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ABSTRACT 

Flores, Jorge L., Chemical Investigation of Camu Camu (Myrciaria dubia) Leaves and Roots. 

Master of Science (MS), August, 2021, 45 pp., 8 Tables, 28 Figures, 21 references, 12 titles. 

Being the largest on the planet, the Amazon rainforest also has the greatest biodiversity 

of plant life on earth. In the lowland regions of the Amazon grows the Peruvian camu camu 

(Myrciaria dubia) plant. A short and shaggy shrub, camu camu produces a tasty but sour fruit. 

Camu camu’s berry-like fruit is widely consumed by the native people of the Amazon. Its 

distinguished richness in vitamin C, as well as the presence of antioxidants, minerals, and 

nutraceuticals, make it valuable to healthy eating. These qualities have also helped the fruit 

find their prominence in the international market.

Literature shows that the fruit of the camu camu plant has undergone chemical 

investigation and pharmacological examination, however, the investigation of neither the roots 

nor the leaves has been carried out in detail. Besides the fruit, various parts of the plant have 

been shown to be valuable to Amazonian folklore medicine, including the leaves and the roots. 

In order to identify new sources of medicinally important or industrially valuable compounds 

from existing but neglected botanicals, a chemical investigation of the non-polar to polar 

extracts from the camu camu plant have been conducted. 

Ultra High Performance Liquid Chromatography (UHPLC-MS) studies have been 

performed for the polar extracts of both the roots and the leaves; the chemical composition of 

these plant parts and identification of several medicinally valuable compounds has been 
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accomplished. A Gas Chromatography-Mass Spectrometry (GC-MS) study has been performed 

for a non-polar fraction from the diethyl ether extract of the leaves; 100 compounds were found 

to be present, 49 known and 51 currently unknown. The isolation of 4 non-polar compounds has 

been carried out via column chromatography of the same diethyl ether leaf extract; Fourier-

Transform Infrared Spectroscopy (FTIR) analysis has been conducted and the compounds have 

been determined to be pure. This study begins to uncover the privileged molecules from the 

camu camu plant’s leaves and roots that may create useful applications for this untapped yet

abundant natural resource. 
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CHAPTER I 

 

 

INTRODUCTION 

 

 

Mother Nature is the oldest reliable source of medicinal and nutraceutical compounds. 

Today, 25% of commercially available drugs are obtained directly from nature. Furthermore, 

61% of drugs produced will either come directly from nature or have been synthesized from a 

natural product. The use of naturally occurring compounds and their unique cores as the base 

from which to develop and discover new drugs that can be brought to the market is a highly 

promising area of drug discovery research. 

 

Declining Plant Biodiversity 

 

In 2017, the number of known plant species across the globe was calculated to be 

391,000, with an estimated average of 2000 new species being discovered every year [1].  

Surprisingly, it was also found that only about 31,000 of these plants have documentation of 

human utility, be it as food, medication, poison, animal feed, for recreational use, or as a building 

material; medicinal use leads this group with 28,187 plants [2]. It is estimated that the Amazon 

basin alone contains up to 40,000 different species of plants [3]. Unfortunately, with the Amazon 

experiencing the highest rate of deforestation out of any rainforest in the world, these same 

models predict that 0.7% to 1% of the Amazon is disappearing every year. Furthermore, it has 

been estimated that by 2050 climate change and deforestation threaten up to 58% of species 

richness in the Amazon [4]. The threats facing plant life in the Amazon are astonishingly high; it 
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is of great urgency that actions take place to slow down these losses. Additionally, initiatives 

must take place to analyze these plants’ potential as medicines and tools before they become 

scarce or no longer available. 

Chemical Investigation Initiative 

The goal of conducting a chemical investigation into an unstudied plant part is to be able 

to describe its chemical composition and to potentially identifying a possible new source of 

medicinally or industrially valuable compounds. From the early 1940s until 2010, the Federal 

