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1. Introduction

The responsibilities of the various dissiplines in the cold chain set out in the document are not claimed to be complete or to cover all aspects of product handling.  Recommendations to improve the document will be appreciated.

Optimum handling protocols for deciduous, citrus, subtropical fruit as well as other perishable produce are documented in the PPECB ISO 9001-2002 system.  These protocols are regularly updated, but any other comments will be appreciated.  Copies of most documents are available on the PPECB website at www.ppecb.com.

2.
THE BASICS OF POSTHARVEST PHYSIOLOGY
2.1 The most fundamental concept in perishables handling, is the fact that the products are alive, and therefore respire to produce the energy needed to sustain life.  This energy is derived from stored reserves in the product, such as starch in pome fruits, or sugars and organic acids in citrus and deciduous fruits and grapes.  

The implications are :

· that reserves are depleted over time, leading to a more rapid senescence and also a deterioration in quality, and 

· respiratory heat is constantly produced by the product.

2.2
Distinction is made between two types of respiratory patterns in fruits and vegetables.  Firstly, there are the climacteric commodities, and secondly the non-climacteric commodities.  Climacteric products exhibit a distinct peak in respiration rate during the ripening phase of development, whereas the non-climacteric products do not.  From a practical point of view, the most important difference between the two groups of products is the fact that climacteric products can be harvested at a physiologically mature but unripe stage, whereas the non-climacteric fruits have to be harvested at the ripe stage.  Climacteric products have the capacity to continue the normal ripening process once harvested, whereas the non-climacteric fruits do not ripen further after harvest.  The second practical consideration is the higher respiratory heat production during the climacteric.  This can add significantly to the cooling load, especially if the climacteric occurs during transport and shipping.  Apart from table grapes and citrus fruit, which are non-climacteric, the other fruits discussed in this document are all climacteric.

2.3
Other factors also influence fruit deterioration, such as the presence of ethylene, moisture loss, pathogen attack, and changes in product composition.

2.4
Certain environmental factors strongly influence these deteriorative processes, (specifically temperature, humidity, and atmospheric composition), and optimal postharvest handling conditions, as given in the respective PPECB protocols, are designed to accommodate these factors.

2.5
Our greatest management tool is undoubtedly temperature control.  Maintenance of a high relative humidity, and modification of the atmospheric composition can have a strong add-on effect, but are no substitute for good temperature control.  Low temperatures decrease respiration rate, moisture loss, ethylene production, the sensitivity of a product to ethylene in the atmosphere, pathogen viability and deleterious changes in product composition.  Temperature abuse is the prime reason for loss of product quality.  This abuse is not necessarily confined to the shipping period, but comes into play from the moment of harvest.

2.6 All citrus and deciduous fruit, except some peach and nectarine cultivars, as well as table grapes should be precooled immediately after harvest, to the optimum carrying temperature.  There are basically three options regarding cooling.  

· The first, and most commonly applied, is room cooling, where a product is simply placed in a cold room with cold air circulating around the container.  This is a very inefficient method, as it relies largely on conduction of heat from the centre of the bin/carton/pallet towards the cooler fruit on the outside. 

· The second method is a modification of room cooling, where cold air is forced to move through the container, by creation of an air pressure gradient.  

· The third, and most efficient method, is hydrocooling, where products are cooled by cold water.  In this case the cooling rate is much faster, as water has a higher heat capacity than air, has the additional benefit of heat of vaporization, and also a better conductance of heat than air. 

This should be the preferred method of cooling for all sensitive products like plums, which are prone to shrivel.  

The introduction of ‘open top’ display cartons has had a significant impact on the postharvest cooling of perishables, as cold air has more direct access to the fruit.  On the other hand, rewarming is also enhanced, and this should be kept in mind during maintenance of the cold chain.  Exposure of pallets to windy conditions, as often experienced during loading of conventional vessels in the port, will rapidly rewarm fruit.

2.7
All fresh products have a finite life, and are in a state of decline towards death from the moment of harvest.  No matter what the handling procedure employed, senescence is inevitable.  At the utmost we can delay the onset of senescence, but we cannot reverse the process.  In all handling systems there are sub-optimal conditions which hasten senescence and product deterioration.  The aim should be to minimise these in order to extend shelflife of the product.

3.
COMMUNICATION OF DEVIATIONS

Any temperature discrepancy or deviation from the most optimum quality specification or logistical procedure must be reported to the PPECB  Service Manager in the respective area (Also see par 5.4).

