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ABSTRACT 

 
Nanoencapsulated liquid smoke was made to enhance the physicochemical qualities, ease of handling and 
application of liquid smoke (LS) prepared from pyrolysis of coconut shells. A descriptive experiment was 
conducted to compare redistilled LS (sample F1), homogenised dispersion of nanoparticles (sample F2) and 
spray dried nanoencapsulated preparation of LS (sample F3). Encapsulants used were chitosan (1.5% w/v) and 
maltodextrin (8.5% w/v). The qualitative and quantitative composition of volatile compounds were studied by 
using a gas chromatograph-mass spectrometer (GC-MS) techniques. Results showed that sample F1 consisted 
primery of as acetic acid (57.70%) and phenol (24.03%). Sample F2 contained 18 compounds dominated by 
acetic acid (50.49%) and phenol (24.55%), and sample F3 contained 6 compounds dominated by acetic acid 
(11.10%) and phenol (70.79%). Nanoencapsulated liquid smoke (sample F3) was reduced an of acetic acid and 
increased in phenol content. It is suggested that nanoencapsulated liquid smoke will have enhanced as 
biopreservative activity compared with redistilled LS and enhanced sensory acceptability. 
 
Keywords: Volatile compounds; coconut shell-liquid smoke; nanocapsules; chitosan; maltodextrin. 
 
1. INTRODUCTION 
 
Smoking technology has a long history in food 
preservation methods used either in household 
practices or food industries [1]. Preservative effects of 
smoke are due to the presence of antimicrobial and 
antioxidant compounds such as aldehydes, carboxylic 
acids and phenols [2]. Phenol derivatives           
resulting from lignin pyrolysis such as guaiacol (2-

methoxyphenol) and syringol (2,6-dimethoxyphenol) 
have been identified as the most frequent compounds 
found  in smoke [3,4]. 
 
Liquid smoke (LS) is a solution obtained through a 
series of processed involving burning material, 
collecting smoke, smoke condensation, and refining 
(two or three steps of distillation). Distillation allows 
the removal of undesirable polycyclic aromatic 
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hydrocarbons (PAH) from the liquid [5]. Therefore, 
compared to original form of smoke, LS is considered 
much safer for health and is also easier to apply to 
food products as it is easier to control the smoky 
flavour and colour intensity [4]. 
 
The volatile bioactive compounds of LS which are 
responsible for biopreservative activity can evaporate 
during storage. Therefore, the application of 
nanoencapsulation might be important to protect these 
principal compounds. The technique represents an 
efficient approach in increasing the physical stability 
of the active substances, protecting them from 
interactions with food ingredients, and enhancing 
their effectiveness because of their nanosized 
formulation [6,7]. 
 
Various biocompatible and degradable natural 
polymers can be used as carriers in nanoencapsulation 
technique. Chitosan (CS) has been used as a wall 
material for encapsulation of sensitive core 
ingredients such as vitamin D2 [8], astaxanthin [9] and 
ampicillin [10]. A previous study demonstrated the 
ability of CS assembled into nanoparticles in the size 
range of 400 - 600 nm [11]. Preparing nanoparticles in 
this size range is facilitated by the use of adequate 
cross-linking agents. TPP is a non-toxic polyanion 
known for its capacity to cross-link CS, a reaction 
mediated by electrostatic forces, resulting in the 
formation of ionic cross-linked networks [12]. 
Maltodextrin (MD) is the most commonly preferred 
wall material because of its low cost and 
effectiveness. Some studies have explored the use of 
MD to protect sensitive compounds like vitamin C in 
fruit juice and to increase product stability in acerola 
powder [13]. MD is water-soluble and able to protect 
encapsulated ingredients from oxidation. The aims of 
this study were to investigate the use of CS and MD 
as polycationic and anionic matrixes to protect 
volatile compounds of nanoencapsulated coconut-
shell liquid smoke. 
 
