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INTRODUCTION 

 

1. Reasons for choosing the thesis 

Pectin is widely used in foods. Pectin is used not only as a 

stabilizer, emulsifier and gelling agent but also as an agent reduces 

fat, sugar and cholesterol in blood and many other roles. However, 

the pectin was only produced by Cargill and CP Kelco companies so 

far. As the demand for pectin is increasing, improving the 

effectiveness and quality of pectin products is essential. Nowadays, 

people increasingly concern about health so edible films have 

expanded rapidly. Edible films are used as barrier to water vapor, 

gases and microorganisms. But each kind of films will be suitable for 

preserving each kind of food. Thus study on edible films for food 

preservation is concerned in over the world. However, there have not 

many research, especially there has not research about pectin films in 

Vietnam yet. 

The use of coatings and edible films is a good choice for fruit 

preservation because the coatings are used as a semi-permeable 

barrier to gases and water vapor. Besides, they can maintain some 

physicochemical properties, sensory quality of the fruit. Mango and 

avocado are nutritional and popular fruits in Vietnam and in Asia. It 

is difficult to preserve mangoes and avocados because of their high 

respiration rate. Therefore, the success on preserving mangoes and 

avocados contributes the improvement of fruits and vegetables 

quality. From that, fruits are exported and widened domestic markets. 

Based on these comments, the research direction of the topic was 

chosen “ Study on extraction of pectin from some plant sources  and 

making pectin films for fruit preservation” 
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2. Research objectives 

 Optimization of pectin extraction and evaluation of some 

properties of extracted pectin; making pectin films; using pectin 

coatings in preservation of mangoes and avocados.  

3. Research content 

- Determination of suitable technical conditions for pectin 

extraction from some plants using heating method. 

- Determination of parameters for pectin extraction using 

ultrasound method.   

- Determination of infrared spectra (FTIR) of pectin, some 

properties of pectin, including: viscosity, molecular weight, DE 

value.  

- Making pectin films (or pectin composite films) from pectin 

and co-polymer such as CMC, chitosan and alginate. 

- Making pectin films added nanoparticles (nanocomposite 

films). 

- Using pectin coatings in preservation of mango and avocado 

fruits . 

4. Scientific significance 

Establishing parameters for pectin extraction to obtain high 

quality and high yield of pectin using heating and ultransound 

method; determining some mechanical, physical, chemical, biological 

properties of films; evaluating the effectiveness of coatings on 

mangoes and avocados preservation. 

5. Practical significance 

Developing a procedure of pectin extraction from some plants; 

improving some properties of pectin films for food preservation; 

improving economic value of fruits and vegetables by using edible 
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coatings from pectin and other materials.   

6. Outline of the thesis 

The thesis consists of 151 pages, of which there are 30 tables 

and 61 figures. The introduction will be 4 pages, the conclusion and 

recommendation of 4 pages, the Articles published of 2 page and 

reference of 13 pages. The main contents of the thesis will be divided 

into three chapters as follows: Chapter 1. Overview: 35 pages in 

length, Chapter 2. Materials and research method: 17 pages and 

chapter 3: Results and discussion: 91 pages. 

 

CHAPTER 1: OVERVIEW 

1.1. Overview of pectin 

The cell wall of the plant is composed of a variety of 

polysaccharides, including pectin. The most unique feature of pectin 

is the ability to create gel with the presence of sugar and acid or Ca2 + 

ions. This gel-forming property makes pectin have an important role 

in many food products. The gel-forming mechanism of pectin is 

mainly regulated by the level of esterification. The pectin acquisition 

process consists of 3 main stages: extraction, precipitation and 

finishing. 

Pectin of the raw material includes soluble pectin and insoluble 

protopectin. Protopectin is in association with other components of 

the plant cell wall, so the first stage in the pectin acquisition process 

is to break off the link to transfer protopectin from the cell wall to 

outside in the form of soluble pectin. Acid, alkaline and salt 

extraction methods, enzymes, modern methods including ultrasound 

to extract pectin can be used.  
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In order to precipitate pectin, we can use many types of 

alcohol, other precipitates such as aluminum chloride, aluminum 

hydroxide and sulfate. In this study, alcohol was used.  

Pectin has many applications in food technology. In addition, 

pectin is capable of forming films, which can be used to wrap or 

cover to prevent steam, gas and microorganisms. In pharmaceutical 

technology, pectin is used to make oral medications, injections to 

stop bleeding before and after surgery and and some other 

pharmacological effects. 

