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1 Introduction

In reviewing the data submitted with the application, FSANZ has identified that further information is required in a number of areas. Please find below more information from Danisco on the approval dossier of KLM3´. For ease of use, we have repeated each question and then supplied our answer.
2 Clarification of proposed uses
It is stated in the Application (Exec summary, 1.3-Justification) that dairy related uses are UHT milk and powdered milk products. However, throughout other sections of the dossier (page 6 and Appendix A), use in yoghurt is noted.

Please clarify exactly what the dairy related uses are, and if they are to include yoghurt, studies supporting the efficacious use in this product must be supplied.

Response by Danisco

The company wishes to clarify its dairy applications will include the preparation of 
i. UHT milk

ii. Powdered milk

iii. Yoghurt

Information has already been provided for UHT and powdered milk production, and now information is presented below to support its use in Yoghurt manufacture.
KLM3’ is added to milk before it is homogenized and pasteurized and it is then used to produce UHT milk, powdered milk and yoghurt  It enables the transfer fatty acid acyl groups from milk phospholipid (or lecithin) to cholesterol resulting in the formation of lysophospholipids (or lysolecithins) and cholesterol esters, facilitating the formation of micelles and thereby reducing the build up of denatured proteins on heated surfaces during the production of UHT and powdered milk, and facilitating improved fermentation and viscosity formation during yogurt culturing.
3 Safety Assessment Information

The following safety assessments are requested:

1. Cytotoxicity study (for example an in vitro cytotoxicity test like a neutral red uptake test in L929 monolayer culture)

2. Information pertaining to the digestibility of the protein (i.e. a digestibility study)

Response by Danisco

3.1 Cytotoxicity study
In vitro human lymphocyte chromosomal aberration test has shown that KLM3’ was unusually cytotoxic to the lymphocytes in cultures. The cytotoxic effect is related to the mechanism of action of the KLM3’ enzyme.  Indeed, KLM3’ effectiveness is based on its effects on the cell membrane by transferring acyl groups from phospholipids to acceptors such as sterols, fatty alcohols and other smaller primary alcohols.    

Phospholipids are essential constituents of cell membranes and in the presence of KLM3’ in an in vitro culture, a large proportion of the phospholipids are converted to lyso-phosphatidylcholine and lyso-phosphatidylethanolamine.  The presence of appreciable amounts of lyso-derivatives in an in vitro situation is detrimental to the cell membrane leading to cell lysis.  

However, the in vitro adverse effects were not observed in in vivo assays (micronucleus assay and haematology from a 90-day study) suggesting that the effects were restricted to in vitro/cultures assay.  Consequently, it is to be expected that the same effects would be observed in the in vitro cytotoxicity study suggested by the Agency, which would result in a misleading interpretation of neutral red uptake.  

3.2 Information relating to digestibility

A battery of genotoxicity studies were carried out and KLM3’ was found not to be a mutagen, clastogen, aneugen, and it did not increase the formation micronuclei in bone marrow erythrocytes. Although KLM3’ did show some cytotoxicity in in vitro cultures no adverse effects were observed in the repeat dose 90-day study in rodents.  Although it is expected that KLM3’ will be digested in the gut to its constituent amino acids in a similar manner as applies to all enzymes and proteins, this is not relevant to its safety profile in the intended applications given that the enzyme is inactivated (it is fully denatured at temperatures above 70 °C) and/or removed in those applications, as described below:    
KLM3’ is expected to be inactivated during the subsequent production processes for all applications. During oil processing, the enzyme will go with the water phase, which together with the meal is toasted before use for animal feed and the heat will denature the enzyme. Any residual enzyme in the oil is denaturated and removed during refining and deodorization. After treatment of egg yolk, the yolk is pasteurized at ≥80°C; alternatively, baked goods prepared with treated yolks or whole eggs are oven-baked; both processes will denature the enzyme. The enzyme is also inactivated during cooking of processed meat. Heat treatment of milk containing the enzyme KLM3´for production of UHT milk, powdered milk and yoghurt causes a complete inactivation of the enzyme, and no activity is left in the final products.  
Therefore it may be concluded that active KLM3’ will not be present in the final food after processing, and so no new information on its safety profile with respect to the intended applications will be gained by carrying out a digestibility study.
4 Technological function

In assessing the functionality of enzyme processing aids, we have to give regard to the enzyme's technological function, including the amounts and form in which it is to be added.  Insufficient evidence has been supplied to enable a robust assessment to be undertaken of the enzyme's technological function and efficacy in each of the proposed foods.