2. MATERIALS AND METHODS 
 
2.1 Materials 
 
Raw crude coconut-shell liquid smoke (LS) was 
obtained from Tropica Nucifera Industry, Yogyakarta, 
Indonesia. LS was purified two times using 
redistillation methods in the laboratory at 98±2oC. 
Chitosan (CS) was purchased from Biotech Surindo, 
Indonesia (deacetylation degree 91.5%, moisture 
10.43%, ash 0.71%). Maltodextrin (MD) with 
dextrose equivalent (DE) 10.8% was from Grain 
Processing Corp. (Iowa, USA), Sodium 
tripolyphosphate (TPP) and diethyl ether were 
supplied by Sigma Chemicals Ltd. (Munich, 

Germany).  The other chemicals used for analysis 
were of analytical grade.  
 
2.2 Preparation of Nanocapsules 
 
CS-MD mixed nanoparticles were prepared with a 
slight modification of previously described method 
[11], based on the polyelectrolyte complexing of CS 
with MD and additional ionic gelation of chitosan 
with sodium tripolyphosphate (TPP) anions CS (1.5% 
w/v) and MD (8.5% w/v) dissolved in coconut shell 
liquid smoke.  TPP (1.0 mg/mL) was added in these 
mixtures and agitated using a magnetic stirrer at 200 
rpm for 30 min at room temperature.  Liquid smoke 
alone (without treatment) was referred to as F1. 
Nanoparticles were isolated by centrifugation 
(Centrifuge Damon/IEC Division, Connecticut, USA) 
at 3,000 rpm in a 50 mL conical tube for 30 min at 
room temperature. Supernatant was discarded and 
nanoparticles were vacuum filtered (Gast, USA) using 
Whatman # 2. The dispersion of nanoparticles was 
heated at 50°C in a waterbath for 15 min and 
homogenized using homogenizer (Ultraturrax T50 
Basic IKA Werke, Germany) at 4,000 rpm for 2.5 min 
and referred to as F2. Subsequently, the sample 
dispersion was fed into a Büchi B-290 mini spray 
dryer (Flawil, Switzerland). The operating conditions 
were aspirator rate 50%, drying inlet air temperature 
150±2°C, outlet air temperature between 70 and 82°C, 
feed flow rate 5.1 mL/min and referred to as F3. The 
result spray-dried powders were collected and stored 
in amber bottles and stored under desiccation at room 
temperature prior to analysis of volatile compounds. 
 
2.3 GC-MS Analysis 
 
Volatile compounds in the coconut shell liquid          
smoke nanocapsules were identified using gas 
chromatography-mass spectrometry (GC-MS). Three 
g of sample was diluted in water (1:1) into a 10 mL 
separatoring funnel which was vortex-mixed and 
diethyl ether was added (1:3). An ultrasonic bath was 
used to extract solutes for 10 min and then the two 
phases were allowed to separate. The separated 
organic phase was dried over anhydrous sodium 
sulfate and analyzed in a gas chromatograph coupled 
to a quadrupolar mass spectrometer (Shimadzu QP 
2010; Shimadzu, Tokyo, Japan) with a flame 
ionization detector (260°C). The analytes were 
separated on a Restex Stabilwax-DA capillary column 
(30 m × 0.25 mm i.d., 0.25 µm film thickness). 
Column temperature was held at 60°C for 2 min, 
increased to 215oC at 5°C/min. Injector, transfer line, 
and ion source temperatures were 250, 250, and 
200°C, respectively. Injection was conducted in the 
splitless mode (2 min), and the volume was 0.2 µL. 
Helium was used as the carrier gas at a flow rate of 
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81.5 mL/min at 12 kPa pressure. Electron impact 
mass spectra were recorded at 70 eV ionization 
energy.  
 
