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Exchange secures partnerships

The German Academic Eaxchange Service (DAAD) promotes intema-
tional mobilty through scholarships for students and scentists as
well as thaough partnerships between German and foreign imstitu-

i ——— Ernahrungssicherung im Brennpunkt
The costisuing ecucation aad training of foeeicn higher education
graduates and former scholarship holders in current topics of de-
velopment cooperation, has bees 3 part of the DAAD program for FoulsonFoodSeeurity

many years
High-guality education and continuing education and trainiag of Demeshvor Ahaderostut Asstovseh Diorst
experts e fundamental for the progress in developing coustries DAAD Gerran Acederic Lecharge Semvice
and for the realzation of the Mileasium Development Coals. The
DAAD supports the networking of experts and key persosal in the
ameas of politics, ecosomy, and culture thacugh the construction
and expansion of regional and expert alumni networks. At the same
time, the DAAD offers the alumi 2 wide spectrum of costinwing
education peograms.

Experts from developing coustries, who studied 2t Cerman higher
education issttutions, are in addition %o their knowledge of the
Cerman language and cukture, familar with the Cerman work men-
t2ity. In their home countries, they are often holding hichranking
positions, and are competent costact persons for membes of sci-
ence and economy on 2 local leved.
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Oxidative Stress and Antioxidants
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Chemoprevention

» Process of inhibiting, delaying or reversing carcinogenesis in the
premalignant phase through use of non-cytotoxic nutrients and/or
pharmacological agents

= A wide arrays of phenolic substances, particularly those present in
dietary and medicinal plants, have been reported to possess
substancial anticarcinogenic and antimutagenic activities

= The marjority of these naturally occurring phenolics retain
antioxidative properties which appear to contribute to their
chemopreventive and chemoprotective activity

» Synthetic antioxidants such as butylated hydroxytoluene (BHT) and
butylated hydroxyanisole (BHA), used to retard lipid oxidation in
foodstuffs possess carcinogenic activity

\




ACTION PLAN OF ST&I IN BIOECONOMY

BIOECONOMY CONCEPT

Set of economic activities based on the use of renewable
biological resources (biomass) in place of fossil
raw materials for the production of food, feed, materials,
chemicals, fuels and energy for the production and
promotion of health, sustainable development,
growth and well-being for society.
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ACTION PLAN OF SCIENCE, TECHNOLOGY AND INNOVATION IN
BIOECONOMY -
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* Pretreatment and
treatment
technologies

* Inputs * Renewable chemistry

* Integrated production
systems

* Enzymes

* Bioremediation

Process

* Biomaterials

Biomass

* Waste streams

* Technologies and
inputs for planning,
constructions and

* New compounds and
its uses

* Biodiversity
sustainable uses

Bioproducts

managing of

- bioindustries
* Genetic improvement

Technological Convergence / Synthetic Biology / Industrial Biotechnology

Brazilian Bioeconomy Observatory / New Business Models / Human Resources / Funding
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o Alkyl phenol g/kg
CNSL Fibre Nut Apple

Anacardic acid-1 ___ 153.50 181 (0.58),(0.35) 022
| Anacardic acid-2 107.96 1.81 (0.20),(0.12)° 0.32

‘, Anacardic acid-3 92.12 249 (0.28),(0.18)° 0.56
Cardanol-1 97.61 n.d. n.d. n.d.
Cardanol-2 65.37 n.d. n.d. n.d.

| Cardanol-3 55.31 n.d. n.d. n.d.
Cardol-1 98.18 n.d. (0.22),(0.11) n.d.
=4 Cardol-2 46.65 n.d (0.07),(0.05) n.d.
Total 716.70 6.10 (1.06),(0.64) 1.10

ICso (mM)

Alkyl phenol

DHBA (4 mM;h05)

Xanthine oxidase (4 mM; ;)

Anacardic acid-1
Anacardic acid-2
Anacardic acid-3
Cardanol-1
Cardol-1

0.27 (100)
0.56 (95)
0.77 (93)
> 4.0 (0)
1.71 (83)

0.19 (100)
0.38 (100)
0.36 (99)
> 4.0 (0)
0.97 (95)

