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Interaction of Biotin and Cobalamin on Biomass, Storage Products (Protein, Carbohydrate,

Hydrocarbon Content) and Biodiesel Properties of Botryococcus braunii KMITL 2
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Abstract

The optimal.ratio of biotin (B) and cobalamin(C). and the interaction of both vitamins on the biomass and
stored feed product content (protein; carbohydrate, hydrocarbon)-of Botryececcus braunii KMITL 2 in laboratory were
investigated. The vitamins were supplied to the alga in"axenic'Chlorella medium in adfactorial 4x4 experimental setup
of combinations at the:following goncentrations of biotin:'0, 1,2 and-3'ug/l (B0, B1, B2, B3) and cobalamin: 0, 2, 4 and
6 ug/l (CO, C2, C4, C6). The eontral group was not stpplemented with any ¥itamins./Among the various vitamin ratios
tested, B1C6 produced the highest biomass)(1:89+0.23 g/l)."The, highest spegcific.growth rate (0.39+0.10 /d), protein
content (23.29+1.15 %), carbohydrate=eontent (31.48+1.68%), and*hydrocarbon content (62.17+1.31%) were
produced by use of the supplements B1C0, B3€6,.B1C4, and.B3CO, respectively. The resulted indicated that biotin
and cobalamin had synergistic effects on the specific growth rate, and the protein, carbohydrate and hydrocarbon
contents of the KMITL 2 strain. The cetane values (45.75-60.37) of the alga from most treatments was higher than
the standard. The alga that was cultivated in BOC2 treatment showed better biodiesel properties, with the lowest iodine
values (30.09 g 1,/100) and degrees of unsaturation (32.78°C), and the highest cetane numbers (60.37). The results
show that combinations of the optimized levels of biotin and cobalamin are promising medium supplements for
this strain. They are able to increase the alga’s specific growth rate and can facilitate its use as a feedstock in biodiesel

production.
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Figure 1 Biomass (g/l) of Botryococeus braunii KMITL 2, cultivated" in media supplemented with different biotin

(B 0-3 pg/l) and cobalamin (C 0-6 yg/).concentrations:Values.are means+SE (n=4).
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Figure 2 Protein (%) of Botryococcus-braunii KMITL 2 cultivated-in media supplementediwith different biotin (B 0-3 pg/l)
and cobalamin (C 0-6-pg/l) concentrations.-Different-small tetters-on-the-lines indicate significant difference at
95 % confidence level(compare fig 2. A-D). Values are-meansxSE (n=4).
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Figure 3 Carbohydrate (%) of Botryococcus braunii KMITL 2 cultivated in media supplemented with different biotin

(B 0-3 ug/l) and cobalamin (C 0-6 ug/l) concentrations. Different small letters on the lines indicate significant

difference at 95 % confidence level (compare fig 3. A-D). Values are means+SE (n=4).
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ﬁ?:uzgmmammmmuéwﬁiﬁ%u biotin 3 ug/ WA cobalamin  (B3C0) RFunaulalnsansueu
(hydrocarbon content) z_gﬁizgm A8 62.17+1.31% mummimmmﬁﬁmmNﬁm"l,a‘llmma*’mu (hydrocarbon yield) uag
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Lm:m‘ﬁiﬁé“u biotin 2 pg/l $aurU cobalamin 2 pg/l (B2C2) TaafiA1winiL 0.90+0.06 g/l uaz 160.20+19.42 mg/l/d
ANNANSL (Table 1) Taeimudn biotin fu cobalamin HansnasuiuseFuialalnsAfueuresa1niie (P=0.030)
Wi liiAnEnafuusenananlalnsAFuen (P=0.198) waznaanan lalnsansueu (P=0.241)

¥4 biotin Uy cobalamin fvtidaelunisdaasesingslasis Tag biotin asfiviiiasnnngY cobalamin
Taertng N9 uLes acetyl coenzyme A (CoA) (Croft et al., 2006; Helliwell et al., 2011) mefmmmawmmﬁ
wudameivsinadlalasmfuewdisdwiieldsu biotin Wity uargeilaadleldsy biotin qeilan Taelidaed

cobalamin

Table 1 Biomass, specific growth rate (), hydrocarbon content, hydrocarbon.yield and hydrocarbon productivity
of B. braunii KMITL 2 cultivated under.different biotin (B,0-30g/l) and cobalamin(C 0-6 ug/l) concentrations.