Coconut shell-liquid smoke nanocapsule components 
were identified by comparison of their mass spectra 
and retention times with those of standard compounds 
or by comparison of the mass spectrum with those of 
the mass spectra library Wiley 229 [14]. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Physicochemical Characteristics of 

Coconut-shell Liquid Smoke 
 
The redistilled coconut shell liquid smoke (LS) at 
98±2°C gave clear yellowish white, acidic liquid (pH 
2.54), containing total carbonyl 10.83%, total 
phenolic 2.08%, acetic acid 9.97%. Acids contained 
in coconut shell-LS influence food stuff flavor, pH 
and shelf life. Phenolic compounds provide aromatic 
and antioxidant effects as well as enhancing the shelf-
life of the product [15]. Carbonyls generally 
contribute to the colour of the product once reacted 
with amino groups. [16] mentioned that bioactive 
compounds in liquid smoke gave not only 
preservative and antioxidative effects but also 
contribute colour, flavour and taste to the product 
[15,17]. Furthermore, compounds of polyaromatic 
hydrocarbons family were not identified, indicating 
that the redistillation of the LS at 98±2oC was 
effective in eliminating carcinogenic PAHs. GC-MS 
analysis on liquid smoke has been also performed a 
previous study [6,18].  
 

3.2 Volatile Compounds 
 
The GC-MS analysis on redistilled coconut shells 
liquid smoke (LS) identified some chemicals as 
shown in Table 1. From GC-MS spectra were 
identified 17 peaks of a higher proportions that 
identified components grouped by families of 
compounds, together with the proportion of the major 
components in the sample. The highest constituent 
(57.7%) was Acetic acid, followed by Phenol 
(24.03%), that have more than 90% similarity with 
those in GC-MS instrument’s library. 
 
Fig. 1 shows the total ion chromatogram of the 
dispersed nanoparticle (sample F2) and nanocapsules 
(sample F3). It can be observed that the compounds in 
appreciable concentrations in the sample eluted 
between 9 and 22 min, and only a few that were 
eluted under 7 min in very small concentrations. 
 
From GC-MS spectra data, the dispersed 
nanoparticles (sample F2) consisted of 18 components 
dominated by acetic acid (50.85%), phenol (32.50%), 
2-metoxyphenol (guaiacol) (5.55%), methyl acetetat 
(2.16%), propionic acid (1.32%), 2-methoxy-4-
methylphenol (1.32%), 4-methylphenol (1.30%), 4-
ethyl-2-methoxyphenol (1.05%), 2-methylphenol 
(0.92%), 2-furancarboxaldehyde (0.81%), 1-hydroxy-
2-propane (0.46%), 2-ethylphenol (0.33%), 2-
cyclopenten-1-one (0.30%), methyl propanoate 
(0.28%), beta tumerone (0.28%), pentacosane 
(0.24%), 2-ethylphenol (0.18%), and 2,5-xylenol 
(0.14%). The results were in agreement with the 
report by [14,18] showed that highest compounds in 
liquid smoke was the Acetic acid followed by Phenol. 

Table 1. GC-MS analysis on volatile compounds of coconut shell liquid smoke (sample F1) 
 

Peak no.  Family (compound)    Area (%) MW Similarity (%) 
Acid and alcohol derivatives 64.23  
1. Methyl acetate 0.59 74 96 
2. Methanol 2.14 32 98 
6. Acetic acid 57.70 60 99 
7. 2-(1-methylethoxy)-Ethanol 0 104 63 
10. Propionic acid 3.14 74 95 
13. 1.4.dimethoxy-benzene 0.66 138 89 
Carbonyl derivatives 7.53   
3. 1.Hydroxy-2-propanone  2.34 74 97 
4. 2-Cyclopenten-1-one 0.70 82 91 
5. 1-Hydroxy-2-butanone  2.13 88 89 
8. 2-Furancarboxaldehyde 1.68 96 97 
9. 1-(2-Furanyl) ethanone 0.20 110 91 
11. 2(3H)-dihydro-Furanone 0.48 86 96 
Phenol derivatives 28.25   
12. 2-Methoxyphenol 2.68 124 95 
14. Phenol 24.03 94 95 
15. 4-Ethyl-2-methoxyphenol  0.32 152 88 
16. 2-Ethylphenol 0.74 108 88 
17. 3-Methylphenol 0.48 108 92 



