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1. INTRODUCTION

Along with increasing public awareness about the importance of maintaining health after the
COVID-19 pandemic, the need for raw materials for supplements has also increased. The production of
Omega 3 (docosahexaenoic acid (DHA)) and squalene compounds from Aurantiochytrium sp microalgae has
attracted the attention of researchers and industrial practitioners because of its several advantages compared
to other sources. Aurantiochytrium's advantages include high lipid productivity, fast cell growth, non-fish
raw materials, high purity, and not containing heavy metals. Aurantiochytrium microalgae can be used as a
source of squalene raw materials and biofuels [1], [2]. Aurantiochytrium sp microalgae are abundant in
mangrove forests [3], [4]. Internationally, studies on applying Aurantiochytrium sp., including fish and
livestock feed, cosmetics, antioxidants, and biofuels, to the COVID-19 vaccine adjuvant [5]. Unfortunately,
even though Indonesia is known to have the largest mangrove forest in the world, studies on the production
and application of products derived from Aurantiochytrium sp microalgae are still minimal in Indonesia [6],

[71.

Biocomponents such as DHA and squalene are components contained in lipids found in
Aurantiochytrium sp. The biocomponents (lipids) extraction from microalgae is challenging because
microalgae have strong cell walls [8]. There are some efforts to extract lipids from microalgae to disrupt the
cell wall, including hydrodynamic cavitation [8], stirring (homogenization), ultrasonication, microwave [9],
and high-shear mixer [10].

The mixing (stirring) method is easiest to do on an industrial scale because this method is the
simplest. Hexane is the cheapest solvent most widely used commercially [11], [12]. However, conducting
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various experiments using solvents (n-hexane and methanol) is necessary to obtain high results. The obstacle
in the extraction process is the mass transfer of the solvent into the cells because it must break down the cell
walls first. Therefore, conducting a study using relatively inexpensive and safe solvents is necessary. The
one-step extraction process generally leaves lipids in the dregs (biomass residue), so it is necessary to study a
two-step extraction. This research aimed to obtain information on the optimum use of n-hexane and methanol
solvents in the lipid extraction process from dry biomass of Aurantiochytrium sp. The variables studied were
stirring time, the ratio of n-hexane to methanol (H/M) mixture, and the ratio of the amount of solvent to the
biomass (S/B).

2. RESEARCH METHOD

Lipid (oil) extraction from dry biomass of Aurantiochytrium sp was carried out at the Bioprocess
Laboratory of the Chemical Engineering Study Program, Universitas Ahmad Dahlan, Yogyakarta. The
material used was Aurantiochytrium sp powder (purchased from Xi’an Taian Biotechnology Co., Ltd.) with a
moisture content of 6.03% and ash of 3.54%. The solvents used were n-hexane (technical grade, density
0.670-0.683 g/mL) and methanol (technical grade, density 0.77 g/mL). Both solvents were purchased from
PT. Brataco, Yogyakarta). The equipment used includes a magnetic stirrer (lka C-Mag HS7, 250 rpm),
centrifuge (DLab, 2400 rpm), and a series of distillation apparatus. Two grams of dry microalgae were put
into a 250 mL Erlenmeyer flask with n-hexane and methanol as solvents. Magnetic stirring was carried out at
40 °C for 30 minutes at a stirring speed of 250 rpm. Subsequently, the mixture was transferred into a
centrifuge tube and centrifuged for 15 minutes at 2400 rpm. After centrifugation, the mixture was separated
between the supernatant and residue. The supernatant was transferred into a distillation flask for the
distillation process to be carried out at a temperature of 69-72 °C until all the solvent was vaporized. The oil
remaining in the flask is weighed (W1) using an analytical balance (Ohaus). The same procedure was carried
out for the biomass residue to increase the yield of lipids, as shown in Figure 1. The total lipid obtained was
the sum of the lipids (oil) yields from the first (W1) and second extractions (W2). Some of the obtained oil
samples were analyzed for fatty acid content using the gas chromatography-mass spectrometry (GCMS) and
Fourier transform infrared (FTIR) methods.
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Figure 1. Experimental procedure of lipid extraction from Aurantiochytrium sp

3. RESULTS AND DISCUSSION
3.1. Effect of stirring time

Extraction is carried out with a solvent ratio of (hexane/methanol)=1. The effect of stirring time on
the total oil yield of extraction can be seen in Figure 2. The longer the extraction time, the higher the yield,
but after 30 minutes, the yield decreased. It may be due to the excessive evaporation of components in the
biomass during the distillation process because n-hexane is highly volatile [12].
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Figure 2. The effect of stirring time on the total yield of oil from Aurantiochytrium sp

3.2. Effect of solvent mixture

Extraction used a solvent mixture of n-hexane and methanol with various volume ratios (i.e.,
H/M=0.33; 0.5; 1; 3). The stirring time was 30 minutes, and the solvent volume ratio to biomass (S/B) was
8-20 (mL/g). The research results can be seen in Figure 3, especially in Figures 3(a)-(d).

