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The extraction reagent used in the common chlorogenic acid extraction methods can not effectively 
dissolve chlorogenic acid in papaya, resulting in low extraction rate and purity of chlorogenic acid. 
To solve the above problems, an ultrasonic assisted extraction method of chlorogenic acid from 
naked papaya was proposed. The medicinal, ornamental and edible values of papaya were analysed. 
Taking the six frequency slit ultrasonic extraction device as the core, the ultrasonic extraction 
device was designed. The ultrasonic assisted technology was introduced, and the crude chlorogenic 
acid was obtained by using the extraction reagent through the processes of dissolution, 
centrifugation, extraction and drying. The content of chlorogenic acid was determined by UV-Vis 
spectrophotometer and liquid chromatography. Crude chlorogenic acid was dissolved in ethanol and 
passed through a macroporous resin layer to obtain a saturated adsorption resin. The resin was 
placed in the desorption solution and allowed to stand to obtain a purified chlorogenic acid solution. 
The chlorogenic acid solute was rotated, evaporated and dried to complete the extraction of purified 
chlorogenic acid from papaya. The experimental results of the extraction method designed in this 
paper show that the extraction time is 20min, the extraction rate is 1.95%, the dosage of extractant 
is 50ml, and the extraction purity is 63.14%. It has practical value to ensure its efficient application 
in the research of food industry, pharmaceutical industry and daily cosmetics.  

Keywords: Ultrasonic-assisted technology; bare-skinned papaya; chlorogenic acid; extraction method. 

 

1. Introduction 

 
Papaya is a nutritious, medicinal and food-rich genus of papaya in the Rosaceae family, 

which is mainly planted as a medicinal or ornamental plant. With the restructuring of 
China’s agricultural industry and the continuous exploration of papaya’s new medicinal and 
health effects, various uses of papaya have been developed. The smooth and waxy skin of 
papaya is rich in nutrients and bioactive substances, and the skin remains smooth after 
drying. Due to the problems of high lignification and crude fiber content, the development 
of bare-skinned papaya products is relatively limited, and the current research on 
bare-skinned papaya is mainly on the extraction of various beneficial components [1]. 
Through years of testing the chemical composition of papaya, which is rich in protein, 
many vitamins, soluble pectin, many sugar substances and the phenylpropanoid compound 
chlorogenic acid. Chlorogenic acid is rich in biological activity, and modern scientific 
research on the biological activity of chlorogenic acid has penetrated into many fields such 
as food, health care, medicine and daily chemicals [2]. Chlorogenic acid is an important 
bioactive substance with antibacterial, antiviral, white blood cell, hepatoprotective, 
antitumor, hypotensive, hypolipidemic, free radical scavenging, and central nervous system 
stimulating effects. In recent years, the extraction of chlorogenic acid has become one of 
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the hot research topics in the field of natural product processing [3]. 
In order to expand the source of chlorogenic acid extraction and increase the economic 

value of light-skinned papaya, related scholars have studied the method of chlorogenic acid 
extraction from light-skinned papaya. In literature [4], the water extraction and lime milk 
precipitation method using water as solvent extraction was used to generate precipitation 
from chlorogenic acid and calcium salts, and lime milk was added to the water extraction 
solution to precipitate chlorogenic acid, and then the precipitation was decomposed by 
sulfuric acid to obtain chlorogenic acid. This method is simple and economical, its 
disadvantage is that the lime milk is a solution and suspension of calcium hydroxide, which 
is strongly alkaline, so it can cause the hydrolysis of chlorogenic acid, thus reducing the 
content of chlorogenic acid, and the precipitation of lime milk is not complete, and calcium 
sulfate has adsorption effect on chlorogenic acid, thus reducing the yield of chlorogenic 
acid. In literature [5], using polar organic solvents such as methanol, ethanol, and acetone, 
which are soluble with chlorogenic acid, bare-skinned papaya was placed in organic 
solvents for a period of time, and then chlorogenic acid was obtained by extraction, 
filtration, evaporation, and drying steps. However, this extraction method requires a large 
amount of solvent and the low extraction efficiency is only applicable to the extraction of 
plants with high chlorogenic acid content. In literature [6], chlorogenic acid was obtained 
by using supercritical CO2 technique with extraction temperature of 30-70 °C and 
extraction pressure of 10-60 MPa, after 5-7 h of cyclic extraction. Supercritical CO2 

extraction combines extraction and distillation into one process without solvent recovery, 
which can greatly improve the production efficiency, save energy and produce products 
with high purity. However, the current production cost of supercritical CO2 extraction 
method is high, so it is still not applied to industrial production on a large scale. 

