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Abstract
Objective

This study was conducted to evaluate the effects of trace elements on growth, oils content, fatty
acid profiles, and biodiesel properties of Dunaliella salina.

Materials and methods

Algae cells were grown in Guillard medium (f/2) with a salinity of 117 g/L and with 19 nutrient
treatments containing different concentrations of trace elements (25, 50 and 75% of the initial
concentration of Guillard medium), with 3 repetitions. At the end of the experiment, dry weight
and some selected growth parameters, lipids content, fatty acids, and biodiesel fuel properties
were determined.

Results

Dry weight of algae was significantly influenced by addition levels of trace elements. The

maximum algal biomass and fat content were observed in CuSOs with 75% of standard
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concentration (1425.1 mg/L and 374 mg/biomass, respectively) and was significantly higher than
the control treatment (P < 0.05). Majority of the fatty acid methyl esters were between C14-18
and C22:1n9., The highest cetane humber (82.7) and the lowest iodine value (123.5) were found
in CoCl; with 25% of the standard concentration treatment (P < 0.05). Among all treatments, the
highest degree of unsaturation was observed in the 25% manganese treatment (P<0.05). The
highest and lowest amount of CFPP was observed in cobalt 75% (4.50°C) and cobalt 25% (-
2.86°C) treatments, respectively; being significantly higher than the control treatment (P<0.05).
Conclusions

High-quality biodiesel that was obtained from D. salina grown in CoCl, with 25% of the standard
concentration (higher cetane number and lower long-chain unsaturated fatty acids) showed the
great potential for biodiesel production due to higher lipids content (197.92 mg/total biomass)
than the control treatment (193.44 mg/total biomass) from lower mass quantity. The exposure of
D. salina to trace elements deficiency revealed the ability of this algae to grow the same rate as
control (in case of zinc, manganese, cobalt, and molybdate treatments 75%) or even higher growth
(75% copper; 1425.1 mg/d.w.). The use of modified Guillard medium (f/2) could be beneficial
during the cultivation period of D. salina to prevent biomass loss to some degree (e.g. nitrogen
and phosphorus shock), resulting in higher lipids production.
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Table 2. Growth parameters in Dunaliella salina at different treatments
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Lipid (mg. Total Biomass) (595 » Total Biomass (mg. mL) Treatments
Biomass productivity
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193.44+13.09¢%f 96.47+4.09° 1177.48+48.59 Control sals
131.56+2.20%¢ 44.79+0.64¢ 557.33+7.77¢ Zn 50% 10,5 0+ 5o,
130.64+7.71%¢ 34.64+1.1030¢ 435.56+13.2230¢ Zn 25% 10,5 Y0 (s,
255.91:+£4.67" 101.32+3.71f 1235.74+44.56f ZNn 75% 10,5 Y0 (o,
113.2845.72® 43.94+0.494 547.17+5.93¢ Cu 50% 300+ e
123.79+3.343¢ 34.25+0.43%c¢ 430.82+5.26%¢ CU 25% 10 YO e
374.88+5.32 117.10+8.18¢ 1425.08+98.23¢ CU 75% 403 VO e
182.02+7.54%f 46.11+0.254 573.14+3.03¢ Mn 50% soy 0 jiKie
151.11+2.58b 35.91+0.34%c 450.79+4.112¢ Mn 25% soys Y0 jiKie
337.18+4.52¢ 92.88+2.04f 1134.43+24.52f Mn 75% soy V0 jiKie
163.57+5.28%% 34.64+1.10%¢ 435.56+13.22%¢ Fe 509 sz 0 ol
186.06+£3.48%f 24.73+0.562 316.57+6.762 Fe 25% so ) vo ool
274.69+18.841 63.82+4.01° 785.66+48.18° Fe 75% oy VO (ol
190.16+1.70¢%f 48.33+0.51¢ 599.76+6.21¢ C0 50% ssys b+ LS
197.92+4.20°% 36.30+0.34%¢ 455.46+4,13%° C0 25% 1o ps Y0 LS
305.72+45.95ik 101.36+14.23f 1236.12+170.83f CO 75% 1oy V0 LS
224.78+3.897" 48.77+0.51¢ 605.15+6.23¢ MO0 50% woys 0 clidge
102.00+3.532 32.37+0.21® 408.30+2.56% MO 25% so s Y0 Clagge
239.61+13.25%" 96.31+5.00 1175.53+60.11F MO 75% woys V0 clidge

(P<4/+0) ailily (g0 a0 3 0 gl 45 S0uST b 415 dro BWIRT (ygus (5SSId (49031 (il 3 diliive Bgyn (61,15 Slas! (g s D

@l bl 2w oo LS 1) (G § g 0 gyl (o9 gLl it A dix 0005 il 02 ol 8 Jgi>

9 (203 W/ A) Sgid—lall .iols L o plos 51 YL |y sl Silgid cduo > Do o g 2o yd VO lige (gl Lo
Sl Sdgnily] ol L5 393 51 ls dme yguas |y Jlaie (st doy> YO 5K Hlass 13 (o yd Y+ V) sl SS9l
Sln) 1555 5 sl S3ais 515550) 09 dals o a4y s Jlade op YL gl 2oy YO clidge jlows 55 (o> V/+1)
Sl L 3g3 5l b e Coygan 1y Jlade oy i Jald e g doyd YO K wuoyd YO Glidge slajles jd dul
o oy bl pgaces comizzan ol i |y e 5Vl doyd YD 5:5e 5 aald slayless 15 duus] CSgilsSnljeS o0
g ) VL e 2ol jlas 4 Cund 103 VO 5K g 03 YO 3o o> YO (g9) slajlass )3 alaix gl
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Table 3. Profile of saturated fatty acids of biodiesel (methyl esterified) in Dunaliella salina

grown under different conditions (numbers are in percentage)

e bl geoe el ol Sl Sl Sl Siinally Sl St po oo
el Arachidic acid Stearic acid ~ Palmitic acid Myristic acid Treatments
Total saturated (C20) (C18) (C16) (C14)
fatty acids
(SFA)

