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Abstract

The purpose of this study was to develop a simple method to extract and analyze the
physical (optical) properties of bioactive compounds for solvent extraction from koshim
(Dovyalis Abyssinica Warb) fruits juice using Uv-vis spectrophotometer. The solvent
method was used for the extraction of bioactive compounds from Dovyalis fruits juice.
The methanol and ethanol with hexane and tri-mixtures (hexane/acetone/ethanol)
solvents were tested and tri-mixtures was found to be the best solvent for extraction,
resulting in the identified major peaks with Uv-vis and high content of phenolic (anthocy-
anins or flavonoids) (3.796+0.594mg/100g)) and carotenoids (0.618+0.289mg/100g (in
fresh juice) and 2.440+0.161mg/100g (in dried)) juice. Moreover, with ethanol
extraction, there was a long, red (pell-yellow) spectacular solution mixture of
carotenoids and phenolic bioactive compounds identified or observed without further
purification. In case of the influence of the blending time (in 1, 3, and 5-minutes) on
extraction yields, increasing the blending time from 1-3 resulted in an increase of
extraction efficiency and 3-minute was an optimum time for maximum efficiency, but an
increase of blending time from 4-5 minutes progressively there was a degradation and
isomerization of bioactive compounds as a result of oxidative reduction process, resulted

in decrease of extraction efficiency.

viii



Chapter One

1. Introduction

Ethiopia is blessed with the richest delicious and all seasonal coloured fruits flora and
vegetables. The most common fruits are being different types of papaya, mango, water-
melon, blackberry, tomato, apricots, red grapes, pink grape fruit, pink guava, papers,
grape fruits, red carotes, rose hips and cranberries, etc. When these fruits mature & rips, it
shows yellow, orange, and red color. These color fruits are mostly edible (eaten raw) by
human beings and wild animals and supply maximum amount of bioactive compounds

(carotenoids and anthocyanins ) to our diet.

Bioactive compounds are found in fruits and vegetables which are most popular due to
their nutritional value worldwide and rich sources of beneficial anti-oxidants, minerals,
vitamins and fibers. Anthocyanins and carotenoids are bioactive compounds and also
natural pigments responsible for the color of vegetables and fruits, both demonstrating
important biological, therapeutic, and preventative properties [1].Although both
anthocyanin and carotenoids are found in the same foods, such as in acerola and camu-
camu fruits, the studies related to the concomitant determination of both pigments in the

food sample are not common [2].

The regular diet consumption of fresh fruits and vegetables containing carotenoids and
anthocyanin has been correlated to decrease risky of several chronic-degenerative
diseases, such as cancer, inflammation, cardiovascular disease, and stock, and cataract,
age-related macular degeneration, among others. Usually fruits are processed into juice,
beverage, squash and syrups. However by-products can be used as functional food
ingredients such as phytochemicals, pharmaceuticals, food products, essential oils, seed
oil, pectin and dietary fibers [4]. Therefore, fruits by-products are not only good source of
bioactive compounds, but also could be used as vital significance in value added food

products [1].



Anthocyanin, flavonoids, Catechins, Glucosinolates, Isoflavones, Lignans and Phenolic
acids are subcategory of Phenolic compounds which are secondary metabolites
ubiquitous in plants and plant derived foods and beverages. They show a large diversity
of structures including rather simple molecules. Act as an essential part of the human
diet, and are of considerable interest due to their antioxidant properties. Phenolic
compounds present in all plants have been studied extensively in legumes, cereals, olive
oil, vegetables, nuts, fruits, tea and red wine. These compounds can be used as

ingredients in cosmetics, pharmaceuticals, nutraceuticals and food [1].

Carotenoids are the bioactive compounds found in many colored fruits and vegetables
such as tomatoes, watermelon, pink grapefruits, apricots and pink guava [3].The sub-
categories of carotenoids are lycopene, alpha-carotene, beta-carotene, phytoene, carotene,
phytofluene, "Y-carotene, c-carotene, neurosporene,o-zeacarotene o-carotene and &-

carotene [4].

Numerous studies have shown association between higher intakes of carotenoids-rich
fruits and vegetables and reduced risk of cancer [3].Usually, the use of synthetic anti-
oxidants in foods is discouraged due to their high levels of toxicity and carcinogenicity.
Therefore, natural antioxidants from fruits and its waste have attracted considerable
attention due to their safety. In recent years, there has been a global trend toward the use
of phytochemicals from natural resources such as vegetables, fruits, oil seeds and herbs,

as antioxidants and functional ingredients [1].

Moreover, the bioactive compounds from colored fruits and vegetables had a vital
significance for economic feasibility for one country, such that used in food products as a
value-added and for health benefits, in reducing the risk of cardiovascular diseases, for
inhabiting various types of cancers, in reducing cardiovascular diseases and reducing
many other chronic diseases. So, the extraction of bioactive compounds from this
matured Dovyalis fruits juices may give option or an alternate bio remedy for healthy
benefits, value-added food products and economic development for our country, because
it is also part of a yellow-orange colored fruits found in Ethiopia and is edible by human

being and wild animals.



1.1. Statement of the Problem

In Ethiopia, now days many studies show that cancer such as breast, lung, digestive, truct
tract, prostate, cervical and endometrial cancer is also a series and common problem. It is
a great concern in our country. Many researches were done on carotenes extraction,
purification, stability, and application from tomatoes, papaya and watermelon using
different methods in our country, but not on Dovyalis abyssinica fruits till knows. So, |

was interested to do research on bioactive compounds from this matured fruit pulp juice.

1.2. Study Area

This studies was limited to Dovyalis abyssinica (koshim) fruit collected from ASTU

campus and might not represent all of Dovyalis abyssinica( koshim) in another ecology.

Figure 1.1.Dovyalis abyssinica fruits found In ASTU campas

1.3. Limitation of the study

Due to lack of knowledge (biological and chemical), time and budget the study was limit
to analysis of physical (optical) properties of bioactive compounds not its chemical
properties.

1.4. Objectives of the study

1.4.1. The general Objective of the study is:-

The general objective of this study was to extract and characterize bioactive compounds

from matured (Dovyalis abyssinica Warb.) koshim fruit pulp juice.



1.4.2. The Specific objectives of the study are;-

The specific objectives of the study were:-

Extraction of Bioactive compounds (phenolic content such as flavonoids,
anthocyanin and carotenoids) from matured koshim (Dovyalis abyssinica) fruit
juices.

Determining the optical response of bioactive compounds with ultraviolet-visible
spectrophotometry (UV-Vis).

Evaluate the concentration of bioactive compounds at a maximum wave
absorbance (Amax) iN koshim (Dovyalis abyssinica) samples using appropriate
formula.

To find the influence of blending time and different solvents on the extraction
yields (in absorption versus peak value (Amax) Of bioactive compounds.

To develop a method for extraction of bioactive compounds Dovyalis abyssinica.

1.5. Thesis structure

The thesis work is organized in six different units. The first Chapter is introduction part

and gives the general information about bioactive compounds and introduces the study

area, limitation, and objective of study were presented. The second chapter is review of

related literature with details about the major source and Physiology and Ecology of

Dovyalis abyssinica plants, role of bioactive compounds and human body, physical and

chemical properties of bioactive compounds are explained. The third chapter addresses

Electromagnetic wave in a medium and about Beer-law. Chapter four describes the

materials and methods used in this research, including extraction and analysis methods.

In the fifth chapter the data and data analysis, results of the research are presented and

discussed. The last chapter presents conclusions and recommendations for future work.



Chapter Two

2. Review of Related Literature.
2.1. Bioactive Compounds in Dovyalis abbyssinica

Anthocyanin and carotenoids are bioactive compounds found in Dovyalis and tamarillo.
The fruits were found under different families. Tamarillo (Cyphyomandra betaceace) is
subtropical fruits belongs to the solanaceae family and it is also known as tree tomato.
Ten anthocyanins and 26 carotenoids were found in dovyalis, whereas tamarillo showed
3-anthocynanins and 17-carotenoids. The higher contents of anthocyanins and
carotenoids were found in dovyalis 42 and 6.6mg/100g respectively, as compared to
tamarillo fruits with 8.5 and 4.4mg/100g, respectively. The major anthocyanins and

carotenoids found in both fruits were to be, delphinidin 3-rutinoside and B-cryptoxanthin

[2].
2.1.1. Carotenoids

Carotenoids have attracted the interest of researchers from diverse fields including
chemistry, biochemistry, food science and technology, medicine, pharmacy and nutrition
for more than a century and these fascinating compounds continue to be intensely
investigated. Carotenoids are naturally occurring colored compounds that are abundant as
pigments in plants [5] that are mainly responsible for the red, yellow and orange colors.
The natural characteristic of carotenoid color is significantly present in fruits and
vegetables. In food, in addition to their function as the natural pigments and pro-vitamin,
a precursor role of certain carotenoids, these compounds can be used as food additives for
coloring (European Parliament and Council Directive, 1994).

Carotenoids are plant pigments with 40 carbon atoms per molecule (tetraterpenoids).
Some 700 carotenoids have been isolated from natural sources[8], and of which only
about twenty-four commonly occur in human [5], with the structures of 563 have been
elucidated [6]. Those carotenoids that contain oxygen are known as xanthophylls, while
those that are oxygen-free are known as carotenes. In the plant carotenoids act as

photosynthetic accessory pigments and also play a protective function as scavengers of



oxygen radicals released from chloroplasts during photosynthesis, thus protecting cellular
constituents such as DNA from free radical damage. Lycopene has the highest
antioxidant activity among the carotenoids [1], while lycopene, B-cryptoxanthin and (-
carotene are the best absorbed and hence present in the human plasma at the highest
concentration of 3-carotene and o-carotene, together with p-cryptoxanthin, have a pro-

vitamin A function in the human.

2.1.2. Phenolic compounds

Phenolic compounds are ubiquitously found in many plant sources including different
vegetables, fruits and medicinal plants. Their antioxidant activity is considered to be
much greater than that of essential vitamins. Phenolic compounds are proven to have
important biological and medicinal properties too, such as antibacterial, antiviral, radio
protective, anti-inflammatory, antithrombotic, vasodilators, antimutagenic, neoplastic,

and the ability in the diet to protect against or inhibit the development of cancer [7].

Flavonoids

Flavonoids are an important kind of phenolic compounds which occur in medicinal and
edible plants. Flavonoids from tea, cocoa, chocolate, fruits, vegetables, and wine are
highly potent antioxidant compounds that help to reduce incidence of stroke, heart

failure, diabetes & cancer [8].

