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ABSTRACT 

ANTIOXIDANT PROPERTIES OF FRESH AND FROZEN LEMON, KEY 

LIME AND MUSK LIME AS A SOURCE OF POTENT ANTIOXIDANT. 

Nur Falin l11az/i11a NA 

Citrus belong to family Rutaceae appear as promising sources of beneficial 

co1nponents as it contains high phenolic and flavonoid compound. However, citrus 

peel often being discarded as waste which contain high polyphenol and believed able 

to protect from chronic diseases. The freezing process may offer better antioxidant 

yield, polyphenol content and activity based on previous literature. This study aimed 

to determine antioxidant content and activity of fresh and frozen selected citrus peels. 

Frozen and fresh peels of lemon, key lime and musk lime were subjected to Folin­

Ciocalteu reagent for phenolic content (TPC) determination and aluminium chloride 

calorimetric assay for total flavonoid content (TFC) determination. The antioxidant 

activity determined by DPPH free radical scavenging activity assay and ferric ion 

reducing antioxidant power assay (FRAP). The TPC of frozen samples were 

significantly higher than fresh samples (p<0.05) and ranged frotn 72.01 ±0.67 mg 

GAE/g to 136.48±0.58 mg GAE/g. Similarly, TFC were also significantly different 

(p<0.05) ranging from 50.51± 1.36 mg QE/g to 178.32±2.13 mg QE/g. The ECso values 

obtained from DPPH free radical scavenging assay ranged from 0.823±0. l mg/ml to 

3.16±0.92 mg/ml with frozen citrus peels having a lower value indicating its higher 

antioxidant activity as compared to the fresh citrus peels. Furthennore, frozen citrus 

peels exhibited higher value in FRAP assay compared to fresh citrus peels sample that 

range from 0.38±0.003 mM Fe2+/g to 0.53±0.009 1nM Fe2+/g with significant different

between the fresh and frozen citrus peel samples (p<0.05). For Pearson correlation, 

there is no correlation between DPPH with TPC and TFC. However, there is positive 

correlation exist between FRAP with TPC and TFC (r=0.783, r=0.681, respectively). 

Overall, the present study showed frozen citrus peels possess higher antioxidant 

activity and content compared to fresh citrus peels. Suggesting frozen citrus peel as 

more potent source of natural antioxidant. 
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which show in every I 00 gram of fresh lemon pos es 29 kcal energy which contained 

9.32g carbohydrate 2.50g ugar 2.80g dietary fibre 0.30g fat and 1.1 0g protein. 

The micronutrient of I 00g of fre h lemon are thiamine riboflavin niacin pantothenic 

acid vitamin B6 folate vitamin C iron magne ium pho phoru pota ium and zinc 

(Mohanapriya et al. 2013). 
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Figur 2.2: L n1 n (i . Lim n) 

�60 cm 

2.4.3 Citrus Microca,pa (Musk Lime) 

Citru Mi ro arpa i well known a mu k lin1e or limau '1 a turi by the lo al 

in Malay ia i a mall tree with a long taproot which can grow up to 2 to 7.5 1neter tall. 
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Figure 2.3: Mu k lim (C. mi ro arpa} 

2.4.4 Citrus aura,itiifolia (Key Lime) 

Citru aurantiifolia or known as key lime and limau nipi by the local 

Malay ia. Key lime i widely grown in wrum tropical to uh-tropical region in the 
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Figure 2.4: Key Lim (i . Aurantifolia) 
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tomatoes, carrot and pepper (Danesi & Bordoni, 2008). In other study proposed that, 

increase in amount of flavonols might attributed to release of phenolic compound from 

the matrix during the freezing process (Perez-Gregorio et al., 2011 ). 

The study of freezing effect on raspberries demonstrated freezing had a slight 

effect on ellagic acid which released by acid hydrolysis, vitamin C content, total 

phenol and antioxidant capacity (Mullen et al., 2002). 
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CHAPTER3 

METHODOLOGY 

3.1 Chemical and reagents 

The chemicals that were used in this study are ethanol solution from Fisher 

Scientific (Leicestershire, UK), distilled water was prepared with Favorit W4L water 

distillation system from Genriso (Nottingham, UK), 2,2-diphenyl-l -picrylhydrazyl 

(DPPH), Sodium acetate trihydrate (C2H3Na0i.3H20), 2,4,6-tri-(2-pyridyl)-s-triazine 

(TPTZ), hydrochloric acid (HCI), ferric chloride hexahydrate (FeCh.6H20), sodiwn 

nitrate (NaN03) glacial acetic acid, ferrous sulphate heptahydrate (FeS0,..7H20), 

aluminiwn chloride (AlCh) were purchased from Sigma Chemical Co. (St. Louis, MO, 

USA), Folin-Ciocateu reagent, sodium bicarbonate (Na2C03), gallic acid and 

quercetin were purchased from Sigma-Aldrich (Steinheim, Germany). 
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3.2 Consumables and instruments 

The instruments used in this research are sonicator (Power Sonic 405, Hwashin 

Technology.co, Seoul, Korea), freeze dryer (The VIRTIS Company, Inc Route 208, 

Gardiner, New York), rotary evaporator (Laborata 4000, Neidolph, Japan), Freezer 

(Freezer SANYO - 80°C) Weighing scale (AC Adapter Japan), Fumehood (EFH- 5Al 

Singapore) UV-Vis spectrophotometer (SECOMAM CE. France) and FLOUstar 

Omega microplate reader (BMG labtech, Germany) 

3.3 Sample collection 

All the samples of lemon, key lime and musk lime were purchased from Pasar 

Borong Selangor. The parts of samples that had to be used in this research was only 

the peels of the fruits. Each type of fresh fiuits samples was uniform in size, colour, 

maturity and shape. The fruits washed thoroughly with tap water and dried using towel 

tissues. Then, weighted the citrus fruits respectively according to their species. Next, 

peeled the fruit and removed the peel from the pulp and seed respectively. The peels 

were divided into two parts which was fresh sample and frozen sample. The fresh peels 

of the fruits grinded into smaller uniform particle then it ready to be extract. While the 

other half kept frozen into -80°C prior freeze dried and further analysis. 
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3.10 Statistical analysis 

The results obtain were expressed in means ± standard deviation for further analysis. 

Determination of the differences between these means used, One Way analysis of 

variance (ANOV A) with post-hoc test (Tukey HSD). Pearson's correlation was 

conducted to determine the correlation between of antioxidant contents and 

antioxidant activity in the fresh and frozen citrus peels. All p-values < 0.05 were 

considered to be significant. All of this test carried out by using Statistical Package for 

the Social Sciences (SPSS) 23. 
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Figure 4.1 Extraction yield (%) for fresh and frozen citrus peels sample 

Each of the value are expressed as mean ± standard deviation SD (n= 18). 

Results are expressed as percentage (% ). Mean with different letters indicate there is 

significant difference at level p <0.05. 

