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ug1u IKISWunBU (Functional Food)
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Meal Bioactive Molecule Health Benefit

e DHISR(KUs:losuOaguMWUDRNIHUDDINATUAINIVINBUINISWUIIU
e Govsuus:mulusduuuaixisund (ulseundya)

Crowe KM et al. J Acad Nutr Diet. 2013 Aug;113(8):1096-103. doi: 10.1016/] jand.2013.06.002_. PMID: 23885705.
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N1SIAUNJIUSIINIY:
Bioaccessibility vs. Bioavailability

Mouth — Stomach ~—=* Intestine -~ Blood Vessel ( )
J \’ -
M98 Vitamin C:
nUSurunidadiv
91911a0san(KS WM
0 ANBUIAISIIWEN 25%
__ - minludmsUaununa
Mouth “—e Stomach — Intestine o~ Blood Vessel
| Bioaccessibility ol Bioavailab
Usunruansh ‘gnlanddos’ JSurruansn ‘Qnansu’
9on91N Food Matrix vrdns:znaiaanna:lung
[usz=uunuIRuaINNS 0390:1UNHUE

Steskova A, et al. Joumal of Food and Nutrition Research. 2006;45(2):55-61.
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AGRICULTURAL AND
FOOD CHEMISTRY

Changes in Vitamin C, Phenolic, and Carotenoid Profiles Throughout
in Vitro Gastrointestinal Digestion of a Blended Fruit Juice

Maria Janeth Rodriguez-Roque, Maria Alejandra Rojas-Grati, Pedro Elez-Martinez,
and Olga Martin-Belloso™

i
S 20
E e CI e Recovery of vitamin C> 75% under
& gastric condition
= By e bioaccessibilities of flavonoids, vitamin
5 - < C, and phenolic acids
=20.1, 15.0, and 12.7%, respectively
E Non-digested | Gastric digesta 'Sma]l intestinal digesta | Dialyzed fraction

Figure 1. Vitamin C concentration during in vitro gastrointestinal digestion of a blended fruit juice. Different lower case letters indicate significant

differences (p < 0.05).

Rodriguez-Roque M]J, et al. Journal of Agricultural and Food Chemistry. 2013 Feb 27;61(8):1859-67.



Table 1. Concentration of Phenolic Compounds during in Vitro Gastrointestinal Digestion of a Blended Fruit Juice”

phenolic compound

phenolic acids

hydroxycinnamic acids
caffeic acid
chlorogenic acid

p-cou maric

ferulic

sinapic

total
flavonoids

flavanones

hesperidin

na:ingenm

flavonols

rutin

quercetin

flavan-3-ols

(4 )-catechin

total

total phenolic compounds
sum of individuals
Folin—Ciocalteu method

concentration (mg/100 mL)

nondigested

0.332 + 0.018a
3.00 + 0.10a
1.06 + 0.04a
0.81 + 0.05a
1.30 + 0.03a
6.49 + 0.15a

12.1 + 0.4a
7.9 £ 0.3a

1.34 + 0.06a
0.916 + 0.008a

7.04 + 0.05a

29.3 + 0.6a

35.8 + 0.6a
734 + 1.3a

gastric digesta

0.337 + 0.015a
3.279 + 0.016b
1.204 + 0.014b
0.452 + 0.006b
0.470 + 0.015b
5.74 + 0.04b

11.2 + 0.3b
16.0 + 1.0b

3.51 + 0.08b
0.68 + 0.03b

6.13 + 0.07b

37.5 £ 0.8b

43.3 + 0.8b
789 + 1.3b

small intestinal digesta

0.267 + 0.007b
297 + 0.08a
1.007 + 0.018c¢
0.293 + 0.013c
0411 + 0.016¢
4.95 + 0.06¢

8.46 + 0.06¢

7.7 £ 0.6a

1.71 + 0.08c
0.288 + 0.014c¢

3.95 + 0.04c

22.1 + 0.7¢c

27.1 + 0.8c
64.1 + l.1c

dialyzed fraction

nd
0.329 + 0.009¢
0.176 + 0.007d
0.211 + 0.009d
0.229 + 0.013d
0.83 + 0.08d

2.22 + 0.10d
1.48 + 0.03c

0.297 + 0.010d
0.264 + 0.012d

1.631 + 0.018d

5.90 £ 0.09d

6.73 + 0.13d
8.4 + 0.5d

bioaccessibility (%)

