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Development of crispy Sacha Inchi sheets
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Highlights
* Increasing the amount of Sacha Inchi flour resulted in increased hardness, fracture ability,
and crispness
* The developed Sacha Inchi sheets can use up to 20% of Sacha Inchi flour

* Product development of crispy Sacha Inchi sheets from Sacha Inchi flour

Abstract

This research aims to increase the value of Sacha Inchi oil extraction by-product. The
Sacha Inchi by-product was processed to become Sacha Inchi flour.There is a process to
reduce the bean odor and astringent of Sacha Inchi by-product by dissolving it in salt water,
boiling and baking in a hot air oven at 70 °C for 3 hours, then grind into a fine powder. Sacha
Inchi flour was produced which no rancid odor. Sacha Inchi flour was used to develop a
prototype recipe for crispy product by varying the amount of Sacha Inchi flour to 20%, 30%
and 40% which contains cashew nut powder, white sugar, fresh egg whites, unsalted butter,
baking powder, salt, and palm oil. The three formulas of crispy Sacha Inchi product was
analyzed chemical composition. It was found that the protein content was high in the range
of 16.2-18.1% . The sensory evaluation of all three formulas of crispy Sacha Inchi product
were found that the formula 1 (20% of Sacha Inchi flour) was the highest of total liking score.
The formula 1 was kept in sealed aluminum bag for 12 weeks at room temperature
(2742 °Q), it still accepted by trained panellists. The crispy Sacha Inchi product was suitable

as a food product that can be produced and sold further.

Keywords : product development, Sacha Inchi, crispy Sacha Inchi product
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Table 1 The ingredients of crispy Sacha Inchi sheets for each three formulas

Ingredients (%)
Ingredients
Formula 1 Formula 2 Formula 3
Sacha Inchi flour 20 30 40
Cashew nut powder 23 13 3
Sugar 16 16 16
White egg 20 20 20
Unsalted butter 12 12 12
Baking powder 2 2 2
Salt 0.4 0.4 0.4
Palm oil 6.6 6.6 6.6
Total 100 100 100

3
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Duncan’s Multiple Range Test (DMRT) A ¢
TUsINTH SPSS 195t 24
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A

Figure 1 Crispy Sacha Inchi sheet formula 1 (A) crispy Sacha Inchi sheet formula 2 (B) and crispy Sacha Inchi sheet formula 3 (C)
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Figure 1 AR INAN TGN 1B LA
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WATAIANNTBUBYTENING 11.60-12.60 Hadu
iUl W usuaudsdaniiduavidli
ARAsYeIdnwusL odudans 3 F1ufingnn
dWudy or9ifiesuiannusuialetiuainnin
framBumiitvesnitnadinuzaiefiunius d
ndeyanuin lufulumdadaninduani
UszanauSovay 429 waglusuluwdaugdae-
Funiunuszurusesay 46.35%2 Javinla
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Aukdudy Tneundludulueinistreusuuss

Woduialvifiauyudy Asdunisindndond
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wdkazAlunsauLiudu

' donnaneiu
IMUIT9U0 9 Bureepakdee et al., 2023 14
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Table 2 Color properties and water activity (a.) of crispy Sacha Inchi sheets in three formulas

Color properties . Moisture content
Formula Water activity (aw)
L* a* b* (%)
1 54.55+1.09° | 10.08+0.25° | 37.83+0.56 0.40+0.01° 3.33+0.02°
2 47.69+0.58° | 10.42+0.44° | 35.10+0.29" 0.35+0.00° 2.78+0.12°
46.62+0.24° | 9.33+0.05" 34.25+0.31° 0.38+0.00° 3.11+0.12°

Note : #“ means values having different letters in a column differ significantly at p<0.05

Table 3 Texture properties of crispy Sacha Inchi sheets in three formulas

Formula Hardness (N) Fracture ability (mm) Crispness (N)
1 10.08+2.36" 8.14+0.53° 4.50+1.12°
2 12.45+0.96" 12.4120.99° 12.60+0.55°
3 14.02+1.89° 13.97+1.85° 11.60+2.19°

Note : ® means values having different letters in a column differ significantly at p<0.05

(% ¢

3.2 ANIIWAUINAR S U 61D UA MK Y
UNTOU
1NAISNAGRUNIUSEENFURALA Y
AUSINATIUIY 60 AU WATUIMIAUTN YL
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ATLUY 6.75, 7.20 LAY 6.33 ANUAIAU LAY
WAn usidIanBuAsLaUNToUgNT 2 uaz

3 lasuAzhUUsaIasuIMvNdukas Al
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WANANATUNIIETRA (0>0.05) AZLUUAIIUTDU
FUANUNTOUTBINAN AT AIA1IB UL
ounsey gasfl 1 waz 2 laifiduandneiueeig
HedAgyn19ada (p>0.05) aglugae 6.07-
6.15 Azuuy Bslesuazuuuanguilanuinndi
WAnSgiInBuA LU UNTOUERTT 3 71T
ATAZLUUAIIUYBUATUAIIUNTOULIN G
5.37+0.55 AZUUY AMENYUEAIUNAUVDS
WAR ST INBUALKLaUNTBUgATT 1 Tl
1nTgATAy 5.47+0.68 AziuL B13LedaN
fUsinudunauvesiiadualuliinudes

NaallaTeuiiieuiugnsau q Bnvedalasy

AzLUUAINTOULAYTINLINTAgALIAFY
6.82+0.62 Azlu dziiuldtaiauiin leld
Uuadanduandindu ilfasuuy
AnuvauluwarsuiuuIldianas
HAN1TAALANNITUSELEUANA NN
Uﬁzaméfmﬁagmfﬁm’sﬁuml,wiuaumauﬁu’a 3
gns WU wandasigesi 1 lefuniseousy
nnfuilnadeazuuuaueuNIniigatily
AUFNYMEUIING & AUNTOU TR LAy
AuveulagTm TeinAnFusidan128uA)
LHUBUNTBU gnsTl 1 3nAnwinisiudsunlas

I @ [ |
AaunmluseIamsiiuinusdely

Table 4 Evaluation of consumer satisfaction towards of crispy Sacha Inchi sheets in three formulas

Score of evaluation
Formula
Appearance Color Odor Texture Flavor Overall
1 6.75+0.65" 7.20+0.51° | 598+0.68" | 6.07+0.78" | 6.33+0.73° 6.82+0.62°
2 5.18+0.57° 5.07+0.61° | 5.73+0.45° | 6.15+0.69° | 5.10+0.90° 5.30+0.79°
5.33+0.60° 5.08+0.59° | 5.47+0.68° | 537+0.55° | 5.18+0.98" 5.63+0.97°

Note : *“ means values having different letters in a column differ significantly at p<0.05

Values are mean + standard deviations of triplicate determinations

[ ¢

3.3 NAN1SANYIDIAUTLNDUNILANNAR S U
framdumusueunseu

31NN UINEA T UAEIN1IDUATLNY
BUNTOUIIUIY 3 AT TiAT1enUTu
adlulansmanun wasuRae ATy
Togdu TUSAY wagld wanada Table 5 Wyl
WA S uitaA113uAuHLaUNTOUS 3 gns i
perUsenaumaadlldunnsnaiuuin Taed

PAIUNINUATUYY 611.5-623.1 AlakAass

aslulawnsnaundesas 26.1-30.7 ALY
Sovay 2.73-3.46 ladiusovas 47.1-49.6 L61
Jovay 2.75-2.76 waglushulutieiovas 16.2-
18.1 Inofindnsusignsi 3 TUTualusiu
aeganifufesay 18.1 1lesnildulszney
yaautadaniduaminian tnsudsdanin-

duenillushuasdsTouay 42
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Table 5 Proximate composition (¢/ 100 g sample, dry basis) of crispy Sacha Inchi sheets in

three formulas

Components
(&/ 100 g sample) Formula 1 Formula 2 Formula 3
Carbohydrates 30.7 28.9 26.1
Energy (kcal) 611.5 620.0 623.1
Moisture 3.23 2.73 3.46
Fat 47.1 48.4 49.6
Protein 16.2 17.2 18.1
Ash 2,77 2.75 2.76

3.4 ﬁﬂmmsLﬂﬁauLLﬂaﬂ@mmWIuswdw
msiusnenandugiainBunwueunsoy
ansil 1
NARaMSLAUINWIHAR S T BuA
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ativ Wuszeziian 12 dUn1oi wagnadsy
AMdnwuzn1UsEamdudalaeldls ideal
ratio profile test fMAgaUTIUIL 8 AL LilD
miAdnyALN1SAsULUAIYDINAR A U
Iéun & ndu AunToU wazsavAulanyasy
TnefiAindsvosudazaudnunsuaniss Table
6 lnofininArdndiuvesnudnvuszlaian
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a

(2742 pamwalda) Wuszegiian 12 dUav
tfu wanSusiiiddeudiadutu fndudiu e
nseuanas uardisanniounazuaiuiy
Wntesuansdn gnaaeudiniinnusenisin
Usuugsqaidnuazsunay & mnunseu uay
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Table 6 Sensory evaluation of crispy Sacha Inchi sheets formula 1 during storage at room

temperature

Time .