1.2. Overview of pectin film 

Films in general and pectin films in particular have good 

properties that can be used to improve the efficiency of food 

preservation such as the water vapor permeability, gas permeability, 

antioxydant ability, protecting the physical properties of food and can 

be used as a substitute for plastic packaging. Films made of natural 

polymers can be carriers to immobilize some antioxidant agents, 

antimicrobial agents, and avoid loss of some precious substances of 

food that are coated by films. 

1.3. Overview of fruit preservation 

There are many methods used for fruit preservation such as 

modified atmosphere storage, using chemical  or low temperature,... 

The use of coating reduces the negative changes in the preservation 

of some types of products. Coatings work as a barrier to the exchange 

of water vapor and gas, thus reducing the damage of the fruit, 

creating an control atmosphere around the product. As a result, 

coatings reduce weight loss, increase hardness, ascorbic acid content, 

total acid and retain color during storage. Cryopreservation is a good 

way to preserve vegetables and other methods that are highly 

effective when combined with low temperature storage. 
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1.4. Overview of mango and avocado fruit 

Mangoes and avocados fruits are  due to high respiration rate  

so that it occurs more changes in biochemistry during ripening. These 

are luxury fruits with high nutrition so that the research on 

preservating mango and avocado fruit is necessary. 

1.5. Overview of  research on pectin extraction and pectin films 

for fruit preservation 

Study on extraction of pectin extraction were carried out with 

individual methods, but no studies have been performed to extract 

pectin from both leave and fruit peels to compare and evaluate in a 

complete and general way about the yield of pectin and the properties 

of pectin. Based on the references, we find that extraction with acid 

solvent and modern methods have more prominent advantages. 

However, the use of organic or inorganic acid has not been studied in 

detail. Modern methods for the extraction of pectin include: 

ultrasound, using microwaves, using high temperature steam. 

However, when using these methods, especially microwave methods 

and high temperature steam methods, the quality of the product is 

different from extraction with acid, especially the molecular weight 

of pectin. The purpose of this research is to find the best extraction 

conditions to create gel and film, acid extraction and ultrasonic 

methods were chosen, then compared and evaluated pectin extraction 

efficiency. From there, the appropriate extraction procedure were 

built. 

Nanocomposite films used in food packaging are interested and 

studied all over the world. However, studies on pectin film for fruit 

preservation have not been published much. In particular, from up to 

now, there has been no publication on the pectin film applications for 

food preservation in Vietnam. 
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CHAPTER 2: MATERIALS AND RESEARCH METHODS 

2.1. Materials  

Main materials include: suong sam leaves, pomelo peels, 

banana peels, watermelon rind, mangoes, avocados, alginate, CMC 

and chitosan.  

2.2. Chemicals 

Methacrylic acid (MAA), diethylene glycol, potassium 

persulfate (K2S2O8), Acetic acid (CH3COOH) were purchased from  

Merck company. Glycerol, calcium chloride, LiOH, 

Zn(CH3COO)2.2H2O, LiCl2, MgCl2, Mg(NO3)2, NaNO3, NaCl, KCl, 

KNO3, K2SO4, I2, KI, HCl … were purchased from Xilong Co. Ltd 

company., China, their purity was over 99%. KMnO4, Etanol (96°), 

CuSO4.5H2O, citric acid, glucose,… were manufactured in Vietnam, 

their purity was 99%. BHI medium was purchased from Sigma–

Aldrich company (St. Louis, USA). 

2.3. Research methods 

- Determination of some properties of pectin: Determination of 

viscosity, Mw, DE value, FTIR spectroscopy, etc. 

- Determination of some properties of films: Determination of 

thickness, tensile strength, elongation, solubility, vapor permeability, 

oxygen permeability, morphology using SEM image, antimicrobial 

ability using diffusion method, etc. 

- Determination of some quality parameters of fruit: weight 

loss, total soluble solids content, total sugar content, vitamin C 

content, lipid content, microbial cell content, sensory evaluation, etc. 

- Statistical analysis : Statistics were determined using Minitab 

software (Version 16.2.3.0; Minitab Inc., USA), Experimental 

planning using Design expert software, drawing FT-IR diagram using 

OMNIC software, using Origin 6.0 software to establish 
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experimental mathematical models and peak area analysis and 

determine theDE value of pectin. 

