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ABSTRACT 

BACKGROUND: Dehulling and splitting are important elements of the milling process to produce dhal from 

pulses. However, grain that is difficult-to-mill due to tightly adhered seed coats or cotyledons that resist separation 

make it difficult to achieve high quality dhal. Milling yields are reduced, energy inputs into the milling process 

are increased and the resulting dhal can be of poorer quality, chipped or abraded. 

RESULTS: Eight enzyme pre-treatments were chosen based on the hypothesised mechanisms of seed coat and 

cotyledon adhesion established in prior papers. Using a difficult-to-mill chickpea (Cicer arietinum L.) genotype, 

we examined the effects of these pre-treatments, over time, on laboratory scale milling performance and dhal 

quality. We pioneered a texture analyser method to measure the flex of the cotyledons and the force required to 

cleave the cotyledons. The enzyme-induced changes ranged from negative (tough seed coat, weight loss, 

deleterious colour and texture, increased visual damage to cotyledons and increased kibble loss, concave 

cotyledons, increased flex, and changes in taste) to positive (brittle seed coat, increased seed volume, improved 

dehulling efficiency and splitting yield, reduced cotyledon cleavage force, and acceptable dhal quality and taste). 

CONCLUSION: All pre-treatments improved milling performance compared with milling the raw seed, but there 

was considerable variation between them. Two pre-treatments showed no improvement in milling yields 

compared with the water control, and several pre-treatments resulted in unacceptable qualities. Three pre-

treatments, endo-Polygalacturonanase, alpha-Galactosidase and Cellulase, show potential for commercial milling 

applications and could assist pulse millers globally to achieve high quality dhal whilst minimising milling effort. 

 

Key words: grain legume (pulses); dhal (dal) milling; enzyme treatments; dehulling efficiency; splitting yield; 

chickpea (Cicer arietinum L.) 

 



 

 

INTRODUCTION 

Pulses are defined as grain legumes of the Faboideae subfamily that are harvested as dry seeds for human 

consumption. They include species such as dry bean (Phaseolus vulgaris L.), chickpea (Cicer arietinum L.), 

pigeon pea (Cajanus cajan L.) and lentil (Lens culinaris Medik.). Seed coat removal and cleaving of the 

cotyledons via pulse milling produces dhal (dehulled split cotyledons). It is a process that has been performed 

since ancient times and is important for reducing the energy requirements of cooking and improving digestibility 

and palatability.1,2  Pulses are staple foods in diets of most South-East Asian countries, where pulse milling 

techniques have evolved through trial and error over hundreds of years.3  More recently, genetic knowledge and 

mapping of milling quality traits support breeder efforts to improve milling performance in new varieties, 

demonstrating that milling performance remains an important trait in modern pulses.4,5 

Often, pre-treatments in the milling process are used to improve the ease of dehulling and splitting of pulses. 

These usually involve the addition of water and/or oil and subsequent drying prior to the milling process.1,6,7  

Chemical agents investigated previously using laboratory scale mills include sodium bicarbonate, urea, acetic acid 

and alcohol.7-11  

Several researchers have investigated the use of enzymes as milling pre-treatments, particularly for pigeon pea 

which is often difficult to mill. Enzyme pre-treatment was shown to improve pigeon pea dehulling efficiencies.9,12  

More recently, both xylanase and protease pre-treatments improved the milling performance of pigeon pea, green 

and black mungbean (Vigna radiata L. and V. mungo L., respectively) and horse gram (Macrotyloma uniflorum 

Lam.) compared with buffer and oil pre-treatment controls.13  An enzyme solution consisting of 

Xylanase:Pectinase:Cellulase in a ratio of 2:1:1 became a popular pre-treatment for pigeon pea milling in the 

context of optimisation research,14-17  but there is no published evidence supporting the decision on this specific 

enzyme combination over individual enzymes or other combinations. Improvements in dehulling efficiency 

ranged from 2.44% to 13.47% using optimised enzyme pre-treatment conditions compared with the oil pre-

treatment controls. Additionally, the cooking time of the pigeon pea dhal produced by the optimised enzyme pre-

treatment milling method was reduced by 19.77% compared with the oil-control.18  However, no reported research 

has examined the effect of enzyme pre-treatments on the milling performance of chickpea, nor the individual 

effects of a wider range of enzymes on pulse milling. 

Ease-of-milling can vary with pulse species, type and variety.1,19  A desi chickpea breeding line, 9105-33N, was 

identified as a difficult-to-mill genotype compared with other desi chickpea varieties.19  We revealed differences 



 

 

in seed morphology and topography of adjoining cotyledon and seed coat surfaces that may contribute to stronger 

adhesion and thus more difficult separation during milling.20-22  We examined compositional properties of the 

whole seed, seed coat, intermediate fractions and core cotyledon compared with more typical easy-to-mill 

genotypes.23-26  This difficult-to-mill genotype had some significantly higher concentrations of amino acids, less 

starch and more non-starchy polysaccharides within the intermediate fractions of the seed, and differing mineral 

composition with less lignin in the seed coat. These attributes are potential contributors to stronger seed coat 

and/or cotyledon adhesion reducing dehulling and splitting efficiency during milling.25  

The current study was undertaken to examine the effect of a wide range of enzyme treatments on the dehulling 

and splitting performance of a hard-to-mill desi chickpea genotype and the quality of the resulting dhal.  

MATERIALS AND METHODS 

Samples 

We selected a desi chickpea C. arietinum L. genotype (line 9105-33N), which is difficult-to-mill.19  Seed was 

harvested from a genotype evaluation trial grown at Moree, NSW in 2006. The harvested seed was allowed to 

equilibrate to a moisture content of 11-12% in a temperature- and humidity-controlled room, then stored in airtight 

containers at 4oC. 

