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The Updegraff method is the most widely used method for the cellulose estimation. The main 23 

purpose of this demonstration is to provide a detailed Updegraff protocol for estimation of 24 

cellulose content in plant biomass samples.  25 

 26 

Abstract 27 
Cellulose is the most abundant polymer on Earth generated by photosynthesis and the main load-28 

bearing component of cell walls. The cell wall plays a significant role in plant growth and 29 

development by providing strength, rigidity, the rate and direction of cell growth, cell shape 30 

maintenance, and protection from biotic and abiotic stressors. The cell wall is primarily composed 31 

of cellulose, lignin, hemicellulose and pectin and recently plant cell walls have been targeted for 32 

the second-generation biofuel and bioenergy production. Specifically, the cellulose component of 33 

the plant cell wall is used for the production of cellulosic ethanol. Estimation of cellulose content 34 

of biomass is critical for fundamental and applied cell wall research. The Updegraff method is 35 

simple, robust, and the most widely used method for the estimation of crystalline cellulose content 36 

of plant biomass. The alcohol insoluble crude cell wall fraction upon treatment with Updegraff 37 

reagent eliminates the hemicellulose and lignin fractions. Later, the Updegraff reagent resistant 38 

cellulose fraction is subjected to sulfuric acid treatment to hydrolyze the cellulose homopolymer 39 

into monomeric glucose units. A regression line is developed using various concentrations of 40 

glucose and used to estimate the amount of the glucose released upon cellulose hydrolysis in the 41 

experimental samples. Finally, the cellulose content is estimated based on the amount of glucose 42 

monomers by colorimetric anthrone assay.  43 

 44 
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Cellulose is the primary load-bearing component of cell walls, which is present in both primary 46 

and secondary cell walls. The cell wall is an extracellular matrix that surrounds plant cells and is 47 

primarily composed of cellulose, lignin, hemicellulose, pectin and matrix proteins. Approximately 48 

one third of plants biomass is cellulose1 and it plays significant roles in plant growth and 49 

development by providing strength, rigidity, rate and direction of cell growth, cell shape 50 

maintenance, and protection from biotic and abiotic stressors. Cotton fiber contains 95% cellulose2 51 

content while trees contain 40 to 50% of cellulose depending on the plant species and organ types3. 52 

The cellulose is composed of repeating units of cellobiose, a disaccharide of glucose residues 53 

connected by β-1,4 glycosidic bonds4. Cellulosic ethanol is produced from the glucose derived 54 

from the cellulose present in the plant cell walls5. Cellulosic fiber is made up of several micro 55 

fibrils in which each micro fibril acts as core unit with 500-15000 glucose monomers1,6. The 56 

cellulose homopolymer is synthesized by plasma membrane embedded cellulose synthase 57 

complexes (CSC’s)1,7. Individual cellulose synthase A (CESA) proteins synthesize glucan chains 58 

and the adjacent glucan chains are connected by hydrogen bonds to form crystalline cellulose1,8. 59 

Cellulose exists in several crystalline forms with two predominant forms, cellulose Iα and cellulose 60 

Iβ as native forms9. In higher plants, cellulose exists in cellulose Iβ form while lower plant 61 

cellulose exists in Iα form10,11. Overall, the cellulose plays a significant role in imparting strength 62 

and rigidity to the plant cell walls. 63 

 64 

First generation biofuels are primarily produced from corn starch, cane sugars, and beet sugars, 65 

which are food sources, while second-generation biofuels are focusing on the biofuel production 66 

from non-food plant biomass cell wall material12. Accurate estimation of crystalline cellulose 67 

content is not only important for fundamental research on cellulose biosynthesis and cell wall 68 

dynamics but also for applied biofuel and bio products research. Various methods have been 69 

developed and optimized for estimation of cellulose in the plant biomass, and the Updegraff 70 

method is the most widely used method for cellulose estimation. The first reported method for 71 

cellulose estimation was by Cross and Bevan in 190813. The method was based on the principle of 72 

alternate chlorination and extraction by sodium sulphate. However, the cellulose obtained by the 73 

original as well as modified protocols of Cross and Bevan method showed contamination of small 74 

fractions of lignin in addition to a substantial amount of xylans and mannans14. Despite several 75 

modifications to remove lignin and hemicelluloses from the cellulose fraction, the Cross-Bevan 76 

method retained a considerable amount of mannans along with cellulose. Later, Kurschner’s 77 

method was developed by employing nitric acid and ethanol to extract cellulose15. This method 78 

stated that total lignin and 75% of pentosans were removed but the true cellulose results were the 79 

same as those estimated by chlorination method of Cross and Bevan. Another method (Norman 80 

and Jenkins) was developed by employing methanol-benzene, sodium sulphate, and sodium 81 

hypochlorite to extract cellulose16. This method also retained some fraction of lignin (3%) and 82 

significant amounts of pentosans leading to in accurate estimation of cellulose. Later, Kiesel and 83 

Semiganowsky used a different approach to hydrolyze cellulose using 80% concentrated sulfuric 84 

acid, and the hydrolyzed reduced sugars were estimated by Bertrand’s method17. The two methods, 85 

Waksman’s and Stevens18 and Salo14,19 which were developed based on Kiesel and 86 

