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Abstract. 
The characteristics (sensory, and physical (rehydrate ratio and damage rate)), the content (nutrients (protein, lipid, soluble 
fiber, and pectin), phytochemistry (polyphenol, chlorophyll, and caulerpin), and vitamin (thiamin, ascorbic acid)), 
antioxidant activity (total antioxidant, reducing power), and microorganisms of grapes seaweed Caulerpa lentillifera 
commonly culturing at Camranh Bay, Khanh Hoa, Vietnam dried by different methods (infrared freeze-drying, hot-air 
drying, and sun drying) and harvested on the size (9 to 12 cm), were studied. The results showed that better sensory, less lost 
(nutrients content, damage rate, phytochemistry composition, vitamin, and antioxidant activity), less microorganism number 
in infrared freeze-dried grapes seaweeds in comparison to sun drying and hot-air drying. Sensory (18.64), nutrient content 
lost (protein (6.23 %), lipid (23.53 %), fiber (12.11 %), and pectin (6.06 %)), phytochemistry composition lost (polyphenol 
(3.57 %), chlorophyll (6.45 %), and caulerpin (7.12 %)), vitamin lost (thiamin (76.3 %), ascorbic acid (67.71 %)), damage 
rate (7.02 %), rehydrate ratio (94.84 %), activity (total antioxidant (24.85 mg ascorbic acid equivalent g-1 DW), reducing 
power (20.17 mg FeSO4 equivalent g-1 DW)), total aerobic bacteria (2.7 x 102, CFU/g), and Coliforms (5, CFU/g) was found 
in infrared freeze-drying. E. coli, Samonella spp., V. cholerae, S. aureus, V. parahaemolyticus, and total yeast and mold did 
not occur in any dried sea grapes. Drying efficiency of grapes seaweeds decreased in order: infrared freeze-drying, hot-air 
drying, sun drying.  
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I. INTRODUCTION
Sea grapes (Caulerpa lentillifera) naturally distributed in 
coastal areas of South-East Asian, Japan, Philippines, and 
the islands of the Pacific region (Avelin et al., 2009). They 
had been bred from Japan to Vietnam since 2003, and 
nowadays, cultivated in numerous coastal areas in 
Vietnam by different companies, for example, Nha Trang, 
Ninh Thuan, Kien Giang, Phu Yen, Binh Dinh, Binh 
Thuan. Sea grapes were popular in many countries and 
named “Green Caviar” because of their high nutrient value 
and bioactive ingredient. For example, vitamin A, ascorbic 
acid, unsaturated fatty acids (omega 3) (Nicholas et al., 
2014, Thilahgavani and Charles, 2014), minerals (zinc, 
iron, cobalt, selenium, and valium), caulerpin, polyphenol, 
chlorophyll (Vu et al., 2017, Xiaolin et al., 2019). 
Bioactive components of C. lentillifera possessed 
bioactive diverse, for example, antioxidant (Nicholas et 
al., 2014, Ursula et al., 2005), anti-diabetic, antivirus, 
anticancer (Nicholas et al., 2014, Kateřina et al., 2018), 
neurodegenerative (Azadeh and Hermann, 2012, Kanti and 
Syed, 2009), anti-coagulation, blood pressure regulation, 
and digestion enhance (Nicholas et al., 2014, Alessandra et 
al., 2018). Sea grapes have a high-value economy and 
evaluated as “ginseng” belonging to the century XXI. Sea 
grapes C. lentillifera is useful for antidiabetic (Bhesh and 
Dong, 2014), antibacterial (S. aureus and S. mutans) 
(Faezah et al., 2015), anticoagulant (Althea et al., 2017). 
Sea grapes contained 95% of water content, grown 

according to the seasonal, and different transformation, so 
the storage and the processing of sea grapes are difficult. 
Sea grapes products in the market are mainly in a fresh 
product, dry-salt product, and beverages, not a dried 
product by different drying technology while using 
demand of sea grapes in many countries is increasing in 
near years. The study on the drying technology for 
maintaining nutrient quality, sensory, physical 
characteristics is necessary for commodity products 
diverse, growing develop and processing industry of sea 
grapes.  
Previous studies showed there are different drying 
techniques for fisheries, for example, infrared freeze, sun 
energy, hot-air, ultrasonic, microwave, freeze-drying, and 
infrared. The ultrasonic and microwave drying technique 
was not popular in the industry because of its economic 
and difference in operation. Many studies also showed the 
superiority of infrared freeze-drying, sun drying, and hot-
air drying, for example, quality stabilization, replication of 
drying pattern, and production cost. 
Thus, the study focused on the effect of different drying 
methods (infrared freeze-drying, sun drying, and hot-air 
drying) on sensory, nutrient compositions (protein, lipid, 
soluble fiber, and pectin), phytochemistry composition 
(polyphenol, chlorophyll, and caulerpin), vitamin (B1, C), 
damage rate, rehydrate ratio, activity (total antioxidant, 
and reducing power), and microorganism of dried sea 
grapes. 
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II. MATERIALS AND METHODS 
2.1 Material 
Sea grapes (Caulerpa lentillifera J. Agardh, 1873) got the 
size of 9 to 12 cm was supplied by Dai Phat Bplus 
company, Cam Ranh Bay, Khanh Hoa. Sea grapes was 
intact, not crushed, bright colour, glossy, viscous outside 
transparent, iridescent bluish colour, good elasticity, and 
natural fishy smell. They were transferred into the 
laboratory under 10 oC and cleaned using 1 % of seawater 
for 5 minutes. Sea grapes were then kept in 20 % of 
sorbitol for 30 minutes after impurities movement. Sea 
grapes were continuously blanched for 10 seconds at 85 oC 
and drained for 30 minutes for drying study. 