Analysis of One Way ANOVA shows there were significant differences in 

species between the frozen and fresh samples of the citrus peels {p<0.05) (Figw·e 4.1). 

The extraction yield of fresh lemon peels (11.0%) was significantly low 

compared with the frozen lemon peels (33.9%). Similarly, the extraction yield of fresh 
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Figure 4.2 Moisture content of citru .. p ,J 

All the values are expressed as mean± standard de iation D (n = 9). Results 

are expressed as percentage (%). Mean with different letter indicate there is a 

significant difference at level p < 0. 05. 

According to study done previously, the percentage of moisture of fresh 

lemon peel sample was 81.23% which is slightly lower than the present study 83.65% 

(El-ghfar, Ibrahim, Hassan Fattah, & Mahmoud 2016). Fresh musk lime contain 

moisture content ranging from 84.14% to 85.95% (Abdullah et al. 2012). However 

in the previous study it does not specify the specific pa11s of the musk lime and the 

moisture content represented the whole fiuit including peels, pulp and seeds. Previous 

study by Rrunesh Y adav et al., (2004) repo11ed the moisture content of fresh key lime 
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was 86.5% which slightly higher from the present study, 77.3% (Ramesh Yadav, 

Chauhan, Rekha, Rao, & Ramteke, 2004). 

Moisture content of plant sample especially fruits is highly influenced by its 

sunounding humidity (Bradley, 2010). Thus, the sample need to be protected from 

long exposure toward open environment and the heat fraction during the process of 

grinding should be minimized and the sample storage container should protect the 

sample from loss of moisture to equilibrate with the environment (Bradley, 2010). 

Other than that, moisture content is also influenced by the maturity of the plant sample 

where the ripe fruits sample contain higher moisture content compared to unripe fruits 

sample (Nagy, Riczu, & Tamas, 2016). 
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4.3 Total phenolic content 

Phenolic compounds are comprising one phenolic acid or more which called 

polyphenol aromatic rings with attached hydroxyl groups in their structures (Minatel 

et al., 2017). Phenolic compound had been known to have free radical scavenging 

activities in various plants and have various medicinal and physiological functions in 

various type of plants (Sultana et al., 2009). Generally, the phenolic compounds have 

the ability to donate one hydrogen atom or an electron to free radical, in a reduction 

process of the phenolic compounds and oxidation process of the free radical compound 

(Dai & Mumper, 2010). 

In a quite recent study, total phenolic content of citrus peels samples was 

measured by the Folic-Ciocalteu (FC) assay. This assay has been commonly used to 

measure the total phenolic compounds in various plants and natural products due to 

simplicity, accuracy and sensitivity. However, the FC assay also possessed some 

limitations and lacking in specificity and have slow reaction rate in acidic pH. It was 

reported, FC assay can also reacted with the amino acid, thiols, vitamin, sugar and 

some minerals compound (Everette et al., 2010). 

For the quantification of polyphenol in the citrus peels samples, Gallic acid 

standard curve at concentration of 0.977 µg/ml to 250 µg/ml was used for 70% aqueous 

ethanol extract. The equation of standard curve for 70% aqueous ethanol extract was 

y=0.0091x + 0.005 (r2= 0.9892). This equation was used to determine the 

concentration of total phenolic content in unit of milligram of Gallic acid equivalent 

per gram of sample (mg GAE/g). 
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The total phenolic content of the citrus peels sample of fresh and frozen are 

shown in Figure 4.3. The results show that the TPC values of fresh lemon peel (72.0 ± 

0.67 mg GAF/g FW) and frozen lemon peel (100.0 ± 0.96 mg GAE/g FW) were 

significantly different. The total phenolic content between fresh musk lime peel 

(108.6± 1.34 mg GAE/g FW) and frozen musk lime peel (136.5 ± 0.58 mg GAF/g 

FW) were also significantly different. Moreover, for fresh key lime peel (75.7 ±1.34 

mg GAE/g FW) and frozen key lime peel (118.6 ± 0.77 mg GAE/g FW) were also 

show the same trend. The result of present study showed that frozen lemon peels had 

38.9% increment of total phenolic content from the fresh lemon peels. Similarly, the 

frozen key lime peels and frozen musk lime peels possess 56. 7% and 25. 7% increment 

of total phenolic content respectively. 
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Figure 4.3 Total phenolic content of fre h and frozen citru peels 

Each value expressed as mean ± standard deviation SD (n= 18). Mean with 

different letter indicate there is significant difference at level p <0.05. 

The total phenolic contents of sample analysed in the present study are ranging 

from 72.01 mg GAE/g FW to 136.48 mg GAE/g FW. There is not much literature on 

phenolic content comparing frozen and fresh cit1us peels. According to the previous 

study the value of total phenolic content of Ajwain (Trachyspermum ammi) was 

4.312±0.098 mg GAE/g dry tnatter for frozen sample which higher than fresh sample 

(1 .791±0.040 mg GAE/g dry matter) (Raza et al. 2015). Generally phenolic content 
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is strongly influenced by the type of extraction solvent, extraction time, extraction 

temperature and sample to solvent ratio (Khoddami et al., 2013). Besides, the 

physiochemical properties of non-phenolic contents also interrupt the total phenolic 

content determination. Other factors such as maturity, agro-climate and postharvest 

storage condition also affect the phenolic content values (Shofian et al., 2011 ). 

In this study, 70% aqueous ethanol extraction and freezing treatment resulted 

to higher total phenolic content compared to fresh citrus peels. This finding aligned 

well with a previous study that shows freezing process of tomatoes had a positive effect 

on the total phenolic content values which increased (5.9%) total phenolic content 

from the fresh tomatoes (Chang et al., 2006). Moreover, a previous study on frozen 

leaves of C. caundatus and P. betle revealed significant increment in total phenolic 

content. However, they also found that there was a simultaneous decline of total 

phenolic content in both A. accidentale and P. minus leaves (Wei et al., 2014). The 

reason behind this may due to fruits and vegetable nonnally contain high content of 

phenolic compound in the outer compartment which accumulate in the vacuoles. The 

food processes such as freezing might accelerate more bound phenolic compound 

released from the breakdown of cellular part besides, the enzyme which have the 

ability to destroy antioxidant is deactivated (Chang et al., 2006). 

In the present study, musk lime possesses the highest total phenolic content in 

both fresh and frozen peels followed by key lime peels and lemon peels. This parallel 

with a previous study which found key lime peels (124 ± 0.52 mg GAE/g extract) 

possesses higher phenolic content compared to lemon peels (87. 77 ± 1.42 mg GAE/g 

extract) (Guimaraes et al., 20 I 0). Besides, other study also found the same results 

where key lime peels (223.3 mg GAE/g extract) have higher phenolic content 

compared to lemon peels (131.0 mg GAE/g extract) (Ghasemi et al., 2009). According 
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to another study key lime peels possess higher phenolic content compared to lemon 

peels (Shofinita, Feng, & Langrish, 2015). However, all of the study did not compare 

total phenolic content of musk lime as one of the selected citrus peels samples in their 

study. 

