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Purpose 

This SOP is to use closed circuit calorimetric chamber to measure the heat produced by 

chickens through measuring their gaseous exchange i.e. inhale of oxygen and exhale of CO2 

during feeding the chickens. The heat production can then be calculated according to an 

equation called Brouwer equation: Total heat (kcal) = 3.866 × oxygen consumed (L) +1.200 × 

CO2 exhaled (L). 

 

Definitions 

Brouwer equation: Total heat (kcal) = 3.866 × oxygen consumed (L) +1.200 × CO2 exhaled 

(L). 

Closed circuit calorimetric chamber: net energy chamber 

Gaseous exchange: Inhale of oxygen and exhale of CO2 

KOH: potassium hydroxide. 

Net Energy (NE): The energy of feed used for animal maintenance and production. It is 

considered a more accurate energy system for feed formulation as it takes account of the 

dietary factors contributing to animal heat production. 

 

 

Precautions: Work Health and Safety 

The following should be applied when handling KOH and care needs to be taken to prevent  

any spillage or overflow of KOH. 

 

a. KOH at a concentration of 48% is purchased in drum tanks and kept in CART for later 

use. The drum tanks with KOH should be kept in a safe place without risk of being 

damaged.  

b. The KOH is diluted to 32% by mixing KOH with RO water and stored in a 200 Litre 

drum. Caution needs to be taken during the dilution process to prevent spillage of 

KOH on the operators and personnel. 

c. Two litres of the diluted KOH is filled into a 5 Litre plastic container for each chamber. 

Caution needs to be taken when the KOH is filled to prevent spillage and leaks. 

d. If KOH is spilled on any personnel or the environment, action needs to be taken 

immediately by prolonged flushing of the affected areas with water. 

 

 

Equipment 

Training & Competency 

Operators should have attended workshops on chemical use and first aid. 

A/Prof Shubiao Wu is responsible for training and assessing competency in procedure. 

To use the NE chambers, a minimum of 6 people are required. Among the team, at least one 

person needs to have high level of understanding of all the processes, and havesignificant 

experience and training in these methods. At least three people should have participated in 

previous net energy evaluations and be familiar with the procedure. 
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Calorimetric chambers; FoxBox Respirometry System; silica gel tanks; KOH bottles; oxygen 

cylinders; balances; excreta boxes; liquid pumps; rubber gloves; disposable gloves; buckets. 

Substances to be administered, if relevant: 

Drug name 

(generic name, 

not trade name) 

Dose rate 

(mg/kg 

body 

weight) 

Route 

IV/IM/SC/PO 

Timing of administration  

and frequency 

(eg. 90 minutes pre-

operative, to induce 

anaesthesis, during 

procedure, at specific 

intervals during the 

procedures) 

Purpose 

     

     

     
 

 

Methods 

1. Method 

1. Prepare 32% KOH in a 200 Litre drum tank by diluting 48% KOH purchased, and fill 

2 Litre of 32% KOH to a 5 Litre plastic bottle. Number of bottles to be filled is 

dependent on the number of chambers to be used. 

2. Prepare silica gel tanks by placing approximately 3 kg of dried silica gel in the 

tanks. Number of tanks to be filled is dependent on the number of chambers to be 

used. 

3. Order medical grade oxygen in C cylinders from Johnson & Kennedy Pty Ltd., on 

120 Niagara Street, Armidale. Telephone: 02 6771 1643 Email: 

jk70292@bigpond.net.au. 

4. Acclimatize the birds for 4 days in the chamber, two birds each for broilers and 3 

for layers with pumps running and lids open. Birds have access to feed and water 

ad libitum before data recording. Monitor the birds three times a day, If birds are 

showing adverse signs (i.e. not eating, drinking, panting, vocalizing or showing 

other signs of distress they should be removed from the procedure and returned 

to their holding facilities as outlined in the AEC application. If a bird should be 

unresponsive or unable to demonstrate normal physiological behaviour, a 

veterinarian will be informed and euthanasia may have to be carried out in 

compliance with the relevant AEC application. 

5. After the 4
th

 day of acclimatization, NE data recording is started and will be 

continued for 4 days.  

6. NE Operation day 1 (start at 9 am) 

a. Add water to the water trough attached with the NE chamber (for sealing the 

chamber by sitting the lid in the trough). 

b. Weigh the feeder with about 1 kg feed, record the feed weight. Hang the feeder 

in the cage at appropriate level. 

c. Weigh the birds on the digital scale kept outside of the NE room (carry the bird 

in a plastic tray/bucket) and place them gently back into the chamber. 

d. Record the percentage of oxygen and carbon dioxide present in air outside the 

animal house with FoxBox Respirometry System (FoxBox). 

e. Measure the concentrations of O2 and CO2 in the chamber 1 with FoxBox. 

f. Place KOH bottles, silica gel tanks and oxygen cyclinders in the system and 

ensure tight connections between pump and KOH bottle, KOH bottle and silica 

gel tank, and silica gel tank and inlet hose to the chamber. 

