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Develgped by=Bill McConnell, a science teacher at Redwood High
School in Larkspur, California. Mr. McConnell prepared the
manuscript in cooperation with Agricultural Research Service
(ARS) scientists, U. S. Department of Agritulture, at the Western
-Regional Research Center, Berkeley, California.

This science unit is designerd to supplement your regular science -
curriculum by providing you and your students with up-to-date,
research-related investigations. The unit has been designed so
that it may be easily reproduced for your students. It-is not:
copyrighted and may be reproduced without authorization,
However, before using the investigatigns in your classroom, check
the procedures to be sure they meet school safety regulations in
your state or county. -

Manufacturers' names are used solely for the purpose of: providing ’
specific information. Mention of a manufasturer's name does not

\ copstitute a guarantee of the product by the U. S. Department of

Agriculture or’ endorsement by the Department over other

manufacturers not mentioned.
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This Science Study Aid (SSA) is based upon
work of the U. S, Department of Agriculture's
Agricultural Research Service (ARS) conduct-
ed at the Western Regnonal“R/esearch Center
in” Berkeley, California. It is concerned with
the role of carbohydrates as important nutri-
ents for America's consumers. A continuing

-

program of research by ARS scientists is under
way to evaluate data on the composition and
nutritive value of foods in all the various
forms$ in which they are’eaten. Tables of food
composition constantly are bemg revised to
ke'ep up.with changing processing methods and
1mproved measurmg techniques. Food

M*ATER]ALS LISTS

For your convenience, we have listed below the materials needed to perform the Investiga- |
tions tn this Science Study Aid. The following list gives the quantltles needed for each team of

four students. .
STUpE.NT N_lATE.RIALS

12 15 x 150 mm test tubes
| test tube rack

1 test tube holder

800 ml beaker

1l 4-inch ring clamp

L &-inch ring clamp

| support stand

1 Bunsen burner

1 10 m1 graduated sylinder
1 wire 'gauze screen '
1 spot plate .
6 25 x 200 ml test ’tubesI
3 glass stirring rods

4 15 ml centrifuge tubes

_ 1 centrifuge (per class) ~

| household blender (per class)
| triple-beam balance
200 ml 80% ethyl alcohol
2 liters distilled water
- 60 ml 50% perchloric acid
6 250 ml flasks’
1 1000 ml beaker—
6 150 ml beakers
I light source (e.g., gooseneck lamp)
1 funnel ‘
3 pieces filter.paper
3 300 ml flasks
-~ 30 ml Anthrone-sulfuric r{agent

N o

3 1/2-pound quantities of fresh peas
purchased at 3 different produce
markets, OR 3 different brands of
frozen peas in 12-0z. pkgs..

ice and tap water

TEACHER MATERIALS

‘_"I'Jnknown carbohydrate solutions in numbered
30 ml dropping bottles:

Distilled H,0 ) ‘ -

I% glucose solution
1% fructose soldtion -
1%. sucrose solution -

- 1% starch solution ' -

Reagents: (for class of'28 workmg in palrs)
500 ml ea of:

- Benedict's solution
Lugol's solution
Selivanoff's solution °
Barfoed's solution

. 1% fructose solution

1% glucose solution .ot
1% xylose solution -

1% sucrose solution -

1% mannose solution .
distilled water - Y,
Reagents: Bial's_solution
Phenylhydrazine reagent -
Tes-tape or Clinistix paper

{
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. Barfoed's solution

33 g copper acetate

4 ml glacial acetic acid

500 ml distilled witer .. -
(to distinguish between monosaccharides
and dlsacchandes) i

Benedlct's.solutlon Coe

8.6.g copper sulfate

' 86.5 g sodium citrate -

50.0 g_sqdiurﬁ carbonate '
500 ml distilled water
(to detect reducmg sugars)

Bial's solution . Fa

l.5g Orcmo}/
500 ml conc/entrated hydrochlorlc acid
I ml10% f 5r1c chloride solution
" (tp detect pentose (5C) sugars) -

Sehvanoff's solution

0 25 g Resorctinol

*500 ml dilute (1:2) hydrochloric'acid
(to distinguish between ketose
and aldose sugars)

[

Lugol's solution

- 25 g iodine

50 g potassium iodide : -
500 ml distilled water )
{to detect cert‘ain plant starches)

Phenylhydrazine Reagent

Mix in a mortar equal weights of phenylhy-
drazine hydrochloride and sodium acetate
to bring the dry volume to approximately
100 cubic centimeters., (To detect man-

. nose).