There is another study comparing total phenolic content in citrus juices found 

that C. hystrix ( 490. 74 mg GAE/I 00ml) possess the highest total phenolic content 

followed by C. aurantifolia (211.70 mg GAE/l0Oml), C. sinensis (135.3 mg 

GAE/I 00ml) and C. microcarpa (105.0 mg GAE/I 00ml) respectively (Ghafar, Prasad, 

Weng, & Ismail, 20 I 0). This finding is slightly difference from the present result 

which might due to the different in the citrus fruit used, different extraction method 

and also can also be due to different environmental condition of cultivation. High 

nitrogen fertilizer exposure toward plants has negative effect toward the total phenolic 

content other bioactive nutrient such as vitamin C and condensed tannins (Ibrahim, 

Jaafar, Rahmat, & Rahman, 2011). 

The reason which made the total phenolic content phenolic content in the 

frozen peels of citrus higher than fresh peels of citrus is due antioxidant content usually 

high at the outer part of plant and the phenolic compound commonly residing in the 

vacuoles. Freezing process have the ability to release more phenolic compound 

through cellular wall disruption which subsequently will release the oxidative enzyme 

and hydrolytic enzyme. Although these enzymes have the ability to destroy the 

antioxidant in fruits, however the freeze dry process inactivate them simultaneously 

(Chang et al., 2006; Perez-Gregorio et al., 2011). 
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4.4 Total flavonoid content 

Flavonoids are grouped as natural compound and usually found both edible and 

non-edible plants. The flavonoids include hydroxybenzoic acid, anthocynins, hydroxyl 

cinnamic acids, proanthicynidins, flavonoids, lignans and stilbenes (Cheong et al., 

2012). Flavonoids are one of the most potent antioxidant compound due to o­

diphenolic group, a 2-3 double bond conjugated with the 4-oxo function and hydroxyl 

groups in positions 3 and 5 structure usually presence. Flavonoids are very good in 

inhibiting lipid oxidation and scavenging activity of hydroxyl and peroxyl radicals 

(Lee, Koo, & Min, 2004). 

In the present study, the total flavonoid content of samples was measured by 

using aluminium chloride calorimetric assay. The assay has been widely used to 

determine the total flavonoid content as it is simple, good, repeatability and accurate 

method (Amin et al., 2013). 

The quercetin standard curve was used for quantification of total flavonoid 

content at concentration of 0.977µg/ml to I 000µg/ml for 70% aqueous ethanol extract. 

The equation of standard curve for 70% ethanol extract was y=0.004lx+0.0619 (r2= 

0.987) and this was used to detennine the concentration of total flavonoid content in 

unit milligram of quercetin per gram of sample (mg QE/g FW). 

The total flavonoid content of frozen and fresh citrus fruits sample are shown 

in Figure 4.4. Based on the results, the total flavonoid content values for fresh lemon 

peels (50.51 mg QE/g FW) and frozen lemon peels (78.15 mg QE/g FW) were 

significantly different. The total flavonoid content in fresh key lime peels (50. 75 mg 

QE/g FW) also was significantly lower than the frozen key lime peels (82.22 mg QE/g 

FW). The present study showed that frozen lemon peels had 54.7% increment of total 
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flavonoid content from the fresh lemon peels. Similar to the frozen key lime peels and 

frozen musk lime peels possess 62.0% and 47.5% increment of total flavonoid content 

respectively. 

r---- - ---- --- - - --

IJFresh IJFrozen 

200 
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180 178.32 ± 2.13 
.I,. 

160 
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120.92 ± 2.56 

� 
120 'T 
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� 100 
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!·.
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Type of citius peels 
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Figure 4.4 Total flavonoid content of fresh and frozen citius peels 

Each values are expressed as mean± standard deviation, SD (n= 18). Mean with 

different letter indicate there is significant difference at level p <0.05. 
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The flavonoid content of sample analysed in present study range from 50.51 

mg QE/g FW to 178.32 mg QFJg FW. There is a lack of literature of published data 

on flavonoid content of frozen and fresh citrus fruits. According to a previous study, 

total flavonoid content in fresh tomatoes were the lowest compared to the tomatoes 

which under gone the freezing processes. The flavonoid content in frozen tomatoes 

increased 23% from the fresh tomatoes (Chang et al., 2006). 

Besides, freezing effect was also observed in red raspberries as results showed 

an increments in flavonoid content of the frozen fiuits compared to fresh and 

refrigerated red raspberries (Mullen et al., 2002). However, there was a marked 

different in the cooling temperature of the previous study which was at 4°C and present

study at -80°C. Frozen citrus peel exhibit higher total flavonoid content compared to

fresh citrus peel may be due to freezing process inactivate the hydrolytic and oxidative 

enzyme which responsible in polyphenol degradation (Perez-Gregorio et al., 2011) 

The present study found that musk lime peels exhibited the highest total 

flavonoid content in both fresh and frozen peels followed by key lime peels and lemon 

peels respectively. However, these findings are different from the previous finding of 

Guimaraes et al., (2010) where they found that lemon peels ( 15. 96 ± 0.24 mg CE/g 

extract) possess higher total flavonoid content compared key lime peels (13.61 ±0.64 

mg CE/g extract). Another previous study found that key lime juices (10.67 mg 

Hesperidin equivalent/I 00ml) possess higher total flavonoid content compared to 

musk lime juices (8. 70 mg Hesperidin equivalent/I 00ml) (Ghafar et al., 2010). These 

differences in flavonoid content may be due to different part of citrus were used, 

different extraction solvent and different extraction method being applied (Khoddami 

et al., 2013). 
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4.5 Antioxidant activity 

Antioxidant have the capability to slow or prevent the oxidation process of 

other molecules. Fruits, vegetable, herbs and spices contain different antioxidant (Guo, 

Yang, Wei, Li, & Xu, 2003). Besides, method of analysis can affect the antioxidant 

activity of a sample, thus one single method has no ability to fully determined 

antioxidant activity of an extract being studied (Fu et al., 2011). Therefore, various 

methods have been developed to determine the antioxidant activity of various plant 

materials. In the current study, the antioxidant activity was determined by DPPH free 

radical scavenging assay and ferric reducing antioxidant power (FRAP) assay. 
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4.5.1 DPPH free radical scavenging assay 

DPPH free radical scavenging assay is a procedure of quantifying antioxidant 

capacity by measuring the decrease in absorbance after oxidation processes. The 

activity is determined by the ability of the antioxidant to retard colour loss (Foti, 

Daquino, & Geraci, 2004). The application of this assay is widespread due to the 

quickness, highly sensitive and convenient method. The DPPH free radical scavenging 

assay also was introduced as one of an easy and accurate method for assessing the 

antioxidant activity in fruits, vegetables, medicinal plants, spices and herbs (Hibamoto, 

2009). Besides, the DPPH powder are commercially available and can easily be used 

(Huang et al., 2005). 