Semiganowsky’s method, also yielded 4-5% less cellulose content compared to earlier methods20.  87 

 88 

The Updegraff method is the most widely used method for the estimation of crystalline cellulose 89 

content. This method was first described by Updegraff for the measurement of cellulose in 196921. 90 

The Updegraff method integrates the Kurschner method (use of nitric acid), Kiesel and 91 



Seminowsky methods (hydrolysis of cellulose into glucose monomers using sulfuric acid) with 92 

some modifications, and the anthrone assay of Viles and Silverman for simple colorimetric 93 

estimation of glucose and crystalline cellulose content22. The principle of this method is the use of 94 

acetic acid and nitric acid (Updegraff reagent) to eliminate hemicellulose and lignin from the 95 

homogenized plant tissues, which leaves acetic/nitric acid resistant cellulose for further processing 96 

and estimation15. The acetic/nitric acid resistant cellulose is treated with 67% sulfuric acid to break 97 

the cellulose into glucose monomers and the released glucose monomers are estimated by anthrone 98 

assay21,23. Several modifications of the original Updegraff method were used to simplify the 99 

procedure and cellulose estimation by anthrone assay24. Broadly, this method can be divided into 100 

five phases. In the first phase, the plant material is prepared. In the second phase, the crude cell 101 

wall is separated from the total biomass, as cellulose is the key component of plant cell walls. 102 

Later, in the third phase, the cellulose is separated from the non-cellulosic cell wall components 103 

by treating with Updegraff reagent. In the fourth phase, the acetic/nitric acid resistant cellulose is 104 

broken into glucose monomers by sulfuric acid treatment. Sulfuric acid treatment of cellulose 105 

results in formation of 5-hydroxymethylfurfural compounds from the reaction of glucose 106 

monomers with sulfuric acid. Finally, in the last phase, the anthrone generates a greenish blue 107 

complex by boiling with the furfural compound generated in the previous phase25. This anthrone 108 

based colorimetric method was first used in 1942 by Dreywood. Anthrone is a dye that identifies 109 

furfural compounds of pentose and hexose dehydrated products such as 5-hydroxymethylfurfural, 110 

under acidic conditions. Reaction with hexose produces an intense color and better response 111 

compared to pentoses25. The amount of bound glucose is measured by spectrophotometer 112 

absorbance at 620 nm and the intensity of the greenish blue complex is directly proportional to the 113 

amount of sugar in the sample. The measured absorbance values were compared with a glucose 114 

standard curve regression line to calculate the glucose concentration of the sample. The measured 115 

glucose content was used to estimate the cellulose content of the plant biomass. 116 

 117 

PROTOCOL 118 

 119 

1. Experimental preparation  120 
 121 

1.1. Grind dried plant material into a fine powder. 122 

 123 

1.2. Protein Solubilization Buffer (PSB): Prepare stock solutions of 1 M Tris (pH 8.8), 0.5 M 124 

ethylenediaminetetraacetic acid (EDTA) (pH 8.0) and autoclave them. Make fresh PSB buffer 125 

from these stock solutions with final concentrations of 50 mM Tris, 0.5 mM EDTA and 10% 126 

sodium dodecyl sulfate (SDS) in sterile water. 127 

 128 

1.3. Prepare 100 mL of 70% ethanol (v/v): 70 mL of 100% ethanol and 30 mL of sterile water. 129 

 130 

1.4. Prepare 100 mL of methanol: chloroform in a 1:1 ratio (50 mL methanol and 50 mL 131 

chloroform). 132 

 133 

1.5. Prepare 82.5 mL of Updegraff reagent. Add 75 mL of 80% acetic acid to 7.5 mL of nitric 134 

acid so that the ultimate ratio of water: acetic acid: nitric acid is in 2:8:1 (v/v). To prepare 80% 135 

acetic acid, dissolve 80 mL of glacial acetic acid in 20 mL of sterile water (v/v). 136 

 137 



1.6. Prepare a fresh stock of 1 mg/mL glucose solution. Dissolve 10 mg of glucose in 10 mL of 138 

water (w/v).  139 

 140 

1.7. To prepare 100 mL of 67% sulfuric acid (v/v), add 67 mL of concentrated sulfuric acid to 141 

33 mL of water. Always use a glass bottle and add acid slowly to the water. This step is exothermic 142 

(releases heat). Hence, prepare this solution on ice and cool in the refrigerator for at least 2 hours 143 

before use.  144 

 145 

1.8. Prepare fresh 0.2% anthrone (w/v) for each batch of experimental samples. Weigh 0.2 g of 146 

anthrone and dissolve in 100 mL of pre-chilled concentrated sulfuric acid in a glass bottle wrapped 147 

with aluminum foil. Keep in refrigerator for 1-2 hours before use.  148 

 149 

NOTE: Pre-chilling concentrated sulfuric acid in the refrigerator on the day of the experiment, and 150 

fresh preparation of anthrone helps is highly recommended for accurate estimation of glucose 151 

content.  152 

 153 

2. Preparation of plant biomass material 154 

 155 
2.1. Collect plant biomass samples from 2-month-old cotton experimental lines grown in the 156 

greenhouse with the same growth conditions, the same development stage, the same position of 157 

the plants and the same type of tissue (leaf/stem/root).  158 

 159 

NOTE: Collect a minimum of three biological replicates for each sample. Wash them thoroughly 160 

with water to remove all the dirt from the root tissue. 161 

 162 

2.2. Air-dry root tissue for 2 days on paper towels at room temperature to remove the moisture 163 

content (Figure 1). 164 

 165 

NOTE: Air-dry desired tissue for cellulose estimation to prevent any fungal contamination. 166 