Characterization of alkyl phenols in cashew (Anacardium
occidentale) products and assay of their antioxidant
capacity. Food and Chemical Toxicology



Cashew phenotype

o Anacardic acid-1 Anacardic acid-2  Anacardic acid-3 Total
Commercial 69 29 37 135
BRS-226 72 18 34 124
BRS-275 725 208 309 1242
BRS-265 307 160 131 598
CCP-76 44 23 31 o8
Embrapa-51 550 137 186 873
CCP-09 106 26 49 181
BRS-274 119 S8 82 259

CASTANHA




ApexBio Technology Product List
02 Feb 2015

2- hydroxy- 6- pentadecylbenzoic
acid

Pricing: Quantity : 10 mg, Price: $ 85

i : :R HO R HO R R
Acidos Cardois Metilcardbis Cardandis
Anacardicos
W 9
NN
R—

Indofine Product List
19 Feb 2008
6-[8(Z),11(Z),14-Pentadcatrienyl] salicylic acid
Pricing: Quantity : 5 mg, Price: $390




Protective effect of anacardic acids from cashew (Anacardium occidentale) on
ethanol-induced gastric damage in mice

The effect of anacardic acids on gastric damage induced by absolute ethanol in mice.

Treatment Dose Ethanol lesion area (mm?)
Control (vehicle) - 20.49 + 2.28
Anacardic acids 10 mg/kg, p.o. 15.30 £+ 0.93" (25.3%)
30 mg/kg, p.o. 7.46 + 0.86° (63.6%)
100 mg/kg, p.o. 3.52 + 0.46 (82.8%)
Misoprostol 50 pg/kg, p.o. 7.62 + 0.56" (62.8%)

The results are mean+ SEM for 8 animals/group. Statistical comparison was per-
formed using ANOVA followed by the Student Newman-Keul’s multiple test.

" p<0.05 compared with the control (vehicle) group.

Effect of anacardic acids on the levels of superoxide dismutase (SOD), catalase, lipid peroxidation (MDA) and nitrate/nitrite in glandular stomach of mice treated with absolute
ethanol.

Treatment Dose MDA (nmol/g tissue) Catalase (mmol/min/g tissue) SOD (U/g protein) Nitrate/Nitrite (J.M/g protein)
Control (normal) - 3.633 £+ 0.094 1.617 £ 0.163 5175+ 31.44 722.20 + 117.20
Control (vehicle) - 4.349 + 0.149° 0.968 + 0.058* 3329 + 42.86° 285.20 + 35.37°
Anacardic acids 30 mg/kg, p.o. 3.734 + 0.084° 2.006 + 0.258° 731.3 £ 75.79b 548.40 + 76.05°
N-acetylcysteine 750 mg/kg, p.o. 3.764 + 0.185° 2.263 + 0.154° 748.6 + 76.86P 583.80 + 69.42°

The results are mean + SEM for 8 animals/group. Statistical comparison was performed using ANOVA followed by the Student Newman-Keul's multiple test.
3 p<0.05 compared with the control (normal) group;
b p<0.05 compared with the control (vehicle) group.

Chemico-Biological Interactions 183 (2010) 264-269



Discovery of novel Trypanosoma cruzi glyceraldehyde-3-phosphate
dehydrogenase inhibitors

OH

R— . ‘
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Inibicao de GAPTH IC 50 uM ~ i
8E, 11E, 14E — Acido Anacdrdico 38 N/

8E, 11E - Acido Anacdrdico 69 0
8E — Acido Anacardico 161 ”2(“;)
Composto ¢ 0,10



Acute, subacute toxicity and mutagenic effects of anacardic acids from cashew
(Anacardium occidentale Linn.) in mice Journal of Ethnopharmacology 135 (2011)730-736

o el
Kg dlas

2000
_ 300 30
N <00 30
/_ 1000 30

Anacardic Acids from Cashew Nuts Ameliorate Lung Damage
Induced by Exposure to Diesel Exhaust Particles in Mice

\ Evidence-Based Complementary and Alternative Medicine
Volume 2013, Article ID 549879, 13 pages