. Hydrocarbon Hydrocarbon Hydrocarbon
Treatments B l /d
reatments fomass (g/l)” u (iday) content (%) yield (g/l) productivity (mg/I/d)
BOCO 1.4420.10°° “021+0:01°°%2 » 37,1821 043 0.5410.06% 77.2249,35%°
BOC?2 1.45£0006°°  0.12%0702° - | 3¥.77£135° 0.46+0.06° 38.95+8.22°
BOC4 1.54+0.04°"  0.1340102°°/ 33.96%1.16™ 0.51+0.05° 46.27+19.52°
BOC6 1.67£0.47°° £ 012020:03%°Y . @1 2041072 0.69+0.09™ 81.5627.93%
B1CO 1.55+0,14* 10.39+0.10° 36.15%1.53%° 0:55+0,04%° 148,38%51.87"
B1C2 1724017 7 02£0.02° 40,0441 69° 0769+0,09° 47.17+6.84°
B1C4 1,560,165\ 10.47+0.02%°. 50652227 0:77+0.06° 85:49+74.30°
B1C6 1.89+0.23¢ 0.17£0.02%° _1.39.3820/79% 0.76+0.44°% 69.43:13.20%
B2CO 1424003°°  0:84£0.03°" 44:14£052°% 0.63%0.08%% 150.89%16.40°
B2C2 1.63%0.09° (..0.31+0.03% 50/58+0:57" 0.82+0:103" 16020+19.42°
B2C4 1.78+0.04°  023:0.04%% 4878+0.69>° 0:87+0.03° 11524+27,63%
B2C6 1.8320.04°% _$,0.22+0:07°°Y £.48.97+0.67°%° 0.90+0.06° 142:92439.72%
B3CO 1.17+0,18° 0.19+0:02™% 62 1741.81¢ 0.72+0{04%* 116.45+16.36™
B3C2 1.3240.09% “.0.14+0:09°°.\ 49.34+0.74™° 0.65+0.07%* 66,3242.67°
B3C4 1.45+0.09%°%, 074240:00° A7-08£0.552% 0:68+0.04™ 55.94+2 39
B3C6 1.45+0.09°°%, 0.19¥0.03°°  52.67+0:29° 0.76+0.032 100.38+16.19%

Mean+SE (n=4) with the different superscript in column.are significantly different (P<0.05).

flseaudnaaiy cobalamin e TsMALLA A M Idswesianiaaanyiiuinuaziunnladuneg
mmmmmwuﬁ B. braunii BOT-22 eﬁwimuu 42% (Tanabeet al., 2014) mmqmnmiﬂﬂmmmﬁwmﬁ cobalamin
G 34LLquwﬂW@mmqmmwmu wazdaiiandnaselalnsanFueuaes B. brauni KMITL 2 WJEI LAZNARIN
mmnmuwmwmmmmmwuﬁ KMITL 2 i lalnsansuaugendnanssiug BOT-22 HANNITNAABIASIILAR LT
‘Lu‘wmjmmmm@wmnquvmm B. braunii KMITL 2 mumﬂmﬁmmiaimmmfaw,ﬂumﬂﬂivn@umﬂmm
saaaasmemfiulamsn wazlilsfn Auaisy muumﬂ‘wm?mﬂuﬁmymmmim”l,ﬂimﬂmmmmmwam@mLﬂnm‘wm
Tann mmmu@\mmmmmvmﬂunwm@miﬂ@mmermm iﬂqmmmiﬂ@mmum LL@“VI,‘JJ‘E@meﬁummu
qnving muum@wmmummmmmuiﬂLflmmqm‘ur:mm"l:u‘ll@mmmmﬁnmqmmummmmummmmu”l,uiﬂmsm
finanldnoll
wmmqm’mum'an'm"lmuuua“ﬂmmuummﬂu‘iammemmuuwwamfmmmfm

miﬂm:mmﬂsm"[muumﬂun@u‘lumuuiuiﬂmmmmmmw wmwummmhuuwwumm@ C16:0 %38 palmitic
acid 789a9NNA8 C18:2n6¢c ¥i3a linoleic acid (Table 2) EINﬂmﬁn‘umﬂﬂivﬂﬂuhuu“nmwmumw%Lﬂmmmum@m
vl TeRmaLtuiy Aedl C16 uay C18 Whiserlsznatman (Ramos et al., 2009) dafansantFunanselasiuausi
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wazllANAINLNEeARARIAL AN SV, DU way LCSF (Table 3) wanannieanuqdnily3unns C18:3n3 39:Au C18:3n6
Tdifin 12% (anidu B3C6 H 12.9%) uazaminelunnganimeaaesinanladiuialinuasy > 4 A 1% deiuais
NaNIRTFINLNTURLA Y99 European standard (EN 14214) (Bacha et al., 2007)

Table 2 Fatty acid profiles of B. braunii KMITL 2 cultivated in media supplemented with different biotin (B 0-3 ug/l)
and cobalamin (C 0-6 ug/l) concentrations.