CHAPTER 3: RESULTS AND DISCUSSION 

3.1. Survey of basic chemical composition of some materials 

Carry out analysis of the basic chemical composition of some plants 

for extraction of pectin, including: protein, lipid, moisture and ash 

content. These plants have high pectin content, so they are suitable 

for pectin production. 

3.2. Extraction of pectin 

3.2.1. Study on choosing solvent for extraction  

Three solvents were chosen, including: water, HCl 0,1N and 

5% citric acid for extracting of pectin. Regarding the results, citric 

acid was chosen for extracting of pectin from four kinds of resource 

in next survey. 

3.2.2. Study on some parameters for extraction of pectin using 

heating method   

3.2.2.1. Survey of single - varible conditions for extraction of pectin  

After surveying on single - varible conditions, the data for 

extracting of pectin from 4 kinds of  plants was obtained in appendix 

3.  

3.2.2.2. Optimization of pectin extraction  

Optimization of pectin extraction from pomelo peel: 

According the results of single – varible conditions, optimum 

conditions for extraction of pectin was found that 5% citric acid 

solution; 90
o
C; 60 minutes. 

By using Design expert 7.1 softwarr, experimental matrix was 

organized and experiments were conducted, we obtained the results. 

Then, Design expert software and analyzed the ANOVA variance of 
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the second regression model of pectin content were used. From the 

analysis results of the software DX 7.1, the following equation was 

found: 

Y = 15.89 + 2.17x1 + 0.82x2 + 0.75x3 – 1.75x1
2 – 1.9x2

2 (1) 

where: Y: pectin yield, %; x1, temperature (oC); x2, time 

(minutes); x3, concentration of AC (%) 

From using Expected Function Method on  Design expert 7.1 

Software, the optimum conditions for pectin extraction were the 

temperature of 96.89oC, time of 98.16 minutes and 7% citric acid   

solution. 

Figure 3.1. Graphical result of the two-variable regression analysis 

Figure 3.1 shows the effect of two-varible on the yield of 

pectin. Lastly, experiment with the same optimum conditions was 

conducted. Results show that datas (17.52%) were similar to 

estimated results in the model (17.43%). 

Table 3.4. Optimum conditions for extraction of pectin   

and the yield of pectin  

Materials 
Temperature, 

oC 

Time, 

minutes 

Concentration 

Of AC, % 

The yield of 

pectin, % 

Pomelo peels 96.89 98.16 7 17.43 

Suong sam 

leaves 

87.84 74.81  6.49 16.43 

Banana peels 90 60  7 13.4 

Watermelon 

rinds 

90 60 7 9.06 

Similarly, the optimum conditions for extracting of pectin from 
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other materials such as: suong sam leaves, banana peels, watermelon 

rinds were found. The results were showed in Table 3.4.   

3.2.2.3. Study on some properties of pectin  

- Determination of infrared spectra (FTIR) and DE value of pectin  

 From Fourier transform infrared spectroscopy of commercial pectin 

and extracted pectin, we realized that their spectra were similarly  

at some main wavenumbers. Using origin 6.0 for analyzing the 

results, peak area at wavenumber 1760 - 1745 và 1640 - 1620 cm-1 

were determined, respectively este and free carboxylilc groups. From 

this, the DE value of pectin from pomelo peel, suong sam leave, 

banana peel, watermelon rind were calculated 58.93%; 48.36%; 

52.76%; 47.20% respectively.    

 
Figure 3.5. Fourier transform infrared spectroscopy of pectin 

(Sample 0: commercial pectin , sample 1: Banana peel pectin, 

sample 2: watermelon rind pectin , sample 3: pomelo peel pectin, 

sample 4: suong sam leave pectin) 

- Kinematic viscosity of extracted pectin 

The correlation between the kinematic viscosity of extracted 

pectin and its concentration was established by using Origin 6.0 

software. The standard formula regarding the relationship between 

the concentration and kinematic viscosity of the pectin types was 

established, the form of fomula is y = eax+b (Table 3.6). 
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Table 3.6. Formula of the standard curve between the concentration and 

kinematic viscosity of pectin types and their correlation coefficient  

Pectin types Linear equation 
Coefficient of 

correlation (R2) 