 
Figure 1. Sea grapes Caulerpa lentillifera 

 
2.2 Drying investigation 
2.2.1 Infrared freeze-drying 
Prepared sea grapes put into the infrared freeze-drying 
oven that operated at 44 ± 0.1 oC with the air velocity of 
2.6 m/s until the moisture content of 14 ± 2 %. The 
distance between sea grapes and the infrared lamp was 19 
± 0.2 cm. The layer thickness of dried sea grapes was 1.8 
± 0.2 cm. The control of the air velocity and the 
temperature in the oven were by using machine Testo 405 
– V1 (German) and dixell XR60C temperature relay, 
respectively. The distance and the layer thickness 
measurement were by using the ruler (Figure 2). 

 
Figure 2. Oven structure of infrared freeze-drying 

 
Where in: 1. Oven shell; 2. Net rack of material; 3. Drying 
materials; 4. Infrared radiation lamp; 5. Wind distribution 
department; 6. Cooler (Indoor unit); 7. Condenser (outdoor 
unit); 8.  Refrigeration compressor; 9.  Throttle valve 
2.2.2 Hot-air drying 
Prepared sea grapes put into a hot-air drying oven that 
operated at 60 ± 0.1 oC with forced air convection fans 
until the moisture content of 14 ± 2%. 
 
 

2.2.3 Solar energy drying 
The sea grapes were sun-dried on the bamboo net until the 
moisture content of 14 ± 2%. 
2.3 Physico-chemical and biological analysis 
2.3.1 Sensory and physical characteristics 
2.3.1.1 Rehydration ratio determination of dried sea 
grapes 
Rehydration ratio determination of dry sea grapes was by 
the following equation: 

 
 
 
 

Where in:  G1: Dried sea grapes weighs before water 
maceration, (g);  
G2: Dried sea grapes weighs after water maceration, (g); 
2.3.1.2 Damage rate determination of sea grapes 
Determination of damage rate based on the percentage of 
grapes shedding and seaweeds breaking was by counting. 
200 g of sea grapes weighs and counted the total number 
of grains and seaweed stalks, A (grains). Then, counting 
the total number of fallen grains and damage stalks, B 
(grains). The damage rate calculation of sea grapes was 
final following the formula: 

100%BX x
A

=
 

2.3.1.3 Sensory evaluation 
Sensory evaluation was according to the method of colour 
analysis through the soft Image J, (Natl, Inst of Health, 
Bethesda, Md, USA (http://rsb.info.nih.gov/ij/)) and 
camera canon (IXY Digital 510 IS, 12.1 megapixels, 
Canon Corp, Tokyo, Japan). Dried sea grapes put into the 
black box for preventing the interference of external light 
before taking pictures. The pictures were saved under the 
JPEG style and analysed the colour (red (R), green (G), 
and blue (B)). 
2.3.2 Quantification of nutrient content 
2.3.2.1 Quantification of protein content 
Protein content was quantified to base on the nitrogen 
content with the factor 6.25 following the description of 
the AOAC method (920.103) (AOAC Official Method 
920.103-1920) 
2.3.2.2 Quantification of lipid content 
Quantification of lipid content was according to the 
method AOAC using n-hexane (AOAC Official Method 
2003.05). Crude fat in feeds, cereal grains and forages 
(hexane extraction) 
2.3.2.3 Quantification of soluble fiber content 
Fiber quantification was according to the description of 
the method AOAC 2011.25 (Eric et al., 2018). 
2.3.2.4 Quantification of pectin content 
Pectin content quantification followed the description of 
Shelukhina and Fedichkina (1994). 
2.3.3 Quantification of phytochemistry content 
2.3.3.1. Quantification of polyphenol content 
Polyphenol content was according to the method of Vu et 
al. (2017). 
2.3.3.2. Quantification of chlorophyll content  
Chlorophyll content quantification was according to the 
description of Priscila et al. (2014). 

