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Abstract  

Fish oil by-product (FOB) recovered from the precooking process in the cannery industry and the 

pressing process in fish meal production are potential resources. However, this fish oil still needs a refinery 

process to improve the quality of fish oil. This study aimed to identify the physicochemical characteristics 

of the initial fish oil by-product, the physicochemical profiles, and fatty acids of the fish oil by-product after 

degumming neutralization and bleaching (bentonite, zeolite, and carbon adsorbents) processes from the 

cannery and fish meal industry. Results showed the initial physicochemical characteristics of fish oil waste 

from fish flour have lower quality than canned products (acid value, free fatty acids, PV, AV, TOTOX 

value, viscosity, and refractive index) but are inversely proportional to the iodine value. Results showed 

degumming (D) and neutralization (N) processes from the Fish oil canning process (FCP) and Fish oil meal 

process (FMP) could improve the quality parameters of fish oil by-products by reducing the acid value 

(7.90, 0.65, 9.17, 0.58  mg KOH/g), respectively;  free fatty acid (3.97, 0.33, 4.60, 0.29 % oleic) 

respectively; peroxide value (PV) (15.18, 7.38, 17.64, 7.10 mEq/kg), respectively;  anisidine value (AV) 

(14.36, 6.61, 14.64, 6.51) respectively; total oxidation (TOTOX) value (44.72, 21.37, 49.64, 20.71) 

respectively; and iodine (167, 153, 163, 155 mg/100 g), respectively as well as increasing the lightness 

(23.80, 25.70, 20.65, 26.00), respectively. In the bleaching process (B), zeolite (15 %) was an effective 

adsorbent to obtain oil with the best quality parameters due to zeolite possessed greater polarity and surface 

area at a higher concentration, which resulted in the acid value for FCP and FMP (0.26, 0.22 mg KOH/g); 

free fatty acid (0.13, 0.15 % oleic); PV (2.44, 5.71 mEq/kg); AV (2.5, 4.9); TOTOX value (7.16, 9.11); and 

iodine (138, 151 mg/100 g) as well as increasing the lightness (37.08, 36.74) that are appropriate to 

International Fishmeal & Oil Manufacturers Association (IFOMA), Codex Alimentarius Committee 

(CAC), and International Fish Oils Standards (IFOS) standards (p < 0.05). All adsorbents effectively 

increase the brightness of the FOB. The higher the concentration of adsorbents, the higher the clarity of the 

FOB. For zeolite absorbents, there was an increase of 16.73 - 32.3 % for FCP and 15.39 - 32.69 % for FMP, 

but the viscosity decreased with a range of 24.50 - 36.50 cPs. FCP contains 14 fatty acids, while FMP 

contains 12 fatty acids. The number of SFA and MUFA detected in FCP is lower than in FMP. In contrast, 

the amount of PUFA in FCP is relatively higher than in FMP. The percentage of EPA and DHA in FCP is 

lower than in FMP. Overall, the refining process affects the fatty acid composition of fish oil by-products 

both in the canning process and in fish meal. 

Keywords: Adsorption, Bleaching, Degumming, Fish canning industry, Fish oil by-product 

 

Introduction 

 Indonesia holds a significant position in the primary fisheries-related economic activities, and the 

country’s rich marine resources have led to the establishment of a thriving seafood industry [1,2]. Tuna 

(Thunnus sp.), known as Indonesia’s main catch commodity, is one of the bountiful fish in Indonesia, with 

total production reaching 355,349 tons in 2022 [3]. One of the main tuna species caught in Indonesia is 

yellowfin tuna (Thunnus albacares). Therefore, Indonesia became one of leading exporters contributing to 

4.16 % of tuna canning products worldwide [4]. The growth of tuna canning industry resulted in the high 

production of fish waste, including solid waste and wastewater. Around 30 - 65 % of solid by-products [5] 

and wastewater comprising fish oil are generated during the processing. Generally, solid wastes are further 

processed into fish meals and brought out fish oil by-products (FOB). According to Costa et al. [5], more 
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than 150 tons of fish oil are produced annually and washed away in wastewater during fish processing. 

Those FOB could be recovered to improve the value-added and to prevent nutrient losses in the food chain. 

In addition, the recovery process of fish oil in wastewater could hinder severe environmental pollution.  

Fish oil has been widely known as a source of omega-3 (n-3) fatty acids, mainly docosahexaenoic 

acid (DHA) and eicosapentaenoic acid (EPA), attributed to many remarkable health benefits [6]. EPA 

effectively treats cardiovascular diseases and prevents thrombosis, atherosclerosis, and inflammatory 

diseases [7-9]. On the other hand, DHA has an essential role in preventing skin disorders and enhancing 

brain development [10-12]. However, fish oil by-products obtained fishery industry contain impurities and 

undesirable components affecting the products' stability, such as free fatty acids, phospholipids, and other 

volatile compounds, as well as have off-odor dan dark color [13]. Therefore, refining is required to eliminate 

those undesirable compounds and generate edible fish oil products for human diet.  

