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Question presented in the 15 class:
If you had to open a grain industry in

Brazil, what would be your business?
Why?



Article to be studied for today’s class:

Parmar et al. (2016). Effect of canning on color,
protein and phenolic profile of grains from kidney
bean, field pea and chickpea. Food Res. Int., v. 89,
p. 526-532.



http://www.sciencedirect.com/science/article/pii/S0963996916303088

Green beans, dry beans and lentils production
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http://www.fao.org/faostat/en/#rankings/countries_by_commodity

Green beans

» The immature or green bean is the unripe form of the
legume.

» China is the main producer of green beans worldwide.
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Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.



http://www.sciencedirect.com/science/article/pii/B9780123820181000101

Green beans

» Blanching in boiling water for 3 min is necessary
to make the grains edible.

Disadvantage:
- Short shelf life (freezing is an alternative)

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.



http://www.sciencedirect.com/science/article/pii/B9780123820181000101

Dry beans

# Black bean: Brazil, Venezuela, Costa Rica, Dominican
¥ Republic, Mexico, USA e Angola.

;‘@@fw@@? Pinto bean: USA, Mexico, Canada, Angola, Chile, United
et Kingdom and other northern european countries.

| Cowpea: Brazil, India, Egipt, United Arab Emirates, Pakistan
X ® and Bangladesh.



Dry beans

Dark red kidney: Mediterraneam and northern european
countries.

Light red kidney bean: Venezuela, Panama and Portugal.

Mung bean: India and Europe.

Navy bean: USA, Canada, United Kingdom, France and
Italy.




Dry beans
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Dry beans

Not edible due to:

» Phytates
» Polyphenolics
» Enzyme inhibitors

» Hemaglutinins

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.



http://www.sciencedirect.com/science/article/pii/B9780123820181000101

Pulses exhibit lower glycemic index than
cereal and baked goods
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Source: Eliasson, Starch in Food: Structure, Function and Applications, 2004, 597p.



Canned beans

Advantages of canning:

» Beans are ready to use
» High shelf life
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Canned beans

How canning is performed?

Step 1 — Beans are cleaned, selected and left to hydrate until
53-57% moisture content be achieved.

Step 2 — Soaked beans are blanched at 85 °C for 30 minin
brine containing 1.3% NaCl and 1.6% sugar.

Step 3 — Blanched beans are canned and processed at 121 °C for
14 minutes.

Source: Parmar et al., Food Res. Int., v. 89, p. 526-532, 2016.



http://www.sciencedirect.com/science/article/pii/S0963996916303088

Canned beans

25°C/12 h
Soaking Canning
Blanching Pasteurization
85 °C/30 min 121 °C/14 min

115 °C/60 min

Source: Parmar et al., Food Res. Int., v. 89, p. 526-532, 2016.

Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.



http://www.sciencedirect.com/science/article/pii/S0963996916303088
http://www.sciencedirect.com/science/article/pii/B9780123820181000101

Canned beans

Desirable characteristics of pulses for canning process:

» Uniform and rapid grain expansion during soaking
» High water holding capacity during processing

» Low splitting

Source: Parmar et al., Food Res. Int., v. 89, p. 526-532, 2016.



http://www.sciencedirect.com/science/article/pii/S0963996916303088

Canned beans

Green desi

Chickpea main
cultivars

/ \ Smaller

Kabuli = Garbanzos

J k‘ 1".
Desighickpea

Black desi

Desi Thick seed coat
l Requires dehulling

Milled into a
fine flour

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.



http://www.sciencedirect.com/science/article/pii/B9780123820181000101

“Canned baked beans”

Navy beans in tomato sauce

Baked Beans £

LS
\ <',/'~ !

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.



http://www.sciencedirect.com/science/article/pii/B9780123820181000101

Sprouted beans

» Mung bean and Chickpea are
the most used pulses.

» Kabuli is preferred than Desi
chickpea.

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.



http://www.sciencedirect.com/science/article/pii/B9780123820181000101

Sprouted beans

Advantages of sprouting:

> Increase vitamin concentration

» Increase bioavailability of trace compounds
and minerals

» Reduce antinutritional factores, such as
stachyose and raffinose

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.



http://www.sciencedirect.com/science/article/pii/B9780123820181000101

Sprouted beans

Glycemic index is not severely impacted by sprouting. Storage of sprouts at
-4 °C favored increases in Gl as compared to storage at -20 °C.