'3
e

Glucose tést.pepgi (to test for glucose)
Can bé purchased in afly drug store.
Anthrone-Sulfuric Acid Reagent’

Dissolve 1 gram of. enthrone in 500 ml of
cold 95% sulfuric acid. Store in refrlgera-

or untll used. N

10. _‘Perchlo

9. lodine-Potassium lodide Reagent

lodine

10 grawyps-Potassium lodide

500 ml Yjstilled water g
Acid Reagent, 50%*"

350 ml 70% Parchloric Acid
150 ml djstilled water

'Store in gla'ss-stoppered contalners ONLY
If. you are not familiar with this reagent,
we suggest that you, read the following
reference:”

»k

Al

Manufacturing Chemists Association Safe-
ty Committee, 1954. Guide for Safety in
the Chemistry Laboratory, D. Van
Nostrand Company, Inc.,, New York.
Pages 120. / ~

SUGGESTED READING FOR THE TEACHER

Laborétory‘)Studies‘in Biology-668: Car- "
bohydrate Ch&mistry, Abtamoif, Peter and R.
G. Thomson, 1966, W. H. Freeman and Co.,
San Francisco and London.

Practical Physiological Chemistry, Hawk,
P. B., B. L. Oser,'and W. H. Summerson, 1954,
(I3th ed.), McGraw- -Hill, New York.

Cellular Physialogy

-

aid Biochemistry,

" McElrgf, W. D., 1964 (2nd ed.), Prentice- Hal!,

Englewood Cliff, N. J.

The Carbohydrates:.
chemistry, Physiology, Pigman, W.
Aca(dzmic Press, New York.

bohydrates of Living Tissue, Stacey, M.,

an\H A. Barker, 1962, Van Nostrangd,
Pri cgton, N. J. . - S,

<N

Chemistry,. Bio-
V., 1957,

Cell “Biology, Part I: From Atoms to/
Organismss, No. 12, 1960, (sound, color, 27
min.), purchase or rent, AIBS (McGraw Hill).

Cell Blology, Part I Patterns of Energy
Transfer, No. 6, 1960, (sound, color, 30 min.),
purchase or rent, AIBS (McGraw-Hill),

. Multicellular Plants, Part III: Role of the
Green Plants, No. 5, 1961, (sound, color, 26
m;n ), purcﬁase or'rent, AIBS (McGraw-Hlll)

<
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C 4 QUALITATIVE CARBOHYDRATE TESTS ° - 7
™ h

Reagent

. |[Carbohydrate Tests ' Positive Reaction

1.| For reducing Benedlct s Célor change when heated:” blue - green -

' sugars, e.g., . Solution jge—)IKDWn color reaction depends on
glutose, fructose concCentration of reducing sugar.

- -
= P P NN ° —a .

2.} To distinguish Barfoed's A p051£1ve test for monosaccharides 1s’
"betwgen monosac-  Solution the appearance Jf a‘'red precipitate after
ftharides and S heating for 1-2 minutes. Disaccharides .
\gisaccharides, - (‘ take much longer (15-30 min.) to form ppt.

.., glucoge, . . . o , .
sucrose s . ' . © b .

3.| For Pentése (5C) Bial's A pbsltlve test for pentgses results when,-
sugars, e.g.,. Solution upon heating for 2§&m1nutes a color
xylose , ) change from yellow to dark green occurs

& .

