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Abstract

In the present study, a method for rapid flocculation of Chlorella pyrenoidosa cells with
Aspergillus fumigatus pellets was developed. The process could flocculate 99% algal cells within
3 h. In order to identify the critical parameters, apart from the flocculation conditions (different
fungal-algal ratios, flocculation temperature and agitation), the effect of cultivation time and
various pretreatments (autoclaving, cycloheximide exposure) for A.fumigatus was also
investigated. Results revealed that 24 h old fungal pellets flocculated at 38 °C at 1:5 fungal-algal
ratio showed the best flocculation efficiency. The cell viability assay showed that a viable and
metabolically active fungal pellet is a prerequisite for flocculation. SEM studies confirmed that in
addition to viability, an intact, and undamaged hyphae is also required for algal attachment. FTIR
of the algae, treated fungi and algal fungal floc indicated sharp change in peak intensity at 1024

cm™ and 1370 cm™

indicating the involvement of specific groups in algal-fungal interaction.
Finally, this method was tested on wastewater grown algae and 95% flocculation was achieved
within 3.5 h. The algal fungal flocs (1650 pm diameter) could be easily separated from the culture.

Hence, this process could serve as an alternative for concentrating microalgal cultures for biofuel

production in a cost effective way.

The mechanism study of the flocculation process revealed that neither algae nor fungi had
any surface molecules which caused the interaction. Analysis of the fungal spent media showed
that there was some extracellular factor which aided in the flocculation process. Microscopic
examination of fungal spent media incubated algal cells showed the formation of pilus like
structures on the algal cell surface. Biochemical analysis of the fungal spent media indicated that
the active molecule might be a sugar like molecule. HR-LC-MS analysis of the fungal spent media

led to the identification of N-acetyl-glucosamine (GlcNAc) which had a role in the flocculation
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process. Further studies with GIcNAc incubated algal cells confirmed its role in the flocculation
process. Limited studies have been reported in the recent time but no workable mathematical
model has been developed for the same. In the present study, a mathematical model has been
developed for fungal-assisted algal harvesting which shows that the process is not a second order
process unlike other flocculation models. The process is also dependent on the radius of the algal
cells and fungal pellets. Moreover, the flocculation process is affected by the velocity gradient of
the system. The model was validated using different experiments viz. different fungal-algal ratio,
variation in rpm, different algal strains, algae grown in different wastewaters and finally ina 10 L
photobioreactor. The proposed model is found to be in agreement with the experimental results

along with 12 > 0.90 in most of the cases.

The flocculation process was the carried outin a 10 L photobioreactor. The results showed
that 85% of the algal cells were harvested within 4 h. The mathematical model developed using
batch studies also held true for the flocculation in the photobioreactor. Theoretical calculation of
energy requirement for the flocculation process was done and it was calculated to be 1.50 kW h
kg™ of algal biomass. The cost of the process could be brought down by suitably integrating with
different industrial processes. The developed process could be further extrapolated for harvesting
of microalgae for use in food, feed and nutraceutical industries thereby reducing the overall cost

of these products.
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AT e H, Aspergillus fumigatus et & ITY Chlorella pyrenoidosa HIRIHISHT & el
¥ TRIIRERH (flocculation) & foT Tw fafdy fawfyd & 78 oftl ufdbar 30 & iR 99%
aTd PIRDISN 1 flocculate PR THdl g1 HE@YU WM B UgAH B & forg
FaegaR fufat (afia Haw:ard U, T a=E d9dM 3R Sfigia) & SiardT,
Afumigatus P T Wt & I 3R fAfNT TR (autoclaving, cycloheximide exposure)
&1 guTg off S T T o7l A 9d1d § B 24 h /A $a@ Td 38°C W 1:5 Had:

AT SHTATT T ST TR G&IdT (efficiency) foaTd &1 T AT (cell viability)
RE A @ & & Tagr SR Jaued Aihd Hadh Md FaaaRH & ol T g4
I g1 SEM 31Tl 3 U &1 fb saderddl & 3fama, Th 3R¥s, 3R Sidifed sgwr it
9T P TG & U AP g1 AVIAd & FTIR, HIb R YT Hddb Ullp - TRH
ol ® a9 SfcR BT 1024 cm! 3R 1370 cm”! TR ERIMT § Sl RAaTel - Pdsh WRER fobar #
fafdry gl @ yrfieRt & axifar g1 ofd |, 39 fafy &1 adiemr Smfy o & I o[
ardl AT IR foam T o7 3R 95% TAagaR 3.5 h & iR g1 fosar mar uT1 ara
HID BId (1650 AIZHI ) M F IPfA T 3T a1 51 bt 31 A, T8
UfehdT SId 38 IdTeT & o AN THTE dRid o JeHolld Wil IR &M dhigd B

& fdped & U § S B Ihd! gl

TAIRIAR Ufhar & dF 3reggd § Ul Ian fob 9 A ard 3R 7 8 Had & U
g & 37 A Sl YRR fhdT BT SR §4d | DHdd Ygad HIfSAT (media) b faRAT0T
T Udl Il fob S a1 BIRIBIY Af Sl Trellagei== Ufshdm H Tl Hdt Uf| dac Ugad




fpu T ST (media) Pt AZDHRBIUG T H AaTd HIABISH T I TT HIFRAHTY
AT (pilus) Pt YT BT AT I Jag R I3 Bt avg feard g1 was oy Hifgar
(media)%%WW@WW%%WWﬁ@ugM)ﬁW3@

8 T&hdl 81 Ha® Wgad HISAT & HR-LC-MS =AU F N-acetyl glucosamine (GIeNAc)
DI UgAH P oI HRUT G Ufhar § YHST MR T38| GleNAc TageC g
AT PIRIBISN & Y SN & T PR UichdT o T YffeT &1 gy &1l g
& fort o iftd sremael @1 gEem el § afd 39 T ®is AagiRe 1oy Ared
faepRyd 81 fobar a1 &1 A 3T H, Hach:TgIAD Yale Helg b Y Th Ty
Hiew famiid foar m g S fa@mar § T ufshan o weiieeeH Afsd & fausid gast
3R uforan =gt 1 I% Uk Yard FIRGISH 3R Fad e b e waft R 7
2% 3faal, TR Ufshdl UUITEl & oFT &Td (velocity gradient) & UHTAd 8t &1
Hisd & fafia Tt &1 IuanT Sxd A forar T o1 oY o | fafts Sae:are S,
3RYTEH (rReM) H T, fafta Qara Iudel faftd oy S@ & IME 9 ae ara

3R 3idd: 10 L BIcIaR—RaeR §| TRAIfad Aled SATedR JHd & 2> 0.90 & 1Y TRTHSG

oRRumet & 1y gHSNG § U ST g

TAIRIARH Ufhal 10 L WiaiaraRaex § &t T8 | Fd sad € & 85% ard
HIRIBTSN BT 4 h F HIAR TR T UTI ST LI BT IUANT IXb [AHRI ORI
OTed hIcaRREx § TIagaeH & fou off 99 811 Wiega’E ufehar & e S
IS B JGifad TUHT Bt T3 At 3R T T TAHN & 1.50 kW hke! T H
ToET @1 T3 o1 faftrd o ufsharefl & W IUged FU § UHIGd B Ulehdl &




ARTA Y HY fHa1 S IobdT 71 T Uende W 3R Yergfedd IO & IuanT & o
GEHSId &1 Hels & oY b d Uihal &1 3T eI o Tahdl § oY 34 Sdia) ®

$d AT HH gl ol gl
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