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Abstract
[bookmark: _Toc384863401][bookmark: _Toc384914821][bookmark: _Toc384918536][bookmark: _Toc384918762][bookmark: _Toc392152640][bookmark: _Toc392153290][bookmark: _Toc392153578][bookmark: _Toc398015262][bookmark: _Toc398022435][bookmark: _Toc398022920]The shelf-life of new packaging films (A and B) was verified for Frenched racks (cap-on and cap-off), shanks and legs, without the need for bone guards. Products were placed in storage over time for a maximum of 115 days at an average temperature of -0.3°C. Shelf-life evaluation included sensory assessment using a four-person informal panel according to criteria set out in the national sensory evaluation guidelines and microbial evaluation using Aerobic Plate Counts.
Irrespective of packaging all products were still considered acceptable after 115 days despite the relatively warm storage temperature; a longer shelf-life may be achievable if mean temperature was closer to that during sea transport (‑1.0 to ‑1.5°C). Products packed in Film A scored higher than those packed in Film B due to better vacuum and appearance resulting in less drip. Shanks packed in Film A were acceptable for longer (115 days) than the 98 days observed during a previous trial.
The shelf-life achieved by the products in this trial exceeds the 90-day shelf-life expectation for Australian lamb, especially given the relatively warm storage temperature. Adoption of these new packing films could provide lamb meat producers with additional confidence to meet distant market requirements.
































[bookmark: _Toc80619422]Executive summary
[bookmark: _Toc384863405][bookmark: _Toc384918540][bookmark: _Toc384918766][bookmark: _Toc392153294][bookmark: _Toc392153582]Background
Like all processors, Company A deals with customers making claims on their product due to poor quality / expiry of the shelf-life on arrival. Due to limitations of technology and tracking of product, no visibility etc., problems resulting in claims were commonly accepted as a cost of doing business.
Company A has recently become aware of two new packaging films that promise to extend the shelf-life of lamb primals.
Objectives
The objective of this project is to perform shelf-life testing of new packaging (Films A and B) of important lamb products to verify that a shelf-life beyond 90 days is achievable. The new packaging will also allow product to be packed without the need for bone guard.
[bookmark: _Toc7515602]Methodology
· Products – Frenched racks cap-on and cap-off, shanks and legs –packed using different packaging films and stored for up to 115 days.
· Temperature monitoring of products throughout storage was undertaken using real-time loggers.
· The sensory quality of products was assessed by a four-person informal panel according to criteria set out in the national sensory evaluation guidelines (MLA, 2016).
· Products were also evaluated for Aerobic Plate Counts.
[bookmark: _Toc384863408][bookmark: _Toc384918543][bookmark: _Toc384918769][bookmark: _Toc392153297][bookmark: _Toc392153585][bookmark: _Toc7515603][bookmark: _Toc384863410][bookmark: _Toc384918545][bookmark: _Toc384918771][bookmark: _Toc392153299][bookmark: _Toc392153587][bookmark: _Toc7515604]Results/key findings
1. Data loggers inserted in cartons of stored product recorded temperatures which averaged -0.3°C and varied between +2.0°C and -2.1°C for the 115 day storage period.
2. The final day when all four replicates of each product were considered acceptable was 115 days for all products.
	Product
	Packaging
	Last day acceptable
	Sensory score on last day*

	Cap-off frenched rack
	Film A
	115
	7.62

	Cap-off frenched rack
	Film B
	115
	5.75

	Cap-on frenched rack
	Film A
	115
	7.14

	Cap-on frenched rack
	Film B
	115
	6.14

	Shank
	Film A
	115
	6.87

	Bone-in leg
	Conventional bag
	115
	5.62


*Mean of all sensory criteria
3. Due to impending, planned shut-down of the plant, when tested, samples still had an acceptable shelf-life and it is probable that the acceptable shelf-life is longer than 115 days, particularly if average storage temperature is closer to -1°C.
4. Chilled carcases (n=20) had a mean log10 Aerobic Plate Count 2.48 log10 cfu/cm2 (equivalent to 300 cfu/cm2).