Sample Preparation 

Seeds were passed over a number of sieves according to method APQ-103: Seed Size Distribution of Pulse 

Seeds.27  The seeds retained between the 6.0 mm and 7.0 mm sieves were collected and visually inspected, and 

any cracked or damaged seeds were discarded. 

Enzyme Solutions 

We chose eight enzymes based on possible adhesive mechanisms evident from previous analytical chemistry and 

microscopy research:20-26 

• Cellulase – targeting cellulose, a major component of the seed coat 

• Xylanase – targeting beta-1,4-xylan in hemicellulose, a major component of the seed coat and cotyledon 

cell walls13,25 

• beta-Mannanase – targeting mannans in plant cell walls  

• alpha-Galactosidase – targeting galactosides or low molecular weight galactans 

• Protease – targeting proteins, microscopy suggested there may be protein in some of the tissue junctions21 



 

 

• endo-Polygalacturonanase – targeting pectic polysaccharides, which have been implicated in the 

adhesive mechanism25 

• DepolTM 740 – targeting ferulic acid; phenolic compounds move from the cotyledon to the seed coat 

during seed development and are components of plant cell walls and could therefore be involved in 

adhesion 

• DepolTM 692L – targeting cellulose and ferulic acid which are major components of the seed coat25 

Six enzymes were purchased from Megazyme International Ireland Ltd (Wicklow, Ireland): β-mannanase (EC 

3.2.1.78), endo-polygalactosidase (EC 3.2.1.15), α-galactosidase (EC 3.2.1.22), xylanase (EC 3.2.1.8), cellulase 

(EC 3.2.1.4) and protease (EC 3.4.21.14). The remaining two enzyme mixtures were obtained from Biocatalysts 

(Wales, UK): DepolTM 740 (cellulase and β-glucanase) and DepolTM 692L (fungal pectinases, cellulase and 

pentosanases). Each enzyme solution was prepared fresh each day by adding 500 Units to 1.5 L purified water 

and then adjusted to pH 4.5 with glacial acetic acid.  

Enzyme Pre-treatment 

Traditional chickpea milling can use either a wet method (soaking) or a dry method (tempering).1  We chose the 

wet method to maximise seed exposure to the enzymes. Seed was weighed (120 g) into each of six nylon mesh 

bags. All six bags were simultaneously placed into the enzyme solution (pre-warmed to 45oC). One mesh bag and 

a sample of the enzyme solution (50 mL) were removed at 30, 60, 90, 120, 150 and 180 minutes. Each bag was 

immediately emptied, excess water removed with a paper towel and seeds placed in an oven (45oC, 24 h). Dried 

seeds were left at 18oC for one week to equilibrate moisture contents, re-weighed, and thereafter stored at 4oC in 

air-tight containers. This process was performed for each of the eight enzymes plus a control (water-only). A No-

Soak sample was included as comparison for raw seed without any pre-treatment. 

Visual quality of pre-treated seed 

Each seed sample was visually inspected and any noticeably damaged seed (from cracked seed coat to more severe 

damage) was weighed and removed. The damaged seed was divided into two groups: seed with only visible seed 

coat damage, and seed with undesirable damage to cotyledons. Both groups were weighed. Damage was reported 

as visibly damaged seed coat (%) and seed with undesirable cotyledon damage (%). 

Seed colour (CIE L*, a*, b*) was measured (mean of three readings) using a Minolta chroma meter CR-310 

(Minolta Camera Co., Osaka, Japan); where L* = axis from -100 to +100 (black to white), a* = axis from -60 to 

+60 (green to red) and b* = axis from -60 to +60 (blue to yellow). The colour of the initial untreated seed sample, 



 

 

the water-only sample (control) and the enzyme treated samples were all recorded. The change in colour (∆E*) 

compared with the initial untreated seed sample was determined as 

( ) ( ) ( )222 **** baLE ∆+∆+∆=∆ . 

Milling of pre-treated seed 

The moisture content of the treated seeds was determined by the AACC moisture method 44-15A (28) using flour 

milled in a Newport Scientific 5100 mill (Newport Scientific Pty Ltd, Warriewood Australia) fitted with a 0.5 mm 

screen. The moisture content of seeds after treatment (across all enzyme treatments and times) was within 10.1 

and 10.3%, hence no correction for moisture content was necessary prior to milling. All seed was sieved again to 

ensure seed to be milled had a consistent size for all samples (6-7 mm). 

Seed (50.0 g) was milled using the ‘sheller’ component (attrition-style) of a laboratory scale SK Engineering Mill 

(S.K. Engineering and Allied Works, Bahraich India) as described by Wood, Knights & Harden.19  Dehulling 

Efficiency (DE), Splitting Yield (SY) and Kibble (K) were calculated according to method APQ-104.2: Rapid 

dehulling of field peas and desi chickpeas.27  DE is the percentage (by weight) of seeds dehulled (whole and split), 

SY is the percentage (by weight) of dhal (dehulled, split seeds) recovered and K is the percentage (by weight) of 

small broken pieces of cotyledon that fall through a 3.5 mm sieve. 

Texture analysis of pre-treated seed 

A unique seed holder was designed and built to hold a single chickpea seed in the correct position for cleavage 

using a Bi-layer Tablet Shear Rig fitted to a Texture Analyser TA-XT2 (Stable Micro Systems, Godalming, UK). 

