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Abstract: Chitin is the second most abundant polysaccharide, produced mainly as an industrial waste stream during crustacean processing. Chitin can be derived into chitosan through the deacetylation process. Conversion of shrimp waste into chitosan via the deacetylation process could be considered a practical approach for shell waste remediation. In this study, chitosan’s physicochemical characteristics extracted from two types of Pacific white leg shrimp, L. vannamei’s shell (i.e., rough and smooth), were compared with commercial chitosan. The yield, moisture, ash, solubility, water and fat binding capacity were measured. The degree of deacetylation (DDA) was calculated using FTIR, and their chemical Structure was confirmed using XRD and SEM-EDS. Both extracted chitosan showed no significant difference in yield, moisture, ash, solubility and water binding capacity but showed a significant difference with commercial chitosan. Moreover, the fat binding capacity of commercial chitosan showed the lowest percentage (408.34 ± 0.83%) as compared to extracted chitosan (smooth shell 549.59 ± 12.48%; rough shell 500.55 ± 12.10%). The DDA indicated that extracted chitosan from the smooth and rough shell was considered good chitosan as compared to commercial chitosan with 84.08 ± 1.27%, 80.78 ± 0.79% and 74.99 ± 1.48%, respectively. Additionally, the presence of hydroxyl and amino groups from FTIR and a good crystallinity index was recorded using XRD of extracted chitosan. Based on observed characteristics, shrimp shell waste from L. vannamei can achieve chitosan standard quality as a biopolymer and highly potential to be applied in various industrial applications.
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1  Introduction

In the last three decades, coastal shrimp farming has expanded rapidly as an economic activity in many countries globally, including Malaysia, Thailand, China, Vietnam, Indonesia, and many other south-east Asian countries [1]. However, new management and processing techniques for these wastes are needed to produce valuable co-products and lower the impact on the environment, promoting sustainable development of the fishing industry and increasing job creation [2].

The main species with the highest production produced by the Malaysian shrimp farming industry in 2018 were Pacific white leg shrimp, Litopenaeus vannamei, followed by Black tiger shrimp, Penaeus monodon, worth 203.82 million USD with a quantity of 36,007 tons and 70.19 million USD with 9906 tons, respectively [3]. In Malaysia, a seafood processing plant marketed shrimp as a raw or processed product. According to their demand, most processed shrimp are exported to Europe, Japan, New Zealand, and Australia. Peeled-off shrimp or headless shell-on are preferred by the American and Japanese markets, while peeled and cooked shrimp are preferred by New Zealand and Australia [4].

The shrimp processing plant has proliferated with farmed shrimp production in the region, increasing shrimp shell biowaste. Consequently, it leads to environmental pollution in terms of odor nuisance and aesthetic degradation of the environment. The shell wastes are the principal sources of chitin which constitute calcium carbonate (20%–50%), protein (20%–40%), chitin (15%–40%), pigments, and lipids [5,6]. These constituents vary with shrimp species and whether the waste comprises only the head, the shell, or the total waste. It was discoverable that waste from shrimp has a high economic value for its chitin and chitosan; thus, conversion of shrimp waste into chitosan could be considered a practical approach for shell waste remediation.

Chitin is a natural polymer with white and hard appearances, nitrogenous, and has low chemical reactivity. Moreover, this polymer has a highly organized crystalline structure and counts as the second most abundant polysaccharide in nature, after cellulose [7]. Therefore, chitin and its derivatives have an excellent economic value due to their agrochemical applications and biological activities. Chitin derivatives called chitosan are linear polysaccharides composed of N-acetylglucosamine and glucosamine. Chitosan can be extracted using the traditional method consisting of three main steps. They are demineralization, deproteination, and deacetylation of shell waste [8]. Demineralization uses an acidic solution, while deproteination uses an alkaline solution. Lastly, deacetylation was performed to remove the acetyl group from the chitin polymer to obtain chitosan. During deacetylation, chitin is treated using highly concentrated alkaline [9].

