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Figures 6,7, and 8. The contour map of the Total Dissolved Solid, pH and  

                    Electrical Conductivity, and Iron in the Research Area  

 

Major Cations 

Cations are Sodium Na+, Potassium K+, calcium Ca++, and 

Magnesium Mg++ as shown in Figures (9,10,11, and 12). 

       

Figures 9,10,11, and 12. The contour map of the Sodium, Potassium,  

       Calcium, and Magnesium in the Research Area  

 

Major Anions 

Anions are Bicarbonate (HCO3-), Sulphate (SO4=), and Chloride 

(Cl-) as shown in Figures (13,14, and 15). 
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Figures 13,14, and 15. The contour map of the Bicarbonate, Sulphate, and  

  Chloride in the Research Area. 

 

Agriculture Purposes for Groundwater Quality 

The quality of water for irrigation is classified by Sodium 

Adsorption Ratio (SAR), Magnesium Adsorption Ratio (MAR), Soluble 

Sodium Percentage (SSP or Na %) and Residual Sodium bicarbonate 

(RSBC). The respective values of all water quality parameters are 

summarized in each table. The results were compared with standard 

parameters in each case for each type of groundwater. 

 

Sodium Adsorption Ratio (SAR) 

Sodium Adsorption Ratio (SAR) is most commonly used to assess 

the suitability of irrigation water. SAR is calculated using the following 

formula: 

 

   Magnesium Adsorption Ratio (MAR) (Raghunath, H. M., (1987). 

Magnesium content of water is considered one of the most important 

qualitative criteria in determining the quality of water for irrigation.  

 



282                                   Universities’ Research Journal 2024, Vol.15, No. 1                                                                 

 

Residual Sodium Bicarbonate (RSBC) 

The method of classification based on Residual Sodium Bicarbonate 

(After Eaton, F.M 1950) is showed in Table No. (2). 

RSBC = HCO3 – (Ca+Mg)   meq/L 

 

Figure 16. Sodium Adsorption Ration (SAR) 

 

Soluble Sodium Percentage (%) 

The sodium percentage Na % (Wilcox,1955) is calculated using the 

formula given below: 

 

Table  2. Summary Table for various methods of irrigation water quality   

    in Research Area 

Tube 
Well 

EC       
(mS/ cm) 

SAR MAR RSBC Na% SAR Vs EC Remarks 

T1 800 1.3 25 -2.1 32.2 C3-S1 Moderate Water 

T2 798 1.2 31 -2.9 28.9 C3-S1 Moderate Water 

T3 899 0.9 19 -2.8 23.3 C3-S1 Moderate Water 

T4 903 1.4 24 -3.0 31.7 C3-S1 Moderate Water 

T5 913 1.6 34 -2.8 35.0 C3-S1 Moderate Water 

T6 268 0.4 41 -1.2 17.7 C2-S1 Good Water 
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Tube 
Well 

EC       
(mS/ cm) 

SAR MAR RSBC Na% SAR Vs EC Remarks 

T7 260 0.4 33 -1.1 17.5 C2-S1 Good Water 

T8 348 0.8 25 -1.5 26.3 C2-S1 Good Water 

T9 336 0.7 38 -1.2 26.2 C2-S1 Good Water 

T10 412 0.5 31 -1.5 18.5 C2-S1 Good Water 

T11 304 1.4 14 -0.2 46.5 C2-S1 Good Water 

T12 564 0.5 31 -2.3 15.7 C2-S1 Good Water 

T13 572 0.8 19 -2.2 22.6 C2-S1 Good Water 

T14 230 0.4 30 -1.0 20.4 C1-S1 Excellent Water 

T15 220 0.7 25 -0.7 32.2 C1-S1 Excellent Water 

T16 426 0.9 55 -1.2 30.0 C2-S1 Good Water 

T17 427 0.7 47 -1.2 24.6 C2-S1 Good Water 

T18 430 1.2 42 -1.3 35.4 C2-S1 Good Water 

T19 420 0.6 45 -1.3 21.1 C2-S1 Good Water 

T20 421 1.2 46 -1.1 36.4 C2-S1 Good Water 

T21 190 0.6 27 -0.7 28.6 C1-S1 Excellent Water 

T22 120 0.4 20 -0.4 23.5 C1-S1 Excellent Water 

T23 350 0.7 31 -1.1 26.6 C2-S1 Good Water 

T24 350 0.9 31 -1.2 29.3 C2-S1 Good Water 

T25 220 2.3 37 0.2 67.8 C1-S1 Excellent Water 

Domestic Purposes for Water Quality 

The water quality shows the domestic uses and drinking water of 

water quality in the Table No. (3). 
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Table 3. WHO standard guideline for the drinking water in research area 

Characteristics 

Guideline value 
The range obtained 

from groundwater 
Remark 

Desirable 
Max 

Permissible 

Calcium 75 mg/l 200 mg/l 12.82-69.74 mg/l Good 

Magnesium 30 mg/l 150 mg/l 1.92-16.73 mg/l Good 

Sodium 0- mg/l 200 mg/l 5.25-52.79 mg/l Good 

Potassium 0- mg/l 200 mg/l 0.1-2.21mg/l Good 

Sulphate 0- mg/l 400 mg/l 7.68-218.88mg/l Good 

Chloride 200 mg/l 600 mg/l 16-60 mg/l Good 

Iron 0.5 mg/l 1.5 mg/l 0.1-1 mg/l Good 

TDS 0- mg/l 1000 mg/l 80-595 mg/l Good 

pH 6.5 8.5  6.57– 7.53 Good 

EC 
0-micro 

mho/cm 

1500 micro 

mhos/ cm 

70–530 micro 

mhos/cm 
Good 

 

Results and Outcomes 

The results of chemical data analyzed by the SSP% method, the 

SAR method and the MAR method can be assessed as suitable for use as 

irrigation water. The crop should be irrigated by the tolerable plants. PIPER 

method can be classified the three water types. If high amount of Iron 

concentration, it can be reduced of amount with aeration methods and sand 

filtering methods. According to the above methods and the WHO Drinking 

Water Standard, the data can assess whether the groundwater of the research 

area is suitable for drinking water, domestic use, and irrigation water. 

 

Acknowledgement 

We wish to express our sincere thanks and gratitude to our supervisor Dr. Maung 

Thin, (Retd.) Rector, Dagon University, for his supervision guidance, and offering many 

valuable suggestions throughout the research. 



Universities’ Research Journal 2024, Vol. 15, No. 1                                                    285                                                      
 

We wish to express our sincere thanks and gratitude to our supervisor Dr. Win 

Naing, Part Time Professor, University of Yangon, for his supervision guidance, critical 

reading of the manuscript, and offering many valuable suggestions throughout the research. 

We would like to thank Dr. Aung May Than, Professor and Head, Department of 

Geology, Dagon University, for her critical reading of the manuscript and for offering 

many valuable suggestions throughout the research. 

 

References 

Piper A. M., (1944). “A graphic procedure in the geochemical interpretation of water 

analyses, Transitions, American Geophysical Union, pp.-914-928 

Curray, JR., Moore, D.G., Lawver, Lawver, L.A., Emmel, F.J., Raitt, R.w., Henry, M.& 

Kieckhefer, R. (1979). Tectonics of the Andaman Sea and Burma. 

Geological and Geophysical Investigations of Continental Margins. 

American Association of Petroleum Geologists, Memoirs, 29, 189–198. 

David K. Todd and Larry W. Mays (1976). Groundwater Hydrology, Third Edition.  

Eaton, F.M. (1950). Significance of Carbonates in Irrigation Waters. 

Gorrell, H.A. (1958). Classification of Formation Waters Based on Sodium Chloride 

Content; American Association of Petroleum Geologists Bulletin: Tulsa, 

OK, USA, 1958; Volume 42, No. 10 

Hantush, M.S., (1964). Hydraulics of wells, In Advances in Hydroscience (edited by V.T. 

Chow), Vol.1, Academic Press, New York, pp. 347-374. 

Raghunath, H. M., (1987). Groundwater ,2nd Edition. Eastern Limited, New Delhi 

Richards LA (Ed.) (1954) ‘Diagnosis and improvement of saline and alkali soils. 

Agriculture Handbook 60.’ (USDA: Washington, DC) 

Wilcox LV (1955). Classification and use of irrigation waters. US Department of 

Agriculture, Circular 969, Washington, D.C., USA 

Win Swe (1972). Tectonic evolution of the Western Ranges of Burma. Paper presented at 

the Seventh Burma Research Congress, December 1972, 45–57 

 

 

 

 

 

 



Universities’ Research Journal Vol.15, 2024, No. 1   

Petrological Analysis of the Rocks in Ale-ywa - Chaungbya 

Area, Paung Township, Mon State 

Hla Yin Min
1
, Nandar Myint Maung

2
, Yu War Chaw

3
, Zaw Lin Phyo

4
,  

Tint Tint Tun
5
 & Yar Zar Phyo

6 

 

Abstract 

The study area is situated about 13 kilometers north of Paung, Paung 

Township, Mon State. In this area, metasedimentary and igneous rocks 

are major rock types. The igneous rocks are slightly foliated biotite 

granite and porphyritic biotite granite. Quartz and quartzofeldspathic 

veins also occurred. The eastern part of the study area is occupied by 

metasedimentary rocks such as banded quartzite, phyllite, quartzite, and 

slate units. The age of igneous rocks in the study area is considered to be 

early to probably late Oligocene. The genetic character of igneous rocks 

from the study area is S-type. The metasedimentary rocks have been 

affected by regional metamorphism and take place under greenschist 

facies. 

Keywords: Metasedimentary, Igneous, S-type, Greenschist facies 

 

Introduction 

Location and accessibility 

The study area is situated about 13 kilometers north of Paung, Paung 

Township, Mon State. It lies between N latitudes 16°43' to 16°46' and E 

longitudes 97°26' to 97°28'. It is bounded by vertical grids 02 to 06 and 

horizontal grids 26 to 32 in one-inch topographic map numbers 94H/5 and 

94H/6. The size of the study area is about 3.22 km from east to west and 

4.83 km from north to south, covering about 15.55 km2 (Figure 1). The 

study area is easily accessible and can be reached by car or motorcycle in all 

seasons. 
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Aims and Objectives 

-To prepare a detailed geological map of the study area. 

-To classify the rock types in the study area. 

-To study the lithology and petrography of the igneous rocks. 

-To interpret the petrogenesis of igneous rocks. 

-To discuss the metamorphism of the study area. 

 

Material and Methods 

Fieldwork, including systematic sampling of the representative 

sample from the rock units, measuring geological structures, and geological 

mapping, have been carried out using the tape and compass traverse method 

and GPS (Global Positioning System). The detailed petrographic studies 

were made from thin sections of various rock types by using a standard 

binocular petrological microscope.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Location map of the study area 
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Regional geologic setting 

Figure 2. shows the regional geologic setting of the study area. 

Regionally, it is located at the eastern margin of the Central Lowland and 

partly on the western margin of the Shan-Tanintharyi Block. Igneous rocks 

along the Shan boundary fault system and Tenasserim granitoids in the 

Sino-Burma Ranges were recently described by Bender (1983). In the 

southern part of the study area, a Zingyaik plutonic mass of Mesozoic age 

intruded into metasedimentary rocks of late Paleozoic age. This intrusion 

may be the northern continuation of the Tin-Tungsten mineralized granite 

of Tanintharyi Division (Nyan Thin, 1984). It also lies along the Central 

Granitoid Belt and was emplaced during a continent-arc collision at the 

early stage of the westward migrating, east-dipping subduction zone during 

the Upper Mesozoic and Lower Eocene (Khin Zaw, 1990). The eastern and 

central parts of the region are covered by alluvial plains. Tectonically and 

topographically, most parts of the region are trending more or less parallel, 

being approximately NNW-SSE. The geological map of the study area is 

shown in Figure 3. 

 

 

Figure 2. Regional geological map of the study area 

(From Geological Map of Myanmar, 1977) 
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Explanation 

 

 

Figure 3. Geological Map of the Study Area, Paung Township, Mon State 

97°26'  97°28'  
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Rock sequence 

The rock sequence of the study area is shown in Table 1. There are 

two rock units grouped as metasedimentary and igneous rocks. The rock 

sequence is classified on the basis of field relationships and lithologic 

characters. 

Table. 1. Rock sequence 

Alluvium  Quaternary 

Older alluvium and Lateritic soil  

  Unconformity 

Igneous Rocks                                                

Porphyritic biotite granite Probably Late Oligocene 

Slightly foliated biotite granite  Early Oligocene 

Metasedimentary Rocks 

Slate  Early Carboniferous  

Quartzite   to 

Phyllite  Early Permian 

Banded Quartzite 

                      (After Khaing Khaing Thet Lwin, 2014) 

 

Petrography 

Metasedimentary Rocks 

The major rock units are subdivided into four units. The 

classification of each rock unit is mainly based on textural and 

mineralogical criteria. 

 

Banded quartzite 

This unit occurs in the western part of the Kadaik area, and excellent 

exposure is found around the Kadaik Dam. It is well exposed, and small 

quartz veins are intruded into banded quartzite (Figure 4). In some places, 

slate is intercalated within banded quartzite (Figure 5). Microscopically, it 
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has a fine to medium-grained, granoblastic texture with a slightly foliated 

nature. It is mainly composed of quartz, biotite, plagioclase, microcline, 

muscovite, and chlorite. In some thin sections, a small amount of sphene, 

graphite, and magnetite is found. Quartz grains occur as equent granular and 

elongated crystals. Subparallel alignment and suture contact are found 

between the adjacent quartz grains. Boitite flakes occur as subhedral 

prismatic and parallel to the quartz grains and show foliated texture (Figure 

6). 

 

Phyllite 

Phyllite is well exposed near Kadaik Dam. It is highly jointed and 

moderately weathered. It has a sheeny surface and a soapy-feeling character 

(Figure 7). In the thin section, it shows a fine-grained, foliated phyllitic 

texture. The major constituent minerals are biotite, quartz, muscovite, and 

accessory iron ores. The parallel alignment of elongated quartz crystals and 

biotite flakes is more distinct (Figure 8). 

 

Quartzite 

This unit occurs near the slate and phyllite units. It is widely 

distributed in the eastern range of Kadaik Dam (Figure 9). It is hard, 

compact, and highly jointed. Microscopically, it has a medium-grained, 

granoblastic texture that is mostly massive in nature. It is mainly composed 

of quartz, plagioclase, biotite, muscovite, microcline, and chlorite. In some 

thin sections, a small amount of epidote is observed (Figure 10). Subparallel 

alignment and suture contact are found between the adjacent quartz grains. 