Anthocyanins

Anthocyanins are another subcategory of phenolic compounds and class of naturally
occurring polyphenols that are responsible for the colors in most flowers, vegetables and
fruits of plants. Dietry consumption of anthocyanin has been shown to reduce the risk of
cardio-and cerebrovascular diseases, cancers, diabetes, and failing vision. Such a
beneficial effect could be related to the strong anti-oxidant activity of anthocyanin
compounds [7]. The total anthocyanin content (as determined as the cyanidin-3-glucoside

equivalent) [19].



2.2. Physiology and Ecology of Dovyalis abyssinica (koshim)

The genus Dovyalis, from the Flacourtiaceae family, is composed of 11 species, such as
Dovyalis caffra, known as kei-apple or unkokolo, and Dovyalis abyssinica A. Rich,
known as African gooseberry, both native to Africa. The hybrid, obtained through
Dovyalis abyssinica Warb and D. hebecarpa Warb, is also known as dovyalis fruit and
cultivated in Brazil. This hybrid produces round fruits of 2-3 cm in diameter, dark red-
purple skin, and orange pulp (Figure 2.1), with high levels of ascorbic acid (102-140
mg/100 g) [10]. Dovyalis abyssinica (A.Rich) Warb is shrubby tree found in Ethiopia,
Somalia and Socotra south to Malawi in upland rainforest, dry evergreen forest, on river
banks and sometimes in more open woodland. In Ethiopia, usually found along river
courses in humid lower highland forest and Juniperus and Pod carpus forest, of Moist

and Wet Wayne Degas & Dega agro climatic zones in most regions, 1,700-3,000 m [2].

Scientific Name: Dovyalis abyssinica Warb, Commom Name: Flacourtiaceae Species: Prunus
Armeniaca: Local Name: In Amharigna: Koshim, Oromiffa: Angago, Ankakute, Dugo, Kurawa
Somaligna: Ongolatz, Tigrigna: Aihad [11].

Figure2.1. (a) Dovyalis abyssinica Warb (Origion:Ethiopia) and(b) Tropica Apricot
fruits (Orgion:Florida) [11].

The fruit is edible (eaten raw), but very acidic. A round berry about 2cm across,
surrounded by the calyx, green and hairy at first then smooth orange-yellow melting juicy
flesh at maturity, with edible sweet sour flesh around the seeds. It is used for making jam,
and added to porridge as a flavoring. Roots and stem are good for making soup. The roots

also have medical properties with alleged effect on gonorrhea, bilharzias, stomach-ache


http://pubs.acs.org/doi/full/10.1021/jf071316u?src=recsys#fig2

and fever. The leaves provide fodder for livestock, primarily goats and sheep. Flowers
attract bees &the plant is often used as a live fence. The fruit is edible and is tart
(containing a sweet or savory filling) with aroma and flavor suggesting fresh apricot, but

acidic; excellent for jelly [11].

2.3. Physical and Chemical properties of Bioactive Compounds

2.3.1. The physical properties of Carotenoids Compound.

Carotenoids are an organic and natural pigments present in plants and other
photosynthetic and non-prosthetic organisms such as algae, yeast, bacteria and others but
not synthesized in animals or humans. Carotenoids give red, orange and yellow colors in
many plants, fruits, vegetables and flowers. All carotenoids usually consists of eight C-5
isoprenoids units joined head-to-tailed and possess a polyisoprenoid structure by tail-to-
tail linkage of two C-20 methyl group and open chain or ring structure form the ends of
the chain to produce 40-carbon polyene chain of symmetrical molecule. An importance
feature is conjugated of double bond system, which provides light absorption
chromophore that gives an attractive color and visible absorption spectrum as a basis

guide line for their identification and quantification [12].

Carotenoids have been categorized into two parts according to their chemical
composion. Oxy-carotenoids or xanthophylls such as lutein and zeaxanthin and non-ox
carotenoids (hydrocarbon carotenoids) or carotene such as beta carotene and lycopene

has been identified among more than 600 carotenoids found in natural sources [13].

The structure of Carotenoids that contain one or more oxygen atoms are known as
xanthophylls, the parent hydrocarbon as carotenes. The long system of alternating double
and single bonds constitutes a conjugated system in which the n electrons are effectively
delocalized over the entire length of the polyene chain (Table 2.1).This feature
irresponsible for the molecular shape, chemical reactivity and light absorbing properties,
and hence color of carotenoids. At least seven conjugated double bonds are needed for
the carotenoids to impart color. Each double bond in the polyene chain of a carotenoid
can exist in two configurations, Trans or cis geometrical isomers. Most carotenoids occur

in nature predominantly or entirely in the all Trans form [14].



Table 2.1: The molecular structure, and wavelength absorption maxima of several common
C-40 Carotenoids in hexane [4].

Carotenoids Amax(nm)

Phytoene 276 286 297

MV“W

Phytofluene

331 348 367
c-carotene

378 400 425

Neurosporene 414 439 467

Lycopene 444 470 502

A~AAAN YIS Y

B-carotene

|| g zg 425 448 475
a-carotene

:; 422 444 473
-carotene

¢ 416 440 475

d-carotene 428 458 490
"Y-carotene

E,]- ] 1 P 437 462 494

a-Zeacarotene

EE L 1 399 421 449




2.3.1.1. Characteristics (trans-cis isomers) of Carotenoids compound.

The sharpness of spectral fine structure or " persistence” can often be used as a criterion
for recognizing molecular structure. Spectra of aliphatic hydrocarbon carotenoids exhibit
the highest degree of persistence, monocyclic molecules (containing one conjugated bond
in the ring) have an inter-mediate amount and bicyclic carotenoids (with a conjugated
double bond in each ring) have the least. The loss of persistence upon isomerization

reflects an increase in the nonlinearity of the chromosphere [4].

The characteristic of the cis peak is its well-defined location. The C-40 carotenoids with
10 or 11 conjugated double bounds have peaks located at 142+2nm in hexane below the
longest wavelength maxima of the all-trans form. This phenomenon is seen in variety of
structural types including bicyclic, monocyclic and aliphatic carotenoids. The effect of
trans-to-cis isomerization in the Uv region is dramatically seen in the rise of a peak at
338nm for cis-B-carotene and 362nm for cis-lycopene. So, the most noticeable change in
the spectra of all-trans beta-carotene and lycopene is the decrease in the visible-band
absorption occurring upon isomerization. This decrease of intensity, termed as

hypochromic effect, since depends on the light, heat and oxygen [4].

2.3.1.2. The Chemical properties of carotenoids compounds from Dovyalis Fruit juice.

Anthocyanin and carotenoids are found in Dovyalis in high contents. The extraction and
separation of anthocyanin are carried out in aqueous-based solvents under acidic PH,
whereas the presence of acid can lead to carotenoid isomerization, rearrangement, and

degradation, and for these pigments organic solvents are employed for analysis [2].
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Table 2.2.Some of characteristics and concentration of carotenoids compounds
using the high performance liquid chromatography coupled to photodiode array

and mass spectrometry (HPLC-PDA-MS) in methanol extraction.

No Carotenoids Amax(nm Concentration
(mg/100g)
1 (132)-0r(13°Z)-B- 335/6,415,443,470  0.33 0or 0.26
Cryptoxanthin

2 (all-E)-neochrome 398,421,447 0.13

3 (all-E)-B-cryptoxanthin 421,450,476 2.04

4 (all-E)-B-carotene 421,450,476 0.62

5 (132)-B-carotene 336,420,444,470 0.37

6  (92)-or(9°Z)-B-cryptoxanthin  339,420,445472  0.76
339,418,445472 037

7 (92)-B-carotene 338,420,447,472 0.25

The total carotenoids content found in dovyalis pulp juice was 6.6mg/100g, the major
carotenoid being (all-E)-B-cryptoxanthin, responsible for 33.5% of the total content,
followed by its (9Z)+(9°Z) isomers (18.7%),(all-E)-p-carotene(10.2%),(13-2)-+(13-Z)-
B-cryptoxanthin (9.7%),and (9-Z)-p-carotene(4.1%) [2].

2.3.2. Physical properties of Phenolic Compounds.

Phenolics are widespread constituents of plant foods (fruits, vegetables, cereals, olive,
legumes, chocolate, etc.) and beverages (tea, coffee, beer, wine, etc.). For example,
phenolic contribute to the bitterness and astringency of fruit and fruit juice, because of

the interaction between phenolic, mainly procyanidin, and the glycoprotein in saliva [15].

Anthocyanins, one of the six subgroups of a large group of plant polyphenol constituents
known as flavonoids, are responsible for the orange, red, blue and purple colors of many
fruits and vegetables such as apples, berries, beets and onions. Flavonoids are the most

abundant polyphenols in our diets. The basic flavonoid structure is the flavan nucleus,
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containing 15 carbon atoms arranged in three rings (C6-C3-C6), which are labeled as A,
B and C(see fig.2.2a). Flavonoids are themselves divided into six subgroups: flavones,
flavanols, flavanones, are flavones, and anthocyanins (see fig 2.2b), according to the

oxidation state of the central C-ring [15].

Some of the most common flavonoids include quercetin, aflavonol abundant in onion, a
flavone found in tea and several fruits; naringenin, the main flavanone in grapefruit;
cyanidin-glycoside, an anthocyanin abundant in berry fruits (black currant, raspberry,

blackberry, etc), the main isoflavones in soybean [15].

Figure 2.2. The Structures of Flavonoids (a), and anthocyanins (b) [17].

The anthocyanins from red wines and fruit juices, the UV-vis spectra recorded in
methanol with 0.1% HCI showed absorption maxima at 278.6 and 476.4nm.The
secondary ion MS spectrum showed a strong [M] ion at m/z 269, consistent with the
C16H1304 molecular formula [17].

The UV spectra of citrus flavonoids and related glycosides show two strong absorption
peaks commonly referred to as band 1 (300-380 nm) and band Il (240-280 nm). Band 1 is
associated with the presence of a B-ring cinnamoyl system. Band Il absorption is due to
an A-ring benzoyl system. Substitutions on the A or B ring may produce hypochromic or

bathochromic shifts of the absorptions, which are useful for clarifying structures [18].
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Band i

Figure 2.3.UV spectrum of the flavanone hesperidin [18].

Band | shifts about 20 nm to shorter wavelengths, with respect to quercetin, as a
consequence of the hypochromic effect caused by substitution at the 3 position (a). The
UV spectra of flavanones generally show a strong absorption peak in the range 270-295
nm (Band I1) and a shoulder of lower intensity, representing Band | (Figure 2.3) [18].
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Table 2.3: Some of characteristics and concentration of flavonoids and anthocyanins
using the high performance liquid chromatography coupled to photodiode array

and mass spectrometry (HPLC-PDA-MS) in Methanol extraction.