Drug Administration (FDA) and comparable organizations in other countries approved 175 small 

molecules worldwide for anticancer use; of these 175 compounds, 131 (74.85%) were non-

synthetic and 85 (49%) were either chemically modified natural products, or directly derived 

from nature [5]. The use of naturally occurring compounds as the basis from which to develop 

and discover new drugs that can be brought to the market is a highly promising area of drug 

discovery research. With the ongoing decline of the richest sources of biodiversity in the world, 

such as the Amazon, it is of great importance that researchers turn towards these overlooked 

goldmines before they disappear. By searching for these ignored plants and studying their 

chemistry, we may stumble upon a new source. The discovery of medicinal, industrial and 

commercial value in a plant part that was previously ignored creates the incentive for further 

studies into the plant as well as the conservation of these plant and its environment. 
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CHAPTER II 

REVIEW OF LITERATURE 

Medicinal Plants 

Mother nature is the most experienced chemist capable of producing diverse molecules in 

a highly selective manner. Plants biosynthesize natural products as a part of their defense 

mechanism; these various biosynthetic routes have been developed and refined through millions 

of years of evolution. Eventually, humans use these plant-derived compounds as remedies for 

various ailments. For instance, the use of precursors such as TMCA (Figure 1) found in ancient 

Chinese herbs known as Polygala tenuifolia and Gastrodia elata whose ester derivatives may 

have anticonvulsant activity [6]. The ester derivatives of this precursor are synthesized and 

evaluated for their anticonvulsant and sedative properties. Natural products allow a plant to 

effectively compete and survive in its environment. Compounds provide a plant its antifungal, 

antimicrobial, poisonous, or toxic properties to defend against disease or consumption. 

Knowledge of these properties forms the basis of ethnomedicines worldwide, such as the 

cultivation done by Tibetan people for thousands of years resulting in the establishment of their 

regional medical system, Sowa Rigpa [7]. Additionally, plants may develop compounds that are 

beneficial to other organisms, promoting the consumption of the plants’ fruits and seeds, 

allowing it to increase the distance over which its propagules may spread [8]. 
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Figure 1. 3,4,5-trimethoxycinnamic acid (TMCA, 1) Traditionally Found in Chinese Herbs 

Humans & Plants 

Natural products share an intimate relationship with human civilization. Identifying the 

exact moment when humans first began to collect plant materials for medicinal benefit would be 

impossible to date; nature has been the provider of medicine for far longer than civilization has 

existed. Pan troglodytes, our closest living relatives, are known to consume plant material with 

known medicinal properties when experiencing parasitic infections [9]. This type of activity is 

done by younger chimps that learn through observation of their healthy adult members [10]. 

Self-medication is not limited to mammals; ants that have been infected by fungal pathogens will 

selectively consume harmful reactive oxygen species that are avoided by healthy ants in an effort 

to increase survivability [11]. When it comes to human beings, evidence of our ties with 

naturally derived medicine extends as far back as 60,000 years and currently 25% of commercial 

drugs are extracted from nature [12]. Evidence of the development and use of medicines from 

nature to treat ailments can be observed throughout all human cultures [13]. It was not 

uncommon for early humans to have experienced various difficulties in determining which plants 

were treasured with medicines. Consuming plants unknown to them would result in a medley of 

side effects, from vomiting and diarrhea to death. But it was only through this trial and error that 

early knowledge about which plants could be used to treat particular illnesses, that the first 

natural medicines were discovered [14]. 
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Camu Camu 

Describing Camu Camu 

Peruvian camu camu (Myrciaria dubia) is a short bushy tree (Figure 2) that produces 

small round fruit which are sweet and sour in taste. The shrub is indigenous to the Amazon 

rainforest and can typically be found growing in the lowland regions of the Amazon alongside 

the Amazon river, from Peru to Brazil. The people native to the Amazon with knowledge of its 

sustenance utilize the plant’s berry-like fruits by either eating them or more typically infusing 

them into cocktails, juices, and purees. The fruit has a remarkably high vitamin C content, as 

well as an array of antioxidants, flavonoids and other beneficial nutraceuticals that make it 

beneficial to ones health [15]. Camu camu fruit has seen a rise in popularity that has facilitated 

its prominence in international trade; you can find camu camu fruit as a powder or tablet sold in 

supplement and grocery stores worldwide. The nutritional benefits of the camu camu fruit have 

been well established [16]. Nevertheless, several in depth investigations into the fruits potential 

medicinal value are being pursued [17][18]. These advancements in our understanding of the 

fruit’s properties are promising and warrant further investigation into other parts of the plant. 

