
Assessment One Tasks and Criteria 

4.1   Lesson Planning Assessment 

Note: the candidate must engage in lesson planning and review for all teaching 
sessions during the academic year. For the assessment, each candidate 
provides four completed lesson plans and reviews for a module(s) that they 
teach (two in semester 1 and a further two in semester 2). You are required to 
record outputs from your four lesson plans on the Moodle/VLE CRN 51389. 

TEACHING SESSION PLAN  

Module: Certificate in Teaching and Learning Date: 12/11/2018 

Module for Teaching Practice: Charcuterie 
and Modern Buffet  

Learning Unit: Lesson 8 (Peer Reviewed) 

Level / Stage (6,7,8):           6        Year:   2                                                                                     No. of Learners:    12 

Length of Learning Unit:    180 minutes Previous Knowledge and skills:  good knowledge and skills 
from year 1 

Title of session/ topic:  Smoking of Food 

Mark the type of session: 

Lecture      ☐             Tutorial  ☐              Lab       ☐   Practical/Studio   X      Workshop    ☐                                         

Module Description: This module will build on the knowledge and skills gained in the previous modules 
of Culinary Skills, Contemporary Cuisine and Culinary Science. On successful completion of this module, 
learners will have gained the additional practical skills and knowledge to practice with confidence the art 
of Garde Manger in the modern professional kitchen.  
 
Module Learning Outcome (What module outcome(s) is the class/session aligned to): 

• Demonstrate the knowledge, skills and techniques associated with Charcuterie as applicable to the 
professional kitchen. 

• Understand and apply the techniques associated with Hot, Cold and Pan Smoking 

 
Class/Session Outcomes: Upon completion of this session, you should be able to: (Share with 
students e.g. Write on board /slide/ project image at beginning of lecture for students) 

• Demonstrate knowledge and understanding of the techniques of smoking 

• Identify and select ingredients suitable for the cooking method of smoking as well as equipment 
necessary to apply this method of cookery 

• Produce a variety of hot and cold smoked items 
• Produce one plate of a hot smoked duck dish of an ecstatically and sensory appealing standard 



Select & Prioritise Your Content:  

For the session, decide what material is used in class and what material the students should study 
independently and/or online. To do this, think about the material and its relative importance and prioritise 
and list in the appropriate quadrant. 

 Support Learning Independent Learning 

Priority  

(Need to know) 

 

 1 

• Definition of smoking 
• Wood types used for smoking 
• Temperatures used during smoking 
• Factors influencing the cooking time 
• Advantages of smoking 
• Disadvantages of smoking 
• Equipment used for smoking 
• Food suitable for smoking 

 

 

2  

• Definition of smoking 
• Wood types used for smoking 
• Temperatures used during smoking 
• Factors influencing the cooking time 
• Advantages of smoking 
• Disadvantages of smoking 
• Equipment used for smoking 
• Food suitable for smoking 

 

 

Supplementary  

Learning (Nice to  

know) 

 

 

3 

• Preparation of a duck breast for cooking 
• Important points of cooking a duck breast 
• Important points of preparing seatrout for 

smoking 

 

 

 

 

4 
• The optimisation of the smoking 

process 
• Correlation between type of wood 

and polycyclic aromatic hydrocarbons 
contents of smoked products 

• Correlation between fat content and 
polycyclic aromatic hydrocarbons 
contents of smoked products 

 

 

Material in quadrants 1 and 3 typically become the focus during classes. Quadrants 2 and 4 
represent material students could study themselves and use the VLE/Moodle and online learning 
objects to support this learning.  

Think about how you might incorporate Technology Enhanced Learning Tools and Blended Online 
Learning Objects, that will develop students learning and engagement with the module. 

 



 Teacher Activity                                                       
(what you will do during the class): 

Student Activity                                                                
(what students will do during workshop/lecture): 

Preperation Stage prior 
to Class 

• Preperation of whiteboard in four 
sections allocated to, what will we learn 
today, the overall subject of smoking 
with pointers to important need to 
knows, timing of individual tasks, 
Lessons learned section for the end of 
the class and AOB 

• Prior to class students must engage 
with the related theory and recipes 
provided on Moodle 

• Checking of ingredients and 
especially temperatures of high-risk 
food items as part of daily duties 
during practical class 

Stage 1 

Setting the scene 

•  Welcome students and explain the next 
three hours ahead with reference to the 
whiteboard as a guidance tool 

• Students receive information about 
what will be covered in the class 

Stage 2 

Attain level of exsisting 
knowledge 

• Introduce the technique of smoking 
with a quick-fire Q & A session to attain 
what knowledge has been gained prior 
to class from Moodle section on 
smoking and from the theory class that 
runs parallel to the practical sessions, as 
well as discussion around this technique 

• Quick fire Q & A session to 
demonstrate what knowledge that 
has been gained from Moodle 
section on smoking and from the 
theory class that runs parallel to the 
practical sessions 

 

Stage 3 

Clarifiying the timing 
and sequence of the 
day 

• Recap on the timing and sequence of 
different tasks 

• Students receive information about 
the sequencing of their practical 
work 

Stage 4 

Discuss ingredients  

• Introduction to the ingredients, their 
quality points and their use including 
tips what to consider 

• Students gather ingredients and 
discuss the same with lecturer 

Stage 5 

Demonstration stage 
(this stage can be part 
throughout the day) 

• Demonstration of tasks that have not 
been done prior to this class (trimming 
of the duck breast, curing and smoking 
of the trout) 

• Students watch demonstration and 
receive information 

Stage 6 

Practice stage 

• Supervision and especially correction 
and demonstration of individual tasks 
to individual students as problems arise 