Peak  Compounds Amax(nm) Concentration
(mg/1009)

1 Delphinidin 3-glucoside 277,527 3.94

2 Delphinidin 3-rutinoside 275, 347,530 20.13

3 Cyanidin 3-glucoside 275, 330,521 2.44

4 Cyanidin 3-rutinoside 280, 522 9.99

5 Petunidin 3-rutinoside 277,531 3.81

9 Delphinidin 3-(6-acetyl) 273,531 0.41

glucoside
10 Pelargonidin 3-rutinoside 270,430,507 0.35

2.4. Role of Bioactive Compounds and Human Body

2.4.1. Role of Carotenoids

Carotenoids, the basic source of yellow, orange, and red plant pigments (vegetables and
fruits), are widely distributed in nature [17]. Many natural antioxidants from fruit and
vegetables are beneficial food components, they protect food from rancidity (and have
the potential of reducing oxidative damage in humans). Antioxidants have also been of
interest to chemists and health professionals because they may help the body to protect
itself against damage caused by reactive oxygen species. S- Carotene is commonly
known as a radical scavenger and a physical scavenger of singlet oxygen and is believed
to play an important role in the inhibition of initial stages of lipid peroxidation [19].

Carotenoids (a-carotene, lutein, Zeaxanthin, lycopene, PB-cryptoxanthin,fucoxanthin,
astaxanthin) , as well as B-carotene, may be useful for cancer prevention. In this sense,
the scientific interest in dietary carotenoids, as well as B-carotene has increased in recent

years because of their beneficial effects on human healthy, such as lowering the risk of
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cancer and enhancement of immune system function, which are attributed to their
antioxidant potential [30]. A diet that includes a sufficient amount of vegetables and

fruits, including those that are rich in carotenoids[20].

Pro-vitamin A activity Inhibition of cancer

~

Immuno-enhancement % CAROTENOIDS ®  Prevention of

/ \. Cardiovascular disease

Prevention of macular degeneration Decreased risk of cataract

formation

Figure 2.4. The health promoting functions attributed to carotenoids [19]

In human, carotenoids such as beta-carotene and lycopene are able to participate in free
radical reactions where they quench or prevent the formation of singlet oxygen through
an efficient energy transfer process. In addition, carotenoids act as provitamin A activity,
essential pigment for good vision and act as antioxidant. Carotenoids also promote other
function in human health such as immune enhancement, preventing from cardiovascular
disease, prevention of macular degeneration; inhibit of cancer and decreased risk of
cataract formation, potential increase resistance to pathogens and growing of tumor in
early stage [19, 21]. Carotenoids are susceptible to degradation due to high temperatures,
oxidation and UV light, which further limit their application in the food industry [22].

2.4.2. Role of Phenolics

Recently, phenolic and flavonoids have been considered as great antioxidants and proved
to be more effective than Vitamin C, E and carotenoids. Flavonoids are well known for
their antioxidant activity. Antioxidants are specific compounds that protect human,
animal and plant cells against the damaging effects of free radicals (reactive oxygen
species, ROS). An imbalance between antioxidants and free radicals results in oxidative
stress, will/may lead to cellular damage [23].
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Cancer is a multi-step disease incorporating physical, environmental, metabolic, chemical
and genetic factors. Diet with high consumption of antioxidant rich fruits and vegetables
reduces the risk of many cancers types, significantly suggesting that these antioxidants
could be effective agents to inhibit cancer. Antioxidants (that removes potentially
damaging oxidizing agents in a living organism) in the diet are very promising as cancer

inhibitors because of their low toxicity, safety and general acceptance [9, 23].

Generally, Flavonoids and anthocyanins are an important kind of phenolic compounds
which occur in medicinal and edible plants. Phenolic compounds are proven to have
important biological and medicinal properties too, such as antibacterial, antiviral, radio
protective, anti-inflammatory, and the ability in the diet to protect against or inhibit the
development of cancer. The dietary consumption of anthocyanins has been shown to
reduce the risk of cardio- and cerebrovascular diseases, cancer, diabetes and failing
vision. Such a beneficial effect could be related to the strong antioxidant activity of
anthocyanin compounds [2].

Reduces chronic
deseases

Reduces diabetes
& failing vision Inhibits

cancers

Phenolics

Compounds Reduces the
risky

atherosclerosis

Reduce the risk of
cardio- and
cerebrovascular

For other Healthy benefits

Figure 2.5: The Healthy benefits of phenolic compounds [2].
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2.5. Extracting of Bioactive Compound

Significant number of publications on the analysis of bioactive compound has already
appeared over the past two decades. The Solvents, such as the Methanol, ethanol, hexane,
acetone, water, ethyl acetate and, to a lesser extent, propanol, dimethylformamide and
combinations of these are frequently used for their extraction. So, still there is no
standardized and universal procedure available for sample preparation and extraction of
plant bioactive compounds. Therefore, there are several different types of methods for
extracting of bioactive (carotenoids, phenolic, anthocyanin etc.) compounds.

Solvent extraction is the most commonly used to prepare extracts from plant materials
due to their ease of use, efficiency, and wide applicability. In preparing anthocyanin-rich
phenolic extracts from plant materials, an acidified organic solvent, most commonly

methanol or ethanol are used (Jin et al. 2010) [9].

Generally, for the extraction of Bioactive compound from D.abyssin the organic solvents
were used with extraction efficiencies of the blending times of 1,3 and 5min.This study
used the following solvents or mixture of solvents were used with ethanol, methanol ,and
hexane(Schoefs, 2004) [26]. The hexane extraction was seen in two folds or ways. Thus,
the extraction was done with double (methanol and ethanol with ratio of hexane) and tri-

mixture (Hexane+ethanol+acetone) reagents as follow.

2.5.1. Instrumentation

Different analytical methods have been developed to measure and analysis of bioactive
carotenoids and phenolic) compounds in food and biological samples. These include
ultraviolet-visible (UV-VIS) spectrophotometry [15]. UV-Vis spectrophotometry is more
convenient, simple faster, accurate, reproducible and less expensive procedure than
HPLC analysis and large numbers of samples can be processed in a relatively short time
[16].

The basic components of double beam spectrophotometry are light source,
monochromator, focusing devices, sample cell compartment and detector [30]. The
sources are a deuterium lamp which covers ultraviolet range (190-420) nm and tungsten-

halogen lamp for visible ranges (350-2500) nm (Elmer, 1993).
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2.5.2. The Working Principles of Uv-vis

For measuring the absorption of ultraviolet or visible radiation are made up of the
following components as; Sources (Uv and visible), container (Cuvette), Wavelength

selector (Monochromator), Detector and Signal processor and Read out.

[,l:)/ /,-’\ — W[ e T Readout
/“| . i EH‘PE::“_? detector
\\‘ .| Reference Sol'n
heatm sphtter
= ) To Beadout
detector
Analyte 3ol'n
Or
Shutter
Tungsten
lamp
n Deuterium
Slit lamp
Grating

1024-element
diode array

Figure 2.6.The schematic diagrams of a full instrumentation of a double beam

Spectrophotometer (UV-Spectrometer).

Light from the source passes through an Entrance Slit and is focused on the dispersive
element, such as a diffraction grating. This separates out the various wavelengths
comprising the Light into a rainbow of colors. The desired wavelength is selected by
rotating the dispersive element such that the desired color passes through an Exit Slit,
through the Sample and then finally reaches a photocell that measures the intensity of the

light at each specific wavelength (on to detector).
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Source: It is important that the power of the radiation source does not change abruptly
over its wavelength range. The electrical excitation of deuterium or hydrogen at low
pressure produces a continuous UV spectrum. The mechanism for this involves formation
of an excited molecular species, which breaks up to give two atomic species and an
ultraviolet photon. Both Deuterium and Hydrogen lamps emit radiation in the range 160-
375nm. Quartz windows must be used in these lamps, and quartz corvettes must be used,

because glass absorbs radiation of wavelength less than 350nm.

The tungsten filament lamp is commonly employed as a source of visible light. This type
of lamp is used in the wavelength range of 350-2500nm. The energy emitted by a
tungsten filament lamp is proportional to the fourth power of the operating voltage. This
means that for the energy output to be stable, the voltage to the lamp must be very stable
indeed Electron voltage regulators or constant-voltage transformers are used to ensure
this stability.

Monochromator: The other important component of spectroscopy is Wave length
selector (Monochromator). All monochromators contains the following component parts:
An entrance slit a Collimating lens, a dispersing device (usually a prism or a grating), a

focusing lens and an exit slit.

Polychromatic radiation (radiation of more than one wavelength) enters the
monchromator through the entrance slit. The beam is collimated, and then strikes the
dispersing element at an angle. The beam is split into its component wavelengths by the
grating or prism. By moving the dispersing element /the exist slit/, radiation of only a
particular wavelength leaves the monochromator through the exit slit.
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Concave Mirrors

Reflection grating

Entrance slit Exit slit
Figure 2.7. Schematic diagram of a grating monochromator

Cuvette: The containers for the sample and reference solution must be transparent to the
radiation which will pass through them. Quartz or fused silica cuvettes are required for
spectroscopies in the UV region. These cells are also transparent in the visible region.
Silicate glasses can be used for the manufacture of cuvettes for use between 350 and
2000 nm.

Detector:The photomultiplier tube is a commonly used detector in UV-Vis spectroscopy.
It consists of a photo emissive cathode (a cathode which emits electrons when struck by

photons of radiation).

A Photon of radiation entering the tube strikes the cathode, causing the emission of
several electrons. These electrons are accelerated towards the first diode (which is 90V
more positive than the cathode). The electrons strike the first diode, causing the emission
of several electrons for each incident electron. These electrons are then accelerated
towards the second diode, to produce more electrons which are accelerated towards diode
three and so on. Eventually, the electrons are collected at the anode. By this time, each

original photon has produced 10° up to 10’ electrons. The resulting current is amplified
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and measured. Photomultipliers are very sensitive to UV and Visible radiation.

Photocathode
Focusing electrode Photomultiplier Tube (PMT)

lonization track

2
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Scintillator Primary Secondary Dynode Anode pins
electron electrons

Figure 2.8. Schematic of a photomultiplier tube coupled to a scintillator.

Linear photodiode array is an example of a multichannel photon detector. These detectors
are capable of measuring all elements of a beam of dispersed radiation simultaneously. A
linear photodiode array comprise of many small silicon photodiodes formed on a single
silicon chip. There can be between 64 and 4006 sensor elements on a clip, the most
common being 1024 photodiodes. For each diode, there is also a storage capacitor and a

switch. The individual diode- capacitor circuits can be sequentially scanned.