The chemical refining steps used to improve the characteristic of FOB are degumming, neutralization, 

and bleaching [14]. The degumming process aims to remove gums and phospholipids; neutralization is used 

to remove free fatty acid by caustic soda; and bleaching removes soap and trace elements in FOB [14-17]. 

The refining process of FOB from various marine sources has been studied, for example, fish waste of 

mackerel and crucian carp with conventional extraction [18], neritic tuna using supercritical carbon dioxide 

[19], tuna heads with enzymatic hydrolysis [13], Nile tilapia and hybrid sorubim, as well as ray liver using 

chemical refining process [14,16]. Different sources of raw materials and refining techniques affected 

FOB’s final characteristics and quality [20,21].  

Furthermore, absorbent treatment in the bleaching process also influenced fish oil’s final color and 

odor. Monte [22] mentioned that adding 10 % activated carbon in carp viscera crude oil showed the lowest 

losses of carotenoid content and the highest decreases in dark oil color. Güner et al. [23] also reviewed that 

all tested absorbents effectively improved fish oil's sensory attributes. As aforementioned, the literature 

shows limited data about studies that revealed the FOB treatment from yellowfin tuna, Indonesia's dominant 

canned fish raw material. For this reason, this current study aimed to fill this gap by evaluating the 

physicochemical and quality of refined yellowfin tuna FOB from the canning and fish meal industry in 

every step of the chemical refining process, including degumming, neutralization, and bleaching, which 

makes it interesting to study. In this study, different types and concentrations of absorbents were applied in 

bleaching to observe the best treatment that will benefit the industrial production of FOB. 

 

Materials and methods 

Materials 

Fish oil by-products (FOB) of tuna yellowfin (Thunnus albacares) from canning and fish meal 

industries in Banyuwangi East Java Indonesia was used as the study’s primary source of raw materials. The 

fish canning and flour industry wastewater treatment facility samples were sent to the laboratory and then 

frozen at −40 °C until further research. The chemicals used in the purification and chemical properties 

processes (phosphoric acid, sodium hydroxide, ethanol, phenolphthalein, ammonium thiosulfate, barium 

dichloride, ferro sulfate, chloric acid, ferric chloride, peroxide acid, benzene, methanol, distilled water, 

glacial acetic acid, hexane, p-anisidine reagent, scorching reagent, chloroform, starch indicator, activated 

zeolite, charcoal, and bentonite with a size of 60 mesh) were purchased from chemical stores. The highest 

analytical grade was employed for all the solvents and reagents. 

Methods 

This study was divided into 3 stages. The first stage was to analyze the characteristics initial 

physicochemical properties of fish oil by-products (FOB), encompassing color, viscosity, refractive index, 

free fatty acids (FFA), PV, iodine value, AV, total oxidation number (TOTOX), acid number, and fatty acid 

profiles from canning and fish meal industries. The second stage was to analyze physicochemical properties 

after the degumming, neutralization, and bleaching process. The last step was to investigate the fatty acid 

profiles of refined FOB in the degumming, neutralization, and bleaching process. Bleaching was performed 

while 3 distinct adsorbents (bentonite, zeolite, and activated carbon) were present at 5, 10, and 15 % (w/w) 

concentrations.   
 

Fish oil by-products (FOB) Refining Process  

Degumming process 

The gum removal process was carried out by stirring 500 g of FOB from canned and fish meal facilities 

at 70 °C [24]. Following that, phosphoric acid with a concentration of 85 % (v/v) was added to the oil in a 

quantity equal to 1 % of its weight. The stirring operation was carried out for 30 min at a steady temperature. 

After that, the oil was cooled for about 15 min at room temperature. The final oil and mucus mixture was 
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centrifuged at 5000 rpm while the degummed oil was examined for its fatty acid, chemical, and physical 

contents. 

 

 Neutralization process 

500 g of degummed oil (DFOB) was heated to the desired temperature at 60 °C while stirring slowly 

[25]. The deacidification reactor was filled with NaOH solution and heated for 10 min to 70 °C. The DFOB 

was cooled to ambient temperature and centrifuged for 15 min at 5000 rpm to separate it. The final oil was 

washed by spraying 5 % distilled from the soap for ± 10 min. The washing process was repeated until 

neutral wash water was obtained. Finally, the neutral FOB was analyzed in physical, chemical, and fatty 

acid composition. 

 

Bleaching process 

Adsorbents were added to the mixture and stirred continuously at 80 °C for 20 min to complete the 

bleaching process following Pedro’s approach [25]. The amount of absorbent, which came in activated 

zeolite, charcoal, and bentonite, varied from 5, 10, to 15 %. Following that, the oil and adsorbent mixture 

was spun at 10,000 rpm for 10 min at room temperature (29 °C). The aluminium foil-wrapped container or 

the dark bottle where the bleached fish oil separated from the adsorbent was stored was kept at a temperature 

of 4 °C. In the final step, the physicochemical properties and fatty acid composition of the bleached fish 

were examined. 