24.59+0.56"¢ 1.26+0.14fn 4.99+0.14° 11.20+0.14°  7.12+0.14% Control sals
31.52+0.639"  0.66+0.07%° 6.60+0.18%"  14.82+0.18¢  9.42+0.18%" Zn 50% 15,3 0+ (55,
22.86+0.52%  1.17+0.13¢f" 4.64+£0.13%  10.42+0.13° 6.62+0.13° Zn 25% 10,3 Y0 55y
30.35+0.645F  0.95+0.10%%f0  6.29+0.17°%  14.12+0.17F  8.97+0.17% Zn 75% 55,3 V0 55,
38.45+0.74i 0.45+0.052 8.13+0.23' 18.25+0.231  11.60+0.23% CU 50% 4030+ e
23.39+0.53¢ 1.19+0.13fn 4.75+0.13®  10.66+0.13" 6.77+0.13° CU 25% 403 Y0 e
33.36+0.67" 0.72+0.082bcd 6.99+0.19%  15.67+0.19" 9.96+0.19' CU 75% 403 VO e
29.29+0.61%  0.83+0.09°cce 6.09+0.17¢¢  13.67+0.17°¢"  8.69+0.17°f Mn 50% 1oy 0+ jSie
25.28+0.58¢ 1.29+0.149" 5.13+0.14° 11.52+0.14¢ 7.3240.14°¢ Mn 25% woys Y0 35
32.52+0.679"  0.92+0.100c€f 6.76+0.19¢"  15.18+0.19%"  9.65+0.19" Mn 75% 105 V0 jSie
28.02+0.614 0.55+0.09% 5.82+0.17¢ 13.40+£0.17¢  8.42+0.17% Fe 5096 av s 0+ (ol
22.81+0.52®  1.16+0.13¢f" 4.63£0.13%  10.39+0.13° 6.61+0.13° Fe 25% a3 ¥ (ol
36.10+0.75 1.02+0.11¢%fo 7.51+0.219"  16.85+0.21"  10.71+0.21 Fe 75% 103 V0 (ol
29.91+0.61%"  0.98+0.09%%fs  6.25+0.17%%  13.82+0.17¢"  8.84+0.17°¢ C0 50% oy - s
20.98+0.462 1.24+0.11fn 4.30+0.112 9.39+0.112 6.04+0.11° C0 25% 1oy V0 LS
30.51+0.59¢f 1.22+0.03f" 8.33+0.231 12.80+0.16¢ 8.14+0.16¢ C0 75% 1oy VO s
29.25+0.61%  0.82+0.09°cde 6.08+£0.17%  13.66+0.17°"  8.68+0.14°" M0 50% 103 8+ clagse
23.92+0.520¢ 1.44+0.13" 4.91+0.13° 10.67+£0.13°  6.88+0.13" MO0 25% 1wy ¥ cladse
31.34+0.60  1.17+0.03¢fe" 8.00+0.22" 13.54+£0.17¢  8.6140.17%" MO0 75% 103 VO clandse
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Table 4. Profile of monounsaturated fatty acids of biodiesel (methyl esterified) in Dunaliella
salina grown under different conditions (numbers are in percentage)

Slosl gaome  dpl Sgg sl Sang)l S50K] el S8y sl Syl el Sllgielly, Slgtn o ) lous
el w2 5wy Nervonic  erucic acid KW Vaccinic ~ Oleic acid  Palmitoleic KW Treatments
Total acid (C22:1n9)  Eicosanoic acid (C18:1n9) acid Myristoleic
monounsaturated (C€24:1n9) acid (C18:1n7) (C16:1n7) acid
fatty acids (C20:1n9) (C14:1n5)
(MUFA)
29.71+0.35'™ 0.19+0.08% 8.90+0.191 9.24+0.14i 3.35+0.14% 3.94+0.14% 13.35+0.14° 0.71+0.14% Control sals
19.02+0.07°  0.10+0.04% 4.67+0.10° 4.85+0.07° 4.43+0.18% 5.22+0.18%" 17.66+0.18°" 0.93+0.18% 1oy 0- g,
Zn 50%
27.62+0.327k  0.18+0.07% 8.27+0.18' 8.59+0.13" 3.11+0.13% 3.66+0.13% 12.41+0.13% 0.66+0.13% .oy ¥ (4,
Zn 25%
24.73+0.199"  0.15+0.06% 6.76+0.079 7.02+0.11F 4.22+0.17%% 4,97+0.17%f 16.82+0.17% 0.89+0.17% 10,5 VD (59,
Zn 75%
16.14+0.05%  0.06+0.00% 3.20+0.18" 3.32+0.05% 5.46+0.239 6.42+0.23" 20.79£0.72" 1.15+0.23% 1530+ Lue
Cu 50%
28.26+0.33K  0.18+0.07% 8.46+0.111 8.79+0.13" 3.19+0.13* 3.75+0.13%* 12.70%0.13° 0.67+0.13% 15 ¥d Lue
Cu 25%
20.69+0.08>¢  0.11+0.04% 5.14+0.12°¢ 5.33+£0.08" 4.69+0.19°" 5.52+0.19% 18.67+0.19% 0.99+0.19% 1o)> VO e
Cu 75%
22.01+0.15%¢  0.13+0.05* 5.87+0.19° 6.09+0.09¢ 4.09+0.17% 4.81+0.17% 16.29+0.17% 0.86£0.17% vy 0+ jKie
Mn 50%
30.54+0.36™ 0.20+0.08%° 9.15+0.14% 9.49+0.141 3.44+0.14%° 4.05+0.14° 13.72+0.14° 0.72+0.14% 10,3 YO 55ie
Mn 25%
24.43%0.16%"  0.14+0.05% 6.52+0.127 6.76+0.10°" 4.54+0.19%f 5.34+0.19¢7 16.58+1.30° 0.96+0.19% 1oy V0 5Kie
Mn 75%
20.09+0.15%  0.40+0.05° 5.60+0.18% 5.82+0.09% 3.81+0.17" 4.54+0.17% 16.01+0.17% 0.59%0.17% 1oy 8- ol
Fe 50%
27.56+0.321k  0.18+0.07% 8.25+0.10' 8.57+0.13" 3.11+0.13% 3.66+0.13% 12.38+0.13% 0.65+0.13% 10,5 Y0 syl
Fe 25%
22.62+0.02%7  0.11+0.04* 1.95+0.12% 5.14+0.07° 5.04+0.217 5.93+0.219" 19.07£0.789 1.060.21% 1oy VD .ol
Fe 75%
23.09+0.15%%  0.83+0.05° 6.02+0.15% 6.25+0.09% 4.24+0.17° 4,96+0.17%f 16.44+0.17°% 1.01+0.17% 1uy> 0+ LS
Co 50%
25.79+0.28"  0.37+0.06%° 7.50+0.37" 7.774£0.119 2.95+0.11% 3.44+0.11° 11.15+0.11% 0.78+0.11% 1oy V0 LS
Co 25%
27.96+1.76  0.104£0.01% 5.00+0.12° 5.21+0.58" 5.59+0.23¢ 6.58+0.23' 15.25+0.16° 0.81+0.16% 1wy YO LS
Co 75%
21.94+0.15%  0.66+0.05¢ 5.86+0.18° 6.08+0.09¢ 4.08+0.17% 4.80+0.17% 16.28+0.17% 0.85+0.17% 0 clise
Lo yd
Mo 50%
29.49+0.324m  0.45+0.07¢ 8.53+0.39% 8.84+0.13" 3.38+0.13* 3.93+0.13® 12.66+0.13° 0.93+0.13% ¥d cluge
Loy
Mo 25%
26.84+1.691  0.09+0.01% 4.76%0.32° 5.96+0.40¢ 5.37+0.229 6.32+0.22" 16.14+0.17° 0.86+0.17% Vb clise
Loy
Mo 75%
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Table 5. Profile of polyunsaturated fatty acids of biodiesel (methyl esterified) in Dunaliella