Chitosan is an amino polysaccharide with hemostatic activity, wound healing, non-toxic, biodegradability, and biocompatibility. Therefore, it has received much attention as one of the promising polymeric materials with various applications, primarily in wastewater treatment [10], food [11], aquaculture and biotechnology [12], pharmaceutical [13], and textile [14]. In addition, chitosan also presents the properties like antibacterial, film-forming, and antioxidant [15].

In this study, the extraction of chitosan was performed using a low-value of rough shrimp shell and a normal smooth shrimp shell of L. vannamei as a raw material to produce higher-value chitosan. The characterization of chitosan extracted from both shells was performed to determine their potential as a source of chitosan biopolymer and to compare the characteristic of extracted chitosan with commercially available chitosan based on shrimp shells purchased from Sigma Aldrich Sdn Bhd. In future work, chitosan extracted in this study may serve as an alternative to chemical coagulants in treating wastewater.

2  Materials and Methods

2.1 Sample Collection and Preparation

Two types of smooth- and rough-type shells were collected from L. vannamei species. The smooth shell of L. vannamei is a typical shrimp, while the rough shell of L. vannamei is a shrimp with minerals accumulated on its shell surface. The sampling of L. vannamei was carried out at Integrated Shrimp Aquaculture Park (iSHARP) Sdn. Bhd., located at Setiu, Terengganu (5°34′18.32″N, 111 102°48′25.86″E), which is 30 km away from Universiti Malaysia Terengganu (UMT). iSHARP Sdn. Bhd (a wholly owned subsidiary of Blue Archipelago Berhad) was operated since 2012. It is a modern design facility to enable shrimp hatchery and farming activities to be carried out in an orderly and more sustainable manner. This farm is equipped with biosecurity, 115 superintensive design, and vis-à-vis location. The shell of L. vannamei was wholly separated from its body in the laboratory, washed with deionized water, and dried at 70°C. The commercial chitosan based on shrimp shell with 75% deacetylated was purchased from Sigma Aldrich Sdn. Bhd. This commercial chitosan was used for Research and Development (R&D) purposes only.

2.2 Extraction of Chitin from Shrimp Shell of L. vannamei

2.2.1 Deproteination

A total of 100 g grounded shrimp shell waste was added in 2 M NaOH using the ratio of 1:16 (w/v). The samples were stood for 24 h at room temperature [16]. The solution was then filtered, and the samples obtained were washed until pH 7.

2.2.2 Demineralization

The demineralization process was carried out by using 1 M HCl using the ratio of 1:16 (w/v) and was stood for 24 h at room temperature [16,17]. The samples were then filtered, washed until pH 7, and dried in the oven at 70°C. The final sample is known as chitin.

2.3 Extraction of Chitosan from Chitin

2.3.1 Deacetylation

The chitin was treated with 50% NaOH for 24 h at room temperature. The final product is known as chitosan [16]. The chitosan was then filtered, washed until pH 7, and dried in the oven at 70°C.

2.4 Percentage Yield

The chitin and chitosan yields were calculated based on the dry weight of the chitin and chitosan powder relative to the wet weight of the dry shrimp shell [18]. The percentage yield of chitin and chitosan was determined by following Eqs. (1) and (2):


Chitinextractionyield,%=Driedextractedchitinweight(g)Driedshrimpshellweight(g)×100%
(1)


Chitosanextractionyield,%=Driedextractedchitosanweight(g)Driedshrimpshellweight(g)×100%
(2)

2.5 Physicochemical Characteristics of Chitosan

2.5.1 Determination of Moisture Content

Moisture content was determined by using the gravimetric method. First, the mass of water was determined by drying the sample to constant weight. The sample was weight before and after drying. The mass of water was determined by the difference between the wet and oven-dried samples [19]. Then moisture content was calculated by following Eq. (3):


Moisturecontent,%=Wetweight(g)−Dryweight(g)Wetweight×100
(3)

2.5.2 Determination of Ash Content

The ash content of chitosan was determined by placing 1 gram of chitosan into a pre-weighed crucible. The chitosan in the crucible was heated in a furnace at 600°C for 2 h. The crucible was cooled in a desiccator for 30 min and re-weighed [20]. The percentage of ash content was determined by following Eq. (4):