Muscovite flakes occur as subhedral prismatic and parallel to the quartz 

grains (Figure 11). 

 

Slate 

Slate is well exposed at stream sections and along the eastern range 

of Kadaik Dam. It is soft and friable, highly jointed, and well foliated 

(Figure. 12). In the thin section, it shows fine-grained, and the major 

constituent minerals are biotite, quartz, muscovite, and accessory iron ores. 

Quartz and biotite flakes are preferred orientations, and slaty cleavage is 

distinct (Figure 13).  
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Igneous Rocks 

In the investigated area, the igneous rocks can be divided into two 

units. They are slightly foliated biotite granite and porphyritic biotite 

granite. The modal composition of representative samples is determined by 

point counting analysis, as shown in Table 2. The composition of the 

granitic rocks is plotted on the IUGS classification diagram (Figure 14). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 6. Subparallel alignment of 

quartz                  and biotite in banded quartzite 

 

 0.5 mm 

40X, XN 

Figure 8. Elongated quartz crystals 

and biotite flakes occur in phyllite 

  0.5 mm 

40X, 

XN 

Figure 9. Fracture filling quartz crystals 

                in quartzite 

Facing 75° 

 

16°45'15"N 

97°27'13"E 

 

 Figure 4. Small quartz veins        

      intruded    into banded quartzite 

Facing 

210° 

 

16°43'45"N 

97°26'30"E 

 Figure 5. Slate intercalatedwithin  

                banded quartzite 

16°43'45"N 

97°26'30"E 

 

Facing 330° 

 

Figure 7. Highly jointed nature of    

                phyllite  

            unit near the Kadaik Dam                               

Facing 110° 

 

16°43'45"N 

97°27'45"E 
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Table. 2. Modal Composition of the Igneous Rocks (in volume percent) 

Rock Unit Slightly foliated Biotite Granite Porphyritic Biotite Granite 

Sample No. H7 H9 H1 H4 H6 

Grid Location N.287024 N.295021 N.265031 N. 270028 N. 283023 

Total Counts 1140 1360 1248 1200 1200 

A
lk

al
i 

fe
ld

sp
ar

 orthoclase 29.87 44.01 48.48 26.47 25.00 

microcline 0.94 0.17 0.25 6.25 0.81 

perthite 9.91 2.61 4.05 13.41 18.78 

Quartz 37.26 34.20 26.01 32.35 31.62 

Plagioclase 8.81 9.88 8.46 14.15 15.68 

Biotite 9.75 6.30 10.23 5.58 6.15 

Muscovite 3.14 2.79 2.53 1.10 1.54 

Figure 10. Aggregates and mosaic of 

epidote (Ep) present in quartzite 

 0.5 mm 

40X, 

XN 

Ep 

Figure 13. Preferred orientation of 

quartz and biotite flakes occur in slate 

Preferred orientation 

40X, XN 

 

0.5 mm 

Figure 12. Highly jointed nature of slate at 

stream section near the Kadaik Dam 

16°46'15"N 

97°27'54"E 

 

Facing 45° 

 

Figure 11. Subparallel alignment of 

quartz and muscovite flakes in quartzite 

  0.5 mm 

40X, XN 
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Figure 14. Plotted data of the igneous rocks on the IUGS classification  

      diagram (After Le Maitre, 2001) 

 

Slightly foliated biotite granite 

It is exposed in the western part of the study area. Its hard, compact, 

and vertically jointed nature is common (Fig. 15). Microscopically, it shows 

a medium- to coarse-grained, hypidiomorphic granular texture. It is mainly 

composed of alkali feldspar (orthoclase, microcline, and perthite), quartz, 

plagioclase, and biotite. A small amount of muscovite, garnet, apatite, and 

magnetite is present (Fig. 16). Some orthoclases exhibit a cloudy 

appearance due to alteration. Some are fractured and altered to kaolin and 

sericite. 

 

Porphyritic biotite granite 

This rock unit is extensively exposed in the southwestern part of the 

study area. Exfoliation, or spheroidal weathering, occurs in this rock unit 

(Fig. 17). It has a massive dome-shaped form. According to a microscopic 

study, it has a coarse-grained, hypidiomorphic granular texture. The modal 

compositions of porphyritic biotite granite are alkali feldspar (orthoclase, 

microcline, and perthite), quartz, plagioclase, biotite, muscovite, monazite, 

Sphene - - - - - 

other & opaque minerals 0.3 0.05 0.05 0.3 0.4 

Total 100.05 99.69 100.06 100.00 99.98 
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magnetite, and hematite (Fig. 18). Most of these granitic compositions are 

plotted on the IUGS classification diagram, which lies in the syenogranite 

field. Orthoclase occurs in subhedral form and shows simple contact 

twinning. The grain size ranges from 2-4 mm. Some are highly fractured, 

and saussuritization effects are observed (Fig. 19). Quartz mostly occurs in 

anhedral form, and undulose extinction is common. Plagioclase shows 

polysynthetic twinning, and twin bands are bent. The compositional range 

determined by Mitchel-Levy’s method is Ab78-An22 (the oligoclase range). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         Figure 15. Vertically jointed nature of 

                      slightly foliated biotite granite 

Facing 180° 

16°44’45"N 

97°26’03"E 

Ms 

0.5 mm 

40X, XN 

    Figure 16. Corroded muscovite          

                mineral in slightly foliated 

biotite granite 

Mnz 

     Figure 18. Monazite crystal occur in porphyritic 

                 biotite granite 

  0.5 mm 

40X, XN Facing 120° 

Figure 17. Exfoliation nature of porphyritic 

                        biotite granite 

16°44’15" 

97°26'13"E 
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Results and Findings 

In the study area, the major metasedimentary rocks are banded 

quartzite, phyllite, quartzite, and slate. Notably, only one major regional 

metamorphism is recognized. Mineral assemblages and metamorphic facies 

are listed in Table. 3. These are shown by means of AKF diagrams (Fig. 

20). The identification of mineral assemblages, facies classification, and 

nomenclature are mainly based on Winter (2001) (Fig. 21). All the igneous 

rocks in the study area are considered to be magmatic in origin based on 

field observations and petrography analyses. In field evidence, it is found 

that dykes, veins, and hornblende-bearing xenoliths are absent. The granitic 

rocks in the study area show a linear flow structure (the alignment of 

feldspar phenocrysts). Petrographically, despite the presence of biotite and 

muscovite micas, monazite is present as an index mineral. Therefore, the 

majority of granitic rocks in the study area are S-type granite (Chappell and 

White, 1974 and 2001). 

 

 

 

 

 

 

   Figure 19. Saussuritization occurs along the cleavage 

planes of  feldspar in porphyritic biotite granite 

    0.5 mm 

40X, XN 
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Table. 3. Mineral assemblages and metamorphic facies of the study area 

Figure 20. AKF diagram for greenschist facies of the study area 

 

 

 

 

 

 

 

 

 

 

Figure 21. P-T diagram illustrating the probable metamorphic conditions in 

  the study area (after Winter, 2001) 

Rock type Mineral assemblages Metamorphic facies 

Slate 1.biotite + quartz + muscovite 

Greenschist Facies 

Quartzite 
2.quartz + albite + epidote + biotite +    

   muscovite + sericite 

phyllite 3. biotite + quartz + muscovite 

Banded Quartzite 
4.quartz + biotite + albite + microcline + 

muscovite + chlorite 

Biotite 

A 

K F 

1 

2 

3 

4 

Muscovite 

Epidote 

Chlorite 

Orthoclase 
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Extraction and Characterization of Avocado Oil 

Ngu Wah Htwe
 

 

Abstract 

The oil from avocado can be considered a newcomer and have 

commercial importance in the industry of fat and oil due to its nutrients 

and health benefits. Avocado oil has potentially multiple uses as edible 

oil, an ingredient in healthcare products and cosmetics. This research was 

undertaken to extract the avocado oil from avocado pulp by two different 

methods such as hot water separation method and microwave-assisted 

expeller pressing method, and to characterize the extracted oil by GC-MS 

method. In hot water separation method, the effects of various amount of 

ascorbic acid and NaCl on yield percent of avocado oil were determined. 

About 6.75 % w/w of avocado oil with pH 5 was obtained by using 6.0 g 

of ascorbic acid and 5 g of NaCl. In microwave-assisted expeller pressing 

method, the effect of different microwave power on yield percent, acid 

value and peroxide value of prepared avocado oil were determined. The 

higher yield percent 7.30 % w/w, lower acid value 0.27 mgKOH/g and 

peroxide value 4.58 meqO2/kg of avocado oil could be prepared by using 

microwave-assisted power (320W). The chemical compounds in 

extracted avocado oil was confirmed by GC-MS method.  

Keywords: Avocado oil, Hot water separation, Microwave-assisted     

      expeller pressing  

 

Introduction 

P-Americana Mill with the family Lauraceae, namely avocado pear 

in English, Htaw-bat-thee in Myanmar possess high quality extracted oil. 

Avocado oil is a stable, emollient, highly penetrating oil. The natural 

content of vitamins A, vitamins B and vitamins E promote natural collagens 

production and work synergistically to improve the skin’s tone and texture.  

Together with potassium and sterolins, these nutrients encourage epidermal 

cell turnover, making the oil ideal for anti-aging products, dry skin 

formulations and as a treatment for damaged skin cells (burns, scars) and a 

range of skin conditions that include eczema and psoriasis. Avocado oil is 

rich in unsaturated essential fatty acids and this nutritive oil has been used 

for centuries in the beauty and skin care (Giacomo C and Matteo B, 2015).  

                                                 

 Demonstrator, Department of Industrial Chemistry, West Yangon University 
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The fatty acid profile of avocado oil is very similar to olive oil, in 

that it is very high in oleic acid. A typical avocado oil has 76 % 

monounsaturated (oleic and palmitoleic acids), 12 % polyunsaturated 

(linoleic and linolenic acids) and 12 % saturates (palmitic and stearic acids); 

these values are given as percentage of fatty acid/total fatty acids. The main 

antioxidant in the oil is ∞-tocopherol, which is present at level of 70-190 

mg/kg oil. β, γ and δ-tocopherols are only present in minor amounts (≤10 

mg/kg oil). Other nonlipid components present in the oil include 

chlorophylls (11-19 mg/kg oil) and carotenoids (1.0-3.5 mg/kg oil) (Marie 

Wong, et al., 2004). 

 Therefore, there is an increased interest in the development of oil 

extraction technologies that preserve the nutritional, physical, and chemical 

characteristics of avocado oil. In this research work, avocado oil was 

extracted by hot water separation method and microwave-assisted expeller 

pressing method. The hot water separation technique is practicable due to 

its simple operation and low cost. Microwave drying is performed in 

specially built cavities like microwave ovens. As microwaves preferentially 

heat only moisture in food, they are very energy efficient.  

The present study focused on the investigation of extraction methods 

such as hot water separation method and microwave-assisted expeller 

pressing method on quality of avocado oil, and on the characterization of 

the extracted oil by GC-MS method. 

 

Materials and Methods 

Collection and Preparation of Sample 

 Unripe avocado fruits were purchased from Da Nyin Gone market, 

Insein Township, Yangon Region. Sodium chloride and ascorbic acid 

(Commercial grade, India) were purchased from Yangon Region. 

 

Extraction of Avocado Oil 

Extraction of Avocado Oil by Hot Water Separation Method 

 About 100 g of avocado pulp was mashed to rupture the cell wall 

and structure of the pulp. Then the mash pulp was diluted with 500 mL hot 

water. 5 % of NaCl was added and pH of the paste was adjusted to pH 5 by 

adding ascorbic acid to improve the oil extraction. The mixture was boiled 



Universities’ Research Journal 2024, Vol. 15, No. 1                                                       303 

 

 

at 105 °C for 5 min to release the oil. The resulting oil was separated by 

separating funnel. The oil was washed with water until the pH of the filtrate 

was 7. The oil was filled in amber-brown glass bottle and stored at 4 °C. 

 

Effect of Amount of Ascorbic Acid on pH of Slurry and Yield Percent 

of Avocado Oil 

The same procedure was carried out repeatedly by various amounts 

of ascorbic acid (5 g, 6 g and 7 g), respectively. The pH of slurry and yield 

percent of avocado oil were determined. The results were shown in Table (1).  

 

Effect of Amount of Sodium Chloride on the Yield Percent of Avocado 

Oil 

 The same procedure was carried out repeatedly by various amounts 

of salt such as (4 g, 5 g and 6 g), respectively.  The yield percent of avocado 

oil was determined. The results were shown in Table (2). 

 

Extraction of Avocado Oil by Microwave-assisted Expeller Pressing 

Method 

The fresh avocado fruits were purchased from local market and after 

being washed, avocado pulps were cut into similar slices with equal height 

0.5 mm. Then, 30 g of avocado slices were placed on rotary tray in the 

center of the microwave oven cavity. Then, microwave power was set at 

320 W for 30 min. Then the dried avocado slices were placed in expeller to 

extract the oil. The oil was filled in amber-brown glass bottle and stored at 4 °C. 

The same procedure was carried out at 480 W for 20 min.  

 

Effect of Different Amount of Bleaching Earth on the Color of Extracted 

Avocado Oil 

 About 100 g of prepared avocado oil was placed into 250 mL beaker. 

Bleaching process was carried out by heating the oil when the temperature 

reaches at 90 ˚C, 0.5 % w/w of bleaching earth was added. Heating and 

stirring were carried out when temperature reach to 110 ˚C. Then, heating 

and stirring were stopped and the temperature of avocado oil was reduced to 

30 ˚C by cooling and filtered with Whatman filter paper No. 4. The 

bleaching process was repeated by varying the amount of bleaching earth 
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such as 0.25 % (w/w), 0.5 % (w/w), 0.75 % (w/w) and 1 % (w/w). The 

clean oil was collected in amber brown glass bottle and kept at 4 ˚C.  

 

Results and Discussion  

In this study, the quality of oil was characterized by yield percent, 

acid value and peroxide value. In hot water separation method, NaCl was 

used as demulsifying agent and ascorbic acid was used to adjust the pH. 

Table 1. shows the effect of amount of ascorbic acid on pH of slurry and 

yield percent of avocado oil extracted by hot water separation method. The 

effect of amount of NaCl on yield percent of avocado oil extracted by hot 

water separation method is shown in Table 2. Higher yield of 6.75 % w/w 

avocado oil with pH 5 was obtained by using the amount of ascorbic acid 

6.0 g and amount of NaCl 5.0 g. The previous study reported that avocado 

oil recovery was higher at pH 5.5 and addition of 5 % NaCl. The obtained 

data in this study were also similar to the values reported by Bizimana et.al 

(1993).  

