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Current Context: Glanbia’s Cleaning Process

The purpose of this analysis is to understand, from an organizational level, the issues that Glanbia is facing with regards to its cleaning processes. Historical microbiological data has shown that the actual process to sanitize Glanbia’s production facilities is sound and results in testing levels within acceptable boundaries. It has become evident, however, that some issues do exist with regards to the system used to communicate daily cleaning tasks and tracking the completion of said tasks. From a quality control standpoint, it is important to evaluate current processes to determine their effectiveness and areas for improvement. Analyzing Glanbia’s current processes with regards to customer and employee relationships and the quality of those processes, will present an adequate base from which to offer suggested improvements.

Glanbia must satisfy varying standards when it comes to the quality of its products; because of these standards, Glanbia has set the bar high on the quality it must achieve. Glanbia has done relatively well when it comes to satisfying quality demands in its final products; there is however, some concern about satisfying customer perceptions of cleanliness in Glanbia’s production facilities. Many of Glanbia’s customers audit its production facilities for general cleanliness. To maintain revenue levels, Glanbia should be concerned not only about the quality of its end products, but also with the actual and perceived cleanliness of its facilities.

Glanbia faces interesting dynamics when it comes to its production staff. The Southern Idaho production facilities exist in an area with very low turnover. Potential employees that do exist are usually low skilled and are not seeking “careers.” As a result, turnover for production staff is much higher than turnover for managers. Currently the cleaning process is designed such that either a daily (whey side) or a weekly (cheese side) list of cleaning tasks is provided to the employees. When an employee finishes a cleaning task, he/she initials the task as being completed. On the whey side, a supervisor is required to sign off on each cleaning task. When tasks do not get completed or approved, it is usually due to the employees “not having enough time” to do so. We see that there are essentially three issues that are relevant to Glanbia’s employees and to the design of the cleaning process: communication, prioritization, and accountability. The issue that Glanbia is having is communicating to the next shift what cleaning tasks were done by the previous shift and what did not get done that now needs to be done. To get the results that Glanbia needs and wants, employees must know what tasks they have to do, those priorities must be communicated to the employees each shift. When someone states that they did not have enough time to do something, it is generally the case that the individual chose to do something else. Employees are choosing to do something else rather than clean or check that cleaning was completed. This prioritization by employees may be due to a lack of understanding of the importance of the cleaning process. One of the ways that Glanbia can communicate the importance of completing the cleaning tasks is by injecting accountability into the system. Currently the system is designed so that the entire shift is responsible for getting the list of cleaning tasks done. With this system, it is not possible to hold any one person accountable for a task not being completed; this setup is communicating the opposite of what Glanbia should be communicating to its employees. 



It is also important to consider the time that managers must spend on signing off on all cleaning on the whey side. It is likely that actually checking to make sure that the cleaning steps were all complete is low on a managers’ lists of priorities. Constantly checking subordinates’ work may not be the most efficient use of managers’ time and it may undercut managers’ personal power that allows them to provide quality management. The current design of the cleaning process does not produce an output that conforms to Glanbia’s need of presenting a visibly clean production environment. 


Currently Glanbia uses Adenosine Tri-Phosphate (ATP) testing and microbiological testing as process control. The ATP testing is supposed to be done after equipment cleaning processes and microbiological testing is done on a “random” basis. In this case, random means whenever and wherever the sampler wants to complete the sampling (per Glanbia personnel). The goal of this sampling is to determine if the cleaning process is performing to desired standards. Glanbia’s current sampling system does not give a full picture of the quality of the cleaning process due to the subjectivity involved in the system. 
The Correct Process – Expected Outcomes

The correct product is a process of cleaning and sampling that results in:
· random sampling providing an unbiased picture of facility sanitation 

· bacterial counts remaining within control limits,

· comprehensive sanitation specific to the facility, production environment, and processing equipment,

· an accurate method of reporting and verifying the completion of cleaning procedures,

· a system that demands any cleaning tasks not completed in a shift be given highest priority in the next shift,
· employees who are motivated to maintain a clean work environment.

It is imperative that this process be feasible on the basis of time and cost. This is the correct product because it results in a production facility and products that are within bacterial requirements as set by governments and customers. In addition, a general level of cleanliness will communicate the importance of sanitation to customers and auditors resulting in increased customer satisfaction, thus greater sales. 
Process for Producing a Clean Facility

This team has been engaged to develop a process that can be used in all Glanbia USA facilities to ensure cleanliness standards are met. Two concerns were brought up during our visit to Glanbia’s Gooding facility: concerns with the cleaning check list and concerns with the perceived cleanliness of Glanbia’s production facilities, particularly with regards to customer inspections. Keeping these concerns in mind, we identified what we believe to be underlying issues that are hindering progress in these areas. The first is communication. Not all cleaning activities are being accomplished in a consistent manner. The current cleaning checklist includes two weeks of cleaning tasks to be initialed after completion. Lists include tasks that are to be done daily and tasks that are to be done every-other day, every three days, and every five days. A problem arises when a task that was supposed to be completed on a day is not completed. When this occurs, there is no process in place to communicate to the next shift that, that specific task was not completed and is now the responsibility of the next shift (Task Prioritization). 

A second challenge Glanbia faces is in communicating the importance of the cleaning process to its employees. In addition to communication, we also recognized that the process lacks a sense of accountability. Currently there is no ownership of the cleaning process. When a cleaning task is not completed, there is no specific individual that can be questioned for reasoning. In attempting to address the issues of communication and accountability, we developed a system for task list generation that includes various real time and end time process controls that provide for both error prevention and end process error detection. In addition, we recognize the scarcity of manager and supervisor time. We offer multiple options to implement a useful system. Each option requires a different amount of time and capital resources with the goal to minimize manager time necessary to monitor the process.