Table 3
Starch content and digestibility, expected glycemic Index of fresh and stored sprouts.
Total starch [mgfg d.m.J§ Resistant starch [mg/g dm.] JAvailable starch [mg/gd.m.]  Starch digestibility [¥] Expected glycemic index
Green pea Seeds 325.5+32.9d 125.4 +12.85d 2002 +10.02d 61.49 #3.07a 27.61 £ 0.69a
1F 257.8+0.3c 94.9 # 14.81c¢ 162.9 + 6.68bc 63.18 £2.21a 32.19 £ 0.80b
2F 258.5 + 43.7abcd 91.8 £ 23.74bcd 166.7 £ 13.34bc 64.50 +3.22ab 36.57 £091c
3F 240.1  46.9abcd 79.3 £ 16.93bc 160.8 + 8.20bc 66.96 + 2.68ab 39.31 £ 0.98d
4F 221.0%0.5a 759+ 8.14bc 145.1 £ 4.50a 65.66 + 3.28ab 39.04 +0.98d
5F 2182 +20.7ab 71.6 + 20.66abc 146.6 £ 2.93a 67.18 £ 3.36ab 43.07 + 1.08e
6F 213.3 +43.8abc 599+ 13.77ab 153.3+4.31ab 71.89 £2.52bc 44.85 £ 1.12f
35 236.7 +0.2b 58.1 +0.05a 178.5+9.10c 75.43 £3.77c 4551 +1.14f
45 2173 +14.8a 56.1 # 14.78ab 161.2 +6.61b 74.18 £ 2.97¢ 46.11 £ 1.15f
55 213.2 + 40.4abc 55.9 # 10.3%ab 157.3 £ 9.44ab 73.78 # 3.69bc 75.17 £ 1.88¢g
Lentil Seeds 307.8 2 8.5e 179.7 £ 1.63d 128.1 £6.53b 41.62 £2.08a 36.00 +0.90a
1F 2834 +8.4d 152.3 £+9.24c 131.1 £5.37b 46.26 # 1.62b 4475 +1.12b
2F 271.0%21.3d 137.9 £ 13.82bc 133.2£10.65bc 52.82 £ 2.64c 4857 £1.21c
3F 268.5 + 36.2cde 126.3 £7.02b 142.2 +7.25¢ 49.23 # 1.97bc 49.07 +1.23c
4F 201.1£22.2b 57.0+412a 144.0 + 4.47c 71.64 £ 3.58¢ 55.90 + 1.40d
5F 169.9 +2.0a 55.2 +13.68a 114.7 +£2.29a 67.52 +3.38de 63.09 + 1.58e
6F 180.5 £ 25.6ab 50.1+11.25a 130.5 £ 3.67b 72.26 £2.53e 69.04 + 1.73f
35 196.9 + 23.0b 56.6 £ 10.61a 140.4 + 7.16cb 71.27 £ 3.56e 57.74 £ 1.44d
45 2133 +30.1bc 68.9+7.23a 144.4 + 5.92¢ 67.68 +2.71ed 58.54 + 1.46d
55 193.7 £ 14.1b 713 £1634a 122.4 £7.35ab 63.21 £3.16d 83.18 £ 2.08g
Mung bean  Seeds 310.1+8.9e 151.9 +14.23d 158.1 + 8.06e 51.00 £ 2.55a 3268 £0.82a
1F 2443 +1.5d 104.7 + 9.46bc 139.5+5.72d 57.13 £ 2.00bc 37.33+£093b
2F 2362 + 1.1c 102.2 +9.21bc 144.0+ 11.52de 60.98 + 3.05¢ 42.48 + 1.06¢
3F 2303 2 1.1bc 110.4 £3.27bc 119.9 £ 6.12bc 55.90 £ 2.24ab 46.03+1.15d
4F 221.9+5.1b 83.0%1.43a 138.9 £ 4.30d 62.60 £3.13c 53.81£1.35e
5F 2109 # 15.7ab 81.5 * 2.46a 129.4 + 2.59¢ 61.37 £3.07c 61.75 £ 1.54f
6F 1924 +4.1a 79.9 +0.89a 112.5+3.16ab 58.47 £2.05¢ 76.73+1.92¢g
35 229.1 + 14.8bcd 91.5£5.47b 137.5+7.01d 60.04 + 3.00c 52.77+1.32e
45 222.4+2.8b 78.4 + 14.06ab 144.0 + 5.90d 49.92 +2.00a 60.54 + 1.51f
55 174.2 + 26.0a 700+ 7.14a 104.2 +6.25a 59.82 #2.99¢ 89.87 +2.25h
Values, within the selected characteristic, designatgd by the different letters are sigmjficantly different (P < 0.05).