• Document problems as they arise 
 

• Students do basic preparation of 
ingredients as demonstrated by the 
lecturer or based on knowledge 
acquired in previous sessions  

• A 15-minute break to be taken after 
the 1h and 15 minutes 

• Following on from the break student 
will continue with preparation but 
also starting the cooking of 
ingredients 

• Students will present the finished 
dishes  



Stage 7 

Reflection and 
Feedback stage 

• Recap and Feedback on the key lessons 
learned as well as additional issues that 
are relevant to the learning  

• Provide feedback on the class work 
report during class and on the reflection 
report on Moodle 

• Students receive feedback on the 
key lessons learned as well as 
additional issues that are relevant to 
the learning  

• Based on the discussion at the end of 
the class regarding the lessons 
learned and key issues students will 
produce their reflection report 
which is uploaded to Moodle   

Online Student Engagement Tools: 

Moodle for: 

• Download of advanced preparation class notes  
• Handout on theory material to supports the practical class, and reinforce learning 
• Recipes to be used in class 
• Submission of reflective report after class with access to completed sample reports 
• Additional resources for supplementary learning  

Teacher Reflection: 
What worked? 

• It was a very successful class with the students gaining a good understanding of the technique that is 
smoking 

• An observation from a previous practical class led to the students preparing the duck used in class on a 
central table in groups of three, which allowed for better supervision, assistance and guidance, whereas 
in the past students prepared the same on their individual stations, making it difficult to get around to 
each student. This practice will be continued for all classes going forward, as there is an increased benefit 
to the students learning 

• The use of the central table for meat and fish preparation will be communicated to the rest of the culinary 
lecturing team as a proposal for best practice in teaching   

• The session allowed for the application of hot and cold smoking 
• The students gained additional knowledge on the preparation of a duck breast for cooking 
• The students gained additional knowledge on the preparation of seatrout for hot smoking 
• Good discussion and reflection at the end of the class 

 

What did not work? 
• The class had a substantial amount of content. Additionally, all participants had significant hours of 

lectures in the morning which resulted in the students showing fatigue making the content hard to cover 
within the time frame. The same session was run with a different group of students from the same 
programme on another day earlier in the week, where students had no lecture prior to this session, 
allowing for all content to be well covered within the timeframe. 

 

To what extent did you address different domains of learning? 
• Affective Domain – Receiving and Responding to Phenomena 
• Cognitive Domain – Knowledge and Comprehension of the technique that is smoking 
• Psychomotor Domain – Perception, Set, Guided Response, Imitation, Manipulation 

 
What would I do differently next time? 

• Reducing or streamlining some of the practical elements in order to finish the session in time 
• Address the problem of an overloaded timetable on a single day with my HOD in order to plan for change 

in the forthcoming term 



White Board Layout for class on smoking

Time plan for today’s session: 
3 to 3.30                   Introduction to the session and demonstration  
3.30 to 4.15             Basic preparation 
4.15 to 4.30             Break 
4.30 to 5                   Final preparation and cooking 
5 to 5.15                   Presentation of dishes 
5.15 to 5.40             Clean down 
5.40 to 6                   Lessons learned, discussion, critical reflection, AOB 
 

Introduction to Smoking: 
• Types of smoking 
• Different types of wood used during smoking 
• Advantages 
• Disadvantages 
• Foods suitable for smoking 

 
 

Important Points: 
By the end of today’s class, you will have an understanding off and 
practiced some elements of the technique that is hot and cold smoking 
 

• Duck (Demonstration of preparation) 
• Potato 
• Butter 
• Beetroot 
• Pear 
• Seatrout (Demonstration) 

Lessons Learned, Discussion, and Reflection: 
Discuss and reflect on: 

• Sharp Knifes why? 
• Balance the richness of the duck, how and why? 
• Pickling starchy foods? 
• Over and under smoking 
• Use of the smoke box, how 
• Polenta, firm vs soft 
• The heating of firm polenta, how? 
• Frying pan for frying why? 
• Size of product determines the size of cooking 

vessel, why? 

AOB 
• Moodle 



 

 

 

 

Supporting Documentation on Moodle 
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 Background & History  
Many methods of preserving meat have been used throughout 
history. 
Sumerians first to salt meat over 5,000 years ago. 
Ancient Hebrews used salt from Dead Sea to preserve meat 4000 
years ago 
Possible that smoking of meats was “accidentally discovered” by 
Native Americans. 
◦ Hung meat from tops of tepees 

In 1970’s 80’s ingredients used in curing and smoking 
were heavily researched 
◦ Possible health implications (cancer, etc.) 

 
 

2 

 
 
 

Smoking 
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Smoke 

Smoke has been intentionally applied to foods 
since it was first recognized that holding meats 
and other provisions off the ground near the 
smoky fires did more than dry them more 
quickly or prevent animals from getting to 
them. 
The hanging foods, treated to a smoke-bath, 
took on new and enticing flavors. 

 

Basic 
features of 
smokers 

 

Smoke source 
Smoke 
chamber 
where food is 
exposed 
Circulation 
Ventilation 



 

 

 

 

Smoking of Products 
Materials used for smoke come from hardwood sawdust or 
chips 

Over 200 components comprise smoke 
◦ At least 80 have been identified 
◦ Almost all exhibit bacteriostatic or bactericidal 

properties 

Smoke consists of two parts 
◦ Dispersed phase- consists of parts that are 2-3 

micrometres in size 
◦ Tars, soot, charcoal, and resins 

◦ Gaseous phase- Not visible 
◦ Phenols, acids, and carbonyl compounds 

5 

 
 
 

 Hardwoods: 
 Hickory 
 Oak 
 Cherry 
 Walnut 
 Chestnut 
 Apple 
 Alder 
 Mesquite 
 Wood from citrus trees 

 
 

6 

Woods Used 
for Smoking 
Softwoods are 
not viable 
options 
Never use 
pressure- 
treated wood 
under any 
circumstances 
—it is deadly 

poisonous!!!! 



