apple oxidation science fair project

Apple Oxidation Science Fair Project: Exploring the Chemistry of Browning

apple oxidation science fair project is a fascinating way to dive into the world of food
chemistry and understand the natural processes that happen right in our kitchens. If you've
ever noticed how a freshly cut apple turns brown after being exposed to air, you're
witnessing oxidation in action. This simple yet intriguing phenomenon is a great topic for a
science fair project because it combines everyday observations with fundamental scientific
principles, making it both accessible and educational.

In this article, we’ll explore the science behind apple oxidation, discuss how to design an
engaging science fair project around it, and provide tips to help you investigate this natural
reaction thoroughly. Whether you’'re a student eager to impress judges or just curious
about why your apple slices change color, this guide will walk you through the essential
concepts and experiment ideas related to apple oxidation.

What Is Apple Oxidation?

At its core, apple oxidation is a chemical reaction that occurs when the flesh of the apple
comes into contact with oxygen in the air. This reaction is catalyzed by enzymes present in
the apple, primarily polyphenol oxidase (PPO). When the apple’s cells are damaged by
cutting or bruising, PPO is exposed to oxygen, causing the apple's phenolic compounds to
oxidize and form brown pigments called melanins.

The Chemistry Behind the Browning

The browning process is a classic example of enzymatic browning. Here's a simplified
breakdown:

- ¥*Phenolic compounds** in the apple are substrates for the enzyme PPO.

- When exposed to **oxygen**, PPO catalyzes the oxidation of these phenolics into
**quinones**,

- Quinones then polymerize to form **melanins**, which appear as brown spots on the

apple.

This is a natural defense mechanism for the fruit, deterring pests and pathogens by making
the damaged area less palatable.

Designing an Apple Oxidation Science Fair Project

If you want to create an apple oxidation science fair project, your goal is to explore factors
that affect the rate or extent of browning. This project is ideal because it allows for clear,



measurable results and can be tailored to various age groups or skill levels.

Choosing Your Variables

The key to a successful experiment is deciding what you want to test. Here are some
common variables that influence apple oxidation:

- *Type of apple:** Different apple varieties have varying levels of PPO and phenolic
compounds.

- **Exposure to air:** How does sealing the apple slice or covering it affect oxidation?

- ¥*Temperature:** Does refrigeration slow down browning compared to room temperature?
- ¥*pH levels:** Applying acidic substances like lemon juice or vinegar can inhibit oxidation.
- **Coating:** Using substances like saltwater, honey, or commercial anti-browning agents.

Sample Experiment ldeas

1. *Comparing Apple Varieties:** Cut slices from different apple types (e.g., Granny Smith,
Red Delicious, Fuji) and observe which browns fastest.

2. ¥*Effect of Lemon Juice:** Dip apple slices in lemon juice and water separately and
monitor browning over time.

3. ®*Temperature Impact:** Leave apple slices at room temperature and in the fridge to see
how temperature affects browning.

4. **Ajr Exposure Test:** Place apple slices in open air, sealed plastic bags, and vacuum-
sealed bags to evaluate oxygen’s role.

How to Conduct Your Experiment

To ensure your apple oxidation science fair project is thorough and credible, follow these
steps:

Materials Needed

- Fresh apples (choose one or multiple varieties)

- Knife and cutting board

- Lemon juice, vinegar, saltwater, or other test solutions
- Plastic bags or containers for storage

- Timer or stopwatch

- Camera or notebook for observations

- Refrigerator (optional)



Step-by-Step Procedure

1. **Prepare the apple slices:** Cut uniform slices to ensure consistency.

2. *Apply treatments:** Dip or coat slices with your selected solutions or leave untreated
as controls.

3. **Store samples:** Place slices in designated environments (room temperature, fridge,
sealed bags).

4. **Qbserve and record:** Take notes or photos at regular intervals (e.g., every 10 minutes
for an hour).

5. **Analyze results:** Compare the degree of browning using visual inspection or a simple
scale (e.g., 0 = no browning, 5 = very brown).

Understanding the Scientific Principles

This project is a fantastic way to learn about enzymatic activity, oxidation-reduction
reactions, and the impact of environmental factors on chemical processes. For example,
you’'ll see how lowering the pH with lemon juice slows down the PPO enzyme, effectively
reducing browning. Similarly, refrigeration slows down the chemical reactions by
decreasing molecular movement.