Ultrasound is a mechanical wave with an effective frequency generally in the range of 
20 to 50 kHz. Ultrasonic extraction is a new technology that applies the combined effects of 
cavitation, vibration, crushing, and agitation generated by ultrasound to the extraction 
process of natural product components to obtain the desired monomeric chemical 
composition by destroying the cell wall [7][8]. Ultrasound-assisted technology has the 
advantages of accelerated extraction efficiency, energy savings, and environmental 
protection. Based on the content of the above analysis, the ultrasonic-assisted 
technology-based method for the extraction of chlorogenic acid from light-skinned papaya 
was investigated. Ultrasonic assisted dynamic extraction device was designed to select 
extraction reagent and auxiliary instruments to extract green raw acid raw materials from 
papaya nude skin; chlorogenic acid raw material content was determined by liquid 
chromatography; and chlorogenic acid was isolated and purified by UV spectrophotometry. 
The experimental results show that the design method improves the purity of chlorogenic 
acid while ensuring the economy of extraction from light skin papaya. 

 

2. Extraction of chlorogenic acid from light-skinned papaya based on ultrasonic 

assisted technique 

 

(1) The fresh fruit of medicinal papaya contains more tannins and organic acids, and the 
sugar content is relatively low, which makes the taste sour and unsuitable for raw food. But 
the fruit is rich in nutrients and vitamins. The organic acids in papaya include malic acid, 
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citric acid, tartaric acid and so on. After diluting properly and supplementing with certain 
sweetener such as sucrose or honey, it can be made into the product with unique flavor. 

(2) It has obvious health functions. The products that have been successfully developed 
and marketed mainly include papaya juice beverages, papaya preserves, papaya wine, 
papaya vinegar, etc. The extraction of superoxide dismutase SOD from papaya, compound 
antioxidant essence (health food) of papaya, concentrated particles of single traditional 
Chinese medicine of modern papaya, decoction pieces of papaya dried under low 
temperature and vacuum and effervescent tablets of papaya honey are being researched and 
developed. Both preliminary and pilot tests of papaya fruit powder have been successfully 
carried out and will soon be put into production. Papaya fruit processing products can also 
be used as chemical, cosmetic raw materials, do feed or additives. Papaya Whitening Soap, 
Papaya Whitening Facial Cleanser, Papaya Milk Whitening Body Wash, Papaya Whitening 
Hand Cream and Papaya Complex Antioxidant Essence are very popular in North America 
and Europe. 

(3) The papaya is both delicious and therapeutic, especially having cosmetic effect on 
women. Papaya contains proteolytic enzymes, can compensate pancreas and intestinal 
secretion, complement the lack of gastric juice, help to decompose protein and starch. 
Papaya is rich in carotene and vitamin C, they have strong antioxidant capacity, help the 
body to repair tissue, eliminate toxic substances, enhance human immunity, help the body 
to resist the virus, including H1N1. Papaya fruit active ingredients can improve the efficacy 
of phagocytes. 

(4) Papaya bonsai is often used as an ornamental tree because of its beautiful appearance, 
large quantity of flowers and beautiful color, which is easy to form. The flowering buds are 
tufted and thriving. When it is in full bloom, it is like a brocade. It is tall and erect, with 
early spring ornamental flowers, summer and autumn ornamental fruits, golden fruits in late 
autumn, aromatic flowers and winter ornamental trees. It can also be used as the rootstock 
for grafting begonias, or as a bonsai in the courtyard or garden. It has the functions of urban 
greening and landscape design. Papaya can be used as bonsai and plant landscaping, papaya 
begonia, wealth, longevity music, suitable for street trees, longevity crown and polychrome 
begonia suitable for indoor decoration. 