 

 

 

 

 
 

 Teas 
 Herb stems 
 Whole spices 
 Grapevine clippings 
 Corn husks 
 Fruit peels 
 Peanut shells 
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Alternative 
Smoking 
Sources 

Smoking of Products 
Benefits of Smoking 
Flavour and Odour 
Enhancement 
Colour Development 

on Outside of Product 
Preservation of the product 

Liquid smoke- widely used in 
industry 
Wood combustion products 

dissolved in water 
Cheaper and quicker than the 

smokehouse process 



 

 

 

 

 

Before cured foods are smoked, 
they should be allowed to air-dry 
long enough to form a tacky skin, 
known as a pellicle. 
It acts as a kind of protective 
barrier for the food, and also 
plays an important role in 
capturing the smoke’s flavour 
and colour. 
Most foods can be properly dried 
by placing them on racks or by 
hanging them on hooks or sticks 
where air is flowing around all 
sides. 

 
9 

 
 
 
 
 

Cold Smoking 
 

Criteria for cold-smoked 
items: 
 Type of cure 
 Duration of cure 
 Whether or not the food 
will be air-dried after 
smoking 
 Foods that will be cooked 
by another means after 
smoking 
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Smoke: 
The 
Pellicle 
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Temperature for cold smoking: 

Usually Below 38˚C 

In this temperature range, foods 
take on a rich smoky flavour, 

develop a deep mahogany colour, 
and tend to retain a relatively moist 

 

They are not cooked as a result of 
the smoking process and proteins do 

not denature. 

Temperature for hot 

smoking: 85˚C – 120˚C 

Food exposed to smoke 
and heat in a controlled 

environment 

Foods are fully cooked, 
moist and flavourful 

Safe to eat without further 

cooking 

 
 
 

Hot 
Smoking 

 
 
 

Cold 
Smoking 



 

 

 

 

 

Any process that has the 
attributes of both smoking and 
roasting 
Sometimes referred to as 
barbecuing or spit-roasting 

Equipment that can be used: 

 Smoke-roaster 
 Closed wood-fire oven 
 Barbecue pit 
 Any smoker that can reach above 

120°C 
 Conventional oven 

 
 

13 

 
 
 

Smoking without using a 
smoker or smokehouse 

Gives smoke-enhanced flavour 

Items needed: 
 2 disposable aluminium pans 
 Rack 
 Sawdust 

Drawback: hard to control 
smoke and flavour may be too 
intense or bitter 

       

       14

 
 
 

Pan- 
Smoking 

 
 
 
 

Smoke- 
Roasting 



 

 

 

 

Class Notes Smoking 

Items to be produced: 

• Smoked Duck (hot) 
• Smoked Pear puree (hot) 
• Smoked Beetroot Puree (hot) 
• Smoked Seatrout (demonstration hot)) 
• Smoked Potato Salad (cold) 
• Smoked Butter (cold or hot) 
• Smoked Oysters (hot) 

 
Smoked Duck (Dry curing, pan frying hot smoking) 
Ingredients: 
8 duck breasts with skin scored 
 
For the cure 
300 g Demerara sugar 
300 g additive-free salt 
10 tsp black peppercorns, freshly cracked 
15 juniper berries 
Method: 
Sprinkle a handful of the cure in a food-grade tray and place the duck breasts on 
top. Sprinkle another handful of cure over the duck so that it is gently dusted. 
Cover and leave to cure in the fridge for 30 minutes. 
Rinse the duck breasts under cold running water to remove any of the remaining 
partially dissolved cure, then pat them dry with kitchen paper.  
Now place the duck breasts in a warm pan skin side down and increase the heat 
slightly, render the fat until golden brown, turn over the duck, sear the meat side 
and cook in the oven until medium rare. 
Transfer the duck into the medium hot smoke box and allow to rest for 2 minutes. 
Remove from the smokebox and allow to rest for a further 2 minutes, making sure 
it does not cool to much if you wish to serve it hot, or allow to cool fully if you 
intend to serve cold. 
 
Smoked Pear Puree (Hot smoking) 

• 10 pears quartered and cored 
• Smoke half of the pears for 15 minutes 
• Chop all the pears finely and roast with a little butter, cinnamon stick, 

sugar and salt in an oven at 140°C until soft 
• Mix in the thermo mix with some crème fraiche and a few tea spoon of 

raisin mustard to the required consistency 
• Check seasoning 

 

Dishes to be produced: 

Smoked Duck Dish  
 

presentation of choice 
and garnish of choice, 
be creative (think 
mystery basket) 
 

 



 

 

 

 

Smoked beetroot puree (Hot smoking) 
2000g whole beetroots  
wood chips 
40 ml elderberry vinegar 
30 ml olive oil 
Salt and sugar to taste 
 
Roast the beetroots (reserve 1 to be juiced) whole at 150°C for approximately 1 
to 2 hours (depending on size) until very tender. Peel the skins off. Place half of 
them on the wire rack in the smoker. Place on the heat and allow the wood to start 
smoking.  When smoking heavily turn down heat, and allow the beetroots to 
smoke gently for approx. 5 mins. Next place beetroot in a high speed blender with 
a splash of elderberry vinegar.  Add a touch of beetroot juice to get it going and 
blend on a high speed to a smooth but relatively thick puree (pinch of Xanthan 
Gum).  Emulsify with a little olive oil and season to taste. 
 