In addition to the scope presented by Glanbia’s representatives, we also examine the process of controlling the cleaning processes, as real time process control is not being achieved, and end process evaluation is not based on sound statistical sampling procedures. Thus, decisions based on this evaluation are suspect.  Current methods of random sampling were analyzed and suggested changes are made. Finally, some suggestions are made about sanitation and dust control in Glanbia’s whey facilities.

The following is a high level flow chart of the proposed cleaning process. The center section contains the steps in the cleaning process. In the right section are recommended business practice changes or policy changes. The left section includes control procedures that will ensure that each step in the process is done correctly.
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List Generation


It is suggested that a turn-based system be adopted to develop cleaning lists. A turn-based system is one that recognizes the constraints of each cleaning task (the day on which the task is to be completed whether it is every day, every other day, etc.) and allows for the reprioritization of uncompleted tasks to the next day’s cleaning list. In conjunction with the turn-based system, it is necessary that task lists are made on a daily basis. There will be nothing on a list that does not pertain to that individual day (or shift). Daily lists clearly communicate daily cleaning requirements, avoiding confusion and error in the process. Lists can be generated manually by supervisors or team leaders or a software system could be made/purchased that will facilitate list generation (see Appendix I for a list of software developers in the Boise area). The specific method for list generation will be discussed further in the step titled Data Entry and 
New List Generation.
Task Assignment


One way to share responsibility and reduce the daily time commitment the cleaning system off of the managers is to put that responsibility onto a team leader. A team leader is a line employee that has potential for moving up in the ranks of the company. Responsibility for a set of cleaning tasks is a way to begin developing these individuals into leaders. It is recommended that cleaning tasks be assigned to a team leader and his/her group. Assignment produces ownership and allows for accountability to be injected into the system. For task assignment to work, it is important that employees feel that the system has procedural justice, that the assignment is fair and not based on favoritism. To facilitate procedural justice, employees can be asked to fill out a survey on which each task is rated on the basis of difficulty and enjoy ability. Employees’ ratings of individual tasks will be averaged together to determine an aggregate difficulty/enjoyment score for a task. Once this is done for each task, task groupings are made such that the total difficulty levels for each group are the same. These task groupings will then be assigned to a team for a specified period of time that is congruent with the time frame of a reward system. 


Task assignment without repercussions based on outcomes is not a viable motivation tool. Therefore, it is recommended, that rewards and reprove be based on the outcomes of the cleaning process, those outcomes being quality assurance bacteria plate counts. If the efforts of a team have resulted in plate counts that are within current control limits (for a discussion on control limits, see section titled Displaying the Data – Control Charts) then it is thought that the team members have done the job for which they are being paid and no additional reward will be dispersed. If, however, the team manages to keep plate counts within control limits and lowers the cost to do so (for instance, if the team has found a more efficient way to accomplish the task so the task duration is shorter) then the team will be eligible for a bonus. In addition, if the results show that the team has lowered the mean CFU count and, thus, created new control limits, a reward would be offered. Therefore, teams are rewarded for process improvement initiatives motivating them to adopt continuous improvement mindsets. 

When the tasks for which a team is responsible results in a plate count that is above the upper control limit, investigation into the cause of the variation is necessary. It may be the case that the cleaning task was not completed in a timely fashion (it was done late) or that the task was not done correctly. If this is the case, disciplinary action in accordance with Glanbia’s culture and policies should be taken. There are, however, other reasons that a sample result would be above the upper control limit. Some of the reasons include, but are not limited to, an issue with the sampling process (maybe testing equipment needs to be calibrated), a policy that results in cleaning not being done enough (it may be the case that employees are supposed to clean something every other day, but results indicate that the task should be done daily), a contaminant was introduced into the system. An investigation into the cause of out of control variation is necessary to ensure that an employee is not punished because of a flawed process or special cause variation beyond their control.

Task Completion


Glanbia has established standard operating procedures to ensure that cleaning is done properly. Any recommendations that we have with regards to task completion in general operations are in the control of the process (discussed in Controlling the Process below). There are, however some suggestions that can be made regarding sterilization and dust control in whey processing areas.
Possibilities for Whey Sterilization


Something that came up, repeatedly, during our visit to the Gooding plant, were concerns regarding cleaning the whey-side packaging room.  There are many possible techniques for doing so; unfortunately that room is almost constantly in use.  It is unlikely that any liquid based cleaning method will work due to the presence of high levels of dust.  This dust consists (primarily) of protein and lactose which becomes, in the presence of moisture, a nutrient rich environment for the growth of microorganisms.  This would be an unfortunate situation where food is packaged.


There are several possibilities available that could solve this problem.  The first would be designing a proprietary cleaning device that would simultaneously spray a cleaning solution under high pressure, and apply suction to remove the dirty solution to a reservoir for removal.  The best way to acquire such a device would be to contract a design/engineering firm to create it.  Such a device could subsequently be marketed to other food producers, and the sales could greatly reduce design and manufacturing costs.


A second possibility would be to install additional dust remediation equipment.  If there is no dust, then widely used cleaning practices could be implemented in whey processing areas (i.e. soap-and-water).  There are many companies that specialize in the design and installation of such systems (for example:  Airflow Systems, Inc.  http://www.airflowsystems.com/).  Cost is determined by a company’s needs, and thus no cost estimates are available.

An option for room sterilization is to install high intensity UV lamps throughout the packaging room.  UV lamps have the advantage of sterilizing quickly and effectively.  Once the room is swept and brushed clean, personnel would be evacuated from the room and the system activated for three to five minutes.  UV light would destroy any unsheltered organisms present in the room.  The next packaging run could then begin.  