1. Further information and data is required to support the efficacy examples provided.  Information should include details of specific analyses undertaken, including what was measured and how.

2. Results of any analyses performed to support the claims for use in bakery products, mayonnaise and yoghurt (if required), should also be provided.

Response by Danisco

4.1 Efficacy examples

4.1.1 In processed meat products

The effect of acyltransferase KLM3’ was examined in a liver/oil emulsion, first in a model system and secondly in application trials of liver sausages with a high water and a high fat content, respectively. The activity of KLM3’ was also investigated by HPTLC by measuring the presence of the phospholipids, phosphatidylcholine (PC) and phosphatidylethanolamine (PE) and lysophospholipids (the latter act as emulsifying agent).
The model system demonstrated improved oil emulsion stability with the presence of KLM3’. At a concentration of 0.07% KLM3’, the liver emulsion had an oil stability of 94% compared to 51% in the control. In the application trial, the KLM3’-treated liver sausages with high fat had a lighter colour (as result of better emulsification), harder texture and improved fat retention compared to the control and CITREM
-treated liver sausage. The results from HPTLC confirmed the activity of KLM3’ in liver emulsion and liver sausage by degradation of phospholipids (PC and PE) and accumulation of lysophospholipids, and formation of cholesterol ester in the enzyme-treated emulsion compared to the control. 

Results from the efficacy trials can be found in Appendix 1.
4.1.2 In degumming vegetable oil

The yield-enhancing ability of KLM3´ is the result of two interrelated features: the transferase reaction of the enzyme and the simultaneous formation of lyso-phospholipids, which improve the separation of the oil and gum phase. High quality degummed oils with phosphorus levels below market specifications are guaranteed.

Essentially, the transferase reaction controls the formation of free fatty acids, maintaining the high quality of the degummed oil. The binding of free fatty acids to phytosterols contributes further to increased oil yield, as the phytosterol ester remains in the oil. A secondary effect is that the enzyme hydrolyses phospholipids into lysophospholipids and free fatty acids, when the level of phytosterols in the oil is depleted. The conversion of phospholipids into hydratable lyso-phospholipids reduces the content of phosphorus in the oil, as the hydratable phospholipids are removed in the centrifugation step. Moreover, the formation of lysophospholipids has a favourable effect on the consistency of the gum phase, making the separation of the oil and gum phase more efficient. A further advantage of KLM3´ in oil processing is that it is not active on triglycerides.

Enzymatic water degumming of oil changes the mass balance, giving increased oil yield compared to a non-enzymatic process. This is due to the transferase reaction of the enzyme. The transfer of fatty acid from phospholipids to phytosterols reduces the amount of gum phase and increases the degummed oil phase. Another factor contributing to increased oil yield is the transformation of phospholipids into lyso-phospholipids, which improves the separation of the oil and gum phase. Lyso-phospholipids are more water soluble than phospholipids and are, thus, more easily separated from the oil during centrifugation. 
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Figure 1: Water degumming of crude soya oil

More information on the efficacy in degumming of vegetable oil can be found in Appendix 2.
4.1.3 In milk processing (for yoghurt, UHT milk and powdered milk)
Fouling of heat exchangers in the Dairy Industry is a quite severe problem, both technically and economically. During thermal treatments of milk products, proteins are often denatured and precipitated to form fouling layers on the heat exchange surfaces.
Essentially, the transferase reaction controls the formation of lysophospholipids without formation of significant amount of free fatty acids, because the amount of donor substrate phospholipid is lower than the amount of acceptor substrate cholesterol. This will secure the reduced fouling effect in the heat exchanger and still maintaining the high organoleptic quality of the enzyme treated milk.