There are a few caution steps need to be noted while performing DPPH assay 

and while interpreting the data. This is because antioxidant compound reacts 

differently with DPPH radicals which highly depends on their structural conformation. 

Antioxidant may be in the form of water soluble, fat soluble or bound to the cell walls 

which they are not necessarily available to react with DPPH radicals. Thus, differing 

kinetics and the reaction will not go to accomplishment in certain assay time (Rababah 

et al., 2010). 

In this study, quercetin standard curve at concentration of 125 µg/ml to 0.02 

µg/ml was used for 70% aqueous ethanol extract. ECso was calculated as amount of 

antioxidant present in the sample needed to decrease the initial DPPH free radical 

concentration by 50%. The total DPPH radical scavenging effect of the fresh and 

frozen citrus peels at various concentration are shown in Figure 4.5. 
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Based on the Figure 4.5, the ECso of each fresh and frozen citrus sample had 

been calculated. The results show that among all the samples, frozen lemon peels had 

the lowest ECso (0.8231 ± 0.09624 mg/ml) followed by fresh lemon peels (1.30467 ± 

0.42218 mg/ml), frozen musk lime peels (1.56800 ± 0.21429 mg/ml), fresh musk lime 

peels (1.82500 ± 0.25332 mg/ml), frozen key lime peels (2.70133 ± 0.42273 mg/ml) 

and fresh key lime peels (3.15567 ± 0.91865 mg/ml). The lowest ECso value represent 

the highest antioxidant scavenging activity of a particular sample. Thus, the frozen 

peels of citrus have the highest efficiency of scavenging DPPH free radical compared 

to fresh peels of citrus. When the results of fresh and frozen were compared to standard 

of quercetin, quercetin exhibit smaller radical scavenging effect with (ECso) values. 

This clearly shows that quercetin is a powerful scavenging compound which only 

account for 0.0042 mg/ml to inhibit at least 50% of DPPH free radical. 

64 

© C
OPYRIG

HT U
PM

 
UPM 



.... 

� 
bO 

.s 
bO 

(',j .,-._ 
o-

Cl) s 
�bl) 

;§s 

� 
:I: 
� 
� 

The present study showed that frozen lemon peels had 36.9% decrease of ECso 

of total scavenging effect fro1n the fresh lemon peels. Similarly, to the frozen key lime 

peels and frozen musk lime peels possess 14.2% and 14.6% decrease of ECso of total 

scavenging effect, respectively. Even the result show there is no significant difference 

between scavenging effect of fresh and frozen between fresh and frozen citrus peels, 

however, there is a slightly lower of the of DPPH EC so of total scavenging effect in 

frozen citrus peels compared to fresh citrus peels. 
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fruits. 

Each of the values are expressed as mean ± standard deviation, SD (n= 18). 

Mean with different letter indicate there is a significant difference between the total 

scavenging effect at level p<0.05. 
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In this study, freezing treatment affected the phenolic and flavonoid contents 

as seen in DPPH scavenging effect of fresh and frozen peels of citrus fruits. This study 

bas a similar finding with previous study done showed that frozen ajwain leaves have 

significantly higher scavenging effect compared to the fresh ajwain leaves (Raza et al., 

2015). Furthermore, the other also study showed that frozen guava pulp also exhibit 

higher level of scavenging ability compared to the fresh guava pulp (Polinati, Oliveira, 

& Fialho, 2012). 

The effect of freezing was largely dependent on the type of fruits and 

vegetables. Particularly, freezing increased the antioxidant activity in green vegetable 

while not effecting antioxidant activity in yellow or red pigmented of vegetables 

(Hunter & Fletcher, 2002). The antioxidant capacity is highly dependent on the 

bioactive compound in the sample which might have different polarities. Thus, the 

solubility of phytochemical in particular solvent of roles in determining the antioxidant 

capacity (Melo, Maciel, Lima, & Nascimento, 2008). 

The present study found that lemon peels possess the lowest ECso value 

indicating the highest free scavenging activity followed by key lime peels and musk 

lime peels respectively. This study aligned with previous study where lemon peels (1.4 

mg/ml) showed a lower ECso value as compared to key lime peels (1.9 mg/ml) 

(Ghasemi et al., 2009). Besides, another study also found lemon peels (3. 77 ± 0.16) 

exhibited higher scavenging activjty compared to key lime peels (1.72 ± 0.40) 

(Guimaraes et al., 2010). Thus it is clearly indicating that lemon have a higher 

antioxidant scavenging activity compared to other citrus peels studied. However, both 

of the previous study did not include musk lime as one of selected citrus peel species. 
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Another previous study by Ghafar et al., (2010) compared the DPPH radical 

scavenging activities of four different citrus species found that musk lime juices 

possess lowest the DPPH radical scavenging activities followed by the orange, key 

lime and wild lime respectively. The differences in results obtain may be due to 

different compartment of citrus used and different extraction method. 

The DPPH radical scavenging activities values in citrus peel have high 

possibility to be interfere with the presences of high ascorbic acid content in the peel 

(Divya et al., 2016). Ascorbic acid is one of powerful bioactive compound for free 

radical scavenging activity in the DPPH assay (Oh et al., 2010). The ascorbic acid also 

can be one of main antioxidant responsible for the activity in most tropical fruits such 

as guava and citrus fruits (Marta et al., 2005). Study by Lo Scalzo, (2008) found that 

ascorbic acid possess strong significant action toward the DPPH scavenging activity 

at a steady rate. 
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4.S.2 Ferric reducing antioxidant power (FRAP)

FRAP assay is another antioxidant activity detenninant assay being used in the 

present study. This assay represents the antioxidant as a reductant in redox-linked 

calorimetric reaction and also used to quantify the capability of antioxidant in sample 

to reduce the ferric (Ill) ions to ferrous (II) ions in the FRAP reagents at low pH level 

(Halvorsen et al., 2002). Thus, this assay has the ability to measure the reducing 

capacity. Commonly, the reduction of ferric ion into ferrous ion by the antioxidant 

compound will cause increase in colour intensity from colourless to blue colour 

solution (Amin et al., 2013 ). The procedure of FRAP assay is quick, easy and simple 

to be perform. FRAP assay is highly suitable for antioxidant assessment of the fruit 

sample because there are limited amount of glutathione, this is due to FRAP assay 

relatively react slowly with certain antioxidant such as glutathione (Schafer & 

Buettner, 2001 ). 

In the present study, ferrous sulphate standard curve was used at the 

concentration of 1 mMF t?+ lg FW was used for 70% aqueous ethanol extract. The 

equation of standard curve was y=0.0004x+0.0798 (r=0.9967). The results were 

expressed as millimoles of ferrous ions per gram of fresh weight sample (Mm Fe2+/g 

FW). 