 

Fish oil by-products (FOB) physicochemical properties analysis  

The properties of canned and fish meal waste oils were carried out prior to the refining process. 

Physical properties consisted of color, viscosity, and refraction brix analysis following [26,27] methods. At 

the same time, chemical characteristics encompassed acid value, FFA, PV, AV, total oxidation number 

(TOTOX), and fatty acids compositions according to Hastarini [27]. The equipment used to analyze the 

physicochemical properties of FWO were “Denver Instrument M 310” analytical balance, 20D 

spectrophotometer Plus “LaboMed”, Color reader (Minolta CR 300), viscometer (Elcometer 2300 RV) and 

Abbe refractometer. The composition of fatty acid of FWO was analyzed using GC-MS “Shimadzu 

QP2010S, AGILENT DB-1 column, length 30 m, helium carrier gas, ionizing EI 70 Ev, pressure 12.0 kPa, 

column flow 0.54 mL/min, linear velocity 26.6 cm/s”. 

 

Data Analysis 

The results of each experimental analysis were given as mean standard deviation (SD), with each 

experiment being run in triplicate. Quantitative information from 2 different FWO sources in the process-

by-product oil from canning and flouring was included in this research and was descriptively examined. 

Color, viscosity, refractive index, free fatty acid content, PV, AV, iodine value, TOTOX value, acid value, 

and fatty acid composition were reported for both FOB in the degumming and neutralization processes in 

tabular form and figures. Analysis of variance (ANOVA) was also employed to observe the significance of 

differences using one-way, followed by Tukey post hoc testing to look at group differences. The standard 

for statistical significance was p < 0.05 using IBM SPSS Statistic Version 26, IBM Inc., Chicago.  

 

Results and discussion 

Characterization of fish oil by-products (FOB) 

FOB was characterized to observe the initial fish oil properties before the refining process, as shown 

in Table 1. In the canning process, parameters of fish oil, such as acid value, free fatty acid, PV, AV, 

TOTOX value, viscosity, and bias index, were lower than those in fish meal processing. In addition, the 

color of fish oil from the pressing process in the fish meal industry was much darker by comparison. The 

color observation confirmed that L* value of oil obtained from the canning process was higher than L* of 

oil in the fish meal process. Results indicated that FOB from fish meal processing had lower qualities than 

the canning process.  

The high acid value of FOB in the fish meal process might be influenced by the raw material 

consisting of fish waste, such as fish silage and viscera. Besides, the freshness of raw material is related to 

the acidity index [20]. The acid value is associated with free fatty acid (FFA) detected in fish oil by-

products. Generally, low FFA released in fish oil contributed to a better quality of fish oil [28]. Ferdosh et 

al. [19] reported that the ranges of FFA were 1.8 - 5.0 % oleic acid, and PV was 1.2 - 2.4 % in neritic tuna 

fish oil products from discarded parts (head, skin, and viscera). In addition, another study conducted by  

Mkadem and Kaanane [29] found that the average values of acidity, PV, and AV of fish oil by-products in 
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the sardine canning process were 1.43 % oleic acid, 4.61 mEq/kg and 4.25, respectively. Corresponding to 

those researches, the PV and AV of the crude oil in this study were extremely high, ranging from 17.93-

19.62 mEq/kg and 27.15 - 30.82, respectively. Fish species, oxidation states, and extraction conditions of 

fish oil could be attributed to differences in these quality parameters [5,29]. 

Conversely, the iodine value of fish oil obtained from the canning process was higher than from fish 

meal processing, at 166 ± 1.41 (mg/100 g) and 161 ± 1.41 (mg/100 mg), respectively. The high unsaturated 

fatty acid content in fish oil contributed to the high concentration of iodine value [14]. The type of 

processing and raw material could affect different parameter values between FOB from the canning and 

fish meal process. In the cannery industry, fish oil was obtained from the precooking process of tuna meat. 

In comparison, the raw material used in fish meal processing was solid waste from fish cannery. Solid waste 

was then pressed to get the fish oil by-products in the fish meal processing. Moreover, high impurities in 

fish oil by-products obtained from processing can initiate oxidation, leading to the quality degradation of 

fish oil products [30-33]. Fish oil supplements are highly susceptible to oxidative degradation, which can 

cause the development of rancid off-flavors and degradation of essential nutrients, thus affecting sensory 

and nutritional qualities and shelf life [33,34]. The oxidation of n-3 PUFA, which are highly prone to 

oxidative degradation, makes fish oils one of the most labile supplements sold to consumers [31]. 

Physicochemical characteristics of refined FOB in degumming and neutralization processes 

FOB obtained from the canning and fish meal process were furtherly refined with degumming and 

neutralization steps to improve the fish oil quality, as presented in Table 1. The quality parameters were 

observed in each refining step. In comparison, parameter qualities in the degumming process, such as acid 

value, FFA, PV, AV, TOTOX value, and iodine value, decreased after the neutralization step. In 

comparison, color parameters (lightness and hue) and viscosity were increased. Results revealed that the 

quality of fish oil improved during the refining process. Similar results were also obtained from the sardine 

oil refining process, exhibiting that FFA, PV, AV, and TOTOX values reduced after the degumming and 

neutralization process [35,36].   