4. Fot aldose and Selivanoff's A posjitive tesg,fo; ketqse sugard is the
ketose sugars, Solution appearance’' of a red color after heating
e.g., glucose . .for 5 - 1 minute, Aldose sugars will '
and fructose “react with Selivaneff's, solution; how-

' . - ever, they require: longer heatlng
£ .l ’ :
R v . ,‘. -g ‘9‘7—
5.] For the monosac- Phen lhydrazine With this reagent, mannosg, forms a white
" | charide, mannose  Reagent crystalline precipitate in 10-15 min. at‘
) room temperatyre S . K
. ! -, . - . N ~
Y - ] .
6.| For-certain plant Lugol’s Color change: amber (yellow)~—> blue —3
and animal Solution blue-black --.color reaction depends on
, starches . J concentration of starch, ‘ . '\
‘. . ‘ , \ - ) ¢ '
7.| For glucose Glucose test Color ch'angé: red to blue, or'yellow ~ f{\
. : paber\ to green. : . .
) ’ , . <o [y ) ' v
» L . . - :
6 s : ) . . .
© ‘ l\‘ \ 7 ’ ° ’
\\ ' . . ] . . l-
. 1 I ~ » .
/ \ ' .
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- |Carbohydrate Tests

Reagent

. ‘Pogitive Reaction
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1.| For reducing Bemredict *s CSlor change when heaféd blue ¥ green -3

' sugars, e.g., . Solution 3ye—)1mown, color reaction depends on
glutose, fructose concentration of reducing sugar.

¢ ~
= - P B N ‘ .
- . ~ a3

2.] To distinguish Barfoed's A p051t1ve test for monosaccharides 1s’
"betwgen monosac-  Solution the appearance Jf a'red precipitate after
ftharides and P heating for 1-2 minutes. Disaccharides |

xgisaccharides, (‘ take much longer' (15-30 min.) to form ppt.
.8., glucoge, Lo , o .
sucrose ~N . ' . ©k .

3. Fof Pentése (5C) Bialfs. A p631t1ve test for pentdgses results when,-
sugars, e.g.,. Solution upon heating for 2§&m1nutes, a color
xylose ., . ' change from yellow to dark green occurs.’

N3 .

4.1 Fot aldose and Selivano#f's A positive tesg,for ketqse Sugarg is the
ketose sugars, Solution appearance of a red color after heating
e.g., glucose . . .for % - 1 minute. Aldose sugars will '
and fructose “react with Selivaneff's, solution; how-

) - ever, they require:longer heatlng
¢ - ’
. ' ~ ", 2

5.] For the monosac- Phen¥lhydrazine With this reagent, mannose, forms a white
" | charide, mannoge Reagent crystalline precipitate in 10-15 mjin. at °
' . room temperature., = * E

. 4 ER > . - ~

] ’ e .
Q. For- certain plant Lugol’s Color tchange: amber (yellow)—> blue —3
and~animal Solution blue-black --.color reaction depends on
, starches . ¢ concentration of starch,  ‘ . '\
. “' . \ \ . » [ 3 ¥
7.] For glucose Glucose test Color chlangé: red tg blue, or ‘yellow ’ /{\
. ' pabex\ , to green. . . .o
0 T y “ ’ ¢ R
. T oK . ) ' :
' v ! . - )
6 .,

e
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TO THE STUDENT

.
. ®
.

Do you know that, on planet Earth, the,
only thing that most living cells can use
directly for ah energy source is sugar? -Car-

\bohydrags {sugars), along with many .other
important compounds such as enzymes, fats,
and nucleit acids, enable *the living cell to
Carry out the important business of life.
/Would. you like 4o learn more about these
biologically important orgafic compdunds
known as-carbohydrates? After all, they are'

" the direct source of energy for most living
things on this planet.

Agricultural Research Service (ARS) scien-
tists have long been interested in, the role of
carbohydrates in human nutrition. New and
exciting things are being discovered by ARS
scientists as they carry out a continuing
program_of research, evaluating data on the
compositipn and nutritive value of foods for
American consurpers. Of special interest to
ARS 1s the nutrition data on carbohydrates and
tie amount of these important organic com-
pounds found in our food. A techmque to
simplify the collection of these data was
discovered by Dr. R. M. McCready and his
. colleagues at the Western Regional Research
Center, Berkeley, California. The problem
which led to the discovery of this analytn,c
technique was twofold.

First, growers, food processors, canners,
and agricultural scientists were interested ina
‘more accurate way to determine the maturity
.of fruits and vegesgbles for harvest and pro-
cessing. Many o;*té&i older methods used to
determine maturity wére unreliable; for exam-
ple, the size (diameter) was used to determine
the levels-of maturity in peas, HoWever, there
was nothlng to refute ithe contention that,a
No. & size pea in one pod might be as mature
as a No. 6 size pea in a different pod.
Scientists knew ,that the amount of stored
carbohydrate in fruits and vegetables was the
real index for determining maturity and that a
new_chemical test was needed. Dr. McCready

! .