The holder consisted of a plastic disc with a spherical indent designed to fit the normal size range for chickpea 

seeds including diameter and depth of half a seed (Figure 1). A small amount of adhesive (Blu-tac®) was placed 

within the seed holder, primarily on one side of the indent and a little in the middle to ensure the mounted seed 

was positioned correctly. The ventral side was in direct contact with the bottom edge of the indent (ensuring no 

adhesive was in between) with the inter-cotyledon join exactly on the surface of the seed holder (one cotyledon 

within the indent, the other protruding). 

A flat ended blade moving at 1.0 mm/s pushed downward on one cotyledon whilst the other cotyledon was firmly 

held stationary within the holder. This design enabled determination of the maximum force required to split the 

cotyledons of a single chickpea seed. The process was performed on untreated seed and seed after 60 minutes 

soaking from the water-only sample and the most promising enzyme pre-treatments (several pre-treatments were 

omitted due to unacceptable appearance or milling results). The test was repeated 20 times (20 seeds) per sample 



 

 

to account for variation of individual seeds and to allow any seeds that did not cleave cleanly at the adaxial junction 

to be discarded from the analysis. The adaxial surfaces of every cotyledon were scanned on a flat-bed scanner 

(Cannon, North Ryde Australia) after texture analysis and the image enlarged to enable visual scoring of cleavage 

cleanliness and to help identify tests that should be disregarded due to messy breakage.  

Flex is defined as the ratio of cotyledon compression to the maximum force of cotyledon cleavage. Flex  

(mm N-1) was calculated as: 

 F
dFlex =  

where d is the distance travelled from the start of the peak to the maximum peak force (mm), and F is the maximum 

peak force (N).  

The diameter of the individual cleaved cotyledons did not vary greatly (due to prior screening of seed size to 6-7 

mm size) and did not influence the texture analysis results (data not shown). Also, preliminary testing of seeds 

with their seed coats removed was undertaken, but was found to be impractical for some of the pre-treated seeds, 

as removing seed coats manually became too difficult, with cotyledons splitting at the adaxial junction during the 

process. Hence only analysis of intact seeds was continued. 

Taste of dhal after pre-treatment and milling 

The resulting dhal from the most promising enzyme pre-treatments (after 60 min soaking) were tasted in 

comparison with the water-only control sample. This tasting was subjective, performed only by the senior author, 

and only used to identify any obvious undesirable changes in taste that would have ruled out one or more of the 

pre-treatments investigated. 

Statistical analysis 

A partially replicated design was generated for milling the chickpeas.29  The design specified milling of 10 samples 

per day over 7 milling days in a set milling order. Partial replication allowed estimation of the effects due to (1) 

milling day, and (2) the order of milling within a day.  

Milling performance parameters (DE; SY; K) were analysed using a linear mixed model implemented within the 

software program ASREML.30  There were 9 pre-treatments and 6 soaking times, resulting in 54 pre-treatment × 

soaking time combinations, plus a single No-Soak control. The fixed terms in the model were the two-level factors:  

• soaking (No-Soak or pre-treated)  



 

 

• pre-treatment (water only and each of the eight enzymes)  

• soaking time (the six times from 30-180 min) 

• and all interactions, except for the No-Soak that has no interactions with the other terms.  

Significance of these fixed terms was determined using Wald statistics (an approximate F test). Predictions for 

each enzyme × soaking time combination and for the No-Soak treatment were calculated for each of the milling 

performance parameters (DE, SY and K). Neither milling day nor the order of milling (random terms in the 

model) were significant for any of the milling parameters (DE, SY and K), hence no adjustment for these effects 

was required. 

RESULTS 

Visual quality of pre-treated samples (whole seeds) 

Colour (L*, a*, b*) of all the soaked seeds was darker than the raw seeds with slightly less colour (hue); ∆E* 

values ranged from 2.85 (α-galactosidase) to 9.47 (β-mannanase). The water control was affected more than all 

enzyme treatments (∆E* = 9.85), except for DepolTM 692L which had a totally unacceptable ‘ashy’ colour (∆E* 

= 11.69) and its seed coat felt unusual and velvety to the touch. 

The percentages of visibly damaged seeds and seeds with undesirable cotyledon damage were higher for cellulose, 

xylanase, protease, endo-polygalacturonanase, α-galactosidase and DepolTM 740 than for β-mannanase and 

DepolTM 692L, which had similar damage levels to the water-only control (Table 1). Interestingly, the damage 

appeared to be maximised after 60 min of soaking for the first group of enzymes, whereas soaking time did not 

significantly affect the level of damage for the water-only control, β-mannanase and DepolTM 692L. 

An increase in the duration of soaking caused a decrease in seed weight (corrected to moisture-free basis) of both 

water-only and enzyme treated samples compared with the No-Soak control (data not shown). Preparation of seed 

for the milling procedure via sieving showed that seed originally of 6-7 mm size had increased in volume so that 

42% of the sample was now retained above the 7 mm sieve (averaged across varieties and soaking times). Hence, 

whilst seed weight had declined, seed size had increased. Also, we observed differences in seed weight after 

soaking, drying and storage between the different enzyme treatments (Table 1). Cellulase and Protease gave the 

greatest loss in seed weight after 60 min soaking (8% and 9%, respectively) compared with the No-Soak control 

seed.  



