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Abstract 
Seaweed is considered high class marine and fisheries sector in 
international demand for its derivative products. One of traditional use of 
seaweed as food is stick snack which is widely consumed due to its 
crunchiness and deliciousness. The objective of this study was to 
characterize the proximate analysis, hardness, and sensory perception of 
stick snack derived from seaweed. Seaweed stick were prepared with 
varying food additives such as  sodium acid phyorposphate (SAPP), steaoryl 
lactylate (SSL), sodium bicarbonate (NaHCO3), and control (without addition 
of food additives). The results confirmed that the use of food additives 
induce change in proximate, hardness, and sensory perception. Seaweed 
stick with addition NaHCO3 has the highest fat content while seaweed stick 
with addition of SAPP has  the highest crispness. In addition, sensory test 
showed that seaweed stick with addition with NaHCO3 provide the highest 
acceptance in texture and flavour. 
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1. Introduction 

Seaweed is one of the largest marine biological resources in Indonesia. China and 
Indonesia contributed over 23 million tonnes of wet seaweeds in 2014, followed by 
Phillipines and Korean Republic which contributed over 1 million tonnes (1). Seaweeds can 
be used in many different forms (e.g. fresh, dried, powder) and their use has grown 
significantly. Seaweed’s extracts contain many bioactive compounds, such as terpenoids, 
phlor-otanins, fucoidans, sterols, and glycolipids (2). Seaweeds have potential novel 
applications in foods and beverages industries since they can function as food additives such 
as emulsifier, gelling agent, stabilizer, texturizer, and as source for dietary iodine and fibers 
(3). In addition, seaweed can be used as ingredient for cosmetics (4), nutraceuticals (5), 
pharmaceuticals (6–8), and bioenergy (9,10). The possibility to develop novel food products 
from seaweeds such as seaweed stick remain a challenge. 

Stick snack is considered one of the most popular snacks which is composed from 
wheat flour, tapioca flour, sago flour, fat, eggs, and water. This food is generally produced 
through frying and it has savory taste and crunchy texture (11–13). However, stick snack can 
easily absorb moisture from the air and loses its texture and become rancid which in turn 
can significantly alter the taste and flavor.  

There have been numerous studies addressing the influence food additives on food 
quality. Long, Gál, and Buňka (2011) investigated the use of Sodium Acid Phyorposphate 
(SAPP) in food. The authors reported that SAPP can be used to adjust the pH, maintain 
color, improve water-holding capacity and reduce purge during retorting (14). In addition, 
Brodie and Godber (2001) reported the use of SAPP as leavening agent in baking powders 
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(15). Panghal, Navnidhi, and Khatkar (2011) used sodium bicarbonate as food additive in 
bread making. The results reported by the authors indicated that sodium bicarbonate 
(NaHCO3) is an alternative additive in bread making. This compound dissolves in water and 
produces CO2 when it is used in bread making (16). In addition to SAPP and sodium 
bicarbonate, another food additive that is mostly used in food production is sodium steaoryl 
lactylate (SSL). SSL has the ability to strengthen dough, to emulsify, and to replace fat and 
sugar in formulation (17). Meanwhile, if fat and protein content in the product is high, SSL 
will reduce water absorption. For these reasons, the addition of food additives such as 
SAPP, NaHCO3 and SSL into stick formulation can affect its taste, texture and aroma, which 
in turn will likely alter consumer acceptance. Therefore, the aim of this study was to 
determine the physical, proximate content, and sensory perception of stick snack with the 
above additives. 

 
2. Materials and Methods 

 
2.1. Materials 

The materials used in this study were dry seaweed, medium protein wheat flour  
(Bogasari), margarine (Blue band,Unilever), garlic, shallots, salt, Sodium Steaoryl Lactylate 
(SSL) (Foodchem), Sodium Acid Pyrophospate (SAPP) (Indo food Chem), and Sodium 
bicarbonat NaHCO3 (Brataco). 
 
2.2. Research Procedure 

Processing steps for seaweed sticks consist of soaking, refining, milling, mixing all 
ingredients into dough, frying, and draining. The dried seaweed used was first soaked in 
clean water for about 30 minutes to allow the seaweed to swell and to facilitate the grinding 
process. The grinding was done using a household blender.  

