94.18

Querectin 438.69 313.74 41.75

Cinnamic acid 20.18 17.56 14.67

TABLE 1. Total phenolic, total flavonoid contents and antioxidant activity of citrus peels.

Antioxidant 
Activity 

Total Flavonoid Content
(mg quercetin /100g)

Content of total phenolic compounds
(mg GAE /100 g)

Sample

45.99±2.1518±2.61108±2.8Orange peel
36.10±4.6420±1.1930±2.4Mandarin peel
43.60±3.2860±2.2581±3-6Lemon peel

were measured and were, subsequently, assessed 
with those of the control, doxorubicin (Fig. 1 
and Table 3). The results in Table 3 revealed 
that orange peel powder, mandarin peel powder 
and lemon peel powder exhibited efficient 
cytotoxicity against human tumor cell lines 
representing colon carcinoma (HCT116) relative 
to the positive doxorubicin. By increasing the 
concentration of dried powder of orange peel to 50 
μg/mL recorded a high percentage of (HCT116) 
dead cell 0.753 (live cell of HEPG2 was 0.247), 
while by the increasing concentration of dried 
powder of mandarin peel to 50 μg /mL recorded 
percentage of (HCT116) dead cell 0.684 (live 
cell of (HCT116) was 0.316), also by increasing 
concentration of dried powder of lemon peel to 
50 μg /mL recorded percentage of (HCT116) dead 
cell 0.553 (live cell of (HCT116) was 0.447). The 
highest dead cell percentage recorded by a dried 
powder of orange peel then mandarin peel then 
lemon peel may be related to the presence of one 
or more phenolic compounds. Orange peel was 
more potent relative to the positive control.



255

Egypt. J. Food Sci. 49, No. 2 (2021) 

ANTIOXIDANT, ANTIMICROBIAL AND ANTICANCER ACTIVITIES OF CITRUS  PEELS

TABLE 3. Effect of orange peel powder, mandarin peel powder and lemon peel powder on HCT 116 .

CONC. μg/mL
Orange peel

HCT 116 -1

Mandarin peel

HCT 116 -2

Lemon peel

HCT 116 -3 HCT 116 – DOX
0.000 1.000 1.000 1.000 1.000
5.000 0.684 0.842 0.737 0.424
12.500 0.674 0.684 0.726 0.379
25.000 0.526 0.526 0.526 0.393
50.000 0.247 0.316 0.447 0.321

Fig. 1. Cytotoxicity of orange peel powder, mandarin peel powder and lemon peel powder on colon carcinoma cell 
line (HCT 116).

As Fig. 1 showed that dried powder of orange 
peel showed cytotoxic effects with the IC50 values 
of 27.5 μg /mL in (HCT116) cell line, while dried 
powder of mandarin peel showed cytotoxic effects 
with the IC50 values of 27.7 μg/mL in (HCT116) 
cell line, and dried powder of lemon peel showed 
cytotoxic effects with the IC50 values of 33.3 
μg/mL in (HCT116) cell line. Im et al. (2014) 
reported that enzymatic hydrolyzed citrus peels 
have high total phenolic content and display 
strong antioxidant and anticancer activities.

Assessment of antimicrobial activity of Citrus peel
Table 4 shows the results of the inhibition of 

microbial strains by the disc diffusion assay which 
is expressed in different extracts as Zone against 
pathogenic strains. The highest antimicrobial 
activity was obtained with the ethanol extract of 
the orange peel against Pseduomone aeruginosa 
and Bacillus cereus with inhibition zone diameters 
of 26 mm and 24 mm. The effectiveness of the 
extracts can be summarized as ethanol extracts 
effective in orange peels > ethanol extract of 
mandarin peel > ethanol extract of lemon peel.
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Citrus peel has antibacterial activity 
observed by Dorman et al. (2000) and 
Mandalari et al. (2007). The mandarin peel 
had greater antimicrobial activity than lemon 
peel demonstrated by Espina et al. (2011). The 
antimicrobial activities of Citrus are related 
to flavonoids and phenols (Viuda-Martos 
et al., 2008). Pavithra et al. (2009) reported 
that the active component responsible for the 
antimicrobial activity of citrus peel oils is a 
monoterpene. The major attributors for the 
antimicrobial capacity of citrus peel oils are 
D-limonene, linalool. Previous work revealed 
that the inhibitory influence of citrus peel 
essential oils is owed to the presence of linalool 
rather than limonene (Fisher & Phillips, 2006). 
The aqueous extract of the fruit of C. Lemon 
contained the phytochemicals such as alkaloids, 
flavonoids, phenols, quinines, terpenoids and 
carbohydrates. The extract was found to possess 