 
 
 
 

Saloko et al.; JAFSAT, 3(3): 114-118, 2016 
 
 

 
117 

 

 

 
 

Fig. 1. Total ion chromatogram illustrating the separation of components A). Dispersed nanoparticles 
(Sample F2), and B). Nanocapsules (sample F3) 

 
Coconut-shell liquid smoke nanocapsules (sample F3) 
showed 7 peaks in a higher proportion of acetic acid 
than sample F1. They were identified as phenol 
(70.79%), acetic acid (11.10%), 2-methoxyphenol 
(guaiacol) (9,92%), 4-methylphenol (2.81%), 2-
methylphenol (2.74%), and 2-methoxy-4-
methylphenol (2.64%) responsible for aromatic and 
antioxidant effects [1,15]. This result was similar to 
earlier reports [1,19] showing that phenolic 
compounds are prominent in liquid smoke and play a 
major contribution to antibacterial activity.  
 
Compared to sample F1 (only LS), the percentage of 
phenol (70.79%) from sample F3 was higher and the 
amount of acetic acid was lower because of the heat 
treatment applied during the spray drying technique. 
The volatile compounds of nanocapsules (sample F3) 
were evided which very increase antibacterial and 
antioxidant properties of LS [4]. 

These volatile compounds were present in sample               
F1, as shown in Table 1. However, methyl          
propanoate, 2,5-xylenol, 2-methoxy-4-methylphenol, 
4-methylphenol, 2-methylphenol, beta tumerone and 
pentacosane were not detected in redistilled LS of 
coconut shell (sample F2) perhaps as a results of 
thermal degradation during spray drying. 
 

4. CONCLUSIONS 
 
Coconut shell-liquid smoke nanocapsules contained 
selected volatile compounds of acetic acid and 
phenols.  Nanoencapsulated liquid smoke (sample F3) 
revealed reduced concentration of acetic acid and 
increased phenol content.  It is suggested that 
nanoencapsulated liquid smoke will have increased 
biopreservative activity compared to redistilled LS 
while also enhancing sensory acceptability of smoke 
products. 



 
 
 
 

Saloko et al.; JAFSAT, 3(3): 114-118, 2016 
 
 

 
118 

 

ACKNOWLEDGEMENTS 
 
Authors thank the Ministry of Research, Technology 
and Higher Education of the Republic of Indonesia for 
research funding. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing interests 
exist. 

 
REFERENCES 
 
1. Soldera S, Sebastianutto N, Bortolomeazzi R. 

Composition of phenolic compounds and 
antioxidant activity of commercial aqueous 
smoke flavorings. Journal of Agriculture and 
Food Chemistry. 2008;56:2727-2734. 

2. Leroi F, Joffraud JJ, Chevalier F, Cardinal M. 
Study of the microbial ecology of cold-smoked 
salmon during storage at 8oC. International 
Journal of Food Microbiology. 1998;39:111–
121. 

3. Ro´sa Jonsdottir R, Olafsdottir G, Chanie E, 
Haugen J. Volatile compounds suitable for 
rapid detection as quality indicators of cold 
smoked salmon (Salmo salar). Food 
Chemistry. 2008;109:184–195. 

4. Varlet V, Serot T, Prost C. Smoke flavoring 
technology in seafood, in Nollet LML, Toldra 
F, (Eds). Handbook of seafood and seafood 
products analysis. CRC Press, Boca Raton, FL. 
2010;233–254. 

