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Supporting Information

Table S1: Characteristics of untreated water used in jar tests

Characteristic Concentration

Total Hardness (mg/L) 120
Total Chlorine (mg/L) 1
Free Chlorine (mg/L) 0.5

Bromine (mg/L) 1
Total Alkalinity (mg/L) 120

pH 8.125
TDS (mg/L) 259.5
DOC (mg/L) 3.0

Table S2: Characteristics of groundwater*

Characteristic Concentration

Manganese (mg/L) 0.004
Iron (mg/L) 0.1

Magnesium (mg/L) 28
Calcium (mg/L) 66

pH 8.50
TOC (mg/L) 1.6

*Groundwater and characteristics provided by University of Illinois Urbana-Champaign.

Sludge generation. Jar tests were carried out at an initial turbidity of 94.4 ± 1.1 NTU to 
determine the amount of sludge generation for cottonseed serum and ferric. Following 
sedimentation, the supernatant was removed and the sludge was filtered through a 0.45 µm 
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PVDF filter and dried at 60°C for 3 hours. The filter mass difference pre- and post-filtration was 
measured to determine the amount of sludge generated for each jar (200 mL), shown in Figure 
S1. 

Figure S1: Cottonseed serum (CS serum) and FeCl3 (5 mg/L dose) achieve 90% turbidity 
removal while generating the same amount of sludge

Table S3: Overview of initial jar test parameters

Experiment Coagulant 
used

Cottonsee
d volume 

(mL)

Protein 
dose 

(mg/L)

Carbohydrate 
dose (mg/L)

Initial 
Turbidity 

(NTU)

Reference 
Figure

Increasing serum 
volume/protein 

dose
0-10 0-3.83 112±22 1A

Increasing initial 
turbidity

Cottonseed 
serum

3 1.238 62.5-717 1B

Varying initial pH
Cottonseed 
serum and 

FeCl3

3 1.238 86.5±21.9 1C

Increasing serum 
age

Cottonseed 
serum 3 0.7-1.34 108±7.3 2A

Evaluating DOC
Cottonseed 
serum and 

FeCl3

3 1.06±0.23 112.3±23.3 2B

Carbohydrate 
isolate coagulation

Cottonseed 
serum 

carbohydrate 

3 0.12±0.4

Not measured

68.4±3.8 3A/B



isolate

Protein isolate 
coagulation

Cottonseed 
serum protein 

isolate
3 1.49±.51 8.97±.29 69.8±4.2 3A/B

Table S4: Final jar test water quality

Experiment Coagulant 
used

Cottonseed 
volume 
(mL)

Protein 
dose 

(mg/L)

Initial 
Turbidity 

(NTU)

Final 
Turbidity 

(NTU)

Reference 
Figure 

Increasing 
serum 

volume/protein 
dose

0
2
4
6
8
10

0
0.77
1.53
2.30
3.07
3.83

112±22

94.9±11.2
17.0±7.66
12.1±4.55
10.4±5.47
8.4±2.59
8.0±4.55

1A

Increasing 
initial turbidity

Cottonseed 
serum

3 1.238

62.5±0.8
133±1.0
193±6.3
302±9.4
405±14.4
516±4.9
591±6.9
717±20.0

4.2±1.52
0.36±0.34
16.13±0.43
22.2±1.1

23.73±1.58
32.05±1.6
38.2±2.0
43.98±2.5

1B

Cottonseed 
serum 3 1.238

72.9±4.8 (pH 
6)

21.1±4.6 (pH 
7)

13.1±2.1 (pH 
8)

8.51±0.7 (pH 
8.5)

1C

Varying initial 
pH

FeCl3 0 0

87.1±3.4 (pH 
6)

60.7±2.4 (pH 
7)

111.6±7.1 (pH 
8)

98.6±1.4 (pH 
8.5)

5.88±0.1 (pH 
6)

4.78±0.3 (pH 
7)

7.8±1.4 (pH 8)
6.8±1.8 (pH 

8.5)

1C

Increasing 
serum age

Cottonseed 
serum 3 0.7-1.34 108±7.3

7.33 (2 d)
6.78 (35 d)
9.07 (118 d)
9.72 (218 d)

2A

Evaluating 
DOC

Cottonseed 
serum and 3 1.238 112.3±23.3 5.18±0.6 (CS)

3.59±0.06 2B



FeCl3 (FeCl3)

Carbohydrate 
isolate 

coagulation

Cottonseed 
serum 

carbohydrat
e isolate

3 0.12±0.
4 69.8±4.2 64.23±3.9 3A/B

Protein isolate 
coagulation

Cottonseed 
serum 
protein 
isolate

3 1.49±.5
1 69.8±4.2 9.7±1.35 3A/B

Table S5: A review of bio-coagulants based on work done by Kurniawan et al.1

Bio-coagulant Destabilization mechanism Performance Reference
Crab shell Cationic chitosan 16% turbidity removal at 1 

mg/L dose (pH 8.1)
2

Crab shell Cationic chitosan 94% turbidity removal at 2 
mg/L dose (pH 7)