 
Smoked new potato salad (Cold smoking) 

Ingredients: 
1 kg new potatoes 
1 red onion, finely chopped, or 3 green onions, sliced 
A handful of herbs, such as snipped chives or young rosemary sprigs 
 
For the vinaigrette 
1 tsp coarse sea salt 
1 clove garlic, chopped 
2 tsp balsamic vinegar 
4 tsp olive oil 
 
Method: 
Oak (or other) wood chips or sawdust 
Put the potatoes in a saucepan, add just enough water to cover them, bring to a 
boil, and simmer for 15 minutes, until just tender. Drain them in a colander and 
allow them to cool and dry. Peel the potatoes, slice and place them in the cold 
smoker for just about an hour or so (check with lecturer). Leave to cool. 
For the vinaigrette, whisk the ingredients together. Taste and adjust the seasoning. 
Toss the cold smoked potatoes with the onion and the vinaigrette dressing. Scatter 
the herbs over the top and serve. 
 
Variations: 
At the same time as cold smoking the potatoes, you could place a few peeled, 
hard-boiled eggs in the cold smoker, then 
chop them and add to the salad. You could even cold smoke the oil for the dressing 
to enhance the smoky effect. 
 



 

 

 

 

Smoked Butter (hot smoking) 
 
Ingredients: 
200g applewood chips 
250g butter, diced and frozen 
 
Method: 
Warm the smoke box over a medium heat until the chips start to smoke. Remove 
from the heat. 
Place the frozen butter on a small tray on the whire rack over the smoking chips. 
Completely cover the top and sides tightly with oven-safe clingfilm so the smoke 
is sealed inside with the butter. Leave to lightly smoke for 10 minutes. 
Store in an airtight container in the fridge for up to 6 weeks. 
 
Smoked Butter (cold smoking) 
 
Ingredients: 
454g Butter, large dice 
3 teaspoon Sherry Vinegar 
Black Pepper, to taste 
Smoking Gun + Chips 
 

1. Let butter soften to room temperature in a stand mixer bowl or stainless 
steel mixing bowl. 

2. Season the butter with the pepper and add vinegar. 
3. Whip the butter on medium speed in a stand mixer with whip 

attachment. Scrape sides and whip. 
4. Wrap the top of the bowl with plastic wrap. Use the Smoking Gun and 

trap enough smoke to form a dense cloud under the plastic. Let stand, 
undisturbed, for 5 minutes. 

5. Release smoke remove plastic wrap and whip to incorporate smoke 
flavour. If a stronger smoke flavour is desired, repeat steps 4 and 5. 

 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 

Hot smoked oysters 
6 oysters 
1 tsp creamed horseradish (optional) 
 
Have the smoker ready to place the wood chips in. 
Shuck the oysters with an oyster knife, taking care not to lose any of the liquor 
from the shells. Carefully release the oysters without removing them from their 
shells. The oysters will have been partially cured from the salt in the liquor. 
Pour off a small amount of the liquor from a couple of the rounded bottom 
shells into a bowl and reserve to add to the horseradish, if using. 
Put your wood chips into the hot smoker. Sit the oysters in their shells on the 
rack of the smoker and put the lid on. Cook and smoke for 1 minute. In the 
meantime, mix the horseradish with the reserved liquor to loosen it and flavour 
it with a hint of the sea. 
Lift out the oysters, using tongs since the shells will be quite hot, and place 
them, in their shells, on a serving board. Place a little bit of horseradish on top 
of each one. Serve right away. 
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Plenary paper 
 

SMOKED MEAT PRODUCTS - INNOVATIVE STRATEGIES FOR 
REDUCTION OF POLYCYCLIC AROMATIC HYDROCARBONS BY 

OPTIMISATION OF THE SMOKING PROCESS 
 

Wolfgang Jira1, Margarete Pöhlmann1, Alexander Hitzel1, Fredi Schwägele1 
1Max Rubner-Institut (MRI), Federal Research Institute of Nutrition and Food, 

Analysis Division, Kulmbach, Germany. 
 
 

Abstract – The contents of polycyclic 
aromatic hydrocarbons (PAH) in Frankfurter- 
type sausages were investigated in depency on hot 
smoking conditions (glow smoke), type of casing, 
back fat content and different types of wood chips. 
For the smoking experiments three different types 
of smoke densities and ventilator velocities, three 
types of casings, four different back fat contents 
(10%, 20%, 30%, and 39%) and ten different types 
of wood chips were used. The smoking conditions 
had influence on the smoke generation 
temperature and the formation of PAH. The PAH 
contents increased with smoke density and 
ventilator velocity. Also the type of casing and the 
back fat content of Frankfurter-type sausages had 
an influence on the PAH contents. The use of 
poplar and hickory wood chips led to a decrease in 
the PAH contents compared to the commonly used 
beech wood. 

 
Key words – strategies, reduced, PAH, smoking 
process. 

 
I. INTRODUCTION 

 
Smoking is one of the oldest technologies for the 
conservation of meat and meat products, and is 
defined as the process of penetrating meat 
products with volatiles resulting from the thermal 
destruction of wood [1]. As a desired 
consequence of smoking, phenolic substances are 
generated, which are of considerable importance 
for the organoleptic properties of smoked meat 
products and show antimicrobial as well as 
antioxidative properties. 
However, as an undesired consequence of 
smoking, polycyclic aromatic hydrocarbons 
(PAH) are generated due to the incomplete 
combustion of wood. About 660 different 
compounds belong to the PAH group, some 

thereof show carcinogenic properties [2]. Due to 
the carcinogenic properties the PAH contents in 
food should be ‘‘as low as reasonably 
achievable’’ [3]. 

