lq Quantification of Cranberry in Cranberry-Apple Juice

Purpose

Apply dilution techniques and use a calibration curve to determine an unknown..

Learning Objectives

Develop good laboratory technique in data collection.
Use computer to generate and model a calibration curve.
Apply dilution concepts.

Develop and use a calibration curve.

Learn and apply Beer-Lambert law.

Discussion

Did you know that cranberries are used to treat many diseases such as

urinary tract infections and kidney diseases? There have been numer- oH

ous research studies performed analyzing the effects of cranberry in the OH

human body. The results have shown that aside from cranberries treat- HO o

ing urinary tract infections and kidney diseases, they also contain mod- OH

erate levels of Vitamin C, dietary fiber, dietary minerals, manganese, OR

and micronutrients that benefit the cardiovascular and immune sys- OH )

tems. Cranberries also contain phytochemicals, such as anthocyanins

(Figure[CR.1)), which have alternating single and double bonds thatgive ~ Figure CR.1: Anthocyanins: Molec-
ular structure of myricetin, one of
the anthocyanins that give cranber-
ries their deep-red color. The “R” in
In this laboratory students will determine the percentage of pure, nat-  the structure represents a sugar.

cranberries their deep red color, and that result in the high absorbance

of ultraviolet radiation.

ural cranberry juice in cranberry-apple juice. Students will analyze a
commercial juice found in the grocery store. An Agilent Cary 60 UV-Vis Spectrophotometer will be used to de-

termine the percentage of natural cranberry juice in the cranberry-apple juice.

The use of a spectrophotometer for experimental analysis involves the interaction between electromagnetic ra-
diation with matter. The degree of absorbed radiation, by matter, is measured via the spectrophotometer. The
spectrophotometer will measure the transmitted light intensities with a photosensitive detector at specific visible

wavelengths. The light regions used in a spectrophotometric analysis range from ultraviolet to infrared regions.
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Quantification of Cranberry in Cranberry-Apple Juice

For this experiment, measurements will be taken in the visible light region since cranberry juice has a visible red

color. Figure shows a schematic of a spectrophotometer.

Monochromator Detector

Exit Slit

Light source:
emits continuos

Dispersion device: prism or diffraction
wavelength light P P

grating that acts like a prism to separate
light into individual wavelengths

Entrance slit

Figure CR.2: Schematic of a Spectrophotometer

The light source emits light with a range of wavelengths (1), Which then passes through a monochromator
containing a diffraction grating to select a particular wavelength of light, 1,.. Comparing the intensity of the light
before it goes through the sample (the incident light intensity, I,) with the intensity of the light after it passes
through the sample (the transmitted light intensity, I) gives a measure of the absorbance of the sample. This
absorbance measure is detected and the measurement is given as output. Figure[CR.4displays the schematic of

the Agilent Cary 60 UV-Vis Spectrophotometer (at the end of the Discussion section).

Absorbance values of a solution are directly proportional to its concentration. This relationship is known as
the Beer-Lambert law, and takes the form A = ebc, where ¢ is a constant unique to each different substance,
b is the path length of the sample through which light travels, and c is the concentration of the solution. This
relationship generates a linear plot, an example of which is shown in Figure The slope and intercept of
this linear plot, also called a calibration curve, can be used to calculate the concentration of a similar solution
of unknown concentration if the absorbance is known. Note: While the equation above, A = ebc, indicates an
intercept equal to zero, the line may not go through zero because of random error effects being noticeable if just
a few samples are used for the calibration curve; with a greater number of samples, the line should go through

Z€ero.
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Absorbance and Concentration
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Figure CR.3: The Direct Proportional Relationship of Absorbance vs. Concentration

In Figure the absorbance values of four solutions of various concentrations were measured. You will use
five solutions for your calibration curve. To generate the calibration curve, a plot of absorbance versus concentra-
tion should be made. Once this plot is made, a linear trendline should be constructed to determine the equation
of the straight line formed by the points. The standard equation of straight-line should be of the form y = mx+b,
or, in the example above, A = mc + b. Given this equation, if the absorbance is measured of a solution of the
same substance but of unknown concentration, the unknown concentration can be calculated by substituting the
measured absorbance into the equation as the value of A and solving for ¢, the unknown concentration. Alter-
natively, the unknown concentration can be read directly off the graph by finding the value of the concentration

that corresponds to the value of the measured absorbance.

