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ABSTRACT

This technical report provides detailed information on sample

preparation and analysis for structural and non-structural carbohydrates,

iron and chlorophyll in the important marsh plant, ~S artina alterniflora.



INTRODUCTION

The marsh grass ~Sartina elterni flora is the dominant plant

on millions of acres of important salt marshes along the East and Gulf

coasts of the llnited States, Other species of ~Sartina are dominant in

marshes throughout the world. In the course of our studies on the

ecology, physiology and biochemistry of ~S artina, we have employed

several techniques for chemical anal ysi s.

The analytical methods have been modified from published procedures,

but most of the techniques of field sampling and sample preparation have

been devised in our laboratory.



TOTAL NONSTRUCTURAL CARBOHYDRATES

Plants in the subfamily Eragrostoideae, which includes the genus

Spartina, generally store starch, although most grasses store
fructans  Bonner and Yarner, 1965! . Methods of analysis for non-

structural carbohydrates depend upon which type of product is

stored. Fructans are readily soluble in water and easily hydrolysed

to monosaccharides. Starch is composed largely of amylopectin

 approx. 70".! which is insoluble in water and requires enzymatic

hydrolysis to monosaccharide moieties  Smith, Dale, 1968!. A

combination of the two methods results in a measure of Total Non-

structural Carbohydrates  TNC!. Two steps are necessary:  I! The

extraction of TNC, using an enzyme solution, and �! the actual

analysis for sugars  reducing power!. The method of analysis of
reducing power given herein is adequate for any solution containing

less than 2 mg. sugar per 10 ml. Any suitable test for reducing

power can be substituted for the one presented here.

Step 1 - 'I'he TNC Extraction

A. Sample Preparation

Spartina is extremely variable in nature, and a sampling
program should take this into consideration. If, for
example, leaves are to be measured for TNC content, leaves

from five or more plants scattered over the sample area

should be mixed thoroughly and subsamples of the resultant

mixture used for the analysis. Plants should be selected

and dried as soon as possible at 100'  for one hour to de-

nature the respiratory enzymes and prevent loss of carbo-

hydrates due to respiration. However, drying beyond an

hour at 100'C can result in loss of carbohydrates, so it

is important that samples be transferred after one hour

to an oven at 70'C until dry  generally twenty-four hours!.

Dried samples should be ground in a Wiley Mill to pass a

20-40 mesh screen and stored in sealed bottles under

refrigeration.



B, Reagents

l. Acetate buffer  ph = 4.45!. Mix 3 vol~mes of 0.2N

acetic acid with 2 volumes 0.2N sodium acetate. Add

a small amount of thymol to prevent rnicroorganisrn

growth and store in a brown glass bottle.

a. 0.2N acetic acid. Dilute 11.45 rnl glacial

acetic acid to 1 liter with distilled water.

h. 0.2N sodium acetate. Dissolve L6.4 g anhydrous

sodium acetate in distilled water and bring up

to 1 liter.

2. 0,5", takadiastase solution. Commercial takadiastase

preparations were obtained through Fisher Scientific Co.

Add 5 g to 1 liter of distilled water and .5 g thymol.

Filter this solution through Whatman No 40 paper and store

in a dark bottle under refrigeration. Activity will be

limited to approximately six weeks. We have found it con-

venient to make up the solution fresh before each analysis

by adding .5 g of enzyme/100 ml water and using directly.

3. 10". neutral lead acetate. 10 g neutraL lead acetate

 PbAc2 . 3H20!/100 ml distilled water,

C. Extraction

1. Weigh out 200 to 300 mg of dried, ground sample into a clean,

dry Frlenmeyer flask,

2. Add 15 ml distilled water and boil on a hot plato for one to

two minutes. Include a flask with distilled water only. This

flask will be used later as an enzyme blank.