5. As seen in the table below, after processing, APCs were higher on legs and shanks, compared with racks.
	
	Day 0
Mean APC (cfu/cm2)*

	Cap-off frenched rack
	63

	Cap-on frenched rack
	158

	Shank
	1995

	Bone-in leg
	1585


* Geometric mean

6. Over the storage period, cap-on and cap-off samples had relatively low APCs, in the range 1,000,000 to 10,000,000 cfu/cm2, with legs and shanks slightly higher.
Benefits to industry
The shelf-life achieved by the products in this trial exceed the 90-day shelf-life expectation for Australian lamb, especially given the relatively warm storage temperature. Adoption of these new packing films would provide lamb meat producers with additional confidence to meet distant market requirements.
Future research and recommendations
There are several aspects that deserve additional research:
· Packaging Film A performed better than Film B and it would be useful to evaluate its effect of a larger range of key lamb primals to ensure broad applicability of the packing film.
· Company A currently does not spray chill but is very interested in recommissioning it’s spray chilling equipment during the current plant maintenance shutdown. The effects of spray chilling on organoleptic shelf-life are not well understood.
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[bookmark: _Toc80619423]Background
Like all processors, Company A deals with customers making claims on their product due to poor quality / expiry of the shelf-life on arrival. Due to limitations of technology and tracking of product, no visibility etc., problems resulting in claims were commonly accepted as a cost of doing business.
Over the last 12 to 18 months, the company has undertaken monitoring of the cold chain to distant markets using real-time temperature loggers. This has resulted in greater understanding of the cold chain performance and areas that needed additional attention. However, the company has limited the shelf-life of many products to around 80 days, which is considerably shorter than the 100 days promised by competitors in New Zealand. In addition, a previous shelf-life trial undertaken at the company using mainly conventional packaging films indicate that a shelf-life of 98 days is possible for shanks and up to 111 days for frenched racks (cap-on and cap-off), when stored at -1.13°C.
Company A has recently become aware of two new packaging films that promise to extend the shelf-life of lamb primals. The company wanted to trial the new films on several products.
[bookmark: _Toc80619424]Objectives
The objective of this project is to perform shelf-life testing of new packaging (Films A and B) of lamb products to verify that a shelf-life beyond 90 days is achievable. The new packaging will also allow product to be packed without the need for bone guards.
[bookmark: _Toc80619425]Methodology
[bookmark: _Toc80619426] Study Design
After carcases had been air chilled overnight, vacuum packed primals (shanks and racks) were selected from the boning/packing line, packed in cartons and placed in chilled storage. Replicate vacuum packed samples were collected at intervals between March and June 2021 and stored under refrigeration to provide a range of storage times between 34 and 115 days. All products from a specific sampling day were packed into a single carton. To determine the commercial shelf-life of each cut, samples were withdrawn from storage and subjected to sensory and microbiological testing at the end of the storage period.
Table 1: Sampling schedule
	
	
	Frenched cap-off
	Frenched cap-on
	Foreshank
	Leg

	Age
	Date
	Film A
	Film B
	Film A
	Film B
	Film A
	Conventional

	116
	5-Mar
	4
	4
	4
	4
	4
	4

	109
	12-Mar
	4
	4
	4
	4
	4
	4

	103
	18-Mar
	4
	4
	4
	4
	4
	4

	117
	4-Mar
	4
	4
	4
	4
	4
	4

	83
	7-Apr
	4
	4
	4
	4
	4
	4

	34
	26-May
	4
	4
	4
	4
	4
	4

	0
	29-Jun
	4
	4
	4
	4
	4
	4

	
	Total
	28
	28
	28
	28
	28
	28



[bookmark: _Toc80619427] Packaging films
Three packaging films were used: 
· Film A, a Polyethylene Terephthalate, Polyamide, Ethylene Vinyl Alcohol, Polyethylene copolymer with oxygen transmission 18 cc/m2/day at 23°C, 80% RH was used for packing racks (without bone guard) and shanks. 
· Film B, a polyolefin, Poly Vinylidene Chloride, Nylon copolymer with oxygen transmission 10 cc/m2/day at 23°C, 0% RH used for packing racks.
· Conventional barrier bags with oxygen transmission 7 cc/m2/day at 23°C, 0% RH were used for packaging bone-in lamb legs (chump off).
On shanks and legs a protective cap was placed over the exposed bone at the tarsus (leg)/carpus (shank). 
[bookmark: _Toc80619428] Temperature monitoring
TempTale USB X temperature loggers were placed between the various products in each carton prior to the carton being closed for storage. Each logger recorded the temperature every 10 minutes.
[bookmark: _Toc80619429] Sensory testing
Assessment was by a four-member informal panel comprising management and QA staff from the abattoir and two scientists. All sensory assessments utilised ordinal scales from 0 (poor performance) to 8 (good performance) described in Table 2 based on the national guidelines (MLA, 2016).
Prior to opening, each pack was scored for vacuum/packaging integrity and extent of purge. Each pack was opened with a cut along the seal and the confinement odour assessed; the odour was scored after approximately 5 minutes.  The assessors discussed their observations, and a single consensus score was recorded for each product and replicate in an Excel spreadsheet.
[bookmark: _Ref65130559]Table 2: Criteria used by panellists assessing vacuum-packed lamb cuts
	Score
	Vacuum
	Appearance
	Odour