In microwave-assisted expeller pressing method, avocado pulp 

slices were firstly dried. Table 3. shows that changes in moisture content 

and drying rate with various microwave power 320 W and 480 W.  The 

final moisture content of 0.0013 % w/w dry basic was resulted in irradiation 

time of 30 min at 320 W and 0.0001 % w/w dry basic in 20 min at 480 W.  

Figure 1. shows the drying curve for avocado pulp slices at different 

microwave power. 

Table 4. shows the effect of various microwave power on yield 

percent, acid value and peroxide value of prepared avocado oil. The yield 

percent 7.30 % w/w, acid value 0.27 mgKOH/g and peroxide value 4.58 

meqO2/kg of avocado oil could be prepared by microwave-assisted power 

320 W. The lower yield percent 6.97 % w/w, higher acid value 0.84 

mgKOH/g and peroxide value 10.0 meqO2/kg of avocado oil prepared by 

microwave-assisted power 480 W indicated that oxidation of avocado oil 

occurred at higher microwave power. Therefore, microwave-assisted 320 W 

expeller pressing method was suitable method for extraction of avocado oil. 

Table 5. shows the comparison of yield percent and physico-

chemical properties of avocado oil extracted by hot water separation method 

and microwave-assisted 320 W expeller pressing method. It was found that 

the yield percent 7.30 % w/w of avocado oil obtained from microwave-
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assisted 320 W expeller pressing method was higher than that of 6.97 % 

w/w hot water separation method.  Acid value 0.27 mgKOH/g and peroxide 

value 4.58 meqO2/kg of avocado oil obtained from microwave-assisted 

expeller pressing method (320 W) was lower than that of hot water 

separation method, acid value 0.93 mgKOH/g and peroxide value 5.13 

meqO2/kg. Giacoma C and Matteo B, (2015) studied avocado oil extraction 

processes and reported that acid value of avocado oil should be less than or 

equal to 1 and peroxide value less than or equal to 4. In present research 

data, acid value 0.27 mgKOH/g was similar to the acid value ≤1 obtained 

from Giacoma C and Matteo B, (2015). However, it was found that 

peroxide value 4.58 meqO2/kg slightly higher than the literature value of 

high-quality cold press avocado oil PV≤4. The moisture content 0.1 % w/w 

of avocado oil prepared by microwave-assisted power 320 W was lower 

than that of avocado oil prepared by hot water separation method 0.25 % 

w/w. The value of moisture content 0.25 % w/w was higher than the 

literature value ≤ 0.1 reported by Giacoma C and Matteo B, (2015). These 

results indicated that the quality of prepared avocado oil obtained from 

microwave-assisted power 320 W pressing method was better than that of hot 

water separation method.  

Table 6. shows the different amount of bleaching earth on the color of 

extracted avocado oil prepared by microwave-assisted power 320 W pressing 

method.  According to the results, the amount of bleaching earth 0.5 % w/w 

reduced the color of extracted oil from Red-68.0, Yellow-0.0, Blue-9.5 to 

Red -0.0, Yellow-0.7, Blue-0.3.  

In this research, identification of the prepared avocado oil 

constituents was conducted by using GC-MS method. Eleven number of 

identified compounds were found in prepared avocado oil. Eleven number 

of identified compounds such as D-Limonene (RT- 4.959 min), Undecane- 

2,6-Dimethyl (RT-8.829 min), Benzene,1,3-Bis (1,1-dimethylethyl) (RT-

9.738 min), Phenol 1,2,4-Bis (1,1-dimethylethyl) (RT-10.072 min), 

Dodecane,2,6,10-Trimethyl (RT-10.360 min), Trans–2–Methyl-4-N-

Penthylthiane,S,S-Dioxide (RT-12.603 min), N-Hexadecanoic Acid (RT-

16.673 min), Hexadecanoic Acid, Methyl Ester (RT-20.420 min), 5-

Eicosene (RT-21.371 min), 9,12-Octadecadienoic Acid (RT-22.441 min) 

and Oleic Acid (RT-22.491 min) were found in prepared avocado oil.      

Based on literature review, the compound D- Limonene and 

Dodecane-2,6,10-Trimethy have been found to be useful as fragrance and 
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anti-microbial agent. The compound, Undecane-2,6-Dimethyl and phenol 

2,4-Bis (1,1-Dimethylethyl) has been used as anti-allergic, anti-

inflammatory and anti-bacterial substance.  

Hexadecanoic Acid, Methyl Ester and 9,12-Octadecadienoic Acid 

found to have emollient and skin conditioning activity. N-Hexadecanoic 

Acid helps skin smooth and skin make-up to hide blemishes. The 5-

Eicosene and Oleic Acid found to have emulsifier and surfactant activity. 

The results of GC-MS analysis for prepared avocado oil are described in 

Figures 2 to 12.                                            

Table 1. Effect of Amount of Ascorbic Acid on pH of Slurry and Yield 

Percent of Avocado Oil Extracted by Hot Water Separation 

Method 

 

Sr. 

No. 

Weight 

of 

Ascorbic 

Acid  

(g) 

 

pH of 

Slurry 

Yield of Oil (% w/w)  

Average ± Value 

 

**Literature 

Value 

 

Run-1 Run-2 Run-3 

1 5 6 5.9 6.2 6 6.0333±0.0509  

5-17 % 2 *6 5 6.76 6.94 6.56 6.7533±0.1097 

3 7 4 6.02 6.16 6.06 6.08±0.0653 

**Xiaoli Q and Jinfeng Z, (2016) 

*  The most suitable amount of ascorbic acid 

 

Table 2. Effect of NaCl on Yield Percent of Avocado Oil Extracted by Hot 

Water Separation Method 

Sr. 

No. 

Weight 

of NaCl 

(g) 

Yield of Oil (% w/w)  

Average ±Value 

 

**Literature 

Value 
Run-1 Run-2 Run-3 

1 4 5.2 5.2 5.24 5.213±0.0133  

5-17 % 2 *5 6.76 6.94 6.56 6.7533±0.1097 

3 6 6.4 6.36 6.24 6.333±0.06014 

**Data Xiaoli Q and Jinfeng Z, (2016) 

*  The most suitable amount of salt 
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Table 3. Changes in Moisture Content and Drying Rate with Various    

   Microwave Power 320 W and 480 W 

Sr. 

No. 

Drying Time 

(min) 

Moisture Content (% w/w) Drying Rate (g/cm
2
–h) 

320 W 480 W 320 W 480 W 

1. 0 0.5646 0.5646 - - 

2. 5 0.3329 0.1948 0. 1345 0.2147 

3. 10 0.1493 0.0349 0.1206 0.1538 

4. 15 0.0679 0.0010 0.0961 0.1091 

5. 20 0.0279 0.0001 0.0779 0.0818 

6. 25 0.0013 - 0.0654 - 

7. 30 0.0013 - 0.0545 - 

 

 

 

 

 

Figure 1. Changes in Moisture Content with Drying Time at Different 

Microwave Power 

 



308                                         Universities’ Research Journal 2024, Vol. 15, No. 1 

  

 

 

Table 4. Effect of Various Microwave Power on Yield Percent, AV and PV 

of Prepared Avocado Oil 

 

Sr. 

No. 

 

Power  

(W) 

 

 

Yield 

(% w/w) 

 

AV  

(mgKOH/g) 

 

PV 

(meqO2/kg) 

**Literature value 

Yield  

(% w/w) 

AV 

(mgKOH/g) 

PV 

(meqO2/kg) 

1. 
*320 

W 
7.3015 0.2775 4.5882 

 

5-17  

 

≤ 1 

 

≤ 4 

2. 480 W 6.9779 0.8415 10 

** Giacomo C and Matteo B, (2015) 

* Suitable condition 

 

Table 5. Comparison of Yield Percent and Physico-chemical Properties of 

Avocado Oil Extracted by Hot Water Separation and Microwave-

assisted Expeller Pressing Methods 

 

Sr. 

No. 

 

Parameters 

 

Extraction Methods  

**Literature 

Value 

Hot Water 

Separation 

*Microwave-

assisted Expeller 

Pressing 

1. Yield (% w/w) 6.7533 7.3015 5-17 

2. Color 

Red-68 

Yellow-0.0 

Blue-9.5 

Red-68 

Yellow-0.0 

Blue-9.5 

Pale Yellow 

3. Odor Grassy Smell Grassy Smell 
Grassy with Some 

Smoking Notes 

4. Specific Gravity 0.91803 0.91803 0.912 

5. 
Moisture Content (% 

w/w) 
0.25 0.1 ≤ 0.1 

6. 
Acid Value 

(mgKOH/g) 
0.935 0.2775 ≤ 1 

7. 
Peroxide Value 

(meqO2/kg) 
5.1333 4.5882 ≤ 4 

** Giacomo C and Matteo B, (2015) 

*  The most suitable method 
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Table 6. Effect of Different Amount of Bleaching Earth on Color of 

Extracted Avocado Oil 

 

 

                

 

 

Sr. 

No. 

Bleaching 

Earth 

(% w/w) 

Extracted Avocado Oil 
*Literature 

Value Before Treatment After Treatment 

 

1. 

 

0.25 

Red-68.0 

Yellow-0.0 

Blue-9.5 

Red-30.0 

Yellow-0.5 

Blue-0.7 

Reddish 

Brown 

 

2. 

 

 

 

 

 

*0.50 

Red-68.0 

Yellow-0.0 

Blue-9.5 

Red-0.0 

Yellow-0.7 

Blue-0.3 Pale 

Yellow 

 

3. 

 

0.75 

Red-68.0 

Yellow-0.0 

Blue-9.5 

Red-0.0 

Yellow-0.3 

Blue-0.2 

Light Yellow 

 

4. 

 

1.00 

Red-68.0 

Yellow-0.0 

Blue-9.5 

Red-0.0 

Yellow-0.3 

Blue-0. 

Light Yellow 

Figure 2. GC-MS Spectrum of D-Limonene 

   (RT-4.959 min)      

Figure 3. GC-MS Spectrum of       

  Undecane,2,6-Dimethyl(RT-

   8.829 min) 
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Figure 4. GC-MS Spectrum of 

 Benzene,1,3-Bis(1,1-

 dimethylethyl) (RT-9.738 

 min) 

 Figure 5. GC-MS Spectrum of      

 Phenol,1,2,4-Bis (1,1-

 dimethylethyl)  (RT-10.072 

 min)         

Figure  6. GC-MS Spectrum of   

   Dodecane, 2,6,10Trimethyl 

   (RT-10.360 min)                                                                                                                                                  

Figure 7. GC-MS Spectrum of Trans   

 –2–Methyl-4-Penthylthiane, 

 S,S– Dioxide (RT 12.603 

 min)                                                           

Figure 8. GC-MS Spectrum of N-  

   Hexadecanoic Acid (RT-  

  16.673 min) 

Figure 9. GC-MS Spectrum of 

 Hexadecanoic Acid, 

 Methyl Ester (RT-20.420 

 min) 

Figure 10. GC-MS Spectrum of 

    5-Eicosene (RT-

    21.371 min)                                          

Figure 11. GC-MS Spectrum of 9,12-                                                                                                                                      

    Octadecadienoic Acid (RT-   

     22.441 min) 
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Conclusion 

 The two different methods hot water separation method and 

microwave-assisted expeller pressing method were used for the extraction 

of avocado oil from avocado pulp. The results showed that higher the 

microwave power, the faster the drying process. However, the acid value 

and peroxide value of avocado oil prepared by higher microwave-assisted 

power 480 W were higher than that of lower microwave-assisted power 320 W. 

Higher yield percent 7.30 % w/w, lower acid value 0.27 mgKOH/g and 

peroxide value 4.58 meqO2/kg of avocado oil could be prepared by using 

microwave-assisted power 320 W. Microwave drying of avocado pulp were 

carried out in short drying time and heigh quality avocado oil was also 

obtained by easier process control. Traditionally avocado oil extracted by 

mean of hot water separation method was used in general in location where 

drying system and solvent extraction units cannot be installed. However, 

poor quality avocado oil was obtained due to higher moisture content, acid 

value and peroxide value. The hot water separation process yields a grade of 

oil that need subsequent refining. These results indicated that the quality of 

prepared avocado oil obtained from microwave-assisted power 320 W 

pressing method was better than hot water separation method. 

  

Acknowledgements 

The author would like to acknowledge Dr. Than Zaw Oo, Rector of West Yangon 

University. I am very grateful to Professor and Head Dr. Thin Thin Khaing, Department of 

Industrial Chemistry, West Yangon University, for giving me permission to present this 

research paper. 

I would like to express my heartiest appreciation to my supervisor, Daw Cho Mar 

Kyi, Associate Professor (Retired), Department of Industrial Chemistry, West Yangon 

University, for her invaluable recommendations regarding the selection of this topic, 

Figure 12. GC-MS Spectrum of    

                 Oleic Acid (RT-22.491 min) 

 



312                                         Universities’ Research Journal 2024, Vol. 15, No. 1 

  

 

 

patient supervision, editing the manuscript, giving the detailed guidance until the 

completion of the research paper.  

 

References 

Bizmana V., Breene W.  M and Csallany A. S (1993), Avocado oil extraction with 

appropriate technology for developing countries, J. Am. Oil Chem. Soc. 

70:821-2. 

Giacomo C., and Matteo B (2015), Avocado Oil Extraction Process: method for cold-press 

high-quality edible oil production versus traditional production, Journal 

of Agricultural Engineering, Vol XLVI:467. 

H and M.U.A Team (2012), A Guide to Makeup Foundation Formulation. 

Jose A.  A.  O., Joel D., and Maria E.  R.  C (2104), Preservation of avocado oil with 

electric field treatment, Plant Food Hum Nutr (2014) 69:268_269 

Krinsk-McHale SJ., et.al (2008), The uses of Fourier Transform Infrared (FTIR) 

Spectroscopy and Artifical Neural Networks (ANNs) to Asses Wine 

Quality, Vol-1, Issue-4. 

Marie W., Cecilia R.  J., and Allan W (2004), What is Unrefined, extra virgin cold- cold-

press high-quality edible oil production versus traditional production, 

Journal of Agricultural Engineering, Vol XLVI:467. 

S.  Nappi., V.  Mazzaracchio., L and Arduini (2019), Flexible pH Sensor for Wireless 

Monitoring of the Human Skin from the Medium Distances, pp-1-3, 

DOI- 10.1109/FLEPS.2019.8792291. 