TABLE 4. Assessment the antimicrobial activity of Citrus peel (Orange – Mandarin- Lemon) extracts (ethanol, 
water) 200 uL against some pathogenic microbial strains
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Extracts Inhibition zone (mm)

Ethanol extract of orange peel 26 20 21 24 21 22 17 16

Water extract of orange peel 14 12 12 13 ND 13 ND 9

Ethanol extract of mandarin peel 24 17 19 21 16 12 13 14

Water extract of mandarin peel 10 10 9 13 ND ND ND 9

Ethanol extract of lemon peel 19 12 14 15 13 11 10 12

Water extract of lemon peel 9 ND 9 9 ND ND ND ND

promising antimicrobial activity against several 
bacterial species (Singh et al., 2020). Different 
studies reported that plant extracts more effective 
to gram-positive bacteria than gram-negative 
bacteria, due to the presence of an additional 
lipopolysaccharide coat, nevertheless (Kalemba 
& Kunicka, 2003). The results are in agreement 
with this Citrus species have the antibacterial 
activity against bacterial strains. It was found 
Citrus unshiu peel extract inhibited Bacillus 
cereus, Staphylococcus aureus and Listeria 
monocytogenes (Min et al., 2014). Shetty et 
al. (2016) reported that ethanolic extracts of 
citrus peel are more effective on antimicrobial 
activity than aqueous extracts. Oikeh et al. 
(2020) reported that the fresh Citrus peel extract 
contains more phenolic and better antimicrobial 
activities against the microbial strains compared 
to the dry peel extract.
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Effect of storage at 4±2 °C on the physical 
properties (pH) of yoghurt drink with different 
citrus peels.

The acidity and pH of yoghurt drink 
supplemented with citrus peel were presented in 
Table 5 & 6. pH of the yoghurt drink with orange 
peel 1% stored at 4 °C decreased significantly 
(p≤0.05) over the storage period from 4.7 (day 
0) to 4.1 (day21), yoghurt drink with orange 
peel conc. 2% decreased at storage period from 
4.6 (day 0) to 4.37 (day 21) but orange peel 3% 
decreased at storage period from 4.6 (day 0) to 
4.46 (day 21). Yoghurt drink with Mandarin peel 
1% decreased at storage period from 4.7(day 0) 
to 4.02 (day 21), in conc.2% decreased at storage 
period from 4.6 (day 0) to 4.21 (day 21) but in 
3% decreased at storage period from 4.6 (day 0) 
to 4.33 (day 21). Yoghurt drink with lemon peel 
1% decreased at storage period from 4.7(day 0) 
to 3.9 (Day 21), in conc. 2% decreased at storage 
period from 4.6 (day 0) to 4.13 (day 21) but in 
conc. 3% decreased at storage period from 4.6 
(0day) to 4.20 (day 21) but the control decreased 
from 4.61(day 0) to 3.65 (day 21).

Titratable acidity (lactic acid) of yoghurt 
drink samples refrigerated and stored at 4 °C for 
21days were increased. The values of yoghurt 
drinks with citrus peels are slightly lower than 
titratable acidity values for control yoghurt 
drinks during the storage period. Decreased pH 
and increased acidity of the yoghurt during the 
storage period could be attributed to the starter 
culture’s activity, and the breakdown of lactose 
into lactic acid so a reduction in pH (Hassan & 
Amjad, 2010). These results are in line with Kim 
et al. (1998) who found that acidity was 0.95– 

0.99% of Yam – yoghurt. Similarly, Gregurek 
(1999) showed slightly higher acidity in yoghurt 
prepared with lower amounts of inoculum (post 
acidification). Collado et al. (1994) who found 
that the yoghurt drink and yoghurt like products 
had acidity 0.56% and 0.58%.