2 1

1

( )W 100%G G x
G
−

=
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2.3.3.3 Quantification of caulerpin content  
Caulerpin content quantification was by using the method 
of Serena et al. (2012). 
2.3.4 Quantification of vitamin content 
2.3.4.1 Quantification of thiamin content 
Quantification of thiamin content was according to the 
method AOAC 953.17 (AOAC Official Method 953.17). 
2.3.4.2 Quantification of ascorbic acid content 
Ascorbic acid content quantification was according to 
Nicoleta et al. (2012) with the ascorbic acid standard and 
the absorbance measurement at the wavelength of 700nm. 
2.3.5. Determination of antioxidant activity  
2.3.5.1 Total antioxidant activity 
Total antioxidant activity determination was according to 
the method of Dang et al. (2016). 
2.3.5.2 Reducing power activity 
Reducing power activity determination was according to 
the description of Dang et al. (2016). 
2.3.6 Quantification of microorganisms number 
Determination of total aerobic bacteria was by using the 
simplate total plate count (Feldsine et al., 2003). 
Quantification of Escherichia coli and Coliforms was 
according to Method 1604 (2002). Quantification of 
Salmonella was according to Denise et al. (2003). V. 
cholera detection was according to the method ISO/TS 
21872-1:2017 (ISO/TS 21872-1:2017, 2017). 
Quantification of Staphylococcus aureus was base on the 
method of AOAC (1995). Quantification of V. 
parahaemolyticus was according to Hara-Kudo et al. 
(2003). Total yeast and mold was quantified according to 
the AOAC method (Bird et al., 2015). 
 

III. RESULT & DISCUSSION 
3.1. Sensory and physical characteristics 
3.1.1 Sensory characterization 
Sensory characterization of dried sea grapes got the 
highest value in the infrared freeze-drying method, 
compared to other methods. The colour value (R, G, and 
B) of dried sea grapes by infrared freeze-drying, sun 
drying, and hot-air drying method corresponded to (116, 
127, and 103), (78, 95, and 82), and (104, 113, and 98), 
respectively (Figure 3, 4, and 5), describled by Vu et al. 
(2017) . Sensory characterization of dried sea grapes was 
ranged in the decreasing order: infrared freeze-drying, hot-
air drying, and sun-drying method. Sun-drying seaweed 
was darker than other methods. Infrared freeze-drying sea 
grapes gave lightest, compared to other methods. 
 

 
Figure 3. Fresh sea grapes before drying 

 

 
 

   
Dried sea grapes under the sun energy Dried sea grapes under the hot air Dried sea grapes under the infrared 

freeze-drying 
Figure 4. Sea grapes after drying 

 

   
The rehydrated sea grapes after solar 

energy drying 
The rehydrated sea grapes after the 

hot air drying 
The rehydrated sea grapes after the 

infrared freeze-drying 
Figure 5. The rehydrated sea grapes after drying 
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3.1.2 Rehydrate ratio  
The rehydrate ratio of dried sea grapes by the infrared 
freeze got the highest value (94.84 %), followed dried 
algae by the hot air (93.23 %) and the solar energy (92.30 
%). During drying, sea grapes were affected by low 
temperature (44 oC) for short drying time (3.5 hours) 
leading to the denatured protein, similar to the notice of 
Hoang (2017). Basing on the rehydrate ratio of dried algae 
could tell that the reversible protein denaturation in cells 
structure of dried algae by the infrared freeze occurred that 
not found in another drying. The polysaccharide and 
protein in dried algae by the solar energy and the hot air 
was irreversibly denatured more than dried algae by the 
infrared freeze leading non-restore of hydrophilic sites in 
polysaccharide and protein back to the initial state, 
resulting in less water absorption capacity of algae cells. 
3.1.3 Rate of damage 
Damage rate of dried algae decreased in the following 
order: the infrared freeze, the solar energy, and the hot air. 
Damage ratio of dried algae got the highest and the lowest 
value as using the method of hot air and infrared freeze, 
corresponding to 18.87 % and 7.02 %, respectively. 
Damage ratio of dried algae by the solar energy was 62.85 
% and 168.95 % of dried algae by the hot air and the 
infrared freeze, respectively. The infrared freeze-drying 
method supplied the heat on all material from outside to 
inside causing the inactivation of enzyme and biological 
metabolism in sea grapes faster than the hot air and the 
solar energy drying. Therefore the damage rate of dried 
algae by infrared freeze method was lowest, noticed by 
Hoang (2017). 
3.2. Nutrient content 
3.2.1 Total protein content 
Total protein content of dried sea grapes varied from 4.89 
to 6.47 (%) and got the average value of 5.68 (%) (Table 
1). Protein content lost (6.23 %) was least in infrared 
freeze-drying method, compared to fresh sea grapes. 
Protein content was arranged in the decreasing order as 
follows: infrared freeze-drying method, hot air drying, and 
solar energy, different from the notice of Elsa et al. (2019) 
on protein content change of green algae Ulva that dried 
by the convective method. The difference in genus and 
species of green algae could cause the difference, and the 
previous study mainly focused on the protein content of C. 
racemosa, except for the study of Nguyen et al. (2011). 
3.2.2 Total lipid content 
Lipid content varied from 1.2 to 2.21 (%), corresponding 
to hot air drying and fresh algae, respectively. Lipid 
content of algae drying by the solar energy was 1.03, 0.73, 
and 0.56 times of the hot air drying, the infrared freeze-
drying method, and fresh algae, respectively (Table 1). 
The difference in lipid content at the hot air drying and the 
solar energy method was insignificant (p<0.05). The lipid 
content lost of algae drying by the infrared freeze-drying 
method was least, compared to other drying methods. It 
was similar to protein content, lipid content of Caulerpa 
lentillifera only find in the notice of Nguyen et al. (2011) 
on Caulerpa lentillifera grown in Taiwan.  
 