 

 

Table 1. Colour, weight and visible damage of whole seeds and pre-treated seeds (60 min) after 

drying and moisture equilibration 

Pre-treatment 100 Seed Weight 

(g) of 6 mm seed 

(60 min soak)† 

 

L* 

Colour‡ 

a* 

 

b* 

 

∆E 

% Visually 

Damaged Seeds 

(averaged across 

soak times)§ 

Comments 

No-Soak (raw seed) 14.5 46.98 11.12 19.92 0.00 0.00 Brighter colour 
than pre-treated 

seeds 

Water-only 15.0 41.76 10.42 15.99 9.85 4.63  

β-Mannanase 14.1 41.85 10.47 16.23 9.47 2.27 Very angular 
‘pinched’ 

appearance 

Depol 692L 14.1 42.99 9.31 14.03 11.69 2.70 ‘Ashy’ colour, 
velvety feel 

α-Galactosidase 14.3 45.18 10.97 19.02 2.85 10.51  

Xylanase 14.8 44.81 11.05 18.77 3.39 15.67  

Depol 740 14.9 44.83 10.89 18.73 3.57 17.73  

Protease 13.2 43.87 11.06 18.11 4.98 20.71  

Polygalacturonanase 15.0 44.67 10.89 18.46 4.00 8.63  

Cellulase 13.3 44.74 11.24 18.83 3.45 16.59  

† Weight of 6 mm seed after 60 min soaking  
‡ Colour where L*=0 (black) to +100 (white), a*=-60 (green) to +60 (red), b*=-60 (blue) to +60 (yellow) and ∆E=overall change in 
colour compared to the No-Soak control 
§ Averaged across all soaking times 
 

Milling of pre-treated samples 

Table 2 shows the factors that had a significant influence on milling performance, and Table 3 shows the predicted 

values of DE, SY and K after 30, 60 and 90 min soaking for each pre-treatment. Soaking significantly (P<0.01) 

improved milling performance (higher DE and SY), averaged over time soaked and enzyme treatment, compared 

with milling the raw untreated seed (Tables 2 and 3). Furthermore, addition of enzymes generally improved the 

milling performance compared with the water only control, with a significant (P<0.05) positive influence on DE 

and SY (Tables 2 and 3). Soaking and enzyme pre-treatment significantly (P<0.01) affected Kibble, resulting in 

higher values than the controls, and reflected in more chipping and breakage of cotyledons during milling.  

 

Table 2.    ANOVA: Factors significantly influencing milling performance (Dehulling Efficiency, 

Splitting Yield and Kibble) 



 

 

 df DE 
F value (P) 

SY 
F value (P) 

K 
F value (P) 

 
Soak 1 12.28      (0.005**) 165.39 (<0.001***) 32.73 (<0.001***) 
 
Pre-treatment 8 3.10      (0.04 3*) 8.92 (<0.001***) 7.50     (0.002**) 
 
Time Soaked 5 12.96  (<0.001***) 6.15    (0.005**) 52.68 (<0.001***) 

Pre-treatment × Time Soaked 40 4.23        (0.056)   4.23     (0.047*)  6.01      (0.027*) 
*** Significant at P < 0.001;  ** Significant at P < 0.01;  * Significant at P < 0.05 
 

The time seeds were exposed to the enzyme pre-treatments (time soaked) had a significant (P<0.01) effect on DE, 

SY and K (Table 2). The interaction between enzyme pre-treatment and soaking time was significant (P<0.05) 

for SY and K, but not quite for DE (P = 0.056).  

The predicted values for DE, SY and K after 30, 60 and 90 min of soaking for each enzyme pre-treatment are 

shown in Table 3. Milling performance generally increased as the soaking time increased to 60 min, then declined 

with further soaking for all treatments (enzymes and water-only). Xylanase had unacceptably high kibble (K) 

losses, especially after 30 min soaking. 

 



 

 

Table 3.    Improvement in milling performance for seed subjected to various treatments for 30, 60 and 90 min of soaking 

 DE † SY‡ K§       

No-Soak (raw seed) 65.2 ±0.71 52.95±1.02 3.90±0.41       

 

30 min 

soaking   

60 min 

soaking   

90 min 

soaking 

Pre-treatment DE† SY‡ K§ DE† SY‡ K§ DE† SY‡ K§ 

Water only 66.5 ±1.03 59.9 ±1.47 3.9 ±0.59 66.6 ±1.03 62.9 ±1.47 5.0 ±0.59 67.3 ±0.74 63.5 ±1.04 5.1 ±0.43 

β-Mannanase 65.0 ±1.04 62.3 ±1.47 5.9 ±0.60 66.2 ±1.04 55.9 ±1.47 4.0 ±0.60 65.5 ±1.04 62.7 ±1.47 5.8 ±0.60 

Depol 692L 66.8 ±1.04 59.1 ±1.47 3.5 ±0.59 66.0 ±1.03 61.5 ±1.47 4.9 ±0.59 67.0 ±0.74 63.5 ±1.04 5.9 ±0.42 

α-Galactosidase 70.5 ±1.04 67.5 ±1.47 3.6 ±0.60 68.8 ±1.04 68.2 ±1.47 5.0 ±0.60 68.1 ±0.74 68.0 ±1.04 6.7 ±0.43 

Xylanase 68.2 ±1.04 66.4 ±1.47 10.8 ±0.60 69.8 ±0.74 69.8 ±1.04 5.8 ±0.43 66.9 ±1.04 66.5 ±1.47 5.9 ±0.60 

Depol 740 68.3 ±0.74 63.7 ±1.04 4.2 ±0.43 70.6 ±1.04 70.5 ±1.47 3.0 ±0.60 67.9 ±1.03 67.2 ±1.47 5.3 ±0.59 

Protease 69.7 ±0.74 66.6 ±1.04 4.1 ±0.43 71.0 ±1.04 71.2 ±1.47 4.3 ±0.60 67.8 ±1.04 67.7 ±1.47 6.8 ±0.60 