0.00A

11.0 + 0.5B
16.7 + 0.7C

25.97 + 1.6D

17.7 £ 10E
127 4= 13F

18.4 + 0.7EG

18.7 + 0.7G

222 + 0.8H
289 + 1.51

23.16 + 0.13]

20.1 + 04K

18.8 + 04G
11.5 + 0.6B

“Values are expressed as the mean + standard deviation. Lower case letters in the same row show significant differences (p < 0.05) among digestive
phases. Capital letters within the same column indicate significant differences among the bioaccessibility of phenolic compounds. nd, not detected.

Rodriguez-Roque M]J, et al. Journal of Agricultural and Food Chemistry. 2013 Feb 27;61(8):1859-67.



A2IUNINTY: ATUAIADIU Food Matrix
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Functional
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Temperature:
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Matrix Interaction:
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Techniques: Spray Drying, Liposomes, Coacervation



NSTUFANUN: NISKOKUAISANATYIWDIWUNISQOBL

Free Encapsulated
Extract Extract

Low
Absorption

High
Absorption

Adouv: oulnlsstusrnuasonan (Black Carrot)
N1S(8 Maltodextrin KS© Whey Protein 828Sn3AIUALADIAS |wumsc1mju

Kar A, et al. Curmrent Agriculture Research Joumal. 2019 Apr 1;7(1). p—
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(Encapsulation Efficiency)

180°C

13%

Input Encapsulation Carotenoid
Temperature (°C) | Efficiency (%) Content
(ug/100 g)
160°C 59% 248443

6216.87

13%

Efficiency at 180°C

AslaongtukniLa: Wall Material Niku1zay awisasnyidsuieu

Carotenoids [au1nn21 70% WIWIUAIILSDUGD
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Contents lists available at ScienceDirect LWT-

Fond Science and Technology

LWT Food Matrix Fortification:
Real-World Testing Samples
journal homepage: www.elsevier.com/locate/lwt — Researchers developed microcapsules (BCPE-CCp) to protect the health-promoting pigments

of black carrots. To ensure these capsules work in real-world products, they were tested across
four distinct food environments varying in temperature and nutritional composition.

. e . . R Testing Four Distinct Testing Environments
Optimizing encapsulation of black carrot extract using complex s Methodology
. . . e . . vq s & Objectives Nutritional Profile Temperature Impact
coacervation technique: Maximizing the bioaccessibility and release Impacts - Skim milk Testing (Hot)

kinetics in different food matrixes

Eda Nur Ayar-Sumer °, Claude Nyambe ", Mahmood A. Hashim >~ , Gokce Altin-Yavuzarslan °,
Tamer M. El-Messery > , Beraat Ozcelik “"

The Fortification =gt
Ratio : ;
Skim Milk Chocolate Beverage
Exactly 1g of BCPE-loaded a °
powder was added 20°C (Hot) 85°C
to 100mL of each food o Sl -
environment. ( KEY FINDING: )

Protein-Rich Heat suitahilit"
High temperatures (85°C)
did not significantly affect

Table 3 /é;' | the capsules' antioxidant
@ l\ activity. J

Formulation of fortified products with capsules.

Sample Sample Food matrixes added capsule (g/100 Stabil(i;tza'lfgsting
no temperature mL) Testing how different Nutritional Profile Temperature Impact
nutritional profiles and Impacts - Apple juice Testing (Cold)
prepa_ratlon tempeiatures
o t e
1 85 °C Hot chocolate 1 Bl e
IJE\FEI'EgE stability.
2 4°C Cold chocolate 1
beverage
3 20 °C Skim milk 1
4 20 °C Apple juice 1 BCPE-CCp Powder Apple Juice Chocolate
Black carrot phenolic 20°C Beverage (COId)
extract protected by a 4°C
mmpli’;gf&ﬁ?wamd Carbohydrate/