5. Widyastuti S, Saloko S, Murad, Rosmilawati.  
Optimasi proses pembuatan asap cair dari 
tempurung kelapasebagai pengawet makanan 
dan prospek ekonomisnya. Agroteksos. 2012; 
22:48-58.  

6. Quintanilla-Carvajal MX, Camacho-Dı´az BH, 
Meraz-Torres LS, Chanona-Pe´rez JJ, 
Alamilla-Beltra´n L, Jimene´z-Aparicio A, 
Gutie´rrez-Lo´pez GF. Nanoencapsulation: A 
new trend in food engineering processing. Food 
Engineering Review. 2010;2:39–50. 

7. Sekhon BS. Food nanotechnology – An 
overview. Nanotechnology, Science and 
Applications. 2010;3:1–15. 

8. Shi XY, Tan TW. Preparation of chitosan / 
ethylcellulose complex microcapsule and its 
application in controlled release of vitamin D2. 
Biomaterials. 2002;23:4469-4473. 

9. Higuera-Ciapara I, Felix-Valenzuela L, 
Goycoolea FM, Arguelles-Monal W.   
Microencapsulation of astaxanthin in a chitosan 

matrix. Carbohydrate Polymers. 2004;56:           
41-45. 

10. Anal AK, Stevens WF, Remuan-L´opez C. 
Ionotropic cross-linked chitosan microspheres 
for controlled release of ampicillin. 
International Journal of Pharmaceutics. 
2006;312:166-73. 

11. Grenha A, Gomes ME, Rodrigues M, Santo 
VE, Mano JF, Neves NM, Reis RL. 
Development of new chitosan/carrageenan 
nanoparticles for drug delivery applycations. 
Journal of Biomedical Materials Research. 
2010;92:1265-1272. 

12. Rodrigues S, Rosa da Costa AM, Grenha A. 
Chitosan/carrageenan nano-particles: Effect of 
cross-linking with tripolyphosphate and charge 
ratios. Carbohydrate Polymers. 2012;89:282-
289. 

13. Righetto AM, Netto FM. Effect of 
encapsulation materials on water sorption, 
glass transition, and stability of juice from 
immature acerole. International Journal of 
Food Properties. 2005;8:337-346. 

14. Guillen MD, Manzanos MJ. Smoke and liquid 
smoke. Study of an aqueous smoke flavouring 
from the aromatic plant Thymus vulgaris L. 
Journal of Science and Food Agriculture. 
1999;79:1267–1274. 

15. Martinez O, Salmerón J, Guillén MD, Casas C. 
Textural and physicochemical changes in 
salmon (Salmo salar) treated with commercial 
liquid smoke flavourings. Food Chemistry. 
2007;100:498-503. 

16. Tranggono, Suhardi, Setiadji B, Darmadji P, 
Supranto and Sudarmanto. Identifikasi Asap 
Cair dari Berbagai Jenis Kayu dan Tempurung 
Kelapa. Jurnal Ilmu dan Teknologi Pangan. 
1996;1:15-24. 

17. Darmadji P, Marsono Y, Suparmo. Pembuatan 
prototype biopreservative asap cair, evaluasi 
keamanan dan profil industri sebagai pengawet 
alternatif pengganti formalin.  Laporan Tahun 
II Program Insentif Terapan. Kementrian 
Ristek; 2009. 

18. Achmadi SS, Mubarik NR, Nursyamsi R, 
Septiaji P. Characterization of redistilled liquid 
smoke of oil-palm shells and its application as 
fish preservatives. Journal of Applied Sciences. 
2013;13:401-408. 

19. Kristinsson HG, Danyali N, Ua-Angkoon S. 
Effect of filtered wood smoke treatment on 
chemical and microbial changes in mahi mahi 
fillets. Journal of Food Science. 2007;72:16. 

__________________________________________________________________________________________ 
© Copyright International Knowledge Press. All rights reserved.  

View publication stats

https://www.researchgate.net/publication/321520953