 167 

2.3. Place the root samples into individual containers. Then label and dry them in the incubator 168 

at 49 °C for 10 days (Table of Materials).  169 

 170 

NOTE: Alternatively, a freeze dryer can be used to dry the plant tissue in less time (1 or 2 days) 171 

without causing any chemical changes to the plant biomass material. 172 

 173 

2.4. Cut the dried samples into small pieces, freeze them in liquid nitrogen, and grind into 174 

uniform fine powder by using a mortar and pestle, a freezer mill, or a biomass grinder (Figure 1).  175 

 176 

NOTE: The freezer mill was used at a rate of 10 cps for 3 cycles. 177 

 178 

2.5. Collect the grounded tissue (Figure 2) and proceed with the cell wall extraction. 179 

 180 

NOTE: The process can be paused at this point by storing the samples in airtight containers at 181 

room temperature. 182 

 183 



3. Extraction of crude cell walls from plant biomass 184 

 185 
NOTE: The plant cell walls contain cellulose, lignin, non-cellulose components, pectin, matrix 186 

proteins, phenolic compounds, and water26. Since cellulose is present in cell walls, the first step is 187 

to separate cell wall component from non-cell wall components of the plant biomass26. 188 

 189 

3.1. Label and weigh individual blank 2 mL tubes before starting the cell wall extraction 190 

process. 191 

 192 

3.2. Make a note of empty tube weights in a lab notebook before proceeding further. 193 

 194 

3.3. Weigh 20 mg of powdered tissue from step 2.5 and transfer it to pre-weighed 2 mL tubes 195 

and label them. 196 

 197 

3.4. Add 1 mL of protein solubilization buffer (PSB) (50 mM Tris hydrochloride (HCl) buffer 198 

pH 8.8, 0.5 mM EDTA, and 10% sodium dodecyl sulfate (SDS) to solubilize proteins. Vortex and 199 

centrifuge at 25,200 x g for 5 min at room temperature (RT). After centrifugation, discard the 200 

supernatant and save the pellet.  201 

 202 

NOTE: The supernatant can be saved if protein component needs to be analyzed. 203 

 204 

3.5. Repeat step 3.4 two more times.  205 

 206 

3.6. To the retained pellet, add 1 mL of distilled water and vortex. Centrifuge at 25,200 x g for 207 

5 min at room temperature (RT) and remove the supernatant.  208 

 209 

3.7. Repeat step 3.6 two more times. 210 

 211 

3.8. Add 1 mL of 70% ethanol to the saved pellet, vortex and heat it at 70 °C for 1 h in a water 212 

bath/heat block to remove soluble components and starch from the samples. Vortex and centrifuge 213 

at 25,200 x g for 5 min at RT. Discard the supernatant and save the pellet. 214 

 215 

3.9. Repeat step 3.8 one more time. 216 

 217 

3.10. To the pellet add 1 mL of 100% methanol and vortex. Centrifuge at 25,200 x g for 5 min 218 

at room temperature (RT) and remove the supernatant.  219 

 220 

3.11. Add 1 mL of chloroform/methanol (chloroform and methanol in 1:1 ratio) to the pellet and 221 

vortex. Centrifuge at 25,200 x g for 5 min at RT and remove the supernatant. The addition of 222 

methanol and chloroform solvent solubilizes and removes the lipid fraction from the biomass27. 223 

 224 

3.12. To the pellet, add 1 mL of 100% acetone and vortex. Incubate at room temperature for 5 225 

min. Centrifuge at 25,200 x g for 5 min at RT and remove the supernatant. Acetone removes 226 

pigments such as chlorophyll and free fatty acids from the biomass28,29. 227 

 228 

3.13. Dry the pellet at 37 °C overnight or proceed further by vacuum drying. 229 



 230 

NOTE: The dried pellet is the crude cell wall used for crystalline cellulose estimation. The process 231 

can be paused at this point or proceed further using vacuum drier for drying samples.  232 