Phenolic-Rich

Ayar-Sumer EN, et al. Lwt. 2024 Apr 15;198:115995. Clirmen



350

Table 6
. d
300 2 Bioaccessibility (%) after simulated gastric & intestinal digestion of BCEP-CCp in
S — 250 b different food matrices.
=R R b .
3 = , I I ; Sample Bioaccessibility (%) according to  Bioaccessibility (%) according to
2 = 200 No TPC analysis DPPH analysis
2 <
S5 150 c c b SGF SIF SGF SIF
SR 1 I L b b b b c
= E C T 1 48.05 £+ 2.35 79.92 £1.25 37.69 + 62.05 £ 2.78
g= 100 I  abe
‘ 50 2 43.94 + 2.31° 7541 + 235" 4370 + 1.56°  73.53 + 0.98"
‘ 3 130.84 + 223.46 + 200.35 + 315.79 +
0 9.25 10.2? 6.02° 8.40°
| 4 30.04 + 1.89° 32.54 + 1.36° 30.46 + 1.56° 40.07 + 1.984

[
{4
I

Data are reported as mean + standard deviations of three replicates. Different
lowercase letters in the columns indicate statistically significant differences (p <
0.05) in each section. Total phenolic content (TPC) and DPPH analysis results of
bioaccessibility (%) of BCPE-CCp in different food matrices after simulated
gastric fluid digestion (SGF) and simulated intestinal fluid digestion (SIF). Food
matrices are 1: Hot chocolate beverage sample, 2: Cold chocolate beverage
sample, 3: Pasteurized skim milk, 4: Pasteurized apple juice.

Fig. 5. TPC analysis results of the in vitro gastrointestinal release of BCPE-CCp
in different food matrices after simulated gastric fluid digestion (SGF []) and
simulated intestinal fluid digestion (SIF []). Control ([ is the fortified
product did not undergo the in vitro digestion process. Food matrices are 1: Hot
chocolate beverage sample, 2: Cold chocolate beverage sample, 3: Pasteurized
skim milk, 4: Pasteurized apple juice. Error bars represent the standard devia-
tion. Values with different letters on the same samples represent statistical
differences according to a one-way analysis of variance (p < 0.05).

e Optimal Formulation: pH 3.02 and a 10% core-to-coating ratio achieved a high encapsulation efficiency of 86.08%.

e Thermal Stability: Encapsulated extract remained stable in hot beverages (85°C) without losing phenolic content.

e Matrix Impact: Bioaccessibility and release were significantly higher in protein-rich matrices (milk) than in juice.

e Protective Delivery: Complex coacervation effectively shielded antioxidants from degradation during
gastrointestinal digestion.

Ayar-Sumer EN, et al. Lwt. 2024 Apr 15;198:115995.
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N ‘aisana’ g ‘aisaonfnsnianald’ (Standardization) |

Y { Epicatechin
(Marker Compound)

Mangosteen Pericarp Extract

| Concept: NMSATIKUOLNASTIUAISAIALY \ Why it matters: Bugutonanuu
(Marker Compounds) IW2AWLLIJUEN (Identity), HDWUUSHHS (Punty),
LLA=ADUAUA UMW (Conmstency) op?
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NSWAILINAANUNAZ: d15aNaaanienn (Low-a-mangostin)

Homemade chocolate Crunchy cornflakes Flower tea

Standardization: Processing Constraint: Marker Compound:
220 mg extract / serving Max 100°C (£ 30 min) Epicatechin maintained

Lomarat P, et al. Thai Journal of Pharmaceutical Sciences. 2019;43(1):49-56.
& NotebookLM



WaN1SI1AS1tKAIUAYADNTVIAD (Chemical Stability)

0.125-
: Epicatechin —— -
0.100- | | |
- 0.0751
< |
€ :
0.050-
b 7o)
0.025: 2
- =
U.Dn{}: _ . -w/\-__..._)r\_r— =
0 10 20 30 40
Minutes

 Marker Compound: Epicatechin
e JuguusurruarsanAtykavmwiuns:udounisiussy

Lomarat P, et al. Thai Journal of Pharmaceutical Sciences. 2019;43(1):49-56.
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ADIUNTIN8YDVYNISUNEY Lutein