salina grown under different conditions (numbers are in percentage)

ol ggome SoliSalisSsy el SISl Spn sl sl Sogetl] SsmalisSl Sug-Wl Sl byles
i s o sl s Eicosapentaenoi KW Arachidonic KW Alpha- sl sl Treatments
Total ¢lsl  Docosahexa cacid (C20:5n3) - Ejcosatrienoic c;(():-ig s Eicosadienoi linolenic  Linoleic
polyunsaturated enoic acid acid (C20:3n3) (C20:4n6) c acid acid acid
fatty acids (C22:6n3) (20:2n-6)  (C18:3n3) (C18:2n6
(PUFA)
39.70+0.59%f  4.69+0.19" 2.51:+0.19f 2.63+£0.19"  0.88+0.19% 2.9240.14°" 11.75+0.14 4.2940.1 Jals
! 4 Control
37.88+0.76™  2.46+0.10°  1.324+0.10® 1.38+0.10®  0.46+0.10® 153+0.07° 6.16+0.07° 5.68+0.1 1)+ g,
8! Zn50%
36.91+0.55"  4.36+0.18%"  2.34+0.18%F 2.45+0.18""  0.82+0.18 2.72+0.13°" 10.9240.13 3.99+0.1 15 Y0 (4,
abed i 3 Zn 25%
40.85+0.73"  3.56+0.14°7  1.9140.14°%¢ 2.00£0.14%F  0.67+0.14  2.2240.11% 8.93+0.107 5.41£0.1 1s)3 V0
abed g 7cde Zn 75%
40.43+0.02%7  1.68+0.06*°  0.90+0.06° 0.94£0.06*  0.31+0.06® 1.05+0.05° 4.22+0.05* 6.99+0.2 1oy - (e
3" Cu 50%
37.76+£0.56™  4.46+0.18%"  2.3940.18° 2.50+0.18%"  0.83+0.18"¢ 2.78+0.13%" 11.1740.13 4.08+0.1 10 Y0 e
! 3 Cu 25%
40.4740.80%" 2.71+0.11™  1.45+0.11"  1.52+0.11°° 0.51+0.11%° 1.69+0.08™ 6.78+0.08" 6.0140.1 10y VD L
¢ 9" Cu 75%
38.17+0.70°¢ 3.09+0.13%  1.66+0.12° 1.7440.12"  0.58+0.12 1.93+0.09% 7.7540.09Y 5.24+0.1 swp0: 3K
e abed e 7Cd Mn 50%
40.81+0.61" 4.82+0.19"  2.58+0.19" 271£0.19"  0.90+£0.19% 3.01+0.14" 12.08+0.14 4.41+0.1 1oy Y S
: 4 Mn 25%
40.86+0.71"  3.44+0.14%  1.8440.14° 1.93+0.14€  0.64+0.14  2.14+0.10% 8.61+0.10° 5.824+0.1 ww > VO Ko
abed Qgef Mn 75%
36.80+0.70° 2.82+0.12°°  1.38+0.12%° 1.46+0.12%¢  0.3040.12° 1.65+0.09" 7.48+0.09° 4.96£0.1 oy - ol
‘ ‘ 4 Fe 50%
36.83+0.55" 4.35+0.18%"  2.33+0.18%F 2.44+0.18%"  0.8140.18 2.71+0.13°" 10.9040.13 3.98+0.1 1) ¥0 (pl
abed i 3ab Fe 25%
38.32+0.13%%* 161+0.11°  1.40+£0.10®  1.46+0.10% 0.49+0.10®° 1.63+0.07° 955+0.119 6.46£0.2 10y Va ol
" 1 Fe 75%
39.79+0.70°%  3.25+0.13%  1.81+0.12°¢ 1.89+0.12°¢  0.73+0.12  2.08+0.09¢ 7.91+0.09Y 5.394+0.1 1oy o S
e abed e 7cde CO 50%
33.984+0.48°  4.05+0.16  2.27+0.15%F 2.36+0.15°0"  0.93+0.15% 2.6040.11° 9.83+0.11" 3.7240.1 1wy VO S
v Co 25%
38.57+1.76%" 317+0.39%¢  1.70+0.27™ 1.78+0.27"  0.60+0.17 1.96+0.07% 11.55+0.81 7.17+0.2 4w Y0 LS
e abed ij 3i Co 75%
38.64+0.70°%" 3,084+0.13%  1.65+0.12" 1.7240.12"  057+0.12 1.9240.09% 7.7440.09" 523+0.1 &+ clidse
e abed e 7cd Sy
Mo 50%
38.76+0.55"% 4.63+0.18%"  2.61+0.18 2.7240.18"  1.0940.18° 2.99+0.13°" 11.17+0.13 4.26+0.1  Yd cladse
ij Sab Sy
Mo 25%
39.52+0.80°%"  3.04+0.37*  1.63+0.26™ 171+026" 0.58+0.17%¢ 1.88+0.06 11.09+0.78 6.88+0.2 Vo clidse
e i 2h| Sy
Mo 75%
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Table 6. Quality parameters of biofuel produced with Dunaliella salina algae under different