-~

4

and his co-workers developedenew procedurés
that proved to be more accurate. than other:
methods and allowed scientists to better cor-
relate matur1ty with a chemical property in
plant matetial. \
~ For_ years, the analytlc methods used to
detect “carbohydrate ‘compounds in fruits and
vegetables were tlme-consumxng and often
inaccurate. In addition, these older ¢hémical

ial. y A more expedjtious method for carbohy-
drate analysis in fruits and vegetables, appli-
cablé to small amounts of material, was
required. Dr. MicCready's techniqug saved
hours of the working scientists' time and,
with modification, analysts .now can make
accurate tests using only one sample, thus
solving the second part of .the problem. )
. In this SSA, to demonstrate some of the
ways in which carbohydrates can be identi-
fied, you will carry out various tests llke ARS
scientists. The tests will sérve to deteCt and
differentiate certain carbohydrates. Studying
the reactions involved in these tests will .
serve as a review of some important aspects
of carbohydrate chemistry.

Pinally, a successful research program
always uncovers new questions which lead to
hew assumptions along with ideas to test
these a.ssumptlons. The careful and informed
worker will always generate more questions
than his present investigative activities ¢an
answer. How about you? Will your work lead
to new and more interesting ideas related to
the study of carbohydrates?-

] tests required lar?t amounts of plant mater-

INVESTIGATION 1: Part A, '
Testing for Unknown Carbohydrates °

- In this part of Investigation 1, you will

test unknown solutions for some of the.
carbohydrates mentioned in the section of
this SSA entitled "To the Student". As you
progress through the Investigafion,.see if you
can ldentify tEarbohydra'tes that are#afovn-




ded by yo teacher. Désign a data’ table

similar to g\e one in Figure 2. Record your
. data in ‘your notebook. When you hade ~
_finished your laboratory work, study”the data

that you have recorded and consider *this *

information as you answer the questlons at
B the end of this Investlgatlon.

PP . .

MATERIALS: (for each pair or team on first day) '

515 x 150 mm test tubes -
1 test tube rack
| test tube holder
| test tube brush  r
A 1 800 ml beaker
VAR YL support ring
1 6" support ring ¢
I support stand ;
.1 Bunsen burnet .
1 10 ml graduated cylinder
| wire gauze screen
Unknown-carbohydrate solutions in numbered
30 m] dropping bottles:
-Distilled H.,0
1% glucose solution
1% frictose solution
1% sucrose solution . s
-1% starch solution
Reagents: (for class of 28‘Work1ng in pairs)
500 ml each of:
Benedict's sdlution
Lugol's solution i .
Selivanoff's solution . . #
Barfoed's solution )

.+ PRELIMINARY PROCEDURE (First day)

1. Fill the"300 ml beaker with water until it is
just a lpttle more .than half full (500 ml
water) Prepare the water bath as shown in
Figure | and bring the water to a boil.

-

¥

2. Be sure that all glassware is clean before
. proceeding with the tests. Dirty glassware
will result in 1naccurate data.

3. When the test tubes are labeled and pre-
. ' pared for heating in the water bath, place

-

Id

.
. E

1 , o ., -
all 5 tubes in the water bath at the same
“time! Do not vary from the suggested
times for each test.

PROCEDURE (First day) g *

1. Label the test tubes | thr0ugh 5 and place
“them in the test, tube rack. Put 5 ml of
Benedict's soluttoh in the graduated cylin-
der. Tramsfer this reagent to tube-number
1, then fill the remaining ‘tubes with Bene-

dict's soldtion to the level of the first test
Check to see that the volumes are -

[
tube.
approximately the 'same in each tube.” For

each carbdhydrate to be tested, put 0.5 ml
€10 ‘drops) of the carbohydrate solution in
the tube that matches the correct number
on the_ dropping bottle. Into test tube
number 5, put 0.5 ml (10 drops) distilled
water, What is the purpose of preparing
"this tube? Mix the solutions well. At the
same -time,- place’ all five tubes in_the
boiling water bath for three' minutes.
. After the three-minute boiling period,
carefully remove the tubes from the
water bath using a test tube holder and
place them in the test tube rack. Record

the 'color for each carbohydrate tested .

and indicate whether or not the test was
pdsmve or negative. Benedict's solution
contains compounds that are reduced to
cuprous oxide (Cu,0) which forms a pre-’
cipitate when heatéd with reducing sugars
such as glucose and fructose. Which tubes
contained reducing sugars?