There are a couple challenges to the implementation of such a system. The two most important are the risk to employees and the possible damage to materials.  To address the first, motion sensors would need to be installed to ensure that the system could not be activated while personnel are in the room.  This would prevent potentially life threatening “sun-burns.”  The second issue is that UV radiation is extremely “hard” on materials.  Standard plastics, paints, and coatings deteriorate over time because of ultraviolet light.  It would be necessary to use UV resistant materials in all equipment and UV resistant paints/coatings on walls and doors.  Stainless steel, commonly used in cheese and whey production equipment is, of course, UV resistant, conveyor belts are not.   There are fixed light emplacements and portable units available to commercial clientele.  One such vendor is Lumalier (http://www.lumalier.com/products/surface/tru_d.html). To overcome this challenge a stainless steel, stepping conveyor could be installed. These suggestions will make sterilization in the whey packaging area more efficient and effective. A walking conveyor would also be cleaned fast compared to a conveyor belt and associated rollers. 
Data Entry and New List Generation

Above we suggested that a turn-based system be used to generate daily cleaning task lists. In order to accomplish this, it is important to understand the mechanics of a “turn-based system” (reference Appendix II).  This system takes into consideration different frequency requirements, priority issues, and up-to-date task completion when prioritizing cleaning tasks for the next shift. Notice, in the referenced example, there is a list of five tasks with various task frequencies for completion.  On the first page, one will notice a schedule for the first two weeks provided that all tasks are completed on time.  On the second page, we make the assumption that Task E of day 1 was not completed. Task E is required to be completed every three days. In order to correct the failure to complete the task, Task E becomes the priority for the next day.  Notice that when we adjust Task E by moving it to day 2, all following instances of Task E are also shifted to the next day their order of importance remains unchanged.  This is an important feature of the turn based system. With the current system, if Task E was completed the day after it was originally scheduled, it would be scheduled to be cleaned in two days time. However, Task E only needs to be done every three days. The turn-based system not only reprioritizes an unfinished task to the next shift, it also maintains the cleaning frequency rules, saving Glanbia the cost of cleaning more than necessary. Now, notice after the change with Task E, day 3 takes place, but Task D was unable to be completed.  The same process takes place as before, while maintaining the integrity of the updated list (changes to Task E) for the two week period.  Task D is now assigned to the top of the list of day 4, and all following instances of Task D are shifted one day was well, being placed back in order of urgency.  Another example is provided using Task C of day 4, and the process continues indefinitely.  

Task can be prioritized in this manner by hand or through the use of computer software. While more errors are potential if manual generation is the option chosen, a manual system can be implemented immediately. Costs of a manual system include operator time recording data and team lead time creating new lists. In addition, team leads will need training to ensure that the system is utilized properly. Costs of implementing computer software to generate the lists include an initial financial outlay to purchase or create the software and any maintenance costs that might arise. The benefits of utilizing a computer to generate daily cleaning lists is that errors are less likely, less team lead time is utilized, and the software can be linked to share information with Glanbia’s quality control team, allowing them to see when an area of the plant was last cleaned if an issue arises with that area’s bacterial count.


In order for the turn-based system to be effective, correct and timely data about cleaning task completion needs to be gathered. There are a few different options for gathering cleaning data. The data that is used to make the new list needs to be gathered and includes duration of time to complete tasks, employees’ names, and tasks completed. If the lists are being generated manually or by computer software then data can be gathered on paper or employees can enter data into a computer terminal (this would require placing a computer terminal(s) in the production area for employee access). If computer software is being used with paper data tracking, someone would be required to enter the data into the software system. Another option for data entry is automatic entry through the use of a swipe card system.

A time clock or swipe card system could be implemented throughout Glanbia’s facility. Each employee would have a unique identification card that he/she could swipe through the time clock. In addition, each cleaning task would have a unique code. When beginning a cleaning task, the employee would swipe his/her card and enter the cleaning task identification number associated with the task he/she is going to be completing. When the task is completed, the employee would swipe his/her card through the system again, checking out of the task. The time clock system would be linked with the turn-based, task prioritization software, allowing for the automatic generation of new daily lists based on the tasks that were entered into the time clock system as being cleaned. Such a system would cost around $50,000 for 25 location devices, corresponding software, and would enable 50-60 users (see Appendix III for a list of time/swipe card providers).

A swipe card system has many benefits. The system would reduce errors in data entry and decrease the amount of team lead time spent inputting data into the software. In addition, the time it takes to complete a task can be tracked (from the time the employee swipes in to the time he/she swipes out).  The primary beneficial factor with regards to tracking duration of the cleaning process is that it allows the organization to determine whether or not a task was attempted.  Constraints can be placed in the system to determine if an appropriate amount of time was designated to a task. Another secondary benefit is that the durations of a task can be monitored.  By doing this, if an employee has been known to complete a task in a shorter duration, and based on the control charts it can be determined that there is a reduction in the bacterial counts, one could track this trend and perhaps adapt the method used by said employee.  Conversely, if a task is either increasing in duration or not being cleaned properly based on bacterial counts, the employee could be identified with the issue at hand.


A time clock or swipe card system for monitoring durations and task completion would not only be conducive to the previously stated benefits, but also provide opportunity for other developments.  As stated previously, the swipe card system allow for task completion and the respective employee to be monitored.  This could serve as a secondary function for monitoring who is or is not in the building by requiring a check-in/check-out function, possibly assisting as a security measure.  In addition, consider the possibility to enter in and track ATP data via the time clock device.  An employee checks into a cleaning tasks, enters pre-cleaning ATP data, performs the cleaning task, checks out of the task, and enters post-cleaning ATP data. This could assist in the recording of ATP data in order to automatically update or create control charts in a relatively real-time condition.


