Supplementary Information for Optimization of Astaxanthin Recovery in the Downstream Process of Haematococcus pluvialis
Inga K. Koopmann !, Simone Méller 2, Clemens Elle 2, Stefan Hindersin 2, Annemarie Kramer »* and Antje Labes »*

Table S1: Overview of process parameters and results of the conducted experiments for model regression and evaluation in spray-drying.

Input Output
Inlet Spray Feed . Biomass H. pluvia/is Astaxanthin content Outlet
temperature flow rate Cooling conc. biomass per biomass recovery temperature
recovery

Run (°C) (NL/h) (%) - (g/L) (g) (%) (% w/w) SD? (%) °C
Before 99.4 1.32 0.03 -

1 140 500 5 no 99.4 1.2 6.04 1.17 0.04 88.6 99
2 160 500 10 no 99.4 0.56 2.82 1.08 0.07 81.8 98
3 160 600 15 no 99.4 1.03 5.18 1.06 0.05 80.3 80
4 180 400 10 no 99.4 46 2301 1.14 0.07 86.4 112
4.2 180 400 10 no 99.4 493 251 - 134
5 140 400 5 no 99.4 3.78 1954 121 0.003 91.7 95
6 160 400 5 no 99.4 3.92 19.51 1.1 0.04 83.3 124
7 120 500 5 no 99.4 0.43 2.09 1.1 0.03 83.3 85
8 180 600 10 no 99.4 0.18 0.9 0.91 0.03 68.9 111
9 180 500 10 no 99.4 231 12.02 1.15 0.15 87.1 122
10 180 400 5 no 99.4 281 1412 1.16 0.04 87.9 134
11 180 400 15 no 99.4 3.68 18.5 1.22 0.09 92.4 115
12 160 400 10 no 99.4 236 11.84 1.22 0.1 92.4 107
13 180 500 15 no 99.4 1.82 9.83 1.15 0.08 87.1 114
14 180 400 10 yes 99.4 474 2341 - - 123
15 180 400 10 yes 49.7 2.58 24.62 - - 121
16 180 400 10 yes 198.7 6.13 15.2 - - 122

alSp = Standard deviation



Table S2: Content and proportion of astaxanthin and its diastereomers after various processing steps. Colors indicate comparison of sam

ples.

Total astaxanthin

all-E-astaxanthin

9Z-astaxanthin

13Z-astaxanthin

di-Z-astaxanthin

Process Step n? | Ax/H.p.?) SDY  Sigd Sig Sig | Ax/H.p. SD Sig Prop.® SD Sig | Ax/H.p. SD  Sig  Prop. SD  Sig | Ax/H.p. SD Sig Prop. Stab Sig | Ax/H.p. SD  Sig Prop. Stab Sig
Analytical scale

Non-disrupted 6 2.73 0.15 - - a 231 009 - 8488 205 - 0.12 003 - 421 078 - 0.10 002 - 361 043 - 0.20 004 - 730 092 -
BM (1x) 10 2.68 015 e - - 2.20 014 e 809 192 * 0.13 002 e 48 066 e 0.12 002 * 449 059 * 0.23 003 e 853 1.02 *
BM (2x) 9 2.62 011 e - - 2.14 011 * 8173 160 * 0.13 001 e 495 062 e 0.12 001 * 455 039 * 0.23 002 e 878 085 *
BM (3x) 8 2.59 011 | e - a 213 012 * 8223 146 * 0.13 001 e 49 057 e 0.12 001 * 449 031 * 0.22 002 e 838 08 *
BM - SD#) 9 2.68 009 e a a 2.24 008 * 8340 0.65 * 0.12 001 * 438 019 e 0.10 000 * 372 018 * 0.23 001 e 850 031 e
BM - FDN 9 2.52 005 e b a 211 005 e 8374 074 * 0.11 001 * 422 026 * 0.12 001 e 463 031 e 0.19 001 * 741 045 *
BM - VD! 9 2.25 0.11 * c 1.87 009 * 8305 038 e 0.10 001 * 429 021 * 0.09 000 * 391 017 * 0.20 001 * 875 029 e
BM - SD - SC-CO,? 3 8.33 0.20 * - - 7.18 018 * 8626 016 * 0.28 0.02 * 336 027 * 0.28 001 * 337 008 * 0.58 0.02 * 7.00 009 *
BM - FD - SC-CO, 3 8.78 0.11 * - - 7.58 008 * 830 018 * 0.29 002 * 326 029 * 0.29 001 * 331 o011 * 0.63 004 * 713 034 e
BM - VD - SC-CO, 3 6.90 0.16 * - - 5.91 0.14 * 8568 0.04 * 0.22 000 * 323 007 * 0.22 001 * 323 009 * 0.54 001 * 78 010 *
Non-disrupted 6 2.73 0.15 - - - 231 0.09 - 8488 205 - 0.12 003 - 421 078 - 0.10 002 - 361 043 - 0.20 0.04 - 730 092 -
HPH Y (1x) 12 2.76 0.06 e - - 2.34 005 e 8477 104 e 0.12 001 e 425 027 e 0.09 001 e 341 021 e 0.21 002 e 757 064 e
HPH (2x) 12 2.67 0.14 e - a 2.26 012 e 8464 110 e 0.11 001 e 412 028 e 0.09 001 e 350 030 e 0.21 002 e 774 068 e
HPH - SD 9 2.45 0.14 b b 2.05 012 * 8369 056 * 0.11 001 e 457 033 * 0.09 000 e 366 020 e 0.20 001 e 808 027 e
HPH - FD 9 2.64 0.19 e a a 2.21 015 e 8385 116 e 0.11 002 e 415 041 e 0.13 0.02 * 476 045 * 0.19 002 e 724 051 e
HPH - VD 9 227 0.25 * b a 1.90 020 * 8378 063 e 0.10 001 * 426 020 e 0.09 001 e 39 023 * 0.18 003 * 800 046 e
HPH - SD - SC-CO, 4 10.15 0.14 * - - 8.68 017 * 8554 043 * 0.38 006 * 373 062 e 0.35 001 * 346 015 e 0.74 003 * 727 024 *
HPH - FD - SC-CO, 3 8.83 0.09 * - - 7.50 010 * 8504 139 e 0.36 0.04 * 412 044 e 0.30 0.03 * 338 031 * 0.66 0.06 * 746 065 e
HPH - VD - SC-CO, 3 7.17 0.08 * - - 6.11 0.07 * 8522 041 * 0.26 002 * 35 033 * 0.24 001 * 336 008 * 0.56 0.04 * 785 045 e
Non-disrupted 6 2.73 0.15 - - - 231 009 - 8488 205 - 0.12 003 - 421 078 - 0.10 002 - 361 043 - 0.20 004 - 730 092 -
ND" -SD 9 2.50 0.12 * b b 2.09 008 * 8367 365 e 0.12 003 e 457 106 e 0.09 002 e 372 078 e 0.20 005 e 804 182 e
ND - FD 9 2.58 018 e ab a 2.16 013 * 8366 136 e 0.11 002 e 422 049 e 0.12 002 e 458 050 * 0.20 003 e 755 053 e
ND - VD 9 2.70 005 e a b 2.25 005 e 8327 064 * 0.11 001 e 425 019 e 0.11 001 e 392 025 e 0.23 001 * 856 039 *
ND - SD - SC-CO, 3 3.38 0.07 * - - 2.96 003 * 8759 113 e 0.10 001 e 304 028 0.11 001 e 326 032 e 0.21 002 e 611 059 e
ND - FD - SC-CO, 3 6.73 0.17 * - - 5.89 013 * 8743 047 * 0.21 003 * 315 032 * 0.21 002 * 313 026 * 0.42 0.04 * 628 059 e
ND - VD - SC-CO, 3 8.98 0.18 * - - 7.83 0.07 * 8718 090 * 0.28 0.04 * 316 040 * 0.30 0.02 * 330 010 * 0.57 0.05 * 636 041 *
Pilot scale