All ingredients, except SAPP, SSL, sodium bicarbonate, were mix and formed into 
dough which consists of 1 kg flour, 225 g of butter, 25 g of salt, 5 g of garlic and 5 g of onion. 
The dough was divided into four parts, one part was added with SAPP (0.5%), one part was 
added with SSL (0.5%), one part was added with sodium bicarbonate (0.5%), and the other 
as control.  
 
2.3. Observation Parameters 
2.3.1. Moisture Content Analysis  

Seaweed sticks samples were weighed about 2 g in cups of known weight and dried in 
oven at a temperature of 105°C until constant weight. The moisture content as determined 
using the following equation (18): 

 

                                                      Moisture content (%) : 
   

   
 x 100                (1)

  
Note:  
A = Weight of cup (g)  
B = Weight of cup and sample before drying (g)  
C = Weight of cup and sample after drying (g)  
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2.3.2. Protein Content Analysis 
 Protein content was determined using Kjeldahl method. About 1.5 g of seaweed stick 
samples was mixed with 2 g of selenium and 25 ml H2SO4 in Kjeldahl flask and heated in 
fume hood until clear solution was obtained. After cooling, 200 ml of distilled water and 1 g 
of Zn was added. The solution was neutralized with 45% of NaOH and then distilled into 
boric acid solution. The distillate was added with methyl red colour indicator and titrated 
with HCl 0.02 N. The protein content as determined using the following equation (19):  
 

                       N (%)=  
                                                                     

         
   (2) 

 
% Protein = % N x convertion factor        (3) 

 
2.3.3. Fat Content Analysis 
 Fat content was determined using Soxhlet method using hexane. About 2 g of samples 
was wrapped with filter paper and dried at 80oC for 1 hour. After that, the sample was 
placed in the extraction column and extracted for 6 hours. The extract obtained was dried in 
oven at 105oC to evaporate all of the solvent. Fat content was determined with the 
following equation (20):  
 

        % Fat = 
    

  
                    (4) 

Note :  
W = Weight of sample in (g)  
B  = Weight of fat before extraction  
C  = Weight of fat after extraction 
 
2.3.4. Ash Content Analysis 

Ash content was determined by igniting 2 g of sample in muffle furnace at 550oC. Ash 
content was determined with the following equation (21):  
 

Ash content (%): 
                     

              
 x 100        (5) 

 
2.3.5. Carbohydrate Content Analysis 

Carbohydrate content is calculated by "Carbohydrate by difference". Carbohydrate 
content was determine by difference with the following equation (22): 
 
Carbohydrate (%) = 100% - % (water content+protein content+fat content+ash content)   (6) 
 
2.3.6. Crude fiber Content Analysis 

Crude fiber content measurement performed using AOAC method (1990) (23). Two 
grams of defatted bread sample was transferred into a 750 ml Erlenmeyer flask, then 0.5 g 
asbestos was added to the flask and following with the addition of two hundred millilitres of 
boiling 1.25% H2SO4. The flask then was connected to cold finger condenser, and 
immediately placed on a hot plate for 30 minutes. The flask then was removed and the 
mixture was filtered through a linen cloth in a funnel and washed with boiling water to 
remove the acid content. The charge and asbestos was washed back into the flask with 200 
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ml of boiling 1.25% NaOH solution. The flask was again connected to a condenser and 
heated for 30 min. The mixture then filtered through linen cloth and thoroughly washed 
with boiling water. The residue was transferred into a gooch crucible, washed with 15ml of 
95 % ethanol and dried at 100°C in the oven for 1 hr. The flask was cooled in a desiccator, 
weighed and ignited in a pre-heated muffle furnace (Gallenkamp muffle furnace, England) at 
600°C for 30 minutes. The flask was again cooled and reweighed. The weight difference was 
recorded and percent crude fiber content was calculated (23). 
 
2.3.7.  Hardness Test Method 

The hardness of seaweed stick was determined using penetrometer method. The 
hardness of samples was read directly from the instrument.  
 