conditions
(pShS 2 JssskS)H @) CFPP LCSF el phusie  gudgslose  aowe bles
(gmmabes Degree of Cetan Number Saponification lodine Value Treatments
unsaturation Value
46664.04+8.44> -1.14+0.07"¢ 4.88+0.22%% 99.13+0.119 69.10+0.75°  9.90+0.08*"  143.69+1.23¢ Sl
Control
46722.29+13.86° 0.64+0.05% 5.44+0.18°¢ 7593+0.62° 74.50+1.33°  9.30+0.13°  135.16+2.03° o) O (59,
Zn 50%
46733.08+7.85° -2.2240.06*° 4.53+0.21* 92.15+0.10°" 75.55+0.76°  9.20+0.07*  133.58+1.15% 203 YO (59,
Zn 25%
46643.83+12.33% 0.86+0.06% 5.51+0.22% 90.32+0.34° 67.32+1.07*® 10.10+0.12" 146.65+1.80 Loy VO (<9,
Zn 75%
46653.42+8.07%°  3.46+0.05" 6.34+0.18" 72.72+0.08* 68.15+0.71% 10.01+0.08°® 145.25+1.18%9 KVESEY W
Cu 50%
46711.87+8.03% -1.89+0.06® 4.64+0.21*° 94.29+0.10" 73.50+0.76%  9.41+0.08%  136.69+1.17% KSR 1 W
Cu 25%
46658.64+14.58" 1.71+0.06° 5.79+0.20° 81.85+0.63° 68.62+1.29°° 9.95+0.14°"  144.48+2.13¢ 2o VO o
Cu 75%
46711.25+12.19% 0.014+0.06* 5.24+0.19°% 82.20+0.40° 73.44+1.15% 9.42+0.12%  136.78+1.78% Loy B Sie
Mn 50%
46636.57+8.68 -0.71+0.07% 5,01+0.23%%¢ 101.90+0.11" 66.69+0.74® 10.17+0.08 147.72+1.27% Lo yd VO 3i5ie
Mn 25%
46624.1942.11°  1.82+0.06° 5.82+0.21° 89.74+1.05° 65.63+0.17°  10.30+0.02¢  149.53+0.30¢ Lo VO §Kie
Mn 75%
46757.01+12.197 -1.36+0.06°° 4.80+0.19%° 76.99+0.40° 77.94+1.23"  8.96+0.12°  130.08+1.78" doyd B ol
Fe 50%
46735.01+7.83%F  -2.25+0.06° 4.52+0.21*° 91.95+0.10°" 75.73+0.76°" 9.18+0.07*  133.30+1.14 2oyd YO oyl
Fe 25%
46632.32+6.21%  3.83+0.07¢ 6.46+0.249 83.57+0.18% 66.32+0.53* 10.22+0.06" 148.34+0.91% 2o)3 YO ol
Fe 75%
46676.74+12.19° 0.78+0.06 5.49+0.19%® 8597+0.40Y 70.24+1.10° 9.77+0.13°  141.83+1.78° Joyp b LS
Co 50%
46802.23+6.92¢ -2.86+0.05° 4.33+0.18* 85.58+0.09 82.69+0.75°  8.50+0.07%  123.45+1.01° Loyd YO LS
Co 25%
46632.28+6.21%  4.50+0.05" 6.67+0.179 94.50+1.76" 66.32+0.53* 10.22+0.06" 148.35+0.91% Jop VO LS
Co 75%
46707.51+12.19% -0.04+0.06™ 5.23+0.19°% 8253+0.40° 73.09+1.15% 9.46+0.12% 137.33+1.78% .o 0. clise
Mo 50%
46683.13+7.83  -0.86+0.06* 4.96+0.21%°¢ 97.76+0.109 70.82+0.71%  9.70+0.08%  140.90+1.14% s> V0 Sliyse
Mo 25%
46625.34+2.96°  4.06+0.05% 6.53+0.16° 93.21+2.58" 65.72+0.25%  10.29+0.039  149.36+0.43°  1o)> VO Cligdse
Mo 75%

AP<e/+0) aidly (oo a0 yd 6 grhaw 45 JSuS b Ia gmo BT (g (513 (9051 (wlw! 3 dsline By > (51,15 Blus] g y2 45