FA BOCO BOC2 BOC4 BOC6 B1CO B1C2 B1C4 B1C6 B2CO0 B2C2 B2C4 B2C6 B3CO B3C2 B3C4 B3C6
C4:0 08 10 13 10 22 01 09 04 05 0r 04 06 04 05 01 01
C6:0 18 18 10 18 17 03 09 09 20 18 15 12 30 11 09 03
C8:0 51 566 563 50 216 97 59 83 45 37 45 26 106 138 24 13
Cc10:0 132 169 140 130 45 39 41 43 00 10 00 06 34 157 17 10
c11o0 66 120 71 98 64 4818 00 14 18 13 13 19 69 05 07
c120 89 121 43 100 69 45 81 81 74 =i /0 42 89 63 35 55
C130 69 40 53 39 30 22, 19 19,07 00 6803 14 28 58 79
c140 22 19 08+ 41 16 6~ 16/18,/08 ~16_ 13 w12 09 03 05 10
c141 10 15 09 09 —66._06-,03" 0400 06-—07 09 06 05 09 07
c150 12 15,07 16-/02,08% 07 (07- 00030202 409 04 13 12
c151 06 14 /0 03 .04 002 10102, 040000 00-01 04 01 05 02
C16:0 147 M7 140 124142186 +228 18.8»274 263 (261 23.1 228 158 215 18.8
C16:1 23 20 22 023530, 3085001 222\ w47 4.8 24 41 =35 19 38 37
C170 25 25 35 .34 28 25 .28 82 /82 106 115 123 39 24 50 38
C1r:1 28/ /32 7487 45--38 569 54 5659 00 0004 06 30, 42 60 70
c18:0 13 14~ 06+ 091605 | /04,047 390408656/ 16, 07 09 04
C181mot 1.0 1.6, 29+ 211120 46}/ 93.:.38..00~0000/.006/.18o 09 21 35
C181n9%c 6.2 | 5.0-°66. 5824 200 /0.0 4.7 411~ 1408108 102723~ 69 112 52
c182n6t 0.3° 102~ 03 104 45" 9.7 13 617700 00 406y 00 79 00 00 47
C182n6c 9.4+ '6.9¢ 1130 (2.1 8.8 181 10.9 127 (179 184 1671 184 124 147 180 185
c18:3n3 42 0.1 ~01 <00 05, 77-66 01,00~ 001 00 «00 @4 /02 03 90
C18:3n6 1.7 14 220 6398 |129-24 .28 34 24 30 33 20, 16 35 40
C200 42 36 64. 03 51 00 <00 70 /8763 T4 83 45/, 40 78 00
c20:1 02 02, 04+ 01 "04..05 006 05 ‘04 04 704 06 03 02 05 06
c202 00 01 %04 0. v00 02 0% 0200 /00 00+ 00+ 03 01 02 0.1
C20:3n3 00 00 06, %00 200 03 00 00 00 _00 /00 00+ 00 01 00 00
C20:3n6 00 0.0 00 00+ 0060.,04_ 00 00% 00, 200" 0O~ 00 02 01 00 00
C204n6 00 00 00 00%.00. 02~ 045015200 00+ 00 00 00 00 00 00
C205n3 00 00 00 0.0 00"0.0 “0.000:0--00 00 00 00 00 02 00 01
¢c210 00 00O 00 00 00 03 03 02 00 00 00O 00 00 01 00 00
Cc220 00 01 00O 00O 00 O01 02 01 00O 00O 00 00 00O 00 00 00
c22:1n9 00 01 00 00O 00 01 01 01 00 00O 00 00 00 00 00 01
c222 04 02 06 00 00 00O 00 00 02 01 00O 01 02 02 03 03
Cc226n3 00 01 06 01 00 O6 00 00O 0O 00 00 00 00O 00 00 01
¢cz230 03 01 04 01 00 03 02 03 00 00O 00O 01 04 01 01 00
c240 00 0O 16 00 00 OOt 00 01t 00O 02 00 01 04 02 05 02
c241 02 00 06 01 00 00 0O OO 0O 00O 00 00 03 00 00 00
SFA 69.7 762 662 643 717 504 298 60.7 653 658 656 617 651 711 526 423
UFA 303 238 338 357 283 49.6 702 393 347 342 344 383 349 289 474 577
MUFA 144 147 186 16.6 124 149 386 181 132 135 147 164 117 146 250 209
PUFA 16.0 90 152 191 160 347 316 212 215 206 197 218 233 143 223 36.8

