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Animal welfare

Dairy alternatives

Edible insects

Lab cultured meat

Meat analogues

Conscious
consumption

Organic for me,
organic for the
plant

Plastic free future

The fight against
food waste

The role of ethical
brands

Source: modified from Euromonitor International
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Global meat consumption: By 2040, conventional meat supply will drop by more than 33%
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"By 2040, traditional meat consumption will be reduced by 33%,
and the total meat demand will be replaced by 25% for vegetable

alternatives and 35% for cultured meat."
ATKearney

“Considering animal welfare, health, wellness and environmental
impacts, alternative meat will grow to $140 billion in the next 10
years.” .

W BARCLAYS
"ASF (African Swine Fever) is estimated to have reduced the
supply of pork from China by more than 20 million tons, which is
positive for the growth of China's alternative meat industry.to act as
a human being." Jefferies

2025 2030 2035 2040 Meticulous Research, 2019;A.T. Kearney, 2019
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< why alternative protein?

MiA et 7t ofl&x] |F AU 7t oldx|
2060 20800
922 45501
20184
7 7@ »
203184
40%33 - 3042tE

] R L

MIA| cHEZ 7| Al 72

X2 FULRR T IRIFAD)

203044
HHA AE A2

14009 =74

(166E5400% #)

e REEUE Fi=: g2 uiFEioi=2y

20156 S Hojoil M 2!
SL1A uiE2
8708HECO2eq

v
i3] 1% {0} Wisate)

X R AlEhsRIRRAD)

TR 2007 27} 2471 CMES) B

CHE={Q! CHH| 7| 2AF HIRE D|E oS

437 1kgE
Yo 20164 20184

" 8790% =

Xi&: Forbes, 2019

{7 IE| $HYS RE

Homestyle
Vegetarian

242 £20| £712 NATHSH 2A U
| AHS EH|} HE ZAto| BN
L 7|2 SN WA OB B B2

ZotX 1} AH|AF AH|E2Se| HS

Capper, 2011; Christie &, 2008



A2 T3 Tl Ho)

X/

< why alternative protein?

e
CL)
- -

«\wt

Feeding our pla_net
safe, accessible,

e
—
AEUAE SE o1Eo Z AR
Edle % sht2 HALS FORSLICL
e *H*-l QI3-= 1009 oA 1509FH o 2
A Z715ta Q4Lict
AA] T2 AT ESE 20 AT S,

AHA HE S
R&D £X}57}

R LTI INE

X&71=M
(Xr 24 c,)




Modified from Bonny et al., 2015
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< What is alternative protein?
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* Plant-based meat closely resembles an animal-based meat product in its organoleptic
properties, using one or a combination of alternative protein ingredients.
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Traditional fermented foods used as meat analog

- Tofu
Jellied protein product

Soybeans

4

Washing

Soaking'in water
(5-6 h, 25'C)

|

Grinding with waterand——__,
strain with cheese cloth

Insoluble protein removed

Residue + additional water

Filter
Heat to boil

Cool (50°C)

—_— Add optimum ci)agu']am 0.2% Ca(l‘.b.: 0.4%
MgSo, and Acetic acid (1.26%) + stirring

Coagulating protein
Pressing
Tofu

Fig. 6: Production technology of Tofu (Adopted from
Bakshi ef al. 2013)

T
(“Wet" dehulling process) (“Diry* dehulling process)
Roak in water 30 - 90 min Dehull by mechanical abrasion
{decortication)
Loosen hulls by manual or }
mechanical rubbing Remove hull dust by rinsing
Remeove hulls by flotation e bt doring senkimg w | S0tk dehulled beans
‘l D e in witer (6-24 h)
Tl
Soak dehulled beans
in water (624 h} l
Driseard soiking water Discard sonking water
A