In use, the photodiode array is positioned at the focal plane of the monochromatic (after
the dispersing element) such that the spectrum falls on the diode array. They are useful
for recording UV-Vis absorption spectra of samples that are rapidly passing through a
sample flow cell, Such as HPLC detector. Charge-Coupled Devices (CCDs) are similar to

diodes; they consist of an array of photo capacitors.

Signal Processor and Readout: The output signal from the detector must be monitored,
stored and analyzed to make a spectroscopic measurement. As such, the signal-
processing and readout system is extremely important to the overall performance of the
system. The particular type of signal processing depends on the form of the output signal,
the noise sources expected and the signal level itself. The signal-processing step can

perform many conversions such as current-to-voltage, analog-to-digital conversion,
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amplification, of some mathematical operation designed to improve the measurement of

signal —to-noise ratio.

Figure 2.9. The schematics of UV-Vis spectroscopy; how the spectroscopy record
datum and gives out the reading result. The so called PERKIN-ELMERLAMBDA
19’ branded UV-Visible Spectroscopy.

The outputs of most detectors are used in the analog mode. The exception to this is the
photomultiplier, which may be used in the photon-counting mode. Nearly all
measurements are made by using an analog-to-digital converter to convert the output of a
detector to the digital domain for future processing, analysis and display. Even in digital
measurements some condition, such as filtering or amplifying the analog signal is usually

necessary to make it suitable for recording by the converter.

22



Chapter Three
3. Electromagnetic Wave Theory

The description of theoretical background is briefly presented under this chapter. In the
first two sections of this chapter the base for electromagnetic theory is reviewed. Starting
with Maxwell’s equations, the wave equations in material media are described by
classical electromagnetic theory to show the various optical phenomena exhibited by
medium like absorption and dispersion of the light. The last two sections of this chapter
deal with the mathematical derivation of electromagnetic radiation through vacuum and
material medium and the application of Beer-Lambert’s law for testing the concentration
of Bioactive compounds (phenolic, anthocyanins, flavonoids and carotenoids)
D.abyssinica will be presented. At the end of this chapter the property and function of

ultraviolet-visible spectroscopy will be provided.

3.1. Electromagnetic wave

Electromagnetic waves are waves which can travel through vacuum and material
medium. Electromagnetic waves are created by the vibration of an electric charge. This
vibration creates waves which has both an electric and magnetic component. An
electromagnetic wave transports its energy through a vacuum at speed of 3.00x10°m/s (a
speed value commonly represented by the symbol c¢). However, the propagation of an
electromagnetic wave through material medium occurs at net speed which is less than
3.00x10%m/s.

The mechanism of energy transport through a medium involves the absorption and
reemission of wave energy by atoms of materials. When an electromagnetic wave
impinges up and come in to contact with the atoms of a material, the energy of that wave
is absorbed. The absorption of energy causes the electrons within the atoms to undergo
vibrations. After a short period of vibrational motion, the vibrating electrons create a new
electromagnetic wave with the same frequency as the first electromagnetic wave. While
these vibrations occur for only a short time, the delay motion of the wave through the
medium. Once the energy of the electromagnetic wave is re-emitted by an atom, it travels
through small region of space between atoms. When it reaches the next atom, the
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electromagnetic wave is absorbed, transformed into electron vibrations and then re-
emitted as an electromagnetic wave. While electromagnetic wave will travel at speed of
3x10°m/s through the vacuum of inter-atomic space, the absorption and reemission

process causes the net speed of the electromagnetic wave to be less than(< c).

3.1.1. Electromagnetic wave in free space

This is an appropriate point at which to demonstrate that Maxwell’s equations possess
propagation wave-like solution. Let us start from Maxwell’s equations in free space (i.e.

with no charges Q=0 and no currents 1=0)

V. E=0 (3.1)
Vx E=— % (3.2)
V.B = (3.3)
VxB = uOEOZ—f (3.4)

From the above modern ‘Heaviside ‘or E-layer form of Maxwell’s equation; let us search

for plane-wave solution of the form

E (r,t) = EoCos (k.7 — wt) (3.9)
B (rt) =By Cos (k.7 — wt — ¢) (3.6)

Here E, and B, are constant vectors, K is called the wave-vector, and w is the angular
frequency. The frequency f in hertz is related to the angular frequency via w = 2rf. The
frequency is conventionally defined to be positive. The quantity ¢ is a phase difference

between the electric and magnetic fields. Actually, it is more convenient to write in,
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E =E,exp (i (k.7 — wt)) 3.7
B = Byexp (i k.7 —wt)) (3.8)
Where by convention, the physical solution is the real part of the above equations. The

phase difference ¢ is absorbed into the constant vector.

Boby allowing it to become complex . thus, B, = B, exp(i¢). A wave maximum of

the electric filed statistics.
kr—wt + n2m + ¢ (3.9)

Where, n is an integer and ¢ is phase angle. The solution to this equation is a set of
equally spaced parallel planes (one plane for each possible value of n, whose normal lie
in the direction of the wave-vector k, and which propagate in this direction with phase-

velocity.

v=2
k
(3.10)
The spacing between adjacent planes (i.e., the wave-length) is given by
— (3.11)
k
Consider a general plane —wave vector field,
A =Ayexp (i (krr—wt)) (3.12)

The divergence of equation (3.12) could easy be evaluated as:

25



dA, 04 0A, . R ~ .
VoA =5 T S (A gkt Aoy iy R A K, ) exp (i (K. (3.13)
r—wt))=ikA

Now, let us calculate the curl of equation (3.12):

9A, 0A, . _
(VX A)y=52 = 5 = 1A ky+HAk, = (ik X A)y (3.14)
From this we obtain that:
VXA=ikx A (3.15)

We can see that vector field operations on a plane-wave simplify to replacing the

grad (V) operator with ik.
The first Maxwell equation (2.1) reduces to:

ik-E=0 (3.16)

Using the assumed electric and magnetic field (3.7) and (3.8) and equation (3.13)
thus, the electric field is perpendicular to the direction of propagation of the wave.

Likewise, the third Maxwell’s equation (3.3) gives:

The magnetic field is also perpendicular to the direction of propagation. Clearly the wave

like solution of Maxwell’s equation is a type of transverse wave.

The second Maxwell’s equation (3.2) gives
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IKxE _

ik xE =iwB or == iB (3.18)

Where use has been made of Equation (3.15). Dotting this equation with E yields

_ERXE) _ g (3.19)

w

E-B

Thus, the electric and magnetic field are mutually perpendicular. Dotting equation (3.18)

with B gives

B:- (kX E) =wB? >0 (3.20)

Thus, the vectors E, B and k are mutually perpendicular, and form a right —handed set.

The final Maxwell equation (3.4) gives.

ik X B = —iuye wE (3.22)

Combining this with Eq. (3.18) yields

kx (k X E) = (k- E)k — K?E = —1y€,w?E (3.22)

or kZ = ”060(1)2 (323)

Where use has been made of equation (3.16). However we know from equation (3.10)
that the phase-velocity is related to the magnitude of the wave-vector and the angular

wave frequency via,
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c=2
Tk

thus, we obtain

1 (3.24)
" Jeopo

So, we have found transverse wave solution of the free-space Maxwell’s equation,

propagating at some phase-velocity, which is given by a combination of €, and u,. The

constant €, and u, are easily measurable. The former is related to the force acting

between stationary electric charges, and the latter to the force acting between steady

electric current. Both of these constants were fairly well-known in Maxwell’s time.

Maxwell, incidentally, was the first person to look for wave-like solution of his

equations, and thus, to derive Eq. (3.24). The modern values of €, and p, are

€, =8.8542 x 10712C2N~1m™2 (3.25

Lo =41 X 1077 NA~2
(3.26)

Let us use these values to find the phase-velocity of electromagnetic waves; we obtain:

-1 8,,c—1 3.27
C= m—2.998x10 ms (3.27)

3.1.2 Electromagnetic wave in a material Medium

The strength of electromagnetic field will be reduced in transit through a material

medium due to absorption. This phenomenon can be explained by the assumption of

Lorentz model. He considers a material medium consists of electron vibrating with the

same frequency w, (natural frequency of oscillators). When the electric filed propagation

in Z - direction is given by:

E(z,t) = E, exp(—i(wt — kz)) (3.28)
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is incident on the matter, some of the electron oscillators will try to align in the direction
of electric filed (Z— direction). The wave equation which relates electric field and

polarization is given by:

VZE_ LPE_ 1 2% (3.29)

c29t2  eoc? 9t?

The forces acting on the dipole are;

Newtons Force: d? x (t)
m—
dt?

Restoring force: kg X (t)

Frictional force:  py/¢) = bd’;(tt) (where b is damped constant)

Electrical force:  eE(z,1) = eEqexp (—i(wt — kz)

Where, m = mass of the single electron, k. = spring (stiffness) constant and b= frictional

damped constant.

Thus, for time varying E we have used the Lorentz-Newton model equation of motion of

the system is given by

d? X (t) +

d -
dat? b ’;Et) +k X (t) =eE,exp (—i(wt — kz)) (3.30)

The linear second order differential equation is applied. We can rewrite the above
equation as:

d? x (t)
dt?

+28 dJ;Et) + w2 X (1) = imeEoeXp(—i(wt — kz)) (3.31)

ks

. . b
where for lateral convenience we have defined: f = P and w? = o~

We can solve above equation by considering the electric displacement:
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X (t) = dexp(—i(wt — kz))

(3.32)
And after inserting this in to equation (3.31) we obtain
(—w? — 2ifw + wd)d = %EO (3.33)

Therefore, the assumed solution of equation (3.32) satisfies equation (3.31) if:

d= L (3.34)

wi-w?—2ifw
And the physics relevant solution is:
¢ (3.35)

X (t) =R (a%_fz—jzim) exp (—i(wt — kz))

The dipole moment P = eX (t), or P = }; eX; in the case of many electrons:

- a” ' (3.36)
P=R (2o exp (—i(wt — k2))
2 . L
Or P=R %Eoexp(—l(wt — kz)) Zm (3.37)

)

The complex polarizability of « is defined by the relation between complex dipole

moment and complex electric field:

P = a(w)E,exp(—i(wt — kz)) (3.38)

By comparing equation (3.36) and (3.38) we can easily identify the complex

polarizability of A Lorentz atom to be:
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& (3.39)
a(w) = (55

w?-2ipw
Given the complex polarizability above, the complex polarization density is:

P =Np = Na(w)E,exp(—i(wt — kz)) (3.40)

Using this polarization density in the wave equation (3.28), together with the complex

form of the assumed electric field (3.29), we obtain:
(—k? + D)E( 1) = — % Na(w)E(z,0) (3.41)

There fore k must satisfy the dispersion relation:

2
k_cz €
0

2 N 3.42
) (1 N a(w)> (3.42)
We can express equation (3.42) in terms of the refractive index n(w) as:

2 3.43
k? = “C’—znz (w) (3.43)

In this case because a(w) is complex the refractive index is also a complex

n?(w) =1+

nel | w§-w?+2ifw ] (3.44)

mey L(wi-w?)2+462w2

(3.45)

me, [ (wg — w?)? + 4p2%w?