The Cold Chain Services Department at PPECB can also be consulted should more information be required.  Requests for temperature dispensations must be put in writing to  Inspection and Cold Chain Services.  Exporters, their agents, cold store operators, container loading operators, etc., are invited to contact PPECB should anyone need clarification on any procedure.

3.1 TERMINOLOGY

The various persons, people and organisations involved in the export of agricultural produce operate in various areas of the supply chain (see attached diagram).  It is therefore important to understand and separate the various roles and responsibilities.  The following definitions and responsibilities are assumed in this document.

3.1.1 The Grower or Producer produces the product and per PPECB definition is the owner of the product.  It is the grower that will ultimately loose money or credibility when a product with his producer’s grower code (PUC) does not meet the quality standard or expectation.  The PUC stamped or printed on the box will serve as identification of ownership (Refer par 5.4).
PPECB will therefore inform and/or consult with the grower should the product be handled outside the specifications of the cold and logistical chain and there be, according to the PPECB opinion, a potential risk in terms of product and/or presentation quality.

3.1.2 The Packer or Packhouse Manager packs the product for export according to specification.  The packhouse is in most cases also the first point of cooling the product and the Packhouse Manager is therefore also the responsible person for presenting the product at the specified temperature.

The cold chain therefore, in most cases, start at the packhouse.  The Packhouse Manager must ensure that the equipment used for cooling and transport from the packhouse are according to the specifications.  This includes loading temperature tolerances, loading procedures, correct functioning and settings of refrigerated trucks and containers.

PPECB also has a legal responsibility to check, verify and certify most of the cooling, handling and cold chain logistical functions.  Most of these specifications are documented and will be communicated in detail to the Packhouse Manager or his representative.

3.1.3 The Exporter or Exporter Agent is the person or organisation who makes all the arrangements to export the product from the RSA to any other independent state or country.  The exporter may be the primary producer or may operate as an agent for the producer or supplier of the produce or for the buyer who imports the produce.

The exporter or export agent therefore may or may not become directly involved with the product, equipment or cold and logistical chain.  In some instances the exporter may be the owner (as a grower or buyer) and in other only handles the product as an agent to the owner.

PPECB therefore retains the right to consult directly with the grower, irrespective of the status or definition of the exporter, should a request for a dispensation to deviate from the optimum requirements be received or, the product not being handled under optimum conditions.

3.1.4 The Container depot prepares the container under contract of the container owner or shipping line according to proper container release document (CTO) and implement the temperature and fresh air ventilation set points.  It is the responsibility of the container depot to ensure that the container is clean, in a good state of repair and that the cooling system is fully functional.
Only PPECB approved containers, marked with appropriate tags/stickers should be released from depots.
PPECB performs the cleanliness and pretrip (PTI) inspections as per international and ISO Standards.  PPECB however, cannot always ensure that the container is set correctly (temperature and vents) because the product to be carried is not known at time of inspection and/or the container is not connected to an electrical power source.

The temperature and fresh air ventilation settings must therefore be checked at the loading depot and/or the container terminal and again by the ship’s crew at time of shipment.

3.1.5 The container loading depot is responsible to load the correct and PPECB approved product at the specified temperature into PPECB approved containers according to standard handling and stowing practices.  The loading depot is also responsible to check that the container is set correctly as per the booking request specified on the Container Terminal Order (CTO) document that must be presented at loading.  The product must be handled within the prescribed temperature parameters and time temperature tolerances (TTT).

PPECB will attend the loading of containers as far is practical and possible.  No containers may however be loaded without prior PPECB approval.  PPECB will check on aspects such as carton and pallet stability, product condition and quality, product temperature, container condition (validity of PPECB cleanliness and PTI inspections) and product and container handling operations etc.

Container loading is the last opportunity for PPECB and/or the exporter to check that the product and equipment complies to standard national and international requirements.

3.1.6 The Shipping agent is responsible for all arrangements relating to the shipping of the product.  This include suitable and reliable shipping space (containers and conventional decks) and communication of information to ensure that the vessel is pre-cooled prior to commencement of loading and that optimum shipping regimes are applied during the voyage.