3.2.3 Soluble fiber content 
Fiber content of algae drying by other methods was 
significant difference (p<0.05). Fiber content of fresh 
algae was 4.21 (% DW) and 1.14 %, 1.62 %, and 1.24 % 
of dried algae by the infrared freeze-drying method, the 
solar energy, and the hot air, respectively (Table 1). 
Similar trend of lipid content, fiber content of dried algae 
by the hot air was most losses in comparison to other 
methods. Soluble fiber content that known as an anticancer 
agent (Dimitrios et al., 2015), did not find in the previous 
notice on species C. lentillifera. The current study noticed 
in the first on the soluble fiber content of sea grapes C. 
lentillifera. 
3.2.4 Soluble pectin content 
The difference in soluble pectin content between fresh 
algae and dried algae by the infrared freeze-drying 
method, between dried algae by the solar energy and the 
hot air, were insignificant (p>0.05). The significant 
difference in soluble pectin content between dried algae by 
the infrared freeze-drying method and dried algae by the 
solar energy and the hot air occurred (p<0.05). Soluble 
pectin content of dried algae by the infrared freeze-drying 
method was 1.29 times of dried algae by the solar energy 
(0.25 ± 0.01, %) and the hot air (0.24 ± 0.01, %) (Table 1). 
3.3 Phytochemistry content 
3.3.1 Polyphenol content 
The polyphenol content of sea grapes got the highest value 
of 7.02 ± 0.15 mg phloroglucinol equivalent g-1 DW as 
drying by the infrared freeze method. The follows the hot 
air and the solar energy drying, corresponding to 6.45 ± 
0.23 and 6.23 ± 0.24 mg phloroglucinol equivalent g-1 DW 
(Table 1). The highest lost of polyphenol content was at 
the solar energy drying method. The polyphenol content of 
fresh sea grapes was 1.04, 1.13, and 1.17 times of the 
infrared freeze-drying, the hot air drying, and the solar 
energy drying, respectively. The results were similar to the 
notice of Pierrick et al. (2018) on freeze-drying of brown 
algae Saccharina latissima. Moreover, polyphenol content 
was stable more as using the infrared freeze-dry method 
(Shilpi et al., 2011). 
3.3.2 Chlorophyll content 
Chlorophyll content varied from 729.68  ± 26.27 to 745.62 
± 23.58 µg chlorophyll equivalent/g DW. Chlorophyll 
content of dried algae by the solar energy, the infrared 
freeze, and the hot air was decreased by 11.36 %, 1.59 %, 
and 9.42 %, compared to fresh sea grapes (Table 1). 
Chlorophyll content of algae drying by the infrared freeze 
method corresponded to 111.02 % and 109 % of the solar 
energy drying and the hot air drying, respectively. It 
means infrared freeze method was useful for chlorophyll 
content stabilization (An-Erl et al., 2001). 
3.3.3 Caulerpin content 
Caulerpin content of different dried sea grapes varied from 
25.79 ± 0.92 to 31.17 ± 0.65 µg caulerpin equivalent/g 
DW. The infrared freeze-drying method maintained 
caulerpin content in sea grapes better than other drying 
methods (Table 1). Caulerpin content of the hot air-dried 
algae was 3% of the infrared freeze-dried algae. The 
significant difference in caulerpin content occurred for 
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different dried algae (p<0.05). Caulerpin in sea grapes 
possessed antivirus activity of herpes type 1 (Naoki and 
Alley, 1991), the maintain of caulerpin content in sea 
grapes contributed to the ability increase of antivirus 
herpes 1 in human using dried sea grapes. 
3.4 Vitamin content 
3.4.1 Thiamin content 
Thiamin content varied from 0.21 to 2.7 mg thiamin 
equivalent kg-1 DW and arranged in the increase order as 
follows: the hot air drying, the solar energy drying, and the 
infrared freeze-drying. Thiamin content of algae was lost 
92.22 %, 76.3 %, and 75.19 % after drying by the hot air 
drying, the infrared freeze-drying, and the solar energy 
drying, respectively (Table 1). Thiamin content lost of 
algae drying by the hot air drying and the infrared freeze-
drying was no significant difference (p>0.05). The method 
of hot air drying caused the highest lost of thiamin content 
in comparison to other method. Thiamin content in the 
current study was lower than the notice of Dang et al. 
(2020). 
3.4.2 Ascorbic acid content 
Ascorbic acid content was the lowest and the highest lost 
for algae drying by the infrared freeze and the hot air, 
respectively. Ascorbic acid content of algae drying by the 
solar energy was 23.44 %, 72.58 %, and 160.71 % of the 
fresh algae, the infrared freeze-dried algae, and the hot air-
dried algae, respectively (Table 1). The lowest lost of 
ascorbic acid content corresponded to 67.71 % of fresh 
algae. Sea grapes C. centillifera possessed ascorbic acid 
content lower than Hydrocotyle sp. (Dang et al., 2020). 
3.5. Antioxidant activity 
3.5.1 Total antioxidant activity 
Total antioxidant activity of sea grapes depended on the 
effect of drying method (p<0.05). It was similar to the 
content of polyphenol, chlorophyll, and caulerpin, the total 

