
Auto-oxidati on of binders can lead to off  fl avors and aromas in meat products. Micronizati on is 
an innovati ve thermal process that can be used to treat pulse fl ours to improve oxidati ve stability 
of pulse-based binders in meat.

For pulse fl ours, micronizati on can improve the protein effi  ciency rati o, protein chemical score 
and essenti al amino acid index2 while decreasing tannins, phyti c acid, trypsin inhibitor acti vity 
and oligosaccharides3. It also facilitates water absorpti on, reduces pulse cooking ti mes4 and can 
produce a toasted fl avor in the fl ours5. 

Lenti l and chickpea fl ours are prone to oxidati on due to their linoleic and linolenic acid content. 
These fatt y acids react with lipoxygenase (LOX) to form volati le organic compounds (VOCs) 
responsible for off  fl avors.  Micronizati on can reduce LOX acti vity and VOCs in these pulse fl ours.

Binders are an integral component of comminuted meat products 
such as sausages, meatballs, beef patti  es, chicken fi ngers and 
deli meat. Binders can improve meat consistency and mouthfeel.

Eff ect of micronizati on on LOX acti vity and VOCs 
in chickpea and green lenti l fl ours
Cleaned and dehulled lenti ls and chickpeas with no seed tempering were micronized at 130°C 
and 150°C and then ground into fl ours. The fl ours were analyzed for lipoxygenase acti vity, levels 
of volati le organic compounds and changes in pH and fatt y acid profi le.

In lenti l fl our, micronizati on at 130°C and 150°C resulted in a signifi cant decrease in omega-3 
fatt y acids mainly from reducti ons in linolenic acid. Conversely, in chickpea fl our, micronizati on 
at 150°C caused a signifi cant increase in omega-3 fatt y acids. 

No changes were found for omega-6 linoleic acid between nonmicronized and micronized lenti l 
and chickpea fl ours. The results confi rm that linolenic acid with 3 double bonds is less stable 
and more suscepti ble to oxidati on compared to linoleic and oleic acid. The results also suggest 
that the eff ect of micronizati on on fatt y acids could be dependent on lipid and pulse type. 

Pulses in 
Meat Products

• Pulse fl ours are innovati ve
functi onal ingredients that
can be added as binders to
comminuted meat products
to bind water, thus reducing
cooking losses, increasing
cooking yield and contributi ng
to mouthfeel and other
sensory att ributes1.

• In additi on to providing
nutrients, pulse fl ours
can produce gluten-free
meat products suitable for
consumers with celiac disease
or wheat allergies.

• Formulati on of low-fat beef
burgers containing 6% lenti l
and chickpea fl our binders is
possible based on favorable
results for physicochemical
and consumer acceptability.

Key Findings
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Micronizati on at 130°C signifi cantly decreased lipoxygenase (LOX) acti vity for chickpea and 
green lenti l fl ours (42.5% and 24%, respecti vely). The lenti l fl our micronized at 150°C showed 
a further decrease in LOX acti vity (65%). Lowering VOCs was possible with micronizati on at 
130°C for chickpea fl our and 150°C for lenti l fl our (Table 1). A slight increase in pH was also 
found for the high micronizati on temperature (150°C) applied to both fl ours compared to the 
nonmicronized fl ours.



BURGERS
Low-fat burgers containing 6% nonmicronized or 
micronized lenti l and chickpea fl ours were evaluated for 
physicochemical characteristi cs (Table 2). 

There was less cooking loss, drip loss and shrinkage in 
burgers containing pulse fl ours compared to the control 
burger with no signifi cant diff erence between micronized 
and nonmicronized pulse fl ours. No diff erence was noted 
for the water holding capacity of raw burgers containing 
nonmicronized or micronized pulse fl ours compared to 
the control burger. The shear force signifi cantly decreased 
with the additi on of pulse fl ours, but no further change 
was found for burgers containing micronized pulse fl ours 
(Table 2). These results indicate that micronizati on has no 
detrimental eff ect on the functi onality of pulse fl ours and 
confi rm the impact of pulse fl ours on the physicochemical 
properti es of the burger.

CONSUMER ACCEPTABILITY 
Sensory evaluati on on all prepared burgers was conducted with 
101 untrained parti cipants. Appearance, aroma, fl avor, texture 
and overall acceptability were rated using a 9-point hedonic 
scale. Consumer acceptability of appearance was highest with 
burgers made from chickpea fl our micronized at 150°C and 
lenti l fl our micronized at 130°C. For aroma, burgers with lenti l 
fl our micronized at 130°C and with chickpea fl our micronized at 
150°C had the highest acceptability.  