Protocol

10" day 30t day

Intranasal instillation
of 50 ug DEP







Cashew nut (100 g) Y
ICe Volumes | ‘

941,06 763,02 | 813,89
1017,36 | 991,93 | 830,15
915.62 | 864.76 | 712,15 | 712,15 | 763,02

|
890,19 | 763,02 | 737,59 | 966,49 | 457,81
839,32 | 763,02 | 712,15

11 M HCl1
Ethyl acetat : :
508,68 | 839,32 [ 763,02 | 941,06 | 686,72 ] Orznic fration
. | (Anacardic acid)
1017,36 | 763,02
Aqueous
T

Effect of anacardic acid on oxidative and color stability of spray dried
egg yolk™

[l [S00 FLA [ [Elad i [T

LWT - Food Science and Technology 55 (2014) 466-471

Table 1. Treatment and total carotenoid (%)

Treatment Total Carotenoid (%) Carotenoids | Vitamin E | Total AA
7 T 7

Figure 1. Powdered egg.

Control SD 100,00
SD + BHT 104,25 100 100
SD + 50 mg/kg 108,73 100 65
SD + 100 mg/kg 114,14 116 106 56
102 81 82
SD + 150 mg/k 124,77
Fsomelie 21 67 100
SD + 200 mg/kg 107,36 109 82 95
Control FD 124,62

FD + 200 mg/kg 118,89




Addition of anacardic acid as antioxidants in broiler chicken mortadella

Food 5cl. Technol, Campinas, 35(3): 539-545, Jul.-5at. 2015

/

Table 1. Formulation of chicken mortadellas containing synthetic
antioxidant (butylated hydroxytoluene) or anacardic acid (AA).

Meat componentes %
Thigh and drumsticks B5.00
Back fat 15.00
Ingredients and additives % of me . . - -
e e 1000 The results of this study suggest that anacardic acid, in the
Starch 5.00 - - - - -
S e Lo dose of 200 ppm, is a potential natural antioxidant for addition
B condiment ! J .
Comir 020 to chicken mortadellas stored for up to 90 days at 4 "C.
Antioxidant * BHTI:II-{.-\.."!.
Sodium tripolyphosphate 0.25
Spices 0.15

'Refined sodium chloride 2nd satural favoring, 2Refmed sodium chdoride, sodium nitrite
([IN5250) and sodium nitrate (INS 251} "Hot added in the samples of contral treatment

/

Table 2. Thiobarbituric acid-reactive substances values (mg MDA kg sample) of mortadellas added of butylated hydroxytoluene (BHT) or
anacardic acid {AA) and stored at 4 °C for 90 days.

Storage time (days)

[reatments 0 30 &0 w0 Mean
without antioxidant 0.38+0.01 0.35+0.01 0334004 0.31=002 0.34£0.03a
100 ppm BHT (.27 40002 0314003 0310003 0.31=0.08 0.30£0.020
50 ppm AA (.31 10001 0334003 0.3040.02 0.32=0.11 0.2=0.01ab
100 ppm AA (0. 29+0.08 0.28+0.01 {.30+0.04 0.28=0.02 0.20+0.01he
150 ppm AA 0.2540003 0.2540.03 02540001 0.30=0.01 0.26£0.02c
X0 ppm A OL17+0007 0184005 0.20 +0.02 0.20-=0.04 0.19+0.02d
Mean 0L28+0007 0284006 0284005 0.29=0.04
ANODVA effects p-Value
Treatment <0001
Time 08426
Treatment x time 02179
CV (%) 1515

n—5; Meazs with ditferent letters in the columins disfer by the Student-Newman-Keuls e (p <005k ANOVA - Analysis of variasce, OV - Coeffident of variatica.