2. After recording the data, thordughly wash -

the test tubes using a test tube brush.
Rinse each tube with a small amount of
distilled water and return them to the test
tybe rack. You aré now ready for the
second test. : T

3. Repeat the first step of the procedure
(paragraph | above) ONLY THIS, TIME add

5 ml of Barfoed's?solution instead'of Bene-

dict's to each tube. Add the carbohydrates
as directed in the first step and, at the
same time, place .all_tubes in the boiling
water ba.th for 2 minutes. Do not allow

*

[
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FIG. 1

them to heat longer! « Remove the tubes
and record the results, noting the time of
the .appearance of the red precipitate.
Barfoed's test.is used to~distinguish be-
tween monosaccharides (glucose, fructose)
and disaccharides (sutrose, maltose). In
this test, disaccharides will not reduce
Cu++ to Cu,0, whereas monosaccharides
will reduce &u++ when heated for 2 min-
utes. Identify the monosaccharides and
suggest which carbohydrates they might be.
Which tubes contain disaccharides or poly-
saccharides? L

-

The third test will again follow the proce-
dure outlined in the previous steps except

.

t

that, this time, fill tubes with 5 ml of
Selivanoff's solution. When the carbohy-
drates have been added, place the tubes, at
the same time, into the boiling water bath
for 4 minutes. Watch the tubes carefully

, and record the time at which any color

changes occur. The Selivanoff's test is
used to differentiate between ketose sugars
(fructose) and’ aldose sugars (glucose).
Ketose sugars react much more rapidly-
with this reagent than do aldose sugars.
Ketoses give a red color in 1/2 to 1 minute,

but aldoses require much:longer heating for

color production. Record thef results of
this test in your data table, noting the time
of appearance of a‘red color, .

)




water in each of the clean test tubes. Add
the carbohydrates -and mix the solutiogs

wéll. Put-10 drops (0.5 ml)*of Lugol's
solution into each tube. . A po,sntnve reac-
tion for starch (polysaccharide) is_a color ’
change from amber to dark blue.” Which

~ tube contains starch? (Note: you do not
heat the tubes for this test.) Record the
results in your data table. |

6. Return all equipment to its' proper place
and clean your work area. Then, consider.
the information in your data table and

. answer the following questions:

QUESTIONS FOR THOUGHT
(Investigation 1, Part A)

¢ 1. In step 1, which numbered solution gave a
positive test for reducing sugars? How do
you know these carbohydrates are redu-

cing sugars? Explain.

2. Describe the color changes.that occur
when testing a reducing sugar with Bene-
dict's solution: do you think the reaction

' .inight tell you anything about the concen-

ration‘of carbohydrates? Explain.

3. Inasmuch as you know which sugars were
- being tested, how can you identify the
monosaccharides from the disgccharides?
What sugars give a positive test with
Barfoed's solution within 2 minutes? ~

4. How can you distinguish ‘between fructose
and glucose using the tests outlined in this
-investjgation? Which numbered sSolution is
fructose? Which is'glucose? Explain.

5. How. can you.distinguish starch from the
other carbohydnates? Q’.xplain. -
. 1 b

.6.. Consider ; the following questions:

a. What cbnstitute,s a positive test for
reducing sugars?

b. What constitutes a positive test for
_fructose (ketose sugar) and glucose (aldose
sugar)? '

5. For the final test, put 3 ml of distilled "

-

., teacher.

c. How can you distinguish® between
starch and glucose” Explaln your answer.
¢
7. If you were" an A‘RS scientist, how might
these tests elp you to identify the carbo-
hydrate content of tertain foods? ~ -

INVESTIGATION 1: Part B,
Testing for Unknown Carbshydrates

Again,in this part of Investlgatlon 1, you
will test unknown solutions for carbohydrates

As you progress through.the Investigation, try '

to identify thé carbohydrates provided by your
Receord your data in your notebéo
and wheri you have finished the laboratory
work, study the data that you have recorded
and then consider thé questions at the end of
this Investigation. Figure 3 suggests how you
might design your data table. .