antioxidant activity (24.85 ± 0.77 mg ascorbic acid 
equivalent/g DW) got the highest value as using the 
infrared freeze-drying method, followed by solar energy 
(22.79 ± 0.76 mg ascorbic acid equivalent/g DW) and the 
hot air (21.19 ± 0.08 mg ascorbic acid equivalent/g DW) 
(Table 1). The difference in total antioxidant activity was 
significant between the infrared freeze-dried algae and 
dried algae by other different methods. The insignificant 
difference occurred for algae that dried by solar energy 
and the hot air. Total antioxidant activity in the current 
study was higher than the notice of Nguyen et al. (2011) 
on species Caulerpa lentillifera grown in Taiwan. 
3.5.2 Reducing power activity 
Reducing power activity got the highest value (20.17 ± 
0.71 mg FeSO4 equivalent/g DW) at the infrared freeze-
dried algae, followed dried algae by solar energy and the 
hot air (Table 1). Dried algae by the hot air possessed 
reducing power activity corresponding to 91.97 % and 
103.5 %, compared to the infrared freeze-dried algae and 
the solar energy, respectively. Reducing power activity of 
different dried algae was significant (p<0.05). Nguyen et 
al. (2011) noticed the infrared freeze-drying method was 
better the thermal drying method, and reducing power 
activity in the study of Nguyen et al. (2011) was lower 
than the current study. 
3.5.3 DPPH free radical scavenging activity 
The different drying methods affected DPPH free radical 
scavenging activity of dried sea grapes (p<0.05). DPPH 
free radical scavenging activity got the highest and the 
lowest value at the infrared freeze-dried algae (70.55 ± 
2.05, %) and solar energy (63.19 ± 2.72, %), respectively 
(Table 1). DPPH free radical scavenging activity of dried 
algae by the hot air corresponded to 95.29 % of dried 
algae by the infrared freeze that was higher than the notice 
of Shilpi et al. (2011) on brown algae freeze-drying.  

 
Table 1. Nutrient, phytochemistry, vitamin composition, and antioxidant activities of fresh and different dried sea 

grapes 

Targets Unit Initial sea 
grapes 

Dried algae 
The infrared freeze The hot air The solar energy 

Protein content (%) 6.9 ± 0.14 6.47 ± 0.23 4.89 ± 0.17 5.35 ± 0.18 
Lipid content (%) 2.21 ± 0.09 1.69 ± 0.05 1.2 ± 0.02 1.24 ± 0.04 
Soluble fiber content (%) 4.21 ± 0.16 3.7 ± 0.12 2.6 ± 0.11 3.4 ± 0.13 
Soluble pectin 
content (%) 0.33 ± 0.01 0.31 ± 0.01 0.24 ± 0.01 0.25 ± 0.01 

Thiamin content ppm 2.7 ± 0.07 0.64 ± 0.01 0.21 ± 0.01 0.67 ± 0.03 
Ascorbic acid 
content 

(mg ascorbic acid 
equivalent/kg DW) 19.2 ± 0.45 6.2 ± 0.18 2.8 ± 0.1 4.5 ± 0.19 

Polyphenol content mg phloroglucinol 
equivalent/g DW 7.28 ± 0.19 7.02 ± 0.15  6.45 ± 0.23 6.23 ± 0.24 

Chlorophyll content µg chlorophyll 
equivalent/ g DW 823.17 ± 28.81 770.09 ± 25.11 725.62 ± 23.58 695.68  ± 26.27  