 233 

4. Treatment with Updegraff reagent (acetic and nitric acid) to remove non-cellulosic 234 

components 235 

 236 
NOTE: The protocol involves use of acids and other chemicals. Wear personal protective 237 

equipment (PPE) throughout the process.  238 

 239 
4.1. Measure 5 mg of the dried crude cell wall pellet into a fresh 2 mL screw capped tube. Note 240 

the exact weight (Figure 3)30. 241 

 242 

4.2. Include a positive control at this point. Use 2 mg of filter paper (Table of Materials) as a 243 

positive control that yields 80% cellulose content. 244 

 245 

4.3. Add 1.5 mL of the Updegraff reagent to the weighed 5 mg of cell wall extract and positive 246 

control. Mix by vortexing.  247 

 248 

NOTE: The positive control should be processed in the same way as the experimental samples 249 

from this step onwards. This step should be carried out in the fume hood with proper personal 250 

protective equipment (PPE). 251 

 252 

CAUTION: This step should be carried out in screw cap tubes to prevent splashing of sample and 253 

popping of the tubes. Three biological replicates of each sample along with three replicates for 254 

positive control should be included. 255 

 256 

4.4. Heat the suspension at 100 °C for 30 min in a boiling water bath and cool on a bench for 257 

10 min. Centrifuge at 25,200 x g for 10 min at RT. Remove the supernatant by centrifugation and 258 

save the pellet.  259 

 260 

NOTE: The waste generated should be collected separately for organic solvents such as sulfuric 261 

acid and Updegraff reagent (acetic acid and nitric acid). Waste with acetic acid and nitric acid 262 

should be kept at cool temperatures with ventilated caps and never mixed with any other organic 263 

solvents and other acids to prevent any explosion.  264 

 265 

4.5. Add 1 mL of water to the pellet. Centrifuge at 25,200 x g for 10 min at RT. Remove 500 266 

µL of the supernatant and add 1 mL of acetone to the tube.  267 

 268 

4.6. Centrifuge at 25,200 x g for 5 min at RT. Remove 1 mL of supernatant, and add 1 mL of 269 

acetone to the tube and centrifuge at 25,200 x g for 5 min at RT. 270 

 271 

4.7. After centrifugation, remove all the supernatant and suspend the pellet in 1 mL of acetone. 272 

Incubate the tubes at room temperature for 5 min and spin at 25,200 x g for 5 min at RT. 273 

 274 

4.8. Discard the supernatant and save the pellet. Dry the pellet at 37 °C overnight (Figure 3). 275 



 276 

NOTE: The process can be paused at this point or continue further using vacuum drier for drying 277 

and proceed to next step. 278 

 279 

5. Hydrolysis of cellulose by acid to produce glucose monomer units 280 

 281 
5.1. Add 1 mL of 67% sulfuric acid to the dried pellet. Vortex to mix the pellet completely in 282 

the acid.  283 

 284 

5.2. Shake tubes at room temperature for 1 h to dissolve the cellulose pellet in 67% sulfuric 285 

acid.  286 

 287 

NOTE: As an alternative, solubilization of the cellulose pellet in 67% sulfuric acid can be 288 

improved by sonication of each sample for 10 min after 30 min of incubation in the shaker. After 289 

sonication, samples can be re-incubated in the shaker at RT. However, we observed complete 290 

solubility of cellulose pellet without sonication when we start with 5 mg of crude cell wall extract 291 

(Figure 3). This procedure worked well for various plant biomass samples3. 292 

 293 

6. Measuring glucose content by the anthrone assay and estimation of cellulose content 294 
 295 

6.1. At this stage, the cellulose is in the form of free glucose monomers. Determine the amount 296 

of cellulose by measuring the amount of glucose present in the sample by spectrophotometry. 297 

 298 

6.2. Take 10 μL of the sample from the step 5 and add it to 490 μL of sterile distilled water to 299 

make a dilution of each sample to 500 μL. Vortex the diluted mixture of sample and water for 10 300 

seconds. 301 

 302 

6.3. Add 1 mL of 0.2% freshly prepared anthrone reagent to each tube and mix immediately by 303 

vortexing. 304 

 305 

6.4. Boil samples at 100 °C for 10 min and cool the tubes on ice for 5 min. Transfer 200 µL of 306 

each sample in three wells of a 96 well plate. Load the 96 well plate into a spectrophotometer to 307 

measure the absorbance at 620 nm. 308 

 309 

NOTE: For boiling at high temperature, use screw-capped tubes to prevent splashing of harmful 310 

chemicals and to avoid loss of samples.  311 

  312 

7. Preparation of glucose standard curve 313 
 314 

7.1. To prepare glucose standard, make a fresh stock of 1 mg/mL glucose by dissolving 10 mg 315 

of glucose in 10 mL of sterile distilled water. Add this stock solution of 1 mg/mL in 20 µL 316 

increments (0, 20, 40, 60, 80,100,120,140, 160, 180 μL) to sterile distilled water (total volume 1 317 

mL) to prepare glucose standards ranging from 0 µg to 180 µg/mL concentrations (Figure 3). 318 

Vortex each glucose standard after adding sterile water. 319 

 320 



7.2. From these 10 different concentrations, aliquot 500 μL of each glucose concentration into 321 

a fresh 2 mL screw capped tube.  322 

 323 

7.3. Add 1 mL of freshly prepared 0.2% anthrone to each tube and mix immediately by 324 

vortexing. Incubate on ice and boil at 100 °C for 10 min followed by incubation on ice for 5 min23.  325 