Polygalacturonanase 68.7 ±1.04 66.7 ±1.47 4.4 ±0.60 70.7 ±1.03 71.3 ±1.47 3.6 ±0.59 68.7 ±1.04 68.6 ±1.47 6.3 ±0.60 

Cellulase 70.0 ±1.04 66.6 ±1.47 4.1 ±0.60 72.1 ±0.74 72.1 ±1.04 3.8 ±0.43 68.3 ±1.04 67.0 ±1.47 5.6 ±0.60 

Means ± SE (P < 0.01) 
† DE – Dehulling Efficiency (%) 
‡ SY – Splitting Yield (%) 
§ K – Kibble (%) 



 

 

 

Two enzymes, β-mannanase and DepolTM 692L, showed a different trend to the other enzymes (Figure 2). At 

soaking times up to 90 min, both β-mannanase and DepolTM 692L pre-treatments had less effect on milling 

performance than soaking in water-only, but as the period of soaking increased, their milling performance 

improved to be the best performing enzyme pre-treatments after 180 min soaking. From a commercial processing 

perspective, however, these long soaking times would be impractical due to inconvenience, slower throughput 

and therefore higher processing costs. 

Use of pre-treatments improved DE and SY by an average 2.2% and 13.2%, respectively, compared with the 

control, and K also increased by 2.3%, when averaged across treatments (enzymes and soaking times).  

The results for the longer soaking times (120, 150 and 180 min) are not shown in Table 3, as they were either 

similar to the 90 min results, or resulted in decreased milling performance compared with 90 min soaking. The 

general trend of the majority of the enzymes is shown in Figure 2, where the red ‘enzyme average’ line represents 

the averaged milling performance trend of α-galactosidase, xylanase, DepolTM 740, Protease, endo-

polygalacturonanase, cellulose treatments over time exposed to the treatments during soaking. Milling 

performance (DE and SY) was highest at 60 min pre-treatment for this group of enzymes and decreased 

significantly with longer exposure times. Furthermore, the addition of any of these enzymes to the soaking water 

increased both DE and SY compared with the water-only control for exposure times between 30 and 120 minutes, 

with similar results to the control after 150 minutes of soaking. 

Seed cleavage force of pre-treated whole seed samples   

We determined the force required to cleave single seeds along the adaxial junction where the two cotyledons face 

each other using whole seeds pre-treated for 60 min (Figure 3; Table 4). The water-only pre-treatment had little 

effect on the force required to cleave the whole seed relative to the No-Soak control, but did reduce the flex of the 

cotyledons prior to cleavage (evidenced by a more narrow peak, Figure 3). Whole seeds pre-treated for 60 min 

with protease, DepolTM 740, cellulase and endo-polygalacturonanase required approximately half the force needed 

to cleave the cotyledons, compared with the water-only control. Protease and DepolTM 740 treatments resulted in 

noticeably softer dhal (evidenced by broader peaks in Figure 3 and higher flex values in Table 4). 

 



 

 

Table 4. Summary of observations on seed subjected to various enzyme treatments 

Treatment Seed Appearance Force required 

to cleave an 

intact seed (N) 

Flex† of intact 
seeds 

(mm N-1) 

Force required to 

cleave decorticated 

cotyledons (N) 

Cotyledon 

Appearance  

after milling 

Cotyledon Taste 

No-Soak (raw seed) Satisfactory 79.4a 0.026dc NA Abraded Satisfactory 

Water-only Darker colour 
than enzyme 

treated seeds 

74.5a 0.016d 44.1a Abraded, Some 
poor colour 

Satisfactory 

β-Mannanase Very angular 
‘pinched’ 

appearance 

NA NA NA Abraded, 
Chipped, Poor 

colour 

NA 

Depol 692L ‘Ashy’ colour, 
velvety feel 

NA NA NA Abraded, Poor 
colour 

NA 

α-Galactosidase Satisfactory 16.2d NA 2.1b Chipped, Some 
concave 

Satisfactory 

Xylanase Satisfactory NA NA NA Abraded, 
Chipped, 
Concave 

NA 

Depol 740 Satisfactory 32.6c 0.064a 3.4b Abraded, 
Chipped, 
Concave 

NA 

Protease Satisfactory 40.3b 0.041b ‡ Chipped, 
Concave 

Satisfactory,  
but soft texture 

Polygalacturonanase Satisfactory 34.7bc 0.033bc ‡ Some chipped A little bland 

Cellulase Satisfactory 34.0bc 0.038b ‡ Chipped, 
Concave 

Satisfactory 

SED  7.13 0.0102 1.91   

Different letters within a column indicate significant differences (P<0.05). LSD (Least Significant Difference) 
† compression of cotyledons prior to cleavage of whole seeds (distance compressed as a ratio of max force)  
‡ cotyledons separated spontaneously on removal of the seed coat 
NA – not examined 



 

 

Cotyledon cleavage force of pre-treated samples after seed coat removal 

Removal of the seed coat from the No-Soak sample was difficult. Its seed coat was rigid and tough, did not break 

easily and remained more tightly adhered to the cotyledons, hence no testing was performed for decorticated 

cotyledons. Seed coat removal from water-only treated seeds (60 min) was also difficult, but possible, and almost 

halved the force required to cleave the cotyledons; a reduction of 30.4 N (Table 4). In comparison, the seed coats 

of α-galactosidase treated seeds were brittle and easily removed from the cotyledons, and the force required to 

cleave the decorticated cotyledons was only 2.1 N. Removal of seed coats from DepolTM 740 and α-galactosidase 

treated seeds reduced the force required to cleave the decorticated cotyledons by 29.2 N and 14.1 N, respectively 

(Table 4). Also, cellulase, protease and endo-polygalacturonanase treated seeds had very easy removal of the seed 

coat, but the cotyledons kept splitting during seed coat removal or loading of the cotyledons in the probe mount, 

hence this procedure could not be performed on those samples. 