2.3.8.  Hedonics Test Method 

Level of acceptance was measured with 5 scale hedonic test. Twenty five panelists 
were asked to rate the color, texture, and flavor. The preference scale used in this study 
were 1 (very dislike), 2 (dislike), 3 (neutral), 4 (like) and 5 (like very much).  
 
2.4. Research Method and Data Analysis 

This study was conducted using completely randomized design (CRD) with three 
treatments. The data obtained were analyzed  using ANOVA and the differences among the 
means were analyzed using Duncan Multiple Comparison Test. All statistical analysis were 
performed using SPSS Version 22 software. 

 
3. Results and Discussions  

 
3.1. Moisture Content 
  Moisture content in food materials affects the quality and storage capacity of these 
materials. In this study, the highest water content was found in control seaweed stick 
product while the lowest water content was found in the seaweed stick with the addition of 
NaHCO3. The difference in water content can be attributed to the texture of the products. 
With the presence of pores in seaweed sticks with addition of texture enhancement agents, 
water molecules can easily escaped from the food matrix during frying.  
 
 
 
 
 
 
 
 
 
 
  

 
Figure 1.  The moisture content diagram of seaweed stick with adding of various of food 

additive. 
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Note: The different superscript notations show significant differences at the test level 
α =  5%. 

 Based on figure 1, the moisture content of seaweed sticks with SSL was higher than 
those with SAPP and NaHCO3. This is because of the higher hygroscopisity of SSL and its 
polar group that can bind water molecules. In addition,  NaHCO3 is able to form pores so 
that it can provide path for water removal.   

 
3.2. Protein Content 

Protein is one of the substances found in food ingredients that are very important for 
humans because its functions as a builder and regulator in the body (24). The results 
presented in figure 2 showed that the highest protein content was found in control seaweed 
stick. Meanwhile, the lowest protein content was found in seaweed sticks with NaHCO3. 

The protein in the control was higher. It is assumed that the protein content in the 
raw material for seaweed sticks decreased due to Maillard reaction which occurred during 
frying. The result of hedonic test indicated that seaweed stick samples with addition of 
texture enhancement agents had darker colour with resulted lower acceptance. This darker 
color is indication of more intense Maillard reaction which can bring about reduction in 
protein content.    

 
Figure 2. The protein content diagram of seaweed stick with adding of various of 

food additive. 
Note: The different superscript notations show significant differences at the test level α = 
5%. 

 
3.3. Fat Content 

The results of analysis on fat content indicated that treatment with the addition of 
texture enhancing agent significantly affected fat content. The overall results showed that 
the use of texture enhancing agent significantly increase fat content of products as 
presented in figure 3. This trend can be attributed to formation of pores. The highest fat 
content was found in seaweed stick products with the addition of NaHCO3 while the lowest 
fat content was found in the control. The pores in food matrix can act as a sink for oil 
absorbed during frying. The more pores in the food matrix, the more oil that can be 
entraped which causes the fat content to increase. 
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Figure 3. The fat content diagram of seaweed stick with adding of various of food 

additive. 
Note: The different superscript notations show significant differences at the test level α = 
5%. 
 
3.4. Carbohydrate Content 

The result of carbohydrate content calculation shows that carbohydrate contents in 
seaweed sticks samples with addition of NaHCO3 and SSL were significantly higher than 
those of SSAP and control samples even though the differences were only about 1 % as 
shown in figure 4. Since carbohydrate contents were determined using difference method, 
the increase in carbohydrate content observed in this study might be more due to the 
reduction other components such as moisture and protein content.    

 

 
Figure 4. The fat content diagram of seaweed stick with adding of various of food 

additive. 
Note: The different superscript notations show significant differences at the test level 
α = 5%.  
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3.5. Crude Fiber Content 
       Dietary crude fibre is a complex carbohydrate in food which cannot be hydrolysed by 
digestive enzymes. Total dietary fibre consists of soluble dietary fibre and insoluble dietary 
fiber (25,26). Seaweeds are natural material which has high fibre contents and many 
researchers indicated that substitution with seaweed can increase fibre content in the 
product.  
 The results show that the highest (11.82 ± 0.05) crude fibre was found in seaweed sticks 
with the addition of SAPP, followed by samples with NaHCO3, and the lowest was found in 
control samples as shown in figure 5. This shows that the addition of texture enhancing 
agents can result in higher crude fibre content in the seaweed stick product. 
 