Cook dehulled beans in fresh water (20-30 min cooking time)
Discard cooking water
Allow for evaporative cooling to about 25°C
Inoculate with about 10 CFU g Rhizopus spp.
Mix inoculated beans
Prepare packages or heds with marginal exposure to open air
Incubate (24-36 b at 30°C or 48-72 h at 25°C)
Harvest fresh tempeh
Packaging, pasteurization (optional)

Distribution, sale

Preparution
Stewing Deep-firying in oil Delvydration, grinding
Meal side dishes Crispy snocks Mutmtious enrichment mgredient

For (e.g. remedial) formulated foods

Fig. 7: Production technology of “Tempeh ™ (Adopted from Nowt and Kiers, 2004)
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Global Plant Based Pratein Supplements Market is Expected to
Account for USD 8.11 million by 2027

2020 2021

2024 2025 2026

¥ North America mEurope ® Asia Pacific = South America ® Middle East and Africa

DA A Prtected € Data Brudge Mackel Bessacch. Al Baghis Reseried

Saonrce: Dam Brudge hlesket Besaeera Mackst Asalyais Body 2020

Global Plant Based Protein
Supplements Market, By
Regions, 2020 to 2027
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Source Meat binder
Caseinate, Whey protein, Plasma protein, Egg white, Collage

Animal protein

Vegetable protein Soy protein, Wheat gluten, Pea protein, Corn germs protein

Carbohydrate Starch, Starch Modified, Starch syrup, Corn syrup, Malto-dextrin

Gum Carrageenan, Agar, Algin, Locust bean gum, Xanthan gum

Fiber, Cellulose, Carboxymethyl cellulose

Dietary fiber
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Source Product type propeties
Oat bran and fiber Beef patties Proper tenderness, and low cooking loss
Carbohydrate
Konjac gel Sausages High chewiness values, and low cooking loss
Soy protein Frankfurters Similar sensory and texture properties but purge loss
Protein
Wheat gluten Frankfurters Tenderness, and high cooking loss due to loss holding capacity
beeswax, vegetable
) Pate No difference in textural parameter with control products.
lipid oil

Ethycellulose, soy oil Meat batter desired tenderness, low cooking loss and excel in sensory properties

*  Fats play a number of role in meat processed products. Like meat emulsion, texture,
solubility, Lubrication, stability, mouthfeel, spreadability

* Fatreplacers are mainly two types : Fat mimetics and Fat substitute

* Fat mimetics are replacer consist of protein or carbohydrate used partially.

*  Fat substitute is consist of lipid source and used at 1:1 ratio with animal fat
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Green foods: dq4, 27|32 2 0|EfI
1. spirulina (SPI)
2. yellow chlorella (YC)
3. duckweed (DW)

AMEH|AE 2201 TVPE SPI, YC, DWZ CiA| (0.5~3.0%)

Texture profile analyzer (TPA) 24 | .

Molding: 30g in each cell culture plate (60 X 15 mm)

Steaming: 10 minutes at 180 °C
Frozen
Cooking for 180 °C

+ L=99.73/a=-23/b=6.23

* L(brightness), a(redness), b(yellowness)

25T

Cooking for 180 °C

* 19 untrained panelists

* Nine-point hedonic scales (1 = extremely weak or dislike, 9 = extremely strong or like)

+ Color, Odor/smell, Flavor, Appearance, Oiliness, Juiciness, Chewiness, Springiness, Overall acceptance




- 100g PBM

- Association of Official Analytical Chemists (AOAC) method (AOAC, 2006)
+ BCA assay

<+ Antioxidant activity by DPPH radical scavenging assay



Ingredient Content (%) Remarks
TVP 51.00 - 54.00
Ingredient 0.00 - 3.00
Shiitake 10.00
mushrooms
ISP 2.50 Increased density in the mouth
Wheat protein 3.50 Increased density in the mouth,
TVP Binding
Tapioca 2.50 Increased density in the mouth
starch
Beef bulgogi 9.00 Meat flavor
sauce
Emulsion 12.00
Salt 0.20
Seasoning 0.90 Nutmeg Powder - 0.2%
Pepper - 0.2%
Palace Tteokgalbi Seasoning-0.5%
MC 1.00 TVP Binding
Garlic 0.50
Onion 3.80
Color 0.10 Cacao pigment - 0.075%

Purified water

3 times the of TVP

Gardenia red - 0.025%

The purpose of soak
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< Texture profiling

» Asthe protein component increases, it strengthens the gluten network (Lee et al., 2009).