Quality of the resulting dhal 

The cotyledons for seeds treated with all enzymes soaked for >30 min resulted in concave adaxial surfaces, except 

for the water-only control and the DepolTM 692L pre-treatment, which produced very few concavities even after 

180 min soaking. Endo-polygalacturonanase, α-galactosidase and β-mannanase treated seeds showed some 

resistance to this phenomenon (Table 4). 

The taste of raw cotyledons of the seeds treated with protease, cellulase and α-galactosidase enzymes was 

acceptable. The endo-polygalacturonanase treated seeds had cotyledons that tasted a little bland. DepolTM 692L, 

β-mannanase, Xylanase and DepolTM 740 treated seeds were not tasted as they had already been ruled out as 

unacceptable for industrial use due to undesirable seed/cotyledon appearance and/or milling results. 

DISCUSSION 

Overall changes due to soaking in water or enzymes 

Increasing the time soaking in either water or enzyme solution caused decreases in seed weight after drying due 

to the leaching of solutes into the soaking solution. This is a well known effect of soaking or cooking of seeds.31-

34  All soaking led to darker seeds and decreased their hue. We suggest that some of the more colourful 

(yellow/red) compounds, such as certain water soluble phenolics like anthocyanidin and flavonols, are leached 

during soaking, whilst many of the darker coloured insoluble phenolics, like large polymeric tannins and their 

complexes, remain firmly locked within the seed coat. 



 

 

As expected, increased soaking time led to seed weight decreases due to leaching of seed contents. This is an 

undesirable effect of wet pre-conditioning methods and reduces the yields available from milling.3  At the same 

time, longer soaking times caused an increase in seed size. An increased seed volume has been reported previously 

in black beans (Phaseolus vulgaris L.) following a soak-dry procedure.35  Only slight structural modifications 

were observed in cotyledon cell walls of cowpea36  after soaking at 30oC, including minor loosening of the 

cellulose, cell wall thickening and weakening of the pectic middle lamella.36  It appears that as seeds swell to 

absorb water during soaking, the increase in cell volume is not completely reversed with subsequent drying, 

potentially due to minor irreversible structural changes to cell walls. 

Pre-treating seed with either water-only or an enzyme solution significantly improved the milling yields of the 

difficult-to-mill genotype. SY increased by 13.2% (averaged across treatments) compared with the unsoaked seed. 

A 10% improvement in desi chickpea SY is equivalent to an extra $70/tonne in Australian mills (before additional 

costs of implementing pre-treatment) and possibly an additional $30/tonne from increased throughput by reducing 

the amount of seed requiring more than one pass through the mill to achieve decortication/splitting (according to 

an Australian industrial miller who wished to remain anonymous). However, wet milling treatments involving 

soaking have some commercial drawbacks including potential energy costs associated with subsequent drying 

and the generation of liquid waste that would need to be disposed or valorised.3 Further research is be required to 

determine whether these pre-treatments are equally efficient within dry milling processes where the pre-treatment 

is drizzled onto grain passing through augers, conditioned and then dried before milling. 

All pre-treatments (water or enzymes) significantly increased the milling performance, increasing both dehulling 

efficiency and splitting yield, but also undesirably increased the amount of kibble waste. The milling performance 

generally increased with soaking time to an optimal 60 min, then declined with further soaking. The addition of 

enzymes to the pre-treatment soaking solution increased the milling performance compared with the water-only 

control. Verma, Saxena et al.12  found that a crude enzyme solution prepared by growing Aspergillus fumigatus 

NCIM-902 on wheat bran resulted in increased dehulling efficiencies when applied to pigeon pea seeds as a pre-

treatment prior to milling, compared with traditional water and sodium bicarbonate pre-treatments.  Improvements 

in dehulling performance due to xylanase and protease pre-treatments in mung bean (V. radiata L.), black gram 

(V. mungo L.), pigeon pea (C. cajan L.) and horse gram (M. uniflorum Lam.) have been noted compared with 

buffer and oil pre-treatments.13  

In our study, the water-only pre-treatment only provided a marginal improvement in cleavage force for an intact 

seed (Table 4). Conversely, the DepolTM 740, protease, endo-polygalacturonanase and cellulose pre-treatments 



 

 

approximately halved the cleavage force, and the cleavage force for α-Galactosidase treated seeds was halved 

again. The much lower cleavage force for intact seeds treated with α-Galactosidase compared with the other 

enzyme pre-treatments was likely due to its effect on the seed coat, which became noticeably brittle, since the 

cotyledons generally stayed together after seed coat removal. 

The force required to cleave the dehulled cotyledons of the water-only pre-treated seed of the difficult-to-mill desi 

chickpea was 44.1 N (Table 4). This is substantially higher than the 4.8-13.3 N recorded by Reichert and Ehiwe37  

to split the cotyledons of dehulled field pea (Pisum sativum L.). Assuming the methods give similar results, the 

difficult-to-mill desi chickpea, even after pre-treating in water, required an additional 30-39 N of force compared 

with dehulled field peas in order to cleave one cotyledon from the other. In contrast, enzyme pre-treatments 

reduced the force to cleave the cotyledons of the dehulled difficult-to-mill chickpea cultivar to <3 N. We suggest 

that the pre-treatments weakened the adaxial interfacial adhesive bonding between the cotyledons. 