 
  Figure 5. The fat content diagram of seaweed stick with adding of various of food 

additive. 
Note: The different superscript notations show significant differences at the test level 
α = 5%. 
 
3.6.  Hardness  

 Hardness is one of the most important quality criteria for types of stick products 
(27,28). The hardness of seaweed sticks obtained from the experiment were presented in 
figure 6 which indicated that the addition of texture enhancement agents significantly 
affects hardness. The addition of SAPP and SSL tend to increase hardness, which is 
undesirable. On the other hand, the addition of NaHCO3 significantly decrease hardness 
level which make the product crunchier. It is important to note that this result is relevant to 
the likeness level on texture, especially for seaweed sticks with the addition of NaHCO3.  
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Figure 6. The hardness diagram of seaweed stick with adding of various of food 

additive.  
Note: The different superscript notations show significant differences at the test level 
α = 5%. 
 
3.7.  Crispness 

The test results showed that the highest crispness value was found in the seaweed stick 
with the addition of NaHCO3. Meanwhile, the lowest crispness value was found in control 
seaweed stick as shown in figure 7.  

 

 
Figure 7. The crispness diagram of seaweed stick with adding of various of food additive. 

 
Note: The different superscript notations show significant differences at the test level 
α = 5%. 

 
  The level of product crispness is inversely proportional to the hardness and moisture 
content, where the higher the level of crispness, the value of water content and hardness 
tends to be lower. In addition, crispness is also influenced by the addition of texture 
enhancement agents such as NaHCO3 which promote the formation of pores inside the 
product. The pores in food ingredients have an important role in the crunchiness and 
texture of snacks. In extreme conditions, many crunchy foods become hard if they do not 
have pores (29). 
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3.8. Hedonic Test 
Results of hedonic test on flavour, texture, and colour are shown in Figure 8. Overall 

results indicate that treatment with NaHCO3 provide the highest overall hedonic score. It is 
interesting to note that the use of texture enhancement agents such as SAPP, NaHCO3, and 
SSL affected the colour as indicated by the hedonic score and appearance. This result might 
suggest an increase of Maillard or browning reaction during frying due to the addition of the 
texture enhancement agents. Beside its function as bread improver, baking powder can also 
changes the colour of the crumb which is often unwanted or even an indication of 
deterioration (30). In addition, the decrease in brightness level occurs because high protein 
levels can increase the risk of the Maillard reaction (31).  

 
Figure 8. The hedonic scale of seaweed stick with various additive. 

 
  The texture of seaweed sticks that the panelists preferred was the texture of the 
samples with the addition of texture enhancement agents which give crunchier sticks  
compared to the control as shown in figure 9. Sticks without the addition of texture 
enhancement agents are tougher and harder to chew. Likewise, the panelists preferred the 
flavour and mouthfeel of seaweed stick with the addition of texture enhancement agents 
since they provide their intrinsic flavour such as alkaline taste from sodium bicarbonate.  

 

 

 

 

 

 

 

 

 

 

 
 

Figure 9. The appearance of seaweed stick with various additive. 
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3.9. Ash Content 

Ash content is a mixture of inorganic or mineral components contained in food and 
food products (32). The ash or mineral content is parts and minerals of the material on 
which it is based on dry weight (33). The ash content of seaweed sticks in this study were 
measured and presented in figure 10.  

 

 
 Figure 10 . The ash content diagram of seaweed stick with adding of various of food 

additive. 
 

Based on figure 10, it can be seen that the ash content of seaweed sticks found in this 
study, in all different food additives used, were significantly different with control and show 
no significant difference between the treatments. It is suspected that all the food additives 
used contained a significant amount of inorganic content and contribute to the increasing of 
ash content of the resulted product.  