 

Table 1 The parameter value of fish oil by-product and refined fish oil quality obtained from the canning 

and fish meal process. 
 

Parameters 

Canning Process Fish meal Process Fish Oil Standard 

Fish Canning Oil 

(FCP) 

Degummed Oil 

(DCP) 

Neutralized Oil  

(NCP) 

Fish meal oil 

(FMP) 

Degummed oil 

(DMP) 

Neutralized 

(NMP) 
IFOMA CAC IFOS 

Acid value 

(mg KOH/g) 
7.91 ± 0.10b 7.90 ± 0.04b 0.65 ± 0.01a 9.21 ± 0.05B 9.17 ± 0.10B 0.58 ± 0.04A - < 3 < 3 

Free fatty acid 

(% Oleat) 
3.98 ± 0.05b 3.97 ± 0.02b 0.33 ± 0.00a 4.63 ± 0.03B 4.60 ± 0.00B 0.29 ± 0.02A 1 - 7 < 1 <1 

Peroxide value 

(PV) (mEq/kg) 
17.93 ± 0.32c 15.18 ± 0.02b 7.38 ± 0.02a 19.62 ± 0.11C 17.64 ± 0.06B 7.10 ± 0.08A 3 - 20 < 5 < 5 

Anisidine value 

(AV) 
27.15 ± 0.20c 14.36 ± 0.21b 6.61 ± 0.72a 30.82 ± 0.05C 14.64 ± 0.06B 6.51 ± 0.02A 4 - 60 < 20 < 20 

TOTOX value 

(2PV + AV) 
62.53 ± 0.16c 44.72 ± 0.18b 21.37 ± 0.76a 70.05 ± 0.17C 49.64 ± 0.46B 20.71 ± 0.18A 10 - 60 < 26 < 26 

Iodine value 

(mg/100 g) 
166 ± 1.41b 167 ± 0.71b 153 ± 1.41a 161 ± 1.41B 163 ± 1.41B 155 ± 0.71A 120 - 200 - - 

L* 22.75 ± 0.21a 23.80 ± 0.14a 25.70 ± 0.42b 20.40 ± 0.57A 20.65 ± 0.79A 26.00 ± 0.71B < 14* - - 

a* 3.05 ± 0.07b 2.75 ± 0.07ab 1.65 ± 0.35a 2.05 ± 0.07B 1.84 ± 0.06AB 1.55 ± 0.07A - - - 

b* 2.60 ± 0.14a 2.35 ± 0.07a 9.05 ± 1.06b 1.55 ± 0.07A 1.45 ± 0.07A 10.00 ± 0.57B - - - 

Hue 40.43 ± 0.88a 40.51 ± 0.12a 79.87 ± 0.78b 37.09 ± 0.31A 38.08 ± 0.29A 81.17 ± 0.89B - - - 

Viscosity (cPs) 40 ± 1.41a 35 ± 1.41a 39 ± 0.00a 42 ± 0.71B 36 ± 0.71A 38 ± 1.41AB - - - 

Bias index 1.484 ± 0.00 1.477 ± 0.00 1.460 ± 0.00 1.494 ± 0.00 1.477 ± 0.00 1.465 ± 0.00 - - - 

IFOMA: International Association of Fish Meal and Oil Manufacturers 

CAC: Codex Alimentarius Commission 
IFOS: International Fish Oils Standards 

L*: lightness of sample (100 = white, 0 = black)  
a*: +ve a = redness, -ve a = blueness 

b*: +ve b = yellowness, -ve b = greenness 

All values are an average of means ± SD 
Different lowercase letters (a,b,c) are significantly different (p < 0.05) in the canning process (FCP, DCP, and NCP) and different 

uppercase letters (A,B,C) are significantly different in the fish meal process (p < 0.05) 

*Gardner color scale  
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Regarding Table 1, the acid value and free fatty acid of fish oil by-products in both the canning and 

fish meal process were considerably stable to degumming. Phosphoric acid used in the degumming process 

might influence the quality parameter. In previous studies, the degumming process with phosphoric acid 

increased the percentage of free fatty acid in salmon oil [37] and the acidity index in Nile tilapia oil [14]. 

The degumming process decreased the value of PV, AV, and TOTOX, improving the quality of fish oil by-

products. However, PV and TOTOX values were still far from the assigned standards (CAC and IFOS). 

Therefore, the following step in neutralization should be conducted to refine the fish oil by-product quality.  