DepolTM 740 pre-treatment  

DepolTM 740 comprises a mixture of enzymes designed to target ferulic acid degradation.38  DepolTM 740 pre-

treated seeds gave the highest flex value of the pre-treated seeds tested, indicating softened cotyledons, with the 

flex being 2.5 times more than the raw seed. We suggest that degradation caused by DepolTM 740, including 

degradation of some phenolic compounds within the seed coat and cotyledons, decreased the seeds’ rigidity and 

increased their resilience.  

These are interesting changes to the mechanical properties of the seeds, and logically this softening should have 

been detrimental to the process of pulse milling. However, the dehulling and splitting yields were higher than 

those for both the raw seeds and water-only control. Unfortunately, the resulting dhal was unacceptably concave, 

chipped and abraded, so DepolTM 740 was deemed unsuitable as a pre-milling treatment. 

Ferulic acid is a component of lignin and plays an important role in providing rigidity to plant cell walls by 

crosslinking with cell wall polysaccharides to form complexes such as lignocellulose.39  Loss of rigidity in cell 

walls due to ferulic acid degradation could explain the increase in cotyledon resilience to deformation and the 

‘softer’ fingerfeel after this pre-treatment.  

DepolTM 692L pre-treatment  

DepolTM 692L comprises a mixture of enzymes designed to target cellulose and ferulic acid.38  It did not show 

any improvement in milling performance over the water control (< 90 min soaking) and the resulting dhal was an 

undesirable colour and abraded. Also, it changed the seed coat to an unacceptable ‘ashy’ colour (∆E* = 11.69) 



 

 

and texture (velvety feel). Therefore, Depol 692L was deemed unsuitable as a pre-milling treatment. Neither 

cellulase nor DepolTM 740 (targeting ferulic acid) produced an ‘ashy’ colour or ‘velvety’ texture in our study, so 

we presume this effect must be due to a different enzyme in this commercial mixture. Phenolic compounds are 

known to impart colour in nature, including in the seed coats of pulses,40-43  so it is likely that the responsible 

enzyme is one that targets particular phenolic compounds contributing to the brown colour of desi chickpea seed 

coats, such as flavonoids or proanthocyanidins.44  

Β-Mannanase pre-treatment  

We found β-Mannanase to be unsuitable as a pre-treatment as it resulted in shrunken, very angular seeds with a 

‘pinched’ appearance. These seeds showed no improvement in milling performance over the water control (< 90 

min soaking), and the resulting dhal was an undesirable colour, chipped and abraded. 

β-Mannanase catalyses the hydrolysis of β-linkages in the mannan backbone of plant cell walls of the 

hemicellulose, and is best known for its role in softening fruit during ripening.45  Mannans in dry non-

endospermic legumes, such as chickpea, are predominantly structural (cross-linking or para-crystalline polymers 

that bind cellulose) and do not act as storage reserves (as they do in the endosperm cell walls and vacuoles of 

seed species that do contain endosperm).46  The majority of mannose-containing polysaccharides reside in the 

seed coat of desi chickpea (21.5-26.1 g kg-1), while the cotyledon contains only 1.0-1.2 g kg-1 (25). The pinched 

appearance of the seed is likely to be a result of hemicellulose degradation and leaching of the resulting solutes 

into the soaking solution during pre-treatment. 

Protease pre-treatment  

Protease pre-treatment caused substantial losses in seed weight and soft cotyledons, so was also deemed 

unsuitable. Protein comprised 24% of desi chickpea (line 9105-33N) cotyledons and 2% of the seed coat.26  

Proteolysis degraded seed proteins into smaller polypeptides or single amino acids, thereby increasing their 

solubility and availability for leaching. This loss of protein is responsible for seed weight reduction, and we 

suspect that the softening of the cotyledons is due to weakening the cotyledon cells which are normally protein-

filled surrounding starch granules.  

Xylanase pre-treatment  

Pre-treatment with xylanase resulted in unacceptably high kibble losses during milling. The increased propensity 

for the cotyledons to crack means it would be unsuitable as a pre-treatment. Xylan polysaccharides are important 

components of plant cell wall hemicellulose. Xylan comprises around 4.4-4.7% of desi seed coats and 0.3% in 



 

 

cotyledons,25 compared with 10-16% in softwoods and 12-46% in hardwoods.47,48  Xylanases degrade linear 

xylan polysaccharides (such as arabinoxylans, glucuronoxylans and glucuronoarabinoxylans) within 

hemicellulose into xylose through random hydrolysis of (1-4)-β-D-xylosidic linkages. Desi chickpea cotyledon 

cell walls comprise 1.6% heteroxylan polysaccharides, based on linkage analysis.49  The cracking during milling 

is likely due to the degradation of these xylans within hemicellulose, leading to weakening of the cotyledon cell 

wall structure. Without strong cell walls, forces acting on the cotyledons during milling may lead to cracking 

through the cells rather than between tissue structures, similar to the nature of endosperm breakage in soft wheats 

compared with hard wheats.50 

Cellulase pre-treatment 

This endo-cellulase randomly hydrolyses 1,4-β-D-glucosidic linkages in cellulose and other glucans to form 

shorter polysaccharides. Desi chickpea cotyledon cell walls comprise 12.9% cellulose polysaccharides and 6.2% 

xyloglucan, based on linkage analysis.49  Cellulose and xyloglucans are important structural components of 

primary cell walls in most plants; cellulose forms the skeletal backbone whilst xyloglucan contributes to cell wall 

rigidity by cross-linking between cellulose microfibrils.51  Xyloglucan can be found in the middle lamella52  while 

cellulase can hydrolase the 1,4-β-D-glucosidic linkages of starch. Desi chickpeas contain approximately 43% 

starch in the cotyledons and only 2-3% in the seed coat.23,26  

Cellulase caused substantial losses in seed weight, probably due to cellulose degradation and leaching during pre-

treatment. However, it also resulted in the greatest improvement in milling performance of all the pre-treatments 

(9.2% higher SY after 60 min soak than the water control). The resulting dhal was somewhat concave and chipped 

and there was no difference in taste. 