PPECB will require that the shipping agent supplies or arrange for the regular supply of information on voyage conditions such as delivery (DAT) and return (RAT) air temperatures.  The shipping agent must also supply the PPECB with an accurate original shipping log and/or temperature records on request as stipulated in the PPECB Act No. 9 of 1983.  The Shipping line must also relay amendments to the carrying temperature instructions or any other communication received from the PPECB to the Master of the relevant vessel as and when requested by the PPECB.

Act No. 9 of 1983 also stipulates that only the PPECB may issue carrying temperature instructions and amend such instructions should it be required.  Shipping agents may therefore under no circumstances what so ever issue other instructions that are in conflict or do not support PPECB instructions.

4. RESPONSIBILITIES

4.1
RESPONSIBILITIES OF PPECB

4.1.1
Registration of all cold stores to be used for the cooling and storage of all fresh and frozen food produce destined for export.  (PPECB ISO 9001-2000 Doc AWI07).

4.1.2
Technical and cleanliness inspections of all refrigerated road trucks, vessels and containers to be used for the carriage of all export fresh and frozen food produce.  (PPECB ISO 9001-2000 Doc AWI08).

4.1.3 Calibration in melting ice of temperature controlling and recording devices when required by the importing country or to the discretion of the PPECB.  (PPECB ISO 9001-2000 Doc AWI09).

4.1.4
Pretrip inspection and prescribed checks to ensure the correct functioning of all integral refrigerated containers.  (PPECB ISO 9001-2000 Doc AWI06).

4.1.5
Technical inspection of conventional vessels to ensure correct functioning of all cooling equipment , temperature control and recording devices.  This includes an inspection of all shipping compartments to ensure that compartments are clean, taint free and in a good state of repair.  (PPECB ISO 9001-2000 Doc AWI05).

4.1.6
Cleanliness inspection of all integral refrigerated containers as well as all areas for the storage and handling of fruit.  (PPECB ISO 9001-2000 Doc AWI06).

4.1.7
Temperature monitoring and vents

· Random temperature monitoring at inland cold stores and loading points during precooling, storage and prior to loading into shipping containers.  (PPECB ISO 9001-2000 Doc AWI04).

· Product temperatures on arrival in the ports, during precooling, recooling and storage prior to shipping as and when required to ensure optimum temperature management and correct shipping temperatures.  (PPECB ISO 9001-2000 Doc AWI01).

· Vent setting.  PPECB audits the following on coupling of the container in the port terminal (PPECB ISO 9001-2000 Doc AWI03):

· Correct temperature setting

· Vents must be set according to the protocol specification 

· Cooling unit functioning

· Product temperatures at the time of shipping to ensure that most optimum loading temperatures are applied.  (PPECB ISO 9001-2000 Doc AWI02).

· Carrying temperature instructions to the Master to ensure optimum carrying conditions (temperature and ventilation) as agreed between the exporter and PPECB and as specified in PPECB ISO 9001-2000 Handling protocols.  (Please note that PPECB Act No. 9 of 1983 stipulates that it is the legal responsibility of the PPECB to issue carrying temperature instructions).

· Product temperature monitoring during the voyage as and when required to ensure most optimum carrying conditions as well as compliance to special cold treatment procedures when required by the importing country.  (PPECB ISO 9001-2000 Doc APR09).

NOTE  : 

Accurate records must be kept at all times and reports be compiled should deviations occur.  PPECB Regional Managers must inform exporters and other relevant PPECB personnel of any deviation or problem that needs to be rectified.

4.2
RESPONSIBILITIES OF EXPORTER

It is not the intention to list all the various responsibilities of the exporter or his agent.  Only those actions directly related to the safe and efficient handling, storage and shipping are listed.  Exporters are requested to contact their nearest PPECB Operational Manager should more information be required.

4.2.1
Exporters must plan the shipping program well in advance and inform their shipping agents on expected volumes for export to arrange for sufficient shipping space and containers.

4.2.2 Exporters must book shipping space, containers and conventional ships, with the shipping lines well in advance to allow them to arrange for placement of equipment.  Copies of these bookings must be sent to PPECB.  Temperature, temperature code and ventilation requirements must be specified at the time of booking.

· Optimum carrying conditions are given and carrying temperature regimes and codes are defined in the respective product protocol document as well as PPECB ISO 9001-2000 doc HP22.  The specified fresh air ventilation will be applied.

· The relevant PPECB office must be informed of the date and time of loading.  This information is required at least 24 hours prior to the event to allow for the planning and placement of personnel.