( " Changed Color Off-odor Crispness Off-flavor

wee
0 0.99+0.01° 0.99+0.02° 0.99+0.00° 0.99+0.01°
1 0.99+0.00%° 0.96+0.02° 0.99+0.00° 0.97+0.01°
2 0.98+0.00* 0.94+0.02° 0.97+0.01° 0.94+0.01°
3 0.98+0.01° 0.94+0.02° 0.93+0.01° 0.93+0.01¢
4 0.97+0.01° 0.94+0.01° 0.93+0.01° 0.92+0.01°
5 0.97+0.01° 0.9440.01° 0.93+0.01° 0.92+0.01°
6 0.9440.02° 0.93+0.02° 0.9340.01° 0.92+0.01°
7 0.92+0.02 0.92+0.01° 0.91+0.03° 0.92+0.01%
8 0.91+0.01° 0.90+0.01° 0.91+0.02° 0.91+0.01°
9 0.88+0.01" 0.87+0.01' 0.90+0.02° 0.89+0.02
10 0.86+0.01' 0.87+0.01' 0.89+0.02° 0.88+0.03°
11 0.85+0.01' 0.85+0.01° 0.88+0.02° 0.87+0.03
12 0.85+0.01' 0.84+0.01" 0.86+0.01° 0.86+0.03"

Note : *“ means values having different letters in a column differ significantly at p<0.05

Values are mean = standard deviations of duplicate determinations of 8 panelists 1.00 equals Ideal product

unasy
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Development of instant Nam Prik Ong using freeze drying process

Jiraporn Burakorn', Pran Pinthong', Montakan Aimkaew', and

Nattacha Siriwarin®”

1Depar’tment of Science Service, Bangkok, Thailand
*Corresponding author, e-mail : srwr.nc@gmail.com
Received 15 March 2024; Revised 27 June 2024; Accepted 8 July 2024

Highlights
* Extending the shelf life of instant Nam Prik Ong by freeze drying process
* Evaluating shelf life of Nam Prik Ong under accelerated conditions using the Q10 method

* Textural quality of product after drying is similar to the fresh product

Abstract

This research aims to study the production of instant Nam Prik Ong that can be stored
for a long time, is convenient for transportation and still maintains the value of nutrients by
using the freeze drying process. A prototype recipe for fresh Nam Prik Ong was developed and
frozen at -20 °C for 12 hours, then dried in a freeze dryer at -80 °C for 36, 48, and 60 hours. It
was found that the drying times of 48 hours and 60 hours showed the moisture contents and
aw that were not significantly different (p>0.05). Therefore, 48-hour drying was chosen to
produce the instant Nam Prik Ong and physical and chemical properties were investigated.
The results showed that solubility index and water absorption capacity were 25.36% and
2.31%, respectively. In the ratio of water to Nam Prik Ong at 1:1 provided that was very similar
to fresh one. In addition, instant Nam Prik Ong had protein, fat, total carbohydrates, ash, and
moisture content of 25.9%, 50.2%, 17.2%, 4.36%, and 2.32%), respectively, also an energy
value of 624.3 kilocalories per 100 gram sample. Fresh Nam Prik Ong and instant Nam Prik Ong
had no difference (p>0.05) in texture and overall liking scores. The shelf life evaluation of
instant Nam Prik Ong under accelerated conditions by using the Q10 method showed that
temperatures of 30 °C, 40 °C, and 50 °C can preserve instant Nam Prik Ong for 31 days, 21 days,
and 14 days, respectively.

Keywords : Nam prik ong, instant northern thai-style spicy tomato dip, freeze drying, product

development
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Ingredients of instant Nam Prik Ong

Percentage (%)
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Vegetable oil
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Dried chilies
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Shallots
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2
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Table 2 Water activity and moisture content of instant Nam Prik Ong at -80 °C in the different

drying time
Drying time at -80 °C (h) Moisture content (%) Water activity (aw)
36 5.92 + 0.08° 0.68+ 0.02°
48 0.47 + 0.03° 0.26 +0.05
60 0.41 £ 0.06° 0.25+0.01°
Note : Different letter (a-b) in same column represents a significant difference at p<0.05
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Figure 1 Instant Nam Prik Ong (freeze-dried sample)

Table 3 Physical properties of instant Nam Prik Ong

Physical properties Results

Moisture content (%) 0.47 + 0.03
Water activity (av,) 0.26 + 0.05
Solubility (%) 2536 + 0.86
Water absorption capacity (%) 2.31 +0.08
pH 7.44 + 0.04
Color

L* 29.98 + 0.04
a* 14.57 + 0.20
b* 40.37 £+ 1.24
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Table 4 Reconstitution of instant Nam Prik Ong in hot water (95-100 °C) for 1 minute

Ratio of water to
Sample Appearance
instant Nam Prik Ong
(@ - Instant Nam Prik Ong (freeze-dried sample)
(b) 0.5:1 Nam Prik Ong had a viscous consistency and coagulation
(@ 1:1 Nam Prik Ong was slightly moist. It's not hard and didn't
clump together
(d) 1.5:1 Nam Prik Ong was too watery

(@) (b)

(@) (d)

Figure 2 Appearance of instant Nam Prik Ong (freeze-dried sample (a)) and instant Nam Prik Ong after reconstitution in the

ratio of instant Nam Prik Ong to hot water; (b) 0.5:1; (c) 1:1; and (d) 1.5:1 respectively
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Table 5 Evaluation of consumer satisfaction of fresh and instant Nam Prik Ong

Score of evaluation
Sample
Appearance Colour Odor Texture Flavour Overall
Fresh 5.73+0.88" 6.48+0.29° | 535+0.54° | 7.18+0.83™ | 5.95+0.56" | 6.18+0.19™
Instant 6.23+0.66° 6.05+0.69° 6.70+1.43° 7.22+0.65™ 6.80+0.57° 6.22+0.65™

Note : Different letter (a-b) in same column represents a significant difference at p<0.05

ns means not significant difference (p>0.05)

Values are mean + standard deviations of triplicate determinations
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Figure 3 Relationship between storage time and moisture content (%, a); aw (b) of the instant Nam Prik Ong stored at 30, 40

and 50 °C (relative humidity 70%)
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Table 6 Moisture content (%) and a,, of instant Nam Prik Ong stored at 30, 40 and 50 °C
(relative humidity 70%)

Storage .
time (day) Moisture content (%) aw
Temperature 30 °C 40°C 50°C 30°C 40°C 50°C
0 0.14£0.02™° | 0.14+0.02™ | 0.14+0.02™" | 0.31£0.03™" | 0.33+0.00™" | 0.33+0.00™"
7 0.18£0.02°° | 0.33+0.04°® | 0.31+0.01°® | 0.38+£0.01"* | 0.40+0.01®® | 0.39+0.01°
14 0.27+0.03™ | 0.30+0.09™° | 0.24+0.04™° | 0.32+£0.01°° | 0.47+0.00 | 0.50+0.10™
21 0.30+0.02°° |  0.53+0.06™ | 0.37£0.06°* | 0.35+0.00%° | 0.48+0.00°* | 0.51+0.00*"
28 0.36+£0.04°° | 0.52+£0.02*" | 0.39+0.01°® | 0.36+0.00”® | 0.51£0.03° | 0.51+0.00*"
35 0.45£0.03" | 0.59+0.16™ | 1.01+0.06™ | 0.35+0.01°® | 0.52+0.03** | 0.56+0.07*"

Note : Different letter (a-b) in same row represents a significant difference at p<0.05

Different letter (A-E) in same column represents a significant difference at p<0.05

ns means not significant difference (p>0.05)

Values are mean + standard deviations of triplicate determinations

Table 7 Sensory evaluation of instant Nam Prik Ong stored at 40 and 50 °C (relative humidity 70%)

Storage
. Colour Odor Taste / Texture
time (day)
Temperature | 30°C 40 °cC 50°C 30°C 40°C 50°C 30°C 40 °cC 50°C
0 n n n n n n n n
7 n n n n n n n n
) slightly
slightly abnormal/
14 n n n n n abnormal/
dark moist ]
moist
o1 n dark slightly slightly | slightly n abnormal/ | abnormal/
ar
dark rancid rancid moist moist
n n abnormal/ | abnormal/
28 dark dark rancid | rancid ] ]
moist moist

Note : n means normal
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Highlights
* Alternative dietary fiber products from leftover pomelo peels
* The production is simple, and can be done at home
* Pomelo peel dietary fiber product can be added to a variety of food products without
affecting the color, odor, and taste

* Pomelo peel dietary fiber product can be stored at room temperature for at least 20 days

Abstract

This research aimed to developed the pomelo peel dietary fiber (PDF) product. The
white part of the pomelo peel has been blended, filtered and then boiling in an electric stove
using 1,000 W at 100 °C for 5 min to removed the bitterness. It was filtered and centrifuged to
removed the water. The processed pomelo peel was mixed with the corn syrup at 20, 30 and
40 ¢ per 100 ¢ peel, and microwaved using 700 W for 2 and 3 min to studied the effect of
corn syrup ratio and microwave heating time on the physical, chemical and shelf life of the
PDF product.

The results found that the L*, C*, h color value and the pH values (5.62-5.89) of PDF
were significantly different (p<0.05) while the water activity (a,,) were in the range of 0.961-
0.983 and not significantly different between samples. The sample No. 4 (20% corn syrup)
with 2 min and 3 min microwave heated had low a,, and not significantly different from each
other. The chemical analysis of 100 g of sample has 15.04 g of total dietary fiber, 0.59 ¢ of
ash, 0.50 ¢ of protein, 0.04 g of fat, 69.64 ¢ of moisture, 29.24 g of carbohydrate, total energy
of 119.30 Kcal and 0.36 Kcal energy from fat. The PDF product was stored at room temperature
for 20 days and sampling for microbiological tests every 5 days. It was found that the corn
syrup and microwave heating could inhibited the growth of mold and yeast compared to the
control sample.

