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The low-cost Poseidon syringe pump system was 3D-printed and assembled according to the original design, as reported by Booeshaghi et al. (2019). In total, the costs involved for the system with three syringe pumps was less than ZAR 3000 (< USD 200).

The syringe pumps were calibrated using a gravimetric method, which consists of weighing the amount of liquid dispensed in a vial. The observed flow rate was determined using a dynamic method which consists of determining the mass or volume of liquid dispensed per unit of time (Batista et al. 2013). The syringes were filled with deionized water and all air bubbles were removed from the syringes and tubing before performing the calibration procedures. The flow rate was systematically increased to reach the recommended maximum flow rate corresponding to the syringe size (Booeshaghi et al. 2019). Three syringe sizes (1, 5, and 10 mL) were used. Fig. S1 illustrates the results for each syringe size used. 

From Fig. S1, linear relationships were obtained between the programmed and observed flow rates for 1, 5 and 10 mL syringes. The coefficient of determination (R2) values were 0.9998 for all syringes used. These results indicate that the 3D-printed syringe pumps built in-house can produce sufficiently accurate programmed flow rates.

[image: ]
Fig. S1 Calibration curves using a (a) 1 mL syringe, (b) 5 mL syringe, and (c) 10 mL syringe
Four syringe pumps were used to carry out the transesterification reaction in flow. This was accomplished by using two sets of pumps simultaneously. All pumps were controlled by one personal computer with two controller programs, one program for each syringe pump set.
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Preliminary reactions were performed to determine the ideal catalyst concentration (see Table S1). Initially a base-catalyst concentration of 5 wt. % was used. (Schuchardt et al. 1998) indicated that 0.5 mol % (equivalent to 0.84 wt. %) may be sufficient. A 0.084 wt. % concentration was also tested to determine if even lower concentrations of base would be suitable. No solid formation was observed in any of the reactions and based on the C9:0 FAME/C14 alkene ratios, no saponification occurred. However, complete transesterification was only observed for higher concentrations (Reactions 1 and 2 in Table S1). Reaction 3 had very low C12:0 FAME/C14 alkene ratios, indicating that a sodium methoxide concentration of 0.084 wt. % (or 0.05 mol %) was too low in order to drive the reaction to completion. Since reactions 1 and 2 yielded similar results, 0.84 wt. % sodium methoxide was chosen as the best base-catalyst and reactions were repeated in triplicate on different days to evaluate its robustness and reliability.

Replicate analysis using 0.84 wt. % sodium methoxide resulted in half of the fractions collected as incomplete transesterifications reactions for replicates 2 and 3 (Table S2). This observation was suspected to be caused by cooler and more humid weather conditions in comparison to the warmer and less humid conditions for the first replicate. Therefore, the base-catalyst concentration was increased to 1% and was found to be more robust and reliable with only the first reaction taking slightly longer to reach completion in comparison to the second and third replicates.


Table S1 A summary of the optimization process by varying the base-catalyst concentration
	Reaction
	Base-catalyst
	Fraction (min)
	C9:0 FAME/C14 alkene ratio
	C12:0 FAME/C14 alkene ratio

	1
	5 wt. % NaOCH3
	5
	0.72
	0.79

	
	
	10
	0.74
	0.79

	
	
	15
	0.74
	0.80

	2
	0.84 wt. % NaOCH3
	5
	0.70
	0.77

	
	
	10
	0.82
	0.87

	
	
	15
	0.69
	0.78

	3
	0.084 wt. % NaOCH3
	5
	0.71
	0.14a

	
	
	10
	0.74
	0.12a

	
	
	15
	0.75
	0.11a


a Incomplete transesterification

Table S2 A summary of the triplicate analysis of the transesterification reactions using 0.84 wt.% and 1 wt.% Sodium methoxide as base catalysts
	Base-catalyst
	Replicate
	Fraction (min)
	FAME-9/C14 alkene ratio
	FAME-12/C14 alkene ratio

	0.84 wt. % NaOCH3
	1
	5
	0.70
	0.77

	
	
	10
	0.82
	0.87

	
	
	15
	0.69
	0.78

	
	2
	5
	0.69
	0.78

	
	
	10
	0.76
	0.74a

	
	
	15
	0.76
	0.75

	
	3
	5
	0.74
	0.75

	
	
	10
	0.77
	0.72a

	
	
	15
	0.77
	0.74a

	1 wt. % NaOCH3
	1
	5
	0.74
	0.74a

	
	
	10
	0.73
	0.76

	
	
	15
	0.72
	0.77

	
	2
	5
	0.71
	0.80

	
	
	10
	0.72
	0.78

	
	
	15
	0.71
	0.79

	
	3
	5
	0.74
	0.77

	
	
	10
	0.74
	0.77

	
	
	15
	0.73
	0.78


a Incomplete transesterification
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At the time when this research was conducted, the commercial flangeless fittings kit cost ZAR 6790.75 (ca. USD 450). The RS Pro PP filament used in fabrication cost R 602.32 (ca. USD 40) for 500 g. The open-source PrusaSli3er program can be used to estimate the printing time, the amount of filament used as well as the associated cost per object. It was estimated that fabricating the entire flangeless fittings kit using PP filament would cost R 66.63 (< USD 5) and take approximately 22 hours as indicated in Table S3. To complete the kit, the cost of commercial flangeless ferrules (ZAR 1416.80 or ca. USD 95) need to be included. Therefore, to reproduce the complete kit utilizing 3D-printing and purchasing commercial ferrules would cost ZAR 1483.43 (ca. USD 100). Consequently, approximately 78% of research funds can be saved.