1F-6F - 1-6-day-old fresh sprouts; 35-5S - 3-5-day-old stored sprouts.

Source: Swieca et al., Food Chem., v. 185, p. 99-105, 2015.



http://ac-els-cdn-com.ez66.periodicos.capes.gov.br/S030881461500480X/1-s2.0-S030881461500480X-main.pdf?_tid=b966a454-8915-11e7-b164-00000aacb35e&acdnat=1503611386_f924225506270efe2cc35153590b1766

Sprouted beans

Glycemic index is not severely impacted by sprouting. Storage of sprouts at
-4 °C favored increases in Gl as compared to storage at -20 °C.

Table 3
Starch content and digestibility, expected glycemic index of fresh and stored sprouts
Total starch [mgfg d.m.]  Resistant starch [mg/g dm.] | Available starch [mg/gd.m.] |ptarch digestibility [¥] Expected glycemic index
Green pea Seeds 325.5+32.9d 125.4 +12.85d 2002 +10.02d 51.49 + 3.07a 27.61 £ 0.69a
1F 257.8+0.3c 94.9 # 14.81c¢ 162.9 + 6.68bc b3.18 +2.21a 32.19 £ 0.80b
2F 258.5 + 43.7abcd 91.8 £ 23.74bcd 166.7 £ 13.34bc 54.50 + 3.22ab 36.57 £091c
3F 240.1  46.9abcd 79.3 £ 16.93bc 160.8 + 8.20bc b6.96 + 2.68ab 39.31 £ 0.98d
4F 221.0%0.5a 759+ 8.14bc 145.1 £ 4.50a 55.66 + 3.28ab 39.04 +0.98d
5F 2182 +20.7ab 71.6 + 20.66abc 146.6 £ 2.93a 57.18 £ 3.36ab 43.07 + 1.08e
6F 213.3 +43.8abc 599+ 13.77ab 153.3+4.31ab 71.89 + 2.52bc 44.85 £ 1.12f
35 236.7 +0.2b 58.1 +0.05a 178.5+9.10c V5.43 +3.77¢ 4551 +1.14f
45 2173 +14.8a 56.1 # 14.78ab 161.2 +6.61b y4.18 +2.97¢ 46.11 £ 1.15f
55 213.2 + 40.4abc 55.9 # 10.3%ab 157.3 £ 9.44ab 73.78 + 3.69bc 75.17 £ 1.88¢g
Lentil Seeds 307.8 2 8.5e 179.7 £ 1.63d 128.1 £6.53b 1.62 £ 2.08a 36.00 +0.90a
1F 2834 +8.4d 152.3 £+9.24c 131.1 £5.37b 6.26  1.62b 4475 +1.12b
2F 271.0%21.3d 137.9 £ 13.82bc 133.2£10.65bc 2.82 £ 2.64c 4857 £1.21c
3F 268.5 + 36.2cde 126.3 £7.02b 142.2 +7.25¢ 9.23 + 1.97bc 49.07 +1.23c
4F 201.1£22.2b 57.0+412a 144.0 + 4.47c V1.64 +3.58e 55.90 + 1.40d
5F 169.9 +2.0a 55.2 +13.68a 114.7 +£2.29a 57.52 + 3.38de 63.09 + 1.58e
6F 180.5 £ 25.6ab 50.1+11.25a 130.5 £ 3.67b V2.26 +2.53e 69.04 + 1.73f
35 196.9 + 23.0b 56.6 £ 10.61a 140.4 + 7.16cb V1.27 + 3.56e 57.74 £ 1.44d
45 2133 +30.1bc 68.9+7.23a 144.4 + 5.92¢ 57.68 £ 2.71ed 58.54 + 1.46d
55 193.7 £ 14.1b 713 £1634a 122.4 £7.35ab 63.21 £3.16d 83.18 £ 2.08g
Mung bean  Seeds 310.1+8.9e 151.9 +14.23d 158.1 + 8.06e 1.00 £ 2.55a 3268 £0.82a
1F 2443 +1.5d 104.7 + 9.46bc 139.5+5.72d 7.13 £ 2.00bc 37.33+£093b
2F 2362 + 1.1c 102.2 +9.21bc 144.0+ 11.52de .98 + 3.05¢ 42.48 + 1.06¢
3F 2303 2 1.1bc 110.4 £3.27bc 119.9 £ 6.12bc 5.90 + 2.24ab 46.03+1.15d
4F 221.9+5.1b 83.0%1.43a 138.9 £ 4.30d 62.60 £3.13c 53.81£1.35e
5F 2109 # 15.7ab 81.5 * 2.46a 129.4 + 2.59¢ 51.37 +3.07c 61.75 £ 1.54f
6F 1924 +4.1a 79.9 +0.89a 112.5+3.16ab b8.47 + 2.05¢ 76.73+1.92¢g
35 229.1 + 14.8bcd 91.5£5.47b 137.5+7.01d 50.04 + 3.00c 52.77+1.32e
45 222.4+2.8b 78.4 + 14.06ab 144.0 + 5.90d 9.92 + 2.00a 60.54 + 1.51f
55 174.2 + 26.0a 700+ 7.14a 104.2 +6.25a 9.82 + 2.99¢ 89.87 +2.25h
Values, within the selected characteristic, designated by the different letters are significantly different (P<0.05).