Keywords : pomelo albedo, dietary fiber, food security
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Table 1 Color value of pomelo peel pulp with syrup concentration and different microwave

heating time
Microwave
Syrup concentration
Example heating time L* c* h
(g/100 ¢ pomelo peel)
(minutes)
Control 0 0 88.97+0.47°  9.66+0.12% 96.37+0.68™
1 20 0 83.81+0.3¢"  8.94+0.27° 98.26+0.53°
2 30 0 81.44+0.52°  9.14+0.62° 98.62+0.35°
3 40 0 75.66+0.08"  10.04+0.26°  98.73+01.05°
4 20 2 85.44+0.24°  11.44+0.55®°  96.59+0.12°
5 30 2 84.59+0.30°  10.98+0.28° 96.84+0.41°
6 40 2 81.51+0.20°  11.41+0.50°°  97.10+0.25"
7 20 3 87.74+0.08°  11.26+0.70°  95.59+0.59™
8 30 3 88.22+0.27°  11.41+0.21%°  94.61+0.36°
9 40 3 86.85+0.43°  12.13+0.39°  95.12+0.18%
Note : " has different letters vertically. indicates a statistically significant difference (p<0.05)
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example 1 example 2 example 3
control example 4 example 5 example 6
example 7 example 8 example 2

Figure 1 Appearance of pomelo peel pulp with syrup concentration and different microwave heating time

Note : control = syrup concentration 0 ¢ /100 ¢ pomelo peel, microwave heating time 0 minute

example 1 = syrup concentration 20 g /100 ¢ pomelo peel, microwave heating time 0 minute

example 2 = syrup concentration 30 g /100 g pomelo peel, microwave heating time 0 minute

example 3 = syrup concentration 40 g /100 g pomelo peel, microwave heating time 0 minute

example 4 = syrup concentration 20 g /100 g pomelo peel, microwave heating time 2 minutes

example 5 = syrup concentration 30 g /100 g pomelo peel, microwave heating time 2 minutes

example 6 = syrup concentration 40 g /100 g pomelo peel, microwave heating time 2 minutes

example 7 = syrup concentration 20 g /100 g pomelo peel, microwave heating time 3 minutes

example 8 = syrup concentration 30 g /100 g pomelo peel, microwave heating time 3 minutes

example 9 = syrup concentration 40 g /100 g pomelo peel, microwave heating time 3 minutes
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Table 2 Free water content (a,) and pH of pomelo peel fibers

Syrup concentration

Microwave

Example heating time aw pH
(g/100 g pomelo peel)
(minutes)

Control 0 0 0.982+0.01° 5.6210.04d
1 20 0 0.983+0.00° 5.89+0.01°
2 30 0 0.977+0.00™ 5.88+0.05°
3 40 0 0.970+0.00 5.89+0.03°
il 20 2 0.967+0.00 5.81+0.02°
5 30 2 0.964+0.00 5.80+0.02°
6 40 2 0.962+0.00° 5.80+0.02°
7 20 3 0.967+0.00 5.80+0.02°
8 30 3 0.963+0.00 5.79+0.02°
9 40 3 0.961+0.00° 5.75+0.05°

Note : “ have different letters vertically indicates a statistically significant difference (p<0.05)
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Table 3

Table 3 Results of the study of chemical quality of pomelo peel products

Quantity/100 grams

Nutrients Control Example 4
Moisture 84.75+0.05 69.640.07
Fat™ 0.01+0.00 0.04+0.00
Energy from Fat™ 0.00+0.00 0.36+0.00
Protein™ 0.47+0.00 0.50+0.00
Carbohydrate 14.28+0.06 29.24+0.08"
Total Dietary Fiber 11.65+0.03 15.04+0.15
Ash™ 0.58+0.01 0.59+0.01

Total Energy 58.59+0.36 119.30+0.31°

Note : ™indicate no statistically significant difference (p>0.05)

*represents the highest average
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Table 4 Results of the study of microbial counts of pomelo peel products over a period of 20 days

Number of microorganisms (colonies per cubic centimeter)

b Control Example 4
ay
PCA PDA PCA PDA
(Microorganism) (Yeast & mold) (Microorganism) (Yeast & mold)
1 2.43+0.40x10° 1.00+0.00x10" Not found Not found
5 3.47+0.15x10° 2.00+0.00x10" Not found Not found
10 5.33+0.58x10° 2.00+0.00x10" Not found Not found
15 1.57+0.06x10° 4.67+0.58x10° Not found Not found
20 5.33+0.58x10° 5.33+0.58x10° Not found Not found

Note : PCA = measures the number of bacteria, yeasts and molds that grow aerobically

PDA = measures the number of yeasts and molds
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Highlights
* Enhancement of C-phycocyanin from Spirulina cultivation
* Accumulation of C-phycocyanin through metabolic stress

* Biological properties of C-phycocyanin and application

Abstract

Spirulina is currently popular in the food, cosmetic and medical industries. Spirulina

can produce the important bio-substance C-phycocyanin. Spirulina cultivation has extrinsic

factors for improving C-phycocyanin and biomass production, such as light intensity, nitrate

concentration, pH, and temperature. In addition, the optimum conditions and nutrients had

affected cell stress conditions. High-content C-phycocyanin accumulated through the

C-phycocyanin synthesis pathway under stress conditions. C-phycocyanin has important

biological properties, including antioxidant, anti-inflammatory, and cholesterol reduction

properties. Due to these attractive properties, the application of C-phycocyanin is increasing

in various industries. Therefore, Spirulina is considered a potential source of C-phycocyanin.

Keywords : C-phycocyanin, Spirulina, cultivation
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sanandlu Table 1

Table 1 Condition of Spirulina cultivation for C-phycocyanin production

Microalgae Conditions C-phycocyanin Protein Biomass References
S. platensis pH 7.5 and CO; 10% 18.75% 49 mg/\/d (8)
S. platensis pH 8.5 and CO; 14% 64% 72 mg//d )
S. platensis pH 9.5 CO, 13% - 62 mg/\/d 9)
S. platensis Nitrate: 2.0 g ¢/l - - 1.44 g/\ 9)
S. platensis Nitrate: 2.5 ¢/l - - 3.50 g/l (10)
Salinity: 1.5 ¢/l
S. platensis Nitrate: 3.0 g/l - - 2.33 g/| (10)
Spirulina CO, 10% - - 272.12 mg/\/d (10)
strains
LAMB171
Spirulina CO2 10% - - 265.45 mg/\/d (11)
strains
LAMB172
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Table 1 (continued)

Microalgae Conditions C-phycocyanin Protein Biomass References

Spirulina CO,10% - - 260.91 mg//d (11)
strains

LAMB220

S. platensis  Sodium glutamate 0.34 mg/ml - 13.37 g/l (11)
FACHB-314 5mM

S. platensis Succinic acid 0.311 mg/ml - 13.37 g/l (11)
FACHB-314 7.5 mM

C. caldarium  Biliverdin 30 mg/l  C-PC increased 12.7% - - (12)

C. caldarium Biliverdin 6 mg/l C-PC increased 9.4% - - (12)

Ansdanszid-ilaleeniiu
mawzdesamseallsaunduduney

[

dfyNdanadenisazanarsdrfyyanias

melugadalusdun dugu laddlushu
win-ualsiiu raslsfiadie Wudu Faidade
waneUsensiidenaliansdday vioanswnn
veladfiazaumeluwadalusdusiimavasy
wUasly 1wy N15uUsUTIUTRIENINLIAA DY
aneuveIE WY eWNTABEIMIIY LAY
avaupanaien WWud (Figure 1a) Tuanied
amiefiensauysainderinalse ity
noluAnAIULATYATUNITALAUTDIAITIUAN
voladiumnsneiy usrainanaeSenainnns
Ynansesiotndusnisnismiaunisiiiu
NTdraNTRIATAUBlaRluYaaaINTY NT
LAONAN1ILVOIA1T91TIAINAAYsiaNIT
agauvosansiumualad fuunisauaunis
dranansdinglnlaldalusau wazd-lula
TggntulunszuiunTduaAT Iz A LA LA
Fananasng q isendn ladaley Sadesdinis

LABNANIILLATYAINANTDIMISNUUNZAY @I

mmu aminolevulinic acid (ALA) 1uanssedu
nanveinszuIunsazaninladau wazdudu
a155udulunsEuIUNISANASIENTUVD Y

Ao o

391930 Fefudnduansfnansfiddalunis
Fuaseilnladau waviulindvivdaasy
NSTUIUNITHUATIENAI8LAIVDLYAR L1 1A
uWnasnneu (phytoplankton cells) Jleiin
NSEUIUNITERUEAN8Y0ITNILdINan A
fanesauanas iadulnindau Felwladaui
winzaulunsdunserilnlaleyeniiu As lula
logluddu lnelnlaleg1ludduduwna
(phycocyanobilin synthase, PcyA) i1l U&-
nesaudsudulninlygTuday venanni
Ilalwe Tudduaiuisainnisdansizila
Tnonss lnglddududinanslunisminaiey
fefinnsarauvosd-lnlaleeduuiuiags
annsarhladioRensannuA3enanNAITRA
nagy (metabolic stress) YBIAINAIINITLNA

nargyvestilalegnluddunaraninuinaou

u 9 (Figure 1p)*V

EE -


Dell
Typewritten Text
46


Msanifeuss i maniusiens O7 54 atufl 2 n.a. - 5.0, 2567
Journal of Food Research and Product Development Vol. 54 No. 2 Jul - Dec 2024

Suitable conditions for cell growth and phycocyanin
hyperaccumulation: Especially nitrate fed-batch strategy
and substrates addition

Substrates

—

Metabolic stress
(by nutrient
enrichment)

Substrates

stablishment of
favorable
conditions

Environmental

Adjustment of
conditions

environmental
conditions

—

| Metabolic intermediates |

R—— b

as metabolic
stress

Culture medium - Succinic acid
o
\ # \\\ »Sodium glutamate
L \<
== [ Glvtamate \_\
> [ Pyruvate \\.
Phycocvanobilin Hi.gll tontent
Phycocyanin
o, Biliverdin IX : !
F