3. Cool to room temperature.

4. Add 10 ml of ph 4.45 buffer and exactly 10 ml of enzyme

solution. It is important that the samples be at room

temperature as higher temperatures may denature the enzymes.



5. Stopper the flask or cover with parafilm and incubate

at 38'C for forty-four hours.

6. Filter samples through Whatman 41 paper into a 100 ml

volumetric flask. Rinse the Erlenmeyer flasks several

times with distilled water. Add 2 ml of 10'; lead acetate

to each volumetric flask and dilute to thc mark with

distilled water.

7. Mix well and decant about 30 ml of the solution into a

50 ml centrifuge tube. Centrifuge at medium speed for

five minutes.

8. Decant into a 50 ml Erlcnmeycr flask containing approx-

imately 100 mg of powdered potassium oxalate. Cover the

flask with parafilm  or stopper! and refrigerate overnight.

9. Filter the solution through Whatman ~42 paper into a small

Erlenmcyer without washing.

10. Pipette 10 ml of the filtrate into a 25 x 200 mm test tube.

Add 1 ml of 1.0 N H2S04 and heat in a boiling water hath

for fifteen minutes, Cool the test tube and add 1 ml of

1.0 N NaOH. The sample is now ready for analysis of reducing

power.  See reagents for analysis of reducing power for

directions for 1.0 N H2S04 and 1.0 N NaOH.!

Step 2 � Analysis of Reducing Power

A, Reagents

1. Reagent "50." Dissolve 25 g of anhydrous sodium carhonate

and 25 g of sodium potassium tartrate  Rochellc Salt! in

about 600 ml distilled water. Add 75 ml of a 10". copper

sulfate  CuS04 . 5H20! solution  K/V! through a long-stemmed

funnel below the surface of the solution. Add 20 g of

sodium bicarbonate, 1 g of potassium iodide, and 200 ml of

potassium iodate solution �.567 g pure KI03/I!, h/ix the



solution well and pour into a one-liter volumetric f]ask.

Dilute to the mark with distilled water. Store in dark,

glass bottles under refrigeration, and the solution will

will remain stable for months.

2. Potassium iodide � Potassium oxalate solution. Dissolve

2.5 g of each together in 100 ml distilled water. Make a

fresh solution before each analysis.

3. 1,0 N H2S04. Pour 27 ml of concentrated H2504 into a quantity
of distilled water  approximate1y 600 ml! and dilute to 1

liter in a volumetric flask.

4. 1,0 N NaOH. Dissolve 40 g of sodium hydroxide in distilled

water and make up to a liter.

5. Starch indicator. Stir 1 g of soluble starch into 10 to 15 ml

cold distilled water. Heat 100 ml distilled water to boiling

and add 1 g boric acid crystals. Add starch solution and

allow to continue boi1ing for one minute. Coo1 slowly and

store in refrigerator.

6. 0.02 N Sodium thiosulfate.

0.1 N stock solution, Dissolve 25 g of pure sodium

thiosulfate and 1 g of NaOfl in distijled water and

dilute to 1 liter, This solution should he aiiowed

to stand for two to three hours before making the

0,02 N solution.

The strength of the 0.1 V solution may be checked

against 0.1 N potassium dichromate solution. To

prepare the dichromate solution, dissolve 4,9033 g

of K2Cr207 in distilled water and make up to 1 liter.

Add 25 ml of this solution to a one-liter beaker

containing 3 g potassium iodide and dilute to 500 to

600 ml. Add 10 ml of concentrated HC1 and titrate

immediately with the 0.1 N thiosulfate solution. Add



thc starch indicator near thc cnd of the titr;i-

tioii, The cnd point is shown by a color change

from dark blue to iight green iftcr the starch

has been added. If the thiosulfate .is exactly

0. 1 '8, the t itrat ion w i 11 require 25 m 1 . If

less is used, the solution can bc adjusted b>

diluting with distilled water, For example, it

the titration took 24.7 ml, 0.3 ml of water siiould

bc added for every 24., ml solution remaining; i»

this case it would require 0.3 x 975.3/24.. ml of

»atcr,

b, Dilute the 0.1 N sodium thiosulfate solution 1 to

5 to make the 0.02 X»o!ut ioii  i . e. 1 ! ! ml  !, 1   +

400 ml water! .