1F-6F - 1-6-day-old fresh sprouts; 35-5S - 3-5-day-old stored sprouts.

Source: Swieca et al., Food Chem., v. 185, p. 99-105, 2015.



http://ac-els-cdn-com.ez66.periodicos.capes.gov.br/S030881461500480X/1-s2.0-S030881461500480X-main.pdf?_tid=b966a454-8915-11e7-b164-00000aacb35e&acdnat=1503611386_f924225506270efe2cc35153590b1766

Sprouted beans

Glycemic index is not severely impacted by sprouting. Storage of sprouts at
-4 °C favored increases in Gl as compared to storage at -20 °C.

Table 3
Starch content and digestibility, expected glycemic index of fresh and stored sprouts.
Total starch [mgfg d.m.]  Resistant starch [mg/g dm.] Available starch [mg/gd.m.]  Starch digestibility [% Expected glycemic index
Green pea Seeds 325.5+32.9d 125.4 +12.85d 2002 +10.02d 61.49 #3.07a 27.61 £ 0.69a
1F 257.8+0.3c 94.9 # 14.81c¢ 162.9 + 6.68bc 63.18 £2.21a 32.19 £ 0.80b
2F 258.5 + 43.7abcd 91.8 £ 23.74bcd 166.7 £ 13.34bc 64.50 +3.22ab 36.57 £091c
3F 240.1  46.9abcd 79.3 £ 16.93bc 160.8 + 8.20bc 66.96 + 2.68ab 39.31 £ 0.98d
4F 221.0%0.5a 759+ 8.14bc 145.1 £ 4.50a 65.66 + 3.28ab 39.04 +0.98d
5F 2182 +20.7ab 71.6 + 20.66abc 146.6 £ 2.93a 67.18 £ 3.36ab 43.07 + 1.08e
6F 213.3 +43.8abc 599+ 13.77ab 153.3+4.31ab 71.89 £2.52bc 44.85 £ 1.12f
35 236.7 +0.2b 58.1 +0.05a 178.5+9.10c 75.43 £3.77c 4551 +1.14f
45 2173 +14.8a 56.1 # 14.78ab 161.2 +6.61b 74.18 £ 2.97¢ 46.11 £ 1.15f
55 213.2 + 40.4abc 55.9 # 10.3%ab 157.3 £ 9.44ab 73.78 # 3.69bc 75.17 £ 1.88¢g
Lentil Seeds 307.8 2 8.5e 179.7 £ 1.63d 128.1 £6.53b 41.62 £2.08a 36.00 +0.90a
1F 2834 +8.4d 152.3 £+9.24c 131.1 £5.37b 46.26 # 1.62b 4475 +1.12b
2F 271.0%21.3d 137.9 £ 13.82bc 133.2£10.65bc 52.82 £ 2.64c 4857 £1.21c
3F 268.5 + 36.2cde 126.3 £7.02b 142.2 +7.25¢ 49.23 # 1.97bc 49.07 +1.23c
4F 201.1£22.2b 57.0+412a 144.0 + 4.47c 71.64 £ 3.58¢ 55.90 + 1.40d
5F 169.9 +2.0a 55.2 +13.68a 114.7 +£2.29a 67.52 +3.38de 63.09 + 1.58e