4.2.3
Exporters must ensure that the fruit is inspected (phytosanitary and quality) and passed for export and that quality losses are kept to an absolute minimum during subsequent storage, accumulation, handling and transport.

4.2.4
Exporters must apply correct cooling and storage procedures to ensure most optimum temperatures during transport and shipping.

4.2.5
Exporters must report all deviations or potential deviations to the relevant PPECB  Manager to ensure immediate corrective action.

4.3

RESPONSIBILITIES OF VESSEL’S AGENT / SHIPPING LINE

	WARNING


Diesel or LPG powered forklifts may never be used in cold stores, containers or in conventional decks.




4.3.1
The shipping line must ensure that their vessels and containers are clean and load ready upon arrival.

4.3.2
All spaces must be precooled to minus 0,5°C or colder for at least 48 hours prior to commencement of loading and the return air temperature (RAT) be maintained constantly at minus 0,5°C for at least 24 hours.  In practice it means that the delivery air temperature set point can be lower than minus 0,5°C (in the region of minus 1,0°C or colder) to achieve a constant RAT of minus 0,5°C for 24 hours prior to loading.

4.3.3 Reporting of temperatures.  The vessel must report all temperature setpoints, delivery (DAT) and return (RAT) air temperatures to PPECB every day not later than 08:00 local (ship) time.  Details are given to the Master on the PPECB temperature letter.

4.3.4 Temperature logging.  An accurate automatic temperature log must be kept and made available to the PPECB on request.

4.3.5 Deviations in temperatures, failures of cooling units or any other factor that may affect fruit  temperature or quality must be reported immediately to the PPECB for formulating corrective actions in collaboration with the exporter.

5.
OPTIMUM FRUIT TEMPERATURE REQUIREMENTS

5.1 Reasons for temperature control (refer to par 2)

Refrigerated storage and transport is applied to reduce quality deterioration between picking and consumption.  This is a science in it’s own right but it is important to note that cold storage can reduce:

· Waste, mainly fungal, or generally known as the various types of rots.

· Weight loss as a result of moisture loss from the fruit.  This results in wilting giving the fruit a “tired” and even a shriveled appearance.

· Over ripeness especially in the sense of loss of texture, juiciness, flavour and taste.  Both sugar and acid content decrease at warmer temperatures and during longer storage periods resulting in tasteless fruit and even off flavours.

· Cosmetic appearance especially loss of lustre and fresh appearance.

5.2 Optimum storage temperatures 
Optimum storage and transport temperatures vary according to type, cultivar, season, market requirement, statutory requirement, etc.  Optimum commercial shipping and storage temperatures are summarised in the respective PPECB product handling procedures document.  It must, however, be pointed out that the maximum time between packing and reaching the specified optimum pulp temperature should be considered as the absolute maximum under most optimum growing, handling and transport conditions.  Factors that may result in increased waste, such as rain prior to picking, moist conditions (including dew and condensation) increased levels of injuries, presence of fruit fly sting injuries, etc.) will drastically reduce the quoted maximum cooling times.

5.3 Carrying temperature code 
The carrying temperature code must be indicated by the exporter or his agent when shipping space is booked.  The regime codes are summarised in the respective product handling procedures document and will be entered into all documents pertaining to the specific shipment.  PPECB will summarise the regime codes and definitions in the PPECB temperature letter to the Master.

5.4
Deviations

The handling of temperature related dispensations is documented in PPECB ISO 9001-2000 Document TPR04.  It requires that :

· Should the exporter, producer or export agent wish to deviate from the standard procedure, a request for dispensation (PPECB form T13) must be completed in full and submitted to the relevant PPECB Service Manager , where the product is to be loaded, for further processing and action.  In the case of shared spaces, all relevant exporters and owners must agree with the request for a temperature dispensation.

· PPECB Service Manager  will, depending on the nature of the deviation, confirm and consult with the grower and formulate an alternative procedure before a deviation is allowed.  It will be assumed that the grower’s code printed on the carton indicates ownership, and the decision of the grower will be considered as final.

· The request plus additional supportive information must then be relayed to PPECB NPM: Cold Chain Service and Cold Chain Specialist , for consideration and a decision.

· PPECB will inform the originator, the PPECB Regional and Port offices on outcome of decision to deviate.

· PPECB will allow shipment or amend the temperature and shipping instructions, to the Master of the vessel where applicable.
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