	8
	Complete, tight package adhesion
	Very fresh, no discolouration
	Fresh

	6
	Good vacuum
	Fresh, slightly discoloured
	Slight 

	4
	Moderate vacuum
	Good, acceptable
	Medium 

	2
	Poor vacuum
	Poor
	Strong/off odour

	0
	No vacuum, probable leaker
	Severe discolouration
	Putrid odour



[bookmark: _Toc418779193][bookmark: _Toc18414376][bookmark: _Toc80619430] Microbiological testing
After resuscitating a sterile sponge (Whirl-Pak Speci-Sponge) with 25 mL of chilled Butterfield’s solution, areas (100 cm2) of were sponged using firm, back-and-forth strokes both along and across each cut. On chilled carcases three areas were sponged: the base of the tail, the mid loin and the elbow according to the Microbiological Sampling and Testing of Export Meat and Meat Products (DAWE, 2020). On cuts a single site was sponged. 
Bacteria were removed from the sponge by “squishing” sponges by hand massage in the sample bags for 30 seconds and, from the moisture expressed, preparing serial dilutions in 0.1% buffered peptone water blanks (9 mL) using 1 mL aliquots. Aliquots (1 mL) from each dilution were spread on Aerobic Plate Count Petrifilm (3M) and incubated at 25°/96 hours (APC). Colonies were identified and counted as colony forming units (CFU) as per the manufacturer’s instructions.
[bookmark: _Toc418779196][bookmark: _Toc18414378][bookmark: _Toc80619431] Statistical analysis
Counts/cm2 of meat surface were converted to log10 cfu/cm2 and the mean and standard deviation of the log10 cfu/cm2 calculated using Microsoft Excel software. When no bacteria were recovered from a sample the result was interpreted as below the limit of detection (0.25 cfu/cm2).
[bookmark: _Toc80619432]Results
[bookmark: _Toc80619433][bookmark: _Toc18414380]Storage Temperature
Temperature traces from the different loggers were compared for selected 10-minute intervals and the temperatures differed by ±0.1°C. Consequently, the trace from the first sample was amended with another similarly time-stamped trace to extend past the recording limit of 16,000 records (i.e. end time 24 June 2021) to obtain a complete temperature profile. This temperature profile is shown in Figure 1 which is based on the UTAS/MLA Shelf-life Predictor, assuming a starting microbial load of 100 cfu/cm2, a value based on the average microbial loading of the fresh samples tested on 30 June 2021. This graph shows that the temperature was fairly constant between March and May 2021, averaging 0.1°C, which was much warmer than expected – chillers were set to run at -1.5°C. Around 6 May the temperature gradually decreased to around -1°C. During the last three days of the trial the temperature increased to 1.5-2°C due to product being moved into an active carcase chiller to await microbiological and sensory evaluations. The graph also shows that the microbial limit of 8 log10 cfu/cm2 was estimated to have been reached around 20 April 2021.
[image: ]
[bookmark: _Ref65595325]Figure 1: Temperature trace for the first sample, including dates for subsequent samples (does not include the initial temperature reduction of subsequent samples); blue line = temperature trace and grey dashed line = average predicted microbial concentration.
[bookmark: _Toc18414381][bookmark: _Toc80619434] Shelf-life assessment by sensory analysis
An informal sensory team comprising QA, management and scientific staff undertook assessments. A summary of the scores (excluding leakers) is shown in Table 5. Images of some products were taken during the evaluation and these are presented in the Appendix.
On piercing the vacuum a slight confinement odour was noted, especially for shanks, which disappeared after 5 minutes; slight colour loss under vacuum was reversed after 5 minutes when the bloom returned. One leaker was observed for each of cap-off racks packed in Film A and for shanks. In addition, one 98-day old cap-off sample showed a green discolouration and despite an intact vacuum this sample was putrid; the cause could not be determined.
The last day each product was acceptable by the panel is presented in Error! Reference source not found. which suggests that: 
· Irrespective of packaging all four products were still considered acceptable after 115 days (the last day when product was available prior to the planned winter shut-down) despite the relatively warm storage temperature during the first two months of storage.
· Because sensory scores across all three criteria were still good all products may have a shelf-life longer than 115 days, particularly if stored at a mean temperature which more closely approximates that during sea transport (-1.0 to -1.5°C).
· Racks packed in Film A were more acceptable after 115 days than those packed in Film B. 
· Product packed in Film A film generally scored higher than that packed in Film B due to better vacuum and appearance resulting in less drip and fewer air bubbles.
· Shanks packed in Film A were acceptable for longer than those during a previous trial, which were acceptable for 98 days, despite the higher average storage temperature.