2 R Important metabolic o
Environmental \H‘ mtetmedlates//
conditions | e

Figure 1 Factors of Spirulina for biomass and C-phycocyanin accumulation which a is significant factors affected on high

biomass and C-phycocyanin production, and b is metabolic intermediates of high content of C-phycocyanin from

Spirutina™
nMsduaszisuansafatuldniluile
wazdad Falmnuuandnsiuluuisuszns tay
A58 RATIZRazSuduT 5-aminolevulinic
acid (ALA) fiannsaiatuldanaesdumaly
MsdaAsEsimedinm fe Mstasungmiius
ion1smuuLuTeslnadu (slycine) Audnddia-
Tawe (succinyl-coA) Tnglufiwfianusodunsz
uaauazamsgIuIalan saudalgelunuaiise
ziin ALA ldaannganuan1uid five-
carbon (C5) luautunauiiniuaudisieulssd
glutamyl-tRNA synthetase, glutamyl-tRNA
reductase Wag glutamate-1-semialdehyde
aminotransferase sazintuanzly plastids
uarAugamensaisBurionaelsilad daulu
& \We1 wunilide uwazdad aziin ALA My

nsAIULLUTEdlnadu (slycine) Audrdilalawe

(succinyl-coA) H1U3D four-carbon (C4) lngay
Watwamzlululnsaowniswasiiludnis

a8y (Figure 2

EE -


Dell
Typewritten Text
47


MIANTIVBUASHAIUIN

Andoustenms U7 54 atud 2 n.a. - 5.0, 2567

7 Journal of Food Research and Product Development Vol. 54 No. 2 Jul - Dec 2024

Plants
C5

Glutamate
Clutamyl-tRNA synthetase

Glutamyl- tRNA reductase (GTR)
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Animals
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e e [ |
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Coproporphyrinogen I11
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Hydroxymethylhilane Synthase

Hydroxymethylbilane
l Uroporphyrinogen 111 synthase (UROS)

roporphyrinogen 111

Uroporphyrinagen I decarboxylase (UROD)
Caproporphyrinogen Il oxidase (CPQ)

Protoporphyrinogen IX oxidase (PPO)

Protoporphyrin IX

Heme
Reduction
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¥
5
= Biliverdin
W
% l
Further =
reduction | 5 Phycocyan

(In red algae)
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[ Mg—protoporphyrin IX

Heme oxygenase
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Phycocyanobilin

Chlorophyll
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Figure 2 Pathway of heme in microalgae which a is biosynthesis of ALA precursor, b is biosynthesis of all organisms, and

c is protoporphyrin IX in plants and algae®
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Table 2 Biological properties of C-phycocyanin

T iUDIN1TA1809LYad UDNAINTNITAIU

auyadasvesd-lilalegiudauisateadiu

Microalgae Biological properties References
S. platensis Anti- inflammatory properties (18)
S. maxima Antioxidant and anti-inflammatory properties (19)
Spirulina sp. Reduction in the blood cholesterol levels, protection (20)

against some cancers, prevention of cardiovascular

diseases, and improvement in the resistance of the

body’s immune system
Spirulina sp. Inhibition the spread of the virus HIV-1, HIV-2, HSV and (21)
influenza
S. platensis Reduction the lipid accumulation in the steatosis L02 (22)
cells and the liver

Spirulina sp. Antioxidant and anti-inflammatory properties (23)
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Table 3 C-phycocyanin application

Microalgae Application

Results References

S. platensis Food industries

Ice cream, gum, fruit drinks, noodles, (18)

wasabi, jelly, candy, yogurt, margarine,

butter and baked goods

S. platensis Fluorescent probes

Labels for cell-sorting, Fluorescence (18)

microscopy, fluorescence activated cell

sorting (FACS), fluorescence correlation

spectroscopy (FCS) and labeling of

proteins, antibodies and nucleic acids

S. platensis Food industries

C-PC for food coloring (25)

S. platensis Nutraceuticals and

pharmaceuticals

Antioxidant, inhibits the number of cancers (25)

cells and has anti-carcinogenic effects

Spirulina sp. Environment

Phycocyanin can be used as an indicator (15)

for several environmental problems such

as algal bloom

Spirulina sp. Cosmetic

Phycocyanin is incorporated in various (15)
cosmetic products such as lipstick,

sunscreen, eye shadow and hair dye

Spirulina sp. Food industries

Prepare edible films and coatings that (26)
extend the shelf life of products by

reducing deterioration by microorganism

action and prevent the oxidative process

that occurs in foods
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The challenges in transforming the food system to address malnutrition

issues and achieve the sustainable development goals
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Highlights
* Transforming the food system is necessary to address all forms of malnutrition
* Research and innovation in the development of plant-based meat alternatives
represent one of the strategies to promote and drive transformation towards a
sustainable food system
* All stakeholders should be involved in part of discussion and planning process to

pursue a food quality, safety, and security

Abstract

Dealing with malnutrition in all its forms is one of the critical challenges of public health
management in each country towards sustainable development goals (SDGs). Experiencing
malnutrition from early childhood or even during pregnancy increase the risk of illness and
premature death. The cause of malnutrition is normally related to issues of poverty, instability
in food supply, and lack of awareness about the importance of choosing beneficial foods for
long-term health. Therefore, the government must develop a sustainable food system, which
is necessary to guarantee food/nutrition security for all. Additionally, nutrition surveillance
should be implemented and particularly focused on vulnerable group at risk of nutrition
imbalances, including women, infants, children, and adolescents. If malnutrition issues are not
prevented and addressed, it will lead to an increase in household health expenditure and
slow economic growth. This perpetual cycle of poverty and illness can affect the socio-

economic situation of a whole country, significantly.

Keywords : malnutrition, sustainable food system, food security, sustainable development

goals (SDGs)
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Increasing the amount of phytochemicals in fruits and vegetables using

the lactic acid bacteria fermentation
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Highlights
* Increasing the amount of phytochemicals using lactic acid bacteria fermentation
* Enzymes of lactic acid bacteria can increase the antioxidant activity of vegetables and

fruits

Abstract

Phytochemicals are biologically active compounds produced by plants and beneficial
to human health. Food from plants that undergo fermentation with lactic acid bacteria not
only increases nutritional value but also improves sensory properties, extends shelf life, and
increases the quantity of beneficial phytochemicals for human health, such as phenolic
compounds increase flavonoid content, compared to non-fermented vegetables and fruits.
Additionally, it exhibits higher antioxidant properties due to the breakdown of chemical
structures of phytochemicals by enzymes from lactic acid bacteria during fermentation,
making these substances more biologically active. As a result, the research presented in this
review can be used as a guideline for using lactic acid bacteria in the fermentation of
vegetables and fruits to produce health-promoting foods that meet future consumer

demand.

Keywords : lactic acid bacteria, phytochemicals, fermentation
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Figure 1 Schematic of phenolic compounds classification
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Benefits of lime peel
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Highlights
* Lime peel is rich in essential oils, vitamin C, and dietary fiber. It is high in antioxidants

and bioflavonoids

Abstract

Lime Citrus aurantifolia (Christm et. Panz.) Swing is a small tree. Its fruit has a very sour
taste and is a good source of vitamin C. It adds a delicious flavor and aroma to dishes. Limes
have antioxidant properties, with vitamin C helping to prevent various diseases by
controlling free radicals in the body. They also have nutritional and medicinal benefits,
containing pectin, water-soluble and water-insoluble antioxidants, and essential oils. Lime
peel is rich in phenolic compounds with antioxidant properties, which can help combat
cancer, viruses, bacteria, and inflammation. Limes also contain phytochemicals, which are
plant-based compounds with important antimicrobial properties. Furthermore, lime peels
have wound-healing properties and can inhibit the growth of disease-causing microorganisms.
Because of these benefits, lime peel can be used in savory foods, snacks, baked goods, and

various beverages, as well as in beauty and medical products.

Keywords : lime peel, hesperidin, vitamin C, bitter taste
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* Vegan consumers : definition, characteristics, consumption

* Market trends of plant-based food products

Abstract

Currently, there is a rising trend of consumer groups abstaining from meat and animal
derived products. These groups of people mainly focus on consuming foods such as
vegetables, fruits, and grains. They are divided into 3 primary groups: vegetarians, Buddhist
consume vegetarians, and vegans. The vegan group is the most stringent in their dietary
restrictions. Additionally, they refrain from consuming meat and products derived from
animals. However, raising animals for food or industries related to meat products and other
animal derived good also impacts the environment. This is due to the greenhouse gas
emissions from the animal industry, which contribute to deforestation and pollution of water
sources. The final reason is that vegans want aim to maintain good health and reduce the
risk of health problems caused by meat or animal products consumption. However, it can
lead to nutrient deficiencies that typically come from animals. These nutrients can be
replaced with vegetables, fruits, and various grains. Therefore, it is essential to plan meal
carefully to ensure adequate nutrients intake without relying on meat. The number of
people abstaining from meat consumption is on the rise. This has led to the creation of food
products derived from plants, commonly known as plant-based food, which are currently
experiencing a surge in popularity, driving significant market. This highlights the importance of
developing and researching plant-based food products because individuals who do not
consume meat seek options within this category that are both more diverse and closely

animal deriver products.