Agricultural Biotechnology Journal,

V¢

Print ISSN: 2228-6705,

Electronic ISSN: 2228-6500



RN,

VEF (o San o WISy

wamsml,

Zhang et al. _.zag3 ;5 (Lehman et al. 2004) aib o cglate waliseo glacSils 3 o puaie Iyl
Microcystis aeruginosa ales 3l « s sy p (Soy55 3l o yid 13,579,500 Vo (3938 45 1555 osalie (2019)
2 39390 (gdxe lgo Jlude I by oty ploj e bSla ) culS i gy i) 43 £S5, VYO Ll jlaws oy
(Bumbak et al. 2011) ub o ialS sls islesl wile (BALCh L 29,35 (j5)9,) Slo slacuiS )3 &5 canl lame
0593 b (F/2) 5,3 S Lo sl D. salina wiy cbgy » (Folate il il odliiul 590 (gdie (sl yinn yols adllan p
e (3550 Ao )3 ey 203 VO (o slad 3 (52 )3 25 ks Vo gl o515 L) 32 0 S o VYO @ o e
Fwgid Jlade p oyl paie 45 Conl odd astie g 391 (5 3,5 due YISIOV) 1o )3 YO (4a] jled )3 0ad Mg 03¢5 Cann
Gastelum-Franco et _iag3 5o (Gastelum-Franco et al. 2021) s)ls 1) 31 o i (Sil> 0395 Cansj W55 5
s 2 S e VAT b ol (F/2) 5))3 5)lsskiwl oS e U D, saliNa s 59, 45 sl 3,155 (2021) al.
w515 e et Jalge oy 3 gl b s B liiion y ol gl o IS (20 2 )5 (obon YO Ayl oST5L)
Olpe 39 guon (2017) Smetana et al. adllas L a5 st o Conds |y 5V 0> zolaw Sidg gl (clacusS i,
Gastelum-Franco ) sl cusss p,5 Jeo UYL plp 59, W 51 a1y (F/2) 3,08 5, la5kol S bagoma b o Mg oy
RUGNINI imed D9 10> YO (e Hlos p3 pols anlllas 5| j2aS plyp B dgas 45 odel cuwy Hlaie &5 (€t @l. 2021
WY joy 50 oy hde BG-11 5 jluliul cusS o L DEsmodesmus sp. Suls o9, oloj 45 45 sl 3,155 (2018)
(o) 2 oSl VIS 9 VA) US55 9 e g9l BG-11 5 jluibl e b b (oy95 0loj 53 9 £33 shee OV F 3900 >
D. s ¢S Laes 3 Lo cdale ials amd o b5 ) 45 el (3,5 2,5 oo AN 350 13 VF o, 0 apn Mo

Ded a2y Oliwe 9 My L3l cuw SAlINA
Zhou et ) il oo () g adgl odlo laic 4 C22:1N9 glil 12 G aul 9 C16 glisl G slasgwl
sae C16-18 jolie Lsl5ol b s el U ddss ly s JS5 cpyiee C18 5 CL6 j1 c5VL oo (al. 2017
e A o il (Zhou et al. 2017) uS' o ol 1) g uin 5lisl sbo,S 9 a8, 5YL (Cetan number) k.

il gols J5dg0 4 Coumd gy (pl Wsd oo odalie (Sdaiy ey 0 del alEed Wsn dia b s (g5 gludl

\o

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEF 5l F 0)lowd 37 0,93) (55,9WiS (559935 gt oo

s,

sy L5 1) 38 (Gl 033l 9 S (oo I VL (595 ST Slgme it s (USFA) gludl jo 02
5 208 Jindon Mg sly (PUFA) ailfsis glutl s o sladel (sols (Sl 3y cslopséay ool (Chisti 2007)
il @z ol YL lsme gl & laty) > Jdge calse Sl (e «ixio daw 53 (Chiistl 2007) s 58
(P9 s zed g ool dae 1l g (sl k(S L oS cunl ol s (PUFA) gLl 2 o295
Oy bl e ol adllas (3 1o )d YO S Hls 5« s (Pinzi et al. 2009) 5l cdgw > bte <l
2wl ol 03 LS &£ ol 0 &S jalailad ol duslre (6551 J&s ol L ) Hlade oy yieS glubl g 0y A
2393500 13) (LS (Sis gy o (slp M8 oS (g polis 0390000 L g 0391 glice p,SokS 5 Joj ok FFIVO b FFISY 03g00
wile s clacdgw (gl dbgye Hlade b g aib o YL (Demirbas 1982) 54 onel cuwd 4 (p,55hS 5 Jo59ls ¥+
SIS o i Chg polss et (sin slga clacudgazee 9 on dunli (p,SoLS 5 Jajoks ¥D 395 13) s
(FAME) o1 (2l e 0y slodon Ly 2 ond bl oz (slasuasl 5 il 0po; 2 (slosasl (23l L oSL
oo > (Nouri et al. 2019) 5 oo 0435 s 0395 Cannsj 32 Byan (3 dlgo Lo 13l a8 b 5 )38 o 3l
3 2o yd VO lise 4 Sladge g 5500 a5 Sloj Lol wge VFY b ol o sae (gl Jyus bl s 3 03,8 a3, D. salina yols
Ay e ials 4 e baylew b 0)S Ty ]38l (6)ld dixe Cygaar B dde (S odlatnl CuiS lause jd o yluilinl Hlade
o5as Lol el 0025 058 Ly 5 Wizl ASTM (slas Jasliasl ;5 45 (eloyzolyly j1 S cudlts o sine 50 geud b
Sl slgize &S Cunl B 23 il (55900 (FAME) ol Jite Gyn sladnl (gl (ogas (slad liilis] iy yai oS conl
P s 2 p) Oy Lo & s (a3ls (] {1996) Mittelbach s bl 2 48 o Cinogs |y eledl s o
Voo p(l2) 4 pyS WYVe jlade Shas (YeoX) byl oylibinl 3yl (S (3945 o0 Byuno (slosd 03l S 5l 0,5 Voo Lawgs &S
s Cp sl b Ol &1z s a5 A > 5908 Jele Sy lyis 4 Wlgie o WS e Ly ) 9y S
b3l cnl 298 Olay 09y oMb Sl b Slgw) JSiS 4 joxie g 00d by pulS” (gl iy yors 40 oo cpludl 18 0055
Ll pug 0,005 Al Gy sladwl glae (39 05 ¢yl plis Wb o il Gy sladul 0,555 5 A5 sladign i
Ll b jlog dar lawgs odd AJg5 Jpoem (sdises alllas (pl 43 wduy oo Jla5 4 YV Wy dae b gludlyue an o i 5l i
2 gl e Cpp slasl ol Sty ()5 VY ) syl slod il Lasgs oad by ST 4y s (65008 4y alie
(6508 551081 (6 Y (L3 4y 200 L Jjdgn A8 o (6503101 ]y ] sl (o)lnly 42 bogeyo 3y 20 ylade 5060
sdalie duoyd YO LS diges 1 (CN) pliw dae oy iy (Mittelbach 1996) 51y 5opb 2y sxe jlude b 5300 4 s
258kes (gl VL lis 200 e ol 3yl kS g 3l 3 Glos o Jidgm Jamilyied s S lis 200 05
ASTM ) 134 0 b ¥V 1y 5155 o las (sl il olul s lias 305 JBlios 5 365 co 43,8 35,5 jias ¢ 31yl gigo
1