Ash,%=Weightofresidue(g)Sampleweight(g)×100
(4)

2.5.3 Determination of Solubility

Solubility was measured by placing 0.1 g of chitosan into a known weight centrifuge tube and then dissolved in 10 ml of 1% acetic acid. The mixture was left for 30 min and the centrifuged at 9,000 rpm for 10 min. Next, the supernatant liquid was decanted, then the undissolved particles were rewashed with distilled water and centrifuge at 9000 rpm. Finally, the supernatant liquid was removed, and the undissolved chitosan was dried at 70°C for 24 h. The amount of residue was weighted, and the percentage of solubility was determined by following Eq. (5) [21]:


Solubility,%=A−BC×100
(5)

where A is the initial weight of the centrifuge tube and chitosan, B is the final weight of the centrifuge tube and chitosan, and C is the initial weight of chitosan.

2.5.4 Water and Fat Binding Capacity

Water binding capacities (WBC) and fat binding capacities (FBC) were measured using a modified method by Li et al. [22]. First, the centrifuge tube with 0.5 g of chitosan was weighed. Then, 10 ml of water was added for WBC, and 10 ml of corn oil was added for FBC. Next, the centrifuge tube was shaken well using a vortex mixer for 1 min. The contents were left at room temperature for 30 min and were shaken for 5 s every 10 min. Then, the centrifuge tube was centrifuged at 4000 rpm for 30 min. The supernatant was removed, and the tube was reweighed. The WBC and FBC were determined by following Eqs. (6) and (7):


Waterbindingcapacity(%)=Waterbound(g)Initialsampleweight(g)×100
(6)


Fatbindingcapacity(%)=Fatbound(g)Initialsampleweight(g)×100
(7)

2.6 Characterization of Chitosan

2.6.1 Fourier Transform Infrared Spectroscopy (FTIR)

Chitosan samples were prepared in the form of a KBr disc. First, the spectra of chitosan were established using a Fourier Transform Infrared Spectroscopy (FTIR) instrument (Thermo Nicolet Nexus 670 spectrometer, USA) with a frequency of 4000–400 cm−1 at 4 cm−1 resolution and 16 scans [23]. Next, the FTIR results calculated the chitosan’s degree of deacetylation (DDA) using the baseline method [24]. The equation for the baseline was determined by following Eq. (8):


Degreeofdeacetylation=100−(A1655)(A3450)×1001.33
(8)

where A1655 were the absorbances at 1655 cm−1 of the amide-I band, which measures the N-acetyl group content. The A3450 is the absorbances at 3450 cm−1 of the hydroxyl band as an internal standard to correct disc thickness. The factor of 1.33 denoted the value of the ratio of A1655/A3450 for fully N-acetylated chitosan.

2.6.2 Scanning Electron Microscopy with Energy-Dispersive X-Ray Spectroscopy (SEM-EDS)

The morphological characteristic of the chitosan was analyzed using Scanning electron microscopy with energy-dispersive X-ray spectroscopy (SEM-EDS) (Thermo Scientific Quattro, USA). To perform the analysis of SEM-EDS, a thin layer of chitosan sample was spread on black tape and bonded to a stub. Then, it was coated with a thin Aurum layer to make them more conductive. Next, the EDS was performed by selecting a wanted region and analyzed by Electrons Secondary (SEI) detector at 15 kV with a working distance: 10 mm, spot size: 30, and under high vacuum conditions [25].

2.6.3 X-Ray Diffraction (XRD)

Chitosan samples were analyzed by X-ray diffractometer (Rigaku Miniflex, United States of America) to evaluate their crystallinity. XRD spectra were collected by setting their CuKα radiation at 30 mA and 40 kV, 3–40° of 2θ scan range with a time/step of 1 s and step size of 0.1°. The crystallinity index (CrI) was calculated by following Eq. (9):


Crystallinityindex(%)=(I110−Iam)I110
(9)

where I110 is the maximum intensity of the diffraction peak at 2θ = 20° and Iam is the amorphous diffraction signal at 2θ = 16° [26].