Figure 2. Camu Camu Tree 
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Unstudied Parts of Camu Camu 

Ethnopharmacological studies have been conducted in which native people of the 

Amazon region were surveyed regarding the use of botanicals for shamanistic or ritualistic 

purposes, or in folklore medicine; surveys revealed that several different parts of the camu camu 

plant (stems, leaves, roots, seeds, and bark) besides the popular fruit are traditionally used in 

folklore practice for the treatment of various ailments [19].  These findings give promise to the 

success of chemical investigation of the camu camu. While folklore medicine is not directly 

indicative of  the presence of medicinal compounds in a plant, the discovery of medicinally 

privileged compounds would explain the enduring belief in a plants healing benefits passed 

down through generations of people native to the region in which the plant grows. For these 

reasons, along with the lack of publications available regarding the chemical composition of 

either plant part, the leaves and roots of the camu camu plant were chosen as suitable candidates 

for a chemical investigation. 

Reliable Technique for Camu Camu Investigation 

A bioactivity-guided cold extraction using solvents ranging from non-polar to polar is a 

reliable method for creating the extracts from which this study can be conducted [20]. This is 

done separately for the leaves (Figure 3) and the roots (Figure 4)in order to fractionize their 

compounds into 8 polarity-based extracts, 4 for each plant part. If a non-polar solvent is used in 

an extraction, then it is expected that the compounds that are extracted will be non-polar; 

similarly, a polar solvent will extract polar compounds. Fractions can then be individually 

subjected to different forms of analysis that are most appropriate based on their polarity. These 

chemical constituents are characterized, identified and described in order to determine those that 
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provide therapeutic effects and those that have commercial or industrial value. Therefore, by 

looking deeper into the leaves and the roots, a more holistic understanding of the camu camu 

plant’s overall chemical makeup. It is expected that the completion of a thorough study may 

reveal the presence of compounds that have industrial, commercial, and or medicinal value. The 

identification of medicinally and biologically relevant molecules could begin to explain the 

healing benefits described in Amazonian folklore. 

    Figure 3. Camu Camu Leaves 

    Figure 4. Camu Camu Roots 
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CHAPTER III 

METHODOLOGY AND FINDINGS 

This chapter provides the outline for the methods used to identify compounds present in camu 

camu leaves and roots – beginning with the methods used to process fresh leaves and roots into 

various dry extracts, the characterization methods used to identify compounds present in the 

extracts, and data analysis techniques used. Descriptions and organization of all notable 

compounds that were found as well as limitations of the research are provided. 

Creating Extracts 

Fresh Plant Parts to Powder 

Camu camu trees were identified in Iquitos, Peru with the help of locals that are familiar 

with the plant’s whereabouts and appearance. Once camu camu plants were found, 4.0kg of fresh 

leaves and 3.0kg of fresh roots were harvested from multiple trees in order to ensure diversity 

within the sample. The collected plant parts were air-dried in the absence of sunlight over the 

course of one week; shuffling and flipping once a day allowed for even drying (Figure 5). After 

being grinded to a powder (Figure 6), 1.64 kg of dry leaves and 1.05 kg of dry roots were 

recorded as the final weights of each plant part. 
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         Figure 5. Dry Leaves Figure 6. Pulverized Leaves 

From Powder to Extract 

From the 1.64 kg of powdered leaves, ??? g were stored, the remaining ??? kg is used to create 

extracts. From the 1.05 kg of powdered roots, ??? g were stored, the remaining ??? g is used to 

create extracts. The following process was repeated a total of eight times; four times for the 

leaves, four times for the roots, beginning with the least polar solvent to the most polar solvent, 

creating a total of eight extracts. Powdered plant material is added to an empty 4L glass bottle 

and solvent is added until the powder is fully submerged. Bioactivity-guided cold extraction 

method is conducted in conjecture with sonication for a total of 21 hours (Figure 7). The mixture 

of solvent and plant materials is vacuum filtered (Figure 8) to collect the extract-containing 

solute. Additional solvent is passed through the funnel to rinse the plant materials; this is done 

until the color of the solute coming out of the funnel is clear, signifying that all extract for the 

corresponding solvent has been extracted. The solvent is removed using a rotary evaporator. The 

remaining extract is placed in a desiccator for 72 hours in order to ensure that trace amounts of 

solvent are removed. This process is repeated using hexanes, dichloromethane, methanol, and 

finally water for the roots. Diethyl ether, dichloromethane, methanol, and finally water is used 

for the leaves. The use of low to high polarity solvents will separate the lowest polarity 
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constituents into hexanes, diethyl ether, and dichloromethane; the most polar constituents will be 

found in methanol and water. After the mass of each extract is recorded, the 8 extracts are 

securely sealed and placed in a freezer at -20oC until they are analyzed. This is done to prevent 

the decomposing of compounds. Table 1 shows the mass of each extract that was obtained as 

well as percent by mass relative to the original weight of the dry plant materials.  