Werner Z (2001), Bleaching of Edible Fats and Oils, European Journal of Lipid Science 

and Technology, Vol-103, Issue-8. 

Xiaoli Q and Jinfeng Z (2016), A Review of Extraction Techniques of Avocado Oil, pg- 

881-888. 



Universities’ Research Journal 2024, Vol. 15, No. 1  

 

Processing of Plant Based Dietary Supplement 

 Khin Si Win
1
 & Mon Mon Maung

2 

 

Abstract 

Maintaining a healthy body weight and composition is as simple as 

eating healthy and exercising regularly. There is a number of dietary 

supplements (weight management) with ingredients containing natural 

nutrients that can help to achieve a weight-loss goal. Weight 

management supplement was processed from a variety of plant materials 

such as seed, fruit and vegetables. This research was focused on the 

formulation of dietary supplement from seed powder of lentil (Lens 

culinaris M.), fruit powder of Chinese plum. Powders of vegetables such 

as carrot, pumpkin, tomatoes and edible amaranth leaves (Amaranthus 

mangostanus L.) were also added to this formulation. Firstly, for the 

preparation of seed, fruit and vegetable powder, fresh raw materials 

were blanched at 80 ºC for 3 min. Secondly, the blanched seed and fruit 

were dried using a hot air dryer at 70 ºC for 4 h and 7 h, respectively and 

the blanched vegetables were dried using a solar dryer at 45 - 50 ºC for 8 

h. Finally, the quality and characteristics of experimental dietary 

supplement were determined by AOAC methods and modernized 

techniques. Furthermore, the nutritive values of experimental dietary 

supplement were studied. The sensory evaluation such as colour, taste, 

flavor and acceptability of experimental dietary supplement were 

conducted using 9 - Point Hedonic Scale Rating Test. The shelf-life of 

experimental dietary supplement was studied by observing the microbial 

contamination. The properties of experimental dietary supplement were 

found to be acceptable until 6 months of storage under refrigerated 

condition with vacuum packaging. 

 Keywords: dietary supplements, weight management, lentil, Chinese  

        plum,carrot, pumpkin, tomatoes and edible amaranth leaves 

 

Introduction 

  Supplements provide the nutrients that need to stay healthy both 

physically and mentally. In reality, the human system does not become 

exhausted and at the same time injuries and fatigue are avoided. Over the 

past decade, there has been a significant increase in the production and 

consumption of dietary supplements. Most of these are supplied in tablets or 

powder form (Kourkouta et al., 2016). 

                                                 
1
 Professor and Head, Department of Industrial Chemistry, University of Yangon  

2
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 A dietary supplement can also be defined as a vitamin, mineral, 

chemical, herbal product, botanical, amino acid, or other ingestible 

preparation that is added to the diet to benefit human health. They are used 

worldwide and represent a broad category of ingestible products that can be 

distinguished from conventional foods and drugs (Hassan et al., 2020). 

These supplements are taken to improve and maintain overall health. For 

women in particular, the supplement aims to support bone health and 

prevent osteoporosis. The most commonly used supplements are 

multivitamins, mineral supplements, calcium supplements, omega-3 fatty 

acids or fish oils (Bailey et al., 2013).  

 Although, the increased intake is supposed to provide health benefits, 

too much consumption may result in higher amounts of vitamins and 

minerals which the body may not be able to tolerate. As a result, consumers 

are exposed to health risks from over-consumption of dietary supplements. 

The problem becomes even more serious when people take these 

supplements on their own without a prescription or medical supervision. 

Some supplements are poorly absorbed, while others are almost completely 

destroyed by stomach fluids (Beitz et al., 2004). Powder and liquid 

supplement formulations are convenient for people who have difficulty 

swallowing capsules or tablets. Injecting supplements is always done under 

the guidance of a physician (Hassan et al., 2020).  

 Aim of this research work is to prepare the nutritious and healthy 

dietary supplement that provides benefits of consuming in place of import 

supplement. The objectives of this research work are 

 To produce the valuable product from natural resources 

 To analyze the nutritional values of the dietary supplement 

 To substitute import dietary supplement 

 

Materials and Methods 

Materials  

 Raw pea (Red Lentil), Chinese plum fruit and vegetables such as 

carrot, pumpkin, tomato and edible amaranth were purchased from 41
st
 

Street (Night Market), Mahar Aung Myay Township, Mandalay. The 

needed chemicals for processing and characterization were purchased from 

Food Flavor Shop, 27
th

 Street, Pabeldan Township, Yangon. 
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 Preparation of Red Lentil Powder  

 The collected red lentil seeds were washed with water to remove 

foreign materials and soaked in hot water at 100 °C for about 15 min. Then, 

red lentil seeds were dehulled under warming condition. The dehulled seeds 

were dried in a hot air oven at 70 °C for about 4 h. After drying, the dried 

seeds were pulverized using a grinder and sieved with a 150-mesh screen. 

Finally, the powdered red lentil flour was packed into airtight plastic bags 

and stored in a cool, dry place. 

 

Preparation of Chinese Plum Powder 

 The collected Chinese plum fruits were washed with water to 

remove seeds and foreign materials. The flesh of these fruits was blanched 

in hot water at 80 °C for about 3 min. Then the blanched flesh was collected 

and dried in a hot air dryer at 70 °C for about 7 h. The dried pulp was 

crushed in a grinder and sieved through a 150-mesh screen to obtain the 

desired powder size. The prepared Chinese Plum powder was stored in an 

air tight container and used as an ingredient for the preparation of dietary 

supplement. 

 

Preparation of Vegetables Powder 

 The collected vegetables, including carrots, pumpkins, tomatoes, 

and edible amaranth, were washed with water to remove any foreign matter, 

and then parboiled by immersing in 80°C water for approximately 3 min. 

After parboiling, these raw vegetables were chopped and dried in a solar 

dryer, shown in Figure (1), at 45 - 50 °C for about 8 h. The dried vegetables 

were ground with a grinder and sieved with 150-mesh screen to obtain the 

desired powder size. These powders were also stored in airtight containers 

and used as ingredients in the manufacture of dietary supplements. 
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Preparation of the Dietary Supplement 

 The dietary supplement, shown in Figure (2), was prepared by the 

most suitable weight ratio of 45 % red lentil, 15 % Chinese plum, 19 % 

carrot, 7 % pumpkin, 3 % tomato and 11 % edible amaranth. 

 

Analysis of Physico-chemical Properties of Dietary Supplement   

 The physico-chemical properties of the prepared dietary supplement 

such as moisture content, ash content, protein content, fat content, fiber 

content and carbohydrate content were determined by Association of 

Official Analytical Chemists (AOAC) method (AOAC (2000) Official 

Methods of Analysis, 2021). 

 

Determination of Yield Percent  

 The yield of sample was calculated by converting the edible portion 

of the supplement into a percentage (Food Labelling, Food Manufacturing, 

Nutritional Facts Label, 2019) and the formula is as follows: 

 Yield, % (w/w) =   x 100 

 

 

 

Figure 1. Solar Dryer  

Figure 2. Dietary Supplement  
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Determination of Water Activity  

 The processed supplement was put into a small container, and then 

the container was sealed to separate the sample from the outside 

environment. A sensor (digital thermo-hygrometer) inside the container 

measures the relative humidity of the air above the food. After a period of 

time, this relative humidity measurement remains constant due to the 

establishment of equilibrium between the air and the food. This final 

reading is called percent equilibrium relative humidity (% ERH). The water 

activity was calculated by the following equation.  

 Water Activity, aw = %  

 

Determination of Rehydration Ratio  

 About 2 g of the dried dietary supplement was weighed in a clean, 

dry and previously weighed container, and then, transferred to a 250 mL 

beaker. About 100 mL of boiled distilled water was added and stand for 5 

min and then cooled. The rehydrated sample was separated from the cooled 

solution and weighed. Three samples were analyzed and the average value 

was recorded. The rehydration ratio was calculated as follows: 

 Rehydration Ratio, % (w/w) =    × 100 

Where: WR = Drained Weight of the Rehydrated Supplement (g) 

 WD = Weight of the Dry Supplement Used for Rehydration (g) 

 

Determination of Bulk Density 

  Loose Bulk Density 

   The loose bulk density of the dietary supplement was determined by 

transferring 50 g product into a 250 mL graduated glass cylinder and 

measuring the volume of the products from the scale. The loose bulk 

density was calculated by dividing the mass of the powders by the volume 

occupied in the cylinder (Anderson, 1969). 

  Packed Bulk Density 

  The packed bulk density was determined by a similar way, but the 

volume was measured after tapping the cylinder until the products settled 
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about 2 min. The packed bulk density was calculated by dividing mass of 

the powders by the volume occupied in the cylinder (Anderson, 1969). 

 

Determination of Water Absorption Index and Water Solubility Index 

  The water absorption index (WAI) measures the volume occupied 

by the granule or starch polymer after swelling in excess of water. About 

2.5 g of sample was added in 30 mL of distilled water at 25 °C for 30 min, 

gently stirred during this period and then centrifuged for 15 min. The 

supernatant liquid was poured carefully into a tarred evaporation dish. The 

remaining gel was weighed and WAI was calculated as grams of gel 

obtained per gram of solid (Anderson & Griffin, 1969). 

  WSI (%) = WAI x 100 =   × 100 

 

Sensory Evaluation 

 Sensory evaluation of the prepared dietary supplements was done 

based on color, texture, taste, odor and overall acceptability and determined 

by 30 semi-trained panelists. Sensory evaluation was scored on a 9-point 

hedonic scale: 9 - like extremely, 8 - like very much, 7 - like moderately, 6 - 

like slightly, 5 - neither like nor dislike, 4 - dislike slightly, 3 - dislike 

moderately, 2 - dislike very much, 1- dislike extremely. 

 

Results and Discussion 

 Dietary supplements are not medicines, nor a substitute for food. 

The effect of oven drying time on physico-chemical characteristics such as 

moisture content, water activity, yield percent, rehydration ratio and 

organoleptic properties of red lentil powder and Chinese plum powder are 

shown in Tables (1) and (2) respectively. According to these results, the 

suitable oven drying time for red lentil was found to be 4 h because of the 

highest yield percent, rehydration ratio and organoleptic properties. For 

Chinese plum powder, the suitable oven drying time was found to be 7 h 

because of also the highest yield percent and rehydration ratio. The drying 

time of a product has a significant impact on its organoleptic properties. 

 The effect of solar drying time on physico-chemical properties such 

as moisture content, water activity, yield percent, rehydration ratio and 
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sensory properties of carrot powder, pumpkin powder, tomato powder and 

edible amaranth powder are shown in Tables (3), (4), (5) and (6) 

respectively. According to these results, the suitable solar drying time for 

carrot powder, pumpkin powder, tomato powder and edible amaranth 

powder was found to be the same time 8 h because of the highest yield 

percent, rehydration ratio and organoleptic properties. The higher the 

hydration rate, the faster lost fluids are absorbed and restored. 

 Table (7) shows the physical properties of ingredient powders for the 

processing of dietary supplement. The water absorption index of all 

ingredients such as red lentil powder, Chinese plum powder, carrot powder, 

pumpkin powder, tomato powder and edible amaranth powder was found 

was found to be 1.42 ± 0.1, 2.31 ± 0.1, 2.55 ± 0.3, 2.42 ± 0.1, 2.65 ± 0.2 and 

2.83 ± 0.1 respectively. The water solubility index of all ingredients such as 

red lentil powder, avocado powder, Chinese plum powder, carrot powder, 

pumpkin powder, tomato powder and edible amaranth powder was found 

was found to be 48.21 ± 1.5, 60.15 ± 2.0, 62.19 ± 2.0, 65.23 ± 2.5, 70.15 ± 

1.5 and 80.23 ± 1.0, respectively. 

 Table (8) shows five different formulations of dietary supplement 

made in accordance with FAO/WHO standards. Table (9) provides the 

nutritional characteristics of dietary supplements. Formula 5 was chosen the 

most suitable formula for dietary supplement because the highest protein 

content 24.28 % (w/w), the highest overall acceptability 7.62 and the energy 

value 321.7 kcal/100 g were obtained.  

 Table (10) shows the physical characteristics (rehydration ratio, 

water absorption index, water solubility index and bulk density) of the most 

suitable dietary supplement. The microbial examinations of dietary 

supplement are shown in Table (11). Yeasts and molds count and total plate 

count (TPC) of dietary supplement were under the limit of Codex 

Alimentarius standard, 2018. No growth of E. coli was found in the dietary 

supplement. 
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Table 1. Effect of Oven Drying Time on Physico-chemical Characteristics     

   of Red Lentil Powder 

  Oven Drying Temperature   = 70 °C 

  Weight of Fresh Red Lentil  = 100 g 

 Cooking Temperature & Time = 100 °C & 15 min  

Sr. 

No. 

Oven  

Drying 

Time 

(h) 

Moisture 

Content 

% (w/w) 

Water 

Activity 

(aw) 

Yield 

Percent 

% (w/w) 

Rehydration 

Ratio 

Organoleptic  

Result 

1. 3 9.32 0.38 ± 0.3 64 ± 2.0 4.86 ± 0.2 7.2 

2.   4* 8.45 0.36 ± 0.2 74 ± 2.5 5.07 ± 0.5 7.5 

3. 5 7.27 0.35 ± 0.1 72 ± 2.0 4.74 ± 0.4 7.1 

4. 6 6.05 0.33 ± 0.2 69 ± 2.2 4.53 ± 0.3 7.4 

5. 7 5.74 0.31 ± 0.1 68 ± 2.2 4.32 ± 0.1 6.8 

* The most suitable condition 

 

Table 2. Effect of Oven Drying Time on Physico-chemical Characteristics     

   of Chinese Plum Powder 

  Oven Drying Temperature   = 70 °C 

  Weight of Fresh Chinese Plum = 100 g  

Sr. 

No. 

Oven  

Drying 

Time 

(h) 

Moisture  

Content 

% (w/w) 

Water 

Activity  

(aw) 

Yield  

Percent 

% (w/w) 

Rehydration 

Ratio 

Organoleptic  

Result 

1. 4 6.42 ± 0.1 0.66 ± 0.2 36 ± 1.5 3.93 ± 0.3 6.5 

2. 5 6.35 ± 0.3 0.59 ± 0.2 37 ± 1.0 4.17 ± 0.5 6.8 

3. 6 6.11 ± 0.2 0.54 ± 0.1 39 ± 1.5 4.02 ± 0.4 7.0 

4.   7* 6.05 ± 0.1 0.51 ± 0.2 41 ± 2.5 4.26 ± 0.2 7.3 

5. 8 5.94 ± 0.2 0.48 ± 0.2 40 ± 2.0 3.72 ± 0.1 7.1 

* The most suitable condition 
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Table 3. Effect of Solar Drying Time on Physico-chemical Characteristics of 

  Carrot Powder 

  Solar Drying Temperature  = 45 - 50 °C 

  Weight of Fresh Carrot = 100 g  

Sr. 