Results revealed that neutralization could lower the acid value, free fatty acid, AV, and TOTOX value 

better than the degumming process. After neutralization, the TOTOX value of oil in the canning and fish 

meal process was 21.37 ± 0.76 and 20.71 ± 0.18, respectively, below the standard limit at < 20. TOTOX 

value has a role in determining the presence of oxidized PUFA compounds in fish oil [36]. On the contrary, 

PV values ranged from 7.10 - 7.38 mEq/kg, which still needed further refinery steps to be in the edible 

standard for human consumption at < 5 mEq/kg. During the following stages of the chemical refinery, the 

lightness and viscosity of fish oil were increased and generated a clearer color and more viscous of fish oil 

by-products, respectively. [15] investigated the color changes of refined sardine oil, showing that 

neutralization could enhance the lightness (L*), a*, and b* values compared to degummed oil. 

 

Physicochemical characteristics of refined FOB in the bleaching process 

Utilizing 3 different adsorbents - activated bentonite, zeolite, and carbon - the bleaching process was 

carried out to purify the intermediate FOB from the degumming and neutralization stages. These adsorbents 

were dried in an oven to remove any remaining water and then were activated by soaking them in a solution 

of 5 M KOH and 85 % H3PO4 for 24 h before filtering. The process resulted in powders with particle sizes 

between 60 and 100 mesh. Based on physicochemical qualities, the FOB obtained from CP and MP 

operations met the standards for fish oil set by IFOMA, CAC, and IFOSH by using zeolite, except for the 

L* value enacted by IFOMA, which still exceeded 14. 

Following the completion of the degumming and neutralization process, the effectiveness of 

bentonite, zeolite, and activated carbon as adsorbents to evaluate the physicochemical properties of FOB 

was assessed, as depicted in Figure 1. The unpurified FOB from CP and MP had initial L*, a*, b*, and 

Hue values of 22.75 ± 0.21; 20.40 ± 0.57; 3.05 ± 0.07; 2.05 ± 0.07; 2.60 ± 0.14; 1.55 ± 0.07; 40.43 ± 0.88; 

and 37.09 ± 0.31, respectively (Table 1). All adsorbents effectively increased the lightness of the oil.  

The instrumental color values for FOB from CP and MP operations varied slightly. However, the 

luminosity (L value) of the addition of activated carbon was marginally lower than other adsorbents, 

ranging between 29 and 34. The canning method produced the sample with the greatest L value out of all 

the others. The raw material contents of fish meal consisting of viscera and head, which are naturally brown 

in color and rich in hemoglobin, were responsible for the high level of brown color and lower L value 

[38,39]. At the same time, there was no difference between the samples regarding the level of 

redness/greenness, which was associated with the a* value. The a* value decreased with the addition of 

adsorbents for both CP and MP oils. A reduction in red pigment occurred during the adsorption process in 

all oils with negative a* values showing a minor green tint. Myoglobin, a colored protein that stores oxygen 

in tuna muscle tissue, was responsible for the FOB’s color [40,41]. While it has been demonstrated that 

adsorbents can absorb the red hemoglobin pigments from FOB. The b* and Hue values showed some 

apparent differences, with carbon active obtaining a lower value than bentonite and zeolite, albeit the range 

was not very broad (8 - 11 and 77 - 84). The adsorbent material raised the b* and Hue values in FOB, 

creating the fish oil color to yellow and less red (fade). The color data suggested that these adsorbents had 

some ability to adsorb some coloring substances from the fish oil [23,42]. This phenomenon is in 

accordance with salmon oil waste treatment that activated earth adsorbent significantly increases the 

clearness of oil with yellowness color [26]. 

Generally, since the studied FOB was crude oil, it had intense color, and therefore major differences 

occurred for the color values after the adsorbent treatments. The higher the concentration of zeolite and 

bentonite, the higher the clearness of FOB from CP and MP sources. Vice versa, it is observed that adding 

more than 10 % of activated carbon caused a slump of color clarity due to a large amount of activated 

carbon reducing the adsorbent's surface area interacting with the adsorbate [43]. The clearest FOB was 

achieved at 15 % of zeolite, accounting for 37.08 ± 0.08 (CP) and 36.5 ± 0.69 (MP). Zeolite is more polar 

than the other 2 adsorbents, bentonite, and activated charcoal; hence, it can absorb pollutants more. In 

addition, zeolite had a higher SiO2 content, significantly affecting adsorption [44,45]. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 1 Post-bleaching color characteristic of FOB derived from canning and fish meal processing (B = 

bentonite; Z = zeolite; C = activated carbon; CP = FOB canning process; MP = FOB fish meal process; all 

values are an average of means ± SD; Different lowercase letters (a, b, c, d, e, f) are significantly different 

(p < 0.05)). (a) L* value, lightness of sample (100 = white, 0 = black); (b) a* value, +ve a = redness, -ve a 

= blueness; (c) b*, +ve b = yellowness, -ve b = greenness; (d) Hue value. 
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(a) 

 
(b) 

Figure 2 Physical characteristics of FOB after the bleaching process obtained from the canning and fish 

meal process (B = bentonite; Z = zeolite; C = activated carbon; CP = FOB canning process; MP = FOB fish 

meal process; all values are an average of means ± SD; Different lowercase letters (a, b, c, d, e, f) are 

significantly different (p < 0.05). (a) Viscosity value; (b) Brix index. 