Figure 7. Sonication Setup  Figure 8. Vacuum Filtration 

Table 1. Weight and Percent by Mass of Dry Camu Camu Extracts 

Extraction Solvent Leaves Roots 

Hexanes - 3.06 

Diethyl Ether 101.0 g - 

Dichloromethane 5.44 g 7.23 g 

Methanol 150.4 g 103.1 g 

Water 50.37 g 25.47 g 
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Leaf Water Extract UHPLC-MS Methods 

Preparation of Sample 

To prepare powdered leaves for ultra-high performance liquid chromatography mass 

spectrometry (UHPLC-MS) the following preparations took place. 50 mg of lyophilized water 

leaf extract was mixed with 500 μL HPLC grade methanol (containing 5 μg/mL 2-Chloro-L-

phenylalanine as an internal standard). Solution is then mixing with vortexing for 1 min, the 

mixture is centrifuged at 12, 000 rpm, 4°C for 10 min. The supernatant is then filtered through a 

0.45 μm filter and transferred to sampler vial for detection. 

UHPLC-MS/MS Analysis of Sample 

The Agilent 1290 Infinity II UHPLC system coupled to an Agilent 6545 UHD and Accurate-

Mass Q-TOF/MS was used for UHPLC-MS analysis. For the chromatographic column, Waters® 

XSelect HSS T3 (2.5 μm 100*2.1 mm) was used. The following conditionss were used to run the 

samples. 

• Mobile phase:

A: aqueous solution with 0.1% formic acid.  

B: HPLC grade acetonitrile solution with 0.1% formic acid. 

• Flow rate: 0.35 mL/min.

• Column temperature: 40°C.

• Injection volume: 1 μL in positive mode & 2 μL in negative mode.

• Gradient elution condition optimized: 0-2 min, 5% B; 2-10 min, 5-95% B; 10-15 min,

95% B.

• Post time was set as 5 min for system balance.
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Mass spectrometry was operated in the negative ion mode with the following parameters: 

• Capillary voltage: 3.5 kV.

• Drying gas flow: 10 L/min.

• Gas temperature: 325°C.

• Nebulizer pressure: 20 psig.

• Fragmentor voltage: 120 V.

• Skimmer voltage: 45 V.

• Mass range: m/z 50–3000.

Data Analysis 

Raw data was converted to the common (mz.data) format by Agilent Masshunter 

Qualitative Analysis B.08.00 software. In the R software platform, the XCMS program was used 

in peak identification, retention time correction, automatic integration pretreatment. 

Visualization matrices containing sample name, m/z-RT pair and peak area were obtained, from 

which tables were created. 

Leaf Water Extract UHPLC-MS Results 

Analysis of UHPLC-MS data revealed a series of medicinally important drugs and drug 

precursors, as well as various important nutraceuticals, and other common plant metabolites. 

UHPLC-MS was conducted in both the positive ion and negative ion mode; therefore, the results 

have reported separately. 614 features were obtained in the positive ion mode and 101 features 

were obtained in the negative ion mode. The total Ion Flow Chromatography (TIC) for negative 

ion mode is seen in Figure 12, the TIC for positive ion mode is seen in Figure 13. In order to 

better understand the leaves’ chemical composition, both sets of compounds that were identified 
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were classified based on their class and percentages for each class was calculated. This was done 

for the set of compounds found in the positive ion mode (Figure 14) and compounds found in the 

negative ion mode (Figure 15). 