6F 180.5 £ 25.6ab 50.1+11.25a 130.5 £ 3.67b 72.26 £2.53e 69.04 + 1.73f
35 196.9 + 23.0b 56.6 £ 10.61a 140.4 + 7.16cb 71.27 £ 3.56e 57.74 £ 1.44d
45 2133 +30.1bc 68.9+7.23a 144.4 + 5.92¢ 67.68 +2.71ed 58.54 + 1.46d
55 193.7 £ 14.1b 713 £1634a 122.4 £7.35ab 63.21 £3.16d 83.18 £ 2.08g
Mung bean  Seeds 310.1+8.9e 151.9 +14.23d 158.1 + 8.06e 51.00 £ 2.55a 3268 £0.82a
1F 2443 +1.5d 104.7 + 9.46bc 139.5+5.72d 57.13 £ 2.00bc 37.33+£093b
2F 2362 + 1.1c 102.2 +9.21bc 144.0+ 11.52de 60.98 + 3.05¢ 42.48 + 1.06¢
3F 2303 2 1.1bc 110.4 £3.27bc 119.9 £ 6.12bc 55.90 £ 2.24ab 46.03+1.15d
4F 221.9+5.1b 83.0%1.43a 138.9 £ 4.30d 62.60 £3.13c 53.81£1.35e
5F 2109 # 15.7ab 81.5 * 2.46a 129.4 + 2.59¢ 61.37 £3.07c 61.75 £ 1.54f
6F 1924 +4.1a 79.9 +0.89a 112.5+3.16ab 58.47 £2.05¢ 76.73+1.92¢g
35 229.1 + 14.8bcd 91.5£5.47b 137.5+7.01d 60.04 + 3.00c 52.77+1.32e
45 222.4+2.8b 78.4 + 14.06ab 144.0 + 5.90d 49.92 +2.00a 60.54 + 1.51f
55 174.2 + 26.0a 700+ 7.14a 104.2 +6.25a 59.82 #2.99¢ 89.87 +2.25h
Values, within the selected characteristic, designated by the different letters are significantly different (P < 0.05).

1F-6F - 1-6-day-old fresh sprouts; 35-5S - 3-5-day-old stored sprouts.

Source: Swieca et al., Food Chem., v. 185, p. 99-105, 2015.



http://ac-els-cdn-com.ez66.periodicos.capes.gov.br/S030881461500480X/1-s2.0-S030881461500480X-main.pdf?_tid=b966a454-8915-11e7-b164-00000aacb35e&acdnat=1503611386_f924225506270efe2cc35153590b1766

Sprouted beans

Problem 1: PPO activy intensify the darkening of fresh
sprouted beans.

Table 1
Impact of various inhibitors on the PPO activity in mung bean sprouts.
Inhibitor concentration [mM] Relative activity [%]
Control - 100.00 + 0.85g
Citric acid 0.2 93.24 + 6.48f
2 77.76 £ 9.00e
20 47.18 +5.29d
Ascorbic acid 0.2 16.60 £ 2.12c
2 8.76 + 0.85bc
20 261 +1.16a
L-cysteine 0.2 9.51 £0.79¢c
2 6.15+2.37b
20 0.91 £ 0.30a

Means (+SD) with different letter are significantly different (n=9; o =0.05).