Ne?[ w?— w?+ 2ifw
n(w)z\/1+ 0 p l

By using binomial expansion equation (3.45) rewritten as
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nw)=1+

et [_of-o+aipo ] (3.46)

2meg L(w3-w?2)2+4p2w2
Equation (3.46) can split as Real and imaginary parts as:

n(w) = ng(w) + in;(w) (3.47)

w3 — w? l (3.48)

@) =1+ Ne?
MRLW) = 2meg | (wE — w?)? + 4B2w?

n(w) =

Ne? [ fw l (3.49)

meg |(wi — w?)? + 4B%w?

The most important consequences of these result is the electric field in the medium

behaves a complex characteristic. Because n(w) is now complex:

E(z,t) = E,exp(—i(wt — kz)) = E,exp(—i(w[t — n(w)z/c)])) (3.50)

Subsisting (3.47) into (3.50), we obtain:
E(zt) = Eoexp(w)exp(—iw lﬂj) (3.51)

Note that, E(z,t) is no longer pure oscillator. Due ton;(w), the field decays with
increasing distance propagation. Since the intensity is proportional to the square of

amplitude of the electric field, the intensity shows exponential decay with z
I,(z) =1,(0) = exp(— [M})Zﬂo exp(—a(w)z) (3.52)

Where we call a(w) the absorption coefficient or extinction coefficient
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2n;(w)w (3.53)
c

a(w) =
The physical interpretation of equation (3.53) is the relationship via proportionality of the

absorption coefficient with the imaginary part of refractive index.

3.2. Beer-Lambert’s Law

The beer-Lambert’s Law, also called the Beer-Lambert-Bouguer’s Law or simply Beer’s
law, is the linear relationship between absorbance and concentration of an absorbed of

electromagnetic radiation. The general Beer-Lambert’s law is written as:
A =a,bc (3.54)

Where A the measured absorbance is a, is a Wavelength-dependent absorptive
coefficient, b is the path-length and c is the analyze concentration. When working in

concentration units of morality, the Beer-Lambert’s laws are written as:
A=¢bC (3.55)

Where ¢ is the wavelength-dependent molar absorptive coefficient with units of
M~1cm™?! the wavelength subscript is often dropped with the understanding that a value
of eis for a specific wavelength. If multiple species that absorb light at a given
wavelength are present in a sample, the total absorbance at that wavelength is the sum

due to all absorbers.
A= (Clclb) + (CzCzb) vee wee nee e — Cicib (356)

Where, the subscripts refer to the molar absorptive and concentration of the different
absorbing species that are present. Experimental measurements are usually made of

transmittance (T) and absorbance (A) which are defined as follows;-
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3.2.1. Derivation of Beer-Lambert’s Law

The beer-Lambert law can be derived from an approximation for the absorption
coefficient for a molecule by approximating the molecule by an opaque disk whose cross-
sectional areas,o, represents the effective area seen by a photon of frequency w. If the
frequency of the light is far resonance, the area is approximately zero, and if w is close to

resonance the area is a maximum. Taking an infinitesimal slab dz of sample.

Quantitative Analysis

Samples should be clear solutions because opaque solutions scatter the light.

I

——
{ P
—— C, A
I

e
/

Figure 3.1.The cell containing a solution through monochromatic beam of light passing and

being partially absorbed by the solution (the phenomenon of light interacting with matter).

Where:

l,- is the intensity of the incident beam

I- is the intensity of the transmitted beam

L- is the absorbing path length

C- is the concentration of the absorbing species.

Absorbance (A) and Transmittance (T) can be defined in terms of I, and I;

T = Pi or Symbolized as T:ll (3.57)

o o
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Where P or | is the power (Intensity) of light after it passes through the sample and
P, or lo is the initial light power. This is simply a measure of how many photons pass

through the sample without being absorbed. This is then related to the Absorbance by:

P )
A= ~log (1) = ~log() (3.58)

When performing an analysis it is important that the standards and unknowns are
analyzed at the same wavelength, and are matched for solvent and, where necessary,

pH, otherwise results will be incorrect.

The Beer-Lambert’s law connects concentration and light intensity as shown:
I =1Iyx107%¢ (3.59)
Where;

¢- is the molar absorptive (formerly known as the molar extinction coefficient), | - is path
length and c- the concentration of the absorbing species. Putting this equation together
with that connecting absorbance and light intensity gives the familiar expression called
Beer-Lambert Law: Thus, the magnitude of the Absorbance will depend directly on the
concentration (c) of the absorbing species, the Path Length (I) of the light through the cell
and the ability of the species to absorb radiation at the given wavelength, the extinction

coefficient (¢). These quantities are related to the absorbance via the Beer-Lambert Law:

A=gxcxl (3.60)

Where,
Molar absorptive (¢) in mol™*dm®cm™ Path length(l) in cm,Concentration(C) in mol dm™

Note that:-The Absorbance is directly proportional to each factor
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Chapter Four

4. Materials and Methods

In this chapter the materials and methods of the thesis work are presented. The first
section of this chapter describes the various chemicals, samples and instruments used to
carry out this research. The second section of this chapter the methods applied to
determine the contents of bioactive compounds in Dovyalis abyssinica fruit juice by Uv-
vis spectroscopy are presented. The experimental procedures used to extract or analyze

these bioactive compounds are also reported.

4.1. Materials

Under this section the chemicals, laboratory apparatus, and the components of Lambdal9

Uv-vis Spectrophotometry with its working principles will be discussed.

4.1.1. Chemicals and samples

Hexane, Ethanol, Acetone, Methanol, Carbon tetrachloride (CCls), Benzene, and di-
ionized water were used as solvents without further purification process. On the other

hand, the fresh matured koshim (Dovyalis) fruit was collected from ASTU campus.

4.1.2. Apparatus

The experiment was carried out with the help of the following devices; beakers, spatula,
flasks, digital electronic beam balance to measure the mass of the sample, magnetic
starrier, filter paper, separator funnel, quartz cuvette to hold the sample for spectroscopic
analysis, filter-tip pipet, conical vial, computer linked spectrophotometer (Perkin-Elmer
UV/VIS/NIR Lambda 19),TLC (Thin layer Chromatography silica gel, sharp knives,
electric homogenizer, electric lender, Rota-evaporator, fridge to store at -20 °c,hand

gloves and meter stick.

4.2. Methods

Under this the sample preparation and different extraction methods (double and tri-

mixture) with different solvents were performed.
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4.2.1. Sample Preparation

Alkg Fresh matured koshim was collected from ASTU campus and stored at 4 °C for 48
hrs (two day) in chemistry lab. After collecting, the fruits was washed under tap water
and stored in bamboo basket and dried on table by wind. The matured coloured fruits
were cut in to small pieces with sharp knives and diluted 1:1 (w/v)/15g: 15ml/ in

deionized water before blending.

The coloured fruits samples a 1kg was divided in to three (500g, 250g and 250g) was
homogenized with di-ionized water in electric juice blender for 1, 3, and 5-minutes and
covered by aluminum foil. All samples were pureed using Electric Homogenizer with to
produce uniform slurry with particles. The samples were not allowed to heat or froth.
This process was done before the di- and tri-mixture extraction solvents were added. The
homogenized samples were centrifuged at 500g, 250g, and 2509 for 30 minutes and at
4°C before being filtered under suction. The sample is stored at -20°C fridge until use

within a week.

Figure 4.1. Blending of Dovyalis fruits with varying time (for 1, 3, and 5-minutes)

4.2.2. Methanol Extraction

A50gm of the extracted sample was added with 65ml of methanol and shake vigorously
for 2hrs. After two hours, the thick suspension was filtered; 75ml mixture of equal
volume of methanol and carbon tetrachloride (1:1) was added and shakedown for another

15 minutes.
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The mixed samples were separated by filtration process using filter papers. For phase
separation, the carbon tetrachloride was transferred to a separator funnel; a 1ml of water
was added and shakedown well. Then, the phase separation was completed. After that,
the carbon tetrachloride was evaporated using a magnetic stirrer with hot plate and the

residue was observed.

The residue was diluted with 2ml of benzene and .A 1ml of boiled methanol was added in
position using a dropper. Then, without farther purification also the red crude crystal of
carotenoids and phenolic compounds were observed. The absorption peaks was analyzed
using ultraviolet-visible spectrophotometry (Uv-vis) in the wavelength range of (200-
600) nm of bioactive compounds in Dovyalis abyssinica juice was with hexane as blank.

4.2.3. Ethanol Extraction Method

The extraction was performed with a 25ml of mixed solvent in ratio (4:3) or (20:15) v/iv
(ethanol +hexane) was added to 2gm of Dovyalis abyssinica sample juice in vial which
was blended in 1,3, and 5-minute.The vial (tube) was shakedown for 30-minutes on a
magnetic stirrer with no hot plate. Then, stand for 10-minute in order of the solution was

separated into two layers.

The upper layer which have orange color and residue part of bioactive compounds in the
sample. The two layer separated using separating funnel .The residue part was ignored by

adding and washing with the di-ionized water many times to avoid the residue part.

Then the peak maximum absorbance from (200-600) nm of bioactive compounds in
Dovyalis was analyzed using Uv-vis spectrophotometry with hexane as a blank.
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Figure 4.2.When the residue part of the sample separated using separating funnel.

4.2.4. Tri-mixture Method (Hexane: Acetone: Ethanol)

The third trial was also carried out with the low volume tri-mixture of 10:5:5 (v/v/v)
hexane :acetone: ethanol (Kumar et al.2013) [27] to extract bio-active compounds from
Dovyalis fruit juice.20ml of tri-mixture solvent was added to 1gm,1.5gm, and 2gm with
respective of their blending time (1,3, and 5-minutes) samples of Dovyalis in conical
flasks and mixed on a magnetic stirrer for 30-minute.Then,the sample stand for 10-

minute in order of the solution was separated into two layers.

Figure 4.3.The mixed samples on magnetic stirrer
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Under this extraction process the samples observed into two width of peak absorbance of
(200-600) nm and (350-600) nm in Uv-vis spectrophotometry. In the peak absorbance of
350nm-600nm the extracted samples was observed under Uv-vis by direct use of samples

and evaporation of sample (after dried) followed by dilution by hexane.