Pomelo peel pectin y = e0,4835x+0,73597 0,9902 

Banana peel pectin y = e0,4541x+0,41409 0,9926 

Watermelon rind pectin y = e0,4324x+0,30336 0,9955 

Suong sam leave pectin y = e0,5376x+0,95127 0,9997 

- Determination of Molecular weight of all kinds of pectin  

Molecular of all kinds of pectin were determined according to  

Mark – Houwink equation regarding the viscosity:  

M   =                                                   

+ Molecular weight of pomelo peel pectin  

From the data of  inherent viscosity and the  reduced viscosity, 

the standard curve shows the correlation between the inherent 

viscosity and the  reduced viscosity of the pomelo peel pectin 

according to the concentration of pectin in the form of y = -14.85x + 

195.4 and y = 189.39x + 209.64   with corresponding correlation 

coefficients of 0.96 and 0.9789. 

  Based on these equations, determine the specific viscosity of 

pectin from pomelo peel: 

 and  

[η]B = 202,52. So that Molecular weight of pomelo peel pectin 

was:  

MB =  71 336,33 (g/mol)  

Conducted similarly to pomelo peel pectin, we obtained the Mw of 

pectin from other materials in the following table: 
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Table 3.7. The average of Molecular weight of all pectin  

Parameters 
Pomelo 

peel pectin 

Banana peel 

pectin 

Watermelon 

rind pectin 

Suong sam 

leave pectin 

Mw, g/mol  71 336,33  50 431,5  44 107,78  80 841,97  

3.2.3. Study on parameters for extraction of pectin using 

ultrasound method    

 Parameters affecting pectin yield by ultrasound method 

were evaluated. The results showed that the highest total 

amount of pectin extracted from pomelo peels was 17.23%  

(w/w) for amplitude 80%, duty cycle 50%, 30 minutes at 40
o
C 

and the highest total amount of pectin yield of Yanang leaves 

was 16,87%  (w/w) for amplitude 80%, duty cycle 70%, 20 

minutes at 40
o
C.  

3.2.4. Comparision of ultrasound method and heating method for 

extracting pectin  

Fourier transform infrared spectroscopy of extracted pectin by 

heating method and ultrasound method showed that their spectra 

were similarly at some main wavenumbers. These results show 

ultrasound conditons did not affect main groups of pectin, except for 

este groups. 

 

(a)             (b)                       (c)                      (d)      

Figure 3.12. The result of the peak area at the wavenumbers 1760 - 1745 

and 1640 – 1620: suong sam leaves pectin (a) ultrasound (b) heating; 

pomelo peel pectin (c) ultrasound(d)  heating 
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Using origini 6.0 for analyzing the data, the area of peak at 

wavenumber 1760 - 1745 and 1640 - 1620 cm-1 were determined and 

and DE value of pectin were calculated (showed in Figure 3.12). The 

results identified that pomelo peel pectin was HMP and suong sam 

leaves pectin was LMP. 

3.3. Study on making pectin composite films  

Films were prepared with the ratios of pectin (HMP and LMP) 

and co-polymer (CS, AG, CMC) as 75:25.  

The thickness, mechanical properties, water vapor 

permeability, water solubility, oxygen permeability were 

investigated. The results showed that some properties of films 

forming from suong sam leave pectin were better than from pomelo 

peel pectin. Therefore, we chose LMP for next research. 

3.4. Study on edible films based on LMP and copolymer (pectin 

composite films) 

Films were prepared with the ratios of pectin/co-polymer (CS, 

AG, CMC) as follows: 100–0% (P), 75–25% (P/CS1), 50–50% 

(P/CS2), 25–75% (P/CS3), and 0–100% (CS), for example. 

3.4.1. Study on edible films based on LMP and alginate  

- Thickness and mechanical properties of LMP – chitosan films 

Tensile strength (TS) of chitosan films were higher pectin 

films’. When the concentration of chitosan increases from 25 to 50%, 

the tensile strength of the composite films increases but when the 

chitosan content increased to 75%, the tensile strength decreased to 

9.8%. 

- Color measurement of LMP – chitosan films 

Results showed that when the concentration of chitosan 

increases, especially when the chitosan content is over 50%, L value 
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decreases and the b value increases. These results indicate that the 

films were turned into yellow color. 

- Contact angle of LMP – chitosan films 

The results showed that pectin film belongs to hydrophilic film 

and chitosan film was hydrophobic film. Contact angle value of 

pectin/chitosan films were higher than pure pectin film. 