Generally it is possible to detect the fouling of plate heat exchanger surfaces through a linear evolution of pressure drop and the overall heat transfer coefficient, and most commonly the UHT plants monitor development of pressure drop, in order to get an indication of when it is necessary to run an intermediate cleaning cycle (CIP: cleaning-in-place). 

In Figure 2, development of pressure drop over a UHT plant is shown from actual full scale factory trials as a function of time.
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Figure 2: Development of pressure drop in UHT plant
From the full scale trial we have seen that the run time for a UHT plant can be increased by several hours, i.e. generating a large saving in cost of detergents, energy and manpower for CIP and at the same time leaving more actual production time in the processing plant.

More information on the efficacy in milk processing can be found in Appendix 3.
Yoghurt application – milk used for fermentation

Milk intended for yoghurt production supplemented with KLM3' was compared to untreated milk in terms of the effect of fermentation and certain organoleptic properties of set yoghurt.  The composition of the milk used in this trial is typical for a set yoghurt product used in Dairy Plants.  

The fermentation time of the enzyme treated milk was 302 minutes compared to 320 minutes for the untreated milk, although in terms of syneresis from the two samples they were identical.  In terms of gel strength the yoghurt from enzyme treated milk showed a slightly higher firmness when compared to the yoghurt untreated milk and it was evident that the yoghurt from enzyme treated milk had a shorter texture.
More information on efficacy in milk used for fermentation can be found in Appendix 4
4.1.4 In egg products (for Bakery and Mayonnaise production)
Egg yolk contains 31% lipid, 30% of which is lecithin. Enzymatic conversion of lecithin to lyso-lecithin improves the emulsification properties of the egg yolk. The resulting egg yolk is therefore more economic for the producer and has improved texture characteristics. It also improves the heat stability of the egg yolk, allowing for hot processing or post-pasteurisation, which gives better microbial stability.

When making sauces, dressing or mayonnaise, the improved emulsification properties are important in preventing separation of the product upon pasteurisation (see figure below). 

[image: image3]
Figure 3: Pasteurised mayonnaise made with ordinary egg yolk (left picture)

Pasteurised mayonnaise made with enzyme treated egg yolk (right picture)

In the pilot scale trial, mayonnaise made with KLM3’ modified egg yolk was compared with mayonnaises made with egg yolk modified with conventional phospholipases or heat-stable egg yolk powder with respect to viscosity, particle size distribution and heat stability. Results showed that egg yolk modified with KLM3´ gave the same functionality as egg yolk modified with conventional phospholipase and enzyme modified egg yolk powder.
The trials made with pilot scale mayonnaises showed that the egg content can be reduced by 50% (from 5% to 2.5%) when using enzyme modified egg yolk instead of unmodified egg yolk, irrespective of the enzyme used for the modification (see Appendix 5).
The table below summarize the benefits of using KLM3´ in egg products.

	Feature
	Benefit
	Gain

	Improved heat stability
	· The egg product can be used for hot processing or post pasteurized products
	· Better shelf life.

· Better microbial safety

· Freedom to create new products

	Improved emulsification capacity
	· Reduced dosage of egg in the final product

· Improved texture. More creaminess, improved body.
	· Better economy.

· Reduced need for other emulsifiers and stabilizers

· Product quality and differentiation


5 Nutritional Impact

It is stated in the application (Section 3.1 of Appendix A - Description) that "The reaction products formed depend on the substrate(s), but generally consist of lyso-phospholipids, cholesterol ester ofC14 to C20 fatty acids and sterol esters ofC14 to C20 fatty acids (campesterol, stigmasterol, beta-sitosterol, 5-avenasterol and 7-stigmasterol)", and more specifically that the enzyme will "modify phospholipid to lysophospholipid and cholesterol ester" in egg yolk, processed meat products and milk products.
To fully assess any impact from use of the enzyme on nutritional parameters in the foods and any changes on the blood lipid profile of consumers, FSANZ requires information on the following.