The results of Ferric Reducing Antioxidant Power of fresh and frozen peels of 

citrus are as shown in Figure 4.8. From the results, the FRAP value for the fresh and 

frozen citrus peels range from 0.3826 mMFe2+/g FW to 0.5227 mMFe2+/g FW. FRAP 

value of frozen musk lime peels (0.5227 ± 0.009 mMFe2+/g FW) was significantly 

higher than the value of fresh musk lime peels (0.4551 ± 0.003 mMFe2+ /g FW). Next, 

frozen peels of lemon (0.5121 ± 0.006 mMFe2+/g FW) also showed significantly 

higher value than fresh lemon peels (0.3826 ± 0.003 mMFe2+ /g FW). The FRAP value 
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of the frozen key lime peels (0.4626 ± 0.006 mMFe2+/g FW) also was significantly 
higher than fresh key lime peels (0.4377 ± 0.003 mMFe2+/g FW). 

The present study showed that frozen le1non peels had 34.2% increment of 
ferric reducing antioxidant power value from the fresh lemon peels. Similarly, to the 
frozen key lime peels and frozen musk lime peels possess 6.8% and 15.2 % increment 
of fenic reducing antioxidant power value respectively. Thus there were significant 
differences in reducing power of fresh and frozen of citrus peels. 
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Figure 4.8 Ferric reducing antioxidant power, FRAP test on various fresh and frozen 
citrus peels 
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• different letter indicate there is a significant difference at' level p<0.05.
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Analysis of One Way ANOV A shows there were significant difference 

between the fresh and frozen citrus peels (p<0.05). The results indicated that frozen 

peels of citrus have the highest antioxidant activity compared to the fresh peels of the 

citrus. There are limited published data on fenic reducing antioxidant of fresh and 

frozen peels of lemon, key lime and musk lime. Thus, comparison can only be made 

for the fresh and frozen samples using guava. Although, no significant difference 

between fresh and frozen sample but there is slightly higher FRAP value in the frozen 

treatment of guava sample compared to the fresh guava (Polinati et al., 2012). 

The present study found that musk lime peels possess the highest FRAP value 

indicating the highest reducing activity followed by key lime peels and lemon peels 

respectively. This result aligned with previous study where key lime juices (173.25 

µmol/L Fe(Il)/g) possess higher FRAP value compared to lemon juice extract (122.75 

µmol/L Fe(Il)/g) (Oikeh, Omoregie, Oviasogie, & Oriakhi, 2016). However, another 

previous study contradicts with the previous study which found that musk lime possess 

the lowest FRAP value followed by orange, key lime and wild-lime (Ghafar et al., 

20 I 0). The differences in result may be due to difference in part of citrus used, different 

extraction method and different environment factor during cultivation. 
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4.6 Correlation between antioxidant content and activity 

The DPPH scavenging activity (EC so) of the fresh and frozen samples of citrus 

peels showed in table 4.1. The study showed that a there is no correlation between total 

phenolic content and total flavonoid content. The lower DPPH scavenging activity 

represented the higher antioxidant effect. However, in the present study the high 

antioxidant capacity has not been correlated with phenolic and flavonoid compound. 

One of the previous study reveal that ascorbic acid is a powerful free radical scavenger 

in DPPH assay (Oh et al., 2010). Citrus peels are well known for its high content of 

ascorbic acid. According to a previous study, among three type of citrus, lemon 

exhibited the highest vitamin C content (43.96 ± 0.93 mg/I 00g) followed by the key 

lime (27.78 ± 0.53 mg/l00g) and musk lime (18.62 ± 0.53 mg/l 00g) (Najwa, 2017). 

This aligns with result of the present study where the highest scavenging effect was 

presented in lemon peel followed by key lime peels and musk lime peels. An earlier 

study which investigated the antioxidant activity, phenolic and flavonoid content of 13 

species of citrus peels and tissues found no correlation between total phenolic content 

and total flavonoid content with scavenging activity (Ghasemi et al., 2009) 

Finding of the present study is also supported by another previous study which 

determined bioactive compound, vitamin C and antioxidant capacities in fresh and 

frozen guava. Guava is one of the fruit very high in vitamin C. Based on the study, 

there was no correlation between phenolic compound and antioxidant capacity of 

guava sample. However, there was a high correlation between vitamin C and 

antioxidant capacities (Polinati et al., 2012). In mulberry, (Mon,s nigra), grape (Vitis 

vinifera), acai berry (Euterpe oletacea mart.), guava (Psidium guajava), strawberry 

(Fr(lgaria vesca var.), acerola (Malpighia glabra /inn.), pineapple (Ananas comosus 

L.), mango (Mangifera indica L.), graviola (Anona muricato L.), cupaucu (Theo broma 
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grandiflorum) and passion fruit (Passiflora sp.), vitamin C is the primarily responsible 

compound for antioxidant activity (Marta et al., 2005). Many researchers consider 

vitamin C as largest contributor to antioxidant capacity in fruits samples (Thaipong, 

Boonprakob, Crosby, Cisneros-zevallos, & Hawkins, 2006). In a previous study done 

by Thaipong et al (2006), it was confinned that there was a strong correlation exist 

between antioxidant capacity and ascorbic acid contents in fruit samples such as 

orange and guava. 

Table 4.1 shows the FRAP value of the fresh and frozen samples of citrus peels 

in the present study showed positive correlations with the total phenolic content (r= 

0.783) and total flavonoid content (r= 0.681). Therefore, the higher the FRAP value of 

the frozen and fresh citrus peel samples, the higher the total phenolic and total 

flavonoid contents. The total phenolic and flavonoids are highly correlated with the 

ferric reducing power. It suggests that phenolic and flavonoids may contribute to the 

reducing power of the extracts. Preceding study reported that peel of Citrus sinensis 

L. and Cit,us aurantium L. showed strong correlation between phenolic content and

reducing power (Lagha-Benamrouche & Madani, 2013). 
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Table 4.1 Summary of the correlation between antioxidant content and activity 

among the fresh and frozen of citrus peels 

Antioxidant Content 

Total Phenolic 

Antioxidant Activity Content 

DPPH Scavenging Activity (ECso) NC 

Ferric Reducing Antioxidant Power r= 0. 783 

Total Flavonoid 

Content 

NC 

r= 0.681 

NC= no correlation; r= Pearson coefficient; significant at p<0.01; 
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CHAPTERS 

CONCLUSION 

5.1 Conclusion 

The fresh and frozen peel of citrus fruits (lemon, musk lime and key lime) were 

selected in the present study and analysed for its antioxidant content using the Folin­

Ciocalteu (FC) Reagent and aluminium chloride calorimetric assays to determine total 

phenolic content (TPC) and total flavonoid content (TFC) of the fresh and frozen citrus 

peels samples, respectively. Besides, DPPH free radical scavenging assay (DPPH) and 

ferric reducing antioxidant power (FRAP) were used to determine the antioxidant 

capacity for the samples. For DPPH free radical scavenging assay, frozen peels of 

citrus samples presented a higher antioxidant capacity as compared to fresh peels of 

citrus. Furthermore, all samples of frozen citrus peels exhibited higher ferric reducing 

antioxidant power values as compared to fresh citrus peels. The frozen samples of 

citrus peels also showed greater values of total phenolic content and total flavonoid 

content as compared to the fresh citrus peels. Thus, there was a significant higher in 

antioxidant capacity and antioxidant content in the frozen citrus peels compared to 

fresh sample. 
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Overall, it can be concluded that frozen peels of the citrus possess higher 

antioxidant properties as compared to fresh citrus peels. Therefore, food industry are 

encouraged to utilise the by-product of citrus which is the peel as it is rich in 

antioxidant. Furthermore, citrus products are widely available in the market as they are 

well-known with various of health benefits. Thus, the peels of citrus can also be 

promoted so that more people can benefit from this cheap natural antioxidant. All in 

all, the utilisation of the citrus peel would also help to lessen the wastes and 

environmental pollution. 