In all extraction methods or process the upper organic solution was measured in 1cm-path
length quartz cuvette samples of different blending time and the determination of peak
absorption for bioactive content was made by using Spectrophotometer UV-Vis
Spectrophotometer (T+80, double beam spectrophotometer (with Tungsten and
Deuterium lamp) at Adama Science and Technology university with hexane as a blank
(In Chemistry Department).

Bioactive content Determination

The total concentration of bioactive compounds content was calculated according to the
following formulas (Delia et al. 2004) [28]:

Abs X10* X V 4.2)
Alcm X W(9)

C (mg/1009) =

1%
where Ajln,

solution of 1% (w/v) concentration (i.e., g in 100 mL) in a cuvette with a path length of 1

cm. Therefore, we are going to be use an average value for A1% | C = carotenoids or

= absorption coefficient, which is defined as the theoretical absorbance of a

phenolic content (mg/100g) in a given sample. Abs = absorbance measured at maximum
Amax nm. V = volume (mL). W = weight of sample (g). 10* = conversion factor to obtain

the concentration in units of mg/100g.
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Chapter Five

5. Data and Data Analysis

In this chapter the data and data analysis of the study with methanol, ethanol and the
mixture (hexane: acetone: ethanol) extraction and the effects of solvents and blending

time on the extraction was presented.

5.1. Identification of bioactive (carotenoids and phenolics) compounds with
Methanol extraction.

As observed from figure below, a residue of crude red (Pell-yellow) crystal of bioactive
compounds was observed with methanol extraction after evaporation. This crystal was a
mixture of anthocyanin and carotenoid compounds. From (figure 5.1), a partially red
(Pell-yellow) crystal of crude carotenoids and phenolic residue compounds had washed
10 times using Benzene and boiled methanol .Then, a long, red (Pell-yellow) prisms

bioactive compounds was observed with some colorless impurity substances.

Figure 5.1.The red crude crystal of Phenolics and Carotenoids compounds with

methanol extraction.
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Figure 5.2.The Long, Partial red (Pell-yellow) bioactive (carotenoids and
phenolic)compounds were observed with some colorless impurity substances after the
crude crystal was washed with Benzene and Boiled Methanol without farther
purification(a) and unpurified dissolved red bioactive compounds(b) .

The Long, red (Pell-yellow) carotenoids and phenolic compounds (fig.5.2 (a)) was
dissolved in 10ml of hexane and the residue part was filtered by filter paper and gives a
partial red (Pell-yellow) crude crystals of carotenoids and phenolic compounds was
identified or observed (in figure 5.2b) without farther purification, which was confirmed
with the study of (Aghel et al., 2011) [29] i.e., the study shows that ,tomato paste
prepared from tomato cultivated in Dezfoul (Khuzestan) was dehydrated with methanol,
then lycopene was extracted with methanol-carbon tetrachloride mixture. So, from this
mixture visible color of phenolic and carotenoids compounds there was a substantial

compound useful for human body, even though in trace or small amounts.

5.1.1. Uv-vis analysis of Carotenoids and phenolic compounds with a methanol extraction

From fig.5.3,the bioactive compounds (phenolic) in the extracting solvent by methanol
was determined by Uv-vis spectrophotometric measurement at room temperature in the
wavelength range 200-600nm with hexane as a blank, since hexane is polar solvents. A
double-beam Uv-vis and quartz cells of 1-cm path length were used. The peak
absorbance was analyzed under Uv-vis with the sample (20uL ) diluted with 9ml of

hexane in ratio of (20:9),then the Uv-vis spectrum was observed at Amax 279 nm and the
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Figure 5.3.Asolution of a long, a red (pell-yellow), which is not red & not yellow) crystal of

bioactive compounds dissolved with 10ml hexane and then after filtered with filter paper.

maximum absorbance was 1.622gm/100g in respective of 1,3 & 5-minute blending time,
without farther purification (see fig.5.4).The absorption spectra of the extract with
dependent of solvent used and displayed the three characteristic peaks of bioactive
compounds (the phenolic) at the three peaks 215,279 & 320nm and the wavelength peaks
was fine and sharp for phenolic (flavnoids and anthocyanins) ,which was more of related
with the phenoliss (anthocyanins) absorbance peaks. This result or finding peak Amax Was
confirmed with (l.Andersen et al., 2006) [17] reported that most commonly used
wavelength for routine detection has been 280nm, which represents a suitable
compromise and olso at 210 or 280nm for catechins (which is the subcategory of
anthocyanin) by liquid chromatopraphy-ulteraviolate with Diode array detector ( LC-UV
with DAD). Flavan-3-olso gives absorption maxima at nonspecific wavelengths (270 to
290 nm) by higher performance LC (HPLC-UV). So, there is no single wavelength is
ideal for all classes of flavonoids since they display absorbance maxima at distinctly

different wavelengths.
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Figure 5.4.The Uv-vis spectrum of bioactive Phenolic compounds in methanol extraction.

In this section the Uv-vis spectrum and the data analysis of phenolic compounds
(anthocyanins) was presented using Beer-Lambert’s Law (3.60) and the equation (4.1)
explained in chapter 3 & 4. The concentration of bioactive compound was calculated
using its specific extinction coefficient (4%, 1cm) of 34300 at 279nm in methanol and
expressed as mg/100g product and using hexane as blank for spectrophotometer.
(Veridiana et al. 2007) [2].

Table 5.1. Uv-vis data of Bioactive (phenolics and carotenoids) compound in

methanol

Extraction Blending time Peaks Absorbance  Concentration of Bioactive
compounds (phenolics+ and

Methods of Juice Amax (NM) carotenoids in mg/100g)

Methanol 1-minute 279 1.624 0.4734
3-minute 279 1.622 0.4728
5-minute 279 1.620 0.4724
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Depending on the blending time from table 5.1 above the concentration of phenolic
compounds was increasing and maximum at 1-minute of blending time that is (0.473mg/
100g) with Amax peak of 279 nm and minimum for 5-minute (0.472mg/100g). To sum
up, in methanol extraction the concentration of phenolics (anthocyanins) in Dovyalis
fruits have paramount of anthocyanins with methanol extraction. In methanol extraction
there was degradation and loss of carotenoids, as a result of light, temperature and heat

sensitive compounds.

5.2. Analysis of Bioactive compounds using dimixture (ethanol: Hexane)

The sample 1ml extracted from 2gm of Dovyalis juice was diluted with 6ml of hexane in
ratio (1: 6). The Uv-vis spectrum measured the carotenoids at a maximum peak of Amax
420nm at the absorbance of 0.195 and the phenolic part was measured at Amax Of 280nm
with the absorbance of 1.319 (see fig.5.5).Hexane was used as a blank in Uv-vis
spectrometer. The concentration bioactive compounds at 420 nm and 280 nm were
0.372mg/100g and 2.517mg/100g respectively. The concentration of bioactive
compounds was calculated at absorption coefficient (41, 1cm) of 2620 at (Delia et al.,
2004) [28] for hexane used as a blank.

Figure 5.5.Uv-vis spectrum of bioactive compounds (carotenoids and phenolics) in
Ethanol extraction.
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From fig 5.5, the identification of Uv-vis spectra of bioactive compounds (carotenoids
and phenolic) in respective of their blending time i.e., the maximum absorbance peaks
280nm and 420nm for phenolic and carotenoids respectively for all condition of 1, 3 and
5-minute of blending time. The peak wavelength of phenolic was sharp and only one
which is mostly proves the peak of flavonoids and anthocyanin, but in carotenoids peaks
are 400,420,447 and 465nm,eventhough the wavelength was smooth and not sharp,
which shows the carotenoid compounds in dovyalis was in small or trace amount in
relative to phenolics. This finding was agreed or confirmed with the Uv-vis spectra
characterized by the peak absorbance of phenolic i.e. flavonoids or anthocyanins at peak
absorbance of 280nm (which was Cyanidin 3-rutinoside) (Veridiana et al.,2007) [2] and
flavanones at 284nm in band range of (270-295 nm) (Giuseppe et al.,2007) [18].The
carotenoids absorbance peak was not sharp; this may occur because of the formation of
trans-cis isomers and degradation due to oxidation. So, the peak absorbance of
carotenoids specially, 338nm for cis [B-carotene, 362 nm for cis-lycopene and o-
zeacarotene at Amax 420nm (Barrie et al., 1989) [4] reported in literature. This finding
was inspires to conclude that a phenolic (anthocyanins and flavanones) are the major

content of than carotenoid compounds in Dovyalis.

Table 5.2.Uv-vis data of Bioactive (phenolic and carotenoids) compounds in Ethanol

extraction.
Blending time  Peaks Absorbance Concentration of Bioactive
Extraction of Juice Amax (NM) compounds (phenolic+ and
Methods carotenoids in mg/100g)
Ethanol 1-minute 280 1.624 3.099
420 0.168 0.320
3-minute 280 1.319 2.517
420 0.195 0.372
5-minute 280 1.301 2.482
420 0.178 0.339
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According to the data given on table 5.2, in Ethanol extraction the concentration of
phenolic compounds at the peak maximum (Amax 280nm) at 1-minute of blending time
(3.099mg/100g) was with high concentration and become low for 5-minute (2.48mg/100g)
and the concentration of carotenoids was maximum at the peak absorbance (Amax
420nm) in the blending time of 3-minute (0.372mg/100g) and minimum concentration at
the blending time of 1-minute (0.320mg/ 100g). From the above point, as the blending
time was increasing the concentration of carotenoids increased, especially for the 1-3
minutes blending time. On the hand, the concentration of phenolic (anthocyanins and
flavonoids) decreased because (xinying et al, 2010) [7] there was a degradation and loss
of bioactive compounds as a result of the blending time varies (from 1-5 minutes),

extraction time changes, and temperature changes and sample-to-solvent ratio changes.

5.3. Analysis of bioactive compounds using Tri- Mixture Extraction

Tri—-mixture extraction was carried out into two folds or trials. The first trial was carried
out by low volume Hexane Extraction method with Hexane: Ethanol: Acetone) in ratio of
(10:5:5/viviv) (Kumar et al., 2013) [27] in the samples 1.5gm fresh juices at 1,3, and 5-
minutes of blending time. In all measurement, the hexane was used as a blank in Uv-vis
to analyze both phenolic and carotenoids compounds in the width range of (200-600) nm.
The concentration of bioactive compounds was calculated by absorption coefficient

(A¥% 1cm)of 2590 (Delia et al., 2004) [28].

For 1-minute blending time, the extracted sample was diluted with hexane in the ratio of
Iml of sample with the 5ml of hexane (1:5). For 3-minute blending time, the extracted
sample was diluted with hexane (2-ml of sample diluted with the 5-ml of hexane in 2:5
ratio), and for 5-minute blending time, the extracted sample was diluted with hexane (1-

ml of sample diluted with the 5-ml of hexane in 5:1 ratio).
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Figure 5.6.The Uv-vis absorbance spectra of bioactive compounds (Phenolics and
Carotenoids) in Tri-mixture in different blending time.