No. 

Solar  

Drying 

Time 

(h) 

Moisture 

Content 

% (w/w) 

Water 

Activity 

(aw) 

Yield  

Percent 

% (w/w) 

Rehydration 

Ratio 

Organoleptic 

Result 

1. 5 
6.72 ± 

0.1 
0.62 ± 0.1 16 ± 1.0 4.07 ± 0.1 6.7 

2. 6 
6.55 ± 

0.3 
0.60 ± 0.2 17 ± 1.5 4.37 ± 0.2 6.9 

3. 7 
6.41 ± 

0.2 
0.59 ± 0.2 19 ± 2.0 4.12 ± 0.3 7.2 

4.   8* 
6.25 ± 

0.1 

0.57 ± 

0.15 
21 ± 2.5 4.76 ± 0.3 7.6 

5. 9 
6.14 ± 

0.2 
0.53 ± 0.2 20 ± 1.5 3.92 ± 0.2 7.3 

* The most suitable condition 

 

Table 4. Effect of Solar Drying Time on Physico-chemical Characteristics of 

   Pumpkin Powder 

  Solar Drying Temperature  = 45 - 50 °C 

  Weight of Fresh Pumpkin = 100 g  

Sr. 

No. 

Solar 

Drying 

Time 

(h) 

Moisture 

Content 

% (w/w) 

Water 

Activity 

(aw) 

Yield 

Percent 

% (w/w) 

Rehydration 

Ratio 

Organoleptic 

Result 

1. 5 6.52 ± 0.1 
0.56 ± 

0.20 
14 ± 1.5 4.17 ± 0.1 6.8 

2. 6 6.35 ± 0.3 
0.52 ± 

0.15 
15 ± 1.0 4.20 ± 0.3 7.0 
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Sr. 

No. 

Solar 

Drying 

Time 

(h) 

Moisture 

Content 

% (w/w) 

Water 

Activity 

(aw) 

Yield 

Percent 

% (w/w) 

Rehydration 

Ratio 

Organoleptic 

Result 

3. 7 6.21 ± 0.2 
0.50 ± 

0.20 
17 ± 1.5 4.32 ± 0.2 7.2 

4.  8* 6.15 ± 0.1 
0.49 ± 

0.20 
19 ± 2.0 4.45 ± 0.3 7.3 

5. 9 6.10 ± 0.2 
0.47 ± 

0.15 
18 ± 1.0 4.12 ± 0.2 7.2 

* The most suitable condition 

 

Table 5. Effect of Solar Drying Time on Physico-chemical Characteristics of 

   Tomato Powder 

  Solar Drying Temperature  = 45 - 50 °C 

  Weight of Fresh Tomato = 100 g  

Sr. 

No. 

Solar  

Drying 

Time 

(h) 

Moisture 

Content 

% (w/w) 

Water 

Activity 

(aw) 

Yield 

Percent 

% (w/w) 

Rehydration 

Ratio 

Organoleptic 

Result 

1. 5 6.77 ± 0.2 0.46 ± 0.20 15 ± 1.5 4.27 ± 0.2 6.9 

2. 6 6.45 ± 0.2 0.42 ± 0.15 17 ± 2.0 4.43 ± 0.2 7.2 

3. 7 6.36 ± 0.1 0.40 ± 0.20 19 ± 1.5 4.62 ± 0.3 7.4 

4.  8* 6.25 ± 0.2 0.38 ± 0.20 21 ± 1.0 4.85 ± 0.1 7.7 

5. 9 6.19 ± 0.1 0.37 ± 0.15 20 ± 1.5 4.15 ± 0.1 7.5 

* The most suitable condition 
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Table 6. Effect of Solar Drying Time on Physico-chemical Characteristics of 

   Edible Amaranth Powder 

  Solar Drying Temperature   = 45 - 50 °C 

  Weight of Fresh Edible Amaranth = 100 g  

Sr. 

No. 

Solar  

Drying 

Time 

(h) 

Moisture 

Content 

% (w/w) 

Water 

Activity 

(aw) 

Yield 

Percent 

% (w/w) 

Rehydration 

Ratio 

Organoleptic 

Result 

1. 5 5.42 ± 0.2 
0.46 ± 

0.10 
8.3 ± 1.0 4.25 ± 0.2 6.8 

2. 6 5.37 ± 0.1 
0.42 ± 

0.15 
9.6 ± 1.5 4.37 ± 0.3 7.2 

3. 7 5.21 ± 0.1 
0.39 ± 

0.15 
10.2 ± 1.5 4.48 ± 0.1 7.5 

4.   8* 5.10 ± 0.2 
0.35 ± 

0.10 
12.5 ± 1.0 4.75 ± 0.2 7.7 

5. 9 5.05 ± 0.1 
0.32 ± 

0.15 
11.5 ± 1.5 4.18 ± 0.3 7.6 

* The most suitable condition 
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Table 7. Physical Properties of Ingredient Powders for the Processing of   

   Dietary Supplement  

Sr. 

No. 

Powder  

Name 

Water 

Absorption 

Index 

Water  

Solubility 

Index 

Bulk Density 

Loose 

Bulk 

Density 

Packed 

Bulk  

Density 

1. Red Lentil 1.42 ± 0.1 48.21 ± 1.5 0.52 ± 0.02 0.48 ± 0.01 

2. 
Chinese 

Plum 
2.31 ± 0.1 60.15 ± 2.0 0.40 ± 0.03 0.37 ± 0.01 

3. Carrot 2.55 ± 0.3 62.19 ± 2.0 0.53 ± 0.02 0.49 ± 0.03 

4. Pumpkin 2.42 ± 0.1 65.23 ± 2.5 0.49 ± 0.01 0.41 ± 0.02 

5. Tomato 2.65 ± 0.2 70.15 ± 1.5 0.39 ± 0.03 0.32 ± 0.01 

6. 
Edible  

Amaranth 
2.83 ± 0.1 80.23 ± 1.0 0.36 ± 0.02 0.30 ± 0.03 

 

Table 8. Formulation of Dietary Supplement  

Sr. 

No. 

Weight of 

Powder 

% (w/w) 

Formulation (Total 100 g of Ingredients) 

F1 F2 F3 F4 F5* 

1. 
Red 

Lentil 
45 45 45 45 45 

2. 
Chinese 

Plum 
6 9 11 13 15 

3. Carrot 10 12 15 17 19 

4. Pumpkin 21 17 14 11 7 
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Sr. 

No. 

Weight of 

Powder 

% (w/w) 

Formulation (Total 100 g of Ingredients) 

F1 F2 F3 F4 F5* 

5. Tomato 13 11 8 5 3 

6. 
Edible 

Amaranth 
5  6 7 9 11 

* The most suitable formula 

 

Table 9.Nutritional Characteristics of Dietary Supplements 

Sr. 

No. 

Characteristics  

% (w/w) 

Experimental Values WHO/ 

FAO 

1991** 
F1 F2 F3 F4 F5* 

1. 
Moisture 

Content 
6.8 6.7 6.6 6.9 6.4 - 

2. Ash Content 3.1 3.4 3.5 3.8 3.0 - 

3. 
Protein  

Content 
22.25 20.17 23.16 21.61 24.28 20 - 25 

4. Fat Content  3.94 3.71 3.85 3.68 3.62 8.0 

5. 
Crude Fiber 

Content 
2.74 2.69 2.61 2.77 2.52  3.0 

6. 
Carbohydrates 

Content 
45 47 43 45 48 50 

7. 
Energy value 

(kcal/100) 
304.46 302.07 299.29 299.56 321.7 

352 - 

372 

8. 
Overall  

Acceptability 
6.85 6.43 7.48 6.31 7.62 - 

* The most suitable formula 
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Table 10. Physical Properties of Dietary Supplement 

Sr. 

No. 
Physical Characteristics 

Experimental 

Value of F5* 

1. Rehydration Ratio 4.35 

2. Water Absorption Index 52.35 

3. Water Solubility Index 2.53 

4. Bulk Density 
Loose Bulk Density 0.82 

Packed Bulk Density 0.57 

* F5 = The most suitable formula 

 

Table 11. Microbial Examination of Dietary Supplement 

     Storage Temperature = Refrigerated Condition (0 – 4 °C) 

Sr. 

No. 
Microorganism 

Dietary Supplement Standard  

Limit* Fresh 3 Months 6 Months 

1. 
Yeasts & Molds, 

cfu/g 
ND ˂10

2
 ˂10

3
 1 x 10

5
 

2. 
Total Plate Count 

(TPC), cfu/g 
ND ˂10

2
 ˂10

3
 1 x 10

5
 

3. 
Escherichia coli, 

cfu/g 
ND ND ND ND 

Note:  ND = Not Detected, *(Codex Alimentarius Commission, 2018) 

 

Conclusion 

 In this research, value-added dietary supplement was prepared from 

locally available fruits, seed and vegetables. Scientists and health 

professionals agree that dietary supplements can be under certain conditions 

beneficial to human health but should not replace complete and balanced 

daily meals of food substances. The market for dietary supplements taken to 

improve the health or well-being of the customer is enormous. More 
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attention to adverse effects and potential interactions is needed to avoid 

serious medical outcomes.  
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Abstract 

This study investigated the outcomes of alkaline pretreatments on the 

production of acid-soluble collagen from lizardfish skin. To remove    

non-collagenous proteins with any significant loss of ASC,                   

the experimental design was carried out by means of Response Surface 

Methodology (RSM). The combined effect of NaOH concentration, ratio 

of NaOH to skin, soaking time and temperature on the removal of non-

collagenous matter was studied. The optimum conditions for the 

pretreatment were 30 times of 0.17 M NaOH, under the soaking time of 

30 hr. 

Keywords-Lizardfish, skin, acid-soluble collagen, non-collagenous    

   protein, alkali pretreatment 

 

Introduction 

Characteristics and functional properties of collagen depend on the 

raw material and the extraction conditions, which in turn determine its 

application in food and pharmaceutical field. In the extraction process, 

pretreatments also play an important role for the products quality. That’s 

why, before extraction mild chemical treatment is pretreated to break cross 

link of collagen in the fish skin. For this purpose, dilute acids and bases are 

used, and the collagen is undergone to partial hydrolysis.  In the alkaline 

pre-treatment, the fish skin is immersed in weak acidic solution until the 

solution penetrates throughout the swollen skin, the structure of the skin 

swells to about three times of its primary volume. Then the cleavage of the 
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non-covalent intra and inter-molecular bonds occurs. If strong acidic 

solution is used for the pretreatment, it takes long time to wash out the 

excess acid from the treated skin and also difficult to remove from the 

extracted collagen. When the membrane separation is used to remove excess 

acid from extracted collage, it will take long period of time to be nearly 

neutral. The raw material was treated with a basic solution typically sodium 

hydroxide (NaOH) and this soaking time takes from 5 to 20 days in alkaline 

process. KOH, CaO and NaHCO3 are often used for the pre-treating of 

byproducts skins. The collagen extraction is facilitated by such kind of 

swelling for increasing the transfer rate of the mass in the fish skins. 

Lizardfish is one of the industrial fishes in Kerala State, India west coastal 

and lizardfish skin are much amount of by products in fishery industry. This 

study tried to optimize the pre-treatment conditions viz: ratio of alkali and 

fish skin concentration, soaking time, alkali strength and alkali type for the 

removal of non-collagenous matter in Collagen extraction with a view to get 

better yield and quality collagen. 

 

Materials and Methods 

Materials 

Synodus lucioceps (Lizardfish) skin collected from the industry was 

used for this study. Chemicals used for this study were of analytical grade 

(Sigma, Himedia).  Lizardfish skin was collected from the industry, Cochin, 

Kerala by maintaining proper iced conditions. To remove flesh and scales, 

the skin was cleaned by scrapping with knife, washed and blast frozen. 

Cutting was followed into small pieces of approximately 1.0 x 1.0 cm
2
 with 

the help of scissors. The frozen fish skins were kept at -18 ° C with the 

maximum storage of less than one month before use. 

 

Figure1. Lizardfish 

 

Methods 
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              An experimental design with 30 runs was set up for 4 different 

types of alkali viz: NaOH, KOH, CaO and NaHCO3. The experimental 

design is given in Table 1. According to RSM, 30 runs of pretreatment 

processes with different types of alkali, different amount of alkali to skin 

ratio, different soaking time and different concentration of alkali were 

carried out. The soaking time was ranged from 6 hr to 36 hr. Concentrations 

of alkali solution were varied from 0.05 to 0.30 M. The ratio of alkali 

solution to skin was varied from 5 to 30 times. Prepared freeze skin was 

washed with cold tap water for two times. These skins were soaked with 

different concentration of alkali solution under different soaking time. 

During the whole soaking time, the temperature was strictly maintained at 4 

ºC to avoid the spoilage of protein material in the fish skin and mechanical 

stirring of 1300 rpm was attained. Treated skin pieces were cleaned with 

cold demineralized water to remove alkaline materials.  

 

             Table 1. Experimental design with different combinations 

No A: 

Alkali 

to skin 

ratio 

B: 

Time 

C: Alkali 

strength 

D: 

Alkali 

types 

 No A: 

Alkali 

to skin 

ratio 

B: 

Time 

C: Alkali 

strength 

D:  

Alkali 

types 

1 5 6 0.05 CaO  16 5 6 0.3 NaHCO3 

2 5 21 0.3 CaO  17 5 36 0.05 NaHCO3 

3 5 36 0.05 CaO  18 11.25 21 0.17 NaHCO3 

4 17.5 6 0.17 CaO  19 17.5 6 0.05 NaHCO3 

5 30 6 0.3 CaO  20 17.5 36 0.3 NaHCO3 

6 30 21 0.05 CaO  21 30 21 0.3 NaHCO3 

7 30 36 0.3 CaO  22 30 36 0.05 NaHCO3 

8 5 6 0.17 KOH  23 5 6 0.05 NaOH 

9 5 36 0.05 KOH  24 5 6 0.3 NaOH 

10 5 36 0.3 KOH  25 5 36 0.17 NaOH 

11 17.5 6 0.3 KOH  26 5 36 0.17 NaOH 

12 30 6 0.05 KOH  27 17.5 21 0.05 NaOH 

13 30 6 0.05 KOH  28 30 6 0.17 NaOH 
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No A: 

Alkali 

to skin 

ratio 

B: 

Time 

C: Alkali 

strength 

D: 

Alkali 

types 

 No A: 

Alkali 

to skin 

ratio 

B: 

Time 

C: Alkali 

strength 

D:  

Alkali 

types 

14 30 21 0.3 KOH  29 30 36 0.05 NaOH 

15 30 36 0.17 KOH  30 30 36 0.3 NaOH 

 

 When the washing water is nearly neutral, the treated skins are dried 

in the oven at 50-55ºC for 12 hr and weight loss of all skins for the removal 

of non-collagenous material were recorded. 