 

2.1. Green original acid crude material extraction from papaya with bare skin 

 

2.1.1. Design of ultrasonic-assisted dynamic extraction device 

 

Ultrasonic is a mechanical wave, the effective frequency is generally in the 20 to 50 kHz 
range. Ultrasonic extraction is a process of extracting cell contents by destroying cell wall 
and applying the comprehensive effects of ultrasonic wave such as cavitation, vibration, 
pulverization and agitation to natural product extraction. The application of ultrasonic in 
food processing is realized by three mechanisms: cavity effect, thermal effect and 
mechanical effect, among which cavity effect is considered to be the most important. 
Ultrasonic cavitation has two main characteristics. First, the non-linear process, i. e. the 
variation of cavitation radius and sound pressure are not proportional. 

Secondly, the high pressure compressibility of bubbles means that more potential energy 
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is gained when the bubbles accumulate energy in the process of expansion or collapse. 
In the instantaneous cavitation state, the nonlinear motion of the bubbles causes the 

energy transformation and concentrates in a very small space, so it produces high pressure 
and high temperature, excites chemical reaction, and causes light ultrasonic wave. The 
working principle is to use ultrasonic wave to propagate in liquid medium to produce 
special “cavitation effect”. The “cavitation effect” continuously produces numerous 
micro-cavities with internal pressure reaching thousands of atmospheric pressure, and 
constantly “explodes” to produce strong shock wave effect in microcosmic, which makes 
the active material in raw material cells escape by bombardment, thus speeding up the 
leaching of active ingredients of plants. The vibration homogenization of ultrasonic wave 
can make all points in the sample medium act in the same way, which makes the whole 
sample extraction more uniform and has higher extraction advantage. The method has the 
advantages of convenient operation, short extraction time, good extraction effect, no need 
of heating, maximum protection of the structure of active ingredients, time saving, energy 
saving and safety. 

The ultrasonic-assisted dynamic extraction device of bare-skinned papaya chlorogenic 
acid is shown in Figure 1. The core component is the extraction cell, which is placed above 
the transmitting port of the six-frequency slit-shaped ultrasonic device. The extraction cell 
is constructed of a material that allows the extraction energy of the ultrasound to pass 
through effectively, and the volume must be just large enough to accommodate the sample 
and the filling material. Based on this view, reinforced glass was chosen as the material for 
the extraction cell, which was drawn into a 50 × 7 mm (ID) column at high temperature and 
the end port was closed with sintered porous quartz sand. The sample and filler material 
were loaded into the extraction column and filled tightly, with little possibility of dead 
volume occurrence [9]. 

Six frequency ultrasonic generator PLC controllersolvent
pump

Ultrasonic probe
Temperature controller

Collect bottleExtraction poolSix frequency slot ultrasonic equipment
 

Fig. 1: Schematic diagram of the ultrasonic-assisted dynamic extraction device for 

chlorogenic acid of papaya with bare skin 
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Ultrasonic devices use six-frequency slit-like ultrasonic devices with ultrasonic operating 
modes as shown in Table 1 [10]. 
 

Table 1: Six-frequency slit-like ultrasonic equipment operating mode 

Single 

Frequency 

(KHz) 

Dual Frequency 

Combination (KHz) 

Tri-band combination (KHz) 

20, 23 20/23, 20/25, 20/28, 

20/40 

20/23/25, 20/23/28, 20/23/33, 20/25/28, 

20/25/33, 20/25/40, 20/28/33, 20/28/40 

25, 28 23/25, 23/28, 23/33, 

23/40, 25/28 

23/25/28, 23/25/33, 23/25/40, 25/28/33 

33, 40 25/33, 25/40, 28/33, 

28/40, 33/40 

25/28/40, 28/33/40, 20/33/40, 23/33/40, 

25/33/40, 23/28/40, 23/28/33 

 

2.1.2. Extraction reagents and auxiliary instruments selection 

 

(1) Chlorogenic acid has a wide range of antibacterial effects, but can be inactivated by 
proteins in the body. Similar to caffeic acid, oral or intraperitoneal administration increased 
central excitability in rats. Can increase the small intestine peristalsis and the uterus tension 
of rats and mice. It is beneficial to bile and can increase bile secretion in rats. Allergic to 
people, inhalation of plant dust containing this product, can occur asthma, dermatitis and so 
on. 