Table 3: Last day products were considered acceptable at a mean storage temperature of -0.3°C
	Product
	Packaging
	Last day acceptable
	Sensory score on last day*

	Cap-off frenched rack
	Film A
	115
	7.62

	Cap-off frenched rack
	Film B
	115
	5.75

	Cap-on frenched rack
	Film A
	115
	7.14

	Cap-on frenched rack
	Film B
	115
	6.14

	Shank
	Film A
	115
	6.87

	Bone-in leg
	Generic
	115
	5.62


* Mean of all criteria
[bookmark: _Toc80619435] Microbiology of lamb carcases and cuts
The mean log10 APC of chilled carcases (n=20) was 2.5 log10 cfu/cm2 (300 cfu/cm2). The mean log APC of cuts used in the shelf-life trial are presented in Table 4 from which it can be seen that at Day 0, shanks and legs had counts log10 1-1.5/cm2 higher than racks. At the 36-day storage stage counts for all six cuts were around 4 log10 cfu/cm2 (10,000 cfu/cm2), which is below the 5.7 log10 cfu/cm2 (500,000 cfu/cm2) limit imposed by Japan. By 84 days, at an average of -0.4°C, APCs were in the range 6-7 log10 cfu/cm2 (1,000,000 – 10,000,000 cfu/cm2) where they remained except for samples collected 108 days prior to testing, where all six cuts had mean counts of 7 log10 cfu/cm2 or greater.
[bookmark: _Ref76990322]Table 4: Mean Aerobic Plate Counts (log10/cm2 ) of lamb cuts (n=3) at different storage durations and  average temperature experienced by each set of samples
	Age (d)
	Ave. Temp (°C)
	Film A
Cap-off
	Film B
Cap-off
	Film A
Cap-on
	Film B
Cap-on
	Film A
Shank
	Generic
Leg

	0
	
	2.2
	2.2
	1.8
	1.8
	3.3
	3.2

	36
	-0.86
	
	3.8
	
	
	4.8
	3.7

	84
	-0.43
	6.5
	6.3
	6.5
	6.7
	6.9
	6.6

	98
	-0.36
	5.9
	5.9
	6.4
	6.0
	6.8
	6.8

	102
	-0.35
	6.3
	6.5
	6.4
	6.5
	7.3
	7.0

	108
	-0.34
	7.2
	7.0
	7.2
	7.0
	7.4
	7.2

	115
	-0.30
	6.0
	6.2
	6.5
	6.3
	6.9
	6.7
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[bookmark: _Ref76990598]Table 5: Mean attribute scores for each product by age by an informal sensory panel (n=4); blank cells indicate no assessment was undertaken
	
	Film A Cap-off
	Film B Cap-off
	Film A Cap-on
	Film B Cap-off
	Film A Shank
	Generic Leg

	Age (d)
	Vac
	Appear
	Odour
	Vac
	Appear
	Odour
	Vac
	Appear
	Odour
	Vac
	Appear
	Odour
	Vac
	Appear
	Odour
	Vac
	Appear
	Odour

	36
	
	
	
	8.0
	7.5
	8.0
	
	
	
	
	
	
	8.0
	8.0
	8.0
	8.0
	8.0
	8.0

	84
	7.8
	7.8
	8.0
	8.0
	7.5
	7.9
	8.0
	8.0
	8.0
	8.0
	7.8
	8.0
	8.0
	8.0
	8.0
	8.0
	8.0
	8.0