The identification of Uv-vis spectra peak absorbance of bioactive compounds(carotenoids
and phenolic) from data table 5.6, in respective of their blending time as i.e., the peak
Amax 280nm for phenolic and 420nm for carotenoids for all condition of 1, 3 and 5-
minute of blending time. This finding was agreed with the Uv-vis spectra characterized
by the peak absorbance of phenolic i.e. anthocyanin at peak absorbance of 280nm (which
was Cyanidin3-rutinoside from (Veridiana et al.,2007) [2] reported and flavanone at
284nm in band range of (270-295nm) (Giuseppe et al., 2007) [18] and the carotenoids
peak not sharp due to trans-cis isomers formation increasing from the peak absorbance of
338 nm for cis f-carotene,362 nm for cis-lycopene and a-zeacarotene at Amax 420nm
(Barrie et al.1989) [4] reported in literature. In relation to this point of view, we can
conclude that an anthocyanins and flavanones are the major content of Dovyalis than

carotenoid compounds in tri-mixtures extraction.
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Table 5.3. Uv-vis data and concentration of bioactive (phenolic and carotenoids)

compounds in Tri-mixture extraction.

Tri-mixture Blending Peaks Absorbance Concentration of
extraction time of Bioactive compounds
Juice hmax.(Nm) (phenolic and

carotenoids)(mg/100g)

1-minute 280 1.490 3.835

420 0.102 0.393

_ 3-minute 280 1.750 4504
2
&8

[ 420 0.266 1.027
(D)
[
o

§ 5-minute 280 1.185 3.050
o
[

g 420 0.113 0.436
T

According to the data presented on the table 5.3,with the extraction carried out Hexane
:Acetone: Ethanol, the concentration phenolic (flavonoids and anthocyanins) had high
content at the spectra of Amax 280nm with (4.504mg/100g) at 3-minutes and carotenoids
had maximum content at the spectra of Amax 420nm ( 1.027mg/100g) at 3-minutes.The
result was confirmed by the previous studies (Kumar et al.,2013) [27] i.e. the blending
time was varied between 2 and 5-minutes.The optimum time is 3-minutes and these
values were found to be a good compromise between the efficiency of extraction and the
loss of bioactive (carotenoids and phenolic) compounds due to oxidation. Based on this
view the efficiency of bioactive had maximum concentration between 1 and 3-minutes of
blending time of extraction the dovyalis fruit juice. So,the result find confirmed that the
primary content of dovyalis was phenolic (anthocyanins), whereas carotenoids as a

secondary source.
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The second trial was also carried out by low volume Hexane Extraction method by
(Kumar et al., 2013) [27] only for the carotenoids analysis in the spectra band range of
350-600nm with in similar procedure with the first trial (Hexane: Ethanol: Acetone) in
ratio of (10:5:5) (v/v/v) in the samples 2gm juice at 1, 3, and 5-minutes of blending time.
In this trial, the extraction followed by evaporation of the samples (nonpolar parts) on a
magnetic stirrer with a hotplate. The 8ml of hexane was dissolved in all three dried
carotenoids compounds and the dissolved sample gives a yellow-orange colors of
carotenoids (in figure, 5.7) which confirmed with the study (Saima., 2014) [22] the B-

carotene was separated as a distinct yellow band from the reddish-orange lycopene.

A 3ml of the samples was used to analyze in Uv-vis from all samples. The samples were
analyzed in Uv-vis spectrophotometry with the width wave length range between (350-
600) nm without farther purification bioactive (carotenoids) compounds with hexane as a
blank. The concentration of bioactive compounds was calculated by absorption
coefficient (41% ,1cm) of 2590 for carotenoids (Delia et al., 2004) [28].

Figure 5.7. The yellow-orange dried carotenoids compounds with extraction of tri-
mixture after evaporation completed on a magnetic stirrer with a hot plate.
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Fig.5.8.The Uv-vis spectrum of bioactive compounds ( only Carotenoids ) in Tri-
mixture in different blending time for 3minute(b) and 5minute(c) for width wave
length range of (350-600)nm.

The identification of Uv-vis spectra absorbance of carotenoids in respective of their
blending time as figure 5.8 shown .The wavelength peaks was characterized by 388,400,
421,445,and 466 and 387,400,422,443 and 465nm for 3 and 5-minute of blending time
respectively. This addressed that maximum absorbance peaks Amax were in fig 5.8 (a&b)
421 and 422nm. So,this finding was confirmed by the Uv-vis spectra characterized by the
peak absorbance of carotenoids reported in literature of the compounds (all-E)-
neochrome with the Amax 380,400,420 and 467nm and (Z)-neochrome with 325,395,419
and 440nm by (Veridiana et al., 2007) [2] and a-Zeacarotene with 399,421 and 449nm
by (Barrie et al.,1989) [4]. From this, we can interested to say and pursue that, there was
bioactive carotenoids (carotenes) compounds specially that of trans and trans-cis isomers

in Dovyalis fruits juice.
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Table 5.4.Uv-vis data of Bioactive (carotenoids) compounds in tri-mixture

extraction.
Tri-mixture Time of Peaks Absorbanc Concentration of
extraction ] e Bioactive compounds (
Blending  Ama(nm) carotenoids ) (mg/100g)
Juice
D 1-minute 419 0.937 2411
(@]
T
<s 3-minute 421 1.030 2,651
£
>
T 5-minute 422 0.878 2.259

From Table 5.4, with the extraction carried out Hexane: Acetone: Ethanol (10/5/5, viviv)
the concentration carotenoids had maximum content at the spectra of Amax 421nm with
(2.651mg/100g) in a blending time of 3-minutes. This result was confirmed by the studies
reported (Kumar et al., 2013) [27] i.e. the blending time was varied between 2 and5-
minutes. The optimum time is 3-minutes and these values were found to be a good
compromise between the efficiency of extraction and the loss of carotenoids due to
oxidation, degradation and isomerization. Based on this view, the efficiency of
carotenoids had optimum concentration from 1-3 minutes of blending time of extraction.
On the other hand, from 4-5-minutes the concentration of carotenoids becomes decreased
because of the degradation and isomerization as a result of oxidation. Dovyalis was a

main source of bioactive carotenoids.

5.4. Effects of Solvents and Blending time on Extraction of Bioactive
Compounds yields.

From absorbance versus wave length graph observed for the solution of the sample in
methanol, ethanol with hexane layer under UV-Vis instrument during experiment data of

the concentration of bioactive compounds were presented in table 5.5 and 5.6 below.

52



Table 5.5. Effects of solvents and Blending time on Extraction of bioactive
(carotenoids) compounds yields

Dovyalis fruit juice Methanol Ethanol Hexane:acetone:ethanol
(mg/100g)  (mg/100g (mg/1009g)

In juice(fresh) After dried

Blending time(1min) - 0.320 0.393 2411
Blending time(3min) - 0.372 1.027 2.651
Blending time(5min) - 0.339 0.436 2.259

The calculated (mean + SD) mean and standard deviation was calculated in (table-5.5).
The value of carotenoids compounds with Ethanol and Hexane: acetone: ethanol
extraction (in fresh juice and in dried) extraction were found to be 0.344 and 0.021, 0.618
and 0.289 and 2.440 and 0.161 respectively. Generally,the obtained bioactive compounds
(the carotenoids) in Dovyalis of this study was 0.344+0.021 with ethanol and 0.618
+0.289 (in fresh juice) and 2.440+0.161 (in dried) with the Hexane:acetone:ethanol
extraction. The finding with ethanol extract was confirmed by (Veridiana et al., 2007)
[2]. HPLC-MS method reported that, the carotenoids profile from the crude extract of
dovyalis peel, in terms of (132)-or (13°Z)-B-cryptoxanthin, (all-E)-neochrome and (92)-
or (9°Z)-B-cryptoxanthin, giving a total concentration of 0.330mg/100g,0.130mg/100g
and 0.37mg/100g respectively, which shows the findings nearly the same.

In similar fashion, the result identified with tri-mixtures (fruit juice) solvent extract was

confirmed with (92)-or(9°Z)-p-cryptoxanthin, (all-E)-p-carotene, giving a total of
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concentration 0.76mg/100g and 0.62mg/100g respectively, this was agreed with the study
finding results i.e, with tri-mixture of the solvents (in dried) agreed to be with (all-E)-B-
cryptoxanthin, giving the total value of 2.040mg/100g, which shows that the result of this
finding was exceeded by 0.400mg/100g from this reported litrature.The roles and effects
of solvents (di-and tri-mixture) and blending time range(1-5min) were to be clearly

demonstrated in the (figure 5.9)

Role of Solvents & blending carotenoids 3
compounds yields

3 1 2.651 2.5 ethanol
i 25 | 2411 2.259 5
3
g 2 - 1.5 Hexane:ace
° J tone:ethan
E @ 1.5 1.027 1 ol
% § 1 - 0.393 0.436
S ® 0.32 0.372 0.339 1 Hexane:ace
% E 0.5 0.5 tone:ethan
*§' 0 ‘ ‘ ol(dried)
£ 1 3 5

. . . . 0 5 10

S Blending time(in minutes

Figure 5.9.Effects of solvents versus Blending time on Extraction of carotenoids
compounds yields graph obtained under UV-Vis Spectrometer.

Table 5.6. Effects of solvents and blending time on Extraction of phenolics
(flavonoids and anthocyanin) compounds.

D.Abyssinica fruit juice Methanol Ethanol Hexane:acetone:ethanol

(mg/100g) (mg/100g (mg/100g) in fresh juices

Blending time(1min) 0.4734 3.099 3.835
Blending time(3min) 0.4728 2.517 4.504
Blending time(5min) 0.4724 2.482 3.050

54



The calculated (mean+SD) mean and standard deviation (table-5.6) value of phenolic
(anthocyanins and flavonoids) compounds with Methanol, Ethanol and Hexane: acetone:
ethanol extraction were found to be 0.4728+0.0004, 2.699+0.282 and 3.796+0.594
respectively. This finding reports that the efficiency of bioactive compound was high in
tri-mixture than methanol and ethanol. So,finding was confirmed by (Veridiana et al.,
2007) [2] HPLC-MS method reported that, the anthocyanin profile from the crude extract
of dovyalis peel, in terms of delphinidin 3-glucoside,cyaniding 3-rutinoside and petunidin
3-rutinoside,giving a total concentration of 3.94mg/100g (47.9%),9.99mg/100g (42.0%)
and 3.81mg/100g (9.1%) respectively, which was almost proportional or agreed with the

study findings.