In the European Union two maximum 
levels for PAH in smoked meat products are 
existing: A maximum level for benzo[a]pyrene 
(BaP) (5 µg/kg) and a maximum level for the sum 
content of the four PAH compounds BaP, 
chrysene (CHR), benzo[a]anthracene (BaA), and 
benzo[b]fluoranthene (BbF) (PAH4) of 30 µg/kg. 
In September 2014 these maximum levels  will be 
lowered to 2 µg/kg (BaP) and 12 µg/kg (PAH4), 
respectively (Commission Regulation (EC) No 
1881/2006 amended by Commission Regulation 
(EU) No 835/2011) [6]. 

The main objective of the studies was to 
analyse correlations between the PAH contents 
(BaP and PAH4) and the glow smoke conditions 
(different types of smoke densities and ventilator 
velocities), the type of casing (collagen casing, 
cellulose-peelable casing, and sheep casing), the 
back fat contents (10%, 20%, 30%, and 39%) and 
the used type of wood (oak, poplar, hickory, 
spruce, fir, alder, beech, and beech with apple- 
smoking spice mix, cherry-smoking spice mix, 
and a mix of juniper berries and bay leaves). The 
smoking experiments were performed, until 
comparable smoking colours were obtained. 

 
 

II. MATERIALS AND METHODS 
 

Preparation of Frankfurter-type sausages 
 

The basic formulations as well as the 
applied casings for all smoking experiments are 
shown in Table 1. 
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Table 1 Basic formulations and used casings of Frankfurter-type sausages for the different smoking 

experiments 
 
 

Experiment pork (%) beef (%) back fat 
(%) 

ice (%) casing 

(A) different smoking conditions 
A1-A24 29.4 19.6 26.5 22.5 sheep 
(B) casing types 
B1 29.4 19.6 26.5 22.5 cellulose 
B2 29.4 19.6 26.5 22.5 sheep 
B3 29.4 19.6 26.5 22.5 collagen 
(C) fat contents 
10% fat 35.8 23.9 9.9 28.3 sheep 
20% fat 32.0 21.3 19.6 25.0 sheep 
30% fat 28.0 18.7 29.5 21.8 sheep 
39% fat 24.1 16.1 39.1 18.7 sheep 
(D) Types of wood 
D1-D10 29.6 19.8 25.9 22.6 sheep 

 
 

For the smoking experiments applying 
different smoking conditions (A), types of casings 
(B), and types of wood (D) identical formulations 
were used. For experiment B1 cellulose casings 
(20-22 mm), for B2 sheep casings (18-20 mm), 
and for B3 collagen casings (20-22 mm) were 
used. The smoking experiments (C) with different 
fat contents (10%, 20%, 30%, and 39%) were 
performed with 

 
Frankfurter-type sausages containing different 
portions of fresh pork, fresh beef, back fat, and 
crushed ice. 
Smoking experiments 

For the smoking experiments (Table 2) a 
T1900 smoking chamber with a smouldering 
smoke generator (RZ 325) obtained from 
Fessmann (Winnenden, Germany) was used. 

 

Table 2 Different process parameters of the smoking experiments 
 
 

Experimen 
t 

Smoking 
time 
(min) 

Smoke 
density 

Ventilator velocity 
(rpm) 

Additional information 

(A) Different smoking conditions (48 samples, 48 smoking experiments) 
A1a,b 12 Intensive 3000 Moisture of wood 12.0 % 
A2a,b 11 Intensive 1500 Moisture of wood 12.6 % 
A3a,b 10 Intensive 750 Moisture of wood 12.1 % 
A4a,b 22 medium 3000 Moisture of wood 13.0 % 
A5a,b 21 medium 1500 Moisture of wood 12.9 % 
A6a,b 20 medium 750 Moisture of wood 12.1 % 
A7a,b 30 Light 3000 Moisture of wood 11.8 % 
A8a,b 29 Light 1500 Moisture of wood 12.4 % 
A9a,b 28 Light 750 Moisture of wood 12.2 % 
A10a,b 10 Intensive 1500 Moisture of wood 10.5 % 
A11a,b 11 Intensive 1500 Moisture of wood 15.7 % 
A12a,b 12 Intensive 1500 Moisture of wood 18.3 % 
A13a,b 13 Intensive 1500 Moisture of wood 25.3 % 
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A14a,b 14 Intensive 1500 Moisture of wood 28.2 % 
A15a,b 21 medium 1500 Moisture of wood 9.8 % 
A16a,b 21 medium 1500 Moisture of wood 19.0 % 
A17a,b 21 medium 1500 Moisture of wood 20.3 % 
A18a,b 21 medium 1500 Moisture of wood 25.9 % 
A19a,b 21 medium 1500 Moisture of wood 29.4 % 
A20a,b 28 light 1500 Moisture of wood 10.0 % 
A21a,b 29 light 1500 Moisture of wood 19.0 % 
A22a,b 28 light 1500 Moisture of wood 19.5 % 
A23a,b 28 light 1500 Moisture of wood 25.2 % 
A24a,b 28 light 1500 Moisture of wood 24.0 % 

(B) casing types (12 samples, 8 smoking experiments) 
B1a,b,c,d 12 intensive 3000 Sheep casing and cellulose casing 
B2a,b,c,d     
B3a,b,c,d 12 intensive 3000 Collagen casing 

(C) fat contents (48 samples, 12 smoking experiments) 
C1a,b 12 intensive 3000 Fat content (10-39 %) 
C2a,b 12 medium 1500 Fat content (10-39 %) 
C3a,b 15 Intensive 3000 Fat content (10-39 %) 

C4 14 Intensive 3000 Fat content (10-39 %) 
C5 13 Intensive 3000 Fat content (10-39 %) 
C6 12 Intensive 750 Fat content (10-39 %) 
C7 13 Intensive 750 Fat content (10-39 %) 
C8 13 Intensive 1500 Fat content (10-39 %) 
C9 14 Intensive 1500 Fat content (10-39 %) 