(2) Chlorogenic acid is an effective phenolic antioxidant with stronger antioxidant 
capacity than caffeic acid, p-hydroxybenzoic acid, ferulic acid, eugenic acid, butyl hydroxy 
fennel (BHA) and tocopherol. Chlorogenic acid has antioxidant effect because it contains 
certain amount of R-OH radical, which can form antioxidant hydrogen radical to eliminate 
the activity of hydroxyl radical and superoxide anion, and protect tissue from oxidation. 

(3) Chlorogenic acid and its derivatives have stronger free radical scavenging effect than 
ascorbic acid, caffeic acid and tocopherol (vitamin E), and can effectively scavenge DPPH 
free radicals, hydroxyl radicals and superoxide anion radicals, as well as inhibit the 
oxidation of LDL. 

(4) Chlorogenic acid plays an important role in effectively scavenging free radicals in 
the body, maintaining the normal structure and function of cells, preventing and delaying 
the occurrence of tumor mutations and senescence. The chlorogenic acid of Eucommia 
ulmoides Oliver contains a special ingredient that can promote the synthesis and 
decomposition of glue protein in skin, bone and muscle of human body, and has the 
function of promoting metabolism and preventing decay. It can be used to prevent the bone 
and muscle decay caused by weightlessness of astronauts in space. 

(5) As a free radical scavenger and antioxidant, chlorogenic acid has been proved by a 
large number of experiments that the biological activity of chlorogenic acid can have a 
protective effect on cardiovascular system. Isochlorogenic acid B could strongly promote 
the release of prostaglandin (PGI2) and inhibit platelet aggregation in rats, and the 
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inhibition rate of SRS-A release induced by antibody to guinea pig lung fragments was 
62.3%. Isochlorogenic acid C also promoted the release of PGI2. In addition, 
isochlorogenic acid B has a strong inhibitory effect on the biosynthesis of thromboxane and 
the endothelin injury not induced by hydroperoxidation. 

Chlorogenic acid is a polar organic acid, which can be soluble in polar solvents such as 
water, ethanol, methanol, acetone, etc. Chlorogenic acid was extracted separately under the 
same experimental conditions, and the solvent that could achieve the best extraction effect 
was screened. Considering the safety issues, toxic solvents such as methanol and acetone 
were generally not chosen as extractants. Then, considering that anhydrous ethanol is not 
toxic, has good penetration ability to plant cells, has good solubility properties and inhibits 
enzyme catalysis, it is easily available at low cost [11]. 

Main reagents: anhydrous ethanol, concentrated hydrochloric acid, sodium hydroxide, 
distilled water; anhydrous ethanol and other reagents were purchased from Chemical 
Reagent Company and were chemically pure. 

Main experimental instruments: ultrasonic generator (C SONICS & MATERIALS, 
USA); rotary evaporator (BUCHI, Switzerland); UV phase formation system (Bio-Rad, 
USA); UV-visible spectrophotometer (Shimadzu UV-24_50, Japan); HPLC instrument 
(Shimadzu lOAVP-lOAT, Japan). 

 

2.1.3. Chlorogenic acid crude material extraction process 

 

After slicing, the papaya was treated in an oven at 50 °C for 48 h. After drying, the 
papaya was crushed with a high-speed universal grinder, and then passed through 80 mesh 
sieve, and the sieved material was sealed and placed in a dry environment. 200 g of dried 
papaya powder was accurately weighed and placed in a conical flask, and ethanol solution 
with a volume fraction of 70% was added and fully soaked for 24 h. Then the extract was 
centrifuged for 20 min at a speed of 4000 r/min, and the resulting extract was the solution 
of chlorogenic acid in papaya. The resulting extract was rotary evaporated to 100 mL at 
40 °C. The evaporated extract was washed with 200 mL of 80% ethanol aqueous solution 
into a 500 mL aubergine flask and refluxed for 30 min. The ethanol aqueous extract was 
then filtered, concentrated and dried under vacuum to obtain crude chlorogenic acid 
[12-15]. 