Microbiological analysis
Results in Table 7 showed that all samples had 

adequate amounts of viable lactic acid bacteria 
until 21 days of storage. So, all samples are 
satisfactory for three weeks which know the shelf 
life of the product. Lactic acid bacteria count was 
decreased during storage. Growth of probiotic 
bacteria (Bifidobacterium Bb 12 and Lactobacillus 
acidophilus LA-5, Streptococcus thermophilus) 
in the yoghurt drink during the 21days storage 
at 4±2 °C which may be related to the low pH 
post-acidification. Streptococcus thermophilus 
and Lactobacillus delbrueckii subsp. bulgaricus 
live in a mutual stimulation that is related to the 
growth, acidification, and production of aromatic 
compounds. After fermentation, organic acid 
accumulation (e.g., lactic and acetic acid) occurs. 
Akalin et al. (2004) reported that organic acids are 
powerful antimicrobial agents

Microbiological Evaluation
The results of the microbial profile of yoghurt 

drink supplemented with citrus peel which 
represents zero time of the storage and during 
21 days at (4 °C). No growth has been detected 
of yeast, molds, coliform group, proteolytic and 
lipolytic bacteria in fermented drink samples 
so ensuring the hygienic-sanitary safety of the 
yoghurt drink. This study demonstrated that the 
addition of citrus peels, contribute to the growth 
of microorganisms in yoghurt drink Table 7.

TABLE 5. Effect of storage at 4 °C on the physical properties (pH) of yoghurt drink with citrus peels

Storage 
time control

Orange peel (pH) Mandarin peel (pH) Lemon peel (pH)

1% 2% 3% 1% 2% 3% 1% 2% 3%

Zero 
time

4.61d±
0.09

4.7c±
0.29

4.6b±
0.1

4.6b±
0.02

4.7c±
0.2

4.6c±
0.11

4.6b±
0.02

4.7d±
0.29

4.6c±
0.09

4.6b±
0.29

7 days
4.32c±
0.11

4.6c±
0.26

4.52a±
0.08

4.6b±
0.09

4.65c±
0.19

4.4b±
0.14

4.5b±
0.1

4.3c±
0.29

4.40b±
0.05

4.48b±
0.29

14 days
4.02b±
0.14

4.4b±
019

4.41a±
0.07

4.53a±
0.05

4.22b±
0.23

4.37b±
0.16

4.47a±
0.08

4.13b±
0.29

4.33b±
0.07

4.37a±
0.29

21 days
3.65a±
0.07

4.1a±
0.13

4.37a±
0.09

4.46a±
0.06

4.02a±
0.17

4.21a±
0.19

4.33a±
0.09

3.93a±
0.29

4.13a±
0.08

4.20a±
0.29
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TABLE 6. Effect of storage at 4 °C on the physical properties (acidity) of yoghurt drink with different citrus 
peels.

Storage 
time Control

Orange peel conc. Mandarin peel conc. Lemon peel conc.

1% 2% 3% 1% 2% 3% 1% 2% 3%

Zero 
time 

0.94d±
0.11

0.95b±
0.07

0.95b±
0.29

0.97a±
0.29

0.95b±
0.06

0.96c±
0.03

0.97a±
0.07

0.95b±
0.09

0.96a±
0.08

0.97a±
0.05

7 days 
1.08c±
0.09

0.99b±
0.15

0.98a±
0.29

0.97a±
0.29

1.00b±
0.07

1.06b±
0.08

0.98a±
0.14

1.00b±
0.16

1.09a±
0.05

0.99a±
0.17

14 days 
1.27b±
0.2

1.04a±
0.11

1.01a±
0.29

1.00a±
0.29

1.09a±
0.09

1.08b±
0.11

1.03a±
0.13

1.17a±
0.15

1.13a±
0.1

1.07a±
0.09

21 days 
1.52a±
0.17

1.09a±
0.13

1.06a±
0.29

1.02a±
0.29

1.17a±
0.17

1.29a±
0.13

1.08a±
0.1

1.19a±
0.06

1.2a±
0.07

1.12a±
0.06

Contamination by yeast and molds is a major 
problem faced by the dairy industry. Ledenbach 
& Marshall (2009) noted that yeast and mold 
can affect changes in sensory characteristics of 
yoghurt by fermented off-flavors and like yeasty 
and a gassy appearance.