2.7 Statistical Analysis

Correlation analysis was performed using one-way analysis of variance (ANOVA) to obtain the correlation between groups. In order to find the significant difference in the reported results, a post hoc test using Turkey HSD was executed. All statistical analyses were performed using OriginPro 9 software. The conclusion was taken under the confidence interval of 95% (α = 0.05), with significant differences in the results indicated by a p-value < 0.05 [27].

3  Results

3.1 Yield and Physicochemical Properties of Chitosan

The chitin yield extracted from L. vannamei smooth shell was 30.09 ± 0.92%, while the rough shell was 26.80 ± 1.05% (Table 1). After the deacetylation process, the chitosan yield from both shells showed no significant difference (p > 0.05) with 20.75 ± 0.83% and 19.34 ± 1.30%, respectively. The physicochemical characteristics of both chitosan were studied and compared with commercial chitosan. The moisture and ash content of chitosan extracted from both shells does not show any significant different (p > 0.05) with 4.71 ± 0.26% and 0.09 ± 0.01% for the smooth shell, while 4.30 ± 0.07% and 0.13 ± 0.01% for the rough shell. In comparison, the commercial chitosan showed a higher moisture and ash content value with 5.48 ± 0.14% and 0.25 ± 0.02%.
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The solubility of extracted and commercialized chitosan was calculated. It was found that the commercial chitosan has higher solubility with 83.22 ± 1.25%, while the extracted chitosan from smooth and rough shells dissolved 52.45 ± 0.98% and 51.69 ± 0.66%, respectively. Furthermore, the DDA of all chitosan was calculated using the baseline method from FTIR, which resulted in 74.99 ± 1.48%, 84.08 ± 1.27%, and 80.78 ± 0.79% for chitosan from the smooth, rough shell and commercial shell, respectively. The value of DDA indicated more than 50% for all chitosan, proving the chitin has turned into chitosan.

The similarities between extracted and commercialized chitosan were found in water binding capacity (WBC) in the range of 691.32 ± 5.05% to 723.21 ± 40.21%. Fat binding capacity (FBC) showed a significant difference in commercial chitosan (408.34 ± 0.83%) and chitosan extracted from smooth (549.59 ± 12.48%) and rough shrimp shells (500.55 ± 12.10%). In addition, the crystallinity index (CrI) of extracted chitosan was lower than the CrI of chitin by showing a reduction from 90.63 ± 0.60% to 77.73 ± 0.98% (smooth shell) and 90.52 ± 0.75% to 78.73 ± 0.64% (rough shell). The color of chitosan extracted from both shells shows the same color as the commercial chitosan.

3.2 Characterisation of Chitosan

The present study was the first attempt to determine the physicochemical properties of chitosan extracted from two different types of L. vannamei’s shell. Physically, these two types of shells look similar. However, the difference could be observed using barehand. The difference between the two types of the shell was clearly shown in Fig. 1B, where there are uneven and rough layers deposited on the surface of the shell compared to Fig. 1A, which appeared smooth with some impurities intact. The uneven layer deposited on the rough shrimp shell surface was suspected to be due to the initial stage of mineral deposition. This conclusion is supported by the EDX results, as indicated in Fig. 1B, which showed that the calcium content from rough shrimp shell surfaces was higher than from smooth shrimp shell surfaces.

[image: images][image: images]

Figure 1: SEM-EDX micrograph at 2000X magnification after pretreatment step (A) Smooth shell
(B) Rough shell; after deproteination and demineralization step (C) Chitin from smooth shell (D) Chitin
from rough shell; after deacetylation (E) Chitosan from smooth shell (F) Chitosan from the rough shell of
L. vannamei (G) Commercial chitosan

After alkaline and acidification treatment, both shrimp shell has to turn into chitin. Fig. 1C showed a dense microfibrillar and fibrous Structure with a pore entrapped together, while Fig. 1D showed a looser fibrous structure. After the deacetylation process, chitin from both shell types has turned into chitosan by showing a smooth and crinkled surface (Figs. 1E and 1F). Compared to commercial chitosan in Fig. 1G, the morphology showed the presence of rough surfaces. The EDX result showed the nitrogen content decreased from smooth shrimp shells to chitosan with 16.4% to 2.5% and 17.3% to 3.7% for rough shrimp shells, respectively. While for the commercial chitosan, the nitrogen value was 3.3%.

