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INTRODUCTION
This laboratory exercise assisted students in determining the sugar content of three different liquids.  The sugar content value is measured in “degrees Brix”, which correspond to 1g of sucrose in 100g of a solution and calculates the solids content by weight.  The ºBrix can also represent the dissolved solids content for solutions that contain ingredients other than pure sucrose.  This lab instructed students to test three methods to determine the solids content of different solutions.  Two different refractometers were tested to examine the accuracy between the handheld and stationary devices.  Refractometers operate on the principal of light refraction and the ability for light to bend while shown through a solution.  The amount of light bending is proportional to the soluble solids (ºBrix) in the sample.  The amount of refraction is influenced by the nature of the sample, temperature, wavelength of light, and concentration of the sample.  Temperature is a major factor in accurately measuring the ºBrix.  If a solution is too hot the fluid is less dense and it gives a lower reading.  And vice versa for a colder solution.  Hydrometers are also temperature dependent but operate in a different manner to record the ºBrix.  A hydrometer is based on the principal of buoyancy and the device sinks to a depth inversely proportional to specific gravity.  The ºBrix scale hydrometer was used to find the percent sugar by weight of sugar in a solution.  

All three methods are used extensively in the processing of beer, fruit juices and other liquids to ensure they meet quality standards.  Many of products are required to meet certain ºBrix to fulfill the Standard of Identity.  These methods are also known to be fairly easy to conduct and results are instant.  
MATERIALS & METHODS
Materials:

Juice Samples (used for both Refractometer & Hydrometer):
	Solutions Used
	Bottle Weight
	Serial #
	Best By/Expiration Date

	Langers Cranberry Juice Cocktail from Concentrate
	64 fl oz
	5:05:00
	1/27/2013

	Hy-Top Apple Cider Flavored Distilled Vinegar (5% acidity)
	128 fl oz
	CG125 22:13 2
	7/25/2013

	Sunny Select 100% White Grape Juice from Concentrate (With Added Ingredients)
	64 fl oz
	CT535 FI 22:21
	11/8/2012


Materials for Refractometer:

· Juice samples
· Handheld Refractometer (Model ATAGO N-1(alpha) Bx, Brix 0-32º Serial #287242)
· Abbe Refractometer (stationary)
· Kimwipes
· Rubber policeman
· Distilled water
Method for Handheld Refractometer:

1. Select the proper Refractometer for the approximate concentration of sugar in the sample.

2. Rinse off the prism with distilled water water and wipe dry with a kimwipe.
3. Use the rubber policeman to retrieve a sample of the juice being analyzed.
4. Place a few drops of the sample on the prism of the Refractometer.
5. Hold the Refractometer up to the light and take the reading, record.
6. Rinse the Refractometer with distilled water and wipe dry with a kimwipe.
Method for Stationary Refractometer:
1. Clean the prism by rinsing with distilled water and gently drying with a kimwipe.
2. Use the rubber policeman to retrieve a sample of the juice being tested.
3. Using the rubber policeman, apply a thin layer of the unknown sample to the bottom prism.  Make sure to put enough liquid to create a very thin layer of liquid over the prism.
4. Swing over the top prism to cover the liquid and bring up the light arm.
5. Turn on the lamp; the switch is on the left.
6. Use the large knob on the right to adjust so that the horizontal black line meets at the intersection of the two lines.  Ensure that the horizontal level is precise.
7. Push the toggle switch on the left down and read the lower value in view.  Record data.
Materials for Hydrometer:
· Juice samples
· Large graduated cylinders
· Specified hydrometer
Method for Hydrometer:

1. Pour each sample of juice into a graduated cylinder.

2. Place thermometer in solution and record.

3. Lower hydrometer into solution and twirl slightly to remove any air bubbles trapped on the surface of the hydrometer.

4. Take reading by sighting at the bottom of the meniscus.  If the temperature of the solution is not the same as indicated on the hydrometer, adjust it to the proper temperature or make approximate corrections as indicated on the hydrometer.

5. Compare the hydrometer readings to the handheld Refractometer and stationary Refractometer readings.
RESULTS & DISCUSSION
	Handheld Refractometer
	 
	 
	 
	 
	 

	Item
	Reading 1
	Reading 2
	Reading 3
	Variance
	Average

	Deionized Water (Control)
	0
	0
	0
	0
	0

	Vinegar
	2.5
	2.6
	2.3
	0.0233
	2.467

	Cranberry Juice
	12.1
	12.1
	12.3
	0.0133
	12.167

	Orange Juice
	11.35
	11.3
	11.1
	0.0175
	11.25


	Stationary Refractometer
	 
	 
	 
	 
	 

	Item
	Reading 1
	Reading 2
	Reading 3
	Variance
	Average

	Vinegar
	2.2
	2.2
	2.3
	0.0033
	2.233

	Cranberry Juice
	12.0
	11.85
	12.1
	0.0158
	11.983

	Orange Juice
	11.9
	11.6
	12.0
	0.0433
	11.833


	Hydrometer
	 

	Item
	Reading

	Vinegar
	2.0

	Cranberry Juice
	13.0

	Orange Juice
	12.7


	Handheld vs. Stationary vs. Hydrometer
	 
	 
	 

	Item
	Average Handheld Reading
	Average Stationary Reading
	Hydrometer Reading

	Vinegar
	2.467
	2.233
	2.0

	Cranberry Juice
	12.167
	11.983
	13.0

	Orange Juice
	11.25
	11.833
	12.7
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Figure 1.
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Figure 2.
All three methods were very easy to perform and we were able to read the results instantly.  There was little variance within each of the readings for each of the samples.  The data in Figure 1 show the average values for all three measurements and illustrate that there was little difference among the various methods.  Our notes mentioned that the stationary Refractometer produces a more accurate reading than the handheld by +/- .0002.  The handheld can be read to about +/- .0001.  That is not quite a significant difference but the discrepancy can be seen in Figure 2.  We are then able to assume that the readings from the stationary Abbe Refractometer are more accurate than the other readings.  The only source of error was that the temperature was not initially recorded.  We know that the samples were at about room temperature but this was a significant error because both refractometry and hydrometry are methods that are temperature dependent.  This means that if the sample were either too hot or too cold, the readings would be misrepresented.  We can safely say that the samples were not extremely cold nor extremely hot but the lack of evidence does not necessarily suggest that our results were precise.  

Both instruments are a quick and reliable way to measure the solids content of a variety of liquid solutions.  Juice companies could use this information to ensure that the juice contains the right amount of sucrose.  Handheld refractometer can also be used to test grapes or any other fruit on site and check if the crop has met standards for sucrose content.  A higher ºBrix reading will result in a sweeter tasting juice, so it is important to find the range that is suitable for the desired product.  Being able to test with a smaller sample size is an advantage for the Refractometer.  The method only uses a smear or few drops of juice rather than the hydrometer, which requires almost a gallon of product to test.  The hydrometer is very versatile and can be used to measure ºBrix, specific gravity and even % alcohol.  This tool is often used when brewing beer and we use this device in FSC 125 to collect data during grain fermentation as well.