3

Shrimp shell Cationic chitosan 96% oil removal (pH 4) 4

Achatinoidea shell Unidentified protein(s) 99% turbidity removal with 
4 g/L dose (pH 4)

5

Periwinkle shell Chitin and unidentified 
protein(s)

84% at 100 mg/L dose (pH 
4)

6

Snail shell Cationic mineral surface 60% green dye removal at 
100 mg/L (pH 4)

7

Alginate Calcium alginate gel 
formation

98% turbidity removal with 
80 mg/L Ca2+ and 0.02 
mg/L alginate

8

Achromobacter 
xylosoxidans strain 
TERI L1

75% turbidity removal with 
10% (v/v) dose

9

Bacillus 
agaradhaerens C9 

95% turbidity removal with 
1.5 mg/L (pH 6.53)

10

Bacillus 
mucilaginosus, 

99% turbidity removal with 
0.01% (v/v) dose

11

Chromobacterium 
violaceum and 
Citrobacter koseri

Exopolysaccharide 
production

42% turbidity removal with 
1% (v/v) dose (LT-6, pH 6) 
and 40% turbidity removal 
with 1% (v/v) dose (LT-5, 
pH 3)

12

Bacillus 
licheniformis 
strain W7

Glycoprotein with high 
polysaccharide content

85% turbidity removal with 
200 mg/L dose (pH 3)

13

Bacillus salmalaya Protein-bound 83% turbidity with 2% dose 14



139SI-7 polysaccharide (pH 7)
Bacillus velezensis Anionic polymer 35% turbidity removal with 

100 mg/L (pH 4 and 8)
15

Paenibacillus 
polymyxa

Proteoglycan 94% turbidity removal with 
0.1% (v/v) dose

16

Aspergillus niger Polysaccharide 60% turbidity removal with 
0.2% (v/v) dose 

17

Penicillium sp. and 
Trichoderma sp.

Anionic fungi spores 51% (Trichoderma) and 
55% (Penicillium) turbidity 
removal with 1% (v/v) dose 

18

Abelmoschus 
esculentus

Anionic polysaccharide 97% turbidity removal with 
3.2 mg/L (pH 6) and 88 
mg/L Fe3+

19

Dragon fruit 
foliage

Not reported 99.7% turbidity removal 
with 500 mg/L dose (pH 10)

20

Moringa oleifera Cationic proteins (MO2.1 
and MoCBP)

99.7% turbidity removal 
with 25 mg/L dose (pH 
7.16) 

21-23

Ocimum basilicum 
L.

Protonated groups on 
polysaccharide chains

58.8% turbidity removal 
with O. basilicum and alum 
(pH 7)

24

Rice starch Polymers: amylase and 
amylopectin

84% TSS removal with 2 
g/L dose (pH 3)

25

Table S6: Final pH of water after being treated with various doses of cottonseed serum

Volume serum 
added, mL

Average protein 
dose, mg/L Final pH

0 0 8.03
2 0.766 7.92
4 1.533 8.14
6 2.299 8.19
8 3.065 8.32
10 3.831 8.6





Table S7: Liquid Chromatography-Mass Spectroscopy results of cottonseed serum









Protein sequence alignment analyses 
Protein sequence alignment was utilized to compare cottonseed serum proteins to more 

extensively studied coagulating proteins from Moringa oleifera. A pairwise sequence alignment 
program (EMBOSS NEEDLE) was used to compare two amino acid sequences26. A multiple 
sequence alignment software, CLUSTAL OMEGA, was used to compare three or more amino 
acid sequences27. Chimera software was used for protein structure alignment28.

Figure S2. A) EMBOSS NEEDLE alignment of 2S albumin seed storage protein-like [Gossypium 
hirsutum] (NCBI Reference Sequence: XP_016751712.1) and chitin-binding 2S albumin 
precursor [Moringa oleifera] (GenBank: AHG99682.1)22 Conserved residues are highlighted in 
blue and denoted by a solid line. A colon indicates conservations between groups of strongly 
similar properties, and a period indicates conservation between groups of weakly similar 
properties. The solid red line shows the N-terminal signal peptide and the dotted red line denotes 
the large chain, both characteristic of 2S albumins. B) CHIMERA structural protein alignment of 
2S albumin seed storage protein-like (red) and MO-CBP3 (blue)28. The frequency of overlapping 
regions shows structural similarity between the two proteins. 
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