In order for the swipe card system to be implemented, various system devices need to be placed in strategic locations throughout the plant, allowing employees to sign in and out of any task from any of these locations.  There could be multiple function buttons on the side utilized for checking in and out of the plant, checking in and out of a task, or inputting ATP data.  In order to check into the plant, it would simply require selecting the “Check in/out of Plant” function, swiping one’s respective card, and the employee would be registered as being in the plant.  In order to check into a specific task, a 3-5 digit code could be attributed to the task, allowing the employee to select the “Check in/out of Task” function, entering in the 3-5 digit code (which could be used to track an infinite number of tasks), then swiping one’s respective card, and the employee would be registered as being engaged in the specified task.  In order to check ATP data, the individual would be able to select the “Enter in ATP Data” function, enter in the 3-5 digit code for the specified task, enter in ATP Data, swipe his or her respective card, and the data would be entered into the system.  The system would require wireless connectivity, so that the information could be immediately recorded and transferred to a central computer, able to be monitored by interested users.  Users could monitor changes to the control charts, what tasks have or have not been completed, which employees are currently engaged in any specific task, how long any employee has been engaged on the specific task, who is registered as being in the plant, along with a variety of other options to be decided on as time progresses.  This system allow for significant flexibility, as the software can be designed to assist in almost any way the user requires. With so many potential uses and benefits, it is expected that the cost of the system would pay for itself within two years; however, further cost-benefit-analysis should be performed.
Random Sampling


Glanbia’s current methodology of random sampling is flawed. Glanbia uses a targeted sampling system as a method of identifying where to sample in its facilities. This results in samples that are not truly random. The biggest problem with this system is that its results do not give an accurate picture of the entire facility relative to the cleaning process and controls. Targeted sampling only provides results of the targeted areas, making sure that these areas (and these areas only) are clean. While it will continue to be important for Glanbia to sample “problem” areas, we recommend the use of a truly random sampling system that would result in a better understanding of plant cleanliness relative to the cleaning process and remove bias that may lead samplers to ignore an area that appears to be clean but could be harboring contaminants.

To have a truly random sampling system, Glanbia’s facilities need to be divided into sections. One way to do this is to make 3D models of the facilities (see the image below). Drawing the XYZ axis and making sections on the 3D picture to make sure every area in the facilities have their own section. Because of the XYZ lines, each section has its own coordinates; it will be easily to find any section by searching the coordinates. Classified the every section to the Zone 1, Zone 2 and Zone 3 and then using the random generator to decide which section should sampling team go to sample in each Zone. Time can also be done in same way. We can divide time to many short periods and use random generator to decide when sampling should team going to sample (reference Excel document “Glanbia Sampling System”). The reason why time should not be fix is because if cleaning teams know when sampling is going to sample, they will just clean it before sampling and it will very difficult to know whether the bacteria account won’t exceed tolerances in other time.
Image 1 – 3D model of a room in a plant
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Controlling the Process

Various control methods should be used to ensure that the cleaning process is done, done correctly, and that what still needs to be done is communicated to the next shift. Control methods can act as both prevention and inspection mechanisms; as such, both real time controls and measures and end of process measures should be employed. Real time process control will allow the workers actually doing the cleaning to make adjustments to their procedures based on control outcomes that monitor if the process was done correctly. 

Task assignment acts as a preventative control, instilling in employees a sense of accountability for task accomplishment by creating a process owner. ATP testing is a viable, real time control for the cleaning process. In addition, employees should perform something similar to a “white-glove, black-glove” test (what Glanbia refers to as a “thumb test”) in which they subjectively decide if the area they just cleaned actually looks clean. 

Constraints within the software control when tasks are rescheduled. When the software system is initially implemented it will be important to make sure that it is functioning correctly and that the business rules constraining it are correct (when things should be cleaned). It may also be necessary to manually track cleaning priorities for a period of time, until there is confidence in the ability of the system to accurately track cleaning needs. Random biological testing of end products, machinery, and the production environment, acts as an end time process control ensuring that the cleaning process is thorough. These control methods are important for benchmarking and determining the impact of one process on another. In addition to random plate counts, random team lead checks can be performed. These checks would also act as a control, ensuring that employees sufficiently perform cleaning tasks by increasing the likelihood that it will be discovered if the task was not done correctly.
Expected Level of Performance


Overall, the expected performance of the cleaning system is a clean facility. This includes the plant having a general appearance of being clean and the plant being under specified levels of bacterial counts allowed. More specifically, the level of performance expected varies upon the objects being tested, designated by zones, and the test being performed. The three controls that involve testing and, therefore, have expected level of performance are, ATP testing, white-glove, black-glove testing, and bacterial plate count testing. 


To facilitate ATP and bacterial plate count testing, Glanbia’s facilities are divided into three zones, referenced as Zone 1, Zone 2, and Zone 3.  Zone 1 is designated as any surface that comes in direct contact with product. Zone 2 is designated as any surface that can have indirect contact with product, often by close proximity with the possibility of bacterial transfer by other factors, such as employees.  Zone 3 is represented as any surface that exists within distant proximity whose chance of contacting product is exceptionally minimal. 