Source: Sikora and Swieca et al., Food Chem., v. 329, p. 1160-1166, 2018.



http://ac.els-cdn.com/S0308814617312116/1-s2.0-S0308814617312116-main.pdf?_tid=086eccb2-8915-11e7-8e6d-00000aacb35f&acdnat=1503611088_a865dac0434d7ec030f083c5942739c4

Sprouted beans

Problem 2: Sprouts have been classified as a source of food-
borne illness such as Salmonella and E. Colli 0157. This has led
to the application of antimicrobial processing technologies.
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Source: Sikora and Swieca et al., Food Chem., v. 329, p. 1160-1166, 2018.



http://ac.els-cdn.com/S0308814617312116/1-s2.0-S0308814617312116-main.pdf?_tid=086eccb2-8915-11e7-8e6d-00000aacb35f&acdnat=1503611088_a865dac0434d7ec030f083c5942739c4

Fermented pulses




Fermented pulses

What are the main reasons for
performing pulses fermentation?



Fermented pulses

DESI CHICK-PEAS

JIMBOUR VARIETY

AUSTRALIAN ORIGIN
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Fermented pulses

Common Indian fermented foods:

Wadi — done with Desi Chickpea

Soaking 6-12 h Smeared with oil
Ground to form a dough Sun-dried for 4-8 days

l

Mixing with spices

l

Room temp. (20-27 °C) for 1-3 days

l

Molded into balls

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.



http://www.sciencedirect.com/science/article/pii/B9780123820181000101

Fermented pulses

Common Indian fermented foods:

Dhokla
Blend of soaked
rice and chickpeas
Room temp. for 12-15 h Kat"gﬂ;ﬁ Data’s

l

Steamed in an open
cooker for 10 min

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.



http://www.sciencedirect.com/science/article/pii/B9780123820181000101

Fermented pulses - soybean products

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.


http://www.sciencedirect.com/science/article/pii/B9780123820181000101

Fermented pulses

Use of B. subtilis and L. bulgaricus concentration
improve the red bean content of antioxidant
substances, including total phenolics, anthocyanin,
flavonoids and vitamins C and E.

B. subtilis (log CFU/g)

0 20 40 60 80 100 120

Table 4 s Fermentation time (h)
Approximate composition and vitamins and y-aminobutyric acid (GABA) contents of unfermented red beans and red beans fermented under B
optimal conditions. 90
Unfermented red beans Optimum fermented red beans @ o
5

Crude fiber (%) 434 + 0.18 4.85 + 0.22* g

Crude lipid (%) 1.12 + 0.05* 0.17 + 0.22 o> 80

Crude protein (%) 22.68 + 0.33 2427 + 041* é

Crude ash (%) 0.78 + 0.05 0.79 + 0.03 @ 75

Carbohydrate (%) 12.82 + 0.2* 6.65 + 0.21 o

Vitamin B12 (mg g~ ND ND 5 70

Vitamin C (mg g‘l) 5.41 +0.12 192.12 + 0.09* 'g,

Vitamin E (mg g") 0.08 + 0.06 0.38 + 0.16* m g5

y-Aminobutyric acid (GABA) ND ND <
ND: not detected. 60
Data are the mean + SD (three independent experiments). 55
*Significantly higher than the other group. One-way ANOVA, Student's t test, p > 0.05. "o 2 0 0 0 100 120

Fermentation time (h)

Table 5
Antioxidant content and antioxidant activities of different extracts from unfermented red beans and red beans fermented under optimum conditions.

Unfermented red beans Optimum fermented red beans

Water 50% Ethanol 1% HCl/methanol Water 50% Ethanol 1% HCl/methanol
Total phenols (mg gallic acid/g sample) 2.30 + 0.02¢ 2.59 + 0.01¢ ND 3.25 + 0.04° 3.63 + 0.03* ND
Total anthocyanins (pmol/g sample) ND ND 0.03 + 0.06° ND ND 0.04 + 0.01°
Total flavonoids (mg rutin/g sample) ND 240 + 0.02° ND ND 2.64 + 0.07° ND
ICso of DPPH scavenging ability (mg mL™") 84.55 + 0.754 56.00 + 2.99° ND 22.43 + 0.97° 16.64 + 0.08° ND
Reducing power (A700 at 0.06 g mL™1) 0.65 + 0.00° 0.69 + 0.02° 0.46 + 0.02¢ 2.66 + 0.08" 3.00 + 0.00° ND
ICsp of Fe?* chelating ability (mg mL™1) ND ND ND >1000 7532 + 27.72 ND

ND: not detected. Each value is the mean + SD (three independent experiments).
3-dMeans in the same row followed by different letters are significantly different. One-way ANOVA, Duncan's multiple range test, p > 0.05.