Negative Ion Mode 

Of the 101 components identified in negative ion mode, the 23 most abundant and 

notable compounds are listed in Table 2. The table lists the compounds’ m/z Ratio, molecular 

weight, and peak area; the peak area provides an indication of the relative abundance of each 

compound within the water extract from the camu camu leaf. Any medicinal, commercial and 

nutraceuticals properties that these compounds possess can be described as followed: A first-

generation cephalosporin antibiotic drug (Cephaloglycin), a phytodynamic therapy supporting 

photosensitizer (methoxsalen), an insomnia treating drug (Etizolam), an immunomodulator and 

antiviral drug (inosine), antioxidants (ellagic acid, plastoquinone-3), a basal cell carcinoma and 

genital warts treating drug (imiquimod), an antihypertensive (metyrosine), a compound with 

antibacterial activity (azelaic acid), an antimicrobial terpenoid (trishitin), and a sclerosant drug 

(sodium tetradecyl sulfate). Several known nutraceuticals and food ingredients were also found, 

these include the following: S-propyl 1-propanesulfinothioate, a plant non-protein amino acid 

(ascorbalamic acid), an anticancer compound (gingerol), humectant (pyroglutamic acid),

5-(Methylthio)-2-[(methylthio)methyl]-2-pentenal, 1-phenyl-1,3-nonadecanedione, pubescenol], 

a wine ingredient (ethyl 2-mercaptopropionate), a food flavoring agent (fragransol C), a 

bioactive alkaloid (aspidospermine), an antibacterial and bio-relevant compound (patulin), a 

phenolic derivative (pyrocatechol), a catabolite of vitamin B6 (4-pyridoxic acid), flavonoids, and 

bioactive pteridine derivatives. Notable structures from this group of camu camu leaf derived 

compounds can be seen in Figure 9. 
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Figure 9.  List of Structures for Medicinal Compounds Identified in UHPLC-MS Negative Ion 

     Mode Analysis of Leaf Water Extract 
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Positive Ion Mode 

The 20 most abundant compounds were organized in Table 3. Most notable from this list 

are the two medicinally relevant compounds betamethasone (Figure 10) and betaine (Figure 11). 

Betamethasone is a hydroxysteroid drug that is currently used to treat various skin conditions and 

diseases. This includes itching, inflammation, psoriasis and eczema. Betaine is an amino acid 

that is found in skin care products in order to retain moisture and keep skin hydrated. The other 

18 most abundant compounds can be found in Table 3 with brief descriptions; if the compound 

does not not currently have a known use then their class or category of that compound was 

provided.  

Figure 10. Betaine Structure 

Figure 11. Bethamethasone Structure 
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Figure 14. Leaf Classification Diagram of Positive Mode 

Figure 15. Leaf Classification Diagram of Negative Mode 
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Root Water Extract UHPLC-MS Methods 

Preparation of Sample 

25 mg sample of the water root extract was weighted out and dissolved in 300 μL 

deionized water. The solution was mixed well and a 100 μL sample was mixed with 300 μL 

HPLC grade methanol (containing 5 μg/mL 2-Chloro-L-phenylalanine as internal standard). The 

mixture was vortex for 1 min before being centrifuged at 13,000 rpm, 4°C for 10 min. The 

supernatant was collected and transferred to sampler vials for detected. 

UHPLC-MS/MS Analysis of Sample 

The Agilent 1290 Infinity II UHPLC system coupled to an Agilent 6545 UHD and Accurate-

Mass Q-TOF/MS was used for UHPLC-MS analysis. For the chromatographic column, Waters® 

XSelect HSS T3 (2.5 μm 100*2.1 mm) was used. The following conditions were used to run the 

sample. 

• Mobile phase:

A: aqueous solution with 0.1% formic acid.  

B: HPLC grade acetonitrile solution with 0.1% formic acid. 

• Flow rate: 0.35 mL/min.

• Column temperature: 40°C.

• Injection volume: 1 μL in positive mode & 2 μL in negative mode.

• Gradient elution condition optimized: 0-2 min, 5% B; 2-10 min, 5-95% B; 10-15 min,

95% B.

• Post-run time was set as 5 min for system balance.
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Mass spectrometry was operated in the negative ion mode with the following parameters: 

• Capillary voltage: 3.5 kV.

• Drying gas flow: 10 L/min.

• Gas temperature: 325°C.

• Nebulizer pressure: 20 psig.

• Fragmentor voltage: 120 V.

• Skimmer voltage: 45 V.

• Mass range: m/z 50–3000.