MATERIALS: (for each pair or team on second day)

12 15 x 156 ml test tubes
1 test tube rack -
1 test tube holder
1 800 mi beaker
1 4" support ring .
1 6" support ring -+ | .
1 support_stand .
1 Bunsen burner
1 10 ml graduated cylindér-
1 wire gauze screen, = - &
1 spot plate .,
Unknown-carbohydrate solutlons in numbered
30 ml dropplng bottles:
1% fructose solution ) -
1% glucdse solution . 4
0.1% xylose solution ~
1% sucrose solution
~1% mannose solution
Distilled Water
Reagents: Bial's solution
Phenylhydrazine reagent
Tes-tape or Clinistix paper

PRELIMINARY PROCEDURE (Second day)

1. Fill the 800 ml beaker with water until 1ti1s '

just a llttle more than half full (560 ml

-

i




A4 2.

PROCEDURE (Second day)
.

b N
- 12

water). Prepare the water bath/as shown in
Fidure 1 and bring the water (5 a boil.

Bersure that all glassware is clean before \
-proceeding with your tests. Dirty glass-

ware will result in inaccurate data.

-

Label the test tubes | through 6 and place

them in the test tube rack. Pour 3 m| of
- Bial's solution into the graduated cylinder.
(CAUTION: Bial's- solution is a reagent -

made with concentrated hyarochloric
acid. Do not spill on skin or clothing.)
Put this reagent in test tube 1, then fill
the others with an equal volume of the

reagent. For each carbohydrate to be |

tested, put 0.5 ml (80 drops) of the

carbohydrate solution in® the tube that"

matches the correct numbér on the
dropping bottle. .Into test tube number 6,

put 0.5 ml (10 drops) distilled water. At
the same time, place all six tubes in the .

bonlmg water bath for 25 minutes. Bial's-

test is used to identify pentose sugars -

(monosaccharides with 5 carbon atoms),
and a positive test for the pentoses will’
give a green'color. _Howeyer, other

carbohydrates may give a brown color

with this test! As the tubes'are heating,
go on to steps 2 and 3. However, when

the test is finished, be sure to record your °

results.

Label the tes tubes 1 through 6 and place
them in your test tube rack. Put 1/4 inch
of dry solid phenylhydrazine reagent into
each clean test tube. (CAUTION: Poison-.
ous, do not'spill or get on skin.) To each’
test” tube, add 2.0 ml (40 drops) of
carbohydrate solution as directed in step
l. Add distilled water to the 6th tube.
Mix until the reagent has dissolved. Allow
reagent to stand. for 10-15 minutes. The
formation of a white crystalllne precipi-
tate indicates the sugar mannose, Record
your results in your data table.

Put 5 drops of each of the carbohydrates
to "'bey_tested in the recesses of a white

)

.
.
» -\{ - ’
.

- L 4

_procelain spot plate. You may wish 1o

" numbér each recess to correspond to the
carbohydrate being {ested Dip a dry piece
of glucose test paper into each carbohy-:
drate and observe any change-in color. A
positive test for reducing sugars is indi->~
cated by a color change. Record the
results in your data table. When—fmlshed~
G)lth your tests, return all equ1pment and
materials to their proper place and clean
your work area’ Then con51der the,ques-
tions that follow.

”
QUESTIONS FOR THOUGHT .
(Investigation 1, Part B) . o

1. Which numbered solution contains 5 carbon
atoms? How do you know? What test was .
used to establish this fact? How did you

“know the test was positive? Explain.

N

. Which solution contalhed mannose? .How
. do you know? Describe the positive test -
reactlon for the carbohydrate mannose.

3. Glucosg test papers.are used by diabetics
to test for the presence of certain sugars in
urine samples. Which carbohydrates give a

.negative test for urine sugar?  Which
sugars give a positive test? How might
positive tests help the diabetic to. adjust
insulin_ 1ntake" Explain. .