From Figure 3, overall, it can be seen that double-step extraction can increase oil yield. Figure 3(a)
explains that at n-hexane/methanol 0.33 v/v, the second step gets more oil than the first. It might happen
because the first extraction was not optimal, so the amount of oil remaining in the residue was sufficient, and
it could be recovered in the second extraction. Although double-step extraction was carried out, using a
single solvent, n-hexane only, or methanol alone is not better than mixed solvents. It can be seen in Figure 4.
Figure 4(a) shows the oil yield on the double step and the total yield shown in Figure 4(b).

The type of solvent used influences the yield. Lipid extraction from the microalga Chlorella sp with
a mixed solvent of n-hexane/methanol (1:2 v/v) yielded 4.06% [9]. The results of this study were better,
getting a yield of 26%, because extraction was carried out in double steps. Figure 4 shows that the ratio of
hexane to methanol (H/M)=1 produces the highest yield.
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Figure 3. The impact of (solvent/biomass) on yield at (a) H/M=0.33, (b) H/M=0.5, (c) H/M=1, and (d) H/M=3
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Figure 4. The oil yield was obtained using the solvent n-hexane, methanol, and a mixture of hexane and
methanol solvents: (a) double step and (b) total yield

3.3. Effect of solvent-to-biomass ratio

The effect of solvent-to-biomass ratio on lipid yield is presented in Figure 5. At the same solvent
composition H/M, the greater the solvent-to-biomass (S/B) ratio, the greater the yield. However, after
reaching S/B 20 mL/g, the lipid extracted is the same. It may be due to the conditions the extraction has been
approaching its mass balance, i.e., the mass concentration of oil outside has been balanced with the
concentration of oil in the cell.

The mass transfer phenomenon in biocomponents (lipids) from inside the cell to the broken cell
wall, then extracted by the solvent, will reach a maximum at the state mass balance [13], [14]. It follows
several other studies on extraction, which explain that the more solvent used, the greater the extract
(substance dissolved in the solvent) obtained [14], [15].
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Figure 5. The effect of solvent-to-biomass ratio on lipid yield

3.4. Comparison of single and double-step extraction

The performance of single-step and double-step extraction can be seen in Table 1. Table 1 shows
that at a low H/M ratio (0.08-0.25) and S/B less than 8, the yield obtained is also low, but double-step
extraction can increase the yield by almost 100% (from the first extraction). The highest total yield was at a
ratio of hexane to methanol (H/M)=1 and the ratio of solvent to biomass (S/B)=20, with yields from the first
and second extractions, 60.96% and 22.92%, respectively, or total yield Of 83.88%. However, this result
could not reach 90% yield as done by Kwak et al. [10] because they used a high shear mixer with a speed of
7000 rpm and was treated with acid degumming treatment, whereas this research only worked at 250 rpm
without the same treatment.

3.5. Total fatty acid component by gas chromatography-mass spectrometry

The essential fatty acid components in the oil from Aurantiochytrium sp were palmitic acid
(22.54%), linoleic acid (20.53%), lauric acid (19.84%), linolenic acid (13.54%), myristic acid (10.32%), oleic
acid (6.61%), and pentadecanoic acid (1.4%). Other fatty acid components were below 1%. A comparison of
the other researchers is expressed in Table 2.
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DHA, as a high-value component, was not detected in this study, while Chauhan et al. [16] obtained

31.41%, Abdel-Wahab et al. [17] 4.89%, Dong et al. [18] 14.45%, and Yoneda et al. [19] 45.0%,
respectively. All PUFAs are susceptible to oxidative damage, so special treatment is required during
processing and storage to minimize exposure to air, light, and heat. Peroxidation reaction in the product also
causes oil damage, so antioxidants must be added [11]. Adding the enzyme sesamol during the
Aurantiochytrium cultivation period can increase DHA levels by 90% [20]. Uses of Ananas comosus MD2
extract can also increase DHA levels during cultivation [21].

Table 1. The performance of single-step and double-step extraction (stirring time 30 min, 40 °C, 250 rpm)

H/M, VIV__S/B, mL/g

Step 1, (yield, %)

Step 2 (yield, %)

Total yield, %

0.25 5
0.17 7
0.25 25
0.17 35
0.13 4.5
0.10 55
0.08 6.5
0.20 12
0.33 8
0.33 10
0.33 16
0.33 20
0.50 6
0.50 9
0.50 12
0.50 15
1.00 8
1.00 10
1.00 12
1.00 15
1.00 20
2.00 9
2.00 12
2.00 15
3.00 8
3.00 10
3.00 20

10.32
11.14
9.48
13.54
8.62
13.82
17.18
40.86
27.30
31.80
18.45
34.90
28.18
31.05
49.65
48.35
34.16
43.55
49.75
50.55
60.96
46.35
52.35
44.05
5.10
31.30
44.35

6.24
10.06
5.10
7.62
17.86
11.96
7.28
20.78
16.46
27.30
20.75
38.90
16.98
16.10
31.05
34.15
20.74
8.70
21.30
31.00
22.92
21.95
18.85
17.95
11.90
25.20
19.95

16.56
21.20
14.58
21.16
26.48
25.78
24.46
61.64
43.76
59.10
39.20
73.80
45.16
47.15
80.70
82.50
54.90
52.25
71.05
81.55
83.88
68.30
71.20
62.00
17.00
56.50
64.30

Table 2. Fatty acid composition of the Aurantiochytrium (%)

Fatty

Aurantiochytrium sp.

