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[bookmark: _Toc44503519]S1 Influence of the inoculum volume on the detection time in IMC and visual inspection

We investigated the influence of the inoculum volume (Vi) on the detection time in both cultivations on solid medium by CFU-counting and IMC experiments in liquid medium (see Fig. S1). In the former case, the respective Vi were plated on DSM-1 agar plates and subsequently incubated at 30 °C. The samples possessed the same initial concentration of bacteria (6.9± 2.4)·101 CFU·mL-1. The plates were located within a scanner which was placed in a temperature-controlled incubator. Every ten minutes the plates were scanned and the resulting scan was saved as a jpg-file. Fig. S2 displayed a certain selection of the obtained scans. Afterwards, the jpg-files were evaluated by five independent observers. The data evaluation aimed to identify the jpg-file which for the first time showed no change in the number of CFUs formed for the respective Vi. The corresponding detection time was then calculated from the selected jpg-file number. The resulting detection times determined by each observer for the respective Vi are summarized in Tab S1.
Finally, we compared the obtained detection times from the visual evaluation (CFU-counting) with the results from the IMC experiments in LC (see Fig. S1). As expected, in the case of visual detection Vi did not affect the detection time. The average CFU detection time after all colonies became visible for the naked eye was 15.5 ± 0.6 h. However, the corresponding detection times obtained from the IMC experiments indicate a dependency of Vi on the detection time. A larger Vi leads to a reduced detection time.
[image: ]
Figure S1: Comparison of the influence of the Vi on the detection time in visual inspection (CFU counting - SC) and IMC experiments performed in LC (detection threshold value, Φdect = 2 µW). 



Table S1: Summary of the detection times for the visual evaluation of the scanned images.
	Vi / µL
	observer
	I
	II
	III
	IV
	V
	mean
	SD

	
	 
	tdect / h

	10
	
	-
	-
	-
	-
	-
	-
	-

	100
	
	14.8
	14.7
	13.3
	15.7
	14.5
	14.6
	0.7

	250
	
	16.0
	15.7
	13.3
	16.3
	16.2
	15.5
	1.1

	500
	
	15.7
	16.0
	13.5
	17.0
	17.8
	16.0
	1.5

	1000
	
	16.5
	16.0
	13.7
	16.5
	17.2
	16.0
	1.2



[image: ]
Figure S2: A selection of the obtained scans from Vi-dependent experiments by visual inspection on solid medium. 
Larger Vi increased the overall liquid volume so that the liquid phase contained more total oxygen, but it decreased the headspace volume. On the other hand, a higher inoculum size contained more active bacteria. The interplay of less total oxygen (due to poorly solubility of oxygen in liquid, 7.5 mg·L-1 at 30 °C) [1] in the entire system and more active bacteria decreased the maximum heat flow (Fig. S3A). Besides, the latter led to a reduction in the detection of approx. 3 h. Using 1 mL inoculum, bacterial growth was detected after approx. 8 h. If the inoculum was reduced by a factor of 100, the detection took approx. 11 h (Fig. S3B).
Using larger Vi for LC might thus be an option for less sensitive IMCs such as the TAM Air, Calimetrix BioCal 2000 or similar instruments since sample vessels (125 mL) with a large liquid/gas interfacial area can be used. 
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Figure S3: Influence of Vi on the detection time in LC. A): Heat flow signals of different Vi = 10, 100, 250, 500 and 1000 µL. B): Magnification of the heat flow signals near the detection threshold value of 2 µW. 
[bookmark: _Toc44503520]S2 Influence of the size of colonies formed during IMC experiments on the heat flow pattern

Fig. S4 linked the heat flow signals with the respective images of the samples taken after the IMC experiment. Based on the initial number of bacteria N0, we observed different heat flow patterns as well as different size of colonies formed during the IMC experiment. The red curve was characterized by a sharp and slender peak (Fig. S4). The image of the sample looked like a perfectly large colony, but there were probably many tiny colonies of very small diameter connected. A look at the second sample (blue curve, Fig. S4) might clarify this situation, as small but well-separated colonies were visible on the edge of the large colony in the middle of the ampoule. The heat flow pattern seemed to be almost identical only the maximum heat flow was minimized. The green curve was wider compared to the earlier curves. The associated image revealed for the first time many middle size colonies which were almost well separated. The two last curves (violet and green, Fig. S4) showed a completely different heat flow pattern. Both curves were characterized by a flat and wide peak. The increase of the heat flow signal was only partially dominated by an exponential behavior. The corresponding images showed the formation of large colonies. In the case of the violet heat flow signal, probably less than 10 colonies were formed. The yellow heat flow signal can be related to two single colonies formed during the IMC experiment.
[image: ]
Figure S4: Summary of the N0-dependent IMC experiments performed on SC. The dependency of the heat traces on N0 as well as associated images taken after the IMC experiment. N0 (mean ± SD) in CFU are indicated next to the heat flow signals.
[bookmark: _Toc44503521]S3 Calculation of the total heat