ATP testing is currently being done on the final rinse water that comes from the cheese production line after chemicals have been flushed through the system (Zone 1). It is expected that results from these samples will be negative for ATP.  These results ensure the effectiveness of the cleaning process.  It is suggested that ATP be used more robustly as a real time control. As such, operators should have the ability to perform these tests themselves and should be trained on interpreting the outcomes of such tests. Dry ATP sampling (not water based) is expected to produce similar results to the water based sampling though they will be presented in cfu per square inch. The advantage of operators performing these tasks independently is that it offers real time feedback on their performance of cleaning tasks. Immediate feedback allows employees to alter their performance when necessary resulting in more effective cleaning process and a lower probability of bacterial contamination.

As stated previously, the white-glove, black-glove test is relatively subjective. Operators should perform this test during and after completion of a cleaning task to ensure that the object cleaned actually appears to be clean. Standard operating procedures need to be developed in order to remove some subjectivity from the process. It is necessary to clearly communicate to employees what is defined as clean and not clean to for the test to be of benefit. This can be done by taking images of what is and is not considered clean and training employees with these photos. The white-glove, black-glove test is another method of providing immediate feedback to operators that allows them to adjust their processes, resulting in a facility that appears to be cleaner.

Bacterial plate count testing is done by quality inspectors as an end of process measure, ensuring that the entire cleaning system is resulting in the correct product, a clean facility. Bacterial testing is done on all three Zones of Glanbia’s facilities. Zone 1 is expected to have fewer than 9 colony forming units (CFUs), Zone 2 is expected to have fewer than 100 CFUs, and Zone 3 is expected to have fewer than 1000 CFUs. These specifications exist to ensure that the end, consumable product is free from potential illness inducing contaminants. As such, it is very important to monitor the cleaning process relative to these measures.
Cost of Errors

Type I error occurs when characteristics inherent in the process create variation outside control limits that is thought to be special cause of variation but is really common to the system. Normally it is special cause of variation in the cleaning process that would manifest itself as abnormally high or low bacterial counts (greater or less than the established control limits) or strange patterns that indicate a change in the process (for example, a trend to a very low, or high bacteria count). If special cause of variation is serious enough (if bacterial counts are above control limits on a Zone 1 sample and product contamination is likely), production may be stopped to determine the cause of variation. The cost of misidentifying such errors could include down time on the production line, resulting in lost profits, and staff and supervisor time in trying to determine the cause of the variation. To keep the cost of special cause of variation down, it is important to have control limits that encompass a large enough span so that not every little variation is outside of the control limits, sending up red flags.

Type II error occurs when special causes of variation do not result in variation outside of the control limits. This leads users to believe that no special cause of variation exists, only common cause of variation. Common cause of variation is variation inherent in the process and is what causes the variation around the mean. Confusing special cause of variation with common cause can be catastrophic for Glanbia resulting in products that, at least on the whey side, could be fatal. Glanbia’s control for this is its tolerance limits. Any sample that has CFUs above tolerance limits are cause for concern. Of course, if the process is good (has a capability index greater than 1) then the control limits will be within the tolerance limits.
Ensuring the Correct Product – Necessary Measures

Measures are data gathered to inform as to the performance of the process. The measures of Glanbia's cleaning process are duration of cleaning tasks, time between cleanings, ATP sampling results, and biological plate count results. These measures work together giving a clear picture of the performance of the process. ATP and plate count results, when charted over time, give an accurate presentation of the effectiveness of the process. When plate counts are above control limits, the other measures, cleaning duration and time between cleanings, help to identify what in the process may be causing the violation of control limits. Cleaning tasks may not have been completed properly, which might be indicated in task duration, or tasks may need to be done more frequently as indicated by time between tasks. On the positive side, measures may indicate areas where process improvement has been achieved and where to look to determine the source of improvement so that it can be duplicated/replicated in other areas.
Taking Measures

For measures to be useful, informative tools, they need to be taken correctly. The following are descriptions of how the various measures described in the previous section should be taken.


ATP is a critical compound in the energy cycle of almost all living cells (plant, animal, bacterial and fungal).  ATP testing products from Charm Sciences, Incorporated are used as a rapid check for biological contamination in all areas of the plant.  These products are designed to be easy to use by nearly anyone and designed to minimize sample variation between operators.  The samples can be collected by unskilled workers, labeled, and delivered to a central testing point. There the sample is tested and the results are provided immediately back to the operator who then uses this information to determine if cleaning was done effectively or if more cleaning is necessary (it is a real-time control).  An electronic “reader,” (Novalum), measures light emission, and records it in a standardized format.  The Novalum “reader” is small, rugged, water-resistant, and comes preprogrammed with analysis software for QC metrics. The manufacturer also has software available that allows the reader to be downloaded into a computer and analyzed/stored. 


ATP testing should be done on both the rinse/cleaning water and in all areas cleaned by operators. WaterGiene is a new, super enhanced test to detect total ATP in water, which is a critical indicator of total biologic activity resulting from microorganisms, as well as plant, animal, or food material. These materials are potentially hazardous and can result in bio-fouling of piping and food processing equipment.  WaterGiene takes only 30 seconds, providing an immediate assessment of water, and water treatment in e.g., cooling towers, warmers, rinse water, storage tanks, and clean-in-place systems. WaterGiene sensitivity is 10 to 100 times more sensitive than other tests, detecting as low as 104 CFU/ml for bacteria and 102 CFU/ml for yeast.  Currently the rinse water from the last cleaning cycle is tested daily.  Cleaning water may also be tested after each cleaning.