 326 

7.4. Transfer 200 µL of each standard to three wells in a 96 well micro titer plate for three 327 

technical replicates and measure the absorbance at 620 nm (Figure 3).  328 

 329 

7.5. Develop a standard glucose curve by plotting different glucose concentrations (0 to 180 330 

µg/mL) against normalized absorbance values at 620 nm (Figure 7). Use the regression line Y= 331 

mx+c generated from the absorbance values to calculate the cellulose content in the prepared 332 

samples. 333 

 334 

NOTE: Glucose standards must be freshly prepared for each set of experiment. The concentration 335 

of the glucose should be increased if the OD values are too high/ low so that these values fall 336 

within the range of the standard curve absorbance values. The regression line generates different 337 

m and c values based on the glucose standards used for each batch of samples. Mix tubes 338 

immediately after the addition of anthrone23. Anthrone, diluted samples and prepared standards 339 

were always kept cold until the anthrone assay was performed because of the exothermic nature 340 

of this reaction. 341 

 342 

REPRESENTATIVE RESULTS 343 
Cotton plants grown in the green house were selected for this study. Two different experimental 344 

lines of cotton were selected for comparative analysis of cellulose content. For each experimental 345 

line, the root tissue was collected from three biological replicates. A total of 500 mg of tissue was 346 

homogenized and 20 mg of it was used for crude cell wall extraction. Later, 5 mg of crude cell 347 

wall extract was used for Updegraff reagent treatment to remove hemicellulose and lignin from 348 

cellulose. The purified cellulose was hydrolyzed by sulfuric acid treatment to break down the 349 

cellulose into glucose units. The results of absorbance readings at 620 nm (Supplementary Table 350 

1) were used to measure glucose concentration and estimate cellulose content by the anthrone 351 

assay. The average absorbance values of three technical replicates were normalized by subtracting 352 

the blank absorbance value of the 0 µg glucose concentration. The glucose standard curve was 353 

generated using a scattered bar graph (Figure 4).  354 

 355 

The resultant regression line, y = mx + c from this standard curve, is used to calculate an unknown 356 

glucose concentration in the extracted test samples using the normalized absorbance readings. To 357 

calculate x (the unknown glucose concentration in µg/µL), the formula (x = normalized 358 

absorbance-c/m) was used. The c and m values from regression line of standard glucose curve (R2 359 

= 0.99) were used to measure the glucose concentration in µg/µL. Then this value is divided by a 360 

dilution factor of 2 as the final volume is 500 µL and further divided by a 10 µL sample volume 361 

to measure the glucose concentration in µg/µL. Since the calculated value is for 5 mg of cell wall 362 

extract, it is further divided by 5 or with the respective crude cell wall weight used for each 363 

experimental sample to get glucose concentration per mg. The value is further divided by 1.1 to 364 

compensate for the water gained in the process of hydrolysis (glucose has a molecular weight of 365 

180 and a water molecule has a molecular weight of 18 and hence the water generated in the 366 



process of releasing glucose monomers was removed by dividing the moisture factor, 1.1). The 367 

resultant value will be multiplied by 100 to calculate the crystalline cellulose content in percentage 368 

(Supplementary Table 1).  369 

 370 

The results of the cellulose content show that they are consistent among the biological replicates, 371 

suggesting the technical accuracy of the Updegraff method. Further, the differences were plotted 372 

using 2D graphs. These results showed the cellulose content differences in the compared 373 

experimental sample numbers 1 and 2 (Figure 4). Sample 1 shows 43.4% while sample 2 shows 374 

28.12%, suggesting that this method can distinguish differences between the experimental 375 

samples. A Student t-test was applied at 95% significance level to test their significant differences. 376 

 377 

Figure 1: Preparation of cotton plant biomass for cellulose content estimation in roots. (A) 378 

Greenhouse grown plants were gently pulled from the soil and thoroughly washed with water. The 379 

plant root tissue was separated, kept on the paper towels and allowed to air dry for 2 days. (B) 380 

Then the root tissue was transferred to individually labeled containers and allowed to dry in the 381 

incubator at 49 °C for -10 days. (C) The dried tissue was cut into small pieces, frozen in liquid 382 

nitrogen, loaded in the grinding vials, and grounded into fine powder using freezer mill. (D) Finely 383 

grounded tissue powder collected in the 50 mL tube.  384 

 385 

Figure 2: Flow chart of the main steps involved in the Updegraff method. (A) Pictorial 386 

representation of key steps in the protocol. (B) Explains critical steps that was shown in panel (A). 387 

 388 

Figure 3: Preparation of different concentrations of glucose for the standard curve. (A) 389 

Prepare the stock solution of glucose by dissolving 10 mg of glucose in 10 mL of sterile distilled 390 

water so that the final concentration of the stock is 1 mg/mL. Add stock solution of 1 mg/mL 391 

glucose in 20 µL increments to a final volume of 1 mL with sterile distilled water to prepare 392 

different concentrations of glucose from 0 μg to 180 μg/mL. (B) Table showing amount of 1 393 

mg/mL glucose and sterile distilled water to be added to make different concentrations of glucose. 394 

 395 

Figure 4: Glucose standard curve generated using absorbance values of different glucose 396 

concentrations at 620 nm. (A) Table showing different concentrations of glucose ranging from 0 397 

to 180 µg/mL with the respective normalized absorbance values at 620 nm. (B) Glucose standard 398 

curve generated using a scatter chart from the absorbance values (A). (C) Bar graph showing 399 

crystalline cellulose content differences in the experimental samples 1 and 2. 400 

