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Background:

In most areas of the globe, chilled red meats, poultry, fish and game meats are preferred over frozen meats by consumers who are 
willing to pay a premium for these products. Many processors and distribution systems are gearing now to provide high quality, safe 
and highly palatable fresh, precooked chilled meat products for retail or food service operations. However, when long range shipment 
is involved, most of these products are transported in a frozen state or chilled in expensive air freight. Therefore, precise temperature 
control through shipping, storing and retail displaying of chilled meats is the challenge for the 9 0 ’s in order to extend shelf life and 
improve quality and safety of chilled meats and meat products.

Objectives:

The objectives of this work were the following:

1. To improve The temperature control system in standard marine frozen foods containers used for trans-oceanic shipment of 
meats into Superchill system performance or better, as to temperature fluctuation, elimination of hot and cold spots, improved 
insulation, etc..

2. To develop a portable system which could be removed at the end of the voyage, thus providing flexibility as to the next usage 
of the container.

3. To develop an insulation system which could be installed in part of the container, thus enabling the usage of the container for 
several chilled and frozen products kept apart and maintained at different temperatures.

4. To accurately control microbial growth, rancidity and enzymatic reaction in meats, thus, allowing extended shelf life and 
retaining quality of chilled meats, enough for transoceanic shipment or for long range land distribution.

Materials and Methods:

A batch of 4000-7000 lbs of vacuum packaged chilled venison meat was loaded together with up to 13,000-16,000 lbs of frozen 
venison into 20 marine containers which can maintain -18°F temperatures (Mutsubishi, Nippon Fruehauf). The chilled venison meat 
was separated from the frozen venison meat by experimental insulation made of 1" foamed polystyrene plates which were laminated 
by sheets of Foilpak 926, made by Omega MFG and Marketing Ltd., Greenmount, New Zealand. The insulation layer was not 
hermetically sealed. The location of the chilled venison in the container, and the structure of the insulation material were tested in 
seven voyages from Auckland, New Zealand to San Francisco, California which lasted around three weeks from loading at the venison 
processing plant until unloading at Durham Meat Co., San Jose, California.

Temperature monitoring of both chilled and frozen venison meats, as well as air temperature in the two sections, was conducted by 
AUTOLOG - Time Temperature Monitor, Remonsys Ltd. Bristol, England. Temperature data were transmitted through satellite to the 
IQ Exports headquarters in Auckland, New Zealand on the hour and if needed, instruction to the ship to intervene with the 
refrigeration schedule was made by marine telephone. Temperature control of the chilled meat was evaluated as to temperature 
fluctuation and uniformity (hot and cold spots) throughout the container. The effective temperature control was evaluated as to The 
following: A. Location of the chilled meat in the container. B. Structure of the insulation. C. Microbial growth expressed as total plate 
count and as total psychiophiles growth as determined by AOAC standard methods. D. Lipid oxidation as expressed by TBA Values 
(mg of malonaldehyde/Kg of meat) were determined by the methods of Salih, et al. (1987). E. Sensory evaluation. Preliminary 
evaluation was conducted by questioning chefs who used the product regularly and by complain monitoring. The chefs evaluated the 
chilled marine transported product vs. air freighted chilled product.

Results and discussion: In refrigerated marine containers and in refrigerated trucks, the refrigeration unit is located in the front of the 
container, while the doors are located in the back. The cold air stream is moving from the top front backwards as well as vertically 
from ceiling or floor ducts. The inconsistent operation of the refrigeration system, is created by on/off compressor activity and by 
startup and shutdown of the evaporator during defrosting cycles, resulting in continuous temperature fluctuation within the container 
during operation. Furthermore, the refrigerated container is not completely sealed and therefore external heat, air and humidity
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also interesting to find that the new marine system provided better microbial growth control than the air freighted system where 
shipment is completed in shorter time, but without temperature control system.

kipid Oxidation: The TBA number has been the most extensively used for measurements for lipid oxidation during processing or 
s orage of meats. It is expressed as milligrams of malonaldehyde (or malondialdehyde) per kilogram of tissue. Lipid oxidation shortens 
the shelf life of meats and foods due to development of rancid off flavor and off odor, sometimes associated with indescribable 
changes in color, texture and nutritional values. Venison meat is naturally low in fat and therefore it is less sensitive to rancidity and 
the vacuum packaging which reduces oxygen content further protects it. Table 2 indicates that all chilled and frozen 
pmducts arrived in good shape. Lipid oxidation of chilled meat behaved similarly to frozen meat and to air freighted meat Lipid 
oxidation of the venison saddle was higher than in the deboned Denver leg. For comparison, a survey of content of malonaldehyde in 
variety fresh meats and cuts (beef, pork and chicken) in retail supermarkets showed that 60% of the samples ranged between 1 0-6 0

very good values C°ntamed leSS th“  L0 mg/kg (Siv and DraPer’ 1978) ' In the meat industry, 2.0 mg/kg and lower are considered as

TABLE 2. The Effect of Transoceanic Marine and Airfreight Transportation on Oxidative Rancidity of Venison Meat. 

Milligrams of Malonaldehvde/Kp M e a t

Steamship Airfreighted
Chilled Frozen Chilled

Denver Leg 
(Deboned)

1.08 0.83

Saddled 1.61 2.04 1.66

Average 1.35 1.44 1.66
Airfreighted shipment was tested one week after slaughtering

M r r valu1 ° n:i r s S ° , ? 0nstantly use airfrei§hted veniso" were questioned about the marine shipped chilled venison meat.
shiomem The nR oOh * t T T  °Ver * °Zen 311(1 0ver air freiShted meat due t0 the prolonged aging that took place during 
shipment. The pH of the meat was found to be 5.7 upon arrival and drip losses were also small (around 1.5- 1.7%).

Conclusions: 1. A system for long-range transportation of chilled meats was developed by minimizing temperature fluctuations inside 
he refrigerated container to +2 F . enabling reduction of the meat temperature to 28 °F without freezing it during transportation and 

therefore greatly increasing its shelf life 2. The remote temperature monitoring via satellite enabled the producer to effectively monitor 
the product temperature during shipment and to make necessary corrections when needed. 3. The portable mature of the system 
enabled the use of less expensive standard refrigerated containers which proved more cost effective for the returning cargo 4 The 
ong range shipment of chilled meat enabled the aging process to take place while maintaining better microbial control than air-freight.

5. The process proved to have 80/o lower cost than airfreight with better quality and safety results.

M e t n Z ST ' Si * I D'n  ■’ ^  ^  “ 5  DaWSOn’ L R  ' 987' Modified Extraction 2-Thiobarhitnric. Acid M.thnH for
Measurmg Lipid Oxidation in Poultry. Poultry Science 66 :14&3. 2. Gill, C.O. and Penny, N. 1986. Packaging of nhill.H r.H meats for
-^ P ment t0 remote markets- ln Recent Advances and Development in the Refrigeration of Meat by Chilling pp 521-524 Inter Inst
o f Refrigeration. Other authors: pp 505-509,527-523 .„d  529- 531. 3, Siv, G.M. ond Dr.per, H.H, 1978. A Siirvev
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