Data Analysis 

Raw data was converted from common (mz.data) format by Agilent Masshunter 

Qualitative Analysis B.08.00 software (Agilent Technologies, USA). In the R software platform, 

the XCMS program was used in peak identification, retention time correction, automatic 

integration pretreatment. The data was then subjected to internal standard normalization. 

Visualization matrices containing sample names, m/z-RT pair and peak area was obtained. 

Root Water Extract UHPLC-MS Results 

By conduction UHPLC-MS of water extract of roots 2798 features were obtained in the 

positive ion mode and 1719 features were obtained in the negative ion mode. Organization, 

classification and analysis of these features revealed a vast variety of plant metabolites with 

predominantly unknown use. In order to better understand the root’s chemical composition, the 

vast array of compounds was organized and classified based on the class of each constituent. 

This was done separately for constituents found in the positive ion mode (Figure 16) and 

constituents found in the negative ion mode (Figure 17); The percentages of each class of 
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constituent was calculated. Notable compound classes were described to give a holistic 

understanding of what properties the camu camu roots may possess. Tables listing the 20 most 

abundant compounds in positive ion mode (Table 4) and the 20 most abundant compounds found 

in negative mode (Table 5) were made; retention time, m/z peak area, molecular weight, and 

chemical formula are also included. The total ion Flow Chromatography (TIC) for negative ion 

mode is seen in Figure 18, similarly the TIC for positive ion mode is seen in Figure 19. 

Negative Ion Mode 

Classes of compounds that are most notable in negative ion mode include the following: 

The abundance of tryptamines is highly notable; a subclass of alkaloids, tryptamines are known 

for their broad serotonergic activity in mammals and are often associated with psychoactive 

properties. Flavans are molecules known to provide a plant with resistance to fungi and insects. 

Triterpenoids are commonly known to have strong antioxidant activity as well as possible action 

against diabetic complications. Benzenediols are known to have skin lightening properties. 

Positive Ion Mode 

Classes of compounds that are most notable in positive ion mode include the following: 

Glycerophosphocholines are important choline compounds that are may be responsible for 

mental recovery, protection against aging related cognitive decline, and beneficial to overall 

brain health. Anilides are nitrogen-bound compounds that when found in plants will often serve 

as herbicides and fungicide. Eicosanoids function in various pathways as inhibitors of immune 

responses such as fever, inflammation, and allergies. Phosphate esters are typically intermediates 

in the conversion of food into usable energy. The temperature at which Phosphate esters auto-

ignite is typically very high making these compounds highly fire resistant. 
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Figure 16. Root Classification Diagram of Positive Mode 

     Figure 17. Root Classification Diagram of Negative Mode 
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Isolation of Compounds from DEE Leaf Extract 

Column Chromatography for Isolation 

Column chromatography was the method used in the isolation of compounds. This was 

completed by using 80.0 g of the diethyl ether leaf fraction in a gravity guided 2000 ml 

chromatography column. The mobile phase began with 100% Hexanes to elute non-polar 

compounds. Ethyl acetate was used to increase the polarity of the mobile phase and elute more 

polar compounds. Through this process 4 compounds were isolated in a pure form, labeled 

DBJF-1, DBJF-2, DBJF-3, and DBJF-4. Purity of each compound was verified with Thin-Layer 

Chromatography viewed under a 254 nm wavelength UV lamp and in an iodine chamber. The 

Melting point, weight, and the eluting solvent(s) of each compound was recorded on Table 6.  

Table 6. Characteristics of Pure Compounds 

Compound 

Label 

Melting 

Point 

Weight % by weight Eluting Solvent(s) 

DBJF-1 63.1oC 24.4 mg 0.0305% 100% Hexanes 

DBJF-3 56.0oC 51.1 mg 0.0639% 100% Hexanes 

DBJF-4 174.5oC 54.1 mg 0.0676% 8% Ethyl Acetate 92% Hexanes 

DBJF-5 133.8oC 138.0 mg 0.1725% 10% Ethyl Acetate 90% 

Hexanes 

Interestingly, DBJF-4 has a crystalline structure; this makes it a potential candidate for X-

ray crystallography analysis. DBJF-1, DBJF-3, and DBJF-5 appear to have amorphous 

structures. All 4 compounds were analyzed with Fourier-transform Infrared Spectroscopy 