Fig. 2 and Table 2 present the results of FTIR. The shrimp shell and chitin pattern from both shell types possess similar spectra as no new band is formed except for the weakened band. In addition, a difference in intensity was observed between A1 (low) and A2 (high) owing to mineral accumulation on the A2 surface. Therefore, after the deproteination and demineralization, the intensity of B1 was low, and B2 was high. This trend was observed because both shell types react differently with acid and alkali treatment concentrations. However, after the deacetylation process, higher intensity in C1 was observed compared to C2 and C3.
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Figure 2: FTIR spectra of smooth shrimp shell (A1), Chitin (B1) and Chitosan (C1) Extracted from smooth shell; rough shrimp shell (A2), Chitin (B2) and Chitosan (C2) Extracted from the rough shell and commercial chitosan (C3)
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Functional groups exist on the same wavenumber except for a shift in stretching and bending of calcite (CaCO3) near 870 cm−1 in A1 and A2. FTIR spectra of B1 and B2 showed the presence of OH groups at 3448.02 and 3448.16 cm−1, and NH group at 3266.29 & 3116.87 and 3128.12 cm−1. However, these bands nearly disappeared in C1 and C2 after deacetylation, comparable to C3. The CH stretching, both asymmetric and symmetric, was observed in A1, B1, A2, B2, C3 and weakened in C1 and C2. FTIR spectra of B1 was shown two separated Amide I peak at 1654.28 and 1636.97 cm−1, while for B2 at 1654.30 and 1646.52 cm−1. The split peak of Amide I for B1 and B2 showed a reduction in band intensity of C1 and C2. Moreover, the peak of Amide II (1559.86, 1559.91 cm−1) and Amide III (1320.04, 1320.34 cm−1) for B1 and B2 also showed a reduction after deacetylation. The stretching vibration of the glycosidic bond of polysaccharides structure at 1157.18, 1074.14, 1026.84 cm−1 (B1) and 1156.32, 1073.89, 1024.27 cm−1 (B2) weakened distinctly after the deacetylation process indicates the depolymerization of C1 and C2 has occurred using this study method. The other peaks at weak intensity were found near 897 cm−1 (C-O stretching of glycosidic linkage) for both chitin and chitosan.

In Fig. 3, XRD peaks of both A1 and A2 showed chitin at a peak near 2θ = 20°, 2θ = 10° and the presence of a weak peak near 2θ = 30° was also observed. In this study, chitin showed a crystalline plane (110) observed at a reflection of 19.29° for B1, while 18.97° for B2. Thus, it showed that both types of L. vannamei shells are composed of α-chitin, supported by our FTIR results. XRD examination of chitosan obtained in this study also showed a peak at 19.36° for C1, 19.55° for C2, and 19.60° for C3. All these peaks were reflected around 2θ = 20° same as chitin. However, the intensity is lower and amorphous compared to chitin.
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Figure 3: XRD patterns of smooth shrimp shell (A1), Chitin (B1) and Chitosan (C1) Extracted from smooth shrimp shell; rough shrimp shell (A2), Chitin (B2) and Chitosan (C2) Extracted from rough shrimp shell; commercial chitosan (C3)

4  Discussion

The rough shell syndrome among the L.vannamei decreases their price to be sold in the market. According to a previous report, mineral deposition made the shrimp’s shells rough [28]. Furthermore, the image of a rough shrimp shell obtained from this study is almost similar to the study reported by Sakthivel et al. [29]. In contrast, the image of smooth shrimp shells was comparable with other researchers [30–32]. In this study, the percentage of chitin and chitosan yield from both shells shows no significant difference because of the prolonged treatment using acid and alkali. Similar to the present study, a chitin yield of 14.72% was reported from shrimp shell waste of unknown species [33], while others reported a 30% yield of chitin from Black tiger shrimp, P. monodon [23]. After the deacetylation process, the chitosan yield from L. vannamei from both smooth and rough shells showed no significant difference with 20.43% and 19.10%, respectively. Since the mineral deposition occurred on the shell of the shrimp, the deproteination, demineralization, and deacetylation process, which involve a harsh chemical, might wash off the mineral deposited. This explains why the chitosan yield from both shells is not significant.