FA = Fatty acid, SFA= Saturated fatty acid, UFA= Unsaturated fatty acid, MUFA= Monounsaturated fatty acid, PUFA= Polyunsaturated
fatty acid.
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Table 3 Biodiesel properties of B. braunii KMITL 2 cultivated in media supplemented with different biotin

(B 0-3 pg/l) and cobalamin (C 0-6 ug/l) concentrations.

Treatments SV (mg KOH/g) IV (g 1,/100 g) CN DU (wt.%) LCSF (wt.%) CFPP (°C)
BOCO 240.21 45.50 57.42  46.31 6.32 3.37
BOC2 251.06 30.09 60.37  32.78 5.67 1.35
BOC4 235.32 43.47 58.41 49.00 11.08 18.33
BOC6 243.04 53.18 5520 54.78 2.03 -10.10
B1CO 257.87 40.61 57.11 44.29 7.32 6.51
B1C2 225.07 82.08 49.62 84.37 2.48 -8.67
B1C4 223.60 97.88 4575  101.75 0.63 -14.51
B1C6 222.39 55.19 56.77  60.41 11.57 19.88
B2CO 214.76 51.45 58.6056.20 13.36 25.50
B2C2 216.09 49.55 58.92 5481 11.32 19.08
B2C4 219.38 45.95 59.46 ; ,50.05 12.76 23.62
B2C6 209.06 55.21 58,33 /6012 13.60 26.26
B3CO 233.18 52.82 56.24 - 58418 8.49 10.19
B3C2 249.37 39.64 58.08= 4319 6:41 3.67
B3C4 208.99 63:95 56.14 69.67 11.43 19.43
B3C6 208.91 93.47 4859 .. . 94.41 2.52 -8.58

anmaildlnsesuedfarald bliamdiliBR e wneAnd Adaitiaasmaiitnany wudokhslu teda
fudmannavsenignnImaness A (Cetans number. CN) aellugoy/4576:60:37 (Table:3)#1 ON iludniidas
fansasdlugusuuan s hm i Tmmﬂum‘ﬁmeqmauﬁﬁmiﬁgmﬁm SR ae N anpdAn CN g4
Refimsqaiinii | Reqernndansagifsramaatihn Adinasnnliuiunda sanndn Iadntiisinaldatng
fulszAvsmmdiaiinonne Tnuka-CN mmmuﬂuiﬂmmawmwum%mummﬁmmmmumimmmw 47 vize 51
PMAAITTUTeT ASTMD6751 (2012) U Fuel Standard (Biodiesel) Determination (2003) pnsia i L
mmww,ww AN ANN LA 0¢/11199-45,75-60.37 GhaieLyngmnmmaaeiAa. CN gendnunasgu
mmmmwm anLeNAaEY B1C2 WAS/BICH THAMie N naes) ASTM D675  laz B1CA M Hninasfnmsgu
Faaaunnt Favnndaensihsnmse RNV aRe et WHAR L Tl ARt foffitonsslaid
WiszAAsan iauiiaen N m@\iﬁﬁﬁﬂﬁqﬁﬂﬁmumwﬁmmﬁsm @7 .ON A8 B braunii aﬁﬂﬁuﬁﬁuﬁmaﬁﬁmmﬁ
i HAINAU 52.67 (Naseimento ePal., 2015)waz-55.4 (Asokkurmar et'al., 2014)8243A%" Chiorella sosokiniana
and C. vulgaris $5ANE 111 4240wz 40/24 (Sergeeva et al., 2017)

A1 Saponification value (SV) TR R iRluianAR e (Ao sty Tesnnlasturvan
flsznevegluisi wndn sv mmemmmhuummuuﬂiuL@mam NéTL1lsznauwes triglycerides agNAN
mmmﬂuﬂwmmmqmmq ay ety shfmImeaslleEa nzilethsnnamisiululedsaasinls
Suardmistui fudui sv A unasernifidulafie éﬁqﬂﬂml,@f;muuiuifamum B100 unz B10 §ei1 SV
WinriU 244 Uay 218 mg KOH/g (US Department of Energy, 2004) umummmmﬁﬂmmxmmhm@wmmuum SV
¢/luta49 208.91-257.87 mg KOH/g