Why Is This Important?

Studying apple oxidation not only satisfies curiosity but also connects to real-world
applications. Food scientists work on preventing enzymatic browning to improve the shelf
life and appearance of fresh produce. Understanding this process has implications in food
preservation, packaging, and even nutrition.

Tips to Make Your Science Fair Project Stand Out

- **|Include a hypothesis:** Before starting, predict which treatment will slow down oxidation
and explain why.

- **Use controls and replicates:** Always have untreated apple slices as a baseline and
repeat experiments for accuracy.

- ¥**Document thoroughly:** Take clear photos and keep detailed notes to show your
process to judges.

- **Explain the science:** Use simple but accurate language to describe enzymatic
browning and oxidation.

- ¥**Get creative:** Try combining treatments or testing other fruits like bananas or pears for
comparative analysis.



Additional Experiments and Extensions

Once you've completed your initial apple oxidation project, consider expanding your
research by:

- Testing the effect of **natural antioxidants** like vitamin C powder on browning.

- Investigating how **different storage atmospheres** (e.g., nitrogen gas) impact oxidation.
- Exploring **non-enzymatic browning** methods, such as caramelization, for contrast.

- Measuring the **nutritional changes** in apples as they oxidize.

These extensions can deepen your understanding and add layers of complexity to your
project.

Exploring apple oxidation through a science fair project is a rewarding way to connect
everyday life with scientific inquiry. It’'s hands-on, visually engaging, and opens the door to
learning about enzymes, chemical reactions, and food science. So grab some apples, set up
your experiment, and watch science unfold right before your eyes!

Frequently Asked Questions

What is the main cause of apple oxidation in a science
fair project?

The main cause of apple oxidation is the exposure of apple flesh to oxygen in the air, which
leads to enzymatic browning due to the action of polyphenol oxidase enzymes.

How can you design a science fair project to study
apple oxidation?

You can designh an experiment by cutting apple slices and exposing them to different
conditions such as air, water, lemon juice, or refrigeration, then observe and record the rate
and extent of browning over time.

What variables can be tested in an apple oxidation
science fair project?

Variables include the type of apple, temperature, exposure to air, presence of antioxidants
like lemon juice or vitamin C, and storage methods.

Why does lemon juice slow down apple oxidation in a
science project?

Lemon juice contains citric acid and vitamin C, which lower the pH and act as antioxidants,
inhibiting the polyphenol oxidase enzyme and reducing browning.



How can you measure the extent of apple oxidation
quantitatively?

You can use a colorimeter or take photographs and analyze the color changes using image
processing software to quantify the browning over time.

What are some common controls used in apple
oxidation experiments?

A common control is an untreated apple slice exposed to air at room temperature, against
which other treatments or conditions can be compared.

Can different apple varieties affect the rate of oxidation
in a science fair project?

Yes, different apple varieties have varying levels of polyphenol oxidase and antioxidants,
which can affect how quickly they brown when exposed to air.

What scientific concepts can be learned from an apple
oxidation science fair project?

Students can learn about enzymatic reactions, oxidation-reduction processes, the effects of
pH and antioxidants, and experimental design principles such as controls and variables.

Additional Resources

Apple Oxidation Science Fair Project: Exploring the Chemistry Behind Browning

apple oxidation science fair project offers a fascinating glimpse into the biochemical
processes that cause the browning of cut apples. This project is a popular choice among
students and educators due to its straightforward experimental setup and the opportunity
to explore fundamental concepts in chemistry and biology. Understanding apple oxidation
not only enhances scientific literacy but also has practical implications in food science and
preservation. By investigating the factors influencing apple browning, participants can
develop hypotheses, conduct controlled experiments, and analyze results to draw
meaningful conclusions.

The Science Behind Apple Oxidation

Apple oxidation is a chemical reaction that occurs when the flesh of an apple is exposed to
oxygen in the air. The process primarily involves the enzyme polyphenol oxidase (PPO),
which catalyzes the oxidation of phenolic compounds present in the apple into quinones.
These quinones then polymerize to form brown pigments known as melanins. This
enzymatic browning is a natural defense mechanism in plants but is often undesirable in
food products due to its impact on appearance and taste.