 

 

The neutralized oil from canning by-products had a viscosity value of 39 cPs, and after bleaching, it 

dropped to a range of 24.50 - 36.50 cPs, as shown in Figure 2. The viscosity value of the MP oil reduced 

as well and ranged from 24.00 to 35.00 cPs, with the initial value being 38 cPs. Removing contaminants, 

free fatty acids, residues, and remnants of soap stock by the adsorbent added during the bleaching process 

caused the oil density and viscosity to decrease [24]. Comparing fish oil from by-products of canning to 

fish oil from the fish meal process, the average viscosity value of CP was greater. High viscosity values 

represent the proportion of fatty acids with long chains, particularly those with high double bonds, where 

CP oil consists of more unsaturated fatty acids [45]. The resultant viscosity in all adsorbents lessened along 

with the increase of adsorbent concentration (Figure 2) due to the enormous number of significant holes in 

adsorbents increasing the materials’ capacity to absorb the impurities [46]. However, activated natural 

zeolite has the ability to reduce the lowest viscosity of FOB with a range of 27 - 29 (CP) and 25 - 28 (MP). 

The activation process caused a change in the Si/Al ratio, increased the surface area, and increased the 

zeolite’s porosity. 

A reduced bias index resulted from the oil becoming clearer and purer during the bleaching process 

due to the adsorbent’s ability to absorb contaminants. Menegazzo et al.  [14] showed that the oil bias index 

decreased as oil purity increased. Nevertheless, there was no discernible variation in the effects of the 

adsorbents' types and concentration, with a range of 1.4 - 1.48. 
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(d) 
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(f) 

 

Figure 3 Chemical characteristics of FOB after the bleaching process obtained from the canning and fish 

meal process (B = bentonite; Z = zeolite; C = activated carbon; CP = FOB canning process; MP = FOB fish 

meal process; all values are an average of means ± SD; Different lowercase letters (a, b, c, d, e, f) are 

significantly different (p < 0.05)). (a) Acid value; (b) FFA; (c) Peroxide value; (d) Anisidine value; (e) 

Totox value; (f) Iod value. 
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The acid number indicated the amount of free fatty acid (FFA) contained in fish oil by calculating 

this value based on the molecular weight of the fatty acid or fatty acid mixture. As a result of oxidation and 

the breakdown of the fat double bonds, FFA is produced, lowering fish oil quality [47]. After the bleaching 

procedure, all samples’ acid values decreased overall using 3 adsorbents. For both CP and MP, fish oil 

containing 15 % zeolite was the best treatment with the lowest acid value of 0.26 ± 0.17 mg KOH/g (CP) 

and 0.22 ± 1.4 mg KOH/g (MP) consecutively, as shown in Figure 3. Fish oil impurities, such as protein, 

water, carbohydrates, and the colors linked to more FFA, contributed to the high acid number. Because the 

adsorbent utilized was able to adsorb FFA, the low acid number was achieved. Chasani et al. [48] claim 

that the higher alkali concentration used to neutralize the free fatty acids in fish oil leads to a larger number 

being created. 

The FFA analysis was conducted to ascertain how much the oil had oxidized. According to Panagan 

et al. [49], FFA is formed as a consequence of Triacylglycerol (TAG) hydrolysis. Crude fish oil has a 

maximum FFA content of 12 % (as oleic acid), although average values are lower, between 1 – 7 %, and 

typically between 2 - 5 % [38]. FFA is regarded as a major impurity in tuna oil. It is essential to maximize 

the removal of FFA. The initial FFA concentration of unpurified FOB was 3.98 ± 0.05 (CP); 4.63 ± 0.03 

(MP), and this was decreased by the degumming and neutralization process (Table 1). According to CAC 

(Codex Alimentarius Commission), and IFOS (International Fish Oils Standards), the allowable percentage 

of FFA in purified fish oil is 0.15 % and < 1%, respectively. Following acid value trends, it is also found 

that either degumming, neutralization, or bleaching process removed the FFA content in FOB from CP and 

MP. 

In comparison to other adsorbent treatments, 15 % of zeolite exhibited a larger level of FFA reduction. 

The adsorbent adsorbed the FFA present in fish oil, causing the adsorption process to physically take place 

and impact each particle of trapped adsorbate [50]. Because zeolite has a greater polarity and has been 

activated to improve its large specific surface area and particle size, zeolite has a significant adsorption 

capacity. The rate at which solute molecules diffuse into adsorbent holes increases with decreasing particle 

size [47]. 

Peroxide value is the most important number to determine the degree of damage to the oil or fat [51]. 

The oxidation process in fish oil can be sped up by oxygen, peroxidase enzymes, heat, radiation (light), and 

monovalent ions, some of the components considered [52]. In this study, FOB from CP and MP successfully 

decreased after the bleaching process with the lowest PV found at 15 % of zeolite addition and met the 

IFOMA, CAC, and IFOS criteria equal to 2.44 ± 0.12 and 2.05 ± 0.46. The more minor PV results in better 

quality fish oil. The high PV occurs due to the oxidation process by oxygen from the air of the unsaturated 

fatty acids contained in fish oil during the bleaching process. Unsaturated fatty acids are more reactive to 

oxygen as double bonds in the molecular chain increase, forming peroxides. 