* Themoreingredients are added, the lower the moisture and the harder the texture (Lee et

al., 2009; Kimet al., 2010).

Treatment

Texture profile

Chewiness Hardness Fracturability =~ Gumminess Springiness  Adhesiveness  Cohesiveness Resilience
(N xmm) (N) ) (N) (mm) (N-9) (%) (%)
Control? 66.17+4.24° | 49.60+1.96 49.60+1.96> | 23.60+1.22° 2.80+0.08? 0.20+0.002 0.47+0.012 0.12+0.01®
SP| 0.52 41.83+3.45° | 44.16+1.96%9 44.16+1.96, |17.32£0.68¢| 2.41+0.12° 0.07+0.06®  0.39+£0.00%  0.11+0.01®
SPI 0.73 42.0717.07¢ | 41.57£2.90¢ 41.57+2.90¢ |16.84+1.80¢| 249+0.15>¢  0.07+0.06% 0.4+0.02d 0.11+0.01®
SPI 14 66.67+7.57° | 56.64+4.74% 56.64+4.74% | 23.50+2.30° 2.83+0.08? 0.07£0.06®  0.42+0.01b«  0.11+0.01®
DW 0.5° 42.57+3.88c | 38.74+4.73¢  38.74+4.73% |17.15+1.244| 2.73+0.08% 0.03£0.06®  0.45+0.01%  0.11+0.01®
DW 0.75 4593+3.84c | 42.04+6.03¢ 42.04+6.03¢ |17.61+1.40¢| 2.61+0.08%c  0.03+0.06° 0.46+0.022 0.12+0.012
DW 17 50.53+7.87c | 42.33+4.179  42.33+4.17% | 18.57+2.36° 2.39+0.31° 0.17+0.15®  0.41+0.04« 0.1+0.020¢
YC 18 27.27+£3.99, | 42.60+1.42, 42.60+1.42¢ | 14.49+1.33¢ 1.87+0.11¢ 0.10+£0.10® 0.34%0.03 0.08+0.01°
YC2° 38.50+£12.8° | 48.66+6.87° 48.66+6.87¢ |17.94+3.67¢4| 2.11+0.30¢ 0.03+0.06° 0.36+0.03¢ 0.1+0.020¢
YC 3 78.13£2.322 | 62.6114.742  62.61+4.742 | 28.14+0.942| 2.78+0.06®  0.07+0.12®  0.45+0.02% 0.11+0.022

The results shown as mean + standard deviation (n = 3). 2b.c d.ef Means with the different letter are significantly different by R Program (p<0.05). Control: PBM without
treatment, 2SPI 0.5: 0.5 % of Spirulinain PBM, 3 SPI 0.7: 0.7 % of Spirulinain PBM, 4 SPI 1: 1.0 % of Spirulinain PBM, DW 0.5: 0.5 % of Duck Weed in PBM, SDW 0.7:
0.7 % of Duck Weed in PBM, 'DW 1: 1.0 % of Duck Weed in PBM, 8YC 0.5: 0.5 % of Yellow Chlorellain PBM, °YC 0.7: 0.7 % of Yellow Chlorellain PBM, 1°YC 1: 1.0 %

of Yellow Chlorellain PBM.
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’:’ COlOr measu rements + SPI, DW darker, Y C brighter than control