5.1 Cholesterol and cholesterol ester

5.1.1 Structural and chemical differences

In relation to the types of foods before and after treatment with KLM3' , please: 

a. Describe any structural or chemical differences in cholesterol esters produced by the enzyme reaction from those already present in the initial food products for each type of food.

b. Quantify the absolute and relative change in the ranges of free cholesterol and cholesterol ester in each type of food.

And if differences exist,

c. Compare, including quantify, any differences in intestinal absorption of cholesterol ester formed from enzyme treatment and naturally present cholesterol esters.

d. Compare, including quantify, any differences in HDL- and LDL-cholesterol from a daily intake of cholesterol ester formed from enzyme treatment and naturally present cholesterol esters.

Response by Danisco

a) KLM3’ catalyses the fatty acid transfer between phospholipids (phosphatidylcholine / phosphatidylethanolamine, phosphatidylinositol, phosphatidylserine and phosphatidic acid) and sterols such as cholesterol, to produce cholesterol esters. KLM3´ catalyses the transfer of fatty acids from phospholipids as shown in Figure 4. 
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Figure 4: reaction catalysed by KLM3´
When no sterol or cholesterol is available in the food item, the enzyme also catalyze the hydrolysis reaction of phospholipids (like conventional phospholipases) 

The enzyme reaction with KLM3’ in the food does not have an impact upon the overall fatty acid composition and the fatty acid composition of the cholesterol ester produced is similar to the fatty acid composition of the endogenous cholesterol ester in the food item. This is concluded from the investigation of fatty acid composition of the phospholipids in the food item,  which is the acyl donor for the cholesterol ester produced, and comparing this with the fatty acid composition of endogenous cholesterol ester in the food item.
The cholesterol ester produced has a fatty acid composition that is like the fatty acid composition of the phospholipids found in the same food product. According to information available from the literature, for the milk phospholipids, milk phospholipids ,present in milk at a concentration of about 20-50mg/L, are mainly composed of phosphatidyl ethanolamine (35%), phosphatidyl choline (30%), sphingomyeline (24%) (Schmidl, 2000). Phosphatidyl ethanolamine and phosphatidyl choline are composed of fatty acid which are mostly long-chain fatty acids, predominantly C:18 with oleic acid (approx. 70%), stearic acid (approx. 16%) and smaller amounts of myristic and other long-chain FA (Kurtz, 1934). The fatty acid composition of naturally occurring cholesterol ester in cow milk is based on palmitic acid (23,09%), stearic acid(10.55%) oleic acid (35%) linoleic acid (27,9%), (Wood and Bitman, 1986).  Based on this information, it is concluded that the cholesterol ester produced by the enzyme will have similar structure as the fatty acid of the endogenous cholesterol ester in milk.

For egg yolks, the phospholipid composition is more varied, with 55% C18 (oleic and stearic acid), 30% C:16 (palmitic acid), and 15% longer chain (C20+C22), and overall, approx. 40% saturated (Rhodes and Lea, 1957).
Fatty acid composition of Cholesterol ester in egg yolk is 35% oleic acid, 33% palmitic acid, 12% linoleic acid and 11% stearic acid (Kuksis, 1992), and the phospholipid of  egg yolks  has a fatty acid composition of 44,05% oleic acid, 27,8% Palmitic acid, 16.09% Linoleic acid and 6.11% stearic acid (Awad et al., 1997). It is therefore concluded that the cholesterol ester produced by KLM3’ in egg yolk and the endogenous cholesterol ester has a similar chemical structure.

