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Abstract: The Jensen Cooling Curve (JCC) is commonly used to evaluate the melting and crystallisation properties of cocoa butter and cocoa butter equivalents. It is a relatively simple test, but one which depends greatly on the skill of the operator and the local conditions. Taking only about 2 to 3 hours, it has the additional advantage of speed when compared with the measurement of Solid Fat Content, which for cocoa butter requires at least 45 hours to complete. However, it takes careful training to get comparable results between different operators and for this reason it is undoubtedly used less commonly than it might otherwise be. Britannia Food Ingredients and many of their customers and suppliers use the JCC as a guide to the quality of both raw materials and products. A recent ‘ring test’ between laboratories of various suppliers showed a wide variability between laboratories. The repetitive nature of the stirring required in the test lends itself to automation and thereby to improved reproducibility and repeatability. It was therefore decided to develop an automatic JCC test. In this paper we describe the JCC test itself, the experimental errors found and the new automatic JCC apparatus. Finally we compare results between the automatic and manual procedures and show that they correlate well. Differences were attributed to less effective seeding in the automatic method. A modified automatic JCC apparatus, incorporating improvements resulting from this work, should be on sale by the end of 2001. It is expected that the development of the automatic JCC apparatus will lead to wider use of the JCC test.
[Key Words: Cooling curve, Jensen, automatic, crystallisation]

Introduction

The physical properties of a fat are commonly defined by the solid fat content (SFC) at various temperatures. However, SFC gives no information about the crystallisation properties of a fat. These crystallisation properties are particularly important for chocolate fats where the chocolate mixture is cooled in a defined way (tempered) to induce the formation of a particular polymorph. Crystallisation properties can be measured in various ways, e.g. differential scanning calorimetry, nuclear magnetic resonance (SFC against time) and Cloud Point. The simplest procedure, for which there are standard methods, is to determine the cooling curve, which is a plot of temperature against time.

There are two standard cooling curve methods:

· The Jensen Cooling Curve, British Standard BS684: Section 1.13:1976 ‘Determination of cooling curve’

· The Shukoff Cooling Curve, IUPAC standard method 2.132, ‘Determination of the cooling curve of fats’

The Shukoff Cooling Curve determines the cooling curve under static conditions without stirring. It is particularly useful for general purpose fats and for chocolate fats that do not require tempering1,2.

The Jensen Cooling Curve (JCC) is determined by cooling 75g of fat in a tube of defined dimensions surrounded by an air jacket. The whole apparatus is placed in a water bath at 17°C. Unlike the Shukoff Cooling Curve, the fat is stirred with an up-down stroke every 15 seconds. Chocolate fats like cocoa butter and Cocoa Butter Equivalents (CBE) produce a clear minimum and maximum (Fig. 1) in which the fat transforms to the stable ( polymorph found in tempered chocolate. For this reason, the JCC is commonly included in chocolate manufacturers’ specifications for CBEs3.

For the CBE supplier, a particular advantage of the JCC determination over SFC determination is the time required. The standard procedures to determine the SFC of fats which require tempering specify that the fat should be held at 26°C for 40 hours. Thus it is impossible to complete the SFC test in less than about 45 hours. A JCC can be completed within 2 to 3 hours.

The disadvantage of the JCC is that it is labour intensive and subjective. Analysts carrying out the test require training and several analysts in a laboratory, or in several laboratories across more than one company, require cross-training to ensure that they get similar results. An automatic method would overcome this disadvantage enabling reproducible and consistent results between laboratories and staff to be obtained easily. Additionally, if an automatic apparatus were available the JCC test would undoubtedly be more commonly used.

In the 1970s, an automatic Jensen apparatus was developed by the Loders-Croklaan Company, but only a small number of units was manufactured and the apparatus was not marketed for general sale4. 

[image: image1.wmf]24

26

28

30

32

0

10

20

30

40

50

Time (minutes)

T

e

m

p

e

r

a

t

u

r

e

 

/

C


Figure 1. Jensen Cooling Curve of Cocoa Butter
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Figure 2. Picture of Automatic Jensen Cooling Curve Apparatus
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Figure 3(a). Comparison of Manual and Automatic JCC Methods (Tmax values)
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Figure 3(b). Comparison of Manual and Automatic JCC Methods (tmax values)

Accordingly, we have now developed a new automatic JCC apparatus. The intention is to market the apparatus for general sale to chocolate fat suppliers and their customers.