Caulerpin content µg caulerpin equivalent/g 
DW 33.56 ± 1.24 31.17 ± 0.65 27.54 ± 1.05 25.79 ± 0.92 

Total antioxidant 
activity 

mg ascorbic acid 
equivalent/g DW 26.37 ± 1.08 24.85 ± 0.77  21.19 ± 0.08 22.79 ± 0.76 

Reducing power 
activity 

mg FeSO4 equivalent/g 
DW 21.34 ± 0.62 20.17 ± 0.71 18.55 ± 0.46 17.92 ± 0.54 

DPPH free radical 
scavenging activity % 73.2 ± 1.58 70.55 ± 2.05 67.23 ± 2.76 63.19 ± 2.72 
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2.6 Microorganism number of dried sea grapes 
Table 2. Microorganism number of dried sea grapes by different methods 

Microorganism targets Units Dried algae 
The infrared freeze The hot air The solar energy 

Total antioxidant activity (Cfu/g)   2.7x102 3.6x102 3.6x103 

E. Coli  (Cfu/g) - - - 
Coliforms  (Cfu/g) 5 11 12 
Samonella  (Cfu/g) - - - 
V. cholerae  (Cfu/g) - - - 
Staphylococus aureus  (Cfu/g) - - - 
V. parahaemoliticus  (Cfu/g) - - - 
Total mold and yeast (Cfu/g) - 5 8 
 
 
The results exhibited the number of the bacterial occurred 
lowest in the infrared freeze-dried seagrapes. The bacterial 
number in dried seagrapes decreased according to the 
following order: the hot air, the solar energy, and the 
infrared freeze. Total aerobic bacterial and coliforms 
appeared in dried algae by all three methods. For example, 
3.6x102, 3.6x103, and 2.7x102 CFU/g were for total 
aerobic bacterial, and 11, 12, and 5 CFU/g was for 
coliforms, corresponding to the solar energy, the hot air, 
and the infrared freeze, respectively (Table 2). Total mold 
and yeast occurred in dried algae by all dried algae, except 
for dried algae by the infrared freeze-drying method that 
limited the existence of the microorganism in dried algae 
better than the hot air and the solar energy drying method. 
Dried seagrapes by infrared freeze-drying method 
possessed sensory, nutrition composition, bioactive 
substances (phytochemistry, and vitamin), physical 
characteristics, and antioxidant activities better, and 
microorganism less than dried algae by using the hot air 
and the solar energy drying method, because of their heat-
transfer characterization. The infrared heat impacted 
everything in algae, the heat impact of the hot air and the 
solar energy on the algae was from outside to inside. The 
things led to the metabolism of the biochemistry in algae 
occurring more than the infrared heat.   
 

IV. CONCLUSIONS 
Different drying methods affected the sensory 
characteristics, physical characteristics, nutrient 
compositions, polyphenol content, chlorophyll content, 
and antioxidant activity of grapes seaweed Caulerpa 
lentillifera commonly grown in Vietnam. The decrease of 
nutrient compositions (protein, lipid, fiber, soluble pectin), 
phytochemistry composition (polyphenol, chlorophyll, and 
caulerpin), vitamin (thiamin, and ascorbic acid) and 
antioxidant activity of infrared freeze-dried grapes 
seaweed was lowest, compared to other dried algae, also 
found in damage rate and microorganism number. The 
rehydrate ratio of infrared freeze-dried seaweed grapes 
was highest in comparison to sun drying and hot-air 
drying. All dried sea grapes did found E. coli, Samonella 
spp., V. cholerae, S. aureus, V. parahaemolyticus, and 
total yeast and mold. The infrared freeze-drying method 
was the most efficiency, followings hot-air drying and sun 
drying. 
 

Acknowledgements 
Thankful for helping from Assist. Prof. Vu Ngoc Boi, 
Msc. Nguyen Thi My Trang, and funding from Vietnam 
Ministry of Science and Technology. 
 

REFERENCES 
1. Avelin M., Vitalina M., Araceli L., Jonathan R.M. 2009. 

Rediscovery of naturally occurring seagrape Caulerpa lentillifera 
from the Gulf of Mannar and its mariculture. Current science 
97(10): 1418 - 1420. 

2. Nicholas A.P., Nicolas N., Marie M., Rocky d.N. 2014. 
Comparative production and nutritional value of “sea grapes” - the 
tropical green seaweeds Caulerpa lentillifera and C. racemosa. J 
Appl Phycol 26: 1833-1844. 

3. Thilahgavani N., Charles S.V. 2014. Nutritional and bioactive 
properties of three edible species of green algae, genus Caulerpa 
(Caulerpaceae). J Appl Phycol 26: 1019-1027. 

4. Vu N.B., Nguyen T.M.T., Nguyen T.H. 2017. The changes of dried 
sea grape quality in the storage time at room temperature. Nha 
Trang University, Marine Scientific and Technology Journal 2: 20-
26. 