g. Close the lid of the chamber gently and put a weight (a bucket with 5 L water) 

over the top of lid to ensure the lid and chamber are properly sealed to make a 

closed system.  

h. Record the time of the closure of each chamber. 

i. Record the temperature, pressure and humidity after the closure of the 

chamber. 
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j. Record the oxygen release time for every chamber.  

k. Record the temperature and humidity every 3 hours between the hours of 11 

am to 5 pm. 

l. Monitor the chambers to make sure the oxygen is released to the chamber 

within 1 hr of the closure of the chamber. 

m. Observe the health of the birds. Birds showing adverse signs such as panting, 

vocalisation, restlessness, weight loss should be removed from the procedure 

and returned to their holding facilities as outlined in the AEC application. If a 

bird should be unresponsive or unable to demonstrate normal physiological 

behaviour, a veterinarian will be informed and euthanasia may have to be carried 

out in compliance with the relevant AEC application.Optimum temperature at 

24
o

C  and humidity of 50-70% should be recorded from the digital display on 

the chamber. 

7. NE Operation day 2 & 3 (start at 9 am) 

a. Record the percentage of oxygen and carbon dioxide present in air outside the 

animal house. 

b. Record the temperature and humidity of all the chambers. 

c. Record the CO2 and O2 concentrations in the chamber with FoxBox. 

d. Take out the birds gently and record their body weight on the digital scale 

outside the NE room. 

e. Place the bird in a plastic tub for temporary holding while proceeding with steps 

f & h.  

f. Take out the feeder, weigh it, and top it up and weigh again. 

g. Scrape the excreta from the tray and collect them into the labelled box. 

h. Weigh the oxygen cylinders. 

i. Replace KOH bottles, and silica gel tanks in the system and ensure tight 

connections between pump and KOH bottle, KOH bottle and silica gel tank, and 

silica gel tank and inlet hose to the chamber. 

j.  

k. Put birds back into the chamber from the holding plastic tub. 

l. Top up the water in the drinker.  

m. Lay down the lid of the chamber gently and let it settle down for 2 min and put 

the weight over the top. Record the temperature, pressure and humidity after 

closure of the chambers. 

n. Record the oxygen release time for every chamber. 

o. Record the temperature and the humidity every 3 hours during the day 

p. Refill the KOH bottles and silica gel tank.  

 

8. NE Operation day 4 (9 am, Complete the run) 

a. All the steps are similar as day 2 and 3 but since it is the last day of sampling 

do not top up the feed, replace KOH bottles and silica gel tanks in the system, 

and refill the KOH bottles and silica gel tank. 

b. The birds will be either be slaughtered for sample collection or placed back in 

their pens or cages as per the requirement of the experimental design. 

 

2. Any other protective measures to safeguard the animal’s wellbeing 

Power failure alarm system is in place with UNE Safety and security and an electricity 

generator will be installed as soon as possible to cover the CART in the event of a power 

outage, Prior to the backup generator installation, CART will notifiy security when birds go 

into the chambers. This will be logged and security will contact CART staff if a power outage 

occurs during the notified time period. CART staff will open the chambers to make sure the 

birds have sufficient oxygen supply if power is not restored within 2 hours. 

 

3. Care of the animal after the procedure  

After the procedure birds will be handled as outlined in ethics AEC protocol. Options usually 

include: re-homing of the birds (laying birds only), return to their flock or humane 

euthanasia for further sampling. 
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Animal Welfare Considerations 

The birds are checked and monitored 5-6 times per day. The humidity, temperature and 

pressure is monitored in every visit to confirm the accurate data obtainment. Birds showing 

adverse signs such as panting, vocalisation, restlessness, weight loss should be removed 

from the procedure and returned to their holding facilities as outlined in the appropriate AEC 

application. If a bird should be unresponsive or unable to demonstrate normal physiological 

behaviour, a veterinarian will be informed and euthanasia may have to be carried out in 

compliance with the relevant AEC application. 

Power outages can be a risk for animal welfare, as the birds are in a closed system which 

requires the supply of oxygen operated by a valve controlled by the mainboard which is run 

electronically;  

The failure of release of oxygen from the cylinder is another risk if not detected within two 

hours of the closure of the chamber;  

 

Appendices 

Image of the chambers 

 

 

References 

 

1.  Swick RA, Wu S-B, Zuo J et al. (2013) Implications and development of a net energy 

system for broilers. Animal Production Science 53, 1231-1237. 

2.  Wu, S.-B., Swick, R.A., Noblet, J., Rodgers, N., Cadogan, D., Choct, M. (2019) Net energy 

prediction and energy efficiency of feed for broiler chickens. Poultry Science. 98: 1222-

1234. 

 

 

Document Control & Record of Revisions 

Summarise revisions from previous versions 

Version 

Number 

Description of Revision/Amendment Approved by  Revision Date/ 

Date effective 

2 3 year review, updated on to 

new template and additional 

information included 

AEC 03.12.2020 

    

    

 

  

Linked SOPs 



F12 V2 – F12 - Net Energy Evaluation  

5 

 

 

 

 



F12 V2 – F12 - Net Energy Evaluation  

6 

 

 

 