5.2 Limitations and Strengths 

One of the study limitation was that finding may not representative as the fruits 

only purchased from the Pasar Borong Selangor. Different planting area and different 

way of cultivation may affect the antioxidant. Besides, the amount of fertilizer, 

pesticide, fruit's maturity and type of soil are not known. Each of the factors may result 

in different phytochemical and nutrient composition in the samples. 

Besides, other limitation is this study was unable to detect and quantify the 

amount and type of antioxidant presented in the citrus peels. The phenolic content and 

scavenging activity may influence by other factor such as vitamin C and other non­

polyphenol antioxidant. Thus, the quantification of antioxidant present in the samples 

are crucial to determine the actual bioactive compound present. 
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Moreover, there is a need for more antioxidant test as Folin-Ciocalteu assay, 

aluminiwn chloride calorimetric assay, DPPH free radical scavenging activity and 

ferric ion reducing antioxidant power (FRAP) were not enough to determine the 

antioxidant content and antioxidant activity of the fresh and frozen citrus peels. Other 

assay such as oxygen radical absorbance capacity (ORAC), ABTS, 

phosphomolybdenum assay, hydroxyl radical scavenging activity assay and others. 

Despite the limitations, present study had added the knowledge and 

information of antioxidant content and activity in the fresh and frozen citrus peels by 

using scientific methods. Since there is limited study on the effect of freezing on the 

citrus peels in Malaysia. 

Furthermore, the present study had increased the value of citrus peels which 

treated as waste in the environment. This study found that citrus peels contain high 

bio-active compound which had benefit to hwnan health. Thus, the citrus peels should 

be fully utilized as it can be developed into pharmaceutical products or nutraceutical 

products. 
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S.3 Recommendations

The present study only detennined the total phenolic content, total flavonoid 

content, DPPH scavenging activity and ferric reducing antioxidant power of selected 

fresh and frozen citrus peels (lemon, key lime and musk lime) extract by using 70% 

aqueous ethanol solvent. Future research may consider the usage of other solvent such 

as methanol, hexane and chloroform for extraction to extract the bioactive compound 

in the sample of fresh and frozen citrus peels. Moreover, other factor can be modified 

such as extraction time, extraction temperature, concentration ratio of solvent to 

sample and solvent concentration which have big influence on phenolic profile for 

future research. 

Besides, researcher should further investigate the effect of freezing on the 

amount of ascorbic acid in the citrus peel. The citruses are high in the vitamin C and 

it also possess a scavenging power. Thus, research on vitamin C in the frozen citrus 

peel is needed to see whether there is degradation of vitainin C during the freezing 

duration. According to previous study, vitamin C in citrus do degrade with increase in 

temperature (Najwa, 2017). Moreover, vitamin C also do influence the Folin-Ciocalteu 

assay and DPPH scavenging free radical assay. In future study, researcher should 

investigate on the isolation and purification of bioactive compound by using high 

performance liquid chromatography (HPLC) to confirm each bio-active compound 

present. This is because other compound such as sugar and protein also can influence 

the antioxidant activity of the plant sample. Therefore, HPLC is important to identify, 

purify and quantify the component of the citrus peels. 

Apart from that, in future study researcher can also determine the effect of 

freezing in different period of freezing of citrus peel. There was a study investigated 

the effect of freezing in different period, however it not being done on the citrus peels 
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yet. Thus, researcher can know the optimal freezing period for the citrus in in order to 

maximize the antioxidant content and antioxidant capacity of citrus peels. Thus, the 

optimal freezing time could be a standardized for the use of food industry in the future. 

Furthermore, future research can be done to identify the full potential of 

vitamin C and other potent antioxidant in the frozen citrus peels as it has huge 

beneficial effect towards human health. Last but not least, citrus peel samples possess 

high antioxidant activities. Therefore, further in-vivo study can be conducted to better 

appraise the potential health benefit and profit of citrus peels samples. Nevertheless, 

future researches can also further extend the study into nutraceuticals and 

pharmaceuticals purpose in the same time widespread the profiling the nutritional 

value of various citrus peels. 
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APPENDICES 

Appendix I: Standard Curve for total phenolic content (TPC) 
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Figure I: Gallic acid standard for ethanol extract 

Appendix 2: Standard for total flavonoid content (TFC) 
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Figure 2: Quarcetin standard for ethanol extract 
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Appendix 3: Standard for DPPH Scavenging Activity assay (DPPH) 
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Appendix 4: Standard for ferric ion reducing antioxidant power (FRAP) 
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Appendix 5: Sample preparation 

Lemon, key lime and musk lime were purchased from Pasar Borong Selangor 

The fruits were sorted to remove the dirt, washed with tap water, dried with 

towel tissues and remove the peel from the pulp and seeds 

The peels were divided into two parts which was fresh samples and frozen 

samples 

The fresh peels grinded into small uniform particle and ready to be extract 

The frozen part of citrus kept frozen into -80°C prior freeze dried and further 

analysis 

Figure 5: PRM samples preparation 
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Appendix 6: Sample extraction 

25 g of sample was extracted with I 00ml of 70% aqueous ethanol by using 

sonication method for 20 minutes at room temperature. 

25g of sample was extracted with I 00ml of 70% aqueous ethanol by using 

sonication method for 20 minutes at room temperature. 

After 20 minutes, the extracted sample was filtered with Whatman No. I filter 

paper to obtain a clear solution 

The filtrate was evaporated at 50°C by rotary evaporator 

The extract was stored at -20°C for further analysis 

Figure 6: Sample extraction with 70% ethanol 

Appendix 7: Determination of moisture content 

10g of homogenous sample was added to the aluminium dish and weighed to 

nearest 0.1mg 

Toe container was placed into the oven at temperature I 05°C until constant 

weigh was obtained 

Figure 7: Determination of moisture content 
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Appendix 8: Folin-Ciocalteu (FC) Reagent assay 

1ml of sample extract was mixed with 1ml of IO-fold Folin-Ciocalteu reagent 

Allow standing at room temperature for S minutes 

After 5 minutes, 2.0 ml of sodium carbonate was added and vortexe<l for 15 

seconds. 

After incubation period of 30 minutes, the absorbance was read at 725 nm 

against blank using spectrophotometer. 