ATP testing on cheese plant machinery will follow the same process as ATP testing on whey plant machinery. The PocketSwab® Plus is a room temperature stable, self-contained, single service ATP rapid hygiene test. The importance of cleaning and sanitizing as part of Quality Assurance and HACCP programs is well recognized, and ATP detection allows for total surface hygiene verification in less than 25 seconds.  An expanded storage temperature range creates added convenience to a test regarded for its ease of use and flexibility. In addition to an increased storage temperature range, the test may be stored for up to six hours prior to activation after swabbing.  There are no reagents to prepare, and the swab contains a special agent to break bacterial biofilms (a biofilm is a sticky substance generated by bacteria to provide a protected environment for itself to grow), freeing up ATP for detection. The following depicts how to use the PocketSwab® Plus.
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The “gold standard” for microbial testing is the culture and plate count.  A swab is used to sample an area.  This swab is then washed thoroughly in a tube of sterile saline.  A known quantity of this wash-saline is then applied to a plate of growth media and incubated for 12-18 hours for bacteria, or 24-48 hours for fungi/yeast.  The number of colonies is the number of bacteria/spores present in the sampled area.  Surfaces are sampled to check for Enterobacteriaceae such as E. coli (the terror of commercial food operations) and Enterobacter.  Drains are cultured, specifically, for Salmonella and Listeria (important organisms associated with food poisoning. Air sampling is also done to check for contaminating yeast and fungi in the plants’ environment.

The final two measures to be taken are the duration to complete cleaning tasks and the time between cleaning tasks. Both of these measures can be easily taken if a swipe card system is used. Duration of task will automatically be calculated based when an employee “swipes” into a task and when he/she “swipes” out of the task. The list generation software would be programmed to record that the task was completed. This information will allow users to determine the time between tasks. The software could even be programmed to generate a report that correlates time between tasks and relevant growth rates from ATP and plate count sampling.
Where to Measure

In order to determine where on the process time line that the measures should be taken, it is important to take into consideration the goals of measuring.  There are two goals that should be considered in particular.  The first goal would be keeping bacterial counts within the tolerance limits.  The second goal would be doing so in the most efficient manner possible. Each zone in the plant needs to be measured by ATP and/or biological plate count sampling. This sampling should be done on both a random and a pre-determined basis. In general, random sampling provides a more accurate picture of total plant cleanliness and informs more as to the performance of the cleaning process (see Random Sampling section under Process for Producing a Clean Facility heading above for further detail). That being said, if there are areas of the plant that constantly have high levels of bacterial count, these areas need to experience targeted sampling. Doing so allows cleaning operators and quality assurance to closely monitor the areas and determine when the areas need attention from cleaning staff.
When to Measure


It is important to take ATP measures after the cleaning process in order to determine whether or not the cleaning was a success.  This meets the requirements of controlling bacterial counts.  However, it may also be important to measure before the cleaning.  Prior ATP testing allows us to determine whether more or less cleaning is necessary.  If the bacterial count is consistently and significantly lower than the tolerance limits, perhaps cleanings would be required less often.  This could assist in reducing costs by reducing the frequency of cleaning.  If the bacterial count is consistently close to or above the tolerance limits, perhaps increasing the frequency of the cleanings would be in order.

Biological plate counts should be taken at a random time. When samples are taken at the same time every day, operators may take the opportunity to subterfuge the system and only clean where and when they know sampling is going to take place. In addition, sampling at random times will give a more accurate picture of the bacterial growth rate in the facility as opposed to only sampling at the same time. Currently micobial sampling occurs during the day shift only because the laboratory is closed at night.  While this situation is understandable, it is advised to occasionally perform night testing to ensure that there is no difference in process between the shifts. Night shift ATP sampling could be performed during the last 4 hours of the shift for processing early in the lab-day.  The “Whey-side” is cleaned as each product run is completed.  It is difficult to standardize this area due to the differences in product generation times, and the fact that production, here, is dictated by product demand (which is rarely the same two days in a row).

Measures of cleaning task duration and time between cleaning tasks will automatically be collected as employees utilize a swipe card system that is linked with a software system that tracks the data.
Who Performs the Measures?

The Charm Sciences, Inc. ATP sampling products are designed for use by people with minimal technical training, and thus the individuals responsible for cleaning could sample their own areas before/after cleaning duties are completed. Staff can label their sample, and submit their swabs for analysis where immediate feedback can be given to the employees.  Microbial sampling, however, should be done by individuals educated in sterile technique, most likely quality assurance technicians. Software systems will automatically calculate duration of cleaning tasks and time between cleaning occurrences. 
Sample Size of Measures

Currently biological sampling is being done twenty times per week. So long as no process changes are implemented and the process is proving to be effective (no or few sample results are above control limits) then twenty may be a sufficient number of samples to take per week. This would equal to about nine samples per Zone, given the Zones are equally sampled. ATP sampling should follow the same logic. In addition, ATP sampling is less expensive to perform than plate count sampling, so ATP sampling should be utilized to its fullest advantage. Every record of cleaning duration and time between cleaning occurrences will be recorded.

Frequency of Measures

Measures should be performed frequently enough to detect bacterial presence that is approaching control limits and as infrequently as possible to minimize costs. It is recommended, that for a period of time (based on the robustness of the process), Glanbia use the WaterGiene/PocketSwab, products to test all cleaning sites before and after cleaning.  Any time significant changes are made to a process or when issues are occurring with the process, increased sampling is necessary to closely monitor the process until such a time as the effectiveness of the process is proven. In addition, increased initial testing will provide a baseline for testing and for future modifications of the cleaning process.  It is important to know: “Where we are, where we are going and how we got there;” It is likely that this data will enable Glanbia to find problem areas that need additional cleaning cycles.  Once baseline data is established, Glanbia should adjust their procedures and performance accordingly.  Again, sampling data from ATP/microbiological testing should be used to get an idea of how often measures should be performed. For instance, if testing is done on a site, and the data is tracked using control charts, it will be possible to get an idea of the time it takes for that location to reach the control limit; cleaning schedules can then be adjusted accordingly.  It is possible that some locations are being cleaned more often than necessary.  Barring special incidents such as spills, increasing the time between cleanings will decrease costs.  Conversely, data may show that other sites need to be cleaned more often, than is currently done, to prevent growth of contaminating organisms.
Reaction to Results