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

VEF (o San o WISy

wamsml,

Oliw sae p3lie & Joan 0yl (S 1 g5 (gl ookl 390 4ol Slge 4y J 32390 i die 45 Canl 0sd asuiie (2002
CatsS Jol glaasls 51 (SO bue dae 5yl H8 0 slaygige (sl 6V edgame 3 &S dad o L |y dalllae )50
oS iy loj dp gl 3lin] dlaizme 4 32,5 5l o 551 Jkdl 36 e 4 bgrye cnl il > g
oS 9 b [y NOX jlasl g YU sluw sae oo bl elidss (Ramos et al. 2009) Sl g ol jriw ol dae wisl
dae polde a8 Wilealy L piored (L8 Glalllas .l Joome S50 iyt (S jeb 4 5000 oliw dae .Caol 02l LS
owmen (Krisnangkura 1986) cuul ciglite dgu (y£9, 3l odid 3o Jjg0 b 03 S jobo &y caliseo adgl slge 3l ylinw
3 Ikl S lae b 03,8 05, Desmodesmus sp. s s oyl sie jlade 45" ks 3y1;5 (2018) Rugnini et al.
gyl 4l (olasluslin] j3 a3 g BA/Y 5 YV/AY b ply Codyb d dgr e 9 JS5 Sl (gols &7 ouiS bagses
3, (Ramos et al. 2009) £\ L ply J56 Jpdge slp oliw 33 polie il o (FV J8las) odseie YL g (Y Jlus)
Anabena asle s Sbgl ;I S, 4 (Talebi et al. 2013) av/av L Ll Scendesmus sp. o Sils
(Gismondi et al. 2016) >4 YV/YA 4 VV/0F YV/EA L 4y 5,5 4 Calothrix sp. 3 Nostoc sp. avestumalis
s a3l 5 500 (S5 og (A8 Oldlles iy angr BB job 4 aS 240 AY 150 0dgumme )0 dalllae opl > liw sae lade
2 ok el e b Jndgn cé g ol (DU) ot gludl l glazps e ($Ysb (slooydd 5 suilans] s)lk
25 S o> B0 (e sl 1) (6558 @B Baiod ol 2> (6 5VL (o)l wde (SY b (giloe S
adllae 5,0 1, BOtryococcus braunii ju Sus 4,50 Jpg0 ol (2018) Ruangsomboon  glaslks
Dy pobs adlles 5 iy e BB jsb 4 (VF-FR) cuclusl e a3 5 (A1) W dae las ) adlles opl obs b 5,8
Pl 2 &S sl gyl gla Sy 5l S0 (Ko s gldl > oy sl 0 po; Sl g 0o Jobo  0gMe
slo)les lp (DU) cuslidl 2 420 & i o (Knothe 2007) 535 oo 18b oy sl JgSlge (g 5 S5
50 Jles > D.5aliNG 591 e Vo) B o )d VYl ol s 4 pdlie .ol o o3l oLis D. salina s 5, caliseo
Cucldl pf an s ST sl PUFA (oYL (glgie saimsylis a5 5,8 adg gV glisl pf do o b (Joame dopd YO
sl slowds [l 31 ol ABus glsl pd Gy slasul 5 gLl 1 S5 Oy slassl lap s 5l S5 Egecme
A6 e SVgh () & Comlus g ol oo sl S99l (5L 5> Cuslidl a2y 0hg 4 oy
085 ) ) S (6l giloopd Bl cunle 5 bagusTy o lipwsT 5l (g3 6T 55 do,S dgn g3g 5,35 o
2 W9 iy 3939 ((5eST Hpax > baee glod y3 03l Sy (6355 4 395 (ypwlinnsS]) GgmlienSTgl > 48 o
Cuxbgo 5 dla) & (S alizes glace yuw b gladl e G gladl Ol amlins gl ccwl oy GluS 5 0o
duslio )3 (Wswd pyS slaps] plo b 689> Ko slyls 0,8 w3l o] ;5 &S lasign) ST cladwdS 5 4> (slasigw
o (Allylic bonds) (SJT g5 (cla Ko o diad 5 wlas auwliens] plp )3 (clodg yob 4 59> (clasign plo b
ARY

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEF 5l F 0)lowd 37 0,93) (55,9WiS (559935 gt oo

s,

e 33 Sl slacasige Sl it wigd o €l dul Silsi 9 Sellgid wile iy il i i slatsnl > Ygoms
D. tertiolecta s (2010) Francisco et al. )15 wlol 5 (Frankel 1998) suwa  guoliwns]
Sl Sdgid + Kot VU slaclale ¢ YU cuclisl 8 4> 0lis L Chlorella vulgaris 4 Phormidium sp.
Jete g0 Ag dy bles ((duoyd +/VY g 0o )d VTV 5 203 ¥/OY g do)d VEIY cdiopd <[5V g do)d AN bl i 5 )
L NOX (el (slajl5 )Ll el 2 ogMe i)l oad ()35 (slaisS plos dy Capmd Fidmd (plionsT g)luly b il
(Rosli et al. 2020) wb o iol58) cuclisl pé as > iol38l