 Nutritional analysis of lizardfish skin was carried out and the results 

are given in Table 1. 

 

Table 2. Nutritional Analysis of Lizardfish Skin 

 

No. Parameters Percent by Weight 

1. Moisture 65.45 

2. Fats 1.04 

3. Ash 2.09 

4. Protein 29.84 

        Protein loss of treated skins was also estimated by the standard 

procedure of protein determination by AOAC. The response variables were 

weight loss and protein loss. Second order polynomial regression model 

shown in below equation was employed to predict the response variables as 

a function of process conditions. The adequacy of the fitted model was 

assessed by R
2
 values.  

Y    ∑       ∑      
  ∑ ∑                                            

   Where, Y is response variable ,  

                  = intercept 

      = linear regression coefficient 

      = Quadratic regression coefficient,  
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                   = Interaction regression coefficient  

       = Error term 

 

Results and Discussion 

             The R
2
 value for weight loss was 0.92 and for protein loss was 0.93.  

The estimated regression coefficients were used to forecast the response 

variables and the same was used to produce the response surface plots for 

different combinations. The response surface plots are given in Fig. 2 and 3 

respectively for weight loss and protein loss. 

           For that fish skin, KOH and CaO had lower swelling properties 

compare to NaOH. The swelling property of NaHCO3 is more effective than 

these two alkalis and the effectiveness of NaOH for swelling of lizardfish 

skin is the most superior. So, the weight loss and protein loss were found to 

be the best after the pretreatment with 30 times of 0.17 M NaOH, under the 

soaking time of 30 hr. For scientific review of the determination of 

responses, amount of prolein and hydrocyprolein will be also determined 

and its results will show the efficiency of the pretreatment process. 
 

 

Figure 2. Response surface plot for weight loss 
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Conclusion 

  Second order response surface regression model found to be best 

fitted model for weight and protein loss with R
2
 values 0.92 and 0.93, 

respectively. The maximum weight and protein loss was obtained for the 

alkali sodium hydroxide compared to other type of alkali’s. The better 

condition for NaOH was alkali volume at 30, alkali concentration at 0.17 M 

and time at 30 hr. 
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(Bougainvillea Glabra Choisy) and Utilization in Lip Balm 
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Abstract 

Paper flower (Bougainvillea) is known as a garden flower which is red 

and pink in color that contains (betacyanin) betalain pigment. This 

research work was based on the application of extracted natural colorant 

from paper flowers’ bracts (Sekku-pan) in the preparation of lip balm. In 

this study, solvent extraction was conducted to investigate the factors 

contributing for the extraction from the flowers’ bracts. The solvents 

currently employed were distilled water, 96% ethanol, acetic acid, citric 

acid, ascorbic acid and ethanol acidified with HCl, citric acid and acetic 

acid. The effects of extraction condition on absorbance of colorant were 

determined as the variation of sample (fresh and dry), types of solvent, 

sample to solvent ratio, extraction temperature, extraction time and acid 

concentration. The color intensity of extracted colorant was measured by 

using UV-Vis spectrophotometer. The absorbance of colorant from dried 

sample was higher than fresh sample. The extraction with 1% ascorbic 

acid, the optimum time 15 minutes at 50°C and sample to solvent ratio 

1:100 were found to be suitable condition. Present of betalain pigment in 

extracted colorant was identified by UV-Vis spectroscopy and FTIR 

spectroscopy. The color stability of extracted colorant was determined by 

effect of light, pH and temperature. The extracted colorant was more 

stable in dark place and low temperature at pH 3. Characteristics of 

extracted natural colorant such as pH-3, smooth and sticky texture, yield 

9.1%, 2.56 of color density, 9.54 mg/L of betacyanin content, and 5.55 

µg/mL of antioxidant activity were observed. Toxic metals were not 

detected. The extracted colorant from paper flowers’ bracts were utilized 

in the preparation of lip balm. 

Keywords: Extracted Natural Colorant, Solvent Extraction, Betalain  

      Pigment, Lip Balm 

 

Introduction 

 Natural dyes and pigments are becoming more and more important 

in the food, cosmetic, and textile industries because they are safe and 

environmentally beneficial. Synthetic dyes and pigments are widely used as 

coloring agents in industries for the production of commercial products. 

These coloring agents are a major pollutant that affects the soil and water 

                                                 
1
 Demonstrator, Department of Industrial Chemistry, West Yangon University 



                                         Universities’ Research Journal 2024, Vol. 15, No. 1 

 

 

338  

source (Sabarudin, Munaim et al. 2016).To overcome this problem, 

researchers were investigated for the development of natural dyes and 

pigments(Devi, Saini et al.2020).The harmful effects of synthetic colorants 

lead to develop an interest in natural colorants and the production of natural 

colorant is also increased every year about 10% in the market in order to 

replace the synthetic colorants. Plants, minerals, and some insects can all 

produce natural dyes.  

 Plant bark, roots, leaves, flowers, skins, and shells contain the 

majority of natural dye colors. Unlike the synthetic dyes, these dyes can be 

used in specific applications where non-toxicity is a must. (Azzazy, Abd El 

Sattar et al. 2017).Natural pigments that are produced from plant sources 

include antocyanins, betacyanins, quinones, chlorophylls, carotenoids, and 

flavonoids. Betacyanin was extracted from fruit of cactus, dragon fruit and 

red beet. Bougainvillea is a popular ornamental plant and very common in 

Malaysia because it grows extremely well in this climate. The pigment 

betacyanins of Bougainvillea flowers’ bracts exhibit not only a positive 

health benefits, but also act as a good coloring agent (Azeredo and 

technology,2009).  

 Anthocyanins and betalains have never been reported in the same 

plant, seeming to be mutually exclusive in the plant kingdom. Betalains can 

be found in roots, fruits and flowers. They absorb visible radiation over the 

range of 476–600 nm with a maximum at 537 nm at pH5.0 (Esquivel2016). 

 

Materials and Methods 

Sample Collection 

 Paper flower (Bougainvillea) was obtained from Thayat Chan 

Village, Htantabin Township, Yangon Region. 

 

Extraction of Natural Colorant from Paper Flowers’ Bracts 

 Fresh paper flower was collected and cut with steel scissor to 

remove other impurities. The pollen of these flowers were removed by 

hand. Fresh paper flowers’ bracts were cut into 0.2 cm pieces to increase 

surface area and extraction efficiency. The pieces of the cut flowers’ bracts 

were dried at room temperature for one day and then packed with air-tight 

plastic bags for extraction and further analysis. 1 g of dried paper flowers’ 
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bracts were weighed and added to the previously cleaned weighed conical 

flask and then it was extracted with 100 mL solvent in a conical flask. The 

flask was placed on the hot plate magnetic stirrer at 50˚C, 500 rpm for 15 

minutes. After that, the mixture was cooled and filtered through quantitative 

filter paper. The filtrate was centrifuged at 1000 rpm for 10 minutes and 

then decant the clear solution. After that, the solution was concentrated by 

rotary vacuum evaporator for 5 hr at 40˚C, 60 rpm to remove the solvent 

and followed by drying at room temperature to remove the residual solvent 

inside the extract. The dried extract was packed in air tight glass container 

and stored at 5˚C for further studies. 

   

Utilization of Extracted Colorant for the Preparation of Lip Balm  

 6 g of petroleum jelly, 1.5 g of beeswax, 2 g of cocoa butter and 1 g 

of cetyl alcohol were added in a beaker and the mixture was heated at 60-

80°C for 10 minutes. For betalain colorant, it was first thoroughly premixed 

with 5 drops of distilled water. Then, 0.05 g of prepared color, 1 mL of 

olive oil, 2 mL of glycerine and 0.5 mL of emulsifier (polysorbate 20) were 

thoroughly mixed for 5 minutes. After that, the above two mixtures were 

thoroughly mixed and then heated at 40-50°C for a while. Then, it was 

cooled at room temperature and then 0.5 mL of vitamin E and a few drops 

of flavor oil were added and mixed thoroughly. Finally, they were molded 

in a container and stored in a cool and dry place. 

        
Figure 1. Paper Flower   Figure 2. Extracted Colorant   Figure 3. Lip Balm  

 

Results and Discussion 

 The purpose of this research work is to extract the natural colorant 

from paper flowers’ bracts by varying the extraction conditions and to apply 

the extracted colorant in preparation of lip balm. In this research, 

phytochemical investigations of paper flowers’ bracts were also studied. 

The results are shown in Table (1). The phytochemical study revealed the 

presence of phytochemicals such as alkaloids, flavonoids, polyphenols, 
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tannins, α-amino acids, carbohydrates, glycosides, saponins while steroids, 

reducing sugar, starch and protein are absent.  

 In the extraction of colorant from paper flowers’ bracts, extraction 

was carried out by varying sample (fresh and dry). From these results of 

Table (2), the absorbance of dry sample is higher than the fresh sample 

because of moisture content of sample effect on the color intensity. 

Therefore, dry sample was chosen as suitable sample. The selection of the 

solvent is crucial for solvent extraction. The effect of variation of types of 

solvent on the colorant are shown in Table (3). From these results, 1% 

ascorbic acid was chosen as the most suitable solvent for the extraction 

because its color stability and the extracted color was brighter than that of 

others. 

 The greater the solvent to solid ratio is the higher the extraction 

yield, however, a solvent to solid ratio that is too high will cause excessive 

extraction solvent and requires a long time for concentration. The effect of 

variation of sample to solvent ratio on the absorbance of colorant using 1% 

ascorbic acid are shown in Table (4). According to these results, 1:100 

(w/v) sample to solvent ratio was found to be suitable because of 

absorbance of colorant was higher than that of others. High temperatures 

increase the solubility and diffusion. Temperatures that too high, however, 

may cost solvent to be lost, leading to extract of undesirable impurities and 

the decomposition of thermolabile components. Table (5) shows the effect 

of extraction temperature on the absorbance of colorant using 1% ascorbic 

acid. From these results, extraction temperature increased gradually from 

26°C (RT) to 50°C, absorbance of color was reached 1.034 at 50°C. 

However, as the temperature continues to rise past 50°C, the absorbance of 

extracted color was decreased. Therefore, extraction temperature 50°C was 

selected for further investigation. 

The extraction efficiency increases with the increase in extraction 

duration in a certain time range. Increasing time will not affect the 

extraction after the equilibrium of the solute is reached inside and outside 

the solid material. The effect of extraction time on the absorbance of 

colorant are shown in Table (6). Extraction time 15 min was favorable 

condition because of its higher absorbance. The effect of acid concentration 

on the absorbance of colorant using ascorbic acid are shown in Table (7). 

According to these results, higher the acid concentration, higher the 

absorbance was found. But according to Azeredo and technology (2009), 
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pH of the stability of colorant is 3 to 7. Therefore, 1% acid concentration 

was chosen as suitable concentration. 

 Tables (8), (9) and (10) show the effect of light, pH and temperature 

on the stability of colorant. The presence of light increased the degradation 

of color intensity. After the 7 days of storage time, absorbance at pH 3 was 

more stable than that of other. Absorbance of colorant which is stored in the 

refrigerator (5°C) increased after the storage time. At 60°C, absorbance of 

colorant significantly decreased because color of betalain solution was 

started to diminish by heating and finally turned to brown color. Table (11) 

shows the characteristics of extracted colorant. In this table, pH, yield 

percent of extract, shelf life, texture, color density, betacyanin content, 

antioxidant activity and toxic metals of extracted colorant are indicated. 

 Figure (4) shows UV-Vis spectral analysis of extracted betalain 

colorant. The absorption spectrum showed one major absorption peak at 

532nm which confirms the presence of red betalain pigment representing 

betacyanin group. Betacyanin gives red-purple color. The Fourier 

Transform Infrared (FTIR) spectral analysis was done to identify the major 

functional groups present in the extracted natural colorant. FTIR spectrum 

represented in Figure (5) and the interpretation of these results are shown in 

Table (12). 

The formulation for the preparation of lip balm is shown in Table 

(13). In this table, the product was prepared by using 1.5g of beeswax,6 g of 

petroleum jelly, 2 g of cocoa butter,1 g of cetyl alcohol,1 mL of olive oil,0.5 

mL vitamin E,2mL glycerine,0.5mL emulsifier,0.05g prepared color and 

small quantities of flavor oil. 

 Table (14) shows the comparison of the characteristics of prepared 

lip balm with commercial lip balm. In this table, pH, melting point, aging 

stability, surface abnormality, spreadability and skin irritation test of lip 

balm are shown.  

 Table (15) shows the results of mean rating for the appearance, 

color, touch, texture and odor of prepared lip balm from 10 judges. 

According to 9 points scale results, consumers can accept the prepared lip 

balm.  
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Table 1. Phytochemical Results of Paper Flowers’ Bracts 

Sr. No. Test Extract Test reagents Observation Results 

1. Alkaloids  1%HCl  Wagner’s reagent  

Mayer’s reagent 

 

Orange ppt. 

Cream colour ppt. 