Furthermore, chitosan extracted in this study showed better moisture and ash content performance than commercial chitosan. Ash content measurement is an indicator of the effectiveness of the demineralization step for the removal of calcium carbonate. The value of ash content is below 1%, which indicates the efficiency of calcium carbonate removal in high-quality chitosan [34]. Some residual ash of chitosan may affect other essential characteristics of the final product. Despite the drying process of all chitosan, the moisture content of all chitosan shows that chitosan can absorb moisture due to its hygroscopic nature [24]. However, the value of its moisture is less than 10%, comparable with commercial chitosan reported previously [12]. The commercial chitosan showed a higher solubility than extracted chitosan in this study. Solubility depends on various factors such as degree of deacetylation and molecular weight. Even though the value of the degree of deacetylation (DDA) for commercialized chitosan is lower, the higher solubility was expected to occur because of the low molecular weight owned by commercial chitosan.

Deacetylation is crucial in converting chitin to chitosan by removing the acetyl group from chitin [8,21]. The conversion of chitin into chitosan lies in the value DDA. However, the deacetylation of chitin in an alkaline solution cannot reach completion even under harsh treatment, and most reported DDA usually ranges from 70% to 95%, depending on the method used. Identifying the right combination of bands and baselines is complicated and causes variations in the method of DDA calculation. This study calculated the DDA using a formula based on the FTIR baseline result. This formula was calculated based on the relationship between the absorbance (A) value of the primary Amide at 1655 cm−1 and hydroxyl at 3450 cm−1. While the other formula reported uses an absorption band at 1320 and 1420 cm−1. However, it does not give an accurate result because the peaks were too small to be measured [35]. Among critical factors affecting deacetylation are temperature and time of deacetylation, treatment during chitin isolation, alkali concentration and chitin ratio. The varied results in the literature were due to different methods used for DDA calculation [36–38]. In this study, both extracted chitosan showed better deacetylation degrees due to the removal of the acetyl group is higher during the deacetylation process. Commercial chitosan properties and quality may vary widely due to the different manufacturing processes and its immense production scale [39,40].

The results of WBC were in line with shrimp chitosan (712.99 ± 11.98%) reported by Kucukgulmez et al. [19]. No et al. [41] showed a different WBC ranging from 485% to 805%. The difference report on WBC depends on the source used and possibly due to differences in chitosan crystallinity, the products’ residual protein content, and the number of salt-forming groups [42,43]. The increment of WBC occurs as the deacetylation time increase due to the breakdown of chitosan [26]. The breakdown of chitosan will increase the surface area, thus improving the binding sites of -NH2, -OH, and other end groups.

Additionally, the FBC of extracted chitosan is in the range that agrees with the previous study by Kucukgulmez et al. [19] and Toan [44]. However, some reported findings are contrary, which showed higher FBC due to changes in the sequence of extraction steps, where demineralization was conducted before deproteination [45]. On the other hand, the commercial chitosan showed a low FBC but was similar to the previous study reported by Hossain et al. [46].

The nitrogen content of all chitosan is in line with the reported study, where deproteination and demineralization lowered the shell’s total nitrogen content [26,47]. The proteins in the shrimp shells and other nitrogenous materials were removed during the conversion process of shrimp shells to chitin. After deacetylation of chitin, the chitosan showed a decreased value of nitrogen for smooth shrimp shells, indicating hydrolytic deamination or contamination. In contrast, the chitosan in rough shrimp shells has shown an increased nitrogen content where the acetamide group was converted into the amino groups. Despite this result, nitrogen in all chitosan is still in an acceptable range of 2% to 8% to be applied in several industrial applications. Moreover, if the nitrogen content is higher than the theoretical value of 6.9%, it means partial deacetylation or incomplete protein removal has occurred [45].