The apple oxidation science fair project provides an ideal platform to study enzymatic
browning in a controlled environment. By manipulating variables such as temperature, pH,
exposure time, and the presence of antioxidants, students can observe how each factor
influences the rate and extent of browning. This hands-on experimentation deepens
understanding of reaction kinetics and enzymology.

Key Variables Affecting Apple Oxidation

Several factors can accelerate or inhibit the oxidation process in apples. Exploring these
variables is central to any science fair project focused on apple browning.

e Temperature: Higher temperatures generally increase the activity of polyphenol
oxidase, speeding up browning. Conversely, refrigeration slows down enzymatic
reactions.

e pH Levels: The enzyme PPO has an optimal pH range. Acidic environments, such as
lemon juice application, reduce enzyme activity and slow browning.

* Oxygen Exposure: Limiting contact with air, for example by submerging apple slices
in water or vacuum sealing, reduces oxidation.

e Antioxidants: Substances like ascorbic acid (vitamin C) can neutralize quinones,
preventing pigment formation.

Designing an Apple Oxidation Science Fair Project

To maximize the educational value and scientific rigor, the project should follow a
systematic approach:

1. Hypothesis Formation: For instance, “Applying lemon juice to apple slices will
reduce the rate of oxidation compared to untreated slices.”

2. Experiment Setup: Prepare several apple slices and expose them to different
treatments such as lemon juice, water, salt solution, or no treatment as a control.

3. Controlled Variables: Keep factors like apple variety, slice thickness, temperature,
and exposure time consistent across samples.

4. Observation and Data Collection: Document color changes at regular intervals
using photographs or colorimetric scales.

5. Analysis: Compare the extent of browning quantitatively or qualitatively to evaluate
the effectiveness of each treatment.



Comparative Studies and Practical Implications

Investigating apple oxidation through a science fair project also opens avenues for
comparing different apple varieties or antioxidant treatments. Some apple cultivars have
higher polyphenol content, leading to faster browning rates, while others are naturally more
resistant. Understanding these differences can inform agricultural and commercial
practices.

Furthermore, the project ties into broader food preservation techniques. For example,
antioxidants found in lemon juice or commercial anti-browning agents like calcium
ascorbate are commonly used in the food industry to maintain product quality. Analyzing
these substances in a school project context bridges the gap between theoretical science
and real-world applications.

Pros and Cons of Using Apples in Oxidation Experiments

e Pros:
o Readily available and inexpensive material.
o Visible and measurable color changes facilitate observation.
o Safe and non-toxic for students of all ages.

o Connects biological processes with everyday experiences.

e Cons:
o Natural variation in apple composition may affect consistency.
o Environmental factors like humidity can influence results.

o Requires careful timing and documentation to capture changes accurately.

Enhancing the Project with Technology and Data



Analysis

Incorporating digital tools can elevate the apple oxidation science fair project. For example,
using smartphone cameras and photo editing software to quantify color changes adds
objectivity. Image analysis apps can measure browning intensity by calculating pixel color
values, enabling statistical comparisons.

Additionally, employing spreadsheets or data visualization software to graph oxidation rates
against different variables helps students develop analytical skills. Such integration of
technology not only refines the experimental process but also aligns with STEM education
goals.

Expanding the Scope: Beyond Simple Browning

While most projects focus on the visual aspect of apple oxidation, some delve deeper into
biochemical assays. Measuring PPO activity through spectrophotometry or assessing
antioxidant capacity with chemical indicators introduces more advanced scientific
techniques. These approaches, though more complex, provide a richer understanding of
enzymatic function and oxidative chemistry.

Moreover, comparing enzymatic browning in apples to non-enzymatic browning phenomena
like caramelization or Maillard reactions can broaden the educational impact. These
connections highlight the diversity of oxidation processes relevant to food science and
industry.

Through careful experimentation and analysis, the apple oxidation science fair project
remains a compelling exploration of chemistry in everyday life. Its blend of accessibility,
scientific relevance, and practical applications continues to make it a valuable choice for
aspiring young scientists and educators alike.