Sensory evaluation of yoghurt drink
Sensory evaluation of  yoghurt drink prepared 

with different ratios of orange peel powder, 
mandarin peel powder and lemon peel powder 
during cold storage periods at (4± °C) after 21 
days are shown in Table 8 a, b, c. Form results 
presented in Table 8 a, b, c, it confirmed that 1 

TABLE 7. Growth of probiotic bacteria (Bifidobacterium Bb 12 and Lactobacillus acidophilus LA-5, Streptococcus 
thermophilus) in the yoghurt drink during the 21days storage at 4 °C.

Storage 
time control

Orange peel (pH) Mandarin peel (pH) Lemon peel (pH)

1% 2% 3% 1% 2% 3% 1% 2% 3%

Zero time 6.4× 108 6.5 × 
108

7.0 
×108

7.5 × 
107

6.4× 
108

6.4× 
108

6.4× 
108

6.2× 
108

6.0× 
108

6.5× 
108

7 days
4.17 × 

107

5.0 × 
107

5. 7 
×107

6.5 × 
107

4.5 × 
107

5.17 × 
107 6× 107 4. 

8×107

4.9× 
107

5. 2 × 
107

14 days 2.0 × 106 2.4 × 
107 4 × 107 5.17 × 

107

4.0 × 
106

4.7 × 
106

5.5 
×106

3.5 
×106

4.0 × 
106

4.4 × 
106

21 days 1.5 × 105 2.5 × 
106

3.5 
×106 5 × 106 3.0 × 

106

2.5 × 
106

2.5 
×106

2.5 
×106

3.0 × 
106

3.5 × 
106

and 2% of orange peel powder, mandarin peel 
powder and lemon peel powder concentrations 
and control of fortified fermented milk 
possessed the best flavor, with no significant 
difference in between, but significantly differed 
in comparison with control and 3% of orange 
peel powder, mandarin peel powder and lemon 
peel powder concentrations. Also, in the sensory 
evaluation, there are no significant differences 
in color and odor between the samples of 
yoghurt drink fortified with orange peel powder, 
mandarin peel powder and lemon peel powder 1 
and 2%.
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As the concentration of orange peel powder, 
mandarin peel powder and lemon peel powder 
was increased in fortified fermented milk the 
score of flavor, color, odor, Viscosity, shape 
and overall acceptability were decreased. 
Hence, the overall acceptability was high in the 
yoghurt drink containing 1 and 2% of orange 
peel powder, mandarin peel powder and lemon 
peel powder concentrations. At the beginning 
of storage, sensory scores of all yoghurt drinks 
were high, due to their more intense flavor and 
better consistency. However, after 7 days, the 
acidity of the yoghurt drinks increased, and the 
sensory scores of all samples began to decrease. 
The overall acceptability scores of samples 
increased during storage for up to 7 days and 
then decreased. This may be attributed to the 
development of acidity. In general, yoghurt 
drinks made with different levels of orange peel 
powder, mandarin peel powder and lemon peel 

powder had acceptable during the storage period. 
These results can be applied to the development 
of yoghurt drinks with excellent antifungal and 
antibacterial activities without affecting the 
sensory characteristics of fermented milk. Also 
improved the flavor characteristics of the final 
product and masked the defects by the natural 
development of aroma. Sendra et al. (2008) 
found that citrus fiber-enriched fermented milk 
has good acceptability and is excellent vehicle 
for a variety of commercial probiotics. According 
to Gahruie et al. (2015), despite the fiber-related 
health benefits, it is important to note that 
consumers do not usually accept formulations 
with more than 3% fiber. From these results, 
it could be revealed that orange peel powder, 
mandarin peel powder and lemon peel powder 
could be added to yoghurt drinks at levels1% and 
2% to obtain products having the best scores for 
all the evaluated characteristics.

TABLE 8a. Sensory evaluation of fermented milk during 4 °C storage.