Table S3 The estimated printing time per object and related cost per amount PP filament used. The number of pieces per kit is similar to that of the commercial flangeless fittings kit (Upchurch) kit model 1454. The flangeless nuts were designed as one size that are compatible with both 1/16” and 1/8” flangeless ferrules
	[bookmark: _Hlk32507704]Part
	Time per piece (min)
	Amount of filament per piece (g)
	Cost per piece (ZAR)
	Amount per kit
	Total cost (ZAR)

	Flangeless nut
	14
	0.26
	0.76
	42
	31.92

	Standard union (1/4”-28)
	34
	2.22
	1.34
	6
	8.04

	Metric adapter (M6)
	35
	2.3
	1.38
	2
	2.76

	Metric adapter (1/4”-28, M6)
	35
	2.24
	1.35
	2
	2.7

	Syringe adapter (converted female Luer)
	16
	0.93
	0.56
	2
	1.12

	Male Luer
	15
	0.7
	0.42
	2
	0.84

	T-mixer (1.5 mm channel)
	80
	8.18
	4.92
	1
	4.92

	T-mixer (2 mm channel)
	78
	8.12
	4.89
	1
	4.89

	Cross (1.5 mm channel)
	83
	7.87
	4.74
	1
	4.74

	Cross (2 mm channel)
	80
	7.81
	4.7
	1
	4.7

	Total (ZAR)
	470
	40.63
	25.06
	60
	66.63
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The components in the flangeless fittings kit were fabricated using clear polylactic acid (PLA) filament (1.75 mm diameter), purchased from 3D Printing Factory (PTY) LTD. The optimised printing conditions included a bed temperature of 60 °C and extruder temperature of 195 °C. A 0.4 mm nozzle was used together with a layer height of 0.15 mm. A 100% infill and 105% extruder flow were used. No supports were required. Fig. S2 shows the quality of threaded parts printed in PLA in comparison with threaded parts printed in PP. Even though the threading is better defined when printed in PLA, the flexibility of PP ensured that leak-tight fittings could be obtained.

When printing the kit in PLA, the mixers and unions had to be scaled up by 5% in order to ensure a good fit with the adapters and flangeless nuts. This was due to the hardness of the filament that causes too much friction in order to insert the parts properly. This scaling up in size could lead to leaks in the continuous flow system, especially when back pressure is high. A lubricant together with some scaling up (between 3 to 4 percent) can be considered, however it raises contamination concerns. In comparison, the PP unions and mixers were not scaled up in size, because the filament is soft and flexible which results in an easy assembly.

[image: ]
Fig. S2 A comparison between the threading of a 3D-printed flangeless nut in (a) PLA, and (b) PP
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Table S4 summarizes the determined fatty acid content of the certified sunflower oil using optimized conditions in continuous flow mode. Single factor ANOVA indicated that the
composition of fractions collected at 5, 10 and 15 minutes did not differ significantly at the 95 % confidence level (Fcrit = 5.14).

Table S5 summarizes the determined fatty acid content of all oils analyzed using optimized reaction conditions in continuous flow mode. Since similar results were obtained for all three 5-minute fractions (see above), the results obtained for the 10-minute fraction is presented in Table S5.

Table S4 Fatty acid content of certified sunflower oil as determined for fractions collected at 5 minute intervals. The calculated test statistic (F-value) for each fatty acid is also shown
	Replicate
	Fraction (min)
	C16:0 (%)
	C18:0 (%)
	C18:1 (%)
	C18:2 (%)

	1
	5
	6.86
	3.35
	30.75
	58.53

	2
	5
	6.33
	3.46
	30.53
	58.35

	3
	5
	7.57
	3.23
	30.10
	58.70

	1
	10
	6.56
	3.47
	30.45
	58.64

	2
	10
	6.37
	3.45
	30.20
	58.02

	3
	10
	6.53
	3.50
	30.52
	58.84

	1
	15
	6.40
	3.50
	30.51
	58.60

	2
	15
	6.35
	3.48
	30.41
	58.24

	3
	15
	6.42
	3.46
	30.44
	58.58

	F-value
	
	1.81
	3.44
	0.10
	0.03




Table S5 Fatty acid content of edible oils. The mean value of three replicates are shown together with the relative standard deviation
	[bookmark: _Hlk73449569]Commercial oil
	C16:0
	C18:0
	C18:1
	C18:2
	C18:3

	Certified Sunflower Oil
	6.48 ± 0.02
	3.47 ± 0.01
	30.39 ± 0.01
	58.5 ± 0.01
	0.01 ± 1.73

	Sunflower Oil
	6.38 ± 0.01
	5.49 ± 0.01
	20.23 ± 0.00
	66.1 ± 0.00
	0.01 ± 1.73

	Extra Virgin Olive Oil
	13.19 ± 0.06
	3.18 ± 0.06
	70.63 ± 0.01
	9.19 ± 0.01
	0.62 ± 0.08

	Canola Oil
	4.98 ± 0.00
	2.04 ± 0.08
	58.05 ± 0.00
	20.1 ± 0.01
	10.52 ± 0.00

	Canola and Olive Oil Blend
	5.42 ± 0.01
	2.31 ± 0.02
	58.86 ± 0.00
	19.18 ± 0.00
	9.68 ± 0.02

	Avocado Oil
	20.12 ± 0.01
	0.79 ± 0.08
	51.1 ± 0.01
	12.44 ± 0.05
	0.57 ± 0.11
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