This paper details our study of the manual JCC test and the development of the automatic JCC test and apparatus.

Experimental

The JCC test was carried out according to the British standard as given above. Results are recorded as:

	Tmax
	The maximum temperature reached

	Tmin
	The minimum temperature reached

	Rise
	Tmax - Tmin

	tmax
	The time to reach Tmax

	tmin
	The time to reach Tmin


The automatic JCC apparatus was built by RDP-Intermark, Beverley, East Yorkshire, UK and is shown in Figure 2. The up-down stroke is produced by a pneumatic piston whose frequency (stroke time) and time to travel up and down can be controlled electronically. The JCC tube, air jacket and water bath are identical to those used in the manual test. The stirrer is a metal stirrer rather than the glass stirrer used in the manual test, but the design and dimensions are similar.

Results of ring tests were evaluated by the Analysis of Variance method using the ANOVA module within a Microsoft Excel spreadsheet.

Cocoa butter and other fats used in the study were as processed or produced by Britannia Food Ingredients Ltd., Goole, UK.

Results and Discussion

The manual JCC test

To establish the reproducibility of the manual test, a ring test (The Internal Ring Test) was conducted among the three staff in the Britannia Food Ingredients laboratory who regularly carry out the test. Each person was asked to analyse six samples once. Two of the six samples were replicates. Results were analysed by the ANOVA procedure. An example of the ANOVA procedure results for the Tmax value is given in Table 1.

Standard Errors (SE) and 95% Confidence Limits (calculated as SE x t, where t is the t-value from two-tailed tables for P=0.05 and the relevant degrees of freedom) are given in Table 2. Although we consider these to be low and acceptable and although the duplicate sample analyses were always found to be not significantly different, there were significant differences between the staff. For example in Table 1, analyst Q1 was significantly different from analysts Q2 and Q3 at the 1% significance level (P = 0.01).

A further ring test (The External Ring Test) was then carried out comparing the Britannia Food Ingredients results with the results obtained by three companies who supply ingredient raw materials. All carried out essentially the same British Standard test and each laboratory was asked to analyse six samples in triplicate. Although the duplicate samples included were not significantly different, there were highly significant differences among the four laboratories.

Overall, the External Ring Test showed much higher standard errors and confidence limits than found in the Internal Ring Test (Table 2). The confidence limits for Tmax, arguably the most important parameter recorded, was 0.75 compared with 0.33 for the Internal Ring Test. Some of the differences between laboratories were due to potentially controllable differences, e.g. use of metal stirrers instead of glass and lack of air conditioning, but it was concluded that the main reason for the high variability is the very subjective nature of the test.

The Automatic JCC test

The stroke time was fixed at 15 seconds, the same as for the manual (British Standard method).

Table 1. Typical Report for the Analysis of Variance of Tmax values

	Source of Variation
	Degrees of

Freedom
	Sum of

Squares
	Mean

Square
	F Values

	
	
	
	
	Calculated
	Table(5%)
	Table(1%)

	SAMPLES
	5
	76.1561
	15.2312
	547.78
	3.33
	5.64

	ANALYSTS
	2
	1.1786
	0.5893
	21.19
	4.10
	7.56

	Residual
	10
	0.2781
	0.0278
	
	
	

	
	
	
	
	
	
	

	Total
	17
	77.6128
	
	
	
	

	TABLES OF MEANS
	
	
	
	
	

	Grand Mean:
	28.71
	
	
	
	

	
	
	
	
	
	
	

	VARIATE:
	SAMPLES
	
	
	
	

	Conclusion:
	Significant Difference at 1% significance level

	Std. Error of Means:
	0.096
	
	
	
	

	Least signif. diff.(5%)
	
	
	
	
	

	between means:
	0.30
	
	
	
	

	
	
	
	
	
	
	

	Means:
	C 32.10; F 30.20; A 29.55; E* 27.02; B* 26.80 (* duplicate samples); D 26.60

	
	
	
	
	
	
	

	VARIATE:
	ANALYSTS
	
	
	
	

	Conclusion:
	Significant Difference at 1% significance level

	Std. Error of Means:
	0.068
	
	
	