The crude chlorogenic acid yield of bare-skinned papaya after the above treatment was 
calculated according to the following equation [16]. 

6
100%

10
γ

× ×
= ×

×

C n V

m
 (1) 

In equation (1), C  is the crude chlorogenic acid mass concentration, /µg mL . n  is 
the dilution factor. V is the volume of the prepared solution, mL. m  is the weight of the 
light-skinned papaya sample, g. 

After the above steps to obtain the crude chlorogenic acid in the light-skinned papaya, 
the content in the crude chlorogenic acid needs to be further determined to facilitate the 
extraction of the finished chlorogenic acid with higher purity, as the light-skinned papaya 
also contains other components [17][18]. 
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2.2. Chlorogenic acid crude material content determination 

 

2.2.1. Sample chlorogenic acid preparation 

 

Precisely weigh 9.75 mg of chlorogenic acid standard, dissolve it in 50% methanol 
solution, fix the volume in a volumetric flask of 10 mL and shake well. Aspirate 1 mL of 
the above standard solution, dilute it to 10 mL with 50% methanol solution, and scan it with 
UV-visible spectrophotometer in the wavelength range of 200-400 nm using 50% methanol 
solution as the reference solution [19]. 
 

2.2.2. Standard curve plotting 

 

The standard solution of chlorogenic acid of 0.975 mg/mL was precisely measured at 30, 
60, 100, 150, 250 and 350 µL on chromatography paper (18 × 16.5 cm), blown dry, and 
unfolded to 13 cm with the supernatant of n-butanol: acetic acid: water = 4:1:5 (v/v), 
removed, blown dry, observed under a 365 nm UV lamp, and delineated a blue fluorescent 
band with the same Rf value as that of the standard. The absorbance of each standard 
solution was measured at 326 nm with 50% methanol solution as blank. The standard curve 
was plotted with the absorbance y as the vertical coordinate and the concentration x of 
chlorogenic acid as the horizontal coordinate [20]. 

The results were scanned in the wavelength range of 200-400 nm using a UV-visible 
spectrophotometer and the results are shown in Figure 2. 

 

Fig. 2: UV scan of chlorogenic acid standard 

 



J. Electrical Systems 17-4 (2021): 559-572 

566 

From Figure 2, it is seen that chlorogenic acid standard solution has a maximum 
absorption peak at 326 nm and 326 nm is the maximum absorption wavelength. There is an 
absorption peak at 242 nm and one at 218 nm. The absorbance of each standard solution 
was measured at 326 nm with 50% methanol solution as blank. The regression equation for 
absorbance y and chlorogenic acid concentration x was 0.0516 0.0035= −y x , with a 
correlation coefficient o 2 0.9998=R  and a linear relationship for concentrations in the 
range of 2.925 to 34.125 /µg mL . 

 
2.2.3. Determination of chlorogenic acid by liquid chromatography 

 
A certain amount of crude chlorogenic acid was accurately weighed in a 10 mL 

volumetric flask, dissolved in 80% methanol aqueous solution and fixed to the scale, mixed 
well and filtered through a microporous filter membrane (0.45 µm), to be determined. 

The chromatographic conditions selected for the determination of chlorogenic acid by 
liquid chromatography were as follows [21]. 

Chromatographic column: Hypersil BD-C18 250 mm × 4.6 mm i.d; mobile phase: 25% 
ethanol + 0.5% acetic acid; flow rate: 1 mL/min; injection temperature: 30 degrees C; 
injection volume: l0 µL; detection wavelength: 326 nm. 

According to the above chromatographic conditions, the standard solution and sample 
solution were determined after the instrument was stabilized. The content of chlorogenic 
acid in the samples was calculated using the external standard method with the following 
equation. 

( ) 0 1

0

%
⋅ ⋅ ⋅

=
⋅

A C V M
X

A W
 (2) 

In the above equation, X  is the percentage content of chlorogenic acid. 0A  is the 
peak area of the standard. 1V  is the volume of the sample solution (mL). W is the weight 
of the sample (mg). A  is the sample peak area. 0C  is the concentration of the standard 
solution (mg/mL). M  is the dilution factor. The content of chlorogenic acid in crude 
chlorogenic acid was calculated based on the above equation, and the crude product needed 
to be separated and purified to improve the quality of chlorogenic acid. 
 