4. How mlght ARS sc1entlsts determine the
concentration of pentoses in select-grains?
Explain. Which test in this investigation
would they most likely use? Why? ‘

EXTENDING THE INVESTIGATIQN

+ 1. Design an experignent using the tests in

_these 1nvest1g ns to determlne the car-
bohydrates fh select foods.

G

g

The quantity of reducing sugar ih a solution
is a function of the amount of precipitate
formed during the Benedict's-test. “Dgsign
an experiment to 'determlne quantltatlvely
the reducing sugar content of select solu-
tions .and foods. How might you develop
standard solutions for this experiment?

1 - . '
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3. Design an xperlment, based on the tests .
for carbohydrates in this investigation, that
will determine the intake of sugars by
students. in your class after eating such
fodds as fru1t, cookies, grains, and sojt
drinks.

Test some edible "wild-plahts for carbohy‘- o
- drate content and suggest why some

' plants, rather then others, would be more

- suitable for an energy source to mountain

_climbers, backpackers, and  people visiting .

the: natlon's wilderness areas. N

INVESTIGATION 2: DETERMINATION

OF STORED CARBOHYDRATES

IN VEGETABLES .

Now that you have performed tests for
unknown carbohydrates, you will work with an
analytic technique developed by scientists at .
the Western Regional Research Center,
Berkeley, California. In this Investigation,.
you will’determine the maturity of vegetables
by’ analyzing them for stored carbohydrates.
. Be sure to record the results of your tests in

a data table. _
/

» .

READ AND STUDPY THE PROCEDURES BE-
FORE YOU BEGIN THE INVESTIGATION.

MATERIALS (for team of 4 students)

Q25 x 2068 mm test tubes

3, glass-stirring rods . s
b 715 ml centrifuge tubes -
“ 1'centrifuge, . . )
1, household blender ¢
I' triple-beam balance ¢

1 300 ml flask

< 46 250 ml flasks ° *

1 water bath (as in Investlgatlon l) s
1 hght source “ 2

3 % pound-quantities of fresh peas purchased
at 3 different produce markets - OR - 3
. different brands of frozen Qeas in 12-o0z.

packages
200 mil 80% ethyl alcohol
2 litérs distitled water ° . S T
. i.': - K} ’
12 ) J .
’ N ‘:I: o~ ) ’A

. " *YOUR TEAGHER MAY WISH TO.ADD THIS
REAGENT/ TO YOUR TUBES IN STEP 3 SO~
OE: YOUR TEAM WILL NOT.

L3

-1 1000 ml beaker
" 125 ml grad

»  water to your | beaker. Bring theé waf!

?
60 ml 5096 perchloric }Cld* »
I funnel
| filter paper . .
30 ml Anthroqe-sulfurlc ac;d reagent- .

3 150 m] bea

ice and tap wa

MEMBE
HAVE TO HANDLE IT!. .. . o

PRELIMINARY PROCEDURE: -

1/ Prebare a water bath &% you did in Investi-
gation 1. Only this time, add 300 ml of tap
to a

d@ boil. -

2.. Put'200 ml of 30% ethyl alcohol ina 300 ml
flask and heat in your water bath until the,
Turn off the heat source ~

alcohol is hot.
ahd leave- the flask of alcohol in the water
bath until you are ready to use it. -

3. Be sure ,all glassware is clean!
glassware will result in ipaccurate data.
Rinse with d1st111ed water onlyl

PROCEDURE | : >

1. Blend 100 grams of fresh or frozen peas
separately, from each g} the three samples,
.with an equal weight of distilled water-in a
household blender fof 5 tninutes. e sure
the blender jar is washed and rinsed wit

’ .
Dirty

¢
~

distilled water before working your sacoﬁ>
and third sample! Then, treat eagh sample -
separately as outlined in the steps that

- follow in this procedure.

2. Weigh a 5 gram sample of the pea slurry.in
a 10Q ml beaker. Divide the sample equally
into r 15 ml centrifuge tubes. Fill each
tybe with hot 80% alcohol'and stir. Centri-
fuge- all four tubes until the upper layen of
alcohol in each centrifuge tube is clear.
Pour off this upper layer being careful not

* to pour off any of the starch residue.