7. Sugar standard. Dry ASC-gride glucose of fructo»c ifi

petri dish over V>0~ in a dcssi cator. C;irefully tii »»o!~ e

1 g of the sugar in a saturated »olution of beii"oic aiid

in water. Dilute tliis with thc»; turated hen=oic acid

solut ion to 1 1 iter in a vo lumctr ic f la»i . Store i n a

refrigerator and remake cvcrys i x months.

B. Procedure

1. Add 10 ml of reagent "50" dircct1y to the ne itraii=cd »amp!c»

in their 25 x 200 ml test tube», Iriclude an e»=!vie 1>lank. a

reagent "50" blank, and a sugar standard  usual !y 1 mg glucose!

2. Ilcat iri a gently boi ling water hath for f i ftccn minutes.

Cool to less than 30'C in a cool water batii.

Add 2 mi of the potassium iodide-potassium oxalate »olut ion

to each sample,

Add exact ly 10 ml of 1.0 '8 HZS04 to each sample.

b. Rotate thc tubes to disso1ve thc ciiprous oxide and titrate

with 0. 02 8 sodium thiosulfate, using aliout 2 drops of »tarch

indicator pcr sample.



7. Calculate the mg sugar per sample as follows:

Sample Calculations:

Reagent "50" blank t.itration

Enzyme blank titration

9.70 ml

4 75 ml

I mg glucose standard titration 5.55 ml

Unknown TNC titration 3.50 ml

Difference between Reagent "50" and glucose standard � 4,55

Difference between En ymc and Unknown TNC � l.'5

Amount of sugar in sample = 1.0 X 1.25 = .29 mg glucose
1. 35

'n 'I'NC in sample = . 29 mg

Tota] sample wt in grams

II. STRUCTURAL CARBOl/YDRATES

Cellulose is one of the most abundant organic material» in the world.

It permeates everything in modern societ> from wood to fibrcs for

clothing. Spartina maintains a relatively woody stem and underground

easiest to handle. Sampling should be random and rcprcscntativc

of the population, Samples should he dried at 100" ; for one hour

and then 70' until dry  usually twenty-four hours!. After

grinding the samples in a Wiley Mill to pass a 20-40 mesh screen,

they should be stored in sealed bottles until ready for analysis.

rhizomes with structural carbohydrate contents of up to 75"�. Tlic

majority of Spartina photosynthetic production is incorporated directly

into structural moieties to bc released upon the death of the plant

to the detrital food chain  Mclnt ire and Dunstan, 1975!, The following

procedure yields the amount of holocellulose in the plant. This

includes hemi-celluloses, which are sugar» combined with uronic acids,

and cellulose  Routley and Sullivan, 1958!.

A, Sample Method and Preparation

As this is a gravimetric procedure, a large sample would usually

result in less error. Samples of 5 to 10 grams seem to be



B. Reagents

l. Benzene, alcohol solvent 2.5 parts of Benzene to 1 part

ethanol.

2. 0,2 N HC1, Add 8,1 ml of concentrated HC1 to abo«t 600

ml distilled water in a liter volumetric flask. 0ilute

this to I liter with distilled water.

3. Glacial acetic acid.

4. Sodium chlorite, technical grade.

Pepsin,

6. Ether

C. Analysis

1. Fill a soxhlet thimble with a known weight of sample

� to 1,0 g! and place in the extraction apparatus,

2. Extract the sample with a benzene:alcohol mixture I . i:I!

in a soxhlet extraction apparatus for thirty hours.

3. Remove the sample and allow to dry overnight. Spreading

on a watch glass facilitates drying.