The reaction of the operator will depend on the data generated and the Zone being measured. If the measure is within the control limits and is not likely to go beyond the limit before the next cleaning process, then the operator does not need to do anything. If the operator knows that there is a high probability of the bacterial count going over the control limit (because of a spill, or due to visible dirt), or if it is already over the control limit, then the operator should perform the necessary cleaning tasks. In addition, it will be important to determine if the cause of the measure reaching the control limit early is the result of a common error or a special error. In the event that the data shows a problem, it may indicate that it is necessary to change the cleaning procedure or to clean more frequently so the high bacteria count does not recur. The important thing is that operators have the information necessary to make the appropriate decision.
Displaying Data – Control Charts
There are a near infinite number of methods for reporting and displaying data and all are useful at one point, or another.  Glanbia currently uses exception charts to display bacterial growth data regarding Zones 1, 2, 3 contamination.  Exception charts give a “snapshot” of what is happening, at some time-point, as relates to some tolerance.  In Zone 1, this tolerance would be 9 colony-forming-units (cfu); Zone 2, 100 cfu; and Zone 3, 1000 cfu.  In the case of ATP testing, the measurement is in relative light units (rlu).   A “run-chart” would be a line graph made up of these “snapshots,” over time.
The method we recommend for tracking data is the control chart.  Control charts are basically a “run-chart” that also tracks a mean, range, and tolerances, simultaneously.  If the plotted data points fluctuate around the mean in a stable manner with no spikes, trends, or shifts, this would indicate that the process is “in control.”  If unusual (non-random) patterns are shown, or if sample data falls outside the control limits, then there is something going on in the system that should be investigated.  When implementing a process change, a shift in mean, up, or down, could indicate success, or failure depending on the change being introduced.  
If monitoring, measurement, and evaluation is done in real-time, or near-real-time conditions, then the potential for producing defective (in the case of food, contaminated) product can be minimized.  In the case of bacteria, the lower tolerance would be zero and the upper tolerance would be the specifications for Zones 1, 2, and 3 described above.  Control limits are found with a mathematical function that utilizes previous data gathered from the process (previous CFU levels) and a standard deviation. The standard deviation should be large enough to minimize the cost of Type I errors and small enough to minimize the cost of Type II errors (Type I and Type II errors are discussed in the section titled Cost of Errors). We recommend using a standard deviation of 3.
The location of control limits relative to process tolerances indicates the capability of the process as measured by the capability index (cp). If the cp is less than one, then the control limits have a wider span than the tolerance limits. The process is not capable of performing within tolerance limits (for an example see the sheet titled “Zone 3 Floors” in the Excel file titled “Glanbia Control Charts”). If the cp is exactly one, the process is capable of performing exactly to tolerance. Ideally cleaning process’s cp will be less than one (the smaller the better) indicating that the process is able to perform within tolerances (for an example see the sheet titled “Zone 1 ATP”). It is important to note that when the lower tolerance limit is above zero, it is acceptable for sample results to fall below this in bacterial count.
Control charts are a problem notification and problem solving tool.  If a rising trend is seen on day two, in an area that nominally is cleaned every five days, investigation and testing might show that this particular site should actually be cleaned every third day.  Trends that are seen in control charts are not necessarily problems.  Data could show that an area cleaned every day might only need to be cleaned every other day. Trends toward zero CFU might show that an operator has been using improved technique that could be applied in other areas. Information from control charts can be compared with information from the swipe card system. If a sample results in bacterial counts higher than the control limits, then quality assurance technicians can determine when the area in question was last cleaned, know who exactly cleaned the area, and for how long. If the employee did everything right, then there may be an issue with the business rule that specifies how often the area in question should be cleaned. Control charts combined with the right data lead to process improvement opportunities.

While control charts do not inform as to what problems are exactly, they do indicate that investigation might be warranted and guide as to where to start; follow-up is key.  In the event that a trend is noted and an investigation ensues, it is likely that a cause will be identified.  These causes will come in one of two forms:  Common cause of variation, or special cause of variation.  Common cause of variation is something that is inherent in the process/product and is responsible for approximately 90% of the observed variation in output (product, or process).  Common cause variations appear with a statistically predictable randomness, and can often be easily corrected.  For example, an employee charged with cleaning a rough, porous surface might achieve a better result if given a scrub brush, rather than a cloth.


The remaining 10% of observed variation is called special cause of variation.  Special causes of variation appear irregularly and interrupt the random pattern of common causes of error.  Using the example above, a supervisor might interrupt the employee’s cleaning task to get assistance moving equipment in another part of the factory.  When the employee returns, he/she may not remember where he/she left off, and misses cleaning a critical surface.    Other special causes that might appear in a manufacturing environment are breakage of worn equipment, contaminated raw materials, a new (or substitute) operator, or issues caused by uncommon environmental conditions. Overall, control charts provide extremely valuable source of information especially when paired with other information that informs to the performance of the process such as cleaning task durations and frequency of cleaning occurrences.
Data Access

One of the advantages of control charts is that the data is available both numerically and graphically. A is truly worth a thousand words. Control charts are very simple to understand; as such they can be of use to many interested parties.
Customer: Bacteria in the environment will definitely affect food quality. Customers have the right to get enough information to know the quality of the product which they are going to buy. If your data shows the bacteria in the environment is in control, it will make the customer have more confidence in the product resulting in increased profits for Glanbia.

