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CONCEPT


This experiment introduces the student to the designing systems for producing, handling, or processing food or other biological materials.


OBJECTIVES


Students will exhibit the ability to apply the steps of the scientific method in testing the moisture content of foods.


SCIENCE PROCESS SKILLS:


�
Observation


Experimentation


Data Collection


Measurement


�Mathematical Data Analysis


Predictions


Making Conclusions


�
AAA SCIENCE BENCHMARKS:


�
1B   Scientific Inquiry


12B Computation and Estimation


�12C Manipulation and Observation


12D Communication Skills


�
SCIENCE EDUCATION CONTENT STANDARDS (NRC)


�
Grades 5-8


Identify appropriate questions for scientific investigation.


Use appropriate tools and techniques to gather, analyze, and interpret data.


Think critically and logically about the relationships between evidence and explanations.


Communicate scientific procedure and explanations.


Grades 9-12


Identify the questions and use concepts to guide scientific investigations.


Use technologies to improve investigations and communications.


Communicate scientific procedure and explanations.


�
STATE SCIENCE CURRICULUM FRAMEWORKS:


Grades 5-8	1.1.11,  1.1.12,  1.1.13,  1.1.15,  2.1.6,  2.1.7,  2.1.9,  3.1.25


Grades 9-12	1.1.20,  1.1.21,  1.1.24,  1.1.26,  2.1.11,  2.1.14,  3.1.28,  3.1.33,  3.1.39,  3.1.44


HANDLING OF FOOD AND OTHER BIOLOGICAL MATERIALS:


Physical damage that results from harvesting, handling, and processing of biological materials often leads to other chemical and biological changes that affect the quality and economic value of the materials. One of the many challenges faced by Biological and Agricultural Engineers is designing systems to efficiently and rapidly handle and transport these materials without causing undesirable damage. In this exercise, students will quantify the effect of dropping impact on the quality of apples and incorporate that information into a conceptual design for a material handling system.


Consider a facility in which bulk apples need to be unloaded from a truck and conveyed into a processing plant. Ask students to propose conceptual designs (via sketches and brief descriptions) for an unloading system, in which their primary design criteria are to maximize capacity (i.e., throughput), minimize cost, and minimize damage. Preliminary ideas can be generated in a group brainstorming session, encouraging a whole range of possibilities. “Final” conceptual designs might be presented in writing or orally by small groups. Note that there could exist numerous acceptable solutions.


One of the hardest criteria to optimize is minimal damage. Undoubtedly, most all conceptual designs will include some type of force against the fruit (e.g., dropping on a hard or cushioned surface, or dropping in water � maybe against another fruit). After the students have generated preliminary design ideas, the question of quantifying damage can be raised as an issue to be further investigated.


For each type of impact to be investigated, a group of 10 to 20 apples should be tested. A range of heights should be tested. For example, in dropping fruit against a hard surface, the students should:


Number each fruit for identification (and let them all come to room temp.), and record the mass of each fruit


Select approximately 6 to 10 different heights for dropping the fruit (against a hard surface, heights from 6 inches to 6 fl might be appropriate; comparisons between surfaces is also good)


Record which individual fruits will be dropped from which heights (perhaps testing two or three replicates per height to include the concept of average values in the results analysis)


Drop each fruit from its designated height, striving to get each fruit to impact on the side rather than on one of the ends; this will help in keeping the damage analysis consistent; also, it is helpful to mark the point of impact with a magic marker after dropping


Let the apples sit at the same temperature overnight (for additional information, could do a double set and compare those that are stored overnight in a refrigerator to those stored at room temp.)


On the next day, cut the apples in half through the center of the impact point; measure the diameter and depth of the impact bruise


Graph the results of bruise diameter and depth versus drop height, and compare the results for different surfaces and storage temps.





It should be noted that the bruising is a result of cells breaking at impact, which causes enzymes and other cell contents (e.g., sugars) to leak, exposing them to oxygen and allowing for enzymatic browning of the tissue, which is an undesirable quality change.


After quantifying the effect of drop height on damage, the students should discuss and consider how their designs can be optimized to minimize damage while still maintaining large throughput and low cost. Is the relationship between damage and drop height linear? Is there a maximum allowable height, below which bruising is negligible? How significant are the effects of the surface type and storage temperature? Can the bruise size be related to the predicted velocity of the fruit at impact? The variability of the data could also be discussed, noting that biological materials rarely behave in a consistent manner from sample to sample, thereby increasing the challenge for engineers in this field.
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