	

	Least signif. diff.(5%)
	
	
	
	
	

	between means:
	0.21
	
	
	
	

	
	
	
	
	
	
	

	Means:
	Q1 29.07; Q2 28.59; Q3 28.48

	
	
	
	
	
	
	

	                    95% Confidence Limits
	
	
	
	
	

	   for any one analysis by any one analyst:       0.372
	
	
	

	Standard Error
	
	
	
	
	

	   for any one analysis by any one analyst:       0.167
	
	
	

	
	
	
	
	
	
	

	DATA:
	ANALYSTS
	
	

	
	SAMPLES
	Q1
	Q2
	Q3
	
	

	
	A
	30.20
	29.40
	29.05
	
	

	
	B
	27.10
	26.65
	26.65
	
	

	
	C
	32.30
	32.10
	31.90
	
	

	
	D
	26.90
	26.40
	26.50
	
	

	
	E
	27.25
	27.00
	26.80
	
	

	
	F
	30.65
	30.00
	29.95
	
	


Table 2. Standard Errors & Confidence Limits for Internal and External Ring Tests

	Parameter
	INTERNAL
	EXTERNAL

	
	Standard Error*
	95% Confidence Limits*
	Standard Error*
	95% Confidence Limits*

	Tmax
	0.17
	0.37
	0.37
	0.75

	Tmin
	0.13
	0.30
	0.40
	0.80

	Rise
	0.11
	0.24
	0.48
	0.95

	tmax
	2.16
	4.83
	5.46
	10.91

	tmin
	0.87
	1.94
	2.31
	4.61


* for any one analysis by any one analyst
Table 3. Effect of varying the up and down stroke times on the JCC of cocoa butter (Pressure = 3 bar)

	Down-Stroke Time (secs)
	Up-Stroke Time (seconds)

	
	0.080
	0.100
	0.125
	0.150
	0.175
	0.200
	0.250

	Tmax values (oC)

	0.080
	30.2
	
	
	30.0
	
	30.0
	29.7

	0.100
	
	30.05
	
	30.0
	
	
	

	0.125
	
	
	29.8
	
	
	
	

	0.150
	
	29.9
	
	29.85
	
	
	

	0.175
	
	
	
	
	29.5
	
	

	tmax values (min)

	0.080
	57
	
	
	57
	
	52
	49

	0.100
	
	62
	
	59
	
	
	

	0.125
	
	
	68
	
	
	
	

	0.150
	
	71
	
	59
	
	
	

	0.175
	
	
	
	
	74
	
	


The times for the stirrer to travel up and down (the up-stroke and down-stroke times) can each be adjusted independently. Additionally, the power of the stroke depends on the air pressure. Therefore, the effect of these three parameters was investigated. 3 bar was found to be the optimum pressure to provide a sufficiently powerful stroke. In Table 3 it can be seen that the effect of varying the up and down stroke times is small for Tmax, but significant for tmax. A longer up-stroke time and shorter down-stroke time were found to give results closest to the manual method. An up-stroke time of 0.220 seconds and a down-stroke time of 0.080 seconds was selected for further work. Under these conditions for cocoa butter we found:

	
	Tmax
	tmax
	Rise

	Automatic
	30.1
	56
	5.5

	Manual (glass stirrer)
	30.4
	42
	5.3

	Manual (metal stirrer)
	30.05
	49
	5.7


Clearly the use of a metal stirrer is responsible for half the difference found for tmax, presumably due to heat conduction along the stirrer shaft.

	
	Standard Error
	95% Confidence Limits

	Tmax
	0.11
	0.24

	Tmin
	0.15
	0.33

	Rise
	0.19
	0.41

	tmax
	3.13
	6.82


Ten replicate determinations of cocoa butter showed standard errors and confidence limits which compare well with the results given in Table 2. Even so, the confidence limits for the Rise and tmax are significantly worse than found in the Internal Ring Test. Close inspection of the method showed that this variability was related to variation in seeding caused by the oil rising into the glass bearing through which the stirrer passes. The manual method gives a less uniform stroke than the automatic method and oil splashes up on to the bung and the bearing. Additionally, the bung for the automatic method is more rigid and makes a less tight seal. This crystallisation in the bearing and subsequent seeding of the fat is an important part of the manual method. If seed crystals are not formed, or are formed later, then supercooling will be greater and tmax will increase.