A1 lodine value (IV) Lﬂuﬂ'ﬁﬁivuﬁqﬂ?ﬁmmnmhﬁﬂﬁuﬁq%wmsluiui@ﬁLsm Favnilen v ﬁm\‘i glanyin 1
visTulainasin anmmemmmﬁmmi@ﬂmuum%mm v fedlsifin 120 g 1,100 g Tagrn IV sasalufinaaldann
wﬂmmm@wmmuumaﬁimw 30.09-97.88 g 1/100 g Aehupnannnsinmsgiudiiwn uayindidssiue 1V 109
avsemaneTiafitiseul3luemiddees Francisco et al. (2010)

A1 Degree of unsaturation (DU) A Tuansienuasiresnsululofia yesraznaiannn
FusdBlE wnawseRtiinansaluiliEnsiussgninazinliilan DU ge TaeAn DU fisn wenefiaiat
uleRgatiuilenanupaiaila s lduundtsn DU #igs Taarn DU gasisiuanamingsesmmanesiiian
ag/ludng 32.78-101.75% Tnsganiananes BOC2 Aegafifien DU sign Taefisnesusn DU gesaiusediden
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auaANTRARL ATy 11 DU 1898 Mse Scenedesmus obliquus Wax Chlorella pyrenoidosa %q@fﬂuﬂiqq
76.53-132.08% (Wu and Miao, 2014)

anassadeiiuansnmninaanidululefsafernelaidufaigen long chain saturated factor
(LCSF) uazAMsgasiu Cold filter plugging point (CFPP) mmmmmLﬂummmemmmman‘Luma”me@ﬂ’mm
m@amuuiui@mmlumamwmwammum Fn LCSF uaz CFPP s uansdminsiuiinisiva quanlé winiien LCSF
uaz CFPP fige ﬂfawm'ﬂmmmuiuiﬂmLmuu%mnmm@mmw@mmﬂﬁm@wmLm@\mum"’l,mwwammum tlanyinli
hsudignunmenludan (Mittelbach and Remschmidt, 2004) Gawaannmsmaaesinudnindugesassiaan
qanemaaed B1C4 flé1 LCSF uaz CFPP fiafiqaie 0.63% uaz -14.51°C uwazlumanegansnaaesilen CFPP 4
fund 20°C denazimaianldudalulefaaesadiimnzauiussmaluemdlomung - Feedinisdsudss
AnusuiRnewhli19a5e Insidefiansnn feuiuamieddasmnadneingunuinenulding LCSF aesamsg
Scenedesmus obliquus WAz Chlorella pyrenoidosa %Q@gﬁhﬂi%\‘i 3.01-5.73% (Wu and Miao, 2014)

asunanIsAnE
NN RENE AL B, brauni KWL 2 \Je G GAEARARY biotin (B). W@z cobalamin (C) Amunzay
Aena WHNANANTIN0a8IdRAD 1.8920:23. g/l ARANTAREIBICE dantinnianaaadB3C0 Tiliunnlalnsansuau
geanAe 62.17+1.31%Lazwi97 biotin Ua% cobalamin HangnasaNiusedRg NSy RLIAA NI Uennmullshu
A lansm LLm"La‘Emm{mu m@qmuéwmmﬁuﬁﬁ ﬁﬂﬂu’l,u‘iﬂﬁLm@ﬁﬁﬂmmwﬁﬁmmﬁ@mnmmﬁﬂmmm‘mm@m
BoC2 TnaiflAn IV 4az DU mwm WinAr30.09.g /100 g uat 32.78°C #ash cetane mmmm@ 60.37 udndlfiiuin
NTLATHARNNH Biotin LAz cobalamin Lﬂu@nmqLzmmnmlumﬁém’mammummwwuﬁum@Lﬂumem@miu‘[@mﬁm

_a a
naanNgsaLsEnIaA
a o 3 ail/ Yo Yar (% = % = ¥ ¥
nuBdpAda ATl AfunuaTtdRLAIN A A TUlAtn SRR daatium A Tula BN A auINA LA AMIINS
aANTzils (2661-01-04-004)
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