CASHEW NUT SHELL LIQUID SUPPLEMENTATION AND THE
EFFECT ON LIPID OXIDATION AND COLOR IN FRESH AND
SPRAY-DRIED EGGS

Journal of Food Processing and Preservation ISSN 1745-4549

TABLE 1. COMPOSTON OF EXPERIMENTAL DIETS CONTANMG CAS HEW NUT SHELL LIOUID

Cagnew nut shell byud levelk (%)

ngredients (gig) 0.00 025 050 075 1.00

Com 6140 6140 6140 61.40 6140

Soybean mea 26.15 2615 2615 .15 2615

Soybean o 0.31 031 03 o o3

L e 87 879 879 &79 879 The cashew nut shell liquid is a potential natural anticeddant

Dacalcium phosphate 1.7 1.70 1.30 L.70 1.7 ECII.' &ﬁh a.n.d SPl'If-dl'l.dd. ':fﬂlk ":EEE‘ suhmlttﬁ:l o s_taraﬂ:

Methiomnine 0.3 013 0.13 @13 0.13 ) i )

Vitamin for laying* 0.05 0.05 0.05 0.05 0.05 when added in the h‘,l"lﬂﬂ diet.

Mineel for Layingt 010 010 o010 oio 0.1 The increase of cashew nut shell liquid concentration pro-

salt 0.37 037 037 037 0.37 ) .

nert Eandwashed) o 075 . 025 om moted the lowest TEARS values during storage of the fresh

Antomdantt 0.00 0.00 0.00 Q.00 0.00 and spray-dried yolks. The cashew nut shell iquid indusion

Cashesw nut shell biguid 0.00 0325 050 075 100 . . ,

— R R R 10000 10000 prmmmghcryq:!lnhnmmth:yuﬂu .
Calaulated compasision The concentration of 0.50% cashew nut shdl liquid

Metabolzabie energy (xcalfg 2.7 2700 2700 L7 2.0 had the best results among treatments studied to prevent

Crude proten (%) 17.00 17.00 17.00 17.00 17.00 . e .

Menitral detesgente fiber %) 1084 1084 1084 10.84 10.84 the damage of lipid oxidation in the fresh yolk, favoring

Aucied dete mpente fiber | %) 43 431 431 431 4.31 the coloring of fresh yolks during refrigerated storage for

Lincieic acd (%) 1.5 153 153 1.53 153 . .

Calcium (%) 1@ 1m0 1m0 . iy 60 days. For spray-dried volks, the best results was with

Awaliable phosphosus (%) 0.4 0.41 0.41 a1 0.4 0.75% cashew nut shell liquid during storage for 180

Total phosphons (%) 0 052 052 062 & davs

Sodeum (%) 0.18 018 018 18 0.18 ¥

Tootal ysne (%) 0.5 087 087 087 0.87

Total methonine (%) 0.40 0.40 0.40 Q@40 0.40

Total metfonine + cystine (%) 0.8 058 0568 068 0.8

Total threonine | %) 0.5 056 056 0166 0.5

Total tryplophan () a.21 021 021 221 0.21

* Vimn amount pawaded per kilogam): vidmn A — 20000000 Ukkg vitamen DI — 7.000.000 Ukkg vitamen E — 800000 migfeg; stamin K3
{menadhone) — 4. 000 mglog vetamin 81— 3,000 mgg; vitamen B2 — 10,000 mgfg; viamin B6 — 6.000mgfkg; viamn 812 - 20,000 mogkq wiamn
€ -300mgl g niadn — 60.000mgk g paniothenic ackd — 20,000 migfkg; biotin — 50mgfkyg; folc acd — 1.000mgfkg; selenium — 600 mgkg.

t Minerals (amount prosided per kilogram): iron — 500000 mgfkg; cobalt — 200mgikg; copper — 10.000mgkg; Zine — B0M0MgkY, Noganic
manganese — 80,000 mgdky; odine — 1000 mgkg

+ Banox: butyated hdrogyanisole, butylated hidroxtioluene, Propylgalate.




Serum biochemical profile, enzymatic activity and lipid

peroxidation in organs of laying hens fed diets containing
cashew nut shell liquid

jourma of Anmal Prysiology and Animal Mutiton © 2007 Backndl Verlag GmibH

Based on the results of the current research, it can
be concluded that addition of up to 1% of CNSL as a
source of anacardic acid to laying hen diets does not
affect the blood biochemical parameters or the actvity
of the SOD enzyme and NP-SH in the liver, ovary,
magnum and uterus. In addition, except for the ovary,
the inclusion of CNSL in laying hens diets influences
the lipid peroaddation, but the problem is reduooed
from the inclusion of 0.75% CNSL.