Keywords : vegan, consumers, nutrients, plant-based food product
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Highlights
* Potential of metabolites derived from microbial co-cultures
* Microbial co-cultures play a crucial role in enhancing the efficiency of bioproducts

* Functional properties derived from microbial co-cultures offer unique and diverse benefits

Abstract

Co-culture involves growing multiple strains of microorganisms together in the same
environment to improve production efficiency. This method utilizes the complementary
strengths of different microorganisms, producing various metabolites during fermentation.
These metabolites, including primary and secondary metabolites, are affected by factors
such as the types of microorganisms and the fermentation environment. Co-fermentation
results in diverse metabolites, including those produced from the co-fermentation of
different yeast strains, yeast and bacteria, and yeast and algae. These processes involve
metabolic pathways that complement each other, resulting in metabolites with distinct
functional properties. These metabolites not only increase nutritional value and improve
taste and smell but also extend the final product's shelf life and enhance production
efficiency. The microbial co-fermentation process is powerful for producing valuable
metabolites with applications across industries such as health food and pharmaceuticals.
The use of microbial co-cultures has shown significant potential in improving bioproduct
efficiency. By taking advantage of the synergistic interactions between different
microorganisms, co-cultures offer a wide range of functional properties, including enhanced

metabolic pathways and the production of unique metabolites with valuable industrial
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applications. Therefore, metabolites from microbial co-cultures represent a promising

strategy for optimizing bioproduction processes and advancing bioproduct development.

Keywords : microbial co-cultures, metabolites, functional properties
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Wudiudrdgyvesanaimnssuemisilaidu
FDenIALNUNezlluTINSA (Y-aminobutyric
acid) Il ian (folate) uagunalsiiuaya
(carotenoids) nanfAnsifiiunsvsinde Tad
fvateguuuy Jeflquandideguaind

“ANYNAIN FISIUaLREALY Table 1

Table 1 Functional properties from yeast co-cultures

Products Saccharomyces Non-Saccharomyces Functional properties Ref
Fermented pear S. cerevisiae Torulaspora delbrueckii Reducing the levels of (15)
beverages hydroxybenzoic

acids, procyanidins, and
flavonol
Craft beer S. cerevisiae Torulaspora delbrueckii, B-clucosidase activity (16)
Lachancea
thermotolerans,
Kazachstania
unispora and Saprochaete
suaveolen
Wine S. cerevisiae Pichia fermentans Z9Y-3 Regulate the content of (17
aroma substances, reduce
ethanol and increase acidity,
thus improving wine quality
Loquat beer S.cerevisiae Hanseniaspora Intensify the aromatic (18)
MN113 uvarum YGA34 characteristics of the beers
Maize based porridge S. cerevisiae TY08 C. ¢glabrata TY26 Enhancement of folate level (19)
Fermented Garcinia S. cerevisiae Hanseniaspora sp Increase in antioxidant (19)

beverage

properties
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Table 1 (continued)

Products Saccharomyces

Non-Saccharomyces

Functional properties

Ref

Rye dough fermentation S. cerevisiae ALKO

743, S. cerevisiae
TS 14

Candida milleri CBS
8195, Torulaspora
delbrueckii TS 20

Enhancement of folate level
(15-23 g/100 9)

(19)
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selenium) w3luledn ledlnudnaislsn
(prebiotic oligosaccharides) wazlwaWuea
da5y (free polyphenols) Basdasluniseos
widlundndnet fignsnsiuoyyadaszuas
FIUNTLAUNITAI YVBWUATISENIARANGEN
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(20
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Pro-Pro (Usgnauniunsaoziilu 3 4in Ao
118U valine (val) Tws8u proline (pro) was
Tnsau proline (pro)) wae lle-Pro-Pro (Usznaunie
nsmezdlu 3 via Asleladau isoleucine (ile)
Iwsdu proline (pro) wazlwsdu proline (pro)
ﬁﬁqmﬁumsammmﬁulaﬁmLLaxﬁqw%‘eTuégq
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uazuwUANLIY L. plantarum ylAlATas LA
aauTiniaainenmuesudn Sueingu
yuntlsgiladiriunszuaunisvingiuves
8ad S. cerevisiae wazlUATIZENIALANRN
denasensiUAsuuUasesnsamlesan (ferulic
acid, FA) T,msﬂimvxlagaﬂwgm,u?iautﬂuﬂsm
lalalasinlesan (dinydroferulic acid, DHFA) 7
fivslun1siueyyadasyas uavanusafisty
¥arnnsguaunsnsingauminiu® uenand

Fanudn wdnduaiaseshundnaauy vl
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fuinainnsruaunisuinsauvesdad
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=
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[SIW

()]

asvae® seazdennauansly Table 2

Table 2 Functional properties from yeast-bacteria co-cultures

Products Yeast species Bacteria species Functional properties Ref
Cassava and rice-based Torulaspora delbrueckiid L. plantarum CCMA 0743 Antioxidant activity (19)
beverage CCMA 0235
Fermented milk P. kudriavzevii KL84A L. plantarum LAT3, ACE-inhibitory properties (20)

Enterococcus faecslis
KLO6
Fermented soya milk S. boulardii LAB Increase in isoflavones (21)
aglycones and antioxidant
properties
Idli batter S. boulardii SAA655 L. lactis N8 Increased riboflavin and (19)
folate levels
Sour milk S. cerevisiae L. helviticus ACE-inhibitory properties (19)
Fermented sourdough S. cerevisiae LAB Transformation of FA to (26)
K. humilisy Kh17 F. sanfranciscensis bFs17  DHFA
Fermented barley S. cerevisiae Lactiplantibacillus Multi-scale structure and (24)
plantaru physicochemical properties
Kombucha beverage Zygosaccharomyces sp. Acetobacter sp. Antioxidant properties (19)

unasy

ANSAIUB FAATIARTUINNNTLUIUNST

ninnearsiniveladugugdl (primary

a a

metabolites) @15LUATUD AR N H o A o

9 Y

'
[

(secondary metabolites) FuogAudade

D

LanENaTuiy Yinvesgauniduasaniiy
windeulunisniin lnsarswaiveladiinule
91NNTEUIUNMININAUNIETIN Lawn n1sudin

Swuvesdadasaneiug n1sdnTiuiures

108


Dell
Typewritten Text
108


MsaTIeuasmunAnSaeioms U7 54 aduil 2 na. - 5.0, 2567
7 ’ Journal of Food Research and Product Development Vol. 54 No. 2 Jul - Dec 2024

faduazhuaiitsy wazn1suinsuiuiaduas

A1 a4 o

AAINVINULAE

=

a8 IR UDATY
i danasion1siiuyUseansainnisasisans

s wa o Y oAd ¢
muelad wazAuautR@mthnndudselonl
NNANITAANAUAMNITATUINTT UTUUT
seRLazNAY Bnongmaiusnvvendnsiu

gavng WiNUsEavsnmnsHEs Waunuaudn

D

o

Wantnd nzuaun1sndndunsgsiuiuids

a aa a a

[ a
Juwalianiusvaniamlunisudnasiuni-
s ]
valaadnuAvainunateUseinn lagans
warveladwanlaiuisaurluussenaldly
PAAMNITUDIMITLNOAVNIN @AAINNTTUE

LargnamMnIINau | lnaneme

LANE1581989

1.

Singh R, Kumar M, Mittal A, Mehta PK. Microbial metabolites in nutrition, healthcare and agriculture. 3 Biotech.
2017;7(1):15.

2. Son EY, Lee SM, Kim M, Seo J-A, Kim Y-S. Comparison of volatile and non-volatile metabolites in rice wine fermented by
Koji inoculated with Saccharomycopsis fibuligera and Aspergillus oryzae. Food Res Int. 2018;109:596-605.

3. Schulz-Bohm K, Martin-Sanchez L, Garbeva P. Microbial volatiles: small molecules with an important role in intra- and
inter-kingdom interactions. Front Microbiol. 2017;8:2484.

4. Duarte WF, Amorim JC, Schwan RF. The effects of co-culturing non-Saccharomyces yeasts with S. cerevisiae on the
sugar cane spirit (cachaca) fermentation process. Antonie van Leeuwenhoek. 2013;103(1):175-94.

5. Hashem M, Alamri SA, Asseri TAY, Mostafa YS, Lyberatos G, Ntaikou I. On the optimization of fermentation conditions for
enhanced bioethanol yields from starchy biowaste via yeast co-cultures. Sustainability. 2021;13(4):1890.

6. Chen Y. Development and application of co-culture for ethanol production by co-fermentation of glucose and xylose: a
systematic review. J Ind Microbiol Biotechnol. 2011;38(5):581-97.

7. Nenciarini S, Reis-Costa A, Pallecchi M, Renzi S, D’Alessandro A, Gori A, et al. Investigating yeast-Lactobacilli interactions
through co-culture growth and metabolite analysis. Fermentation. 2023;9(11):933.

8. Chan MZA, Tan LT, Heng SWQ, Liu SQ. Effect of co-fermentation of Saccharomyces boulardii CNCM-I7 45 with four
different probiotic Lactobacilli in coffee brews on cell viabilities and metabolic activities. Fermentation. 2023;9(3):219.

9. Boudaoud S, Aouf C, Devillers H, Sicard D, Segond D. Sourdough yeast-bacteria interactions can change ferulic acid
metabolism during fermentation. Food Microbiol. 2021;98:103790.

10. Kadyan S, Rashmi HM, Pradhan D, Kumari A, Chaudhari A, Deshwal GK. Effect of lactic acid bacteria and yeast
fermentation on antimicrobial, antioxidative and metabolomic profile of naturally carbonated probiotic whey drink.
LWT. 2021;142:111059.

11. Senne de Oliveira Lino F, Bajic D, Vila JCC, Sanchez A, Sommer MOA. Complex yeast-bacteria interactions affect the
yield of industrial ethanol fermentation. Nature Communications. 2021;12(1):1498.

12. Xu Z, Theodoropoulos C, Pittman JK. Optimization of a Chlorella-Saccharomyces co-culture system for enhanced
metabolite productivity. Algal Res. 2024;79:103455.

13. Khammee P, Ramaraj R, Whangchai N, Bhuyar P, Unpaprom Y. The immobilization of yeast for fermentation of

macroalgae Rhizoclonium sp. for efficient conversion into bioethanol.

2021;11(3):827-35.