Source: Jhan et al.,LWT, v. 63, p. 1281-1287, 2015.
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Quick-cook dehydrated pulses

Chickpea

DEHYDRATED REHYDRATED

Soybean

Cooked, dehydrated (by combination of microwave power at 200 W) and
convective hot-air at 160 °C for 13 min) and rehydrated (by immersion in
boiling water for 15 min).

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.
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Quick-cook dehydrated pulses

Dehydration darkens the grains. Nonetheless, the
appearance of rehydrated samples is quite similar to
cooked ones.

Why?

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.
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Quick-cook dehydrated pulses

e

CryoSEM images.

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.
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Quick-cook dehydrated pulses

Greater damage on starch granules

[T‘_ Air dried rehydrated .
2o, S N Larger extracelular spaces and cell sizes

Apparent cell wall damage

Hypothesis: internal forcel exerted on
the cell during vaporization of the
water at 200 W

CryoSEM images.

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.
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Pulse roasting
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Pulse roasting
The central idea is...

Swell, Soften, Roasting = Crisp

l

osﬁm +88 52 e Add coating
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Product development

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.
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Pulse roasting

The compact structure of raw chickpea subjected to
roasting may cause an increase in the vapor pressure
of water, so the steam that is generated causes the
chickpeas to expand during roasting.

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.
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Pulse roasting

Chickpea

|
Cleaning and grading
|

Soaking 1 hour in salt solution, 20% NaCl
g

|
Draining
|

Roasting 4-5 min, ~140 °C

l Discharge hole | Mixing Paddle
« o . _>
Girit Leblebi \ | Roasting Pan
I: = Gas Burner
Motor
(In)

Figure 3. Chickpea roaster and speckler; (I): head view, (II) front view.

Source: Coskuner and Karababa, Food. Rev. Int., v. 20, p. 257-274, 2004.
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Pulse roasting

Tighly packed structure Air spaces in the cotyledon

SEM of raw and roasted chickpea.

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.
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Pulse roasting

Color variation of chickpea
powder at different time
and power combination.

Source: Jogihalli et al., LWT, v. 79, p. 223-233, 2017.
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Pulse roasting
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Fig. 5. Effect of microwave roasting on the antioxidant activity of chickpea. The superscripts ‘a’ and 'c’ denotes significant effect of time and power respectively (roasting pa-
rameters) on measured property at p < 0.05 while the superscripts 'b' and ‘d’ respectively highlights non-significant impact of roasting time and power at p < 0.05. (Legend- m
450 W, m 600 W, m 900 W).

Source: Jogihalli et al., LWT, v. 79, p. 223-233, 2017.
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Pulse roasting
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Unroasted 250°C 270°C 290°C 310°C 330°C 350°C

Roasting Temperature >

Fig. 1. Effect of hybrid roasting on color of chickpea. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Source: Jogihalli et al., LWT, v. 86, p. 456-464, 2017.
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Pulse roasting

Chickpea Second roasting or Speckling
l l 3-4 min at 100-130 °C
Cleai\ing and grading Dehulled roasted chickpea
Sari Leblebi

Preheating: 5-8 min at 100 °C or 10-20 min at

First tempering 70-80°c _
Resting: 12-18 h or 2 days in sack and 2-10

l days on the wood or concrete surface
Second tem pe ring ;(r)eggitcmg: 5-8 min at 100 °C or 10-20 min at
l Resting: 12-18 h or 2 days in sack and 2-10

days on the wood or concrete surface

Th I rd tem perl ng Preheating: 5 min at 70-80 °C

l Resting: 12-18 h in sack and 20-45 days on
the wood or concrete surface

Moistening
| 10-13%

Resting

}
Grading

l Preheating: 1-2 min at 50-60 °C
First roasting  Roasting: 6-7 min at 100-150 °C

Source: Tiwari et al., Pulse Foods, Chapter 10, 2011, 475p.
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Article to be studied for the next class:

Linsberger-Martin et al. (2013). High hydrostatic
pressure influences antinutritional factors and in
vitro protein digestibility of split peas and whole
white beans. LWT — Food Sci. and Tech., v. 51, p.
331-336.
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