Due to the procedure used to measure the concentration of cranberry in apple-cranberry juice, students must
make sure that apple juice does not contribute any color to the deep red color of cranberry juice. In this laboratory,
you will be generating an absorption spectrum for cranberry juice. Students will compare this absorption curve
to the absorption spectrum of apple juice. This comparison will determine whether apple juice does or does not

contribute to the deep red color of cranberry juice.
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Excellent noise
performance

The light beam is very
intense—less than
1.5mmx 1.0 mm at its
focus—ensuring excellent
noise performance even
when using small aperture
microcells.

Room light immunity

If your sample doesn't fit in
the sample compartment,
or it is easier to work with an
open sample compartment,
then simply leave the lid off.
The xenon flash lamp means
the Cary 60 is not affected
by room light.

Quantification of Cranberry in Cranberry-Apple Juice

Simultaneous
reference correction

Maintain peak integrity

at every scan speed
through simultaneous
sample and reference
beam measurements—
equivalent to traditional
double beam instruments.

Superior and proven
optical design

Leveraging design
capabilities from our
research grade Cary
spectrophotometers, the
Cary 60 provides excellent
optical performance.

This performance includes
photometric linearity and
accuracy, typically expected
from much more expensive,
research instruments.

Super fast data
collection

Scan the entire wavelength
range (190-1100 nm) in
less than 3 seconds.

Figure CR.4: Schematic of the Agilent Cary 60 UV-Vis Spectrophotometer
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Procedure

Special Procedure

Instructions for operation of the instrument will be posted near the instrument. In order to get accurate ab-
sorbance readings, use a Kimwipe to clean the outside surface of the cuvet. ONLY handle the rim of the cuvet.

Follow this procedure whenever you fill and handle a cuvet.

l— Safety Precautions

No hazardous materials.

Before beginning this experimental procedure, obtain approximately 100 mL of the cranberry juice, 5 mL of
cranberry-apple juice, and 25 mL of apple juice in separate beakers. Label each beaker appropriately; these

amounts of juice samples will be used throughout the experiment.

Apple and Cranberry Juice Absorbance Spectrum

1. 1. Prepare 20% Cranberry Juice Diluted Solution using commercial cranberry juice cocktail (27% cranberry).

a. Obtain a pipet, a 100 mL volumetric flask, and a clean cuvet.

b. Measure the required amount of purchased cranberry juice cocktail with a pipet and pipet pump into a
100 mL volumetric flask.

c. Fill up the volumetric flask with deionized water to the 100 mL mark. Cap and invert the flask several

times to ensure that the cranberry juice and deionized water have mixed thoroughly.

2. Prepare 20% Apple Juice Diluted Solution using commercial apple juice (100% apple) using a smaller volu-

metric flask.

3. Measure the absorption spectra of both the 20% diluted cranberry juice, and 20% diluted apple juice.

a. Fill a clean cuvet at least three-fourths full with this diluted cranberry juice using a plastic pipet. Wipe
the outside of the cuvet with a Kimwipe. Handle the cuvet only by the rim when inserting it into the

UV spectrophotometer.

4. Compare the spectra of the apple juice to the spectra of the cranberry juice, to determine if apple juice

contributes any color to the deep red color of cranberry juice.
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5. Identify the lambda maximum (4,,,), which is the wavelength corresponding to the maximum absorbance

in the visible region (between 400 nm-700 nm) of the cranberry juice.

Cranberry Calibration Curve

1. Prepare a series of standard solutions of cranberry juice as given below, starting with your 20% cranberry

juice sample.

a. Use the 20% cranberry solution to make the following dilutions in the appropriate volumetric flasks:
100 mL of 4% cranberry 50 mL of 8% cranberry 25 mL of 12% cranberry 10 mL of 16% cranberry

2. Fill four cuvets with each of the diluted cranberry juice standards.

3.  Measure the absorbance of 20% dilution sample and the four samples above at the Amax determined in the

absorption spectrum of the cranberry juice. There will be five control standards of diluted cranberry juice.

4. Prepare a calibration curve of absorbance versus % concentration, and verify that a linear relationship exists.

Redo any points that deviate significantly from the line.

5. Determine the equation of the straight line and R? value.

Absorbance of Cranberry-Apple Juice

1. Fill a clean cuvet with undiluted cranberry-apple juice.

2. Measure the absorbance of the cranberry-apple juice at the 4,,,, determined in the absorption spectrum of

the cranberry juice.

3. Calculate both graphically and using the linear regression model the percentage of cranberry juice in the

cranberry-apple juice.

Waste Disposal: All juice waste can be disposed of down the drain.
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