Finally, to evaluate the method over a wider range of fats, the manual and automatic methods were compared for 20 fats comprising cocoa butter; raw materials such as sal stearin, shea stearin and illipé; and finished CBEs. Results are plotted in Fig. 3(a) and 3(b) for Tmax and tmax.

There is an excellent correlation between the two methods for Tmax with the automatic method giving values about 0.5°C lower than the manual method. Results for tmax correlated less well, although overall variability was less than found in the External Ring Test. The poorer correlation is attributed to the seeding problems mentioned above. These are expected to be minimised or eliminated when the improvements noted below are effected.
Conclusions

a) The automatic JCC method gives results which are close to, and correlated with, the manual method.

b) Precision is comparable with the precision obtained by experienced operators within the same laboratory and much better than precision observed across several independent laboratories.

c)
Some improvements are proposed to the prototype apparatus:

· Use of either a non-metal stirrer or an insulation break in the metal stirrer.

· Improved location and sealing of bung in glass tube.

· Output to computer with automatic computation of Tmax, tmax, etc.

· Simplification of locking mechanism to hold tube during operation.

d)
The modified apparatus will be available for purchase by the end of 2001.
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_1080715107.xls
Manual

		

		SAMPLE		Tmax		Tmin		Trise		tmax		tmin		FIRST		WATER BATH		ROOM		ANALYST		SLOPE

														CRYSTALS		TEMP		TEMP

		A1		30.20		24.20		6.00		50		22		28.6		17.0		19.0		DW		0.21

		A2		29.40		24.10		5.30		46		22		28.5		17.0		19.4		R.J.T		0.22

		A3		29.05		23.90		5.15		45		23		27.1		16.8		19.5		CLF		0.23

		Mean		29.55		24.07		5.48		47		22		28.1		16.9		19.3		-		0.22

		B1		27.10		22.30		4.80		62		31		24.2		17.0		19.4		DW		0.15

		B2		26.65		22.30		4.35		62		31		24.5		16.9		19.0		R.J.T		0.14

		B3		26.65		22.70		3.95		56		29		26.0		16.9		19.0		CLW		0.15

		Mean		26.80		22.43		4.37		60		30		24.9		16.9		19.1		-		0.15

		C1		32.30		24.80		7.50		47		21		28.3		17.0		19.0		DW		0.29

		C2		32.10		24.90		7.20		46		19		28.5		16.9		19.0		R.J.T		0.27

		C3		31.90		25.10		6.80		48		19		29.8		16.9		18.7		CLW		0.23

		Mean		32.10		24.93		7.17		47		20		28.9		16.9		18.9		-		0.26

		D1		26.90		22.35		4.55		68		32		24.3		17.0		19.4		DW		0.13

		D2		26.40		22.40		4.00		65		32		25.0		17.0		18.5		R.J.T		0.12

		D3		26.50		22.60		3.90		70		30		26.2		16.9		18.6		CLW		0.10

		Mean		26.60		22.45		4.15		68		31		25.2		17.0		18.8		-		0.12

		E1		27.25		22.50		4.75		60		31		24.4		17.0		19.0		DW		0.16

		E2		27.00		22.50		4.50		58		31		25.0		16.9		19.0		R.J.T		0.17

		E3		26.80		22.60		4.20		58		31		27.4		17.0		19.4		CLW		0.16

		Mean		27.02		22.53		4.48		59		31		25.6		17.0		19.1		-		0.16

		F1		30.65		25.45		5.20		42		18		28.7		17.0		19.8		DW		0.22

		F2		30.00		25.50		4.50		37		16		28.3		16.9		20.3		R.J.T		0.21

		F3		29.95		25.50		4.45		37		17		29.2		17.0		18.6		CLW		0.22

		Mean		30.20		25.48		4.72		39		17		28.7		17.0		19.6		-		0.22





M+A

		