Overall acceptability was found to be higher for both micronized 
lenti l fl ours than the non-micronized fl ours. Based on results 
of a parti al least squares correlati on map, burgers with green 
lenti l fl our micronized at 130°C and 150°C and chickpea fl our 
micronized at 150°C were positi vely associated with overall 
acceptability as well as acceptability of fl avor, aroma, texture 
and appearance. Burgers with micronized pulse fl ours had 
higher acceptability rati ngs than burgers with non-micronized 
fl ours and burgers with no pulse fl ours.

RCP- nonmicronized chickpea fl our, MCP130: micronized chickpea at 130°C, MCP150: micronized chickpea at 150°C, RGL: 
nonmicronized green lenti l fl our, MGL: micronized green lenti l at 130°C, MGL150: micronized green lenti l at 150°C. Mean values 
followed by the same lett er in the same row are not signifi cantly diff erent at P<0.05.
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Linolenic acid oxidati on

Linoleic oxidati on 

Linoleic acid 

Oleate oxidati on

Oleate oxidati on

PROBABLE ORIGIN RGL

0.45b

49.2c

3.2a

0.2c

17.5c

0.6c

0.6c

3.3bc

6.34b

MGL130 MGL150

0.59a

43.5c

3.5a

0.4c

16.5c

0.6c

0.6c

2.8c

6.33b

0.21c

9.7d

0.3b

0.1c

7.9c

0.4c

0.5c

2.2c

6.39a

GREEN LENTIL FLOUR

RCP

0.23c

88.7b

1.8b

7.2ab

68.2b

3.2b

2.6a

11.5a

6.14d

MCP130 MCP150

0.4b

146.9a

2.9a

9.3a

116.3a

5.1a

3.9a

15.4a

6.12d

0.21c

81.6b

0.9b

4.6b

59.2b

3.2b

2.6a

10.5ab

6.23c

KABULI CHICKPEA FLOURCOMPOUNDS

TABLE 1 Lipoxygenase (LOX) acti vity (μmole/min), concentrati on of selected volati le compounds 
(μg/100g pulse fl our) and pH values of nonmicronized and micronized chickpea and green lenti l fl ours1

TABLE 2 Physical characteristi cs of low-fat burgers containing nonmicronized and micronized 
chickpea and lenti l fl ours1

Control: no pulse fl our added; RCP-burgers with nonmicronized chickpea fl our, MCP130: burgers with micronized chickpea at 130°C, 
MCP150: burgers with micronized chickpea at 150°C, RGL: burgers with nonmicronized green lenti l fl our, MGL: burgers with micronized 
green lenti l at 130°C, MGL150: burgers with micronized green lenti l at 150°C. WHC: water holding capacity. Mean values followed by 
the same lett er in the same row are not signifi cantly diff erent at P<0.05.

% Cook Loss

% Drip Loss

% Shrinkage

Shear Force (N) 

RAW BURGER

WHC (g/100g) 

RGL

22.21b

2.50b

15.48b

6.42b

0.73a

MGL130 MGL150

21.51b

2.12b

16.15b

7.63b

1.20a

21.01b

1.66b

15.43b

6.42b

1.07a

BURGER with LENTIL FLOUR

RCP

22.55b

2.42b

17.03b

6.22b

1.42a

MCP130 MCP150

22.2b

1.89b

16.94b

6.66b

1.35a

22.16b

2.07b

15.79b

7.09b

0.85a

BURGER with CHICKPEA FLOUR
PHYSICAL

CHARACTERISTIC

COOKED BURGER CONTROL BURGER

22.2b

1.89b

16.94b

6.66b

1.35a

• LOX acti vity was signifi cantly 
reduced for both fl ours when 
micronized at 130°C with signifi cant 
further reducti on achieved at 150°C 
for lenti l fl our. 

• Micronizati on of chickpea fl our at 
130°C decreased VOCs compared 
to non-micronized fl our whereas 
micronizati on at 150°C was required 
to reduce VOCs in lenti l fl our. 

• Additi on of 6% pulse fl ours with or 
without micronizati on to low-fat 
burgers resulted in lower cooking 
loss, drip loss, and shrinkage loss 
compared to the control burgers 
with no pulse fl our ingredients. 

• Consumer acceptability was highest
for all att ributes for burgers with 
chickpea fl our micronized at 150°C 
and for lenti ls micronized at 130°C. 

• Consumer acceptability was highest
for burgers containing micronized 
fl ours compared to non-micronized 
fl ours and signifi cantly higher than 
burgers with no pulse fl ours. 

Summary

This study was conducted by Dr. 
Michel Aliani’s research group at 
the University of Manitoba.
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