Alkyl phenols ICso (LM)
CNSL 50 Other phenolic compounds
Anacardic acids 18 Pentagallate 504
Cardanols > 500 ) )
Ellagic acid 969
Cardols > 500 o
Mangiferin
Anacardic acid-1 39 ‘
o Maclurin
Anacardic acid-2 33
Anacardic acid-3 12 Luteolin
Anacardic acid-4 20 Taxifolin negative
Captopril (postive control) 6.85 nM Salicylic acid negative
T amacordic a2 E:gzz e Published values
—4— Anacardic acid-3 (IC,, = 12 yM)
—v— Anacardic acid-4 (IC.; = 20 pM) (-)-Epicatechin 1 783
g (+)-Catechin 1593
8
5 Procyanidin dimer 267
é Procyanidin trimer 126
— ‘ Procyanidin tetramer 12
’ . e M) 400 = Procyanidin pentamer 25
Anacardic acids | Procyanidin hexamer 10

I Inhibition of angiotensin | converting enzyme (ACE)
by anacardic acids isolated from Cashew
(Anacardium occidentale Linn.) nut shell liquid.

v In: 6th General Alumni Meeting, 2014, Heidelberg.

] 6th General Alumni Meeting, 2014




Synthesis of a cardanol-amine derivative using an ionic liquid
catalyst

Front. Chem. Sci. Eng. 2016, 10(3): 425431
DOI 10.1007/s11705-016-1581-3

OH OH OH
l
. .o O
P B =T
IL
s R, R, R,
4 : 3
R, =
8 012 1415 17 18 0 21
7 9 n 13 16 19
R, = similar to R except -CH=CH- —» 7\
: =CH=CH=
(l)ll
—CH—CH- 3

R, =similar to R, except /O\ _—— | 1
: ° =CH—CH- NH 4

Scheme 1 Formation of cardanol epoxide (reaction 1) and amination (reaction 2) in the presence of an ionic liquid (IL)

(I)H (I}H (I)H
OH —CH-CH- —CH-CH- on —(l“ii— CH-
—CH-CH- ] | | — CH-CH- m
| CH,0 NH HN |
. o8 '
NH@ i cH, f z N—LIL\@
Ry in scheme 1 Both ortho and para linkages possible

Scheme 2 Formation of cardanol-containing aniline-formaldehyde resin




"NEW METHODOLOGY FOR RAPID FORMATION/COMBAT OF ADVANCED GLYCATION END PRODUCTS
(AGES) COUPLED WITH THE HYPOXANTHINE/XANTHINENOXIDASE ASSAY SYSTEM

Samuel Pedro Dantas Marques (UFC), Maria Teresa Salles Trevisan (UFC), Robert Wyn Owen (DKFz), Andrea Breuer (DKFz)
e 46th World Chemistry Congress, July 7 to 13, 2017 - 830 Paulo - Brazil

-Flgura 1. Chemical structurs of some AGEs and RCS already known In the

current Iiterature.
AGEs RCE
ke i i
: - . §
il ‘"t,ﬂ - “1:;"”\. H L ’
10‘: L
A GLYDICAL 160 METHYLGLY QAL {50

-I:- Flgure 2. Schematic represantation for the formation of AGEs coupled with the
hypoxanthine/xanthinenoxlidass assay sysism
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+ Flgurs 3. Flowchart for the development methods developed AGEs

System
- BSA + glucose/fructose

BALTH (L phosphate buffer (pH= & &)

93,78 ul BSA (18 mg/ml)

28 Ll ghecese/fructose (300 mg/ml) mlp ﬂnf-#ﬁ:i-fiﬂt# mg/mL}

18 pwl erzyme X0 (18 mll)

Incubation (3T 7, 450 rpm, 48 hours) |
fluprescence

F
LM
¥ (o] < rrnc MIG
* oo A
U E]

HO
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* Hancornia Speciosa Gomes

\




* Hancornia Speciosa Gomes

Fruit (Mangaba)