 401 

Supplementary Table 1: Estimation of cellulose content in the experimental samples.  402 
 403 

Discussion 404 
Cotton fibers are natural fibers produced from the cottonseed. Cotton fiber is a single cell with 405 

~95% cellulose content2 with high crystalline cellulose content with extensive applications in 406 

textile industry31. As, cotton fiber contains ~95% cellulose, we have used cotton root tissues for 407 

demonstration for the estimation of crystalline cellulose content. Cotton root tissues are moderately 408 

rich in crystalline cellulose content and represents a commonly available plant biomass. The 409 

amount of total cell wall required for the crystalline cellulose content is only 5 mg and hence this 410 

method can be employed for estimating crystalline cellulose content in different developmental 411 

stages/tissue specific cellulose estimation. The percentage of sulfuric acid (67%) also plays a 412 



critical role in breaking cellulose into glucose monomers and dissolving cellulose completely23 413 

without a need for sonication. Sample loss is common after the Updegraff treatment as the 414 

crystalline cellulose pellet is not solid at the bottom of the tube at different steps in the estimation 415 

process. This can be minimized by removing small volumes of supernatant in each step of water 416 

and acetone washes after Updegraff treatment. Further, immediate vortexing of the sample and the 417 

standards with anthrone plays significant roles in color development and increased accuracy of the 418 

standards, leading to 99.5% coefficient of determination (R2) values (Figure 3). The glucose 419 

standard curve is key in determining the glucose concentration, which in turn is used to estimate 420 

the crystalline cellulose content. Hence, the concentrations of the glucose can be adjusted 421 

according to the required range of concentrations. Depending on the range of values to fit the 422 

experimental values, the standard curve can range from 0 to 100 µg/mL or 0 to 200 µg/mL up to 423 

1000 µg/mL concentrations of glucose; this further changes the regression values c and m, 424 

improving the accuracy of crystalline cellulose estimation. It is important to always make fresh 425 

0.2% anthrone for both samples and as well as for the standard. R-square, a statistical 426 

measurement, represents the variability of all data points on the regression line. It is important to 427 

boil both standards and samples after adding anthrone for the same amount of time. It is always 428 

important to include a positive control with a known cellulose content. For effective data 429 

reproducibility, the entire procedure must be followed accurately including solution preparation 430 

(standards, standard curve and Updegraff reagent).  431 

 432 

Recently, cellulose is explored for non-textile applications such as cellulosic aerosols, computer 433 

parts and cellulosic ethanol32,33; hence, this method will have wide applications in the future. 434 

Scientific advancement is made through incremental progress in understanding concepts, 435 

proposing alternative hypotheses and providing/disproving the existing knowledge. Similar 436 

progress can be seen in the development of a reliable method for the estimation of cellulose content 437 

in the plant biomass. The cell wall is a complex matrix and the Updegraff method eliminates non-438 

cellulose fractions from pure cellulose in a sequential manner, leading to accurate estimation of 439 

the cellulose content in the plant biomass. Further, the simple colorimetric method developed for 440 

the estimation of cellulose content by measuring the glucose concentration made this method 441 

highly adaptable and widely used. In the current study, the cellulose data was consistent among 442 

different biological replicates of the samples collected from a single line. Thus, it suggests that the 443 

data produced by this method is consistent, reliable, reproducible, and easy to measure the 444 

cellulose content by simple colorimetric assay.  445 

 446 
The Updegraff method is the most widely used method for the cellulose estimation. With recent 447 

expansion of the industrial application of cellulose such as food, wood, paper, fibers, biofuels, 448 

clothes, cosmetic and pharmaceuticals, accurate estimation of cellulose content of the plant 449 

biomass is crucial for various applications. Though this is the most widely used method for 450 

cellulose estimation, it is important to take several precautions to obtain reproducible data. The 451 

biomass samples should be ground to the same size to obtain precise and reproducible estimation 452 

of the cellulose content. Care should be taken while generating the glucose standard curve. Glucose 453 

standards used for the glucose standard curve preparation should be increased or decreased based 454 

on the sample absorbance readings so that the unknown concentrations fall within the range of 455 

glucose concentrations that are used to prepare the standard curve. If not, m and c values might 456 

vary, resulting in the inaccurate estimation of crystalline cellulose content. Fresh preparation of 457 



0.2 % anthrone for each batch of samples is another critical step of the Updegraff method. It is 458 

essential to use freshly prepared 0.2 % anthrone for the accurate estimation of the cellulose content.  459 

 460 
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Plant biomass drying and powder preparation

Extraction of crude cell wall fraction

Updegraff treatment to eliminate hemicellulose and 
lignin from the cell wall 

Acid hydrolysis of the cellulose to release glucose monomers
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Concentration
of glucose

Amount of 
1 mg/mL 
glucose

Sterile water 
to a final 

volume of 1 
mL

0 µg 0 µL 1000 µL 

20 µg 20 µL 980 µL 

40 µg 40 µL 960 µL 

60 µg 60 µL 940 µL 

80 µg 80 µL 920 µL 

100 µg 100 µL 900 µL 

120 µg 120 µL 880 µL 

140 µg 140 µL 860 µL

160 µg 160 µL 840 µL 

200 µg 200 µL 800 µL 

0 µg 0 µL 1000 µL 

0 µg 200 µg180 µg160 µg140 µg120 µg100 µg 20 µg 40 µg 60 µg 80 µg

1 mg/mL 
glucose stock

Add 1 mL of 0.2 % Anthrone to each  concentration 
of glucose.

