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Sugaring is simply the term used to describe the process of creating maple syrup. It was first taught to European settlers by the Native Americans and involves many different processes. Sugaring takes place in the Northeastern U.S. and Canada at the end of winter. The beginning of the process involves tapping a tree with a spout in order to collect the sugary sap from the tree.  In this lab we will explore the science involved in sugaring.  While we are most familiar with sugar maples trees being used for producing maple syrup, there are a variety of trees (sugar maple, red maple and yellow birch for example) that can be tapped.   

Tree Sugar Production:

The key to the sugaring process is the amount of sugars present in the tree sap.  A tree needs nutrients, especially sugar, for cellular processes. Remember that sugar is the key product produced from photosynthesis and is transported from the leaves to other parts of the plant via a network of vascular tissue.  
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During the early spring as the tree begins to mobilize sap and sugars for new spring plant growth.  As the tree is moving sugar through the sap, sugarmakers can “tap” the tree to obtain the sap. The sap is a colorless liquid that has a concentration of sucrose that ranges from tree to tree around 1%-4%. A hydrometer can be used to determine the sugar content of sap or syrup.  Hydrometer floats in the sap when placed in a cup of the liquid and is calibrated to float at certain point when the density of the liquid has a known percentage of sugar content.  The higher the sugar content of sap or syrup the higher the hydrometer floats in the liquid due to the sap having a greater density.  

Tapping the Sap:

The “tap holes” are drilled into the tree, and are usually just 5/16” in diameter and go about 2” deep.  Traditionally the tap holes used to be larger, but experimentation has shown that the small 5/16” drill hole will allow just as much sap to run from the hole and reduce the negative impacts to the tree.  There are two techniques for collecting sap—with buckets or with tubing. Buckets are hung from the metal spout tapped into the tree, and need to be poured out into a gathering tank once a day when the sap is running.  The ideal conditions for sap to run occurs when there are cold nights (in the 20’s oF) and warmer days (in the 40’s oF). Tubing is a more common method for collection, and can also generate a better yield than using buckets due to the fact that a vacuum can be used to draw out more sap into the tube. The tubes connected to these trees are then drained into a collection tank which eliminates the need for people to continually collect it. 
Maple Syrup Production:


Whatever the means of collection, all the sap in transported to the sugarhouse where the maple syrup is made. The sugarhouse has to be well ventilated, as a lot of steam is created during evaporation process of turning sap to syrup. Each sugarhouse has an evaporator, where the sap is superheated in a series of about baffled pans that the sap travels through.  Not all sugaring operations are high tech.  You can still find people who are only producing a small quantity of sap by cooking the sap in a simple open pan in the woods.   In both cases, the sap goes through an evaporation process to concentrate the sugar content while evaporating off the excess water.  As the water evaporates from the heated pans, being lost as steam, the sugar content of the remaining liquid concentrates from the original 2-3% to the goal of 67% finished syrup.  The end point for the evaporation process is reaches when the syrup temperature is 7 degrees above water’s boiling point. The higher sugar content of the syrup is a more dense liquid, thus needing a greater temperature to boil.  

Quantifying Volume of Sap Needed to Make Syrup:

So how many gallons of sap does it take to create one gallon of 67% syrup? 
Let’s look at an example to help us understand the concentration process occurring as we make maple syrup.
Example problem: How many gallons of 2% sap to make 1 gallon of 67% syrup?


To solve this problem we can create an algebraic equation and solve for the unknown (x)

.


2% sap (x gallons) = 67% syrup (1 gallon)

x gallons = 67/2
x = 33.5 gallons of sap

We will use this equation to determine the conversion rate of sap to syrup for the trees used in our collection for this lab.

Once the evaporation is complete, the syrup’s density is checked by using a hydrometer or thermometer (remember it is done when it is 7oF above boiling water which equals 219oF). The syrup is then filtered to eliminate “sugar sand”, which is just a term given to the minerals left over from when the tree contained the sap. Removal of this sugar sand is done by passing the hot syrup through a wool cone filter or pushed by a pump through a filter press or simply allowed to drip out the bottom of the filter. At this point, the syrup is ready for taste testing and grading, and then is ready to be packaged as necessary.
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Measuring Sugar Content and Volume Variability of the Trees Tapped:
In this lab you will develop a field experiment that investigates the quantifiable differences in sap volume and/or sugar content among a tree species or across tree species.  You will record and collect sap from a set of trees recording both sap volume and sap sugar concentrations.  You may also consider collecting other attributes associated with the trees, such as tree age, size, species, or orientation (north vs. south slope for example).  Remember replication is important so be sure to have no fewer than 3 replicates, but ideally aim for at least 10 trees of each type that you would like to compare.  
Steps in the field:

1. Measure the volume of sap collected over the same time period for all trees.

2. Using a sap hydrometer measure the sugar content of the sap collected from each tree.

3. Record the additional information you are interested in examining.  This might be the tree size, orientation, location, etc. 

4. Using your data collected, examine the variability of sugar content and volume using the independent variable you are interested in testing.  For example, does maple tree orientation matter for sap production by volume or sap sugar content?

5. Calculate the mean, standard deviation, and standard error of the mean (SEM) for sap volume and sap sugar content as a way for you to analyze your question.  
6. Graphically illustrate the mean (+/- SEM) values to visually assess your results.  This should include at least two graphs; a comparison of sap volume and sugar content.

7. Write a paragraph that identifies your research hypothesis, interprets your results and highlights the findings your graphs illustrate.  For example, was there a difference between your treatments?  Was there a high degree in variability between trees measured?  Additionally, it should include an assessment of possible errors, improvements, and future studies that would enhance your research.