Non-disrupted 4 2.15 0.07 - - - 1.92 0.06 - 89.02 011 - 0.06 000 - 273 003 - 0.06 0.00 - 300 009 - 0.11 0.00 - 525 011 -
BM (1x) 3 2.01 0.04 * a - 1.78 004 * 8860 042 e 0.06 001 e 287 023 e 0.06 0.00 * 296 018 e 0.11 001 e 557 035 e
BM (2x) 3 2.00 0.08 * a - 1.78 008 * 8886 0.77 e 0.06 001 e 294 034 e 0.06 001 e 296 041 e 0.10 001 e 524 044 e
BM (3x) 3 1.88 034 e a - 1.66 032 e 8854 117 e 0.06 000 e 341 075 e 0.05 001 * 253 008 * 0.10 001 e 552 054 e
BM-SD 3 185 011 e - - 164 009 e 8883 110 e 0.05 001 e 277 024 e 0.05 001 e 257 036 e 0.11 002 e 58 058 e

aln=Number of measurements
b) Ax/H.p.= Proportion of astaxanthin in relation to total H. pluvialis biomass (% w/w)
9 SD = Standard deviation




4 Sig = Indicates significant differences (0=0.05) between the sample and its predeseccor. All milled and high-pressure homogenized samples are compared to the undisrupted samples. * means
significant difference and e indicates no significant difference. Samples highlighted in the same color were compared. Equal letter indicate no significant difference and unequal letters
indicate significant differences.

&) Prop. = Proportion of astaxanthin isomers in relation to total astaxanthin (% w/w)

)BM = Bead-milling

8)SD = Spray-drying

M FD = Freeze-drying

VD = Vacuum-dryning

1SC-CO2 = sSpercritical CO, extraction

K HPH = High-pressure homogenization

' ND = No disruption



Table S3: Estimated model coefficients, p-values and optimized parameters regarding maximal astaxanthin yield in spray-drying. Significant p-values (0=0.05)
are highlighted bold.
Quadractic model +

Linear model Quadractic model interactions

coefficient  p-value coefficient p-value coefficient  p-value
a (Intercept) 1.8038 -0.1508 0.9095
b, (Spray?®) -0.001 0.0011 0.0046 0.2196 0.004 0.5303
b, (Feed®) 0.0096 0.0848 -0.0123 0.6699 0.0797 0.749
b3 (Temp®) -0.0017 0.1054 0.0065 0.6521 -0.0094 0.8376
b1 (Spray?) 0 0.1453 0 0.3004
b,, (Feed?) 0.0011 0.4536 0.0021 0.5842
baz (Temp?) 0 0.6002 0 0.8778
b1, (Spray*Feed) 0 0.8265
b1z (Spray*Temp) 0 0.747
b,3 (Feed*Temp) -0.0005 0.6942
R? 0.7151 0.8122 0.8244
R? adjusted 0.6201 0.6244 0.2975
Optimized parameters
Feed 15 15 15
Spray 400 400 400
Temp 120 136.88 120

aSpray = Spray gas flow (NL/h)
®Feed = Product feed rate (%)
“Temp = Inlet Temperature (°C)