- Solubility of LMP – chitosan films 

As the ratio of chitosan increased from 25 to 50%, the solubility 

of films decreased from 65.8 to 9.09% but the ratio of chitosan 

increased to 75%, solubility of films increased.  

- Water vapor permeability of LMP – chitosan films 

Water vapor permeability (WVP) of pectin films was higher 

than chitosan film’s. WVP of P/CS2 film was the lowest among all 

films.  

- Antimicrobial action of  LMP – chitosan films 

Film-forming solutions with chitosan had antibacterial activity 

towards four strains of microorganisms E.coli, S.cerevisiae, A.niger 

and C. gloeosporioides. The higher the chitosan concentration (no 

excess 50%), the stronger the anmicrobial activity microorganisms 

studied. 

3.4.2. Study on edible films based on LMP and alginate  

Similar research to pectin – chitosan films, the results showed 

that solubility, water vapor permeability, oxygen permeability of 

films were suitable for food preservation. Moreover, mechanical 

properties of P/AG2 films was good but P/AG2 had no antimicrobial 

activity.  

3.4.3. Study on edible films based on LMP and CMC 

From the results, P/CMC3 film was chosen for applying in 
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fruit preservation because of low solubility, water vapor 

permeability, mechanical properties but P/CMC films had no 

antimicrobial activities against selected microorganisms.   

3.5. Study on edible films based on LMP and nano particles  

3.5.1. Study on edible films based on LMP and AG immobilizing 

ZnO-NPs  

(ZnO-NPs) were added into P/AG films at various ZnO-NPs 

contents, i.e., 0.01, 0.05, 0.1 and 0.5% (g/100g solution). The effects 

of ZnO-NPs incorporation on the mechanical properties and 

hydration properties, oxygen permeability, the color, opacity and 

antimicrobial activity of the films were investigated, etc. The addition 

of 0.1% ZnO-NPs in the film increased ultra violet (UV) and oxygen 

barrier, hydrophobicity, tensile strength, elongation of the films and  

decreased water vapor permeability (WVP).   

- Antimicrobial activity of LMP/AG2/ZnO-NPs film-forming 

solutions: P/AG/ZnO-NPs films inhibited growth of S.cerevisiae, A. 

niger, C. gloeosprioides and E. Coli, and the antimicrobial activity of 

P/AG/ZnO NPs composite films was varied depending on the 

microorganisms.  

The addition of ZnO-NPs showed UV barrier properties. 

- FTIR spectra of Pectin/Alginate; Pectin/Alginate/ZnO-NPs: 

The ATR- FTIR analysis was carried out to study the 

interactions between ZnO NPs and pectin, alginate matrix and the 

results are shown in Figure 3.33.  

It is found that the intensities of peak at 3410 cm−1 (induced by 

OH groups). The FTIR of P/AG/ZnO-NPs film, peaks at 3330, 2950, 

1635, and 1025 cm-1 were shifted to 3290, 2910, 1597 and 1010 cm-1, 

respectively. The shifting of absorption peaks indicated that certain  
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interactions between ZnO NPs and pectin-alginate matrix were 

formed.  

Figure 3.33. FTIR spectra of Pectin/Alginate films with 0.1% and 

without ZnO-NPs: blue line and red line, respectively 

The surface and cross section morphology of the P/AG and 

P/AG with ZnO-NPs 0.1% films were examined by SEM (Figure 

3.34). 

 
                                        (a)                          (b) 

Figure 3.34. SEM of surface (above) and cross section (below): 

(a) Pectin/Alginate; (b) Pectin/Alginate/0.1% ZnO-NPs  

3.5.2. Study on edible films based on LMP and nanochitosan 
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Film forming aqueous solutions were prepared by casting 

pectin (2%) and nanochitosan (2%)  at the following proportions: 

100–0% (P), 75–25% (P/NaCS1), 50–50%  (Film P/NaCS2), 25–

75% (Film P/NaCS3), and 0–100% (Film NaCS). The effects of 

proportions of pectin:nanochitosan incorporation on the thickness, 

tensile strength, elongation, water vapor permeability, water 

solubility were investigated. The results showed showed that the 

blending of pectin with nanochitosan at proportions of 50-50% 

(P/NaCS2) increased tensile strength; reduced water solubility, water 

vapor permeability, oxygen transmission rate.  