α -Galactosidase  

α-Galactosidase hydrolyses the terminal α-galactosyl moieties from glycoproteins, glycolipids, oligosaccharides 

and other polysaccharides. In chickpeas and other legumes, α-Galactosidase addition was previously investigated 

as a method to reduce the effect of flatulence-causing oligosaccharides, raffinose and stachyose, located in the 

cotyledons.53,54  The application of α-Galactosidase as a pre-treatment improved milling performance (5.3% 

higher SY after 60 min soak than the water control) and produced good quality dhal (only some of the resulting 

dhal was concave and chipped) with an acceptable taste. We suggest the α-Galactosidase may be contributing to 

easier cotyledon separation by weakening the structural integrity of pectic polysaccharide mediated inter-

cotyledon adhesion.25  



 

 

endo-Polygalacturonanase 

Pectin plays an important role in cell walls, being involved in cell growth and differentiation, water holding 

capacity and the regulation of cell wall porosity.55  Endo-Polygalacturonanase is a pectinase, randomly 

hydrolysing α-1,4-D-galactosiduronic linkages of the pectin backbone to oligogalacturonides. Desi chickpea 

cotyledon cell walls comprise 4.1% homogalacturonan/ rhamnogalacturonan polysaccharides, based on linkage 

analysis, that would be degraded by this enzyme.49  Also, pectin plays an important role in the middle lamella, 

holding neighbouring cells together.52  In chickpea, we found a higher content of pectic polysaccharides in the 

cotyledon periphery of this difficult-to-mill genotype, suggesting a role in tissue adhesion.25  

Pre-treatment with endo-Polygalacturonanase led to a significant improvement in milling performance: 8.4% 

higher SY after 60 min soak than water control. Its action is likely due to weakening of pectic polysaccharides in 

the peripheral regions of the cotyledon that potentially act to hold the two cotyledons and/or seed coat together. 

Also, this pre-treatment resulted in the best quality dhal, having a conserved shape (not concave), normal 

appearance and firmness, and with minimal kibble (minimal broken or chipped seed). The only negative dhal 

attribute was its taste, being slightly bland compared with the control.  

In summary, the enzymes that have the most potential as pre-treatments for improvement in milling performance 

of desi chickpea and potentially other pulses are endo-Polygalacturonanase, alpha-Galactosidase and Cellulase. 

These results support our previous findings that seed coat and cotyledon adhesion is dependent on the 

polysaccharide composition at these junctions, in particular, cellulose and pectic polymers (polygalacturanans).25  

Further research is warranted to assess the cooking quality, nutritional content and sensory perception of the dhal 

resulting from these pre-treatments, and an assessment of the commercial viability of enzyme pre-treatments. 

CONCLUSION 

Eight enzyme pre-treatments were compared with a water pre-treatment and no pre-treatment over six soaking 

time periods and assessed for milling performance and the quality of the resulting seed and dhal. Whilst all pre-

treatments improved the milling performance (increasing dehulling efficiency and splitting yield) compared with 

milling the raw seed, there was considerable variation between them. Two of the enzyme pre-treatments showed 

no improvement in milling performance over the water control within the first 90 min soaking, whilst another 

three of the enzyme pre-treatments resulted in unacceptable qualities of the seed and/or dhal. The three pre-

treatments showing the most potential for use in a commercial context are endo-polygalacturonanase, alpha-



 

 

galactosidase and cellulase. Thus, it is possible that a pre-treatment solution with one or a combination of these 

enzymes will lead to increased splitting yield and dehulling efficiency of difficult-to-mill chickpeas.  
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FIGURE LEGENDS 

Figure 1. Texture analyser bi-layer tablet shear rig with customised seed holder. A, Seed in holder (ventral view); 

B, Seed in holder (lateral view); C, Mounted and ready to test; D, Cotyledons cleaved as test proceeds. 

 

Figure 2. Change in milling performance (DE and SY) as soaking time increases for the pre-treatments: water-

only, β-mannanase, Depol 692L and the average of all the remaining enzymes (which showed similar trends over 

time). 

 

Figure 3. Texture analysis profiles (baseline-shifted to aid comparison) for whole seed cleavage of the No-Soak 

control and the pre-treatments (water-only, protease, endo-polygalacturonanase, cellulase and Depol 740) after 60 

min pre-treatment. 

 

 



 

Figure 1. Texture analyser bi-layer tablet shear rig with customised seed holder. A, Seed in holder (ventral 

view); B, Seed in holder (lateral view); C, Mounted and ready to test; D, Cotyledons cleaved as test 

proceeds.
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Figure 2. Change in milling performance (DE and SY) as soaking time increases for the pre-treatments: 

water-only, β-mannanase, Depol 692L and the average of all the remaining enzymes (which showed similar 

trends over time).
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Figure 3. Texture analysis graphs for whole seed cleavage of the No-Soak control and the pre-treatments 

(water only, protease, endo-polygalacturonanase, cellulase and Depol 740) after 60 min pre-treatment. The 

graphs have been shifted along the baseline to allow better comparison of the peak shapes (they were initially 

overlayed but it was difficult to compare peak shapes).
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