2.3. Isolation and purification of chlorogenic acid 

 
The crude chlorogenic acid extracted by ultrasonic-assisted technology contains a 

variety of other substances, and in order to obtain a higher purity of chlorogenic acid, the 
crude product must be further separated and purified. There are many methods for the 
separation and purification of chlorogenic acid, however, the macroporous adsorption resin 
method has the advantages of high adsorption capacity, fast adsorption speed, easy 
desorption, simple regeneration, and reusability. Also, the physicochemical properties of 
chlorogenic acid make it easy to be adsorbed by macroporous adsorbent resin, which is 
eligible for the separation of compounds by column chromatography using macroporous 
adsorbent resin [22]. 

After 24 h, the soaked resin was washed sequentially with deionized water until there 
was no obvious smell of ethanol in the washing solution and the solution was not turbid, 
then the washing could be stopped. Soak the resin in distilled water and set aside. 
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Remove the pretreated resin submerged in distilled water, fix the chromatography 
column on the lab bench with a steel frame table, and pour a quantitative amount of 
distilled water into the column before loading it. Then the resin with water is slowly 
injected into the column, while the piston at the bottom of the column is opened to make 
the excess distilled water flow out automatically. When the resin sinks in the 
chromatographic column the outer wall of the column is gently tapped with a rubber tube, 
the purpose of which is not only to break the air bubbles trapped between the resins, but 
also to distribute the macroporous resin evenly in the chromatographic column, so that the 
resin inside the column continues to be compacted. The height of the upper column was 26 
cm, and the loaded resin column was left to stand for 4 h. When the sample was loaded, the 
distilled water in the upper part of the chromatography column was put to the same level as 
the upper level of the resin, and the crude extract of chlorogenic acid was slowly added into 
the resin column along the column wall, taking care to avoid floating the resin on the 
surface as much as possible, and a little liquid was released by opening the valve at the 
lower end of the chromatography column until the sample level and the surface of the resin 
column were approximately the same level, and the adsorption separation of chlorogenic 
acid could be carried out [23]. 

Adjust the solvent surface in the macroporous resin chromatography column to the same 
height as the resin surface, weigh a certain volume of crude extract of chlorogenic acid with 
ethanol solvent removed, slowly divert the flow into the macroporous resin column with a 
glass rod, adjust the valve at the lower end of the column to control the appropriate flow 
rate, release the liquid until the upper sample is completely dissolved in the macroporous 
resin, close the valve, add a certain proportion of selected eluent into the dosing funnel, and 
then adjust the valve to control the flow rate of different eluents. valve to control the flow 
rate of different eluents for elution, every 5 mL to connect a tube of separation solution to 
mark, respectively, with a capillary tube to the chlorogenic acid specimen and separation 
solution point in the same activation of the silica gel plate. Then put the silica gel plate into 
the spreading cylinder with n-butanol, glacial acetic acid and water (4:1:2), dry it after 
spreading, and put it under the UV lamp in the dark box to observe the position of the 
chlorogenic acid specimen and the isolate spot, and make a preliminary judgment that the 
eluted effluent contains the isolated segment of chlorogenic acid. After standing for 24 
hours to allow full adsorption, the absorbance of chlorogenic acid was determined using 
UV spectrophotometry to calculate the resin adsorption capacity and adsorption rate with 
the following formula [24][25]. 

0 1−
=

m m
Q

m
 (3) 

0 1

0

100%
−

= ×
m m

E
m

 (4) 

In the above equation, Q  is the chlorogenic acid adsorption capacity of the resin. E  
is the adsorption rate; 0m is the mass of chlorogenic acid contained in the adsorbed sample 
solution; 1m  is the mass of unadsorbed chlorogenic acid in the filtrate after adsorption; 
m  is the mass of the resin. When the adsorption rate of the resin reaches 100%, it is judged 
to be saturated. The resin saturated with adsorption was desorbed, and 50% ethanol was 
used as the desorption solution, and then the content of chlorogenic acid in the desorption 
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solution was measured at intervals, and the desorption rate of the resin was calculated 
according to the following formula. 

