Co-cultivation of Microalgae and Lettuce in Indoor
Hydroponic System Under Different LED Light wavelengths
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Light is essential for plants and algae as it enables them to produce food through photosynthesis, which supports their growth. However, there is currently a lack of research
exploring the effects of different light colors on the growth of both plants and algae simultaneously. This study investigates the impact of various light colors on the growth of plants
and algae by co-cultivating microalgae and lettuce in an indoor hydroponic system with four LED light colors: white, red, green, and blue. Each light color was tested in two
experimental groups: one group with a hydroponic nutrient solution containing microalgae and another group without microalgae, across three cultivation cycles. The results showed
that blue light was the most effective for microalgae growth, yielding a biomass of 0.517 g/L and a lipid content of 0.270 g/L, compared to other light colors across all cycles.
Conversely, red light proved most effective for lettuce growth. Under red light, the number of leaves increased by 1.2 times, stem height by 1.2 times, root length by 1.2 times, fresh
shoot weight by 1.6 times, dry shoot weight by 1.8 times, fresh root weight by 1.8 times, and dry root weight by 7.4 times, relative to other light colors. Overall, it can be concluded that
blue light is optimal for microalgae growth, while red light is most suitable for lettuce growth in indoor hydroponic systems.

Introduction

Light is an essential factor for plants and algae, as they rely on it for growth. Light at
different wavelengths affects the growth of plants and algae in various ways. For
example, red light influences stem growth, leaf expansion, and even flowering, while

1. Cultivation of Microalgae in Hydroponic Nutrient Solution AB

OD day 7 = 0.247 OD day 7 = 2.224
biomass = 0.113 g/L biomass = 0.407 g/L |

3.500 -

3.000 - 3.000 -

zﬁw n 2500 4

blue light promotes root formation in the early stages of plant growth and affects 5 g

1.000 | L

chlorophyll content.

In indoor hydroponic system where microalgae are cultivated alongside lettuce, not .
only can lettuce be harvested, but biomass from the algae can also be obtained. This e e e
biomass can be used for biodiesel production and applied in the food industry.
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Figure 1. Growth of Spirulina sp. in hydroponic
nutrient solution AB