 
4. Conclusions 
  The use of texture enhancing agents such as SAPP, NaHCO3, and SSL can significantly 
affect physical and sensory properties of seaweed sticks. The overall results of organoleptic 
test suggested that treatment with NaHCO3 provide the highest acceptance. In addition, the 
addition of NaHCO3 can also make seaweed sticks more crunchier. Moreover, the use of 
texture enhancing agents particularly NaHCO3 and SSL can increase carbohydrate content, 
crude fibre content and fat content while SAPP can increase protein content.     

 
Author Contributions 
Sumartini, Sellen Gurusmatika, and Wan Amira conceived and designed the experiments, 
performed the experiments, analyzed the data, contributed reagents/materials/analysis 
tools and wrote the paper.  

 
 
 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2021; 4 (2): 102–113 

 

112 

References 
1.  Buschmann AH, Camus C, Infante J, Neori A, Israel Á, Hernández-González MC, et al. 

Seaweed production: overview of the global state of exploitation, farming and 
emerging research activity. Eur J Phycol. 2017;52(4):391–406.  

2.  Chakraborty K, Praveen NK, Vijayan KK, Rao GS. Evaluation of phenolic contents and 
antioxidant activities of brown seaweeds belonging to Turbinaria spp.(Phaeophyta, 
Sargassaceae) collected from Gulf of Mannar. Asian Pac J Trop Biomed. 2013;3(1):8–
16.  

3.  Abd-Elhakim YM, Hashem MM, El-Metwally AE, Anwar A, Abo-EL-Sooud K, Moustafa 
GG, et al. Comparative haemato-immunotoxic impacts of long-term exposure to 
tartrazine and chlorophyll in rats. Int Immunopharmacol. 2018;63:145–54.  

4.  Balboa EM, Conde E, Soto ML, Pérez-Armada L, Domínguez H. Cosmetics from marine 
sources. In: Springer Handbook of Marine Biotechnology. Springer; 2015. p. 1015–42.  

5.  Himaya SWA, Kim S-K. Marine nutraceuticals. In: Springer Handbook of Marine 
Biotechnology. Springer; 2015. p. 995–1014.  

6.  Vo T-S, Ngo D-H, Kim S-K. Marine algae as a potential pharmaceutical source for anti-
allergic therapeutics. Process Biochem. 2012;47(3):386–94.  

7.  Cao J, Wang J, Wang S, Xu X. Porphyra species: a mini-review of its pharmacological 
and nutritional properties. J Med Food. 2016;19(2):111–9.  

8.  Anis M, Ahmed S, Hasan MM. Algae as nutrition, medicine and cosmetic: the 
forgotten history, present status and future trends. World J Pharm Pharm Sci. 
2017;6(6):1934–59.  

9.  Korzen L, Peled Y, Shamir SZ, Shechter M, Gedanken A, Abelson A, et al. An economic 
analysis of bioethanol production from the marine macroalga Ulva (Chlorophyta). 
Technology. 2015;3(02n03):114–8.  

10.  Fernand F, Israel A, Skjermo J, Wichard T, Timmermans KR, Golberg A. Offshore 
macroalgae biomass for bioenergy production: Environmental aspects, technological 
achievements and challenges. Renew Sustain Energy Rev. 2017;75:35–45.  

11.  Elisabeth DAA. Added value improvement of taro and sweet potato commodities by 
doing snack processing activity. Procedia Food Sci. 2015;3:262–73.  

12.  Audina JC, Fadjryani F, Pawellangi SAR. Analysis Quality Control of UMKM Tiga 
Bintang Snack Stick Product Using Statistical Quality Control (SQC). Nat Sci J Sci 
Technol. 2020;9(3):67–72.  

13.  Hizni A, Sholichin S, Samuel S. Tempe stick:“tasty and healthy snack“. Actual Res Sci 
Acad. 2017;2(1):29–35.  

14.  Long NHBS, Gál R, Buňka F. Use of phosphates in meat products. African J Biotechnol. 
2011;10(86):19874–82.  

15.  Brodie J, Godber J. Bakery processes Kirk-Othmer, chemical leavening agents. In 
encyclopedia of chemical technology. John Wiley & Sons, Inc; 2001.  