Anisidine value is the value obtained from the measurement of secondary products from fat oxidation 

by determining the amount of aldehyde (especially 2-alkenyl and 2,4-recognized) in oil [42,53]. Anisidine 

will react with aldehydes to produce a yellow color, forming a chromogen whose absorbance value was 

measured at a wavelength of 350 nm using spectrophotometry. AV from all samples was still detected and 

lower per IFOMA, CAC, and IFOS standards (4 meq/kg). AV is not always in line with the high value of 

peroxide [52], but the high value of peroxide can cause a high value of AV if the process given allows fish 

oil to go further degradation. In this experiment, the high PV aligns with the AV. 

Total Oxidation (TOTOX) is the sum of the peroxide and p-anisidine values. The total oxidation can 

be used to measure the progression of deterioration that occurs in oil and provide information on the 

formation of primary and secondary oxidation products [26,38]. The total oxidation decreased with 

increasing adsorbent concentration for bentonite, zeolite, and activated carbon. At 15 % zeolite, the lowest 

TOTOX was found for CP and MP, which were 7.16 ± 2.2 and 9.11 ± 1.6. 

The iodine number is the amount (grams) of iodine that can be absorbed by 100 g of oil. The iodine 

number can indicate the degree of unsaturation of the oil or fat. The greater the iodine number, the higher 

the degree of unsaturation. All samples achieved the IFOMA standard with an iodine value of 120 - 200. It 

is also obtained that 15 % zeolite was responsible for the lowest iodine number for oils from CP and MP 

due to its high polarity. 

 

Fatty acid profiles 

The fatty acid composition was analyzed for fish oil by-products and refined fish oil by-products both 

from the canning process and fish meal process (FCP, Fish oil from the canning process; DCP, Degummed 

fish oil from the canning process; NCP, Neutralized fish oil from canning process; BCP, Bleached fish oil 

from canning process; FMP, Fish oil from fish meal process; DMP, Degummed fish oil from fish meal 

process; NMP, Neutralized fish oil from fish meal process; and BMP, Bleached fish oil from fish meal 
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process). Results are presented in Table 2. FCP was composed of 14 fatty acids, mainly in linoleic acid 

(42.26 %), whereas FMP comprised 12 fatty acids highly distributed in oleic and palmitic acid, at 22.31 % 

and 19.87 % in respective. [19] reported that around 25 - 27 % palmitic acids were the dominant constituent 

in total lipids extracted from neritic tuna wastes, including head, skin, and viscera. Similar results were also 

identified in Nile tilapia oil (25.54 %), sardine oil (21.65 %), hoki oil (17.08 %), and tuna oil (20.73 %) 

[6,14,15]. Overall, sums of SFA and MUFA detected in FCP were lower than in FMP. In contrast, the sum 

of PUFA in FCP was relatively higher than in FMP, at 50.7 and 27.69 %, respectively. The percentage of 

EPA and DHA in FCP was lower than in FMP because PUFA found in FMP abundantly consisted of 

linoleic acid. Sánchez-Zapata et al. [40] investigated the sum of EPA and DHA of tuna head oil, with 

33.20 % in crude oil and 26.36 % in refined oil. Reported results were remarkably higher than those found 

in the studied fish oil in the canning process (8.44 in oil by-products and 21.18 % in neutralized oil). 

Furthermore, the total of EPA and DHA calculated in the fish meal process was comparable with the 

previous findings, with 22.95 % in oil by-products and 26.59 % in neutralized oil. 

 

Table 2 Fatty acid (FFA) profiles of fish oil by-products and refined fish oil by-products from canning and 

fish meal process. 

 

Fatty acids 

Fatty acid composition (%)* 

Canning process (CP) Fish meal process (MP) 