Sensory 
attribute Treatment

Storage period
LSDZero time 7 days 14 days 21 days

Flavor

C 9.70±0.48Aa 9.60±0.516A 8.70±0.483ABb 7.80±0.632Ac 0.4832
M1% 9.8±0.422Aa 9.7±0483Aa 9.10 ±0.737Ab 8.30±0.483Ac 0.4950
M2% 9.5±0.527Aa 9.4±0.966Aa 8.90±0.994ABa 8.10±0.316Ab 0.6884
M3% 8.7± 0.483Ba 9.30± 0.675Aab 8.40±0.699Bbc 7.90±0.875Ac 0.6329
LSD 0.4359 NS 0.6817 NS

Color

C 9.50±0.527ABa 9.50± 0.527Aa 8.30± 0.4830Ab 7.90±0.5676Bb 0.4784
M1% 9.60±0.5164Aa 9.50±0.5270Aa 8.70 ±0.9487Ab 8.30±0.4830Ab 0.5879
M2% 9.60±0.5164Aa 9.50±0.527Aab 8.90±0.8756Abc 8.70±0.8233Ac 0.6401
M3% 9.10±0.5676Ba 9.40±0.6992Aba 8.80±1.1353Aa 8.00±0.9428Bb 0.7847
LSD 0.4832 NS NS 0.6613

Odor

C 9.70±0.483Aa 9.40± 0.516Aba 8.20± 0.632Ab 7.60± 0.516Cc 0.4903
M1% 9.8±0.422Aa 9.7±0.483Aa 8.9±0.8756Ab 9.1±0.5676Ab 0.5560
M2% 9.7±0.483Aa 9.6±0.516Aba 8.8±0.9189Ab 8.9±0.5676Ab 0.5860
M3% 9.2±0.632Ba 9.2±0.632Ba 8.8±1.0328Aab 8.3±0.6749Bb 0.6917
LSD 0.4639 0.5285 NS 0.5906

Viscosity

C 9.40± 0.516Aa 9.0±0.667Bab 8.50±0.527Abc 8.10± 0.567Bc 0.5497
M1% 9.7 ±0.483Aa 9.4±0.699ABab 8.7±0.6749Aabc 8.9±0.316Ac 0.5129
M2% 9.5±0.707Aa 9,6±0.516Aa 8.8 ±0.7888Ab 8.5±0.707ABb 0.6239
M3% 8.7±0.675Ba 9.0±0.666Ba 8.8±0.6325Aba 7.4±0.699Cb 0.6071
LSD 0.5476 0.5821 NS 0.5393

shape

C 9.4±0.516ABa 9.3±0.6749Aa 8.7±0.6749Ab 8.0± 0.4714Bc 0.5371
M1% 9.6±0.516Aa 9.5±0.7071Aa 9.1±0.8756Aab 8.9±0.3162Ab 0.5801
M2% 9.7±0.483Aa 9.4±0.6992Aa 8.6±0.8433Ab 8.6±0.5164Ab 0.5918
M3% 9.1±0.568Ba 9.3±0.4830Aa 8.5± 0.7071Ab 8.1± 0.5676Bb 0.5328
LSD 0.4736 NS NS 0.4333

Overall 
acceptability

C 9.8±0.422Ab 9.6±0.516Ab 8.5±0.7071A 7.30±0.4830C 0.4926
M1% 9.9±0.316Aa 9.7±0.483Aa 9.0±0.8165Ab 9.1±0.5676Ab 0.5219
M2% 9.5±0.527Ba 9.7±0.483Aa 8.8±0.7888Ab 8.9±0.5676Ab 0.5476
M3% 9.0± 0.471Cab 9.2±0.422Ba 8.6±0.6992Abc 8.1± 0.737Bc 0.5434
LSD 0.4004 0.4304 NS 0.5413

a, b, c with different lowercase letters in the same row are significantly different (p < 0.05). 
A, B, C with different uppercase letters in the same column are significantly different (p < 0.05).
C: control, M1:mandarin1% ,M2:mandarin2% , M3 :mandarin3%
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TABLE 8b. Sensory evaluation of fermented milk during 4 °C storage.