(FTIR); the spectra of DBJF-1 is seen in Figure 20, the spectra of DBJF-3 is seen in Figure 21, 

the spectra of DBJF-4 is seen in Figure 22, and the spectra of DBJF-5 is seen in Figure 23. 
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Gas Chromatography–Mass Spectrometry (GC-MS) of Diethyl Ether Leaf Fraction 

The first column chromatography fraction collected from the diethyl ether camu camu 

leaf extract showed to be abundant in non-polar compounds. This fraction was eluted with 100% 

hexanes. The 1D-NMR spectroscopy (Figure 28) of the fraction was conducted to detect the 

presence of aromatic rings. Gas Chromatography-Mass Spectrometry (GC-MS) analysis was 

conducted to identify the components of this fraction and to calculate the abundance of each. 

Results 

By performing GC-MS 100 compounds were found, of which 41 were found to be known 

and 59 were found to be unknown; the 19 compounds that were found to have an abundance 

greater than 1% were organized in table 7; of these, 8 compounds were found to be previously 

undiscovered. 9 of the known compounds are described in table 8. The mass spectrometry of a 

non-polar compound and its novel structure can be seen in Figure 26. Most notable is the 

compound 1-Dodecanol, 2-octyl- which is currently being used in topical applications because of 

its lubricating and emollient properties, seen in Figure 24. 1-Dodecanol, 2-octyl- is used 

in cosmetics and in pharmaceutical applications as an emulsifying and opacifying agent. The 

mass spectrometry of 1-Dodecanol, 2-octyl can be seen in Figure 27. The comprehensive mass 

spectrometry of the diethyl ether leaf fraction can be seen in Figure 28. 

Figure 24. Structure of 1-Dodecanol, 2-octyl- 
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Table 7. Diethyl Ether Leaf Fraction Compounds with Abundance >1% 

Table 8. Known Diethyl Ether Leaf Fraction Compounds with Abundance > 1% 
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CHAPTER IV 

SUMMARY & CONCLUSION 

Summary 

The term “phytochemicals” refers to a wide variety of compounds found in plants, but 

mainly describes a plant’s naturally produced compounds that show either a positive (as 

medicine) or negative (as narcotics/poison) effect on human/animal health [21]. The research of 

plants and natural products is crucial for the discovery of new drugs, for new sources of already 

established drugs, and has an important role in the areas of drug synthesis and development. 

Eight extracts were created from the leaves and the roots of the camu camu plant, four for each 

component of the plant; the extracts range from non-polar to polar. A chemical analysis of the 

water extract of camu camu’s leaves and roots via ultra-high performance liquid 

chromatography. Several phytochemicals have been found to be abundant in the categories of 

nutraceuticals, medicinal beneficial compounds, and industrially valuable compounds. These 

compounds range from a molecule with antioxidant properties to a highly valuable 

photosensitizer, methoxsalen. Photodynamic therapy is a highly promising area of treatment for 

certain skin ailments such as malignant skin cancer, vitiligo, and psoriasis [22]. This treatment is 

accomplished by combining light therapy with a specific drugs known as a photosensitizer. Gas 

chromatography-mass spectrometry was conducted for a fraction of the diethyl ether leaf extract. 

100 compounds were found with GC-MS analysis, 41 of them were found to be known and 59 

were found to be unknown compounds. Structurally diverse non-polar compounds were found 
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with GC-MS analysis. Column chromatography was conducted for the diethyl ether leaf extract. 

Four different pure compounds were isolated, purity was verified through different lab 

techniques including  Fourier-Transform Infrared Spectroscopy (FTIR). 

Conclusion 

The novel discoveries that have been so far mark a newfound importance to the study of 

the camu camu plant. The hexane, dichloromethane, and methanol extracts of the camu camu 

roots along with the dichloromethane and methanol extracts of the leaves still need to undergo 

chemical studies. The extracts have been created and well preserved, paving the way for the 

continuation of camu camu leaf and root chemical investigations. Beyond this, we are hopeful 

that interest will be peaked into the study of other parts of the camu camu plant, as well as other 

overlooked Amazonian plants. Natural product research is essential to new drug discoveries and 

maintains an influential role in drug synthesis and development. The chemical properties of 

camu camu roots and leaves are not yet fully known. These findings are a promising start. 
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