Apple Oxidation Science Fair Project

Find other PDF articles:
https://old.rga.ca/archive-th-096/files?trackid=BhB16-7564 &title=human-body-word-search-puzzle-a
nswer-key.pdf

apple oxidation science fair project: Science Fair Project Index, 1985-1989 Cynthia
Bishop, Katherine Ertle, Karen Zeleznik, 1992-06 Includes science projects and experiments found in
195 books published between 1985 and 1989. Almost all areas of science and many areas of
technology are covered.

apple oxidation science fair project: Fun & Easy Science Projects: Grade 2 Experiland,
Science certainly does not need to be complicated formulas, heavy text books and geeky guys in
white lab coats with thick glasses. Science can be really simple and is actually only about
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understanding the world you live in! Science experiments are an awesome part of science that
allows you to engage in cool and exciting hands on learning experiences that you are sure to enjoy
and remember! By working through the science projects in this book, you will learn about science in
the best possible way - getting your hands dirty & doing things yourself! Specially chosen to appeal
to kids in grade 2, each experiment answers a particular question about a specific category of
science and includes an introduction, list of the materials you need, easy-to-follow steps, an
explanation of what the experiment demonstrates as well as a learn more and science glossary
section! Each of these easy-to-understand sections helps explain the underlying scientific concepts
to kids and will inspire them to create their own related experiments and aid in developing an
inquisitive mind. Amongst many others, you will find out how a simple siphon works to understand
the science of air pressure, construct a Paper Plane to see how objects fly, make a device for viewing
a solar eclipse safely, make your own rock tumbler to experiment with geology, and make magnets
float on top of each other to learn about the attraction & repulsion forces of magnetism! Other fun
experiments include using glue to make rubber, mixing lemon juice and baking soda to make an
endothermic reaction, finding out why the sky is blue, studying the force of gravity, making ordinary
steel objects magnetic, mummifying an orange, studying what happens to a bone when it loses its
proteins, learning how to tell whether a turtle is male or female, tie water in knots with the power of
surface tension and many, many more! The 30 projects contained in this science experiment e-book
cover a wide range of scientific topics; from Chemistry and Electricity to Life Sciences and Physics...
there are even experiments on earth science, astronomy and geology all designed for young students
in grade 2! With this book, you are sure to find a project that interests you. When you are interested
in a certain science topic, you will have more fun, and learn more, too! Designed with safety in mind,
most of the items you will need for the experiments, such as jars, aluminium foil, scissors and sticky
tape, you can find around your home. Others, such as magnets, lenses or a compass, you will be able
to buy quite cheaply at a hobby shop or hardware store.

apple oxidation science fair project: Science Fair Projects Dana M. Barry, 2000 Provides
the skills and information needed to prepare children successfully for enjoyable and rewarding
science fair projects. It can be used at home and in the classroom as a resource for students,
teachers, and parents. Includes models, ideas, and practice exercises.

apple oxidation science fair project: SUPER Science Experiments: At Home Elizabeth
Snoke Harris, 2020-04-07 With more than 80 fun experiments, SUPER Science Experiments: At
Home is the ultimate lab book for kids who are stuck at home! This fact- and fun-filled book includes
tons of simple, kid-tested science experiments, many of which can be done with items found around
the house, and require little-to-no supervision! That’s right—no adult help needed. That means no
grownups doing all the fun stuff while you watch. You can do lots of messy, cool, mind-blowing
experiments all by yourself! All the supplies you need are probably already in your home. No fancy
gadgets or doohickeys needed! Whether you're making a soap-powered boat, creating indoor
rainbows, or performing magic (science!) tricks, this book has something for everyone. Each
experiment features safety precautions, materials needed, step-by-step instructions with
illustrations, fun facts, and further explorations. With SUPER Science Experiments: At Home, kid
scientists like you can: Trick your taste buds Use yeast to blow up balloons Freeze hot water faster
than cold water Build a water wheel Make things disappear Create an indoor rainbow And complete
many other SUPER science experiments! At once engaging, encouraging, and inspiring, the SUPER
Science Experiments series provides budding scientists with go-to, hands-on guides for learning the
fundamentals of science and exploring the fascinating world around them. Also in this series, check
out: Cool Creations, Build It, and Outdoor Fun. There’s no better boredom-buster than a science
experiment. You will learn something and astound and amaze your friends and family. So, what are
you waiting for? Get experimenting!