FCP** DCP** NCP** BCP** FMP** DMP** NMP** BMP** 

C12:0 (lauric) 0 0 0.75 0.49 0 0 0 0 

C14:0 (myristic) 1.44 1.87 9.28 10.73 7.04 6.68 7.46 6.5 

C15:0 (pentadecanoic) 0.41 0.61 0.60 0.65 1.09 0.87 0.61 0.57 

C16:0 (palmitic) 16.97 16.9 21.42 20.94 19.87 20.1 22.19 23.63 

C17:0 (margaric) 0.58 0.97 0.52 0.58 1.17 0.96 0.56 0.61 

C18:0 (stearic) 7.42 6.69 4.42 4.46 7.62 6.85 4.86 4.88 

C20:0 (arachidic) 0.68 0 0 0 0 0 0 0 

C22:0 (behenic) 0.75 0.23 0 0 0 0 0 0 

C24:0 (lignoseric) 0 0 0 0 0 0 0 0 

C16:1ω-7 (palmitoleic) 1.89 2.5 8.55 9.18 9.35 8.63 8.19 7.76 

C16:3ω-3 (hexsadecatrionoic) 0 0 0 0 0 0 0 0 

C18:1ω-7 (octadenoic) 0.25 0.37 0 0 0 0 0 0 

C18:1ω-9 (oleic) 18.24 18.01 22.74 20.47 22.31 22.17 23.7 20.18 

C18:2ω-6,9 (linoleic) 42.26 38.86 9.53 6.92 3.77 3.11 2.83 2.82 

C18:3ω-3 (α-linolenic) 0 0 0 0 0.97 0.96 1.6 0.63 

C20:1ω-9 (eicosenoic) 0.67 1.14 0.96 1.37 2.18 2.1 1.41 1.79 

C20:2ω-9 (eicosadienoic) 0 0 0 0 0 0 0 0 

C22:1ω-9 (erucic) 0 0 0.65 0.75 1.68 3.21 0 0 

C20:5ω-3 (EPA) 2.34 3.59 9.58 10.81 8.35 9.59 11.51 12.03 

C22:6ω-3 (DHA) 6.1 8.01 11.6 12.04 14.6 14.77 15.08 18.25 

∑SFAa 28.25 27.27 36.39 37.85 36.79 35.46 35.68 36.19 

∑MUFAb 21.05 22.02 32.9 31.77 35.52 36.11 33.3 29.73 

∑PUFAc 50.7 50.71 30.71 30.38 27.69 28.43 31.02 34.08 

∑MUFA + PUFA 71.75 72.73 63.61 62.15 63.21 64.54 64.32 63.81 

*All values are an average of means ± SD 

**FCP, Fish oil from the canning process; DCP, Degummed fish oil from the canning process; NCP, Neutralized fish oil from the 

canning process; BCP, Bleached fish oil from the canning process; FMP, Fish oil from the fish meal process; DMP, Degummed fish 

oil from the fish meal process; NMP, Neutralized fish oil from the fish meal process; BMP, Bleached fish oil from the fish meal 

process. 
a∑SFA, total saturated fatty acid; b∑MUFA, total monounsaturated fatty acids; c∑PUFA, total polyunsaturated fatty acid 

 

 

Table 2 shows that the refining process influenced the fatty acid composition of fish oil both in the 

canning and fish meal process. Several fatty acids of fish oil in the canning process (FCP) disappeared after 

refinings, such as C15:0, C:20:0, C22:0, and C18:1ω-7. In addition, some other fatty acid was generated, 
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for example, C12:0 and C22:1ω-9. According to [19] the limitation of the GC column, assigned 

temperature, and GC standards during the analysis could affect some undetected fatty acids in fish oil.  

Moreover, fatty acid profiles of fish oil in the fish meal process (FMP) remained available with 

fluctuated values. Fatty acid changes in fish oil might be related to the heating and chemical reagents 

applied in refining [54]. Vaisali et al. [54] reported that thermal processing increased the amounts of lipids 

and reduced triglyceride amounts in tilapia fillets. Nevertheless, refining steps are necessary for producing 

edible fish oil from fish by-products. High temperature and chemical reagents must be controlled to prevent 

the removal of desirable components during the refining process. Additionally, the bleaching process did 

not majorly affect the composition of fatty acid, supported by a minor change in Table 2. 

 

Conclusions 

The initial characteristics of the fish waste oil showed that the free fatty acids, peroxide value (PV), 

anisidine value (AV), total oxidation (TOTOX) value, viscosity, and refractive index of the canned product 

were lower than that of the fish meal. Iodine from fish waste oil from fish flour is higher than canned fish. 

Degumming decreased the value of acid value, free fatty acid, PV, AV, TOTOX value, and iodine, but 

inversely the color parameters (lightness and hue) and viscosity increased so that the quality of fish oil by-

products increased. However, the PV and TOTOX values are still far from the established standard (CAC 

and IFOS). The neutralization process reduced the weight of acids, free fatty acids, AV, and TOTOX better 

than the degumming process, but the PV value did not meet the CAC and IFOS standards.  The bleaching 

process with 3 absorbents lowers the acid value, free fatty acids, PV, AV, and TOTOX value with a PV 

that complies with CAC and IFOS standards. All adsorbents effectively increase the brightness of the FOB. 

The higher the concentration of zeolite and bentonite, the higher the clarity of the FOB from CP and MP 

sources, but the viscosity decreases. FCP contains 14 fatty acids, mainly linoleic acid (42.26 %), while FMP 

contains 12 fatty acids, primarily oleic and palmitic acids, 22.31 and 19.87 %, respectively. Overall, the 

number of SFAs and MUFAs detected in FCP was lower than in FMP. In contrast, the amount of PUFA in 

FCP was relatively higher than in FMP, amounting to 50.7 and 27.69 %, respectively. The percentage of 

EPA and DHA in FCP is lower than in FMP because the PUFA found in FMP contains a lot of linoleic 

acid. 
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