RAMOS ) causl agi o 005 el sl o oo gl glgines b (CFPP) 3y yikd Jlas! dlais 45 sl 05 et
lis 1 el Lasye CFPP L Loy ¢ 008 oyt 5 (LCSF) ul o) b e 3 ksl L (et al. 2009
(Wuetal. 2012) sun L opb clod p Slhms Goled b Jpdgw 5 (C24:0 3 C22:0) 5 5Ysb ()8 (oo
Ol gl 38 o ol jeas ploj )3 1) syaS ke 5 are (LS |y JRdgm 3y ol ool CFPP 056
Gl 1y el cpl AUl 55 ool 03,55 )85 398 Slasuiio G 3 1y (ol (slod Codgime EN 14214 5 )lliwl a3 0
03,5 Uiy y5 Juine glgn g Gl )3 ugaandus 4203 /0 B (b 3y (dlsp 5 O 3 (g 423 0 | ilisee (clagiS
EN 5)luliol aiels 15 a5 3 wgumdus a3 ¥/0+ JI=Y/IVY 0dg00 3 ol saslllas 3 0 ()5 CFFP polis .ol
05155 (2018) RUgNini aalllas )3 yoguudds 425 —0/YA b oguds 4,5 =Y/« 5l CFPP jlads 5,5 0 sl> 14214
CFFP sas (sl,> Scenedesmus obliquus <Sls cuis’ a5 ks 3,15 (2015) Alvarez-Diaz et al. . piscen .0
39y (g 42)3 yiio I a8

yme s oS polie a8 slacdale L wlg o D. salina s e3g5 cunys 48 5l )Lis lodls 34 g5 ddens
Ol polie 5l By 3908 (S ym0 ;5 a5 0Dy Job )3 0395 o) (> S 05y (F/2) 3,5 5kl cusS” e )3 00
oo sless) st b g (0 VO Slindge o LS (5iKie 59y (sbolows diilon) L Loy o)l 4y a5y (Ulgs dgu 48,5 1,3
4l 5 (F/2) 5, M3 S laes I oalin] Juwils ol L 1y (S8 159 py5 (duo VYO <A 0395 Cons o b duo)d VO
3 a8 Sloj wlo) amay cawd Iy 0355 Cunaj 1 63b5 Gliwe Al g (9 0393 S5k 1 Sl oo SleaS polie i
Job s jlosi & S ) (gt (02 e (3950 03l (02 W95 (s pud g ()9t Wile Bpae yy polic Sod
lasad 5 YL Gl sae l)ls) 103 YO LS Jlos )3 il 15 0395 Cannj ool Cawd & g3 kS b g S
1) Jsog g sly D salina il o5l cutS (sl ot gl oozl Sl o 5y el o 0y 3l o2
VAY/FF) sals o 1yt (o8 (S 0395 S 2 p)5 (oo VAVIAY) (02 (e (Jg 35S 0355 Conaj g 3929 b ST

D3 1) (U8 0355 Cunaj oS ke
YA

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

VEF (o San o WISy

wamsml,

—e Aol b 3I3)5 ot o)l rnb milie s (ghpsliS pale oSy o culos b gl ol 208 ) 5wl

References

Alexova R, Fujii M, Birch D, et al. (2011) Iron uptake & toxin synthesis in the bloom-forming
Microcystis aeruginosa under iron limitation. Environ Microbiol 13, 1064-1077.

Alvarez-Diaz PD, Ruiz J, Arbib Z, et al. (2015) Wastewater treatment & biodiesel production by
Scenedesmus obliquus in a two-stage cultivation process. Bioresour Technol 181, 90-96.

AOAC (2005) AOAC official method In, Official Methods of Analysis of AOAC International.
18th ed. AOAC International Gaithersburg.

ASTM 6751 (2002) Standard Specification for Biodiesel Fuel (B100) Blend Stock for Distillate
Fuels.

Baptista MS, Vasconcelos MT (2006) Cyanobacteria metal interactions, Requirements toxicity &
ecological implications. Crit Rev Microbiol 32, 127-137.

Bumbak F, Cook S, Zachleder V, et al. (2011) Best practices in heterotrophic high-cell density
microalgal processes, achievements potential & possible limitations. Appl Microbiol
Biotechnol 91, 31-46.

Burnat M, Diestra E, Esteve I, Solé A (2009) In situ determination of the e?ects of lead & copper
on cyanobacterial populations in microcosms. PLoS One 4, e6204.

Chisti Y (2007) Biodiesel from microalgae. Biotechnol Adv 25,294-306.

Dai A (2013) Increasing drought under global warming in observations & models. Nat Clim
Change 3, 52-58.

Demirbas A (1982) Fuel properties & calculation of higher heating values of vegetable oils. Fuel
17(9), 11-122.

Francisco EC, Neves DB, Jacob-Lopes E, Franco TT (2010) Microalgae as feedstock for biodiesel
production, carbon dioxide sequestration lipid production & biofuel quality. J Chem
Technol Biotechnol 85(3), 395-403.

Frankel EN (1998) Lipid Oxidation. The Oily Press Dundee UK.

Gismondi A, Pippo FD, Bruno L, Antonaroli S, Congestri R (2016) Phosphorus removal coupled
to bioenergy production by three cyanobacterial isolates in a biofilm dynamic growth
system. Int J Phytoremediation 18(9), 869-876.

Glass JB, Axler RP, Chara S, Goldman CR (2012) Molybdenum limitation of microbial nitrogen

assimilation in aquatic ecosystems & pure cultures. Front Microbiol 3, 1-11.

14

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEF 5l F 0)lowd 37 0,93) (55,9WiS (559935 gt oo

s,

Glass JB, Wolfe-Simon F, Elser JJ, Anbar AD (2010) Molybdenum-nitrogen co-limitation in
freshwater & coastal heterocystous cyanobacteria. Limnol Oceanogr 55, 667-676.