Figure 2. Growth of Chlorella sp. in hydroponic
nutrient solution AB
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Prepare stock of ' . Table 1. B d lipid of Chlorell derd LED ligh | h
. i able 1. Biomass and lipid of orella sp. under different ight wavelengths
Chlorella sp. & Spirulina sp. LED lights 2400 lux : NG TP P Int t SR
: Aeration rate 1.3 vvm Biomass (g/L) White Red Green Blue Lipid (g/L) White Red Green Blue
F \ \ \ \ ' Cycle 1 0.079+0.00 0.160+0.02 0.034+0.00 0.176+0.02 Cycle 1 0.042+0.00 0.056+0.00 0.022+0.01 0.098+0.01
[ { - - - - We N for 7 days Cycle 2 0.0580.00 0.0830.01 0.074+0.00 0.1580.01 Cycle 2 0.041£0.01 0.0670.00 0.064::0.00 0.091:£0.00
A B Cultivation of Chlorella sp. & Spirulina sp. Cycle 3 0.066+0.01 0.089+0.01 0.084+0.01 0.183+0.01 Cycle 3 0.04620.01 0.075+0.02 0.072+0.00 0.081+0.01
. - 1 1 1 1 . . . - .
| | | in hydroponic nutrient solution AB Table 2. FAME of Chlorella sp. under different LED light ~ Table 3. Biodiesel of Chlorella sp. under different LED
Mix hydroponic solution AB wavelengths in cycle 3 light wavelengths in cycle 3
(EC ~1000 |JC/ Cm) _ Composition White Red Green Blue PAfiTisten WIRG — Bhean el b wanc s
5 5 EN 14214  ASTM D6750  TH 2020
Select the m|Croa|gae Specles Measure OD. EC Clé-C18 95.8340.02 96.37+0.01 96.51+0.03 96.58+0.02 sv 20768:006 207615001 207.48:0.13  207.70:003  NA <202 NA
. . ( ! ! Satu tEd 44.58+0.36 43.93+0.07 43.79+0.73 44.61+0.10 v 120.68+0.53 116.19+0.60 119.41+1.79 115.7440.19 =120 NA 120
that grOW better for CU|tlvatlon pH b|0maSS f ttyra id (SFAS) * * - * CN 45.43+0.13 46.45+0.13 45.74+0.42 46.54+0.04 251 =47 251
- - ' atly acias DU 11022051 110.08:017  110.5:145  109.0240.21 NA NA NA
in the hydroponic system. Unsaturated 55.42+0.36 56.07+0.07 56.21+0.73 55.39+0.10 LCsF 578:024  614:001  616:055  621:000  NA NA NA
fatty acicls (UF AS) CFPP 1.67+0.75 2.82+0.03 2.88+1.73 3.02+0.01 -20-5 NA NA
— — - — — HHY 39.11+0.01  39.18+0.01 39.13+0.03 39.18+0.00 MNA NA NA
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- - f id (MUFAS) CcP 14.99+0.14 14.78+0.03 14.48+0.23 14.81+0.05 MNA, NA NA .
lefe rent LED ng ht Wavelengt hs S acds v 6691000 6691000  669:000  6.69£000 3550 1960 <8
Polyunsaturated fatty 53.76+0.39 53.90+0.09 54.43+0.71 53.58+0.12 p 097+0.00  0.97+0.00 0.97+0.00 097£000 086090  0.850.90 NA
2 c . APE 109.45+0.54 10887+0.19 109.87+1.45 107.75+0.21 MNA NA NA
— Wlt h a |gae WIthOUt algae acids (PUFAS) BAPE T76.77+0.34  T1.86+0.57 75.17x1.22 71.95+0.11 MA NA MNA
LED light Table 4. Nutritional lipid of Chlorella sp. under different LED light wavelengths in cycle 3
\ \ Sources Nutritional indices
. . Wavelength PUFA/SFA  IA m hH HPI Ul
. Salmo trutta NA 0.64-0.72 0.21-0.30 NA NA NA
Prepare Chlore”a Sp Wlth 3300 |UX Milk of cow 0.02-0.04 1.83-5.13 223466 041-0.57 NA NA
hyd roponiC solution AB 4 color: white, Chicken 03082042 017-0.63 029-1.69 NA NA  NA
Cattle 0.11-0.2 NA NA 156-2.08 NA NA
— blue' red' green Green seaweed 0.23-0.88 0.86-1.61 1.28-290 NA NA 70.87-141.87
for 7 dayS Brown seaweed 0.20-1.38 0.53-1.99 046-1.60 1.26-1.90 NA 62.27-202.83
v \ ;' :ﬁ\“t‘:: | Red seaweed 0.14-2.12 0.38-2.87 052-575 209-4.22 NA 50.63-257.07
=l (& 3 CyC|eS Rhopalodia sp. AARL D020  0.56 0.94 1.11 0.82 106 102.72
§ :’:.3,1 ?*'t‘i‘!l‘;'ff? R Anomoeoneis sp. AARL D039 0.37 0.68 115 057 146 104.01
I (RN 85 N : ulina sp. . : . .
Co-cultivation of microalgae Sphina s - S
Spirulina sp. BSF 0.278 1128 2.261 0.442 0.886 59.737
and |ettUCe Chlorella sp.
Prepa re lettuce seed White 1232 0.688 1496 1490 1454 132585
. - - Red 1.229 0.683 1.448 1.499 1464 127.666
fOr CUItlvatlon Green 1.241 0.669 1.489 1.530 1530 131.184
An a |yS | S Blue 1.202 0.695 1.526 1.482 1438 127.177
Lettuce Algae Lettuce Table 5. Growth of lettuce under different LED light wavelengths in day 21
9 |
. Parameter With Algae Without Algae
¢ Number of IeaveS ¢ OD ¢ BlOmaSS White Red Green Blue White Red Green Blue
e Root length e EC e |ipid content Number of leaves 9.10£0.23°  11.30+034°  9.40+0.45°  11.3040.73*  9.20+025° 12.20+0.73* 9.40+0.27°  11.70+0.37°
° Sh OOt h e|g ht ° pH PY F AME and Shoot length (cm) 14.05+0.24* 14.70+1.11° 11.70+0.50° 14.32+0.40°% 14.85+0.40* 15.70+0.40° 14.85+0.62° 14.50+0.48°
_ . o Root length (cm) 130542.22° 14.00+1.61% 16.40+1.18%¢ 15702030 14.55:1.95%  20.60+1.45° 18.60+1.07® 16.00+0.88"
e Fresh and Dry Welght Nutritional Ilpld Fresh weight (g) 5.85+0.46°  12.49+137°  9.45+0.72% 9.58+0.84°*  689+045° 13.14+323* 8.87+1.37*  9.80+0.79%
¢ Chlorophyll and Carotenoid content. Dry weight (g) 0.22+0.04°  0.66+0.05"  0.56+0.21°°°  052+0.15  039£001*  095+0.22° 0.70+0.10®  0.58+0.02**
Chlorophylla (mg/g)  0.31:0.01®  035:0.03*  0.29+0.01®  032:004®  029:002°  0.23:0.05° 030:0.01°  0.29:0.03®
Chlorophyll b (mg/g)  0.27:0.01°  0.29:0.02*  0.27:002°  0.28:0.03°  0.26:0.02° 029:0.07° 0251001  0.2640.02°
Total chlorophyll (mg/g)  0.58:0.01°  0.64+0.05 0561003  0.60:0.07°  0.55:0.04*°  052+006*° 055:£0.02*°  0.55:0.05%
Carotenoid (mg/g) 0.14:0.00®  0.17:0.01°  0.14£0.01*  015:002®  012:001°  0.12:001° 0.15:0.01®  0.14£0.01%
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applications.

e Chlorella sp. is the preferred choice for co-cultivation with lettuce under different LED light wavelengths.
e Blue LED light promotes optimal microalgal growth.

e Red LED light is more effective for enhancing lettuce growth.
e Lipids derived from cultivated algae exhibit diverse profiles suitable for nutraceutical and biofuel