KLM3´ used in processed meat products catalyses the formation of cholesterol ester from free cholesterol concomitant with the conversion of phospholipids to lysophospholipids which facilitate improved emulsification. The amount of cholesterol in processed meat products will depend on the fat level in the recipe. More fat in the recipe contributes to a higher level of cholesterol. Most of the cholesterol in meat products is free cholesterol with a minor amount of cholesterol ester in the meat product. 
Experimental results with KLM3´ in liver sausages, cholesterol and cholesterol ester showed the following results (Table 1):
	
	Control
	KLM3’
	Change

	Cholesterol, %
	0,2
	0,04
	0,16

	Cholesterol ester, %
	0,01
	0,31
	0,30


Table 1: GLC analysis of lipid extracted from liver sausage
The cholesterol ester produced by KLM3’ reaction will have a fatty acid composition corresponding to the phospholipids in the meat product. The main phospholipids in meat products are phosphatidylethanolamine(PE) and phosphatidylcholine(PC). The fatty acid composition of phospholipids in various meats are based on C:16, C:18 and C:20 carbon fatty acids. The main fatty acids of endogenous cholesterol ester are C:16 and C:18 fatty acids. (Singhal et al., 1997). Based on these information it is concluded that cholesterol esters produced in processed meat products are structural similar to the endogenous cholesterol ester in the processed meat product.
b) Data from the pilot studies with KLM3’ used in the manufacture of liver sausage and egg yolk treatment suggest reductions in cholesterol of approx. 75% (liver sausage) and 80-95% (egg yolk), depending on enzyme dosage and reaction time and conditions.  In milk treated with KLM3’, 30% to 80% of the free cholesterol is esterified with an average of 40%, when used in UHT milk processing. This suggests that greater than 30% to 95% of the cholesterol is converted to cholesterol esters depending on the processing conditions and enzyme dosage. The exact change in ratio between free cholesterol and cholesterol ester thus depends on several factors but typical values of the change in the relative and absolute amount of cholesterol and cholesterol ester are shown in Table 2.Even though there is significant variation in the degree of esterification in foods, e.g., for milk the cholesterol contents and degree of esterification depend on animal species, lactation stage and number, and milk processing (Bitman et al., 1986; Gorban et al., 1999). It is likely that the efficiency by which KLM3’ transfers fatty acids from phopholipids to cholesterol results in relative esterified cholesterol concentrations that are higher than generally found in most foods.
	Liver sausage
	
	
	
	

	
	control
	KLM3'
	change
	reduction, %

	free cholesterol, %
	0.277
	0.067
	0.21
	76

	 Cholesterol ester, %
	0,02
	0,37*
	0,35
	

	
	
	
	
	

	Egg yolk
	
	
	
	

	
	control
	KLM3'
	change
	ratio

	free cholesterol
	1.1
	0.22
	0.88
	0.80

	(range)
	1.3
	0.06
	1.24
	0.95

	* Calculated
	
	
	
	

	
	
	
	
	

	Cow Milk
	
	
	
	

	Free cholesterol, %
	0,0106
	0,0063
	0,0043
	40,5

	Cholesterol ester, %
	0,0005
	0,0055
	0,0050
	


Table 2: Experimental results form use of KLM3 in different food items

However, related to both parts a) and b) above, it is questionable whether cholesterol esterification in foods has nutritional relevance. Animal studies show that cholesterol esters are hydrolysed and absorbed in the intestine as free cholesterol (Shiratori and Goodman, 1965). Cholesterol esters are hydrolysed in the intestine by a number of digestive enzymes (Shamir et al., 1995; Weng et al., 1999). These references point to the fact that cholesterol absorption is not related to the intake of cholesterol as free or esterified cholesterol because all cholesterol esters are hydrolyzed and absorbed as free cholesterol.
Hence, the impact of cholesterol esterification in foods treated with KLM3’ is minimized by the presence of cholesterol ester hydrolases and other enzymes in the intestine, secreted by the pancreas triggered by CCK (cholecystokinin) release.
Hence, we do not think the requested information is needed or relevant, as we are not including any nutritional or health claims in our application to FSANZ and do not intend to market the product with nutritional or health benefit claims, as it is to be used exclusively as a processing aid in food manufacture.

5.1.2 Food composition table
In relation to the types of foods treated with KLM3', compared with those treated with the current methods/enzymes (such as phospholipase), please provide a composition table of:

a. total fat

b. fatty acid profile

c. free cholesterol

d. esterified cholesterol.