Guillard RRL (1973) Division rates In, Stein J R ed H & book of Physiological Methods, Culture
Methods & Growth Measurements. Cambridge University Press Cambridge 289-312.

Helliwell KE, Lawrence AD, Holzer A, et al. (2016) Cyanobacteria & Eukaryotic Algae Use
Different Chemical Variants of Vitamin B1,. Curr Biol 26, 999-1008.

Hirano K, Hara T, Ardianor et al. (2019) Detection of the oil-producing microalga Botryococcus
braunii in natural freshwater environments by targeting the hydrocarbon biosynthesis gene
SSL-3. Sci Rep 9, 16974.

lyer R (2016) The issue of reducing or removing phospholipids from total lipids of a microalgae
& an oleaginous fungus for preparing biodiesel. Biofuels 7(1), 37-47.

Knothe GH (2007) Some aspects of biodiesel oxidative stability. Fuel Process Technol 88, 669—
677.

Krisnangkura KA (1986) Simple method for estimation of cetane index of vegetable oil methyl
esters. J Chem Soc 63, 552-553.

Lehman JT, Bazzi A, Nosher T, Nriagu JO (2004) Copper inhibition of phytoplankton in Saginaw
Bay Lake Huron. Can J Fish Aquat Sci 61, 1871-1880.

Miquel M, Browse J (1992) Arabidopsis mutants deficient in polyunsaturated fatty acid synthesis,
Biochemical & genetic characterization of a plant oleoyl-phosphatidylcholine desaturase.
J Biol Chem 267, 1502-15009.

Mittelbach M (1996) Diesel fuel derived from vegetable oils VI, specifications & quality control
of biodiesel. Bioresour Technol 56, 7-11.

Nouri H, Moghimi H, Nikbakht RM, et al. (2019) Enhanced growth & lipid production in
oleaginous fungus Sarocladiumkiliense ADH17, study on fatty acid profiling & prediction
of biodiesel properties. J Renew Energy 135, 10-20.

Pandey A, Srivastava S, Kumar S (2019) Isolation, screening and comprehensive characterization
of candidate microalgae for biofuel feedstock production and dairy effluent treatment: A
sustainable approach. Bioresour Technol 293, 121998.

Pinzi S, Garcia IL, Lopez-Gimenez FJ, et al. (2009) The ideal vegetable oil-based biodiesel
composition, a review of social economical & technical implications. Energy Fuels 23,
2325-2341.

Ramos MJ, Fernandez CM, Casas A, et al. (2009) Influence of fatty acid composition of raw

materials on biodiesel properties. Bioresour Technol 100(1), 261-268.

A

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

VEF (o San o WISy

wamsml,

Reetu, Yadav K, Vasistha S, et al. (2024) Microalgae as sustainable feedstock for biofuel
production and value-added co-products. Microalgal Biomass for Bioenergy Applications.
Woodhead Series in Bioenergy pp. 253-286.

Rodolfi L, Zittelli GC, Bassi N, et al. (2009) Microalgae for oil, Strain selection induction of lipid
synthesis & outdoor mass cultivation in a low-cost photobioreactor. Biotechnol Bioeng
102, 100-112.

Rosli SS, Wong CY, Yunus NM, et al. (2020) Optimum interaction of light intensity and CO
concentration in bioremediating N-rich real wastewater via assimilation into attached
microalgal biomass as the feedstock for biodiesel production. Process Saf Environ Prot
141, 355-365.

Ruangsomboon S (2018) Hydrocarbon Production & Biodiesel Properties of a Green Microalga
Botryococcus braunii KMITL 2 Cultivated Outdoor in Open Pond & Closed Photo-
bioreactor. Chiang Mai J Sci 45(2), 668-679.

Schenk PM, Thomas-Hall SR, Stephens E, et al. (2008) Second generation biofuels,high-
efficiency microalgae for biodiesel production. BioEnergy Res 1, 20-43.

Sebesta J, Xiong W, Guarnieri MT, et al. (2022) Biocontainment of Genetically Engineered
Algae. Front Plant Sci 13, 1-10.

Smetana S, Sandmann M, Rohn S, et al. (2017) Autotrophic & heterotrophic microalgae &
cyanobacteria cultivation for food & feed, life cycle assessment. Bioresour Technol 245,
162-170.

Soares J, Kriiger Loterio R, Rosa RM, et al. (2018) Scenedesmus sp. cultivation using
commercial-grade ammonium sources. Ann Microbiol 68, 35-45.

Talebi AF, Mohtashami SK, Tabatabaei M, et al. (2013) Fatty acids profiling, a selective criterion
for screening microalgae strains for biodiesel production. Algal Res 2(3), 258-267.
UNE-EN 14214 (2003) Automotive Fuels Fatty Acid Methyl Esters (FAME) for Diesel Engines

Requirements & Test Methods.

Wang XW, Liang JR, Luo CS, et al. (2014) Biomass total lipid production & fatty acid
composition of the marine diatom Chaetoceros muelleri in response to different CO2 levels.
Bioresour Technol 161, 124-130.

Wu LF, Chen PC, Huang AP, Lee CM (2012) The feasibility of biodiesel production by
microalgae using industrial wastewater. Bioresour Technol 113, 14-18.

Yang C, Jia L, Chen C, et al. (2011) Bio-Oil from Hydro-Liquefaction of Dunaliella salina over
Ni/REHY Catalyst. Bioresour Technol 102, 4580-4584.

Zhang X, Li B, Xu H, et al. (2019) Effect of micronutrients on algae in different regions of Taihu
a large spatially diverse hypereutrophic lake. Water Res 151, 500-514.

AR

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEF 5l F 0)lowd 37 0,93) (55,9WiS (559935 gt oo

s,

Zuorro A, Garcia-Martinez JB, Barajas-Solano AF (2021) The Application of Catalytic Processes
on the Production of Algae-Based Biofuels: A Review. Catalyst 11(1), 1-25.

Yy

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