apple oxidation science fair project: Janice VanCleave's A+ Projects in Chemistry Janice
VanCleave, 1993-08-30 Janice VanCleave's A+ Projects in Chemistry Are you having a hard time
coming up with a good idea for the science fair? Do you want to earn extra credit in your chemistry



class? Or do you just want to know how the world really works? Janice VanCleave's A+ Projects in
Chemistry can help you, and the best part is it won't involve any complicated or expensive
equipment. This step-by-step guide explores 30 different topics and offers dozens of experiment
ideas. The book also includes charts, diagrams, and illustrations. Here are just a few of the topics
you'll be investigating: *Acid/base reactions * Polymers * Crystals * Electrolytes * Denaturing
proteins You'll be amazed at how easy it is to turn your ideas into winning science fair projects. Also
available: Janice VanCleave's A+ Projects in Biology

apple oxidation science fair project: 365 Weird & Wonderful Science Experiments Elizabeth
Snoke Harris, 2017-11-07 This fact- and fun-filled book contains hundreds of simple, kid-tested
science experiments, all of which can be done with items from around the house and require little to
no supervision. Each experiment features safety precautions, materials needed, step-by-step
instructions with illustrations, fun facts, and further explorations. Full color.

apple oxidation science fair project: The Mad Scientist teaches: Life science Experiland,
2010-09-23 Life science, also known as ‘biology’, consists of all fields of science that involve the
scientific study of living organisms like plants, animals, and human beings and their vital processes.
Life is all around us; from gigantic whales that live in the oceans, to tiny germs that crawl around on
your computer keyboard, Life Science explores the origins, evolution and expansion of life in all its
forms. Biologists learn how living things work, how they interact with one another, and how they
evolve. The 64 projects contained in this science experiment e-book cover a wide range of Life
Science topics; from Botany & Zoology to Human anatomy & Ecology... there are even experiments
on mycology and entomology all designed for young students from grade 1 to 8! With this book, you
are sure to find a project that interests you. When you are interested in a certain science topic, you
will have more fun, and learn more, too! With the help of this book, you will construct many weird,
wonderful and wacky experiments that you can have hours of fun with! Amongst many others, you
will grow plants in your own hydroponic garden, study how the amount of leaves affects the growth
of a plant to learn about photosynthesis, colour a white flower with food colorant to experiment with
capillary action, and create a device to see how much air can your lungs can hold! Other fun
experiments include: Mummifying an orange, studying if green plants produce oxygen faster in
stronger sunlight, testing if ‘Vitamin E’ can slow down the aging process, grafting two separate
types of plants together, using ordinary household items as food preservatives, testing how much
Vitamin C is in fruit juice, building your own biosphere, studying how ants communicate to find their
food, making a box trap to capture nocturnal insects, mapping the positions of tastes of you tongue,
testing your friends reflexes with the knee-reflex test, making a device for listening to your heart,
making a Snellen chart to test your friends’ eyesight, a Von Frey device, a colourful fungus garden, a
Hummingbird feeder and many, many more! When making these gadgets, you'll discover that
science is a part of every object in our daily lives, and who knows, maybe someday you will become a
famous inventor too! Science can be real simple and is actually only about understanding the world
you live in! Science certainly does not need to be complicated formulas, heavy text books and geeky
guys in white lab coats with thick glasses. Science experiments are an awesome part of science that
allows you to engage in cool and exciting hands on learning experiences that you are sure to enjoy
and remember! By working through the science experiments in this book, you will learn about
science in the best possible way - by doing things yourself. Designed with safety in mind, most of the
items you will need for the experiments, such as jars, aluminium foil, scissors and sticky tape, you
can find around your home. Others, such as magnets, lenses or a compass, you will be able to buy
quite cheaply at a hobby shop or hardware store.

apple oxidation science fair project: Science Experiments Robert Winston, Ian Graham,
2011-02 Daring experiments from Robert Winston, to get the brain cells buzzing! Introduce your
child to science with Professor Robert Winston®s Super Science Experiments. These exciting
hands-on experiments from creating balloon rockets or glow in the dark jelly to making metal
detectors, will help your child get to grips with science. Super Science Experiments covers all areas
of science from life on earth to physical science. There are projects for all abilities, from quick &




easy science in seconds to trickier group projects for schools. Packed with easy step-by-steps and
over 350 photos and illustrations, for explosively fun activities that you can do at home!