The color of the chitosan extracted from both shells is a pale yellow, the same as commercialized chitosan. The proposed route removed almost all the pigment color of the shrimp shell without a bleaching process. A previous study also reported that chitosan extraction started with deproteination and produced whiter chitin [48]. If the extraction starts with deproteination, efficient demineralization will occur. This is because the protective layer of protein is removed and exposed the chitin to acidic conditions. However, the yield of chitin and chitosan produced by this route is lower.

The morphological Structure of chitin obtained from both shells shows a similarity with α-chitin and is different with β-chitin which has slightly visible fibers, and γ-chitin which showed a cocoon microfiber [49]. After the deacetylation process, both extracted chitosan showed an image comparable with the previous study, which is smooth with a crinkled surface [26,36,50–52]. The differences in morphologies between commercial chitosan and extracted chitosan from the smooth and rough shell of L. vannamei were expected due to different concentrations and duration of acid and alkaline treatment. Moreover, the sources and the species of shrimp shells used were also unknown for the commercial chitosan.

FTIR was used to identify the functional group present in the chitin and chitosan from both shell types, which was later compared with commercial chitosan. The same functional group was observed in shrimp shell, chitin, and chitosan from both shell and commercial chitosan, except for a shift in stretching and bending of calcite (CaCO3) near 870 cm−1 in shrimp shell [53,54]. However, the difference was seen in intensities due to different reactions of both shells toward alkali and acid treatment. Also, some band was weakened after the deproteination and demineralization process. The effective deacetylation was seen in this study when Amides I and II showed a reduction due to the removal of the N-acetyl group [55,56]. Additionally, the split Amide I band proved the presence of α-chitin in both shell types. In the case of β-chitin, only a single band has appeared at 1656 cm−1, indicating that its amide groups establish hydrogen bonds of the same energy [57].

Furthermore, the XRD result also showed a peak around 10° and 20°, with a minor peak around 30° which showed α-chitin sharp peak [49,58]. Thus, it is shown that both types of L. vannamei shells are composed of α-chitin, comparable with the previous study by Si Trung et al. [59]. The peaks of chitin are high and sharp compared to the chitosan peak, indicating a highly ordered crystal structure of α-chitin. However, after the deacetylation, the sharp peak decreased and became broader. In contrast, the minor peaks of the chitosan have disappeared, indicating a reduction in crystallinity with the presence of the amorphous structure of the chitosan. A similar peak was observed in previous works for chitin obtained from crab, lobster shells, and squid pens [60]. Overheating chitin under alkaline conditions during the deacetylation process will distort the chitosan’s crystalline structure [49]. This explained the reducing CrI from 90.63 ± 0.60% to 77.73 ± 0.98% (smooth shell) and 90.52 ± 0.75% to 78.73 ± 0.64% (rough shell). In this study, the value of CrI recorded falls within the range of previous literature between 48% and 89.7%. The varied value of CrI was expected depending on the genus of the living organism studied and the different methods of preparation and chitosan extraction [61].

5  Conclusion

In this study, 20.75 ± 0.83% yield of chitosan products were extracted from smooth shrimp shells, and 19.34 ± 1.30% yield of chitosan products were extracted from rough shrimp shells of the L. vannamei species using the chemical treatment method. The final product of both extracted chitosan showed no significant difference in yield, moisture, ash, solubility, water binding capacity, and crystallinity index but showed a significant difference with commercial chitosan. Therefore, it can be concluded that extracted chitosan from both shells showed lower moisture, ash and nitrogen content compared to commercial chitosan but a high percentage of fat and water binding capacities. Additionally, the chemical structure showed the presence of hydroxyl and amino groups comparable with commercial chitosan. According to these findings, the extracted chitosan from smooth and rough shrimp shells has the potential to be used as a biopolymer in different industrial applications such as aquaculture wastewater treatment, agrochemicals, pulp & paper, and textile effluents.
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Table 1: Yield and physicochemical characteristics of extracted and commercial chitosan. Results are given
as mean values (n = 3) with corresponding standard deviations. Different letters between the rows of one

column reflect a significant difference of p < 0.05%

Yield (%)

Smooth shell L.