Likewise, the result identified with ethanol extract was confirmed with cyaniding3-
glucoside, giving a total of concentration 2.44mg/100g (23.8),this shows that the result
of finding was exceeded by 0.259mg/100g more and also result found with methanol
agreed to be with dolphin din 3-(6-acetyl)-glycoside and pelargonidin3-rutinoside,giving
the total value of 0.410mg/100g and 0.350mg/100g respectively, which shows that the
result of finding also exceeded more by 0.062mg/100g. The role and effects of solvents
(methanol, ethanol and tri-mixture) and blending time range (1-5minute) were to be
clearly demonstrated in the (figure 5.10).

5 4.504 5
3.835

3.099 3.05

3 2.517 2.482 3.5 Methanol

2 Ethanol
1 /0.4734 0.4728 0.4724

N
Concentration of phenolics

N

(03]

1 3 5
Methanol ® Ethanol ® Hexane:acetone:ethanol 1 3 5

Figure 5.10.Effects of Solvents versus Blending time on Extraction of phenolics
compounds yields under UV-Vis Spectrometer.
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Generally, according to the data presented in figure 5.9 and 5.10,the effects of solvents on
the bioactive compounds (both in phenolic and carotenoids ) one can easily understand
that, using ethanol and methanol did not produce a significance differences in extraction
efficiencies i.e., methanol extraction for phenolic compounds (0.4728+0.0004) was
greater than ethanol extraction for carotenoids compounds (0.344+0.021).In contrast, the
tri-mixture solvents (Hexane/acetone/ethanol) in low volume (10:5:5) in fresh juice and
in dried (after evaporation) appeared much more effective results in both phenolic (3.796
+ 0.594 ) and carotenoids (0.618 +0.289 (in fresh juice) and 2.440 + 0.161 (in dried )
.This findings was confirmed with the study (Veridiana et al., 2007) [2] ,the highest of
Dovyalis is phenolic ( anthocyanins or flavonoids) (42mg/100) and the carotenoids

content is small that is (6.6mg/100g).

As regards of influence of the blending time, increasing the blending time from 1-3
resulted in an increase of extraction efficiency ,but an increase of blending time from 4-
Sminutes in a progressively there was a degradation and isomerization of bioactive
compounds as a result of oxidative reduction process on minutes (as shown from fig.5.9
and 5.10).The study finding was also agreed with the study reported by (Kumar et
al.,2013) [27],increasing blending time resulted in a progressive reduction yields within
4-5 minutes due to a very fast enzymatic degradation of cell-wall occur, since bioactive
compounds (the phenolic and carotenoids ) from fruits and vegetables are very sensitive

to light, temperature and heat.

56


http://pubs.acs.org/author/de+Rosso%2C+Veridiana+Vera

Chapter Six

6. Conclusions and Recommendations
6.1. Conclusions

Many researchers recognize that, most colored fruits and vegetables have an enormous
vital significance on human healthy is universally accepted nowadays. Dovyalis
abyssinica is an edible fruits and a good source of bioactive compounds (phenolic such as
flavonoids, anthocyanin and carotenoids) which are a natural pigments responsible for the
color of vegetables and fruits (red, yellow, yellow-orange and orange).To our knowledge,
it was the first studies reported on the composition of carotenoids and anthocyanin from
dovyalis and tamarillo from Brazil using the high performance liquid chromatography
coupled to photodiode array and mass spectrometry (HPLC-PDA-MS) methods.
However, In our country as far as we know, no studies and available data regarding the
separation, the composition and identification of anthocyanin and carotenoids from
dovyalis. Still now, there is no standardized and universal procedure available for sample
preparation and extraction of plant bioactive (carotenoids and phenolic (flavonoids &
anthocyanin) compounds (Jin et al.,2010) [9]. Solvent extractions are the most commonly
used procedures to prepare extracts from plant materials due to their ease of use,
efficiency, and wide applicability. It is generally known that the yield of chemical
extraction depends on the type of solvents with varying polarities, extraction time and
temperature, sample-to-solvent ratio as well as on the chemical composition and physical

characteristics of the sample (Jin et al., 2010) [9].

In this work conventional solvent extraction were used to extract bioactive compounds
from Dovyalis abyssinica using methanol (Benzene, CCl4), ethanol, acetone and hexane.

Analysis of extracted samples by Uv-Vis spectrophotometry showed the existence of
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bioactive compounds from dovyalis fruit juice was presented; In methanol extraction the
result after evaporation of extracted solvents (CCI4) a residue of crude red crystal was
observed (as observed in fig.5.1). After a red crystal of crude bioactive compounds had
washed 10 times using Benzene and boiled methanol also we have observed a long, red
mixture of bioactive compounds prisms with some colorless impurity substances (see
fig.5.2a). Then, a long, apartiol (pell-yellow) carotenoids and phenolic compounds prisms
(fig.5.2 (a)) was dissolved in 10ml of hexane and the residue part was filtered by filter
paper and gives a spectacular solution of extracted bioactive compounds which was
identified or observed on (fig.5.3a) without farther purification (see fig.6.3b). So, from
this colorful visible mixture of bioactive (phenolic and carotenoids) compounds we can
arrive at the fact that there were substantial compounds useful for our body. This suffice
to say the results of the studies showed that Dovyalis fruits juice analyzed having high
and paramount of concentration of bioactive compounds (anthocynins, flavonoids and

carotenoids generally).

For all, the greatest improvement in bioactive extraction was used to investigate the
effects of solvent types and blending time on yields of bioactive compounds from
Dovyalis. All investigated solvents, the maximum extraction vyields of phenolic
(anthocyanin and flavonoids) with methanol, ethanol and the mixture hexane/acetone/
ethanol (v/v/iv/10:5:5) were 0.4728+0.004, 2.699+0.282 and 3.796+0.594mg/100g
respectively and in similar procedure, the maximum extraction yields of carotenoids with
ethanol, tri-mixture (hexane:acetone:ethanol/10:5:5)with in fresh juice and dried samples
were 0.344+0.021,0.618+0.289mg/100g (for fresh juice) and 2.440+0.161mg/100g (for
dried samples) respectively. So, from this we can say that tri-mixture solvents was more
effective than ethanol, and ethanol solvent was more effective than methanol for phenolic
compounds and tri-mixture solvents more effective (for dried) samples than fresh sample
juice, then ethanol for carotenoids compounds. To sum up, this finding data was
confirmed by (Kumar et al., 2013) [27] reported that, solvent mixtures that contain
hexane, acetone, and ethanol have often been used in different studies and have been

suggested to be of higher extraction efficiency than di-mixtures.

According to the data presented in figure 5.9 and 5.10, the effects of solvents on the
bioactive compounds (both in phenolic and carotenoids), we note that using ethanol and
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methanol did not produce significance differences in extraction efficiencies. In methanol
extraction for phenolic compounds (0.4728+0.0004) was greater than ethanol extraction
for carotenoids compounds 0.344+0.021).In contrast, the tri-mixture reagents (hexane/
acetone/ethanol) in low volume volume(10:5:5) in fresh juice and in dried (after
evaporation) appeared much more effective results in both phenolic (3.796 + 0.594 ) and
carotenoids 0.618 +0.289 (in fresh juice) and 2.440 + 0.161(in dried ). This findings was
confirmed with the study of (Veridiana et al.,2007) [2] ,the highest of Dovyalis is
phenolic (anthocyanin with 42mg/100g) and the carotenoids content is small
(6.6mg/100g). So, this study presented that the Dovyalis fruits are potential resource for
phenolic (flavonoids and anthocyanins) and carotenoids.

Overall, the influence of the blending time on extraction yields, increasing the blending
time from 1-3 resulted in an increase of extraction efficiency and 3-minute is an optimum
time for maximum efficiency, but an increase of blending time from 4-5minutes in a
progressively there was a degradation and isomerization of bioactive compounds as a
result of oxidative reduction process one minutes (as shown from fig.5.9 and 5.10), since
bioactive compounds are sensitive to heat, light and oxygen or moistures uptake. The
result was also agreed with the study (Kumar et al., 2013) [27], increasing blending time
resulted in a progressive reduction yields within 4 to 5 minutes due to a very fast
enzymatic degradation of cell-wall occur.
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6.2. Recommendations

The beneficial and availability effects of bioactive compounds from most colored fruits
and vegetables (like tomatoes, papaya, citrus fruits, watermelon, apricot, mango, orange,
carrot and etc.) on human healthy is universally accepted nowadays. Fruits and
vegetables are most popular due to their nutritional value on worldwide and rich sources
of beneficial anti-oxidant, minerals, vitamins oxidants, minerals, vitamins, and fibers.
Dovyalis abyssinica is an edible fruits and a good source of bioactive compounds like
phenolic (flavonoids and anthocyanin) and carotenoids which are natural pigments
responsible for the color of vegetables and fruits. The by-products can be used as
functional food ingredients such as phytochemicals, pharmaceuticals, cosmetic and food
products. Therefore, fruits by-products not only good source of bioactive compounds, but
also could be used as several value added products. So, bioactive compounds in Dovyalis
have vital significance to mankind as well as to plants.

In this research, the solvent method was used for the extraction of bioactive compounds
and tri-mixtures was found to be the best solvent for extraction, resulting in the identified
high content of phenolic (anthocyanins or flavonoids) and carotenoids and also, with
methanol extraction and along, red crude crystal of carotenoids gives a spectacular red
solution of extracted bioactive compounds was identified or observed, without farther
purification. Absorption determination for bioactive (anthocyanins, flavonoids and
carotenoids) contents was made by using UV-Vis Spectrophotometer (T+80, double

beam Spectrometer).

More research is needed to improve and optimizes the current and other up to date
methods and others of extraction. Extraction can be improved by number of extraction,
safe solvents used (like ethyl acetate, ethyl lactase (which is biodegradable), petroleum
ether), temperature and using optimum blending time 3-minutes, should be used for the
extraction. Also, the high performance liquid chromatography coupled to photodiode
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array and mass spectrometry(HPLC-MS) analysis of bioactive compounds(flavonoids
,anthocyanin and carotenoids ) could be carried out using C30 and C18 column more
effective and accurate isolation.
Generally, in our country the study regarding this plant is on the ground and too young.
So, the researchers are recommended to do more,
e To develop and increases the awareness on the availability, importance, roles, and
vital significance for human healthy, and also as a food and value added products.
e Farther investigation on chemical composition, the concentration, and
characteristics of bioactive compounds, specially (lycopene and carotenes) from
Dovyalis fruits.
e To promote new studying on the medical application specifically from the roots,

stems and leaves of the koshim (Dovyalis abyssinica) of the plants.
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