apple oxidation science fair project: The Really Useful Book of Secondary Science
Experiments Tracy-ann Aston, 2017-07-31 How can a potato be a battery? How quickly will a shark
find you? What food should you take with you when climbing a mountain? The Really Useful Book of
Secondary Science Experiments presents 101 exciting, ‘real-world’ science experiments that can be
confidently carried out by any KS3 science teacher in a secondary school classroom. It offers a mix
of classic experiments together with fresh ideas for investigations designed to engage students, help
them see the relevance of science in their own lives and develop a passion for carrying out practical
investigations. Covering biology, chemistry and physics topics, each investigation is structured as a
problem-solving activity, asking engaging questions such as, ‘How can fingerprints help solve a
crime?’, or ‘Can we build our own volcano?’ Background science knowledge is given for each
experiment, together with learning objectives, a list of materials needed, safety and technical
considerations, detailed method, ideas for data collection, advice on how to adapt the investigations
for different groups of students, useful questions to ask the students and suggestions for homework.
Additionally, there are ten ideas for science based projects that can be carried out over a longer
period of time, utilising skills and knowledge that students will develop as they carrying out the
different science investigations in the book. The Really Useful Book of Secondary Science
Experiments will be an essential source of support and inspiration for all those teaching in the
secondary school classroom, running science clubs and for parents looking to challenge and excite
their children at home.

apple oxidation science fair project: The 101 Coolest Simple Science Experiments Holly
Homer, Rachel Miller, Jamie Harrington, 2016-04-19 Perform Mind-Blowing Science Experiments at
Home! You’ll have the time of your life conducting these incredible, wacky and fun experiments with
your parents, teachers, babysitters and other adults. You'll investigate, answer your questions and
expand your knowledge using everyday household items. The Quirky Mommas from the wildly
popular Kids Activities Blog and authors of the bestselling 101 Kids Activities That Are the Bestest,
Funnest Ever! have done it again with this book of ridiculously amazing, simple science experiments.
You can do things both indoors and outdoors. The handy mess meter, preparation times and notes on
the level of supervision will keep your parents happy, and you safe. Experimenting is really fun, and
you will have a blast being a scientist! You will be so entertained, you might not notice you're also
learning important things about the world around you. Some experiments to master: -
Balloon-Powered Car - Burst Soap Clou - CD Hovercraft - Creeping Ink - Bendy Bones -
Electromagnet - Paper Helicopters - Unbreakable Bubbles Now put on your lab coat and let’s get
experimenting!

apple oxidation science fair project: New Zealand Journal of Crop and Horticultural
Science/Experimental Agriculture , 1988

apple oxidation science fair project: Toxicology Research Projects Directory, 1978

apple oxidation science fair project: Bibliography of Agriculture , 1972

apple oxidation science fair project: Resources in Education , 1997

apple oxidation science fair project: Experiment Station Record U.S. Office of Experiment
Stations, United States. Agricultural Research Service, United States. Office of Experiment Stations,
1944

apple oxidation science fair project: Popular Science News , 1875

apple oxidation science fair project: Half-yearly Compendium of Medical Science , 1875

apple oxidation science fair project: Experiment Station Record United States. Office of
Experiment Stations, 1911

apple oxidation science fair project: Design of Experiments for Chemical, Pharmaceutical,
Food, and Industrial Applications Carrillo-Cedillo, Eugenia Gabriela, Rodriguez-Avila, José Antonio,
Arredondo-Soto, Karina Cecilia, Cornejo-Bravo, José Manuel, 2019-12-13 Statistics is a key
characteristic that assists a wide variety of professions including business, government, and factual




sciences. Companies need data calculation to make informed decisions that help maintain their
relevance. Design of experiments (DOE) is a set of active techniques that provides a more efficient
approach for industries to test their processes and form effective conclusions. Experimental design
can be implemented into multiple professions, and it is a necessity to promote applicable research
on this up-and-coming method. Design of Experiments for Chemical, Pharmaceutical, Food, and
Industrial Applications is a pivotal reference source that seeks to increase the use of design of
experiments to optimize and improve analytical methods and productive processes in order to use
less resources and time. While highlighting topics such as multivariate methods, factorial
experiments, and pharmaceutical research, this publication is ideally designed for industrial
designers, research scientists, chemical engineers, managers, academicians, and students seeking
current research on advanced and multivariate statistics.

apple oxidation science fair project: Chemical News and Journal of Industrial Science , 1863
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