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Purpose 

 

 Find the relationship between the temperature and time needed for roasting a golden brown marshmallow.   

 Measure the temperature from various distances to a flame.   

 Find the time in a specific temperature range for the marshmallow to reach two stages: Stage 1. 

caramelizing (golden brown) and Stage 2. burning.   

 Compare the time for the marshmallow to reach golden brown and burning for both stationary and rotary 

marshmallow.   

 Design an apparatus to rotate the marshmallow and locate it at a set distance next to the flame.  

 Observe the reaction and deformation of the marshmallow under the heat.   

 

Hypothesis 

 

 Rotating the marshmallow is important to avoid local browning and burning of the marshmallow.    

 High temperature will cause quick reaction/burning on the marshmallow and will make it difficult to control 

the marshmallow to remain uniform as golden brown.  

 Low temperature can extend the time between golden brown and burning; but, a low temperature limit 

exists that will not cause the marshmallow to turn golden brown or burn.  

 Another low temperature limit exists that will cause the marshmallow to turn golden brown but not burn for 

an extended period time.  

 

Candle as the Heat Source 

 

A candle, 1.5 inches diameter cylinder, is used as the heat source for the marshmallow.  The candle is composed 

of wax with a wick sticking through the center. The candle is wrapped by the aluminum foil, as shown in the 

picture, to maintain the molten pool of wax and to control the height of the flame at a set level.   

 

Combustion and Heat Generation – Flame needs oxygen and fuel to continue burning: candle wax is fuel and 

oxygen is provided from the air.  The combustion generated heat.  



Temperature Measurement Near the Flame 
 

The temperature near a flame is high, over 500°C.  A thermocouple is used to measure the general temperature 

surrounding the flame.    

 

Thermocouple – The thermocouple use the voltage generated between the junctions of two dissimilar metal 

wires to measure temperature.  Thermocouples have many different types.  The type K (yellow) thermocouple 

was used in this experiment.  

 

Type K Thermocouple – The type K thermocouple, represented by a yellow color, is a general purpose 

thermocouple made of Chromel (Ni-Cr alloy) and Alumel (Ni-Al alloy).  The temperature range is from −200°C 

to +1200°C, high enough to measure the temperature close to the flame.   

 

Amplifier and Display – A Cole-Palmer Digi-Sense was used to amplify the thermocouple signal and display 

the temperature readings. 

 

Motor to Rotate the Marshmallow  

 

Rotating the marshmallow by hand cannot achieve the consistent speed and distance to a flame.  A motor driven 

device is build.   

 

Motor – A DC motor is used to rotate the marshmallow.  The speed of the DC motor is controlled by the 

voltage supplied by a DC power supply.   

 

DC Power Supply – The motor needs to rotate at slow speed and a DC power supply (GW Instek GPS-2303) is 

used to provide a low DC voltage to control the rotational speed of the marshmallow on the shaft.  

 

Golden Brown and Burning Marshmallows 

 

Marshmallow Composition 

 Mini marshmallow purchased at grocery store with dimensions about 11-12 mm in diameter and 11-12 mm 

long was used.  

 Marshmallows are made from corn syrup (sugar), gum acacia, gelatine, and egg albumen (egg white).  A 

mixture of these ingredients is heated to around 115°C, whipped to twice or three times its original volume, 

and flavored.  The mixture is then shaped into tiny cylinders and powered on the outside, which creates a 

dry outside and a spongy and moist inside.   

 The firmer candy is shaped into the traditional bite-sized and dusted with the rice flour or powdered sugar to 

create a dry outside layer and a gummy, spongy inside core.   

 

 

 

 

 

 

 

 

 

 

 

 



Stages in Heating/Roasting a Marshmallow  

 

By applying heat, a caramelized outer skin on the marshmallow can be created.  The heating also create a gooey, 

melted inside core.  If the marshmallow is over heated, the marshmallow will burn.   

 

Stage 1. Swelling  

The heat causes the air and moisture inside the marshmallow to expand, which causes the marshmallow to swell.  

As the moisture expands, it blows holes through marshmallow’s surface and the moisture escapes as steam.  

 

Stage 2. Caramelization  

Caramelization, also know as golden brown, is the oxidation of sugar, a process used in cooking to generate the 

brown color.  Caramelization is a complex process that produces hundreds of chemicals at different 

temperatures.  The caramelization temperature is 160°C for sucrose (sugar cane) and galactose (sugar beets) and 

110°C for fructose.  110-160°C is the temperature range expected for caramelization or creating the golden 

brown layer on marshmallows.  

 

Stage 3. Burning and Oxidation  

On the moisture-depleted surface, carbon reacts with oxygen, ignites, and produces a blue flame.  The burning 

leaves a char, black surface.   

 

Experimental Setup 

 

Three experiments were conducted:  

 

Experiment I: Temperature Distribution –To find the average temperatures at different distances from the 

edge of a 2 cm high candle flame using the thermocouple.  The tip of the thermocouple is placed at a set 

distance, as shown in the picture, from the middle of the flame.  The temperature vs. distance data is recorded.  

 

 

 

 

 

 

 

 

 

 

 

Experiment II: Stationary Marshmallow –  

 

To find the time to reach golden brown and burning for a fixed (no 

rotation) marshmallow at different distances from a 2 cm high 

candle flame.  The golden brown and burned marshmallows are 

sectioned to observe the chemical reactions inside.   

 

 

 

 

 

 

 



Experiment III: Rotating Marshmallow – To find the time to reach golden brown and burning for a rotating 

marshmallow at different distances from a 2 cm high candle flame.  Compare the results with those of the 

stationary marshmallows.   