- FTIR analysis of P, P/NaCS, NaCS films 

 

Figure 3.36. Infrared spectroscopy (FT-IR) spectra of pectin, 

nanochitosan, pectin/nanochitosan films 

After reacting, the vibrational band corresponding to primary 

amino groups at 1590 and 1539 cm-1 weaken and the vibrational band 

at 1732 cm-1 disappeared, which prominent bands at 1428 cm-1 was 

known -COO-NH2. The strong band at 3700–3300 cm−1can be 

explained by the OH stretching vibration associated with an amide 

NH stretching vibration.  
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-  Antimicrobial action of LMP/NaCS film-forming solutions  

The zone of inhibition values of the prepared film-forming 

solutions against the growth of selected microorganism are given in 

Figure 3.38.  

 

 

 

 

 

\ 

 

 

     

 

 

             

Figure 3.38. Antimicrobial activities of all films  

These suspensions have been observed to act better on A.niger 

and S.cerevisiae than on E.Coli and C. gloeosporioides. Compared 

with P/CS film-forming solutions, LMP/NaCS film-forming solutions 

had better antimicrobial activity. The antimicrobial property of film-

forming solutions was improved with the increase in the 

concentration of NaCS from 25 to 50%. Importantly, chitosan 

nanoparticles exhibit potent bacteriocidal activity but does not show 

cytotoxicity on mammalian cells. 

- Scanning electron microscopy (SEM) 

The SEM images of surface and cross-section of P, NaCS, 

P/NaCS2 films were shown in Figure 3.39. 
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Figure 3.39. SEM images of surface of P, NaCS, P/NaCS2 films (A, 

B, C, respectively) and SEM images of cross-section of P, NaCS, 

P/NaCS2 films (D, E, F, respectively) 

3.6. Preservation of mango and avocado fruit using pectin 

coatings 

3.6.1. Chosing the type of pectin coatings for mango and avocado 

preservation  

Mangoes, avocados were coated with P/NaCS2 and P/AG/nano 

ZnO coatings. Based on theoretical basis and experiments, pectin – 

nanochitosan coatings was chosen for mango fruit preservation and 

P/AG/nano ZnO coatings was chosen for avocado preservation. 

3.6.2. Preservation of mango fruit using pectin – nanochitosan 

coatings 

3.6.2.1. The effect of the thickness of pectin-nanochitosan coatings on 

mango preservation: Preparation of pectin/nanochitosan coating 

solution. Then, mangoes were coated using 5g, 10g and 15g 

pectin/nanochitosan solution, respectively. The weight loss, the 

firmness, the color of coated mango fruits were investigated and 
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compared with uncoated sample during the storage time. The results 

of sensory evaluation on mango fruits showed that using the amount 

of 10g coating solution is suitable because it reduced the weight loss, 

the ripening, the respiration rate and sensory quality of mangoes. 

3.6.2.2. Preservation of mangoes using pectin-nanochitosan coatings 

at various temperatures: Effects of storage temperature 32 ± 2°C, 25 

± 1°C and 17 ± 1°C on some properties of mangoes were 

investigated. The results showed that the weight loss of coated 

mangoes was lower than non-coated mangoes’ at each temperature. 

The color of peels and flesh were also determined during storage 

time. Physical and chemical properties of mangoes are shown in the 

below table: 