( )
( )0

% 100%
′ ′

= ×
′ ′′−

e

C V
B

C C V
 (5) 

In equation (5), ′C  is the concentration of chlorogenic acid in the desorbent. ′V  is 
the volume of the desorbent. 0

′C  is the concentration of chlorogenic acid in the stock 
solution. 

e
C  is the concentration of chlorogenic acid in the adsorption solution. ′′V is the 

volume of the adsorbed liquid. The desorption was stopped when the chlorogenic acid 
content in the desorption solution remained relatively constant. The desorption solution is 
subjected to rotary evaporation, filtration and vacuum drying to obtain dried chlorogenic 
acid. After the above-mentioned separation and purification of the crude chlorogenic acid, 
chlorogenic acid with purity to the accuracy of use was obtained. Thus, the research on the 
extraction method of chlorogenic acid from bare-skinned papaya based on ultrasonic 
assisted technology was completed. 
 

3. Validation of the effect of chlorogenic acid extraction method 

 
Chlorogenic acid is a widely used chemical material, and the analysis of related 

information shows that the light-skinned papaya contains a large amount of chlorogenic 
acid. In order to improve the economic value and utilization of bare-skinned papaya, the 
method of extracting chlorogenic acid from bare-skinned papaya based on 
ultrasonic-assisted technology was studied above. In this section, experiments will be 
designed to verify the suitable conditions and feasibility of the method. 
 

3.1. Test content 
 
The experiment was divided into two parts, the first part of the experiment was an 

orthogonal test of the ultrasonic-assisted technique, which aimed to test the optimal 
parameter values of the factors affecting the extraction rate of chlorogenic acid. The second 
part of the experiment is a comparative experiment, which aims to compare the superiority 
of ultrasonic extraction methods. In the first part of the experiment, different parameters of 
the influencing factors were set and the optimal parameters were judged by comparing the 
magnitude of the extraction rate. In the second part of the experiment, the extraction 
methods in literature [4] and literature [5] were selected as the comparison group, and the 
chlorogenic acid was extracted from the bare-skinned papaya under the optimal extraction 
conditions corresponding to each method, respectively. The three extraction methods were 
compared by comparing the effective extraction rate, extraction time and extraction purity 
of chlorogenic acid of different extraction methods. 

 

3.2. Experimental results and analysis 
 

3.2.1. Ultrasonic-assisted extraction technique orthogonal test 

 
Combined with the operation of chlorogenic acid extraction process and related 
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literature, it can be seen that factors such as material-liquid ratio, extraction time, extraction 
agent concentration and extraction temperature all have an effect on the extraction rate of 
chlorogenic acid. In the extraction of active ingredients, too few times of extraction will 
reduce the extraction rate of active ingredients, and too many times of extraction will 
reduce the efficiency of the experiment. Therefore, in this experiment, four factors were 
selected under the premise of three times of extraction: material-liquid ratio, extraction time, 
extraction temperature and extractant concentration, and the interaction between the levels 
of the factors and the factors were studied according to the orthogonal table, and the 
orthogonal test with four factors and three levels was designed L9(34), and the results are 
shown in Table 2. 

 
Table 2: Results of orthogonal experiments 

Number Extraction 
time A(min) 

The 
concentration 
of extractant 
B (%) 

Material-to-liq
uid ratio C 

(g/mL) 

Extraction 
temperature 
D (°C) 

Extracti
on rate (%) 

1 30 30 1:20 30 1.19 
2 30 50 1:30 35 2.35 
3 30 70 1:40 40 1.79 
4 40 30 1:20 30 1.17 
5 40 50 1:30 35 1.63 
6 40 70 1:40 40 1.24 
7 50 30 1:20 30 1.66 
8 50 50 1:30 35 1.51 
9 50 70 1:40 40 1.92 

K1 5.1 3.96 3.78 4.38  
K2 4.0 4.86 5.26 4.51  
K3 4.87 5.15 4.98 5.02  
k1 1.7 1.32 1.24 1.49  
k2 1.33 1.72 1.69 1.58  
k3 1.62 1.62 1.71 1.35  
R 0.37 0.4 0.50 0.18  