16.  Panghal A, Navnidhi C V, Khatkar BS. Effects of minor ingredients on quality of 
cookies. Ann Agri-Bio Res. 2011;16(1):79–84.  

17.  Van Steertegem B, Pareyt B, Brijs K, Delcour JA. Impact of mixing time and sodium 
stearoyl lactylate on gluten polymerization during baking of wheat flour dough. Food 
Chem. 2013;141(4):4179–85.  

18.  Ahn JY, Kil DY, Kong C, Kim BG. Comparison of oven-drying methods for 
determination of moisture content in feed ingredients. Asian-Australasian J Anim Sci. 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2021; 4 (2): 102–113 

 

113 

2014;27(11):1615.  
19.  Lynch JM, Barbano DM. Kjeldahl nitrogen analysis as a reference method for protein 

determination in dairy products. J AOAC Int. 1999;82(6):1389–98.  
20.  Srigley CT, Mossoba MM. Current analytical techniques for food lipids. Food Saf Innov 

Anal tools Saf assessment Hoboken Wiley-Blackwell. 2016;33–64.  
21.  Thiex N, Novotny L, Crawford A. Determination of ash in animal feed: AOAC official 

method 942.05 revisited. J AOAC Int. 2012;95(5):1392–7.  
22.  Pehrsson P, Patterson K, Haytowitz D, Phillips K. Total Carbohydrate Determinations 

in USDA’s National Nutrient Database for Standard Reference. FASEB J. 2015;29:740–
6.  

23.  Madhu C, Krishna KM, Reddy KR, Lakshmi PJ, Kelari EK. Estimation of crude fibre 
content from natural food stuffs and its laxative activity induced in rats. Int J Pharma 
Res Heal Sci. 2017;5(3):1703–6.  

24.  Mubarok A, Darmawati S, Endang TM. Protein Profile Euthynnus Affinis Fish 
Submerse Alum Solution Based on Sodium Dodecyl Sulfate Polyacrylamide Gel 
Electrophoresis (SDS-PAGE).  

25.  Daou C, Zhang H. Functional and physiological properties of total, soluble, and 
insoluble dietary fibres derived from defatted rice bran. J Food Sci Technol. 
2014;51(12):3878–85.  

26.  Fellows PJ. Food processing technology: principles and practice. Elsevier; 2009.  
27.  Civille GV. Food texture: pleasure and pain. J Agric Food Chem. 2011;59(5):1487–90.  
28.  Mamat H, Hill SE. Effect of fat types on the structural and textural properties of 

dough and semi-sweet biscuit. J Food Sci Technol. 2014;51(9):1998–2005.  
29.  Arimi JM, Duggan E, O’sullivan M, Lyng JG, O’riordan ED. Effect of water activity on 

the crispiness of a biscuit (Crackerbread): Mechanical and acoustic evaluation. Food 
Res Int. 2010;43(6):1650–5.  

30.  Hossain S, Shishir MRI, Saifullah M, Kayshar MS, Tonmoy SW, Rahman A, et al. 
Incorporation of coconut flour in plain cake and investigation of the effect of sugar 
and baking powder on its baking quality. Int J Food Sci Nutr. 2016;5(1):31–8.  

31.  Liu P, Li Y, Gao L, Zhou X, Ma P, Wang Q. Effect of different carbohydrates on the 
functional properties of black rice glutelin (BRG) modified by the maillard reaction. J 
Cereal Sci [Internet]. 2020;93:102979. Available from: 
https://www.sciencedirect.com/science/article/pii/S0733521020300576 

32.  Anggarani MA, Ayuningsih AD, Yudianto E, Prasodi BA. The Composition of Water and 
Ash of Secang Wood’s Simplicia and Secang Wood Herbal Drink Powder. In: Journal of 
Physics: Conference Series. IOP Publishing; 2019. p. 12033.  

33.  Chen Y, Tou JC, Jaczynski J. Amino acid and mineral composition of protein and other 
components and their recovery yields from whole Antarctic krill (Euphausia superba) 
using isoelectric solubilization/precipitation. J Food Sci. 2009;74(2):H31–9.  

 