¢
} “

~ - *

¢




T B - piocedure using hot” 849% QUESTIONS.FOR THOUGHT " " -
- ethyl a g ree, - times. © Rinse the, ' K o
. ‘ each centiifuge tubeninto a ' ’
.25 iim test tube using distilled 1. Dnscuss the relatlonshlp between maturlty
/ water. Wgifig tie yolume in the tube to 10 " of plant material and the "color intensities"
ml.*® » ' " "'~ of the’Anthrone-sulfuri¢ acid test. )
b . R . .
) 3. Cool the test tube ahd contents in an ice 2. *Which pea sample had the greatest amount
. water bath and stir whlle adding 13 mlof . ; of stored carbohydra’ce" Which had the
s r perchlorlc acid reagent.” Stir occasxonally least? ) . .
for —'—15 minutes. - : . 3. Did the size (diameter) of peas from each
4, After 15 .mmutes,‘add .20 ‘ml of distilled sample vary? If they did, relate this to the
water while- stirring the solation in the results of your test. >
‘tube,,” Rinse this solution into a 250 ml ', . . :
flask and bring the 'total volurne to 100 mi . - . =
with distilled water.” Filter the selution ",‘ ~ o ' .
into a 150 ml flask and label sample ) EXTENDING THE INVESTIGATION _
. number 1. Prepare sample number 2.and 3- ) - v,
in exactly the -same way, followmg the I. Determine the maturity of a number of
procedures’in steps 2, 3, and 4. .. . vegetables, other than peasy’ usmg the
5. Dilute 5 ml of sample #1 in 250 ml of procedures i 0 Investngatnonz ~ : |
" distilled:water. Pour 5 ml of the dilute 2. If you live near the coast, try the proce- -
carbohydrate solution into a clean 25 x dures 1n,Invest1gat10n 1 on select marine |
200 mm test tube. Cool the tubes, in an- algae. i
ice water bath for a few minutes and t X -
add 10 ml of Anthrone-sulfuric aci "o ~ .
agent to the tube. Thoroughly mix the SUGGESTED READING FOR STUDENTS *
B solution using a clean glass stirring rod. . .
At the same time, heat the waterf,to‘ The Chemicals of Life, Asimov, Issac,
boiling in your water bath. Then, prepare 1954, Abelard-Schuman, New York. :
samples #2 and #3 in exactly the same Introduction to Comparative Biochemistry;
way.  When all 3 samples are prepared, Baldwin, Ernest, 1949, Cambridge University
place the three tubes in the boiling water Press, New York. .
bath for 7.5 minutes. Remove and cool ’ : ) o
rapidly in cold water until the gontents of .The Chemistry of Living Cells, Downes, H.
the tubes are approxlmately 25° C. " g-, 1962, Harper & Row, Pub., New York, |
R ¢ \
6. When 3 tubes havé cooled, hold them in hap. 1.. t . . -
front of a light source and determine the A Direct Entry to Organic Chemistry, |
Color intensities of the samples. The ‘Read, John, 1959, Harper & Row, Pub., New v
more intense the color, the more stored ~ York. .. . . |
carbohydrate in the sample. . When you " Science for Living: A Report on Progress ‘J
have made your §°l°r determmgtlons, from Agriculture Reséarch, U. S. Depdrtment -«
record this data"an‘ consider the Ques- © of Agriculture, 1974, ,Bulletin No. 363,
tioris for Thought". -/  Washington, D! C. ° X? S ]

:// ‘ A
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are a series of supplementary investigative materials for use in

, secondary science classes, ‘grades 7 - 12. The materials are based on “federal

and private research prograrhs. They are written by secondary science teachers
working with scientists at research facilities throughout the country. Before
being published,
cooperating teachers. , . .
Several times during the year, new SSA's are developed.
notified of-their availability, request that your.name be added to Wordwork's
mailing list.
their- tlasses. -

We hope that you find the Science Study Aid Series a valyable supplement to
your science curriculum. We.welcome you commentsgl the SSA's that you

receive. o . - _ .

Science Study Aids ) ’

Wordworks - - .

po O-tBOX 5106 \. '

Richmond, CA 94805 : .
< 7 ' ' 4

they are tested in the laboratory "and in classrooms of

If you want to be

Because we cannot provide enough copies for students, we have
designed SSA's so that, teachers can easily reproduce the student portion for -