+ 

+ 

2. Flavonoids  EtOH  Conc. HCl, Mg ribbon  Green colour  + 

3. Polyphenols  EtOH  1% FeCl3, 1%K3Fe(CN)6  Dark blue colour  + 

4. Tannins  H2O  1% gelatin solution  Green colour  + 

5. Steroids  PE  Conc. H2SO4 & acetic 

anhydride  

No green color  - 

6. Reducing 

sugar 

H2SO4  Benedict's solution No brick red 

colour  

- 

7. α-amino acids H2O Ninhydrin Purple colour + 

8. Starch H2O I2 solution  No dark blue 

colour  

- 

9. Carbohydrates H2O 10% α-naphthol, Conc. 

H2SO4  

Red colour + 

10. Glycosides PE 10% lead acetate White ppt.  + 

11. Saponins  Shaking Frothing + 

12. Protein NaOH CuSO4  No purple colour  - 

(+) = Presence  (–) = Absence 

 

Table 2. Effect of Sample on the Absorbance of Natural Colorant 

Sr. No. Sample Absorbance(540nm) 

1. Fresh 0.877 

2. Dry* 1.034 

 *More suitable sample 
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Table 3. Effect of Solvent on the Absorbance of Natural Colorant 

Sr. No. Types of solvent Absorbance (540nm) Observation 

1. Distilled Water 1.067 Deep pink 

2. Ethanol 0.062 Pale Yellow 

3. Ethanol + HCl (0.1mL) 0.564 Pale Brown 

4. Ethanol+1%Acetic acid (0.1mL) 0.058 Pale Brown 

5. Ethanol+1% Citric acid (0.1mL) 0.089 Yellow 

6. 1% Acetic acid 0.875 Pink 

7. 1% Citric acid 1.004 Pink 

8. 1% Ascorbic acid* 1.034 Deep pink 

*The most suitable solvent 

 

Table 4. Effect of Sample to Solvent Ratio on the Absorbance of        

   Natural Colorant 

Sr. No. Sample to Solvent Ratio (w/v) Absorbance (540 nm) 

1. 1:50 0.91 

2.                               1:75 1.02 

3.    1:100* 1.034 

4.  1:125 0.993 

5.  1:150 0.929 

6.  1:200 0.739 

*The most suitable ratio 

 

Table 5. Effect of Extraction Temperature on the Absorbance of        

   Natural Colorant 

Sr. No. Extraction Temperature (˚C) Absorbance (540 nm) 

1. 26 0.953 

2. 30 1.012 

3. 40 1.016 

4.  50* 1.034 
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Sr. No. Extraction Temperature (˚C) Absorbance (540 nm) 

5. 60 1.017 

6. 70 1.015 

*The most suitable extraction temperature 

 

Table 6. Effect of Extraction Time on the Absorbance of Natural       

    Colorant 

Sr. No. Extraction Time (min) Absorbance (540 nm)  

1.   5 1.031 

2.   15* 1.034 

3. 30 1.032 

4. 45 1.030 

5. 60 0.932 

*The most suitable extraction time 

 

Table 7. Effect of Acid Concentration on the Absorbance of Natural   

    Colorant 

Sr. No. Acid Concentration(%w/v) pH Absorbance (540 nm) 

1. 0.5 4 1.031 

2.  1.0* 3 1.034 

3. 1.5 2 1.038 

4. 2.0 2 1.052 

*The most suitable acid concentration 

 

Table 8. Effect of Light on the Stability of Natural Colorant 

Sr. No. No. of Week 
Absorbance (540 nm) 

Dark* Indoor Outdoor (Sunlight) 

1. 0 1.034 1.034 1.034 

2. 1 1.008 0.998 0.901 

3. 2 0.969 0.963 0.880 
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Sr. No. No. of Week 
Absorbance (540 nm) 

Dark* Indoor Outdoor (Sunlight) 

4. 3 0.927 0.925 0.802 

5. 4 0.906 0.872 0.797 

*The most suitable condition 

 

Table 9. Effect of pH on the Stability of Natural Colorant 

Sr. No. pH 
  Absorbance (540 nm) 

0 day 7 day 

1.   3* 1.034 1.028 

2. 4 0.998 0.959 

3. 5 0.979 0.934 

4. 6 0.972 0.933 

5. 7 0.958 0.928 

6. 8 0.895 0.87 

7. 9 0.850 0.80 

*The most suitable condition 

 

Table 10. Effect of Temperature on the Stability of Natural Colorant 

Sr. No. Temperature (°C) 
 Absorbance (540 nm) 

0 day 7 day 

1. 5°C* (at Refrigerator) 1.034 1.090 

2. 26°C (at Room Temperature) 1.034 1.024 

3. 60°C (at Oven) 1.034 0.893 

*The most suitable condition 

 

Table 11. Characteristics of Extracted Natural Colorant 

Sr. No. Characteristics Experimental Value Literature Value 

1. pH 3.0 3-7* 

2. Yield (%) 9.1 - 
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Sr. No. Characteristics Experimental Value Literature Value 

3. Shelf Life (month) 1.0  - 

4. Texture Smooth and Sticky - 

5. Color Density 2.56 2.18*** 

6. Betacyanin Content (mg/L) 9.54  12.87 ** 

7. 
Antioxidant Activity  

(IC50value) (μg/mL) 
5.55  7.5 ** 

8. Lead (mg/L) ND - 

9. Arsenic (mg/L) <0.005 - 

* Azeredo and technology 2009, **Shalini M 2018, ***Wrolstad 1993 

 

    

Figure 4. UV-Vis Spectral Analysis     Figure 5. FTIR Spectral Analysis 

 

Table 12. FTIR Spectral Data of Extracted Natural Colorant 

Sr. No. 

Wave Number cm
-1

 
Functional 

Group 
Interpretation Observed 

Value 

Literature 

Value* 

1. 3392.79 3500-3300 ν-OH -OH bond stretching vibration 

2. 1685.79 ~1700 ν-C=N    ν-C=O 
C=O, C=N bond stretching 

vibration 

3. 1384.89 <1400 ν-CH 
C-H bond extension stretching 

vibration 

4. 1207.44 ~1200 ν-COC 
C-O-C linked symmetric 

stretching vibration 

5. 1043.49 1200-1000 ν-CO C-O bond of the carboxylic acid 
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Sr. No. 

Wave Number cm
-1

 
Functional 

Group 
Interpretation Observed 

Value 

Literature 

Value* 

stretching vibration 

6. 760 900-700 ν-NH N-H stretching vibration 

* Jag 2000 

 

Table 13. Formulation for the Preparation of Lip Balm 

Sr. No. Ingredients Formula 

1. Beeswax (g) 1.5 

2. Petroleum jelly (g) 6.0 

3. Cocoa butter (g) 2.0 

4. Cetyl alcohol (g) 1.0 

5. Olive oil (mL) 1.0 

6.  Vitamin E (mL) 0.5 

7. Glycerine (mL) 2.0 

8. Emulsifier (mL) 0.5 

9. Flavor Oil (mL) s.q 

10. Color (g) 0.05 

Organoleptic Properties Good Appearance, Stable and Smooth Texture 

 

Table 14. Comparison of Characteristics of Prepared Lip Balm with  

      Commercial Lip Balm 

Sr. No. Characteristics 
Lip Balm 

Prepared Product Jujube Lip Balm* 

1. pH 5 4 

2. Melting Point °C 78 76 

3. Aging Stability 

4 °C  G G 

26 °C  G G 

50 °C  B B 
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Sr. No. Characteristics 
Lip Balm 

Prepared Product Jujube Lip Balm* 

4. Surface Abnormality G G 

5. Spreadability G G 

6. Skin Irritation Test ND ND 

  G = good, B = bad, I = intermediate, ND = not detected, * Commercial Product 

 

Table 15. Mean Rating* for the Consumer Acceptance of Prepared  

      Lip Balm 

Panelists 
Lip Balm 

Appearance Color Odor Texture 

1. 8 8 6 7 

2. 8 8 5 5 

3. 8 8 5 6 

4. 8 8 8 8 

5. 8 9 6 8 

6. 8 8 8 8 

7. 8 8 8 8 

8. 8 8 8 8 

9. 8 9 9 9 

10. 8 5 5 8 

Total 80 79 68 75 

Average 8.0 7.9 6.8 7.5 

 *On 9 points Scale (10 judges) 1 = dislike extremely, 2 = dislike very much, 3 = 

dislike moderately, 4 = dislike slightly, 5 = neither like or dislike, 6 = like slightly, 

7 = like moderately, 8 = like very much, 9 = like extremely 

 

Conclusion 

This study has attempted the solid-liquid extraction of colorant from 

paper flowers’ bracts and determined the effect of different parameters on 
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the absorbance of color intensity via single-factor investigations. It was 

found that optimum condition achieved with the following conditions; dry 

sample, solvent of 1 % ascorbic acid at the rate 500 rpm, extraction 

temperature 50 
◦
C, extraction time 15 min and solid/liquid ratio of 1:100 

g/mL. According to the color stability results, the extracted colorant should 

be storage at pH 3, dark and cool place. UV and FTIR analysis of extracted 

colorant showed the maximum absorbance at 532 nm and the presence of 

nitrogen (N-H) amine group, carbonyl (C = O) and other functional groups 

confirmed that the extracted colorant belongs to betacyanin of betalains. 

The extracted colorant obtained at the optimum conditions also exhibited 

significant antioxidant activity (IC50 value = 5.55 μg/mL). Toxic metal lead 

(Pb) was not detected and very low level of arsenic (As) was found in 

extracted colorant. The most favorable condition for the ingredients of 

prepared lip balm were 6 g of petroleum jelly, 1.5 g of beeswax, 2 g of 

cocoa butter, 1 g of cetyl alcohol and 1 mL of olive oil. According to the 

consumer acceptable value, prepared lip balm by using extracted colorant 

have the acceptance quality and safety. 
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Abstract    

The water-soluble polysaccharide glucomannan is derived from the corm 

of the konjac plant (Amorphophallus muelleri blume) and is well-known 

for its high viscosity and distinct functional characteristics. This research 

focused on extracting konjac glucomannan from the corms of konjac 

plants found in the Bago Region and the Mon State of Myanmar. The 

study included extracting and purifying glucomannan by multilevel 

extraction method and then characterizing its physicochemical properties 

using various analytical methods. Specifically, the glucomannan extracted 

from Bago Region corm exhibited a glucomannan content of 79.30 %, a 

degree of whiteness of 83.53, and a yield percent of 80.97 %. In contrast, 

glucomannan extracted from Mon State corm demonstrated a higher 

glucomannan content of 94.78 %, a degree of whiteness of 85.40, and a 

yield percentage of 83.75 % This research gives valuable information 

about the quality of glucomannan from different areas in Myanmar. 
During the extraction process, non-enzymatic browning was prevented 

using sodium meta-bisulphite. XRD analysis indicated that the degree of 

crystallization of glucomannan prepared from Bago Region corm was 

24.54 %, which was higher than that of glucomannan prepared from Mon 

State corm 22.47 %. Comparison of these results indicated that 

glucomannan prepared from Mon State corm exhibits superior properties 

compared to that prepared from Bago Region corm. 

      Keywords: konjac plant corm, glucomannan, ethanol, multilevel     

      extraction method 

 

Introduction 

Glucomannan is a naturally occurring polysaccharide and primarily 

derived from the tubers of the konjac plant (Amorphophallus konjac), which 

is extensively cultivated in various regions of Asia, including Myanmar. This 

polysaccharide is characterized by a high molecular weight and consists of 

glucose and mannose units, which confer its functional attributes such as 

thickening, gelling, emulsifying, and stabilizing capabilities (Li et al., 2014). 
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The konjac plant corm, locally known as Wa-u or phyan-u, is abundant 

throughout Myanmar, especially in the Tanintharyi, Bago, and Yangon 

Regions and the evergreen forests of the Kachin, Chin, Rakhine, Nowadays, 

to meet the growing market demand and protect forests, people mainly grow 

konjac plant corm as a cash crop. The majority of demand for konjac plant 

corm comes from the dried chip markets in China and Japan. In Myanmar, 

there are three distinct color variations of konjac plant corm: white, yellow, 

and red/pink (Tin Maung Lwin, 2019). The konjac plant corm is used as a raw 

material for making noodles, meat alternatives, various food items, industrial 

supplies, as well as in medical and cosmetic products. Glucomannan is a 

natural polysaccharide with a high molecular weight, composed of glucose and 

mannose units and contains a significant amount of β-(1→4)-linked D-

mannose and β-(1→4)-linked D-glucose residues (Li et al., 2014). Because 

of its functional characteristics like texturizing, stabilizing, thickening, 

bulking, binding, and gelling, it serves as an emulsifier or stabilizer in the 

food, beverage, and cosmetic industries (Yang et al., 2017).  

There are several methods to extract konjac glucomannan, including 

wet and dry processing methods. Glucomannan is extracted from dried 

konjac chips using the dry processing method. The dried chips are then 

ground into crude konjac flour and refined via wind sifting (Parry, 2010). 

The konjac flour obtained through drying method has relatively low purity, 

making it less valuable as a food product with lower economic profits. Wet 

processing methods that are most widely used and simple method that 

include the use of solvents such as ethanol or isopropyl alcohol, typically 

with fixed concentrations, either through single-stage or multilevel extraction 

processes. Additionally, konjac glucomannan can be extracted using multilevel 

solvent concentrations in multilevel extraction methods.  

This study aims to compare the physicochemical properties of 

glucomannan extracted from fresh konjac plant corms. For the sequential 

extraction of glucomannan, various ethanol concentrations and various 

source of corms were used. Sodium metabisulphite was employed as an 

anti-browning agent to prevent non-enzymatic browning during the 

extraction process. The amount of glucomannan, yield percent, protein 

content, and calcium oxalate content of the prepared glucomannan were 

evaluated and characterized through FTIR, SEM, and XRD analyses. 
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Materials and Methods 

Materials 

 The mature konjac plant corms were collected from local 

agricultural farm in Tharyarwaddy, Bago Region and Mawlamyine, Mon 

State. Sodium metabisulphite was purchased from Myanmar Chemical Mart 

Co., Ltd. Ethanol (commercial grade) was purchased from Shwe Ma 

Chemical Shop, 28
th

 Street, Pabedan Township, Yangon Region.  

 

Extraction of Konjac Glucomannan 

 Selected konjac plant corms were cleaned, peeled and shredded. The 

glucomannan was extracted by using multilevel ethanol concentration method 

and material to solvent ratio (1:2) was used for each step. Firstly, the 

shredded corm and sodium metabisulphite were blended and extracted with 

75 % ethanol at 11000 rpm for 15 min and then filtered. Secondly, the 

filtered granules were extracted in 85 % ethanol at 11000 rpm for 15 min and 

then filtered again. Finally, the filtered granules were extracted in 95 % ethanol 

at 11000 rpm for 15 min and then filtered.  Then, the obtained glucomannan 

granules were dried in the oven at 70 °C for 1 h. After drying, the dried 

product was ground with grinder and screened with Tyler screen. The final 

product was stored in the air tight container at room temperature.  

 

Analysis of Glucomannan 

Proximate analysis 

 The moisture content was determined by moisture analyzer and ash 

content, fat content and protein content were determined by AOAC methods 

(942.05, 920.39 and 981.10) (AOAC, 2006). 