» SPI and DW groups were less redder than control

* YC group showed more yellow color than control

Treatment
Color
property Control® SPI 0.52 SPI1 0.73 SPI 14 DW 0.5° DW 0.76 DW 17 YC18 YC2° YC 3w
L* value -61.53+1.37¢ -60.37+2.25P -63.1+2.69¢ -64.97+0.30cd -61.13+5.42¢ -66.2+4.11« -61.13+3.144 -55.37+£0.82 -55.13+1.822  -53.73+1.38*
a* value 11.1+0.92 6.5+1.15¢ 5.17+0.554 4.13+0.234 9.7+1.042 9.57+0.57° 9.23+0.23° 9.77+1.05% 10.47+0.57% 10.47+0.64®

b* value 12.77+0.15%  11.83+2.42% 11.23+0.9% 9.63+0.95¢ 12.63+2.46%¢ 12.63+1.45¢ 10.03+3.38% | 12.43+2.31%  13.5+1.25% 14.77+£0.85°

The results shown as mean + standard deviation (n = 3). a0.¢ d Means with the different letter are significantly different by R Program (p<0.05). ‘Control: PBM without treatment, 2SPI 0.5: 0.5 % of Spirulinain PBM,
3 SPI 0.7: 0.7 % of Spirulinain PBM, 4 SPI 1: 1.0 % of Spirulinain PBM, SDW 0.5: 0.5 % of Duck Weed in PBM, SDW 0.7: 0.7 % of Duck Weed in PBM, "DW 1: 1.0 % of Duck Weed in PBM, 8YC 0.5: 0.5 % of

Yellow Chlorellain PBM, °YC 0.7: 0.7 % of Yellow Chlorellain PBM, 10YC 1: 1.0 % of Yellow Chlorellain PBM.
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* The SPI, DW and Y C has been reported to have high mineral content (Shin et

» Moisture, fat, ash contents al., 2002; Anderson et al., 2011: Nandeeshaet al., 1998; Cho et al., 2008).

» Ash content was higher in SPI 1, DW1, and Y C 3 group than in control
showing the greater crude ash content as the amount added increased in PBM.

Treatment

Parameters

Controlt SPI 0.52 SPI 0.7° SPI 14 DW 0.5% DW 0.7¢ DW 17 YC18 YC2° YC 310

Moisture

Content (%) 11.76+1.597  12.33+1.44% 9.63+2.28% 10+1.4% 10.23+0.997  8.9+0.582 4.17+3.54° 11.18+3.722  10.81+0.89¢ 10.81+0.862

Crude Fat

(%) 5.37+1.65° 6.76£2.52%  7.42+045® 8.1+056® 7.22+1.65® 9.32+5.05® 8.86+0.62*  6.55+051*  8.55+1.02% | 9.73+£3.422

Ash (%)  9.76+1.84b°  8.41+2.17° 9.56+0.06™] 17.93+1.65%| 8.25+1.67° 1451+3.97%°| 18.284+3.322 | 14.05+6.21%¢ 14.97+4.9%¢ | 16.64+2.58%

The results shown as mean + standard deviation (n = 3). b ¢Means with the different letter are significantly different by R Program (p<0.05). Control: PBM without
treatment, 2SPI 0.5: 0.5 % of Spirulinain PBM, 3 SPI 0.7: 0.7 % of Spirulinain PBM, 4 SPI 1: 1.0 % of Spirulinain PBM, >DW 0.5: 0.5 % of Duck Weed in PBM, SDW 0.7:
0.7 % of Duck Weed in PBM, 'DW 1: 1.0 % of Duck Weed in PBM, 8YC 0.5: 0.5 % of Yellow Chlorellain PBM, °YC 0.7: 0.7 % of Yellow Chlorellain PBM, 1°YC 1: 1.0 %

of Yellow Chlorellain PBM.
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** Mineral contents

» Spirulina, duckweed, and yellow chlorella contain high levels of Zn, Fe, Mn,
and Mg (Tuhy et al. 2015; Clark, P. B. et a., 1996; Anderson et al., 2011,
Tang et al., 2011; Christaki, E et al., 2011).