To confirm the amount of total heat Qexp (in J) produced during the growth of P. putida mt-2 KT2440 in the N0-dependent IMC experiments, we used the initial situation outlined in Fig. S5. The corresponding necessary physical quantities are summarized in Tab S2. The calculations of the amount of total heat released during the growth experiments are described for both cases LC and SC in the following chapters. 
[image: ]
Figure S5: Illustration of the initial situation of N0-dependent growth experiments performed on SC (A) and in LC (B) by IMC.

Table S2: Summary of the physical quantities for calculating the total heat production
	parameter
	value
	dimension
	reference

	V(air)
	0.0032
	L
	-

	V(medium)
	0.001
	L
	-

	ρ(air)
	1.1381a
	kg·m³
	-

	w(O2)
	23.14 
	%
	[2]

	β(O2)
	7.5·10-3
	g·L-1
	[1]

	M(O2)
	32
	g·mol-1
	-

	Δk
	(455 ± 25)
	kJ·mol-1 O2
	[3]


a determined by the specific gas constant of dry air, Rs = 287.058 J·kg-1·K-1 at 310.15 K

[bookmark: _Toc44503522]S3.1 Calculation of total heat for SC

The mass of air and molecular oxygen in the gas phase mg can be calculated as follow:
                                                                                                                                              (1)
                                                                                                                                           (2)
The molar mass of molecular oxygen can be used to calculate the amount of molecular oxygen in the headspace.
                                                                                                                                                              (3)
In the last step, the total heat released from the aerobic growth can be calculated using the oxycaloric equivalent Δk.
                                                                                                                                                       (4)
The theoretical heat evolved during aerobic growth under the circumstances was Qtheo = (12.0 ± 0.6) J.

[bookmark: _Toc44503523]S3.2 Calculation of total heat for LC

The mass of air and molecular oxygen in the gas phase mg can be calculated by using eq. 1 and 2. The mass of dissolved oxygen in the liquid phase ml can be calculated by eq. 5:
                                                                                                                                        (5)
The sum of the mass in liquid and in gas phase are summarized as follow:
                                                                                                                                  (6)
The molar mass of molecular oxygen can be used to calculate the amount of molecular oxygen in the headspace.
                                                                                                                                                  (7)
In the last step, the total heat released from the aerobic growth can be calculated using the oxycaloric equivalent Δk.
                                                                                                                                          (8)
The theoretical heat evolved during aerobic growth under the circumstances was Qtheo = (12.4 ± 0.6) J.
The integration of the first peak (grey area in Fig. S6) allowed us to determine the partially heat production during the consumption of all dissolved oxygen in the liquid phase. The resulting heat of Qexp ≈ 0.08 J can be confirmed by the abovementioned calculations and yielded to Qtheo = (0.11 ± 0.01) J.
[image: ]
Figure S6: Heat flow signal obtained from monitoring growth of P. putida mt-2 KT2440 in LC. Integration of the first peak by OriginPro 2018 (Gadgets  Integrate).

[bookmark: _Toc44503524]S4 Influence of the initial concentration of bacteria on the detection time in IMC experiments and visual inspection