Biomass Conversion and Biorefinery.

109


Dell
Typewritten Text
109


NIANTIBUAERAU WA TS UN 54 atudl 2 n.A. - 5.0, 2567

% Journal of Food Research and Product Development Vol. 54 No. 2 Jul - Dec 2024

14. Dillschneider R, Schulze I, Neumann A, Posten C, Syldatk C. Combination of algae and yeast fermentation for an
integrated process to produce single cell oils. Appl Microbiol Biotechnol. 2014;98(18):7793-802.

15. He W, Tian Y, Liu S, Vaateri L, Ma X, Haikonen T, et al. Comparison of phenolic composition and sensory quality among
pear beverages made using Saccharomyces cerevisiae and Torulaspora delbrueckii. Food Chem. 2023;422:136184.

16. Han X, Qin Q, Li C, Zhao X, Song F, An M, et al. Application of non-Saccharomyces yeasts with high B-glucosidase
activity to enhance terpene-related floral flavor in craft beer. Food Chem. 2023;404:134726.

17. Fan T, Qu J, Wang L, Zhang J, Yang X, Zhang H, et al. Genome sequencing, assembly, and characterization of Pichia
fermentans Z9Y-3 as a non-Saccharomyces yeast with aroma enhancing potential. Food Biosci. 2023;53:102701.

18. Pirrone A, Prestianni R, Naselli V, Todaro A, Farina V, Tinebra |, et al. Influence of indigenous Hanseniaspora uvarum and
Saccharomyces cerevisiae from sugar-rich substrates on the aromatic composition of loquat beer. Int J Food Microbiol.
2022;379:109868.

19. Rai AK, Pandey A, Sahoo D. Biotechnological potential of yeasts in functional food industry. Trends Food Sci Technol.
2019;83:129-37.

20. Chaves-Lopez C, Serio A, Paparella A, Martuscelli M, Corsetti A, Tofalo R, et al. Impact of microbial cultures on
proteolysis and release of bioactive peptides in fermented milk. Food Microbiol. 2014;42:117-21.

21. Rekha CR, Vijayalakshmi G. Biomolecules and nutritional quality of soymilk fermented with probiotic yeast and bacteria.
Appl Microbiol Biotechnol. 2008;151(2):452-63.

22. Chandrasekar Rajendran SC, Chamlagain B, Kariluoto S, Piironen V, Saris PEJ. Biofortification of riboflavin and folate in idli
batter, based on fermented cereal and pulse, by Lactococcus lactis N8 and Saccharomyces boulardii SAA655. J Appl
Microbiol. 2017;122(6):1663-71.

23. Nakamura Y, Yamamoto N, Sakai K, Takano T. Antihypertensive effect of sour milk and peptides isolated from it that are
inhibitors to Angiotensin I-Converting Enzyme. J Dairy Sci. 1995;78(6):1253-7.

24. Xie X, zheng M, Bai Y, Zhang Z, Zhang M, Chen Z, et al. Effect of Lactiplantibacillus plantarum and Saccharomyces
cerevisiae fermentation on the multi-scale structure and physicochemical properties of highland barley starch. Food
Biosci. 2023;52:102419.

25. Malbasa RV, Lonc¢ar ES, Vitas JS, Canadanovi¢-Brunet JM. Influence of starter cultures on the antioxidant activity of
kombucha beverage. Food Chem. 2011;127(4):1727-31.

26. Carbonetto B, Nidelet T, Guezenec S, Perez M, Segond D, Sicard D. Interactions between Kazachstania humilis yeast

species and lactic acid bacteria in Sourdough. Microorganisms. 2020;8(2).

110


Dell
Typewritten Text
110


NsziagsdansuiuyaunIdauNanIsHanNani e SNy aAT

9350uaNYal LEuLNa’, LWATAND WNWNBY', 2581 aydu’, un3a wedvuzna’ uay
21ian Uugiie®

'N1AINIRATINGT AUYINGINENT UNTINEITNUATAENT

“ihegatiivedsvend aanduduaiuasiaundndnenens uninerdenunseans
‘Hiwusudn Swa : ifvdpeku.ac.th

Fuidle 30 wewnnew 2567 uluile 27 fueneu 2567 Asuiuile 11 nanAy 2567

ALAY

a o o 1

" SEUUNSNsaeslansNiuauvsddulidnennd msun1sHannan s aeiyacinaa

Y

1Y

* Yanfendnenmuasiiivenduaseiiionsnanndndueisiunduasusenouniyanig

1Y

* NIPUIUNIVINRAUNIITINARAdoN SNy aean S Any

o

LY

= [ o = d' o [d LY & = ¢ 1 LY
{Jf\]amuaamgﬂumﬂﬁﬂuqmammiummmasLmammmwu‘maﬂ ATNILNISLAYIYANTINAU

9
[

AUNITAeUTIU ) anunsandnansUsenaunselyad1dmsunisnane nisla unAuinai

a e

Usglovtivesnsinzidesdansiuiuiuniddu nMsusulssianssunsinmaiunsaiiudneninly

3

' ¥
falal ! a

NISHARRARNUNNTIYAA1EINIINTINIzRgEadaeiugined Mawnidesdadvateaeiugiuiy

Y

finagldlundnsinaonmsuasiesesnundnioriusayfnasiinaaudfianizid wasluselovdlunis
duaSuguamn wu Mvdnlnliuagnsuangeadindes nsnzdessinvadadiaziuaiisednny

Tunrswaamald ndedmsiun Aud wazauudewilad ndadudvaitdulnglaannismindas

LazhuATiSEnIALaNAN (LAB) dsnalillnam1vialaouinisgs auaudivislszamduiadiu was

9

Wina3eengnsn1eTann To1gn1siiuinwenuiuiuieseinnmdnuuafisensaudnin sauiu

a s

gaalun1mdne s aztiedudinisasyvesaunsdnneliinnisiunds insizuuafisewailugn

9

a £

nsauAnAnuazasiLatn (49U uuaiisledy) fanunsaairsanzdilimnzansensivlnves
dunidiiduanmauesninuinde uenaniddmuin amiedsgauludeindudnanlsdiidy
Usslomifiunumadylunszuiunismiinsuduias Inaduiunamdnu asndulunisadng
ansddny uazildutgiiuguaniinianennlazauamueskaniueilazuisaisniu iunau
9 9 19 e Tiasnantuinandusfifiuanuneunuldiunandue wazuoanaged
uenaniafintiinalusivlunszuiunmiinrnmafivdwuiueaddad nisldusslosdanlusiu

Megluamsielagnse nsen1sduaseilusiulndainaisemsndesaaiglunseuiuns fadunis

annsaRnaauneEULET : httpsy//kuojs.lib.ku.ac.th/index.php/JFRPD 111


Dell
Typewritten Text
111


s Msansidouariaundndusionmns 97 54 atuil 2 na. - 5.8, 2567
=25 Journal of Food Research and Product Development Vol. 54 No. 2 Jul - Dec 2024

cd = a (% 1

Wglagsgadsiuiudunsgaudduselevdlunisiiudseansainnsnanndndugisiuilyadias

Y Y

' £
v aa=

wazUuUsaseansnmuazaunnlusunsiiundusassaid Wedudanavu suludanistneny

n1susnEIlugeaImnNssuemMIsld ssuumalaunsanuaNnIesTuUTINeIduasIsiLiionan

a15UsENaUNTYAAg deNaranISHANEITaaNgNENITINN

Y

AdnARY : Ba AUNIY MInzidesTIniuy nandunTId Kandusiyacias

112


Dell
Typewritten Text
112


/gﬂ#%m‘» Msansidouariaundndugionms 97 54 atuil 2 na. - 5.8, 2567
“.Z s Journal of Food Research and Product Development Vol. 54 No. 2 Jul - Dec 2024

Yeast and other microbial co-cultures for the production of valuable
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Highlights
* Yeast co-culture systems with other microorganisms have the potential for the production
of high-value products
* Unlock the potential of synthetic biology to produce co-products as high-value compounds

* Microbial co-cultures influence high values of bioactive substances

Abstract

Currently yeasts are primarily utilized in the food and fermented beverage industry.
Co-culturing yeast with microorganisms can potentially produce valuable compounds for
food production. This article highlights the benefits of co-culturing yeast with microorganisms.
When multiple yeast strains are grown together, they are commonly used in fermented food
and beverage products to enhance flavor. This co-cultivation enhances biological activity,
increasing the potential for producing higher-value products compared to single-strain
cultures, and it also provides unique and beneficial health-promoting properties, as seen in
cocoa fermentation and soy sauce production. Co-cultivation of yeast and bacteria is
commonly used in the production of fruit juices, dairy products, kimchi, and sourdough
bread. These products are primarily derived from the fermentation activities of yeast and
lactic acid bacteria (LAB), resulting in high nutritional value, improved sensory properties,
extended shelf life, and the addition of biologically active substances. This method also acts

as a preservative. Additionally, erowing yeast together with algae yields beneficial
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polysaccharides and essential minerals. Co-cultures promote growth, increase aroma, and

enhance protein content during fermentation, thereby increasing the potential to produce

high-value co-products. Co-culturing yeast with microorganisms is beneficial for enhancing

the production of high-value co-products and improving performance and quality,

particularly in the food industry. These systems can be controlled with synthetic biology

systems to produce high-value compounds and microbial co-cultures have been shown to

influence the production of high-value bioactive substances.