 

Determination of Degree of Whiteness  

Degree of whiteness was calculated using the equation of Impaprasert 

et al., (2014). Firstly, the values of L, a* and b* of prepared glucomannan were 

evaluated by USB Data Port 3nh Colorimeter Nr60cp Color Reader Meter. 

Glucomannan powder was inserted into the acrylic cylinder and its value 

was measured. Then, degree of whiteness was calculated by following 

equation (Impaprasert et al., (2014) and Witoyo et al., (2023)).          

W = 100 – ((100-L)  2 + (a
2
 + b

2
)) 

0.5
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where, W = degree of whiteness, L = lightness,  

 a* = redness (+)/ greenness (-), b* = yellowness (+)/ blueness (-).  

 

Determination of Glucomannan Content  

The glucomannan content (purity percent) of prepared glucomannan 

was determined by using the phenol-sulphuric acid colorimetric assay that 

expressed by Chua et al., (2012). The glucomannan content (% purity) was 

calculated by following equation (Chau et al., 2012). 

 

where, f = correction factor (1.07), C1 = concentration of reducing sugar 

(glucose) in the konjac glucomannan hydrolysate (μg/mL),  

C2 = concentration of konjac glucomannan sample solution (μg/mL) 

 

Calcium Oxalate Content 

 The calcium oxalate content of prepared glucomannan was determined 

according to the volumetric permanganometry method of Sulaiman et al., 

(2020). The calcium oxalate content of the glucomannan was calculated by 

the following equation.  

 

 Calcium Oxalate (% v/w) =  
 

where, df = dilution factor (2.5 = 125 mL of filtrate volume/50 mL of 

filtrate volume used), 0.00225 = mass volume equivalent constant (1 mL of 

(0.05 M) KMnO4 = 0.00225 g of anhydrous oxalic acid), 5 = molar equivalent 

of KMnO4 

 

Yield Percent 

 The yield percent of the prepared glucomannan was calculated 

according to the formula of Nurlela et al., (2022). 

 Yield (% w/w) =  

     

100f C1 

        C2 
Glucomannan Content (% v/v) = 

VKMnO4  0.00225  df  10
2
 

                 

                     Weight of sample (g)  

5 

m2 (1-w2)  

m1 (1-w1)  100 % 



Universities’ Research Journal 2024, Vol. 15, No. 1                                                       355 

 

where, m1 = weight of dried glucomannan, m2= weight of wet peeled konjac 

plant corm, w1= moisture content of dried glucomannan, w2= moisture 

content of wet peeled konjac plant corm 

 

Results and Discussion 

Konjac plant corms are primarily composed of glucomannan, water 

content and starch. The physicochemical characteristics of fresh konjac 

plant corms (Bago Region and Mon State) used in this research are shown 

in Table (1). The moisture content of Mon State corm was greater than that 

of Bago Region corm. Moisture content is related to microbial attack. 

Greater in moisture content indicated that it might be more prone to 

microbial attack. The glucomannan content of fresh konjac plant corms 

from Bago Region was 34.70 % and from Mon State was 46.81 %, respectively.  

 

Table 1. Physicochemical Characteristics of Fresh Konjac Plant Corms from 

Bago Region and Mon State 

                             

Sr. 

No. 

Composition 

Experimental Value 
* Literature 

Value Bago 

Region 

Mon 

State 

1. Moisture (% w/w) 77.25 81.13 80.01 

2. Ash (% w/w) 1.02 0.87 0.83 

3. Protein (% w/w) 9.31 8.94 9.50 

4. Crude Fat (% w/w) 0.67 0.50 0.30 

5. Calcium Oxalate (% v/w) 3.16 3.57 - 

6. Glucomannan content (% v/v) 34.70 46.81 47-55 

* Nurlela et al., 2022  

Table (2) shows the glucomannan content (purity percent), yield 

percent and degree of whiteness of glucomannan purified by multilevel 

ethanol concentration method. From the results, glucomannan content, yield 

percent and degree of whiteness obtained from Mon State were exhibited a 

notably higher than that obtained from Bago Region. During the extraction, 

anti-browning agent like sodium metabisulphite was used to prevent non-

enzymatic browning. The extracted glucomannan obtained from Mon State by 
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multilevel concentration method have a purity of 94.78 %, higher than the 

purity of glucomannan obtained by Yanuriati et al. (2017) and Nurlela et al. 

(2022). 

Table (3) indicates the chemical composition of glucomannan extracted 

from konjac plant corms from Bago Region and Mon State. Glucomannan 

extracted from Mon State has higher moisture content but notably lower 

ash, protein, and calcium oxalate levels compared to glucomannan extracted 

from Bago Region and without starch content for both glucomannan. These 

results were indicated that extracted glucomannan are suitable for applications 

in food products, pharmaceuticals, and other industries that demand high-

quality, safe ingredients. The protein content was lower than that in the 

glucomannan obtained by Nurlela et al., (2022) and Nurlela et al., (2021). 

 

Table 2. Glucomannan Contents, Yield Percent and Degree of Whiteness of 

Glucomannan Extracted from Konjac Plant Corms  

 

Table 3.  Chemical Composition of Glucomannan Extracted from Konjac 

Plant Corms from Bago Region and Mon State 

Sample 

Material to 

Solvent Ratio 

(% w/v) 

Glucomannan 

Content 

(% Purity) 

Yield 

(% w/w) 

Degree of 

Whiteness 

Glucomannan 

(Bago Region) 
1:2 79.30 80.97 83.53 

Glucomannan 

(Mon State) 
1:2 94.78 83.75 85.40 

Sample 
Moisture 

(% w/w) 

Ash 

(% w/w) 

Protein 

(% w/w) 

Calcium 

Oxalate 

(% v/w) 

Starch 

(I2-KI) 

Glucomannan 

(Bago Region) 
6.83 1.04 1.05 1.84 Negative 

Glucomannan 

(Mon State) 
7.24 0.15 0.87 0.45 Negative 



Universities’ Research Journal 2024, Vol. 15, No. 1                                                       357 

 

 The functional properties of the prepared glucomannan extracted from 

konjac plant corms obtained in Bago Region and Mon State are presented in 

Table (4). Glucomannan extracted from Mon State corm was shown slightly 

higher viscosity values than that of glucomannan extracted from Bago Region, 

suggesting potentially suitable thickening properties in food and industrial 

uses. Conversely, glucomannan extracted from Bago Region corm was exhibited 

the greater solubility compared to Mon State corm, indicating easier incorporation 

into aqueous systems. Moreover, glucomannan extracted from Mon State corm 

was indicated the higher swelling power and capacity values than that obtained 

from Bago Region corm that was shown enhancing water absorption and 

swelling capabilities. 

Table (5) states that the comparison of physicochemical properties 

of prepared glucomannan extracted from Bago Region and Mon State 

konjac plant corms. According to the results, moisture content, ash content, 

protein content and purity of glucomannan of all glucomannan prepared 

were within the standard limit. 

 

Table 4.  Functional Properties of Prepared Glucomannan Extracted from 

Konjac Plant Corms from Bago Region and Mon State 

Sample 
Viscosity 

(cP) 

Solubility 

(%) 

Swelling 

Power 

(%) 

Swelling 

Capacity 

(mL/g) 

Water 

Retention 

Capacity 

(g/g) 

Water 

Holding 

Capacity 

(g/g) 

Glucomannan 

(Bago Region) 
6751.7 0.84 3024 31.89 17.12 50.58 

Glucomannan 

(Mon State) 
7059.2 0.68 3154 32.95 18.90 51.91 
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Table 5. Physicochemical Properties of Prepared Glucomannan 

Extracted from Bago Region and Mon State  

Sr. 

No. 
Composition 

Experimental Value Literature Value 

Bago 

Region 

Mon 

State 
FAO* 

Professional 

Standard of 

the People’s 

Republic** 

European 

Food 

Safety 

Authority 

*** 

1. Moisture (% 

w/w) 
6.83 7.24 ≤ 15 ≤ 11 NM 

2. Ash        

(% w/w) 
1.04 0.15 ≤ 5 ≤ 4.5 ≤ 2 

3. Protein  

 (% w/w) 
1.05 0.87 ≤ 8 NM ≤ 1.5 

4. Crude Fat (% 

w/w) 
0.09 0.67 NM NM NM 

5. Starch  

(%)/(I2-KI) 
Negative Negative NM NM ≤ 1.5 

6. Calcium 

Oxalate  

(% v/w) 

1.84 0.45 NM NM NM 

7. Degree of 

Whiteness 
83.53 85.40 NM NM NM 

8. Glucomannan 

content (% 

Purity) 

79.30 94.78 ≥ 75 ≤ 70 ≥ 75 

9. Yield     

(% w/w) 
80.97 83.75 NM NM NM 

*FAO (1996), **Peiying et al., (2002), ***Mortensen et al., (2017). NM = Not Mentioned 

The FTIR spectrum of prepared glucomannan extracted from Bago 

Region and Mon State are shown in Figures (1) a and (1) b. While the FTIR 

absorption peaks representing hydroxyl (O-H) groups in glucose and 

mannose in glucomannan extracted from Bago Region is 3287.08 cm
-1
, the 
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glucomannan extracted from Mon State showed the corresponding peaks at 

3279.71 cm¹. Both extracted glucomannan of asymmetric and symmetric 

stretching vibrations of the alkane groups indicated the representing absorption 

bands at 2935.1 cm
-1

, and 2929.3 cm
-1

. The absorption bands at 1612.94 cm
-1
 

and 1615.15 cm
-1

 for both extracted glucomannan were attributed to the C=O 

group. In the standard spectrum, the bands at 1321.94 cm
-1
, 1321.82 cm

-1
 

1240.2 cm
-1

 and 1248.7 cm
-1 

are assigned to C-O stretching, and the bands at 

1151.2 cm⁻¹, 1149.8 cm
-1
, 1015.99 cm

-1
 and 1016.26 cm

-1
 are associated with the 

asymmetric stretching of C-O-C in the skeletal linkage of both extracted 

glucomannan. The absorption bands at 784.21 cm¹, 892.42 cm
-1

, 663.9 cm
-1
, 

783.99 cm
-1

, 575.71 cm
-1
 and 513.47 cm

-1
 indicated β-pyranose bonds in 

mannose and glucose of both extracted glucomannan. These results are 

consistent with the FTIR data reported by Nurlele et al. (2022, 2021, 2019), 

Sholichah et al. (2023), and Wardhani et al. (2020). The FTIR data for the 

prepared glucomannan extracted from the Bago Region and Mon State are 

shown no significant differences. 

 

                   

 

 

 

 

 

 

 

   

                 

(a)          (b)  

Figure 1. FTIR Spectrum of Prepared Glucomannan from Konjac Plant 

Corms (a) from Bago Region, (b) from Mon State 

Figure (2) a and (2) b showed the X-ray diffractogram of the 

prepared glucomannan from Bago Region and Mon State. Sharp diffraction 

peaks indicate the crystalline state, while broader peaks represent the 

amorphous and solid states. It was found that the diffractogram of prepared 
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glucomannan extracted from Mon State corm has high and shark peak at 2θ 

= 20-23ᵒ and around 78ᵒ while the diffractogram of prepared glucomannan 

extracted from Bago Region corm has a high peak at 2θ = 19-21ᵒ and 65 

and 78ᵒ around. The degree of crystallization of prepared glucomannan 

extracted from Mon State corm was 22.47 %, lower than prepared glucomannan 

extracted from Bago Region corm 24.54 %. So, X-ray diffraction showed 

that these glucomannan have both amorphous and crystallized structure. A 

similar XRD patterns were also observed in glucomannan from porang flour 

(Witoyo et al., 2023) and in konjac glucomannan isolated from fresh tubers 

of porang using a multilevel extraction method (Nurlela et al., 2021, 2022). 

 

 

 

 

 

 

 

   (a)       (b) 

Figure 2. XRD Pattern of Prepared Glucomannan (a) from Bago Region, 

(b) from Mon State 

Scanning electron microscopy (SEM) was used to examine the 

morphology of the prepared glucomannan extracted from Bago Region and 

Mon State corm, as shown in Figure (3) by magnifications of (a) (i) and (b) 

(i) 500x and (a) (ii) and (b) (ii) 1500x. In Figures (3) a (i) and (3) b (i), both 

extracted glucomannan granules appeared spherical, while Figure (3) a (ii) 

and (3) b (ii) reported that the granules were round and flat. The absence of 

needle- shaped crystals, which would indicate the presence of calcium oxalate, 

was confirmed for both extracted glucomannan in Figures (3) a (ii) and (3) b 

(ii). This suggests that only trace amounts of calcium oxalate may be present 

in the prepared glucomannan granules, consistent with the results shown in 

Table (3). 
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(a) (i)     (a) (ii) 

 

 

 

 

 

 

 

 

          (b) (i)                      (b) (ii) 

Figure 3. SEM Photographs of Prepared Glucomannan (a) (i) 500 x 

magnification and (a) (ii) 1500 x magnification from Bago Region 

(b) (i) 500 x magnification and (b) (ii) 1500 x magnification from 

Mon State 

 

Conclusion 

 The comparative analysis of the physicochemical characteristics of 

glucomannan extracted from Bago Region and Mon State revealed 

differences in moisture, ash, protein, fat, calcium oxalate, and glucomannan 

contents. Additionally, all extracted glucomannan from both locations 

contained minimal impurities, including trace amounts of ash, protein, and 

calcium oxalate, without starch content. The FTIR spectrum confirmed the 

presence of all characteristic peaks of all prepared glucomannan. SEM 

analysis reported that the surfaces of the all prepared glucomannan were 

Mon  

Bago 

Mon  

Mon  

Bago 

Mon  



362                                         Universities’ Research Journal 2024, Vol. 15, No. 1 

 

rough, and the granules were flat and spherical. The XRD analysis for all 

prepared glucomannan indicated a degree of crystallinity of 24.54 % (Bago) 

and 22.47 % (Mon) respectively, suggested that water was primarily 

absorbed in the amorphous regions with fewer hydrogen bonds.  

 These results were indicated that konjac plant corm from Mon State 

offer higher quality and more efficient glucomannan extraction, making 

them suitable for applications such as in foods, pharmaceuticals, and dietary 

supplements.  
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Taninthayi Coastal Region. This distribution is not covered and many more 

species and a diverse range of species groups remain to be found and to be 

recorded in further studies. This study provided an analysis of the currently 

available data and made environmental and geographical inferences 

focused on supporting complementary activities, such as habitats and 

distribution of frog shells.  
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