Vitamin C
139 mg/100g

~(Nordeste] =N
fruit

Polpa de

o Mangaba |




» Hancornia Speciosa Gomes

Fruit (Mangaba)

: OH O (o)
on OH uo@&z
OH M om
Chlorogenic acid Rutin
OH OH
HO 0 C[ 0 OITGOH
OH
= 0
OH OH
Catequin Rosmaric acid




FRUIT

1) Quercetin
2) Rutin

OH

HO o)

CaH30016

OH
HO
ﬁ/\o OH
OH O 0
HC o
HO 0
HO
OH

Quercetina-3-0O-ramnogalactosideo

3) Vanillin

o ¢ 4) Trans-ferulic acid

6) Chlorogenic acid

5) Quercetin 3-O-ramnogalactosideo

2 OH 4

OH

HO 0

HO

HO 6
0
(0]
OH
HO
OH OH
Acido clorogénico
Ci6H1809
0 H 3
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OH
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ABSTRACT

Purpose: To determine the antioxidant capacity, angiotensin [
converting enzyme, and acetylcholinesterase mhibition, by
extracts of the leaves and bark of Hancornia speciosa Gomes
(H. speciosa). Methods: Antioxidant capacity of methanol
extracts of H. speciosa was evaluated in vitro by the DPPH,
FRAP, ORAC and the HPLC.based HX/XO aszsays. The
antihypertension capacities of methanol extracts from
Hancornia speciosa extracts were evaluated in vifro, by their
ability to inhibit angiotensin I converting enzyme using
analytical  reverse-phase high  performance  liquid
chromatography. In addition, thin-layer chromatography was
uged to screen. Results: The methanol extracts (10.0 mg/mL)
from the leaves and bark of . speciosa were very effective in
the mhibtion of ACE activity (97.63 % = 2.89 % and 95.07 %
= 3.76 %, with significant IC5p values of 79.24 pg/ml and
146.47 pg/ml respectively). In the antroxidant assays, the
extracts exhibited low antioxidant capacity in the FRAP and
DPPH assays, but were effectrve i the ORAC assay (ORAC
units = 2.70, and 1.74 respectively, compared to Trolox = 1.0).
Only the methanol leaf extract exhibited discernable
antioxidant capacity in the HPLC.based HX/XO (IC50 = 12.0
ug/ul) assay. Both the hexane and ethanol extracts of bark but
oaly the ethanol  extract of leavez inhibited
acetylcholinesterase (AChE). The active principle, responsible
for acetylcholinesterase inhibition, following purification by
column chromatography, and identification by ‘H and **C
NMR was determined as lupeol.




Leaves

menia americana
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Ximenia americana leaves (5mg/mLl)

Compound Retention time Peak area
(min)

Gallic acid (278 nM) 6.16 273
Gallic acid quinate 7.51 185
Chlorogenic acid (320 nm) 20.58 184
Quercetin arabinoside-1 35.87 497
Quercetin arabinoside-1 36.41 348
Quercetin arabinoside-1 37.02 961
Quercetin rhamnoside 37.41 2556
Kaempferol arabinoside-1 38.16 234
Kaempferol arabinoside-1 38.56 215
Kaempferol arabinoside-1 39.19 392

Kaempferol rnamnoside 39.59 576




Ximenia americana bark (5mg/mL)

Compound Retention time Peak area
(min)

Gallic acid 6.16 41
3,4-DHBA (257 nm) 11.32 41
Procyanidin B1 16.66 162
(+)-Catechin 18.63 301
Procyanidin B1 20.80 370
(-)-Epicatechin 2299 237
Procyanidin C1 24 46 260
Procyanidin tetramer 25.39 154
Procyanidin pentamer 26.60 178
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Ximenia americana roots (5mg/ml)

Compound Retention time Peak area
(min)

Gallic acid 6.16 9
3,4-DHBA (257 nm) 11.35 39
Procyanidin B1 16.66 73
(+)-Catechin 18.64 159
Procyanidin B1 20.80 287
(-)-Epicatechin 22.99 195
Procyanidin C1 24.45 318
Procyanidin tetramer 25.38 253
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