Response by Danisco
The total fat content of the type of food treated with KLM3 as well as the fatty acid profile of the fat is listed in Appendix 6. Also the amount of free cholesterol and esterified cholesterol in the different foods are listed.
Appendix 6 makes it clear that there are significant variations in the amount of free and esterified to cholesterol in different food items and also variation in the fatty acid composition. However the fatty acid profile is always mainly composed of C:14 to C:20 fatty acids in varying concentration.   

5.2 Phytosterols and phytosterol esters

In relation to the types of foods before and after treatment with KLM3" please: 
a. Quantify the absolute and relative change in the ranges of free plant sterols and plant sterol esters in each type of food?

b. Describe any structural or chemical differences in plant sterol esters produced by the enzyme reaction from those already present in the initial food products for each type of food.

Please provide suitable evidence and detailed explanation to support your responses, which may include experimental data, calculations and/or published data. Full references are required in support of your responses.

Response by Danisco
a) The absolute and relative changes in sterol and sterol ester of vegetable oil by using KLM3´ in crude oil processing will depend on the type of oil, i.e., soya, rapeseed/canola or sunflower oil etc. because these oil contain different amount of free sterols and sterol esters. The change in sterol and sterol ester will also depend on the enzyme dosage and reaction time (Figure 5).
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Figure 5: Effect of KLM3’ on sterols in water degumming of crude soya oil

KLM3’ used in the water degumming of crude oil will convert part of the sterols to sterol esters. Experimental results from processing of soya oil, rapeseed oil and sunflower oil are shown in Table 3.
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% % change, %  change, %

Soya bean oil - 0,26 0,16

Soya bean oil + 0,05 0,49 81 206

Rapeseed oil - 0,36 1,21

Rapeseed oil + 0,13 1,64 64 36

Sunflower - 0,23 0,23

Sunflower + 0,13 0,39 43 70



KLM3'


Table 3: experimental results from processing of soya oil, rapeseed oil and sunflower oil
In soya bean oil the main part of the sterols are not esterified. In sunflower oil an equal amount of free sterols and esterified sterols are present. In rapeseed oil the main part of the sterols are esterified. These results confirm that the natural variation of sterols in the different food oil is more pronounced than the variation caused by the enzyme reaction. If in the diet rapeseed oil is mainly used this will contribute to a higher intake of sterol ester than when compared to soya oil treated with KLM3´. 
b) The sterol ester produced by the enzyme will have a fatty acid composition like the 

phospholipids in the same oil. The fatty acid composition of phospholipids in different oils is similar to the fatty acid composition of the triglyceride in the oil dominated by the oleic acid, linoleic acid, linoleneic acid, stearic acid and palmitic acid (Szuhaj, 2005). The same dominating fatty acids are found in the endogenous sterol esters of the oil (Appendix 6; Johansson, 1979; Kalo & Kuuranne, 2001).
Comparison of the fatty acid composition of the phospholipids in the oil with the fatty acid composition of the endogenous sterol ester shows that the sterol esters produced by KLM3’ are similar to the endogenous sterol ester. 
The variation in the content of sterol ester in different oil such as soyabean oil and rape seed oil also leads to the conclusion that the  variation in the amount of sterol ester in the diet is more pronounced that the changes in ratio of free and esterified sterol caused by the use of KLM3’ in processing of these oils.
Sterols in vegetable oils are mainly composed of four different sterols: brassicasterol, campesterol, beta-sitosterol and stigmasterol. However, KLM3´ does not differentiate between the different sterols and all are esterified in equal amounts by the enzyme (Appendix 7). 
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� CITREM: citric acid ester of monoglyceride. CITREM is used as a food emulsifier in foods.
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										KLM3'		Sterol		Sterol ester		Sterol		Sterol ester

												%		%		change, %		change, %

								Soya bean oil		-		0.26		0.16

								Soya bean oil		+		0.05		0.49		81		206

								Rapeseed oil		-		0.36		1.21

								Rapeseed oil		+		0.13		1.64		64		36

								Sunflower		-		0.23		0.23

								Sunflower		+		0.13		0.39		43		70
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