(D) wood types (29 samples, 29 smoking experiments) 
D1-D10 Intensive 3000 oak, poplar, hickory, spruce, fir, alder, 

   beech 

12 beech with apple-smoking spice mix 
beech with cherry-smoking spice mix 

beech with a mix of juniper berries and 
bay leaves 

 
The Frankfurter-type sausages were 

reddened for 10 min at 52 °C, dried for 12 min at 
56 °C, and then smoked for 12 min at 58 °C. For 
the experiments investigating the different 
smoking conditions (A) the chosen smoking time 
was dependent on the smoking intensity. Three 
different smoke densities were tested: intensive 
smoke, medium smoke and light smoke. Also 
three different ventilator velocities (750, 1500 
and 3000 rpm) were applied. The smoking time 
of the different experiments was adjusted to the 
different smoking conditions (A) to obtain 
Frankfurter-type sausages of comparable colour. 
After smoking the sausages were scalded for 25 
min at 75 °C. For chemical analysis 2.25 kg of the 
smoked sausages were homogenised in a bowl 
chopper and placed in sterile side seal vacuum 
bags from Gruber- 

Folien (Straubing, Germany) and stored in the 
dark at -18 °C. 

 
Measurement of the smoke generation 
temperature and the gases 

 
The data acquisition of the gas detection 

in the smoking chamber and the temperature of 
wood combustion were performed with a 350-S 
flue gas analyser and a NiCrNi sensor from Testo 
(Lenzkirch, Germany). The concentrations of 
oxygen and CO2 were measured in volume 
percent, and concentrations of CO were 
quantified in ppm. The gas concentrations were 
recorded during the entire smoking process, 
averaging one value every 5 s. 



International 57th Meat Industry Conference, June 10-12, 2013, Belgrade, 
 

 

 

 

Measurement of the pH value and the colour 
 

The pH-value of the smoked sausages was 
measured using a Portamess Type 911 pH meter 
from Knick (Berlin, Germany). A Minolta CR- 
400 colorimeter (Osaka, Japan) was used to 
determine the meat colour [L* (lightness), a* 
(redness) and b* (yellowness)] of the produced 
sausages. In addition, pictures of the produced 
sausages were taken. 

Analysis of the contents of PAH and phenolic 
compounds 

 
The PAH contents were determined using a 
previously published method [4]. The contents of 
the phenolic compounds guaiacol, 4- 
methylguaiacol, syringol, eugenol, and trans- 
isoeugenol were determined using an analytical 
method including steam distillation, clean-up on 
a silica cartridge, trimethylsilylation and  analysis 
by GC/MS [4]. 

 
 

III. RESULTS AND DISCUSSION 
 
 

Analysis of pH, colour and weight loss  The results of pH-values, weight losses 
and L*a*b*-values for the Frankfurter-type 
sausages are shown in Table 3. 

 
Table 3 Results of pH, weight losses, and colour analysis of the different smoking experiments 

 
 

 pH Weight loss [%] L*-value a*-value b*-value 
      

(A) smoking conditions      
Light smoke 6.4 9.7 61.5 19.3 23.7 
Medium smoke 6.4 9.5 59.2 20.5 25.5 
Intensive smoke 6.4 8.2 59.2 20.2 28.7 

      
(B) casing types      
Cellulose casing 6.05 6.6 56.6 18.7 29.2 
Sheep casing 6.12 7.8 57.0 18.2 31.5 
Collagen casing 6.04 6.0 54.3 20.1 33.9 

      
(C) fat contents      
9.9% 6.06 9.3 49.0 22.1 30.9 
19.6% 6.07 8.7 52.3 21.0 32.4 
29.5% 6.06 7.2 56.3 19.1 33.5 
39.1% 6.07 6.5 57.8 18.0 33.2 

      
(D) wood types      
Beech 6.17 7.7 56.2 18.1 29.7 
Oak 6.11 8.0 56.0 18.8 30.2 
Spruce 6.05 7.7 57.0 18.9 33.5 
Poplar 6.12 7.0 54.7 20.2 33.9 
Alder 6.26 8.1 59.9 17.1 32.6 
Hickory 6.09 7.6 53.4 20.1 29.6 
Fir 6.05 8.0 60.5 16.5 30.8 
Apple spice mix 6.23 7.2 58.1 18.5 36.0 
Cherry spice mix 6.07 7.2 56.6 19.2 33.9 
Juniper berries & bay leaves 6.22 7.7 57.2 18.7 33.5 



International 57th Meat Industry Conference, June 10-12, 2013, Belgrade, 
 

 

 

 

 
 

The pH-values of the Frankfurter-type sausages 
of the experiments investigating different 
smoking conditions (A) were 6.4, for the smoking 
experiments with different casing types (B), fat 
contents (C), and wood types (D) in the range 
from 6.04 to 6.26. For lightly smoked sausages 
the weight loss was a little higher (9.7%) as a 
result of longer smoking times. The higher the fat 
content was in the Frankfurter- type sausages, the 
lower the weight loss was. Comparing different 
types of wood, the lowest weight loss was 
observed for sausages smoked with poplar wood 
chips. 