5. Xiaolin C., Yuhao S., Hong L., Song L., Yukun Q., Pengcheng L. 
2019. Advances in cultivation, wastewater treatment application, 
bioactive components of Caulerpa lentillifera and their 
biotechnological applications. Peer J 7: e6118. 

6. Ursula M.L.-M., Rosa M.B., Patricia S. 2005. Antioxidant activity 
of chlorophylls and their derivatives. Food Res Int 38: 885-891. 

7. Kateřina V., Ivana M., Jana J., Aleš D., Iva S., Jaroslav Z., Iva N., 
Jan R., Tomáš V., Roman S., Lucie M., Libor V. 2018. 
Chlorophyll-mediated changes in the redox status of pancreatic 
cancer cells are associated with its anticancer effects. Oxid Med 
Cell Longev: 1-11. 

8. Azadeh E., Hermann S. 2012. Review: Natural polyphenols against 
neurodegenerative disorders: Potentials and pitfa. Ageing Res Rev 
11(2): 329-345. 

9. Kanti B., Syed I. 2009. Plant polyphenols as dietary antioxidants in 
human health and disease. Oxid Med Cell Longev 2: 270-278. 

10. Alessandra M.M.L., Cássio R.M.S., Jéssica T.J., Paulo M.M.G., 
George E.C.d.M., Adolpho M.A.d.M., João X.A.-J., George J.N., 
Kátia C.S., Barbara V.O.S., Janeusa T.S. 2018. The bisindole 
alkaloid Caulerpin, from seaweeds of the genus Caulerpa, 
attenuated colon damage in murine Colitis model. Mar Drugs 16: 
318. 

11. Bhesh R.S., Dong Y.R. 2014. Anti-diabetic effects of Caulerpa 
lentillifera: stimulation of insulin secretion in pancreatic β-cells and 
enhancement of glucose uptake in adipocytes. Asian Pacific 
Journal of Tropical Biomedicine 4(7): 575-580. 

12. Faezah S., Jamil A.K., Irman S.I., Muhammad M.a.A.R. 2015. 
Screening of seaweeds potential against oral infections. Res J Appl 
Sci 11(5): 1-6. 

13. Althea R.A., Adrian P.Y., Maria M.P.A., Charlotte E.V., May 
R.M.L., Chiqui P.Y., Julie L.A.R. 2017. The potential anticoagulant 
property of Caulerpa lentillifera crude extract. International 
Journal of Health Sciences 11(3): 29-32. 

14. AOAC Official Method 920.103-1920. Protein in tea. 

Nguyen Xuan Hoan et al /J. Pharm. Sci. & Res. Vol. 12(5), 2020, 624-630

629



15. AOAC Official Method 2003.05. Crude fat in feeds, cereal grains
and forages (hexane extraction). 

16. Eric d.C.T., Aline d.O.S., Ligia B.d.A.-M., Elias d.S.A., Franco
M.L., Elizabete W.M. 2018. Application of dietary fiber method
AOAC 2011.25 in fruit and comparison with AOAC 991.43
method. Food Chem 238: 87-93.

17. Shelukhina N., Fedichkina L. 1994. A rapid method for quantitative 
determination of pectic substances. Acta Bot Neerl 43(2): 205-207.

18. Vu N.B., Dang X.C., Phan T.K.V. 2017. Effects of extraction
conditions over the phlorotannin content and antioxidant activity of
extract from brown algae Sargassum serratum (Nguyen Huu Dai
2004). Free Radicals and Antioxidants 7(1): 115-122.

19. Priscila B.T., Fungyi C., Cláudia M.F., Fernanda M., Adriana M.,
Déborah Y.A.C.d.S. 2014. Standardization of a protocol to extract
and analyze chlorophyll a and carotenoids in Gracilaria 
tenuistipitata var. Liui Zhang and Xia (Rhodophyta). Braz J
Oceanogr 62(1): 57 - 63.

20. Serena F., Roberto C., Adele C., Stefania G., Maria G.L., Ernesto
M., Francesco R., Antonio T. 2012. Subtle effects of biological
invasions: Cellular and physiological responses of fi sh eating the
exotic pest Caulerpa racemosa. Plos One 7(6): e38763.

21. AOAC Official Method 953.17. Thiamine (vitamin B1) in grain
products fluorometric (Rapid) method.

22. Nicoleta M., Simona D., Gabriel L. 2012. Spectrophotometric 
determination of ascorbic acid in grapes with the Prussian Blue
reaction. Ovidius University Annals of Chemistry 23(2): 174-179.

23. Dang X.C., Vu N.B., Tran T.T.V., Le N.H. 2016. Effect of storage
time on phlorotannin content and antioxidant activity of six
Sargassum species from Nhatrang Bay, Vietnam. J Appl Phycol
28(1): 567-572. 