	98
	8.0
	7.0
	7.3
	7.8
	6.9
	8.0
	8.0
	8.0
	8.0
	7.3
	7.1
	7.8
	8.0
	6.0
	8.0
	8.0
	7.4
	8.0

	102
	8.0
	7.5
	8.0
	7.3
	6.0
	7.0
	8.0
	7.3
	8.0
	7.0
	7.0
	8.0
	8.0
	6.0
	6.3
	8.0
	6.0
	8.0

	108
	7.5
	5.0
	7.0
	6.0
	5.0
	7.0
	7.3
	6.8
	8.0
	5.8
	5.5
	8.0
	8.0
	5.5
	6.5
	6.8
	5.0
	8.0

	115
	8.0
	7.0
	8.0
	6.0
	6.0
	5.0
	7.0
	7.0
	8.0
	6.0
	6.0
	7.0
	8.0
	5.8
	8.0
	6.7
	3.7
	7.0




[bookmark: _Toc80619436]Conclusion 
[bookmark: _Toc80619437] Key findings
· Irrespective of packaging all products were still considered acceptable after 115 days despite the relatively warm storage temperature during the first two months of storage.
· Because sensory scores across all three criteria were still good all products may have a shelf-life longer than 115 days, particularly if stored at a mean temperature which more closely approximates that during sea transport (-1.0 to -1.5°C).
· Products packed in Film A film generally scored higher than that packed in Film B due to better vacuum and appearance resulting in less drip and fewer air bubbles.
· Shanks packed in Film A were acceptable for longer (115 days) than those during a previous trial, which were acceptable for 98 days, despite being stored at a higher average storage temperature.
[bookmark: _Toc80619438] Benefits to industry
The shelf-life achieved by the products in this trial exceed the 90-day shelf-life expectation for Australian lamb, especially given the relatively warm storage temperature. Adoption of these new packing films could provide lamb meat producers with additional confidence to meet distant market requirements.
[bookmark: _Toc80619439]Future research and recommendations 
There are several aspects that deserve additional research:
· Packaging Film A performed better than Film B and it would be useful to evaluate it’s effect of a larger range of key lamb primals to ensure broad applicability of the packing film.
· Company A currently does not spray chill but is very interested in recommissioning it’s spray chilling equipment during the current plant maintenance shutdown. The effects of spray chilling on shelf-life are not well understood.
[bookmark: _Toc80619440]References 
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[bookmark: _Toc80619441]Appendix – Photos
[bookmark: _Toc80619442] Day 115
The photo below shows 115 day old cap-off Frenched racks, with Film A packed product on the left and the Film B product on the right. The sample at the front was packed on the day of the evaluation, i.e. 0 days old. Film B clearly shows more drip around the bones.
[image: ]


[image: ]The photo below shows 115 day old cap-on Frenched racks, with Film A packed product on the left and the Film B product on the right. The sample at the front (cap-off – same as in the previous photo) was packed on the day of the evaluation, i.e. 0 days old. Again, Film B clearly shows more drip around the bones.



The photo below shows 115 day old Film A packed shanks (packaging was originally intended for racks, as per product image/description on the bag) – the product at the front was packed on the day of the evaluation (0 days old). The slight greening visible on the aged products was primarily noticable on the silverskin areas. However, this discolouration was considered acceptable by the panel and part of the natural ageing process. Product recovered its bloom after opening.
[image: ]



The photo below shows 115 day old conventional bag packed bone-in legs – the product at the front was packed on the day of the evaluation (0 days old). The slight greening visible on the aged products was primarily noticable on the silverskin areas. As for shanks, this discolouration was considered acceptable by the panel and part of the natural ageing process. Product recovered its bloom after opening.
[image: ]



[bookmark: _Toc80619443] Day 84
The photo below shows Film A packed cap-on racks (top and underside).
[image: ]   [image: ]



The photo below shows Film B packed cap-on racks (top and underside).
[image: ]   [image: ]


The photo below shows Film A packed cap-off racks (top and underside).
[image: ]   [image: ]



The photo below shows Film B packed cap-off racks (top and underside).
[image: ]   [image: ]

The photo below shows a sharp bone end of a Film A packed rack. Despite the sharp end the package intergrity has not been compromised (Day 84).
[image: ]
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