Aurantiochytrium

Schizochytrium

acid Name This study from glucose 40 g/L [16] YB-05 [17] salinity 20g/L [18]
C11:.0 Undecanoic acid - - 1.30 -
C12:0 Lauric acid 19.84 - 6.70 -
C14:.0 Myristic acid 10.32 0.51 0.89 2.75
C15:0 Pentadecanoic acid 1.40 26.13 3.10 1.26
C16:0 Palmitic acid 22.54 27.50 24.02 8.52
Cl6:107  Palmitoleic acid 0.29 0.96 0.69 2.15
C17:0 Heptadecanoic acid - 5.18 141 0.39
C18:0 Stearic acid 0.29 - 6.96 0.48
Cl18:109  Oleic acid 6.61 1.20 25.01 1.10
Cl18:1w7  Vaccenic acid 0.89 - 1.17 -
C18:206  Linoleic acid 20.53 - 20.72 -
C18:3w3  Linolenic acid 13.54 - 1.40 -
C20:0 Avrachidic acid - - 0.50 -
C20:109  Gondoic acid - - 0.60 -
C20:4w6  Arachidonic acid (ARA) - 0.60 - -
C20:503  Eicosapentaenoic acid (EPA) 0.38 0.61 - 0.20
C22:506  Docosapentaenoic acid (DPA) - 0.85 0.64 4.38
C22:603 DHA - 31.41 4.89 14.45
Total saturated fatty acids (SFA) 52.70 59.32 44.88 13.40
Total monounsaturated fatty acids (MUFA) 6.61 2.16 27.47 3.25
Total polyunsaturated fatty acids (PUFA) 34.07 33.47 27.65 19.45

3.6. Fourier transform infrared results

The analysis results using the FTIR for Aurantiochytrium sp powder are shown in Figure 6. In

contrast, the extracted oil samples compared to shark liver oil and the raw microalgae (Aurantiochytrium sp
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powder) are expressed in Figure 7 and Table 3. Aurantiochytrium sp microalgae powder has a broad FTIR
spectrum at wave numbers 3293.1 ¢cm, indicating the presence of single bonds (O-H, C-H, or hydroxy
group) [22], [23]. Aurantiochytrium powder in this research contains lipids and a small amount of water
(6.03%). In Figure 7 the four treatments show similar spectra, in the wave number 2500-3000 cm™ which
indicates the presence of single bonds, and in the range 1500-2000 cm™ which indicates the presence of
double bonds [22], and a strong peak at 1600-1700 cm™ indicates the presence of the carbonyl group (C=0)
[24]. The spectral region of the fingerprint (500-1500 cm™) needs to be studied further [22], [25].
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Figure 6. FTIR analysis of Aurantiochytrium sp powder
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Figure 7. FTIR results of lipid samples

Table 3. FTIR data of raw materials, extraction oil from Aurantiochytrium sp, and shark liver oil (soft gel)

Raw (Aurantio- Oil (H/M=1, Oil (H/M=1, Softgel (shark liver oil)

Literature

Functional groups

chytrium sp) Step 1) Step 2) wavenumber (cm?)

- 721.3 721.3 - 750-720 -(CH,),- rocking (n>3) [22]
918.0 - - 834.0 1300-700 Skeletal C=C vibrations [22]
1012.3 1028.7 1030.7 - 1300-700 Skeletal C=C vibrations [22]
1149.6 1098.4 1098.3 - 1150-1050 C-O stretch [22]

- 1159,8 1159.8 - 1159-1164 C-O stretch [22]

- - - 1379.1 1380-1370 C-H bend [22]

- 1459.1 1461.1 1440.6 1485-1445 C-H bend [22], [26]

1651.7 - - - 1680-1620 C=C stretch [22]

1743.9 1743.9 1743.9 - 1750-1725 C=C stretch, Ester [22]

2854.5 2852.5 28525 2852.5 2880-2860 C-H bending, sharp [22], [26]
2924.2 2924.2 2924.2 2914.0 2935-2915 C-H stretch, sharp [22], [26]
3293.1 - - - 3400-3200 -OH stretching, broad [22], [26]

Double step method in lipid extraction from biomass Aurantiochytrium sp powder (Endah Sulistiawati)
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4.

CONCLUSION
Double-step extraction can increase oil yield, especially at low solvent-to-biomass ratios. A better

hexane-to-methanol ratio was at 1:2 to 2:1 but optimum at 1:1 v/v. Under optimum conditions (H/M=1,

S/B=

20), the yield obtained from the double-step extraction could increase by almost 23%, and the highest

total yield was 83.88%. The double-step method can increase oil yield by 10-40% for overall conditions.
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