Boil at 100 0C for 10 minutes, cool on ice for 5 min. Read absorbance at 
620 nm and plot scattered plot in Excel program.

Add 1 mg/mL of glucose in 20 µL increments + water to 
1 mL final volume

0.2 % 
Anthrone 
solution

For glucose standard curve

Glucose standards: Take 500 μL of all prepared 
standards  in screw capped tubes.
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Table S.1. Estimation of cellulose content in the experimental samples

Name of the sample Biological rep.
OD( average of three technical 

replicates)

Sample 1 R1 0.4895

R2 0.59021

R3 0.4731

Sample2 R1 0.3518

R2 0.346

R3 0.245

Positive R1 0.1604

R2 0.158

R3 0.1858

Expt. sample 1

45.20055857

1.061445555

35

40

45

50

Crystalline cellulose content in 

cotton root tissues
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Table S.1. Estimation of cellulose content in the experimental samples

Norm. abs ( Av. OD- 

BlankOD)

Glucose content (ugs), x=OD-c/m (c 

and m values from regression line)

Concentration in 

500 μl

0.3805 66.72413793 33.36206897

0.48121 84.08793103 42.04396552

0.3641 63.89655172 31.94827586

0.2428 42.98275862 21.49137931

0.237 41.98275862 20.99137931

0.136 24.56896552 12.28448276

0.1604 28.77586207 14.38793103

0.158 28.36206897 14.18103448

0.1858 33.15517241 16.57758621

Blank c m

0.109 -0.0065 0.0058

Expt. sample 1 Expt. sample 2

45.20055857 28.52829487

1.061445555 0.748331477

Crystalline cellulose content in 

cotton root tissues



Expt. sample 2



Glucose conc(μg/ul), 

sample used 10 

microliters

Gluc. 

conc(mg/ml)

Cellulose content (mg)/ moisture 

factor 1.1

3.336206897 3.336206897 3.005591799

4.204396552 4.204396552 3.787744641

3.194827586 3.194827586 2.878223051

2.149137931 2.149137931 1.936160298

2.099137931 2.099137931 1.891115253

1.228448276 1.228448276 1.106710158

1.438793103 1.438793103 1.296210003

1.418103448 1.418103448 1.277570674

1.657758621 1.657758621 1.493476235





Weight of the 

crude cell wall 

extract used

% of crystalline 

cellulose in cell wall

Average 

cellulose 

St.de

v
Norm.dist

6.2 48.47728708

8.8 43.04255274 43.29871572 1.06 1.20111665

7.5 38.37630734

6.8 28.47294556

5.6 33.76991524 28.12568799 0.75 0.84680122

5 22.13420317

2 64.81050016

2 63.87853371 67.7876152 4.88 5.5267986

2 74.67381174 t test

0.0403

t test

0.0403





0.9597

15.173 0.3504



Name of 

Material/Equipment
Company Catalog Number

Acetone Fisher Chemical A18-500

Anthrone Sigma Aldrich 90-44-8

Centrifuge Eppendorf 5424

Chloroform Mallinckrodt 67-66-3

Ethylenediaminetetraaceti

c acid (EDTA)
Sigma Aldrich

6381-92-6

Ethanol Millipore Sigma EM-EX0276-4S

Filter paper Whatman 1004-090

Glacial acetic acid Sigma SKU A6283

Heat block/ 

ThermoMixer F1.5
Eppendorf 13527550

Incubator Fisherbrand 150152633

Measuring Scale Mettler Toledo 30243386

Methanol 100 % Fisher Chemical A412-500

Microplate (96 well)
Evergreen 

Scientific
222-8030-01F

Nitric acid Sigma Aldrich 695041

Polypropylene Microvials 

(2 mL ) / screw capped 

tubes

BioSpec Products 10831

Spectrophotometer(Multi

mode Detector)

Beckmancoulter 

DTX880
1000814

Spex SamplePrep 6870 

Freezer / Mill
Spex Sample Prep 68-701-15

Sulphuric acid J.T.Baker 02-004-382

Sodium dodecyl sulfate 

(SDS)
Sigma Aldrich 151-21-3

Tubes (2 mL) Fisher Scientific 05-408-138

Tris Hydrochloride Sigma Aldrich  1185-53-1 

Ultrapure distilled water Invitrogen
10977

Vacuum dryer (vacufuge 

plus)
Eppendorf 22820001

Vortex mixer Fisherbrand 14-955-151

Waterbath Thermoscientific TSGP02PM05
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Weighing Paper Fisher Scientific 09-898-12A



Comments/Description

Used in the protocol

For colorimetric assay

For centrifugation

Used in the protocol

Used in the protocol

Used in the protocol

Positive control

Used in the protocol

For controlled temperatures

Used for drying plant sample

For specific quantities

Used in the protocol

For anthrone assay

Used in the protocol

For high temperatures

For measuring absorbances

For grinding plant tissues into fine powder

Used in the protocol

Used in the PSB buffer

Used in the protocol

Used in the PSB buffer

Used in the protocol

For drying samples

For mixing

For temperature controlled conditions at specific steps



Used in the protocol



Editorial comments: 
 

Changes to be made by the Author(s) regarding the written manuscript: 

1. No changes are required. 

Thank you very much.  