 
Correlation between smoking conditions and 
PAH contents 

 
In the present study, the focus was primarily on 
BaP and PAH4 (sum content of BaP, BaA, CHR, 
and BbF). For experiments 1 to 9 the original 
wood chips (manufacturer information: 12.5% 
moisture) with a determined moisture between 
11.8 and 13.0% were used. The contents of PAH4 
were depending on the ventilator velocity and the 
smoke density (Pöhlmann et al., 2012). An 
increase in the ventilator velocity (750 rpm to 
3000 rpm) and smoke density resulted in higher 
PAH4 contents. 
An increase in the smoke density was more 
relevant than an increase in the ventilator 
velocity. The PAH4 mean contents of intensively 
smoked samples with a ventilator velocity of 
1500 and 3000 rpm were very similar (2.96 and 
2.90 μg/kg, respectively). A differentiation 
between sausages produced in the first (a) and 
second (b) smoking experiments using the same 
smoking conditions showed that the PAH4 
contents in samples of the first accomplished 
smoking experiment increased linearly with 
faster ventilator velocity. The PAH4 contents in 
sausages of the second experiment showed an 
outlier for a ventilator velocity of 1500 rpm, 
which was significantly higher than expected (3.3 
μg/kg). The lowest PAH4 content (1.1 μg/kg) was 
detected in sausages applying light smoke and a 
ventilator velocity of 750 rpm. 
In experiments 1-9 the contents of BaP (0.11- 
0.48 µg/kg) and PAH4 (1.10-2.96 µg/kg) 

 
showed comparable tendencies. As mentioned 
before, the ventilator velocity and the smoke 
density influenced directly the smoke generation 
temperature and the concentrations of CO, CO2 
and O2 in the smoking chamber. A higher 
maximum of smoke generation temperature 
resulted in higher BaP and PAH4 contents (Fig. 
1). 
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Figure 1 Correlations between maximum of 
smoke generation temperature [°C] and contents 

of BaP and PAH4 [µg/kg] 
 
 

The maximum of smoke generation temperature 
showed a correlation to the PAH4 contents (R2 = 
0.98) and BaP contents (R2 = 0.96). A higher 
smoke generation temperature also correlated 
with higher carbon monoxide and carbon dioxide 
levels but lower oxygen levels. Consequently the 
BaP and PAH4 contents were also proportional to 
the CO and CO2 levels and inversely proportional 
to the oxygen level. 
For the smoking experiments at different moisture 
contents of the beech wood chips the ventilator 
velocity was set at 1500 rpm and the moisture to 
10, 15, 20, 25, and 30%. Increasing the moisture 
levels in the beech wood chips resulted in lower 
smoke generation temperatures. Although 
smoking experiments at a constant moisture 
content of the wood chips showed a correlation 
between smoke generation temperature and PAH 
contents, a correlation between the moisture of the 
wood chips  and PAH content could not be 
observed. 
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Correlation between type of casing and 
PAH contents 

 
Within the experiments [4] different 

types of casings (peelable cellulose, sheep, and 
collagen) were used. Frankfurter-type sausages 
with peelable cellulose casings showed the 
following PAH contents: 0.75 ± 0.19 µg/kg 
(PAH4) and 0.09 ± 0.03 µg/kg (BaP). The 
sausages with the sheep casings had higher PAH 
contents than the peeled cellulose sausages and 
contained 3.59 ± 1.09 µg/kg (PAH4) and 0.57 ± 

0.21 µg/kg (BaP). The sausages in collagen 
casings showed a similar contamination level as 
the products in cellulose casings: PAH4: 2.98 ± 
0.63 µg/kg and BaP: 0.40 ± 0.12 µg/kg (Fig. 2) 

 

 
 
 
 

Figure 2 PAH4 contents [µg/kg] in Frankfurter-type sausages in cellulose casing (peeled sausage), 
collagen sausage (complete sausage), and sheep casing (complete sausage) (N=4) 

 
 

The cellulose casings (without sausage) were also 
analysed and contained high PAH contents 
compared to the PAH contents in the stuffing of 
the sausages (PAH4: 81 ± 31 µg/kg and BaP: 23 
± 11 µg/kg). A cellulose casing accounted for 
about 1.5% of the weight of a total Frankfurter- 
type sausage before peeling. Considering the 
different weight proportions of the cellulose 
casing and the edible part of the sausage in 
relation to the PAH content, the complete 
Frankfurter-type sausages (with cellulose 
casings)   would   have   contained   1.95   ± 0.58 
µg/kg PAH4 and 0.43 ± 0.19 µg/kg BaP. 
Consequently, the cellulose casings contained 61 
± 11 % of the total PAH4 content and 77 ± 7 % 
of the total BaP content of an unpeeled 
Frankfurter-type sausage. The tendency of being 
accumulated in the cellulose casings was 

stronger for the five-ring molecules BbF and BaP 
than for the four-ring molecules BaA and CHR. 
Correlation between fat content and PAH 
contents 

 
The different fat contents in Frankfurter-type 
sausages led to different PAH contents [4]. 
Increasing the back fat content from 9.9% to 
19.6%, to 29.5%, and up to 39.1% the mean 
PAH4 content also increased from 2.4 ± 0.7 
µg/kg to 3.2 ± 1.2 µg/kg, to 3.7 ± 0.9 µg/kg, and 
up to 3.9 ± 0.9 µg/kg. The same tendencies were 
observed for BaA, CHR, BbF, and BaP. 
For a better comparability of different smoking 
conditions, the PAH4 content in Frankfurter- type 
sausages with a back fat content of 39.1% was set 
to 100%, and the other three remaining 
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PAH4 contents of the same smoking experiment 
were compared to this value in percent. 
To check the influence of the back fat contents of 
the sausages on the PAH contents in dependency 
on the absolute PAH4 content, three groups were 
formed: the first group consisted of the four 
lowest PAH4 contents for sausages with 9.9% 
back fat (PAH4 < 2 µg/kg), the second group of 
the four medium PAH4 contents for sausages 
with 9.9% back fat (2 µg/kg < PAH4 < 
2.5 µg/kg), and the third group of the four highest 
PAH4 contents for sausages with 9.9% back fat 
(PAH4 > 2.5 µg/kg). The relative PAH4 contents 
of the first group with low PAH4 contents and the 
second group with medium PAH4 contents 
increased with increasing back fat contents, 
showing a similar behaviour: The PAH4 contents 
increased from 55% (back fat content: 9.9%) to 
72% (back fat content: 19.6%) and up to 91% 
(low) and 93% (medium), respectively (back fat 
content: 29.5%) (Fig. 3). 