We investigated the influence of the initial concentration of bacteria c0 in CFU·mL-1 on the detection time in both visual inspection on solid medium and IMC experiments on SC (see Fig. S7). In the former case, the respective dilutions were plated on DSM-1 agar plates and subsequently incubated at 30 °C. The plates were located within a scanner which stood in a temperature-controlled incubator. Every ten minutes the plates were scanned and the resulting scan was saved as a jpg-file. Fig. S8 displayed a certain selection of the obtained scans. Afterwards, the jpg-files were evaluated by five independent observers. The data evaluation aimed to identify the image which for the first time showed a colony which became visible for the naked eye of the respective concentration. The corresponding detection time was then calculated from the selected jpg-file number. The resulting detection times determined by each participant for the respective initial bacterial concentration are summarized in Tab S3.
Finally, we compared the obtained detection times from the visual inspections with the results from the IMC experiments on SC (see Fig. S7). As expected, in the case of visual inspection the concentration did not affect the detection time. The mean detection time after a colony became visible for the naked eye was 13.3 ± 1.3 h. However, the corresponding detection times obtained from the IMC experiments indicate a linear dependency of the logarithm of the initial bacterial concentration on the detection time. 
[image: ]
Figure S7: Comparison of the influence of the initial concentration of bacteria on the detection time in visual inspection (CFU counting - SC) and IMC experiments performed on SC (Φdect = 2 µW). 



Table S3: Summary of the detection times for the visual evaluation of the scanned images.
	c0/ CFU·mL-1
	observer
	I
	II
	III
	IV
	V
	mean
	SD

	
	
	tdect / h

	(3.8 ± 3.1)·105
	
	13.0
	14.5
	14.0
	14.8
	13.2
	13.9
	0.7

	(3.8 ± 3.1)·104
	
	12.6
	12.5
	11.5
	12.3
	12.0
	12.2
	0.4

	(1.1 ± 0.5)·103
	
	11.5
	11.5
	9.3
	12.8
	11.7
	11.4
	1.1

	(4.3 ± 2.8)·102
	
	13.3
	14.5
	14.0
	15.3
	13.7
	14.2
	0.7

	(6.9 ± 2.4)·101
	
	14.0
	16.0
	13.8
	16.0
	14.5
	14.9
	1.0
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Figure S8: A selection of the obtained scans from concentration-dependent experiments by CFU-counting on solid medium. 
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Figure S9: IMC experiments performed on SC and LC. The N0 (mean ± SD) in CFU are indicated next to the heat flow signals. A), B), D): Dependency of the heat traces on N0 measured on SC. C), E), F): Dependency of the heat traces on N0 measured on LC.
[bookmark: _Toc44503526]S6 Summary of the initial number of bacteria-dependent heat flow measurements performed in MC-Cal 100P calorimeter
(B)
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Figure S10: IMC experiments performed in LC using MC-Cal 100P calorimeter (A) and (B). The N0 (mean ± SD) in CFU are indicated next to the heat flow signals. 
[bookmark: _Toc44503527]S7 Summary of the filling volume-dependent heat flow measurements
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Figure S11: Influence of Vmedium on the heat flow signals obtained from IMC experiments conducted on solid medium. 


[image: ][image: ][image: ][image: ][image: ]
Figure S12: Influence of Vmedium on the heat flow signals obtained from IMC experiments conducted in liquid medium.


[bookmark: _Toc44503528]S8 Threshold value of the calorimeter and dissolved oxygen in the medium

Early detection of bacterial contaminations is given if the threshold value determined by the applied calorimeter is below the solubility limit of oxygen , because then the oxygen supply is not limited by diffusion. The heat Qtheo which corresponds to the concentration of dissolved oxygen in the medium  is given by the oxycaloric equivalent of   [3] eq. 9. The meaning of all the following symbols can be found in the main document.
									(9)
The detection of microbial contamination tdect should be achieved before this oxygen is completely consumed (eq. 10).
										(10)
At the begin of microbial growth are all nutrients available in excess and exponential growth can be assumed (eq. 11).
									(11)
The solution of the integral equation 10 and 11 provides eq. 12.  
								(12)
tdect is per definition the time if the heat production rate approaches to the detection threshold value of the applied calorimeter Φdect (eq. 13)
									(13)
Combining eq. 9, 12 and 13 provides
								(14)
Which means that if we like to prevent the influence of oxygen diffusion and thus to leave the area of exponential growth we have several options. We can i) choose calorimeter with a low Φdect, ii) enrich the medium with oxygen (e.g. by gassing with pure oxygen), iii) works with large sample volumes, iv) apply our method to slowly growing bacteria or v) start with a low initial number of contaminating bacteria (which is usually the case).


[bookmark: _Toc44503529]S9 Summary of the N0-dependent heat flow measurements performed in minimal medium 
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Figure S13: IMC experiments performed in LC using a minimal medium, MMKT2440 (A) and (B). The N0 (mean ± SD) in CFU are indicated next to the heat flow signals. 
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