4. Oigest the sample with 250 ml of' a I'. pepsin solution in

a 0.1 N HC1 for thirlv hours at 38 C.

5, Filter the mixture through a sintered glass filter and wash

with hot distilled water  approximately 80'C!.

6. Repeat Step 4.

7. Repeat Step 5.

8. In a one-liter beaker, add to the wet residue in order:

625 ml distilled water, 2 ml glacial acetic acid, and 7,5 grams

of sodium chloride. Stir the mixture and cover with a watch

glass. Heat in a water bath at 85'C in a well ventilated hood

as chlorine gas is released.



9. Make three more additions of acetic acid and sodium

chloride at fifteen-minute intervals stirring frequently.

10. Fifteen minutes after the 1«st addition  total time: onc

hour!, cool the mixture to 10 C in an ice bath and filter

on a sintered glass filter.

11. Wash at least six times with ice water  i.e. stir on the

filter with ice water and no suction!

12. Wash the residue with «lcohol and ether and dry in air at

room temperature.

13, Thc weight of the residue i» that of hoincelIulose.

III. IRON

Iron is required in thc electron transport »ystcm of photo,ynthcsis

Lack of iron results in chlorosis and eventual death of the plant.

Some workers have reported that i ron may 1imit SL«rtirra growth

 Adams, 1963! . In the following procedrrre, iron i s extracted from

the ashed plant material with hydrochloric acid and then analy."cd

spectrophotomctrically.

A, Sample preparation

All samples should be cleaned thoroughly before dryi.rrg a» anv

soil and other foreign matter present will >icld false rc»rrlts,

Plant:s should be thoroughly dried at 110'C for twenty-forrr hours

after sampling. After grinding the dried material in «Wi icy Mi 1]

to pass a 20-mesh screen, weigh a sample into a ci can crucible

 usually about 0,50 grams! . Ash the samples in a muffle furnace

at 550'C overnight. Cool and add 5 ml of 50' HC1 to each crucible.

Heat gently on a hot plate at fuming for fifteen minutes. 0o not

heat to dryness. Cool the samples to room temperature «nd f 1 lter

into 100 ml volumetric flask» through Whatman N1 f iltcrs. Rinse

the crucibles and filters five times with warm HC] �:100 HC1:11~0!

and five times with distilled water, Dilute to 100 ml with distilled



water, The samples are now ready for analysis.

B. Reagents

1. 50'; HC1. Add HC1 to an equal amount of distilled water.

2. 1"' HC1. Dilute 2 ml-50" HC1 to 100 ml with disti11ed water.

3. Ferrozine reagent. Ferrozine was obtained from the Hach

Chemical Company. Dissolve 5.14 g of ferrozine and 100 g

hydroxylamine hydrochloride in a small amount of water.

Add 500 rnl of concentrated llC1 and cool to 20 C. Dilute

to 1 liter with iron-free distilled water.

4. Buffer ph 5.5, Dissolve 400 g of arnmoniurn acetate in water

Add 350 ml of concentrated ammonium hydroxide and dilute to

1 liter.

5, Standard solution. Dissolve 1 gram of electrolyt'c iron

in 50 ml of 10'o HZS04, warming if ncccssary to speed up

reaction. Cool and dilute to 1 liter with distilled water.

This results in a solution of 1 mg l-'e/ml.

C. Procedure

Add 2 ml of the sample solution to a 125 ml Frlenrneycr flask and

approximately 45 ml of distilled water. Add 1 ml of the ferrozine

reagent and heat at a boil for ten minutes, When cool, transfer

the solutions quantitatively to 50 ml volumetric flasks and add

1 ml of ph 5.5 buffer. 1!ilute to volume with distilled water and

read the absorbance at 562 nm. Prepare a standard curve with

appropriate standard values from dilutions of the primary standard

and calculate the amount of iron in the sample, The amount of

iron per gram sample is calculated as follows:

mg/1 x 2.5 = rng/g
sample wt in g

Note on glassware: Results are fairly reproducible if cIean glass-

ware is used. AIl glassware should be soaked in a 10'. HCl acid
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bath overnight before use.