24. Feldsine P., Leung S., Lienau A., Mui L., Townsend D. 2003.
Enumeration of total aerobic microorganisms in foods by SimPlate
Total Plate Count-Color Indicator methods and conventional culture 
methods: collaborative study. J AOAC Int 86(2): 257-274.

25. Method 1604. Total coliforms and escherichia coli in water by
membrane filtration using a simultaneous detection technique (mi
medium). EPA-821-R-02-024. (4303T) 1200 Pennsylvania Avenue,
NW Washington, DC 20460.: U.S. Environmental Protection
Agency Office of Water; 2002. 

26. Denise H., Angela E.D., Louise H. 2003. Salmonella in Foods: new
enrichment procedure for tecra salmonella visual immunoassay
using a single RV(R10) only, TT only, or Dual RV(R10) and TT
selective enrichment broths (AOAC Official method 998.09):
Collaborative study. J AOAC Int 86(4): 775-790.

27. ISO/TS 21872-1:2017, Microbiology of food and animal feeding
stuffs - Horizontal method for the detection of potentially
enteropathogenic Vibrio spp, International Organization for
Standardization, Geneva, Switzerland 2017. 

28. AOAC. Official method of analysis of the Washington: Association
of Official Analytical of Chemists; 1995. p. 185-189. 

29. Hara-Kudo Y., Sugiyama K., Nishibuchi M., Chowdhury A.,
Yatsuyanagi J., Ohtomo Y., Saito A., Nagano H., Nishina T.,
Nakagawa H., Konuma H., Miyahara M., et al. 2003. Prevalence of
pandemic thermostable direct hemolysin-producing Vibrio 
parahaemolyticus O3:K6 in seafood and the coastal environment in
Japan. Appl Environ Microbiol 69: 3883-3891.

30. Bird P., Flannery J., Crowley E., Agin J., Goins D., Jechorek R.
2015. Evaluation of the 3M™ petrifilm™ rapid yeast and mold
count plate for the enumeration of yeast and mold in food:
Collaborative study, first action 2014.05. J AOAC Int 98(3): 767-
783. 

31. Vu N.B., Nguyen T.M.T., Hoang T.H., Dang X.C. 2017. Changes
of sensory quality and basic biochemical contents under (Caulerpa 
lentillifera) grape seaweed cultivation periods. Fisheries Journal of
Technology and Science 1: 15-21.

32. Hoang T.H., Study on grape seaweed (C. lentillifera J. Agardh)
drying by the infrared freeze-drying method, Nha Trang University,
Khanh Hoa, Vietnam 2017. 

33. Elsa U., Antonio V.-G., Vivian G., Alexis P., Jéssica L., Gabriela
G. 2019. Effect of different drying methods on phytochemical
content and amino acid and fatty acid profiles of the green seaweed,
Ulva spp. J Appl Phycol 31: 1967-1979.

34. Nguyen V., Ueng J., Tsai G. 2011. Proximate composition, total
phenolic content, and antioxidant activity of seagrape (Caulerpa 
lentillifera). J Food Sci 76(7): C950-958.

35. Dimitrios P., Zujaja-Tul-Noor Q., Maitha R. 2015. The role of
soluble, insoluble fibers and their bioactive compounds in cancer: A 
mini review. Food Sci Nutr 6(1): 1-11.

36. Pierrick S., Erlend I., Aðalheiður Ó., Hélène M., Wenche E.,
Larssen J.F., Michael Y.R., Turid R., Rasa Slizyte,, Tom S.N. 2018. 
Effects of drying on the nutrient content and physico-chemical and
sensory characteristics of the edible kelp Saccharina latissima. J 
Appl Phycol 30: 2587-2599.

37. Shilpi G., Sabrina C., Nissreen A.-G. 2011. Effect of different
drying temperatures on the moisture and phytochemical
constituents of edible Irish brown seaweed. LWT-Food Sci Technol 
44(5): 1266-1272. 

38. An-Erl K.V., Chia-Fang L., Yi-Jing L. 2001. Chlorophyll stability
in spinach dehydrated by freeze-drying and controlled low-
temperature vacuum dehydration. Food Res Int 34(2-3): 167-175.

39. Naoki Y., Alley E.W. 1991. Regulated chlorophyll degradation in
spinach leaves during storage. J Amer So C Hort Sci 116(1): 58-62.

40. Dang B.T.T., Vu N.B., Ngo D.N., Dang X.C. 2020.
Phytochemistry, nutrition component, vitamin, minerals and
antioxidant activity of three species Hydrocotyle sp. growth in
Vietnam. Int Med J 25(3): 1047-1056.

Nguyen Xuan Hoan et al /J. Pharm. Sci. & Res. Vol. 12(5), 2020, 624-630

630


	Table 2. Microorganism number of dried sea grapes by different methods
	IV. Conclusions