Rough shell L. vannamei

vannamei
Chitin 30.09 + 0.92° 26.80 £ 1.05%
Chitosan 20.75 £ 0.83° 19.34 £ 1.30%
Physicochemical Commercial Extracted chitosan Extracted chitosan
properties (%) chitosan (smooth shell) (rough shell)
Moisture 5.48 +£0.14° 4.71 £ 0.26° 4.30 = 0.07°
Ash 0.25 + 0.02° 0.09 £0.01° 0.13 £0.01°
Solubility 83.22 + 1.25° 52.45 +(.98° 51.69 + 0.66
Deacetylation degree 74.99 + 1.48° 84.08 + 1.27¢ 80.78 + 0.79°

Water binding capacity

(7o)

Fat binding capacity (%)

691.32 £ 5.05°

408.34 + 0.83°

Crystallinity of chitin (%) —

Crystallinity index of

chitosan (%)

Colour of chitosan

71.33 + 0.67°

Pale yellow

709.13 £ 13.45°

549.59 + 12.48°
90.63 + 0.60"
77.73 £ 0.98%

Pale yellow

723.21 +£40.21°

500.55 £ 12.10°
90.52 £ 0.75°
75.25 £ 0.46°

Pale yellow
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Table 2: Wavelength of the band obtained by FTIR of shrimp shell, extracted chitin, extracted chitosan from
the smooth and rough shell of L. vannamei, and commercial chitosan

Vibration modes = Smooth  Chitin from Chitosan Rough Chitin from Chitosan Commercial
shrimp ~ smooth from smooth shrimp rough from rough  chitosan
shell shrimp shell shrimp shell shell shrimp shell shrimp shell (C3)

(A1) (B1) (C1) (A2) (B2) (C2)

OH stretching 3448.09 3448.02 3447.95 3448.09  3448.16 3447.92 3422.20

NH stretching 3269.21 3266.29 - 3265.80  3267.21 - -

NH stretching 3104.23  3116.87 - 3111.41  3128.12 - -

Symmetric CH; 2965.68  2961.96, 296238 &  2962.07 296235 & 2968.74 & 2925.62 &

stretching and & 2933.53 & 2925.52 & 2933.90 & 2933.79 2881.18

assymetric CH, 2931.57 2891.16 2933.53  2891.38

stretching &

2891.18

CH stretching 2374.86, 2364.05 & 2368.09 &  2368.07 234590 & 2372.56 & 237533 &
2345.92  2345.38 2345.70 & 2131.71 2345.86 2345.99
& 2345.75
2162.93

Amide I band 1654.34  1654.28 1654.25 1654.33  1654.30 1654.22 1654.31

(C=0) in 1637.08 1636.97 1637.01 1646.23  1646.52 1647.81 1647.90

NHCOCH; group
(Amide 1 band)

NH bending of 155991 1559.86 1559.85 1559.89 155991 1559.83 1559.93
secondary Amide
II band of -CONH-

CH, bending & 1419.94 1419.84 1419.91 1419.94  1419.65 1419.82 1420.01
CHj; deformation

(-CH) group of 1383.68 1383.52 1383.60 1383.22  1383.47 1383.74 1383.67
NHCOCH3 (amide

bond)

Amide IIT band (C- 1320.74 1320.04 1320.76 1314.06  1320.34 1324.52 1320.81
N stretching)

Antisymmetric 1156.10 1157.18 1156.16 1157.39  1156.32 1157.41 1153.98
stretching of C-O-

C bridge

C-O stretching in ~ 1074.34  1074.14 1076.95 1076.58  1073.89 1074.87 1077.44
acetamide

C-O-C stretching  1028.07 1026.84 1023.63 1026.77  1024.27 1028.17 1031.60
C-O stretching of  870.11 896.49 897.24 871.54 895.54 897.83 896.86

glycosidic linkage
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