Keywords : yeast, microorganism, co-cultures, co-products, high-value compounds
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Table 1 High-value compounds from co-culture cultivation®

Winanndu gy nslddaslunsyuiunsni
@318 Spirulina sp. WU @NNNTOANLETUNTS
Wiy ulnvesdadanewus D. hansenii,
Kluyveromyces marxianus Waiz Saccharomyces

.. b4
cerevisige e

UBNINNUTINUIT WUATILT ¢
a’lslﬁufz Bacillus subtilis wae Lactobacillus
plantarum fewiunaulsunalusiulusvdn
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damirealdsaunduingivlunszuiunis
niin wagnsvdnanegadaneiug K manxianus
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asdndudeuguazlvnandniidyadily
USanaunndudsiaogndly Table 1 wud ng
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Ienandnvesasdfmiiintudiossudiouiu
AsNIzAeefiegaunidatewudiien

(monoculture)*”

)

Bioproducts

Strains Medium
Monoculture Co-culture
Chlorella sp. & Beijerinckia Vinegar Chlorophyll a (1.5 mg/L)  Chlorophyll a (2.5 mg/L)
wastewater Chlorophyll b (1 mg/L) Chlorophyll b (1.5 meg/L)
Carotenoids (1.2 mg/L) Carotenoids (2 me/L)
Chlorella sorokiniana L3 & Fermentation  Total chlorophyll Total chlorophyll

Chryseobacterium scophthalmus  effluent

(40 mg/L)

(55 mg/L)

Aureobasidium pullulans & Characteristic

Saccharomyces cerevisiae medium

Fructooligosaccharides
(100 g/L)

Fructooligosaccharides
(119 ¢/L)
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Table 1 (continued)

Strains Medium

Bioproducts

Monoculture Co-culture

Ralstonia eutropha MTCC Characteristic
2487 ,Pseudomonas putida MTCC  medium
2475, Azotobacter

vinelandii MTCC 2459

Poly-3-hydroxybutyrate
(7.5 ¢/L)

Poly-3-hydroxybutyrate
(8.3 ¢/L)

Synechococcus elongatus PCC BG11

7942 & Halomonas boliviensis

Poly-3-hydroxybutyrate
(20 mg/L)

Saccharomyces cerevisae MK
175 & Candida tropicalis MK-118  bagasse

Sugarcane

Endoglucanase
(9.121U m/L)
f3-glucosidase

(7.611U m/L)
Xylanase (7.47 IU m/L)

Wickerhamomyces Sorghum

anomalus & Saccharomyces hydrolysate

cerevisae

Ethyl acetate (6.41 g/L)
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Finurdansizivesqdunid n1sdeans
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av v 1 [

INLANAIINILAIN ANSENIELRBIT AR

N

Jawfugdunidelinduaiuisouusld 3 ssuy
A9 NTTUIUNITENILLALITINAUTENIND AR AN
maﬂ’ué ASEUIUNITINIZLAEITINAUTENIG
=l 3 a a dy 1
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PanEnay fanandly Table 202

Table 2 High-value compounds from yeast or other microbial co-cultures under various systems

High-value Yeast or microbial Fermentation
Substrates Reference
compounds co-culture Process

Single cell protein Sweet potato, banana Saccharomyces sp., Solid state (24)
skin, orange peel, S. cerevisiae, fermentation;
mango waste and Candida tropicalis, Liquid fermentation
pineapple peel; dairy Lactobacillus acidophilus
waste

Bioethanol pineapple waste, S. cerevisiae Solid state (25)
banana waste fermentation

Protease production Rice bran, brewery L. delbrueckii ssp., Liquid (26)
waste (brewer’s spent Bacillus licheniformis, fermentation; Solid
grain, hottrub and Aspergillus niger state fermentation
residual brewer’s
yeast); soybean meal;
wheat bran, cotton seed
meal and orange peel

Lactic acid production  Dairy waste; rice bran, Lactobacillus sp., R. oryzae Fed batch (27)
wheat bran, ragi bran, MTCC 8784 fermentation
rice starch water, tea
waste, sugar cane
bagasse, groundnut and
coconut oil cakes

Ergosterol Dairy waste (whey) Cryptococcus Liquid fermentation (28)

albidus sp. Aerius
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Table 2 (continued)

High-value Yeast or microbial Fermentation
Substrates Reference
compounds co-culture Process
Xanthan Potato peel Xanthomonas citri Solid state (29)
fermentation
Protein Orange peel Chaetomium spp. (KC-06) Solid state (30)
and Aspergillus niger fermentation
Phenolic content Guava and pineapple R. oligosporus; A. awamori, Solid state (31)
waste; peanut waste R. oryzae, A. niger and fermentation
(peanut press cake); R. oligosporus;
rice bran; plum Punica granatum
pomaces and brandy
distillery wastes;
pomegranate wastes
Phenolic antioxidants ~ Peanut waste (peanut A. awamori; A. niger (ATCC- Solid state (32)
press cake); apricot 6275) and R. oligosporus fermentation
pomace; apple pomace  (ATCC-22959),
Phanerocheate
chrysosporium
Neomycin Apple pomace, cotton  Streptomyces fradiae NCIM Solid state (33)
seed meal, soy bean 2418 fermentation
powder and wheat bran
Oxytetracycline Groundnut shell, sweet  Streptomyces rimosus, Solid state (34)
potato residues, S. vendagensis, S. speibonae  fermentation
cassava peels, cocoyam
peels
Rifamycin Coconut oil cake, Amycolatopsis Solid state (35)
groundnut oil cake, Mediterranean fermentation
ground nut shell and
rice husk
Meroparamycin Rice, wheat bran, Streptomyces sp. strain Solid state (36)
quaker, bread, and MARO1 fermentation
ground corn
Bleomycin Date syrup Streptomyces mobaraensis Fermentation (37)
Poly (3- Orange peel Bacillus subtilis Batch fermentation (38)

Hyrdroxybutyric Acid)
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Table 2 (continued)

High-value Yeast or microbial Fermentation
Substrates Reference
compounds co-culture Process
Laccase Peels of citrus fruits, Rheinheimera sp., Lysinibacil ~ Submerged (39)
soybean meal, tofu lus sp., Trametes versicolor fermentation, Solid
dreg, Brewer’s spent state fermentation
grain
Bioherbicide Soybean bran, bagasse  Phoma sp. Solid state (40)
and corn steep liquor fermentation
Biosorbents Apple pomace A. niger Solid state (41)
fermentation
Astaxanthin (pigment)  Wheat waste; olive Yamadazyma guilliermondli,  Solid state (42)
pomace; bakery waste Yarrowia fermentation
lipolytica; Xantophylomyces
dendrorhous, Sporidiobolus
salmonicolor; Monascus
purpureus
Bioactive phenolic Wheat straw, rice straw, A. fumigatus, A. terreus, Solid state (43)
compounds corn cob, Pea pod, A. wentii, Penicillium fermentation
sugarcane baggase citrinum, P. granulatum,
P. expansum
Fibrinolytic enzyme Banana peel, black Bacillus halodurans IND18 Solid state (44)
gram husk, paddy straw, fermentation
rice bran, and wheat
bran
Pectin lyase Corn steep liquor and A. brasiliensis Submerged (45)
orange pee fermentation
Citric acid Apple pomace, A. niger NRRL 2001; Solid state (46)
brewer’s spent grain, A. ornatus and fermentation
citrus waste, sphagnum  Alternaria alternata
peat moss; peanut
shell
Fumaric acid Apple pomace; pulp R. oryzae 1526 Solid state (a7)
and paper solid waste fermentation; Sub
merged fermentation
Biosurfactant Potato peels, orange B. subtilis ANR 88 Solid state (48)
peels, banana peels, fermentation
and bagasse
Wine Potato, pumpkin and S. cerevisiae (NCIM 3206) Submerged (49)
(antioxidant-rich) carrot peels fermentation
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Table 2 (continued)

High-value Yeast or microbial Fermentation
Substrates Reference

compounds co-culture Process
Pectineasterase, Wheat bran, coffee A. niger Submerged, solid (50)
polysalacturonase pulp state fermentation
Lycopene Tomato waste A. niger GH1 Solid state (51)

fermentation
Vanillic acid and Pineapple canary waste  A. niger I- Submerged (52)
vanillin 1472 and Pycnoporus fermentation
cinnabarinus MUCL 39533

Ferulic, p-coumaric, Rice bran A. oryzae and Solid state (53)
sinapic and syringic R. oryzae fermentation
Lipase Castor bean Penicillium Solid state (54)

waste; jatropha
curcas seed cake;
sugarcane bagasse,
sunflower seed and

olive oil

simplicissimum; Pseudomon  fermentation
as aeruginosa; Burkholderia
cenocepacia; Thermomucor
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Lion’s Mane mushroom (Hericium erinaceus) : extraction, purification

and biological activity
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Highlights
* Hericium erinaceus is edible and has medicinal properties
* Polysaccharides are important compounds found in Hericium erinaceus that have
beneficial bioactive properties for health
* The extraction method affects the quantity and bioactivity of the compounds obtained

from the extract

Abstract

Hericium erinaceus, an edible mushroom with medicinal value, has a long history of use in
China and other oriental countries. Polysaccharides are considered to be one of the major
bioactive compounds in H. erinaceus, which possesses immunomodulating, anti-cancer,
antioxidant, gastroprotection and intestinal health promotion, neuroprotective, hepatoprotective,
antihyperslycemic and hypolipidemic activities. The extraction process directly impacts the yield,
quantity, and bioactivity of mushroom metabolites. Effective methods should maximize
efficiency and maintain compound quality, though advanced technology can increase costs.
Therefore, selecting an appropriate extraction process is crucial to align with the intended
application. This article reviews various extraction methods, including solvent extraction,
enzymatic extraction, supercritical carbon dioxide extraction, and ultrasonic extraction. The aim
is to compare the extraction efficiency, types, and bioactivity of active compounds, as well as

the purity of the extracts obtained from Lion's Mane mushroom (Hericium erinaceus).