				Tmax				Tmin				Trise				tmax				tmin

				Manual		Auto		Manual		Auto		Manual		Auto		Manual		Auto		Manual		Auto

		1		33.90		32.55		25.70		24.85		8.20		7.70		45		56		18		28

		2		38.35		37.20		28.90		29.00		9.45		8.20		45		42		9		8

		3		31.40		31.30		26.80		25.80		4.60		5.50		56		71		16		27

		4		31.05		30.80		25.60		25.30		5.45		5.50		42		50		17		21

		5		33.15		32.50		25.00		24.00		8.15		8.50		51		62		19		25

		6		30.60		30.35		25.20		25.30		5.40		5.05		41		51		18		24

		7		30.65		30.40		25.40		25.00		5.25		5.40		40		49		18		22

		8		30.60		30.35		25.35		25.15		5.25		5.20		41		49		18		21

		9		30.60		30.45		25.50		25.60		5.10		4.85		40		46		17		18

		10		30.50		30.05		25.15		24.20		5.35		5.85		42		50		18		26

		11		31.60		30.80		24.90		24.20		6.70		6.60		45		55		20		26

		12		31.30		30.65		24.90		23.90		6.40		6.75		48		59		21		36

		13		31.10		30.70		26.50		26.60		4.60		4.10		60		77		17		21

		14		33.60		33.40		27.00		26.80		6.60		6.60		54		62		13		18

		15		33.40		33.00		27.05		26.85		6.35		6.15		33		36		12		14

		16		29.80		29.70		24.30		24.00		5.50		5.70		47		55		20		27

		17		27.70		27.80		23.00		23.50		4.70		4.30		57		65		31		31

		18		30.05		29.80		24.50		24.90		5.55		4.90		47		44		19		22

		19		31.80		31.15		24.50		24.50		7.30		6.65		51		54		21		26

		20		30.60		30.40		25.15		25.30		5.45		5.10		44		48		19		20





Tmax

		33.9

		38.35

		31.4

		31.05

		33.15

		30.6

		30.65

		30.6

		30.6

		30.5

		31.6

		31.3

		31.1

		33.6

		33.4

		29.8

		27.7

		30.05

		31.8

		30.6



Manual Auto

Manual

Automatic

32.55

37.2

31.3

30.8

32.5

30.35

30.4

30.35

30.45

30.05

30.8

30.65

30.7

33.4

33

29.7

27.8

29.8

31.15

30.4



Time-max

		45

		45

		56

		42

		51

		41

		40

		41

		40

		42

		45

		48

		60

		54

		33

		47

		57

		47

		51

		44



Manual Auto

Manual

Automatic

56

42

71

50

62

51

49

49

46

50

55

59

77

62

36

55

65

44

54

48



Tmin

		25.7

		28.9

		26.8

		25.6

		25

		25.2

		25.4

		25.35

		25.5

		25.15

		24.9

		24.9

		26.5

		27

		27.05

		24.3

		23

		24.5

		24.5

		25.15



Manual Auto

Manual

Auto

Tmin

24.85

29

25.8

25.3

24

25.3

25

25.15

25.6

24.2

24.2

23.9

26.6

26.8

26.85

24

23.5

24.9

24.5

25.3



Rise

		8.2

		9.45

		4.6

		5.45

		8.15

		5.4

		5.25

		5.25

		5.1

		5.35

		6.7

		6.4

		4.6

		6.6

		6.35

		5.5

		4.7

		5.55

		7.3

		5.45



Manual Auto

Manual

Auto

Rise

7.7

8.2

5.5

5.5

8.5

5.05

5.4

5.2

4.85

5.85

6.6

6.75

4.1

6.6

6.15

5.7

4.3

4.9

6.65

5.1



timemax

		45

		45

		56

		42

		51

		41

		40

		41

		40

		42

		45

		48

		60

		54

		33

		47

		57

		47

		51

		44



Manual Auto

Manual

Auto

Time max

56

42

71

50

62

51

49

49

46

50

55

59

77

62

36

55

65

44

54

48



timemin

		18

		9

		16

		17

		19

		18

		18

		18

		17

		18

		20

		21

		17

		13

		12

		20

		31

		19

		21

		19



Manual Auto

Manual

Auto

Time min

28

8

27

21

25

24

21

18

26

26

36

21

18

14

27

31

22

26

20
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Manual

		