Manager: The manager needs access to accurate and timely data in order to make appropriate decisions.
Quality Assurance Department: Quality assurance individuals need data to identify problems in the process in order to solve them. Data can also determine whether, or not changes to the process are working.
Cleaning Worker: Workers need to know how their efforts impact the overall cleanliness of the plant. Control charts are an effective communication tool. The displayed data can aid in goal setting, and to encourage improvement. In addition, this information will inform workers as to their progress toward earning bonuses as described in the Task Assignment section above.
Ensuring the Effectiveness of the Quality Control Procedure

Sometimes when errors occur, such as plate count samples being higher than the control limit, employees are blamed when the process itself might be flawed. If a string of samples (ATP or plate count) are consistently above the control limits, it is possible that there is a flaw in the sampling process. It is important to ensure that these processes are working effectively and that guidelines are being followed. 


Regarding ATP testing, biological standards, plate counts, et cetera, all food manufacturers must follow guidelines (such as HACEPP) and procedures established by the United States Department of Agriculture, and in some cases, the Food and Drug Administration.  Techniques for plate-counts are found in scientific and medical literature, and are considered widely accepted protocols. 

Charm Sciences, Incorporated, in order to get approval for the use of their products, would have done large correlation studies.  This information should be readily available from the vendor, and it is probably not necessary for Glanbia to “reinvent the wheel” by attempting to reproduce these results.  It would be a costly and time consuming endeavor.  However, as stated previously, we are recommending that Glanbia undertake to increase both ATP sampling and plate counts for a period of time.  We suggest that measures be taken both before and after cleaning tasks, for each area, for the duration of a cleaning cycle (e.g. current night shift cleaning task list covers two weeks). This will allow the company to establish a baseline of what the cleaning process is actually doing.  This baseline will allow intelligent changes to be made to cleaning processes.  Certain areas are likely to require more frequent and/or more stringent cleaning than is currently being done.  In addition, the baseline will provide an accurate yardstick from which to compare any possible issues arising from testing methods. It is possible that Glanbia laboratory personnel may balk at the sheer numbers of petri plates that might be necessary to cover the increase in sampling.  A potentially useful method is summarized in Appendix IV.
Conclusion

Glanbia’s current cleaning process could use some improvement. Many suggestions were made in the preceding sections. The following is a brief summary of the discussed ideas that may be of benefit to Glanbia. We suggest that Glanbia adopt a turn-based list generation system to reprioritize cleaning tasks from day to day and decrease unnecessary cleaning due to a faulty process. These lists should be generated daily to facilitate clear communication of tasks to be completed each day. The easiest and most beneficial method of data entry is with a swipe card system. This system will allow data to automatically be incorporated with the list generation software to reprioritize tasks. The system will also allow Glanbia to gain other beneficial information such as cleaning task durations and time between cleaning occurrences. Employee performance should be tied with a reward system that gives bonuses to employees who improve the performance of the system (lowering control limits or the mean) and lowers costs. In order to facilitate employee reward system (enabling employees to see their progress toward potential rewards) and to give the company a more complete view of the cleanliness of the plant with regards to the cleaning process, Glanbia should utilize control charts to display sampling data. Sampling should be done on a random basis in both time and location in order to get an unbiased view of the effectiveness of the cleaning process. The implementation of these suggestions will lead to a plant that  
Appendices

Appendix I-Potential Software Developers:
Arrow Rock Corporation

Phone:  (208) 331-0226

Website:  http://www.arrowrock.com/
CORE Programming Group

Phone:  (208) 401-6466

Website:  http://www.core-pg.com/
Peak Digital Productions

Phone:  (208) 459-2280

Website:  http://www.peakdigitalpro.com/
Corporate MIS

Phone:  (208) 939-4942

Website:  http://www.corporatemis.com/
Computer Arts Incorporated

Phone:  (208) 385-9335

Website:  http://www.computerarts.net/
Software Outfitters

Phone:  (208) 331-5667

Website:  http://www.sw-outfitters.com/
Infomotion Design & Consulting LLC

Phone:  (208) 362-5300

Website:  http://www.infomotion-design.com/
Appendix II – Turn-Based System Example
Due to formatting issues, the turn-based system example could not be inserted as an appendix. Please see attached Word document titled “Turn-Based Schedule.”
Appendix III –Time Card Providers

TimeClock Plus

Phone:  1-800-749-8463

Website:  http://www.timeclockplus.com/default.aspx
Time Force

Phone:  1-800-733-8839

Website:  http://www.mytimeforce.com/contact-us/
Victor Liberator Time Systems

Phone:  1-800-776-3503

Website:  http://www.liberatortime.com/default.html
Sundial Time Systems

Phone:  1-888-541-8463

Website:  http://www.sundialtime.com/index.asp
Attendance on Demand

Phone:  1-800-465-9980

Website:  http://www.attendanceondemand.com/
Appendix IV – Petri Pates
The Walter Reed Army Institute of Research is responsible for preparing battlefield hospital facilities with the optimal procedures. The large numbers of petri plates needed in a standard plate counting method are not in the Army's best interests. Trucks must carry both medical supplies and bullets. So they had to find a way to cut down on the numbers of petri plates transported. Here is what they came up with: 
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Note that only one plate is needed and it does up to 5-fold duty. Each "lane" on the agar surface now acts as if it were its own whole plate. The formula for calculating the bacterial concentration in the sample becomes: Sample’s cfu/ml = (colonies on the plate) x 102+Tube# 
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