Keywords : Lion’s Mane mushroom, biological activities, polysaccharides, beta-glucan, extraction
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Table 1 Nutrients of Hericium erinaceus®

Nutrients Quantity Unit
Parts of a flower Parts of mycelium

Free amino acids 14.3 30.6 Milligrams per gram of dry weight
Protein 20.8 42.5 Percent

Carbohydrates 61.1 42.9 Percent

Fat 5.1 6.3 Percent

Ash 6.8 4.4 Percent

Humidity 6.2 39 Percent

Energy value 374 398 Kilocalories per 100 grams
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Table 2 The comparison of extracting polysaccharides from Hericium erinaceus using four different solvents®

Polysaccharides

Extracted with

Extracted with

Extracted with

Extracted with

- Nitrite assay

boiling water salt citric acid sodium hydroxide
Yield (percentage) 8.10+£0.23 9.66+0.81 8.84+0.14 11.76+0.31
Carbohydrates (percentage by mass) 72.30+£1.70 73.97+2.30 81.51+2.56 79.17+2.76
Protein (percentage by mass) 2.81+0.18 1.90+0.04 1.97+0.32 8.31+0.13
Uronic acid (percentage by mass) 13.98+1.51 16.96+2.83 14.99+1.04 12.14+1.47
Polyphenols (percentage by mass) 0.77+0.02 0.62+0.02 0.64+0.03 0.54+0.02
Beta-1,3-glucan (milligrams per gram of sample) 0.23+0.05 0.38+0.05 1.26+0.08 23.21+0.75
L-rhamnose (percentage by mass) 9.9 1.7 9.0 3.3
D-arabinose (percentage by mass) 1.6 1.0 2.0 2.4
D-mannose (percentage by mass) 1.0 1.0 1.0 1.0
D-glucose (percentage by mass) 35.5 30.7 40.7 66.5
D-galactose (percentage by mass) 6.1 4.6 7.5 9.5
Table 3 The properties of Hericium erinaceus extracts obtained using different solvents!"**%
Extract Properties Testing method Application
Ethanol - Antioxidant activity - DPPH Extend shelf life or reduce the occurrence of
oxidation reactions in corn oil emulsions, lard
emulsions, and linoleic acid emulsions
Methanol - Antioxidant activity - DPPH The compounds hericerin and hericenones
- Hypoglycemic activity - ABTS extracted with methanol help reduce

neurodegeneration and inhibit blood clot

formation
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Table 3 (continued)

Extract

Properties

Testing method

Application

Boiling water

- Antioxidant activity

- DPPH

- B-carotene bleaching

- Inhibition of lipid peroxidation

- Reducing power

- in vitro angiotensin converting enzyme inhibitor
protected from ulcer in rats by preventing the

depletion of antioxidant enzymes

Boiling water and

ethanol

- Reduce the formation of tumors in

the intestines of mice

- DPPH

- Superoxide anion radical

Ethanol and distilled

water

- Antioxidant activity

- High levels of phenolics
- DPPH (high activities)

- Reducing power (high activities)

Used in the food industry and pharmaceutical

industry

Polar solvent

- Antioxidant activity

- Antimicrobial activity

Anhydrous ether

- Antioxidant activity

- DPPH (low activities)
- Superoxide anion radical (low activities)

- Reducing power (middle-level activitt)

Used in the food industry and pharmaceutical

industry

Xylene

- Antioxidant activity

- Reducing power (high activities)
- Superoxide anion radical scavenging activity

(high activities)
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2. nsanalagldiaulesl (enzyme-assisted

extraction)

Tutagduiinsldeuledvielunisann
wodwdnalsaluiiauindu iewniidedde
Uaensesefuilnauaziuiinsiudunnden
Uszansamlunisadageaunsaauaudady
ae 9 Tunisadale ludiuveswedudnalsa
Tuiasenuldluudnunioead Jeanunsouts
1du 2 ngu leun nguveadulonda 34
Usgnouselafuvsawaglad wagnquuaaum
nquAu uearhngua uazlnalalusiu fiflnns
sifunrelulaseans Tnseulesdivauld
lunmsainazianeniawadvesiniwinliiia
nsUanUassanseengninisiinimesnulé
Jeanunsadeulgduiuszgndlunisaiaia
fioandadoevesisnmsatndu «q I

n1s5ldeuledsiufudidainiaios
lulasnaggieysulganssuaunisana bl
Usransnndunntulaeisieaunuin n1sld
lulasnvdrslunmsainilgumall 140 osm-
waldua [Wuszezan 5 widl azlauunumed-
winalsdviiumsldihfeuarniigaungi 100
ssmaidea WWusvezing 6 Falus fedunns
T¥59d1nadedlulasnniaieusendanan
waznasulaunn waznindinasldieuleaily
nsafngudlsfasdreifinusununedudn-
anlsaldfedenas 67.72 uenaninisadalag
THeuledsinfuiadlulasnifiuuszansam
Tunsadauinguau®

Wang wagany (2019) 51897171 A9

THeulstinauiunalevinazirsananoa-

winenlsaldegnafiussansaimanniy wu s
lfdnsrdrueuled waglagmnfiua iy
Windu 2:1:1 figumgfl 50 eeALwalToa
5Y8LLIAINNSENR 79 Uil ArANUdunTA-Ang
W30A1 pH 5.7 Y98N UV UNAIADVDINT
33.4 fadansnansy

Zhu wagamy (2014)MY 51991171 8015
Ioulesinausiuiu 3 via lawn waglaa
WwARLLE Lagnsudu Tudnsidiu 2:2:1 Tunns
afafinidenudn anngimunzaudiande
A1 pH W1fiU 5.71 gaunqil 52.03 aeAaaTed
wazldszoznailunisadnd 33.79 wadl lnoay
vilildnandnvesnedudnanlsdgeiiande
Yovay 13.46 + 0.37 Jenandnilligenionig
afadoinfoundosas 67.72 Taawdlesinnis
nsrzrinedninailsaiadalasiomaie
Wisginsudnesudunsusaanlnsalad
(FTIR) N4839avs3AUBIaNATOULUUEBINTIA
(SEM) wmalia circular dichroism (CD) wmAdlA
atomic force microscopy (AFM) haginailea
wialasualnnsil (GO) wuin Useneuldane
hanagdacig q fafl unulua nglea lelaa
wagnudnina ludnsndiu 15.16:5.55:4.21:1
pdIy Feuandiiiiuan nmsldeuledlunis
anainiidsavylelvussansainnisana
QQ%U(M)
3. nsdnanlearsuaulaeanlanuuuingn
84898 (SCFE-CO,)

Wuisideuldlunisadngisiuann
sssuvIfuazlodlelsTunseansannain

w3auna nelaani1singndeIneaiig-
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asusulaeenlynfie guvgill 31.1 aem-
wailea Asgduaudu 72.8 uns Feanned
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AuseuLazilvasaniaiinunngs lnefing
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¥

wmaluladdifoafivasndosefuilanuas
Aauandeu fnansveassiudiaracluriue
wuuuBenudsliiusinamiuiumiedesas
8.08 91nHutluafagae SCFE-CO, sy
ANAY 20 LunsUana aungi 45 aeAn-
waldoa anznisanaianunsailuldlunns
afminuinsy o 16 uenanddeuisenuin
nsUszgndlddariiazatsuuuiida wwu
emuea Winaslulussninenisadad 30 wadl
wsn azvilildanslinduiluednesnunnnegléi
ANUAULAzaUnTFeIil Lagnindnisly
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wliinandnluydunugnasiignslunisiu
auyadasy”
4. myanadleadusanileia
msafainiadegldadusansledaly
n1sanasuduiivinazaty lnedinguseasn
dfoanszeznainisatauazssrielinandn
ponuldunTunuin nsldndudaniladaly
mMstheataiiaiadignidueyyadassuay
dlathlU3ins1viae3s DPPH assay asnuans

MngitedlunguloamesUuesd fe erinacine
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FUA A FIUTINUIN USH1uduedns Iy

anb

drunisilagvidueyyadaseiiiinssvidael
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Hagtuifisnsatanedudnanlsfidariaidly
esUuRnisuaslugnaivnssulaedanii-
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Usendaatwasnasny Sussansainuagla
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nnastdmadanisesnsiudnesy
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Table 4 Bioactive compounds of lion's mane mushroom that are beneficial to health™”

Compounds Beneficial bioactive effects

Beta-glucan (polysaccharide) (including B-1,3-branched - Cancer prevention
beta-1,6-glucan with laminarin-like triple helix conformation) - Immune stimulation
- Nourish brain cells

- Antioxidant activity

HEP1 (a hetero-polysaccharide, with (1>6)-linked Q' -D-

galactopyranosyl backbone)

- Cancer prevention

- Immune stimulation

HEPF3 (a hetero-polysaccharide, with a branched penta- - Cancer prevention

saccharide repeating unit) - Immune stimulation

Endopolysaccharides - Hepatoprotective activity

- Antioxidant activity

Other types of polysaccharides : - Multiple beneficial effects on the body

6-methyl-2,5-dihydroxymethyl-Y -pyranone, - Cancer prevention
2-hydroxymethyl-5-Q -hydroxy ethyl-Y -pyranone, - Immune stimulation
4-chloro-3,5-dimethoxybenzoic-O-arabitol ester,

4-chloro-3,5- dimethoxybenzoic methyl ester,

4-chloro-3,5-dimethoxybenzoic acid

Lipid compounds : - Multiple beneficial effects on the body
- a mixture of palmitic acid and stearic acid

- a mixture of behenic acid and tetracosanoic acid

- 5-0-ergostan-3-one

- 5-0-stigmasten-22-en-3-one

- 5-0-stigmastan-3-one

Hericenone B (a phenolic compound) - Reduces platelet aggregation
- Assist prevent clotting in blood vessels or the
heart (preventing myocardial infarction and

stroke, etc.)
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