Sensory 
attribute Treatment

Storage period
LSDZero time 7 days 14 days 21 days

Flavor

C 9.7±0.483Aa 9.60±0.516Aa 8.50±0.707ABb 7.80±0.632Bc 0.537
O1% 9.50±0.527a 8.80±0.632Bb 8.70±0.823Ab 8.50±0.527Ab 0.50
O2% 9.5±0.527Aa 8.70±0.674Bb 8.40±0.516ABb 7.70±0.674B 0.547
O3% 9.70±0.48Aa 8.50±0.527Bb 8.0±0.471Bc 70±0.674Cd 0.4950
LSD NS 0.5371 0.5860 0.5722

Color

C 9.50±0.527Aa 9.60±0.516Aa 8.30±0.483Ab 5.90±2.07Cc 1.0250
O1% 9.40±0.516Aa 9.20±0.421Ba 8.90±0.737Aa 8.30±0.483Ab 0.5019
O2% 9.30±0.483Aa 9.10±0.316BCa 8.90±0.875Aa 7.90±0.567ABb 0.5413
O3% 9.10±0.567Aa 8.80±0.421Ca 8.70±0.674Aa 7.20±0.421Bb 0.4832
LSD NS 0.3857 NS 1.0204

Odor

C 9.70±0.483Aa 9.40±0.516Aa 8.20±0.632Ab 7.60±0.516Bc 0.4903
O1% 9.60±0.516Aa 9.30±0.483Aa 8.70±0.823Ab 8.40±0.516Ab 0.5455
O2% 9.50±0.527Aa 9.30±0.483Aab 8.80±0.788Ab 7.90±0.567Bc 0.5476
O3% 9.50±0.527Aa 9.10±0.567Aab 8.60±0.966Ab 7.50±0.527Bc 0.6109
LSD NS NS NS 0.4832

Viscosity

C 9.40±0.516Aa 9.00±0.666Aab 8.50±0.527Abc 8.10±0.567Ac 0.5197
O1% 9.40±0.516Aa 9.20±0.421Aab 8.70±0.674Ab 8.10±0.737Ac 0.5455
O2% 9.10±0.567Aa 9.20±0.421Aa 8.90±0.737Aa 7.10±0.567Bb 0.5306
O3% 9.20±0.421Aa 8.90±0.316Aab 8.60±0.516Ab 6.40±0.516Cc 0.4088
LSD NS NS NS 0.5476

shape

C 9.40±0.516Aa 9.30±0.674Aa 8.70±0.674Ab 8.00±0.471Ac 0.5371
O1 9.30±0.483Aab 9.40±0.699Aa 8.80±0.788Ab 7.900±0.567ABc 0.5860

O2% 9.00±0.471ABab 9.30±0.674Aa 8.60±0.843Ab 7.400±0.516BCc 0.5840
O3% 8.60±0.516Bb 9.40±0.516Aa 8.80±0.788Ab 6.900±0.737Cc 0.5918
LSD 0.4514 NS NS 0.5285

Overall 
acceptability

C 9.80±0.422Aa 9.60±0.5164Aa 8.50±0.7071Ab 7.30±0.483Cc 0.4926
O1% 9.20±0.632Ba 9.20±0.421Aa 8.70±0.823Aab 8.40±0.516ab 0.5600
O2% 9.40±0.516Aa 9.20±0.6325Aba 8.90±0.875Aa 7.90±0.316Bb 0.5620
O3% 9.40±0.516ABa 9.00±0.471Bab 8.70±0.823Ab 7.70±0.483Cc 0.5371
LSD 0.4784 0.4688 NS 0.4143

a, b, c with different lowercase letters in the same row are significantly different (p < 0.05). 
A, B, C with different uppercase letters in the same column are significantly different (p < 0.05).
C: control, O1:orange1% ,O2: orange2% , O3 :orange3%.