Effect of coatings on physicochemical properties of mangoes at 32oC 

Parrameters Soluble solids Total sugar Vitamin C Acid content Firmness 

Storage 

temperature, 

32
o
C 

Coated 
Non-

coated 
Coated 

Non-

coated 
Coated 

Non-

coated 
Coated 

Non-

coated 
Coated 

Non-

coated 

0 4,7 4,7 3,6 3,6 0,45 0,45 0,85 0,85 30,4 30,4 

6 10,4 19,5 6,2 18,8 0,37 0,15 0,72 0,49 13,8 5,12 

9 14,8 17,5 13,1 16,1 0,33 0,08 0,67 0,38 6,6 0,15 

12 20,1 
 

18,5 
 

0,3 
 

0,52 
 

2,51 
 

Mẫu chuẩn 13,84-16,64 13-13,9 29,1-56,6 0,29-0,34 <7,46-9,1 

Effect of coatings on physicochemical properties of mangoes at 25oC 

Parrameters Soluble solids Total sugar Vitamin C Acid content Firmness 

Storage 

temperature, 

25
o
C 

Coated 
Non-

coated 
Coated 

Non-

coated 
Coated 

Non-

coated 
Coated 

Non-

coated 
Coated 

Non-

coated 

0 4.7 4.7 3.6 3.6 0.45 0.45 0.85 0.85 31.2 31.2 

6 10.2 17.1 9.4 16.5 0.43 0.32 0.75 0.65 23.1 8.43 

9 17.1 15.7 16.2 14.5 0.4 0.2 0.7 0.45 19.87 0.88 

12 18.2 
 

17.7 
 

0.38 
 

0.6 
 

10.87 
 

15 20.1 
 

18.2 
 

0.35 
 

0.56 
 

3.99 
 

Mẫu chuẩn 13.84-16.64 13-13.9 29.1-56.6 0.29-0.34 <7.46-9.1 
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Effect of coatings on physicochemical properties of mangoes at 17oC 

Parrameters Soluble solids Total sugar Vitamin C Acid content Firmness 

Storage 

temperature, 

17
o
C 

Coated 
Non-

coated 
Coated 

Non-

coated 
Coated 

Non-

coated 
Coated 

Non-

coated 
Coated 

Non-

coated 

0 4.7 4.7 3.6 3.6 0.45 0.45 0.85 0.85 31.2 31.2 

6 7.1 9.1 5.9 7.9 0.44 0.39 0.8 0.7 23.4 15.5 

9 8.7 12.4 7.5 11.2 0.42 0.3 0.76 0.54 19.92 7.22 

12 10.3 17.5 9.2 16.8 0.4 0.18 0.71 0.5 15.4 2.62 

15 12.5 16.4 11.3 15.6 0.37 0.11 0.68 0.42 10.29 0.88 

18 15.6 
 

14.2 
 

0.35 
 

0.65 
 

6.12 
 

21 17.9 
 

16.2 
 

0.33 
 

0.61 
 

3.21 
 

24 19.5 
 

18 
 

0.3 
 

0.58 
 

1.23 
 

Standard 

sample 
13.84-16.64 13-13.9 29.1-56.6 0.29-0.34 <7.46-9.1 

Changes in the physical and chemical properties of the 

mangoes during storage time depend on the presence the coatings and 

storage temperature. The results suggest that we should preserve 

mangoes using pectin-nanochitosan coatings and low temperature 

such as 25oC and 17oC. 

 

 

 

 

 

 

 

Figure 3.50 and 3.51. Effect of film coating on the amount of  

yeast and mold cells of mango during storage 

  Pectin – nanochitosan based coating on mangoes has been 

effective in reduction of the number of microorganisms. As 

represented in previous publications, microbiological limit for 
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preservation of fruits and vegetables is 106 CFU/g. Values of 

microorganisms in coated mango samples are less than 106 CFU/g 

until the final stage of preservation. The lower the preservation 

temperature is, the smaller the number of microorganisms is.  

Results of sensory analysis indicated that mango preservation 

by coating has ensured good sensory criteria for consumers. 

3.6.3. Preservation of avocado fruit using pectin/alginate/ZnO-NPs 

coatings 

3.6.3.1. Effect of thickness of pectin/alginate/ZnO-NPs coatings on 

avocado preservation   

After analyzing the quantity ranges of coating solution for  

avocado preservation with the amount of 2g, 5g and 7g, respectively,  

the value of 5g was selected as the adequate amount for avocado 

preservation.  

3.6.3.2. Preservation of avocados using pectin/alginate/ ZnO-NPs 

coatings at various temperatures:  

 - Similar to mango preservation, analysis results of mass loss, 

hardness, total dissolved solids, the color of avocados’ exocarp and 

mesocarp and pH showed that coatings can keep the preservation 

time longer, reduce the mass loss and maintain the above mentioned 

criteria better as compared with uncoated avocados. The lower the 

temperature is, the more effective the preservation is. 

 - Besides, the lipid content and iodine value of avocados 

were examined. After storage time, the lipid content decreased, 

especially as compared with control samples of avocados. The 

avocado’s lipid content decreased slowly along with the decreasing 

temperature of preservation. The iodine values of coated samples 

were almost unchanged over the storage times while these values of 



22 

 

uncoated samples decreased.  