		SAMPLE		Tmax		Tmin		Trise		tmax		tmin		FIRST		WATER BATH		ROOM		ANALYST		SLOPE

														CRYSTALS		TEMP		TEMP

		A1		30.20		24.20		6.00		50		22		28.6		17.0		19.0		DW		0.21

		A2		29.40		24.10		5.30		46		22		28.5		17.0		19.4		R.J.T		0.22

		A3		29.05		23.90		5.15		45		23		27.1		16.8		19.5		CLF		0.23

		Mean		29.55		24.07		5.48		47		22		28.1		16.9		19.3		-		0.22

		B1		27.10		22.30		4.80		62		31		24.2		17.0		19.4		DW		0.15

		B2		26.65		22.30		4.35		62		31		24.5		16.9		19.0		R.J.T		0.14

		B3		26.65		22.70		3.95		56		29		26.0		16.9		19.0		CLW		0.15

		Mean		26.80		22.43		4.37		60		30		24.9		16.9		19.1		-		0.15

		C1		32.30		24.80		7.50		47		21		28.3		17.0		19.0		DW		0.29

		C2		32.10		24.90		7.20		46		19		28.5		16.9		19.0		R.J.T		0.27

		C3		31.90		25.10		6.80		48		19		29.8		16.9		18.7		CLW		0.23

		Mean		32.10		24.93		7.17		47		20		28.9		16.9		18.9		-		0.26

		D1		26.90		22.35		4.55		68		32		24.3		17.0		19.4		DW		0.13

		D2		26.40		22.40		4.00		65		32		25.0		17.0		18.5		R.J.T		0.12

		D3		26.50		22.60		3.90		70		30		26.2		16.9		18.6		CLW		0.10

		Mean		26.60		22.45		4.15		68		31		25.2		17.0		18.8		-		0.12

		E1		27.25		22.50		4.75		60		31		24.4		17.0		19.0		DW		0.16

		E2		27.00		22.50		4.50		58		31		25.0		16.9		19.0		R.J.T		0.17

		E3		26.80		22.60		4.20		58		31		27.4		17.0		19.4		CLW		0.16

		Mean		27.02		22.53		4.48		59		31		25.6		17.0		19.1		-		0.16

		F1		30.65		25.45		5.20		42		18		28.7		17.0		19.8		DW		0.22

		F2		30.00		25.50		4.50		37		16		28.3		16.9		20.3		R.J.T		0.21

		F3		29.95		25.50		4.45		37		17		29.2		17.0		18.6		CLW		0.22

		Mean		30.20		25.48		4.72		39		17		28.7		17.0		19.6		-		0.22





M+A

		

				Tmax				Tmin				Trise				tmax				tmin

				Manual		Auto		Manual		Auto		Manual		Auto		Manual		Auto		Manual		Auto

		1		33.90		32.55		25.70		24.85		8.20		7.70		45		56		18		28

		2		38.35		37.20		28.90		29.00		9.45		8.20		45		42		9		8

		3		31.40		31.30		26.80		25.80		4.60		5.50		56		71		16		27

		4		31.05		30.80		25.60		25.30		5.45		5.50		42		50		17		21

		5		33.15		32.50		25.00		24.00		8.15		8.50		51		62		19		25

		6		30.60		30.35		25.20		25.30		5.40		5.05		41		51		18		24

		7		30.65		30.40		25.40		25.00		5.25		5.40		40		49		18		22

		8		30.60		30.35		25.35		25.15		5.25		5.20		41		49		18		21

		9		30.60		30.45		25.50		25.60		5.10		4.85		40		46		17		18

		10		30.50		30.05		25.15		24.20		5.35		5.85		42		50		18		26

		11		31.60		30.80		24.90		24.20		6.70		6.60		45		55		20		26

		12		31.30		30.65		24.90		23.90		6.40		6.75		48		59		21		36

		13		31.10		30.70		26.50		26.60		4.60		4.10		60		77		17		21

		14		33.60		33.40		27.00		26.80		6.60		6.60		54		62		13		18

		15		33.40		33.00		27.05		26.85		6.35		6.15		33		36		12		14

		16		29.80		29.70		24.30		24.00		5.50		5.70		47		55		20		27

		17		27.70		27.80		23.00		23.50		4.70		4.30		57		65		31		31

		18		30.05		29.80		24.50		24.90		5.55		4.90		47		44		19		22

		19		31.80		31.15		24.50		24.50		7.30		6.65		51		54		21		26

		20		30.60		30.40		25.15		25.30		5.45		5.10		44		48		19		20
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