 

The speed of the DC motor is varied by adjusting the voltage output from a DC power supply.  A wooden stick 

was connected to the shaft output of the motor.  A marshmallow is held at the end of the stick.  A V-groove is 

used as the bearing for the wooden stick to reduce the vibration of the marshmallow.  

 

The DC motor has limited capability for low speed.  The speed of the motor was adjusted to the lowest possible 

speed, 460 revolutions per minute (rpm), for all tests.   

 

Two main problems were encountered in the setup.  

1) The variation of the distance from the marshmallow to the flame (marshmallow is not totally round).   

2) It was difficult to control the motor’s spin at a very low speed due to the lack of torque from the small 

DC motor.  

 

The marshmallow will swell, expand under the centrifugal force and soften inside.   

 

The marshmallow will touch the flame but not burn.  Visual identification of golden brown and burning, used 

for recording the time to reach each stage are performed more than four times for each initial distance between 

the marshmallow and flame.   

 



Materials 

 Wax candle 

 Match/lighter 

 Timer 

 Thermocouple amplifier/display 

 Tape (masking) 

 DC motor  

 DC power supply  

 Thermocouple (Type K) 

 Metal ruler (to withstand high temperature)  

 Wooden stick for the shaft of the motor 

 Wooden blocks to hold the thermocouple (Experiment I), 

 Mini marshmallow (Experiment II),  

 Motor, shaft, marshmallow (Experiment III).  

 

Procedure: 

 

The candle is first lit by a lighter or match.  The height of the flame is maintained to about 2 cm high.   

 

Experiment I:  

1. The tip of the thermocouple is moved to a distance from the flame.  

2. 10 temperature readings at the display of amplifier are recorded over time. 

3. The temperatures are averaged.  

4. Repeat steps 1 and 3 with a new thermocouple distance from the flame.  

 

Experiment II:  

1. Stick a new marshmallow on one end of a wooden stick, which is taped to a wooden block, so that the 

stick is right next to the candle flame.  

2. Move the marshmallow to a distance from the flame and start the stop watch immediately.   

3. Record the time the marshmallow takes to turn golden brown and to start burning.  

4. Repeat steps 1 to 3 for 5 more times.   

5. Average all the times.   

6. Repeat steps 1 to 5 with a new marshmallow distance from the flame. 

 

Experiment III:  

1. Stick a new marshmallow on one end of a wooden stick, which is taped to the shaft of the motor.   

2. Set the current and voltage of the DC power supply to turn the marshmallow at a specific speed.   

3. Move the marshmallow to a distance from the flame.   

4. Record the time the marshmallow takes to turn to golden brown and burning.   

5. Repeat steps 1 to 5 for 5 more times and record all the times.   

6. Average all the times.   

7. Repeat steps 1 to 6 with a new distance from the candle flame.   



Experimental Results and Discussions:   

 

Experiment 1: 

Temperature vs. distance from flame is shown in the figure. 

 

 The distance from the flame to generate golden brown is estimated to be about 0.33 cm.  Beyond this 

distance, the temperature is too low for caramelization.    

 The temperature vs. distance from the flame can be best fit by a polynomial function, T = 27.3d
-1.26

, where T 

is the temperature in deg C and d is the distance from the edge of the flame in centimeters.  

 The temperature increase dramatically when the distance from the flame is shorter than 0.5 mm  

 

T = 27.3d
-1.26
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Experiment II:  

 

Pictures of the marshmallow:  

 

                         Original                                        Golden Brown                                    Burned 

 

 

 

 

 

 

 

 

 

 The marshmallow does not turn golden brown beyond 0.8 cm.  

 The estimated distance for caramelization, 0.33 cm, in Experiment I is shorter.  

 The flame is moving slightly and the swelling in marshmallow causes the actual distance is shorter than the 

pre-measured distance.  

 The radiation heating from the flame could also cause the marshmallow to have a high temperature than the 

measured temperature.  

 At short distance, less than 0.3 cm, the marshmallow turned quickly from golden brown to burning in a very 

short time.  Such short time was difficult to measure using a stop watch.  

 The golden brown is a hard shell on the marshmallow surface.  Inside the golden brown shell is more gooey 

and spongy than the original marshmallow.   

 



Experiment III:  

 The marshmallow can gain contact the flame and not immediately burn.  

 The rotation increases the time to reach golden brown and burning 

 The golden brown and burning occur across the circumference of the marshmallow  

 At high rotational speed, the spinning created a narrowed core at the center due to the centrifugal force.  

 Rotating is the way to make uniform marshmallow.  

 

     
     Swelling and golden brown                      Burning and falling                Totally burned 

  

 

Comparison of the size of marshmallow before and after Experiment III (note the size change):   

   
 

 

 

 

 

 

 

 

 

 

Before Before After After 
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Conclusions 

 Roasting a true golden brown marshmallow was not easy, it burned very easily, usually right after the 

golden brown stage.   

 Rotation was helpful with distributing the heat from the flame to the circumference of the marshmallow.   

 For a stationary marshmallow, the best distance for roasting was about at 0.7 cm away from the candle 

flame.  The marshmallow was able to turn golden brown, but not burned at all for an extended period of 

time.   

 The data in Experiment III showed that, compared to Experiment II, it took longer for a marshmallow to 

turn golden brown and burn when it was rotated.  It also showed that the time between golden brown and 

burn was longer than the stationary marshmallow.   

 For stationary and rotary marshmallow, as the distance between the marshmallow and the flame increased, 

the time took for the marshmallow to turn from golden brown to burn increased as well.   
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Other Interesting Pictures  

 

   
 