Figure 8: Determination of total phenolic content with Folin-Ciocalteu reagent 
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Appendix 9: Aluminium chloride calorimetric assay 

2ml of sample extract was added with 0.2 ml of 5% sodiwn nitrate and 

incubate at room temperature for 5 minutes. 

After 5 minutes, 0.2ml of 10% aluminium chloride was added and mixed well 

After 6 minutes, incubation period, 2ml of I .OM sodium hydroxide was added 

and volwne will be make up to 5ml with 80% ethanol 

The reagents mixed thoroughly and incubated at room temperature for I 0 

minutes. 

Absorbance of the reaction of mixture was measured against a blank at 510nm 

using spectrophotometer. 

Figure 9: Determination of total flavonoid content with alwniniwn chloride 

colorimetric assay 
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Appendix 10: DPPH free radical scavenging capacity assay 

500 µI of sample extract was added to 500 µI ofDPPH solution 

The mixture was leave it to stand in the dark for 2 hours at room temperature 

The absorbance was measure by using FLUOstar Omega microplate reader at 

515nm. 

Figure I 0: Determination of DPPH free radical scavenging capacity of PRM samples 

Appendix 11: Ferric Reducing Antioxidant Power (FRAP) 

FRAP solution: 25ml 300mM acetate buffer to 2.5ml of 20mM ferric chloride 

hexahydrate and 2.5ml of l 0mM TPTZ 

500 µI of sample extract was added to 3ml FRAP solution 

After 30 minutes of incubation at 37°C, the absorbance of reaction mixture was 

measured at 593nm by using spectrophotometer against blank. 

Figure 11 : Determination of ferric reducing antioxidant power (FRAP) of citus peel 

sample 
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Appendix 12.1: SPSS output (Yield of extraction) 

Descriptive 

Yield 

N 

L 

ML 

KL 

FL 

FML 

FKL 

Total 

Yield 

3 

3 

3 

3 

3 

3 

18 

Tukey HSD• 

Std. 

Mean Deviation 

11.0253 .66737 

7.9427 .75372 

6.6987 .95143 

33.9033 .73569 

33.0233 .23007 

31.7333 .90970 

20.7211 12.62027 

95% Confidence Interval for 

Std. Mean 

Error Lower Bound Uooer Bound 

.38531 9.3675 12.6832 

.43516 6.0703 9.8150 

.54931 4.3352 9.0622 

.42475 32.0758 35.7309 

.13283 32.4518 33.5949 

.52521 29.4735 33.9932 

2.97463 14.4452 26.9970 

Subset for alpha = 0.05 

Sample N 1d 2c 3b 

KL 3 6.6987 

ML 3 7.9427 

L 3 11.0253 

FKL 3 31.7333 

FML 3 33.0233 

FL 3 

Sig. .375 1.000 .340 

Means for groups in homogeneous subsets are displayed. 

a. Uses Hannonic Mean Sample Size = 3.000.

ANOVA 

Yi Id ,e 

4a 

33.0233 

33.9033 

.702 

Sum of Squares df Mean Square F 

Between Groups 2700.931 5 540.186 970.272 

Within Groups 6.681 12 .557 

Total 2707.612 17 

103 

Minimum Maximum 

10.29 11.59 

7.12 8.60 

6.10 7.80 

33.42 34.75 

32.79 33.25 

30.94 32.73 

6.10 34.75 

Sig. 

.000 
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Appendix 12.2: SPSS output (Moisture content) 

Descriptive 

Moisture 

L 3 

ML 3 

KL 3 

Total 9 

Std. 

Mean Deviation 

83.6547 .19205 

79.3214 .46113 

77.3001 .35787 

80.0921 2.82843 

Test of Homogeneity of Variances 

Moisture 

Levene Statistic 

ANOVA 

Moisture 

1.401 

df1 df2 

2

Sum of Squares 

95% Confidence Interval 

for Mean 

Lower Upper 

Std. Error Bound Bound 

.11088 83.1777 84.1318 

.26623 78.1759 80.4669 

.20662 76.4111 78.1891 

.94281 77.9180 82.2662 

Sia. 

6 .317 

df Mean Square F 

Minimum Maximum 

83.43 83.78 

78.98 79.85 

76.92 77.64 

76.92 83.78 

Sig. 

Between Groups 63.245 2 31.622 251.242 .000 

Within Groups 

Total 

Moisture 

Tukey B1

Sam__g_le 

KL 

ML 

L 

N 

3 

3 

3 

.755 6 

64.000 8 

Subset for aloha = 0.05 

1c 2b 3a 

77.3001 

79.3214 

83.6547 

Means for groups in homogeneous subsets are displayed. 

a. Uses Hannonic Mean Sample Size = 3.000.

104 

.126 

© C
OPYRIG

HT U
PM

 
UPM 



Appendix 12.3: SPSS Output (f otal phenolic content) 

TPC 

Std. 

N Mean Deviation 

L 3 72.0147 .67144 

ML 3 108.5714 1.33687 

KL 3 75.6777 1.34288 

FL 3 100.0000 .95800 

FML 3 136.4835 .58148 

FKL 3 118.6081 .77184 

Total 18 101.8926 23.41934 

Test of Homogeneity of Variances 

TPC 

Levene Statistic 

ANOVA 

TPC 

1.164 

Between Groups 

Within Groups 

Total 

TPC 

T k B1u ev 

Sample N 

L 

KL 

FL 

ML 

df1 df2 

5 

Sum of Sauares 

9312.125 

11.786 

9323.911 

1 

3 72.0147 

3 

3 

3 

Descriptive 

95% Confidence Interval 

for Mean 

Lower Upper 

Std. Error Bound Bound 

.38766 70.3467 73.6826 

.77184 105.2505 111.8924 

.77531 72.3418 79.0136 

.55310 97.6202 102.3798 

.33572 135.0390 137.9280 

.44562 116.6907 120.5254 

5.51999 90.2464 113.5387 

Sio. 

12 .381 

df Mean Square F 

5 1862.425 1896.239 

12 .982 

17 

Subset for aloha = 0.05 

2 3 4 

1s.sn1 

100.0000 

108.5714 

Minimum Maximum 

71.43 72.75 

107.03 109.45 

74.51 77.14 

98.90 100.66 

135.82 136.92 

117.80 119.34 

71.43 136.92 

Sio. 

.000 

5 6 

FKL 3 118.6081 

FML 3 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000.
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Appendix 12.4: SPSS output (Total flavonoid content) 

Descriptive 

TFC 

L 

ML 

KL 

FL 

FML 

FKL 

3 

3 

3 

3 

3 

3 

Total 18 

Std. 