 
The results of the orthogonal test showed that the degree of influence of each factor on 

the extraction rate was determined by the R value, and the primary and secondary factors 
were: C > B > A > D, i.e., among the four factors affecting the extraction rate of 
chlorogenic acid, the extraction agent’s material-to-liquid ratio had the greatest influence, 
followed by the concentration of the extraction agent, and the extraction time had the least 
influence. The k-values of each factor were compared and it was concluded that: for the 
extraction time factor: k1 > k3 > k2, i.e., the first level of 30 min was optimal among the 
three individual levels of the factor; for the concentration of extractant factor B: k3 > k2 > 
k1, i.e., the second level of 70% was optimal among the three levels of the factor; for the 
material-liquid ratio factor: k2 > k3 > k1, i.e., the second level of 1:30 was optimal among 
the three levels of the factor. For the extraction temperature factor D: k3 > k2 > k1, i.e., 
40 °C is the best among the three levels of this factor. According to the above orthogonal 
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experimental results, the extraction conditions of ultrasonic-assisted technology can be 
selected to suit different conditions. 

 

3.2.2. The results of controlled tests with different extraction methods 

 
During the experiment, the extraction rate was affected to some extent by the different 

ripeness of the light-skinned papaya and the treatment of the slices, so in this experiment, 
10 g of dried samples of the same species of light-skinned papaya were selected and treated 
with a vacuum drier to extract chlorogenic acid from the light-skinned papaya by different 
extraction methods. The comparative results are shown in Table 3. 

 

Table 3: Comparison of different extraction methods 

Method Extraction 
time (min) 

Extraction 
reagent dosage 

(ml) 

Extraction 
rate (%) 

Purity  
(%) 

Methods in 
the text 

20 50 1.95 63.14 

Literature 
[4] Methods 

300 500 0.82 17.29 

Literature 
[5] Methods 

120 800 1.27 34.75 

 
Table 3 shows that the dosage of extraction reagents used in the extraction of 

chlorogenic acid by the method in the paper only is 50 ml, which was much less than that of 
the two comparison methods, and the extraction rate of chlorogenic acid by this method is 
1.95, which was higher than that of the comparison methods. The extraction time of this 
method was 20min, which was much less than that of the two comparison methods. The 
purity of chlorogenic acid extracted by the method is 63.14%, which was higher than the 
other two methods. This is because the cavitation effect, mechanical effect and thermal 
effect of ultrasonic waves destroy the papaya cells and make the solvent penetrate into the 
cells quickly, so that the chemical components in the cells are dissolved in the solvent 
quickly, and the release, diffusion and dissolution of intracellular substances are enhanced, 
so the ultrasonic extraction method is shorter than the conventional extraction method. 
Therefore, the ultrasonic extraction method takes less time than the conventional extraction 
method. 

In conclusion, the ultrasonic-assisted method of extracting chlorogenic acid from papaya 
has a shorter extraction time, higher extraction rate and extraction purity than the other two 
methods, and is of practical use. 

 

4. Conclusion 

 
Papaya is a kind of mature fruit of Chaenomeles in rose family. It is a kind of 

multi-purpose plant that gathers medicinal, ornamental and edible materials. The cultivation 
area is wide. The main research of related scholars is focused on flavonoids, polyphenols 
and so on. The chlorogenic acid is widely used in food industry, medicine industry and 
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daily cosmetics. The extraction methods of chlorogenic acid are water extraction, alcohol 
extraction, lead extraction, lime milk precipitation and polyamide column chromatography. 
An ultrasonic assisted dynamic extraction device was designed to extract green acid from 
papaya bark. Green acid was determined by liquid chromatography and purified by 
ultraviolet spectrophotometry. The results showed that the extraction time was short, the 
extraction purity was high, and the economy of chlorogenic acid was ensured, which 
provided a theoretical basis for the study of papaya acid substances. 

Because of limited conditions, this method is only suitable for the extraction of 
chlorogenic acid from melon bark. In the future, with the rapid development of science and 
technology, although there are many deficiencies in the extraction process, but through the 
continuous efforts of researchers, should be further purified, so that the extraction process 
has been significantly improved. In order to improve the purity of chlorogenic acid, 
chlorogenic acid was extracted from other parts of papaya. 
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