»  Concomitant to thisresult, Zn content was greater in SPI 1 and YC 3in our

current study. And Fe content was also higher in SPI 1and YC 3

Treatment

o SPI05? SPI07® SPI14 DWOS5SS DWO07%8 DW1  YC18 YC2®  yC3w
Na (%) 0.38 0.38 0.41 0.42 0.35 0.37 03 0.34 0.35 0.41
K (%) 0.18 0.2 0.21 0.2 0.22 0.24 03 0.18 0.19 0.24
Zn (mg/kg) 27.92 41.26 4531 49.72 16.99 25.33 46.67 39.34 51.46 58.15
Mn (mg/kg) 10.65 10.84 10.45 15.36 32.65 20.35 18.65 11.02 15.94 42.27
Fe (mg/kg) 36.11 2221 23.02 24.87 23.29 28.09 50.45 234 35.33 64.48
Mg(mgkg)  386.05 45029 45616 ~ 469.92 37272 53407 64421  476.72 480.4 761.15
cd ND ND ND ND ND ND ND ND ND ND
Hg (ppm) 0.01 0.01 0.01 ND 0.01 0.01 0.01 ND ND ND
As ND ND ND ND ND ND ND ND ND ND

ND: Not Detected

The results shown as mean + standard deviation (n = 3). Control: PBM without treatment, 2SPI 0.5: 0.5 % of Spirulinain PBM, 3SPI 0.7: 0.7 % of Spirulinain PBM, 4SPI 1: 1.0 %

of Spirulinain PBM, SDW 0.5: 0.5 % of Duck Weed in PBM, ®DW 0.7: 0.7 % of Duck Weed in PBM, ’DW 1: 1.0 % of Duck Weed in PBM, 8YC 1: 1.0 % of Yellow Chlorellain

PBM, °YC 2: 2.0 % of Yellow Chlorellain PBM, 1°Y C 3: 3.0 % of Yellow Chlorellain PBM
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° . * Tangetal., (2011) reported that SPI contains 63% of protein, DW contains 29.05%
% Protein contents

(Anderson et al., 2011), and Y C contains 55.76% (Co. Daesang, Seoul, Korea).

»  SPI group showed more protein concentration than other groups.

3500 ef

3000
bc
d
2500
a

2000
1500
1000
500
0

Control SPIO5 SPI07 SPI10 DWO0O5 DWO0.7 DW10
Treatments

no/g

The results shown as mean + standard deviation (n=4). a, b, c, d, ef Means with the different letter above a bar are significantly different by R Program (p<0.05).
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< Antioxidant activity
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* SPI, DW, and Y C showed strong antioxidant activities(Tang et al., 2011; Fradique et

al., 2009; Leeet al., 2015; Kim et al., 2015; Deng et ., 2010) .

* DW group showed relatively lower antioxidant activity dueto Vit C loss during hot
water extraction process.

DPPH freeradical scavenging

cd
25 d
bed
20
15
bc ab
2 T ab
10
ab
5
a
- m
0 a_ [ |
Control SPI 0.5 SPI 0.7 SPI 1 DW 0.5 DW 0.7 DW 1.0 YC1 YC?2 YC3

Treatments

The results shown as mean + standard deviation (n = 4). a, b, ¢, d Means with the different letter above a bar are significantly different by R Program (p<0.05).
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< Sensory evaluation

* Inthesensory evaluation, all PBM showed no significant difference (p > 0.05), but
SPI 1 showed the lowest value in color and appearance (p < 0.05).
* Thisisconsistent with the result that the group with the lowest rednessin the above

chromaticity evaluation was SPI. Thisis because red color isimportant in meat (Kim

et a., 2008).
YC SPI DW
—e—Control —m—29 46 11
Color

5.50

Overall acceptance Odor

w Flavor

Springiness ./

| 100

Chewiness / Appearance

e
+

Juiciness Oiliness

Control (-@-), PBM with YC 3% (-l-), PBM with SPI 1% (-4-), PBM with DW 1% (- A-)
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