 
 
 

 
 

Figure 3 Correlation between normalised PAH4 
contents (39.1 % fat = 100 %) and fat content in 
Frankfurter-type sausages with low (<2 µg/kg), 
medium (2-2.5 µg/kg), and high (> 2.5 µg/kg) 

PAH4 contents (N = 4, each) 
 

In contrast, sausages of the third group 
with high absolute PAH4 contents showed 
similar relative PAH4 contents for back fat 
percentages of 19.6% and 29.5% (102% and 
103%, respectively). With respect to back fat 
contents of 39.1%, only sausages with 9.9% 

back fat had a lower relative PAH4 content 
(74%). 

 
Correlation between type of wood and PAH 
contents 

 
According to a report of the EFSA (EFSA, 2008), 
beech wood is the most common wood applied for 
smoking of foodstuffs. Consequently, the PAH 
contents of the Frankfurter-type sausages smoked 
with beech wood were compared to those smoked 
with other types of wood (Hitzel et al., 2013). 
Beech wood resulted in the following PAH 
contents: 0.71 ± 0.08 
µg/kg BaP and 4.30 ± 0.45 µg/kg PAH4. The 
mean contents of BaP and PAH4 in Frankfurter- 
type sausages smoked with alder (BaP: 0.80 ± 
0.15 µg/kg, PAH4: 4.70 ± 0.49 µg/kg), and with 
beech  +  cherry  spice  mix  (BaP:  0.73  ±  0.25 
µg/kg, PAH4: 4.33 ± 0.92 µg/kg) were slightly 
increased compared to sausages smoked with 
beech wood (see Fig. 4). The use of the other 
tested types of wood resulted in lower PAH 
contents than in beech wood smoked sausages. A 
reduction of the contents of BaP and PAH4 
greater than 30%, compared to the use of beech 
wood chips, was observed for poplar, hickory, 
and beech wood spiced with an apple spice mix. 
For the other types of wood only lower reductions 
in the PAH contents were observed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 Mean percental deviations of BaP and 
PAH4 contents in Frankfurter-type sausages 

smoked with different types of wood compared 
to beech wood 

Frankfurter-type sausages 
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IV. CONCLUSION 
 

Minimization of PAH compounds in hot smoked 
sausages using glow smoke is possible. Lowering 
the contents of PAH compounds does not 
necessarily lead to a decrease in the amounts of 
phenolic substances as correlations between the 
contents of PAH and phenolic compounds were 
not observed. The most important parameter 
influencing PAH contents is the smoke 
generation temperature. Therefore, accurate 
control of the smoke generation temperature to 
achieve low smoke generation temperatures 
(below 600 °C) is a promising approach to lower 
PAH contents in hot smoked sausages. As a 
consequence of the reduction of the smoke 
generation temperature longer smoking times 
with higher weight losses are required to obtain a 
comparable colour. Due to the poor smoky odour 
and especially smoky flavour the smoke 
generation temperature should not be lowered to 
below 500 °C. An increase in wood chip moisture 
content seems not to be a reasonable approach for 
reducing PAH contents in hot smoked sausages 
using glow smoke, since no correlation between 
the moisture of the wood chips and the PAH 
contents of the smoked sausages was observed. 

The selection of a cellulose-peelable 
casing is a reasonable approach for reducing the 
PAH contents in hot smoked sausages as a high 
percentage of the PAHs (BaP: 77%; PAH4: 61%) 
remains in the peelable casing and does not 
penetrate into the interior of the meat product. In 
contrast, the major part of the phenolic 
compounds (about 99%) penetrates into the 
inside of the sausage. A comparison of the 
sausages in sheep casing and collagen casing 
showed that the sum content of phenolic 
compounds was twice as high for sheep casings 
and the PAH contents were nearly at the same 

level. A reduction of the PAH compounds in hot 
smoked Frankfurter-type sausages by lowering 
the back fat contents in the formulation of the 
sausages is also possible. In spite of the higher 
weight losses of sausages with lower fat contents, 
the PAH contents in these sausages were lower. A 
decrease in the amounts of  phenolic substances 
was not observed by lowering the back fat 
contents in Frankfurter-type sausages as very 
similar contents of phenolic compounds were 
detected in sausages of all fat contents. 
The selection of an alternative wood  species  to 
the most commonly used beech  wood  seems  to 
be a reasonable approach for reducing the PAH 
contents in hot and cold smoked sausages, since 
smoking with all types of wood (with the 
exception of alder and beech wood spiced with 
cherry smoking spice) resulted in lower PAH 
contents compared to beech wood smoked 
sausages. The lowest PAH  contents  were 
detected in sausages smoked with poplar and 
hickory wood chips. The use of poplar and  
hickory wood chips led to a decrease in the 
contents of BaP and PAH4 in the range of 35–40% 
compared to the use of beech wood chips. 
However, the sum contents of the five phenolic 
compounds in sausages smoked with poplar and 
hickory wood chips were higher or only slightly 
lower than in sausages smoked with beech wood 
chips. Especially the use of poplar wood chips 
seems to be an interesting alternative, since, on  
the one hand poplar is a rapidly growing type of 
wood, on the other hand the low volumetric 
heating value of this wood species might be an 
advantageous property for obtaining  relatively 
low smoke generation temperatures and 
consequently low PAH contents. 
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