TABLE 8c. Sensory evaluation of fermented milk during 4°C storage

Sensory 
attribute Treatment

Storage period
LSDZero time 7 days 14 days 21 days

Flavor

C 9.70±0.483Aa 9.60±0.516Aa 8.70±0.483Ab 7.80±0.632Ac 0.483
L1% 9.20±0.632Ba 8.80±0.421Bab 8.50±0.707Ab 7.60±1.075Ac 0.678
L2% 9.00±0.0Ba 8.60±0.516Ba 8.50±0.707Aa 7.60±1.075Ab 0.629
L3% 8.20±0.421Ca 8.00±0.666Ca 7.50±0.527Bb 7.50±0.527Ab 0.492
LSD 0.4088 0.4880 0.5580 NS

Color

C 9.50±0.527Aa 9.50±0.527Aa 8.30±0.483Bb 7.90±0.567Ab 0.478
L1% 9.10±0.567ABa 8.80±0.421ABa 9.10±0.875Aa 7.60±0.699Ab 0.601
L2% 8.80±0.632BCab 9.10±0.737Ba 8.20±0.421Bbc 7.90±0.875Ac 0.623
L3% 8.40±0.516Ca 8.00±0.471Cab 7.80±0.421Bbc 7.50±0.527Ac 0.441
LSD 0.5108 0.5049 0.5285 NS

Odor

C 9.70±0.483aa 9.40±0.516aa 8.20±0.632Bb 7.60±0.516Ac 0.490
L1% 9.40±0.516Aba 9.30±0.674Aa 8.90±0.737Aa 7.90±0.994Ab 0.681
L2% 9.30±0.483aba 9.20±0.788Aa 9.00±0.666Aa 8.00±0.942Ab 0.671
L3% 9.20±0.422ba 9.00±0.942aa 8.80±0.918ABa 7.60±0.966Ab 0.765
LSD 0.4330 NS 0.678 NS

Viscosity

C 9.40±0.516ABa 9.10±0.737Aa 8.50±0.527Ab 8.10±0.567Ab 0.539
L1% 9.70±0.483Aa 8.90±0.567Ab 8.70±0.823Ab 7.70±0.483Ac 0.550
L2% 9.30±0.483ABa 9.30±0.674Aa 8.40±0.516Ab 7.60±0.699Ac 0.545
L3% 9.20±0.422Ba 9.10±0.567Aa 8.40±0.699Ab 7.60±0.516Ac 0.508
LSD 0.4333 NS NS NS

shape

C 9.40±0.516Aa 9.30±0.674Aa 8.70±0.674Ab 8.00±0.471Ac 0.537
L1% 9.40±0.699Aa 9.30±0.674Aa 8.70±0.823Aa 7.900±0.994Ab 0.733
L2% 9.10±0.567Aa 8.60±0.966Bab 8.50±0.527ABab 8.100±0.875Ab 0.688
L3% 9.10±0.316Aa 8.30±0.674Bb 8.10±0.567Bb 7.900±0.875Ab 0.582
LSD NS 0.688 0.597 NS

Overall 
acceptability

C 9.80±0.422Aa 9.70±0.483Aa 8.50±0.707Ab 7.00±1.155Bc 0.680
L1% 9.40±0.516Ba 9.30±0.483ABab 8.80±0.632Ab 7.900±0.876ABc 0.586
L2% 9.20±0.422BCa 9.20±0.421Ba 8.90±0.567Aa 8.100±1.101Ab 0.623
L3% 9.00±0.00Ca 8.60±0.516Cab 8.50±0.707Aab 8.00±1.054Ab 0.622
LSD 0.358 0.433 NS 0.954

a, b, c with different lowercase letters in the same row are significantly different (p < 0.05).
A, B, C with different uppercase letters in the same column are significantly different (p < 0.05).
C: control, O1:lemon1% ,O2: lemon 2% , O3 :lemon 3%
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Conclusions                                                                         

This study may be used as a reference for 
yoghurt drink manufacturers looking forward to 
mix novel prebiotics with probiotics. The presence 
of functional dietary fiber, natural phenolic, 
flavonoids and antioxidants in orange, mandarin 
and lemon peel powder permit their application 
in food processing to get healthy products and 
used as a natural antioxidants to increase the shelf 
life of food products. The utilization of food by-
products for yoghurt drink production should be 
encouraged as it promotes consumers’ access to 
healthier foods and reduces the negative effects of 
organic waste disposal on the environment.
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