2 Standard: Add 10 ml of 1' standard to a 500 ml volumetric

flask.

20 mg Fe/1 = .02 mg Fe/ml

1 ml 2'/50 ml sample = ,4 mg Fe/1

2 ml 2'/50 ml sample = .8 mg Fe/1
etc.

A good set of standards ranges from .2mgFe/ 1 to l.2 mg/ l.

IV. Cj]LOROPHYLL

A. Sample Preparation

The extraction of. chlorophyll from ~h>artina may hc difti toit and
must be thorough to yield quantitative results. Ke have found

that shaking in 50 ml stainless steel, capped tubes on a Burrcll

wrist-type shaker produces the best extraction. Other methods

can be used, but complete extraction must be accomplished.

Samples may bc run on a wet or dry weight basis.  :utting with

scissors into fine pieces before extraction helps insrrre complete

extraction of wet chlorophyll samples. We have found that free=e-

drying causes little or no loss of chlorophyll. Free".e-dried

samples should be ground in a Wiley Mill before extraction i.n the

shaker as the increased surface area will enhance the extract ion,

B. Reagents

90"-o acetone, Add 50 ml distilled water to a 500 ml

volumetric flask. Fill to the mark with acetone and

mix. Due to molecular interaction, the resulting
solution may not be at 500 ml; in which case, fill to

the mark again with acetone  probably only 1 or 2 m]s!
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C. Procedure

1, Place a weighed amount of sample  wet or dry! into the

shaker tube along with two stainless steel balls approx-

imately 1/4" in diameter and 10 ml of 90"; acetone,

2, Tighten top on tube and »hake for five minrrtes.

3. After shaking, remove the steel balls with tweezers and rinse

off into the tube  a squeeze bottle with 90'-. acetone work»

well for this purpose!,

4. Centrifuge in the steel tubes for five minutes at medium speed.

5. Pour off the supernatant into screw-capped, 50 ml centrifuge

tubes and place in the dark with cap on the tube.

6. Add another 10 ml of 90"0 acetone and the steel halls to the

solid residue in the shaker tubes.

7. Shake again for five minute»,

8. Remove steel balls as before and centrifuge again,

9. Pour off supernatant into the same 50 ml centrifuge as before,

combining five minute extracts, Make up to a known volume

�5 ml! with 90'. acetone.

10. Centrifuge the screw-capped tubes for five minutes at medium

speed. Check volume and make up to 25 ml if needed.

11. Read the absorption of thc solution at 6630 A and again at

6450 A and be certain to ero each time against a blank of

90'.- acetone. Try to optimi-e thc reading betwccn .1 and 1.0

on the spectrophotometer b> di lrrt ing the solution with 90n

acetone, Generally, if 1 gram of wct ~Sartina leaf i» used,

the final solution will have to be diluted ten times to bring

the reading into the optimal range.

12. Calculate the concentration in mg/ml chlorophyll a and

chlorophyll b from the following equations:

CHL a = 1].65e6630 � 2.14 e6450

CHL b = 4.31e6630 + 19.9~ c6450

Multiply the concentration per milliliter by the total volume

and divide by the weight of sample to find the concentration of

chlorophyll per gram sample.
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Figure 1 illustrates the extraction of both chlorophyli a

and chlorophyll b from freeze-dried material. Shaking for

five minutes as described above removes over 95'-' of the

total chlorophyll, while little or no advantage is gained

from a third shake or by shaking for ten minutes each time

rather than five.

Step 10 is unnecessary if care is taken in pouring off tho

supernatant from the earlier centrifuging. It is necessary <o

know the total volume of final solution to calculate the

chlorophyll concentration/weight of sample.
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