 

Changes to be made by the Author(s) regarding the video: 

 

1. Text 

00:13 - 00:13 Please place the person caption to the right side of the screen to balance out the 

shot. 

Thank you very much. We moved the caption to the right side of the screen in the revised 

version. 

 

The text manuscript uses x g but the video text and narration use rpm. Please unify the two. 

Thank you very much for the suggestion. We updated with both x g and rpm as used in the 

manuscript. 

 

2. Audio 

There are points where you can hear the narration audio start before the narrator speaks and after 

as well. Meaning, I can hear the background noise when these cuts are being made. The audio 

should be trimmed so when the narrator finishes speaking, the audio is cut out so we don't 

continue to hear the room noise. I've marked all the locations where this happens. You can see it 

in the waveform where these occur: 

01:11 - 01:16, 01:53 - 01:53, 01:55: - 01:56, 02:01 - 02:04, 02:06 - 02:06, 02:10 - 02:11, 02:15 - 

02:19, 02:23 - 02:27, 02:36 - 02:38, 02:42 - 02:44, 02:45 - 02:45, 02:47 - 02:49, 02:52 - 02:53, 

02:57 - 02:58, 02:59 - 03:02, 03:03 - 03:03, 03:07 - 03:08, 03:09 - 03:10, 03:12 - 03:12, 03:13 - 

03:13, 03:20 - 03:22, 03:28 - 03:29, 03:35 - 03:36, 03:38 - 03:39, 03:40 - 03:40, 03:46 - 03:49, 

03:50 - 03:52, 03:56 - 03:59, 04:02 - 04:06, 04:07 - 04:08, 04:12 - 04:13, 04:14 - 04:18, 04:22 - 

04:23, 04:24 - 04:24, 04:27 - 04:27, 04:32 - 04:33, 04:39 - 04:39, 04:42 - 04:44, 04:47 - 04:47, 

04:50 - 04:50, 04:52 - 04:53, 04:57 - 04:58, 05:02 - 05:02, 05:05 - 05:06, 05:15 - 05:16, 05:21 - 

05:21, 05:22 - 05:23, 05:24 - 05:25, 05:31 - 05:31, 05:37 - 05:39, 05:40 - 05:42, 05:45 - 05:46, 

05:49 - 05:51, 05:55 - 05:57, 05:58 - 06:00, 06:03 - 06:06, 06:09 - 06:11, 06:13 - 06:16, 06:17 - 

06:18, 06:22 - 06:26, 06:28 - 06:29, 06:32 - 06:34, 06:35 - 06:37, 06:40 - 06:44, 06:46 - 06:49, 

06:51 - 06:52, :06:53 - 06:55, 06:58 - 07:01, 07:02 - 07:08, 07:11 - 07:16, 07:23 - 07:28, 07:28 - 

07:31, 07:36 - 07:36, 07:43 - 07:43, 07:46 - 07:47, 07:50 - 07:51, 07:54 - 07:55, 08:06 - 08:07, 

08:27 - 08:27, 08:34 - 08:36, 08:38 - 08:39, 08:46 - 08:48, 08:52 - 08:57, 09:03 - 09:04, 09:10 - 

09:11, 09:16 - 09:17, :09:21 - 09:22, 09:26 - 09:29, 09:32 - 09:33, 09:36 - 09:40, 09:42 - 09:44, 

09:45 - 09:47, 09:48 - 09:50, 09:51 - 09:53, 09:54 - 09:56, 10:45 - 10:46, 12:31 - 12:32 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Response to
reviewer comments.docx

https://www.editorialmanager.com/jove/download.aspx?id=1317516&guid=f91a51f9-56a3-4c8a-8bd7-232697513167&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1317516&guid=f91a51f9-56a3-4c8a-8bd7-232697513167&scheme=1


Thank you very much. We have removed the peaks as suggested at different time points of the 

video to remove all background noises. 

 

3. Pacing 

02:16 - 02:16 I noticed you spaced out the audio instead of the trimming the video in order for 

the action to sync with the narration. Please refer back to the previous edit, but instead of spacing 

out the audio, leave the audio the way it was, and move the clip so we can see the powder going 

in. We don't need to see the tube in the left hand being put down on the table, you can cut that 

out with a cross dissolve and go straight to the powder going in. 

Thank you very much. We corrected this pacing issue at 2:16 in the revised version following 

reviewer’s suggestions. 

 

03:53 - 03:53 Please show the tubes going into the centrifuge and the lid closing. 

Thank you very much. We added this step of tubes going into the centrifuge and closing the lid 

in the revised version. 

 

 

4. Composition 

10:48 - 10:48 The figures are way too close to the edge of the screen. Please resize the figures so 

there's more space between the figures and the frame edge. 

Thank you very much for your suggestion. We adjusted the table size so that there is more space 

between table and frame in the revised version. 

 

 

 