Mean Deviation 

50.5122 1.35799 

120.9187 2.56194 

50.7561 .24390 

78.1545 .61381 

178.3171 2.12629 

82.2195 1.29061 

93.4797 46.00537 

Test of Homogeneity of Variances 

TFC 

Levene Statistic 

ANOVA 

TFC 

2.083 

df1 df2 

5 

Sum of S_guares 

95% Confidence Interval 

for Mean 

Std. Lower Upper 

Error Bound Bound 

.78404 47.1388 53.8856 

1.47914 114.5545 127.2829 

.14082 50.1502 51.3620 

.35438 76.6297 79.6793 

1.22762 173.0351 183.5991 

.74513 79.0135 85.4256 

10.84357 70.6017 116.3576 

Sig. 

12 .138 

df Mean Square 

Minimum 

49.05 

118.32 

50.51 

77.59 

175.88 

81.24 

49.05 

F 

Between Groups 35950.337 5 7190.067 2870.146 

Within Groups 30.061 12 

Total 35980.399 17 

TFC 

Tukey HSD• 

Subset for alpha = 0.05 

Sample N 1 2 3 

L 3 50.5122 

KL 3 50.7561 

FL 3 78.1545 

FKL 3 82.2195 

ML 3 120.9187 

FML 3 

Sig. 1.000 .071 1.000 

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

106 

2.505 

4 

178.3171 

1.000 

Maximum 

51.73 

123.44 

51.00 

78.80 

179.78 

83.68 

179.78 

Sig. 

.000 
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Appendix 12.S: SPSS output (DPPH scavenging activity) 

Descriptive 

DPPH EC50 

95% Confidence Interval 

for Mean 

Std. Lower 

N Mean Deviation Std. Error Bound 

L 3 1304.6667 422.17690 243.74395 255.9211 

ML 3 3155.6667 918.65463 530.38550 873.6021 

KL 3 1825.0000 253.31996 146.25434 1195.7183 

FL 3 823.1000 96.23518 55.56141 584.0386 

FML 3 2701.3333 422.72962 244.06306 1651.2147 

FKL 3 1568.0000 214.29186 123.72146 1035.6695 

Total 18 1896.2944 913.51403 215.31732 1442.0146 

Test of Homogeneity of Variances 

DPPH EC50 

Levene Statistic df1 df2 Sia. 

3.093 5 12 .051 

ANOVA 

DPPH EC50 

Sum of Squares df Mean Square 

Between Groups 11546207.669 5 2309241 .534 

Within Groups 2640426.420 12 220035.535 

Total 14186634.089 17 

Tukev HSDa 

Subset for aloha = 0.05 

Sample N 1 2 3 

FL 3 823.1000 

L 3 1304.6667 

FKL 3 1568.0000 1568.0000 

KL 3 1825.0000 1825.0000 

FML 3 2701.3333 2701.3333 

ML 3 3155.6667 

Sia. .167 .097 .835 

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

107 

Upper 

Bound 

2353.4122 

5437.7313 

2454.2817 

1062.1614 

3751.4519 

2100.3305 

2350.5743 

F 

10.495 

Minimum Maximum 

1008.00 1788.00 

2145.00 3940.00 

1556.00 2059.00 

737.20 927.10 

2265.00 3109.00 

1329.00 1743.00 

737.20 3940.00 

Sig. 

.000 
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Appendix 12.6: SPSS output (Ferric reducing antioxidant power)
Descriptive 

FRAP 

95% Confidence 

Interval for Mean 

Std. 

N Mean Deviation 

L 3 347.1667 59.91313 

ML 3 476.3333 37.44440 

KL 3 444.6667 28.97556 

FL 3 464.6667 38.18813 

FML 3 497.1667 12.58306 

FKL 3 398.8333 33.29164 

Total 18 438.1389 61.18602 

Test of Homogeneity of Variances 

FRAP 

Std. 

Error 

34.59086 

21.61854 

16.72905 

22.04793 

7.26483 

19.22094 

14.42168 

Levene Statistic df1 df2 

ANOVA 

FRAP 

1.999 5 12 

Lower Upper 

Bound Bound 

198.3342 495.9991 

383.3163 569.3504 

372.6874 516.6460 

369.8021 559.5312 

465.9086 528.4247 

316.1323 481.5344 

407.7118 468.5660 

Sia. 

.151 

Sum of Sauares df Mean Sauare 

Between Groups 46530.903 5 

Within Groups 17112.500 12 

Total 63643.403 17 

FRAP 

Tukev B1

Subset for alpha = 0.05 

Samole N 1 2 

L 3 347.1667 

FKL 3 398.8333 398.8333 

KL 3 444.6667 

FL 3 464.6667 

ML 3 476.3333 

FML 3 497.1667 

Means for groups in homogeneous subsets are 

displayed. 

a. Uses Hannonic Mean Sample Size = 3.000.

108 

9306.181 

1426.042 

Minimum 

278.00 

445.50 

425.50 

423.00 

485.50 

370.50 

278.00 

F 

6.526 

Maximum 

383.00 

518.00 

478.00 

498.00 

510.50 

435.50 

518.00 

Sia. 

.004 
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Appendix 12.7: SPSS output (correlation between antioxidant content and 

antioxidant activity) 

a) DPPH and TPC

Correlations 

DPPH_EC50_ Pearson Correlation 

Sig. (2-tailed) 

N 

TPC Pearson Correlation 

Sig. (2-tailed) 

N 

TPC to DPPH 

0.0015 
• 

• 

: 0.0010 
• 

• 
0 • 
w 

:I: 
• 

• 
• Q. • 

'J 
o 0.0005 • 

• 

0.0000 
IO 100 

TPC 

b) DPPH and TFC

Correlations 

TFC 

DPPH_EC50_ 

0.0011 

: 0.0010 
0 

� O.OOOI 

Pearson Correlation 

Sig. (2-tailed) 

N 

Pearson Correlation 

Sig. (2-tailed) 

N 

TFC to DPPH 

• 

• 

• 

• 
• 

• , 
• 

' 
I 

0.0000 J---.....---�-

0 10 100 1IO 

TFC 

• 

, 

DPPH EC50 TPC 

1 -.068 

.787 

18 18 

-.068 1 

.787 

18 18 

1IO 

TFC DPPH EC50 

1 -.030 

.905 

18 18 

-.030 1 

.905 

18 18 

200 

·109
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c) FRAP and TPC

Correlations 

FRAP TPC 

FRAP Pearson Correlation 1 .783" 

Sig. (2-tailed) 
.000 

N 18 18 

TPC Pearson Correlation .783" 1 

Sig. (2-tailed) .000 

N 18 18 

... Correlation is ignificant at the 0.01 level (2-tailed).

TPC to FRAP 

Ill 

• 
100 

C • 

•• < 410

• 
400 

• 
110 

0 10 100 110 

TPC 

d) FRAPandTFC

Correlations 

FRAP TFC 

FRAP Pearson Correlation 1 .681" 

Sig. (2-tailed) .002 

N 18 18 

TFC Pearson Correlation .681" 1 

Sig. (2-tailed) .002 

N 18 18 

... Correlation is significant at the 0.01 level (2-talled). 

TFC to FRAP 

110 

... ' 
• 

fl. 

' <uo 

I 

... 

HI 

• II 110 110 HO 

TFC 

110 
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