- Testing results of the number of microorganisms in avocado 

samples showed that the number of microorganisms in coated 

samples was lower than the one in uncoated samples. Once the 

preservation temperature was lower, the number of microorganisms 

in both uncoated and coated samples decreased. All coated samples 

storaged at the temperature range of 17oC, 25oC và 32oC had the total 

number of microorganisms of less than 106 CFU/g per sample as 

regulated.  

CONCLUSIONS AND RECOMMENDATIONS 

A. Conclusions 

  The main results of Doctoral Research were obtained as follow: 

1. Some basic chemical compositions of material sources of pomelo 

peels, suong sam leaves, banana peels and watermelon rinds were 

determined. The optimal conditions in terms of temperature, time and 

citric acid concentration for extraction of pectin from pomelo peels, 

suong sam leaves, banana peel, watermelon rinds were determined 

and the yield of pectin were found 17.43%; 16.43%; 13.4% và 

9.06%, respectively.  

 2. The properties of various kinds of pectin such as DE value and 

molecular weight were determined. DE value of pectin from pomelo 

peels, suong sam leaves, banana peel, watermelon rinds were found 

58.93%; 48.36%; 52.76%; 47.2%, respectively. Pectin from banana 

peel and pomelo peels were HMP and pectin from suong sam leaves 

and watermelon rinds were LMP. Molecular weight of pectin from 

pomelo peels, suong sam leaves, banana peel, watermelon rinds were 

found 71.336; 80,842; 50.432; 44,108, respectively. 

 3. The results of ultrasonic extraction showed that the extraction 

time was shortened compared with heating method (30 minutes 
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instead of 98.16 minutes with pomelo peels, 24 minutes instead of 

74.78 minutes with suong sam leaves). DE value and viscosity of 

pectin from ultrasonic extraction and pectin from heating extraction 

were equivalent. 

4. Films based on LMP and co-polysaccharide such as: alginate, 

chitosan and CMC were investigated. LMP/AG films with ratio of 

LMP:AG 50:50 and LMP/CS films with ratio of LMP:CS 50:50 were 

suitable for fruit preservation.   

5. LMP/AGF2 films added ZnO-NPs and LMP/NaCS films were 

studied. The results showed that LMP/AG2-ZnO-NPs films were 

better than LMP/AG2 films and LMP/NaCS films were better than 

LMP/CS such as reduction of vapor permeability and oxygen 

permeability, an increase of tensile strength, elongation strength, UV 

absorption, microbial resistance to Saccharomyces cerevisiae, 

Aspergillus niger, Colletotrichum gloeosporioides and E. coli. The 

highest change was obtained when nano ZnO concentration in the 

film forming solution was 0.1%. LMP/NaCS2 films with the mixing 

ratio between LMP and nanochitosan of 50:50 has the optimum 

properties. Analysis of FTIR spectroscopy and SEM imaging of 

microstructure of films revealed that there was an interaction between 

nano ZnO and pectin-alginate, pectin and nanochitosan. 

6. Pectin/nanochitosan (LMP/NaCS) films were used for mango 

preservation and integrated pectin films formed by alginate and nano 

ZnO were used for avocado preservation by applying coating 

method. The premilinary results showed that mango preservation 

time could be extended to 12 days at 32oC, 15 days at 25oC and 24 

days at 17oC; and avocado preservation time could be extended to 9 

days at 32oC, 12 days at 25oC and 21 days at 17oC.  
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B. New contributions of this doctoral thesis  

From an overview of the research in Vietnam and all over the world, 

there are new contributions of the thesis as follows: 

1. The optimal conditions for extraction of pectin from some material 

sources in Vietnam such as pomelo peels, suong sam leaves, banana 

peels, watermelon rinds were determined; some properties of pectin 

were determined. 

2. Integrated films formed by pectin of suong sam leaves (LMP) with 

polysaccharides and nano materials (nanochitosan and ZnO 

nanoparticles) films were implemented for the first time. The results 

showed that it is suitable for fruit preservation. 

3. Demonstrated the superiority of coating and storage at low 

temperatures in mango and avocado preservation. 

C. Recommendations for further researches 

1) Investigate for pectin extraction by using other advanced methods 

such as microwave method, high pressure processing method…; 2) 

Study on improvement of films and creating new films which can be 

used in food preservation such as fixing more antioxidants, 

antimicrobial agents…; 3) Study on the optimization of film 

processing such as drying temperature, drying time…; 4) Study on 

the application of films in the preservation of other food products. 
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