Loss Chart - Solution Checklist
N1sdeyide Lutein nusnvnffy

Pasteurization: -30% {'ffj - @ dunkavluduwosienisqadu
N\
[

1 " - 0 ' S e - - —
Canning: -50% L) [Bussonturidaviuna

Microencapsulation Storage: -60%

£ msiGuansdiuauyadas:




Prebiotic effect of fruit and vegetable shots containing
Jerusalem artichoke inulin: a human intervention study

e [nulin ?1A Jerusalem artichoke (JA)
e Healthy volunteers 66 Au (18-50 U)

e 5¢/5u lu pear-carrot-sea buckthorn (PCS)
KSo plum-pear-beetroot (PPB) shots, Run-
in period 2 §UaK, Suus:niu shots Jua: 2 ASL
131-1§uwSaUDIK1IS uTu 3 dUaK ua:id wash-
out period 3 UMK

e fluorescent in situ hybridization, GC -->
SCFA

Table 1. Nutritional information of placebo and fruit and vegetable test
shots

Mutrients PCS test PPE test
(per 100 ml shot) Placebo™ shot with JAT shot with JAT
Energy (kJ/kcal) 276/65 280/65 260/60
Protein (g) Traces 1.5 1.5
Carbohydrates (g) 15-8 14 13
Sugars (g) 0 12 11
Fat (g) 0 0-6 =0.5
SFA (g) 0 0-1 0-1
Cholesterol (mg) 0.2 0 0
Dietary fibre (q)§ 0 4.5 4.5
Of which inulin (g) 0 2:5 2:5
Na (g) 0-11 0-02 0-06
Vitamin C (mg) 0 30 30
Total phenols (mg) < 0-001 96 148

PCS, pear-carrot-sea buckthorn test shot; PPB, pear-plum-beetroot test shot; JA,
Jerusalem artichoke.

*Placebo ingredients: sugar, potassium sorbate, carboxymethylated cellulose,
xanthan, orange flavour, raspberry flavour, carrot flavour, p-carotene, anthocya-
nin, caramel, acacia gum, malic acid, citric acid, salt and water.

t PCS ingredients: pear purée, concentrated orange juice, carrot juice concentrate,
JA root juice concentrate, pear juice concentrate, apple purée, orange pulp, sea
buckthorn purée, acerola purée concentrate.

1 PPB ingredients: carrat juice concentrate, concentrated apple juice, JA root juice
concentrate, pear purée, plum purée, beetroot juice concentrate, orange pulp,
acerola purée concentrate, blackcurrant juice concertrate.

§Sum of all cellulose, nor-cellulose (including hemicelulose, pectin, pentose etc.)
and lignin.

Ramnani P, et al (2010). BJN. 104: 233-40.



Prebiotic effect of fruit and vegetable shots containing
Jerusalem artichoke inulin: a human intervention study (cont.)

11 -

-.".':".'- W
E -
T | B
= O
= 10}
a Q
= B
S A
©
s 9F
S
3 8
=
m
8 | I I
Placebo PCS PPB
Treatment

Fig. 1. Bifidobacteria counts expressed as log,, cells/g fasces in stool
samples after the intervention period with placebo or fruit and vegetable
shots (pear-carrof-sea buckthom (PCS) and plum-pear-beetroot (PPB))
containing Jerusalem artichoke insulin. For each group, the mean (middle
line), standard deviation (top and bottom lines) and individual data points
are represented. ***Mean value was significantly different from that of the
placebo (P = 0-0001).

e J1UduYoY Bifidobacteria WuduagviduadiAsy lunv
naunldsu PCS ua: PPB shots Ldatigunu placebo

e IMsWuBUIEAliogagviUdudAnyuow
Lactobacillus/Enterococcus

e TuwumswasuudavvevuuafiiBendudu o uazusuiau
UL SCFA (ugds:

e drundwUasane: Iiwuonmsiauadnsuusy luas:nudoms
(Go1Us=9100 uazludowaldeaas:uuduaig

e WadwIALL: wuaMshovdawuiuldadoslundunld
waaneur (PCS ua: PPB) uddaaglus=aun "Tdsuusv” (Mild)

* AJINSINIIAUAVWNAFDU: D1ahalAslkAIUSIUTDluNISSU
Uszniuwaancunigouin (>90%)

Ramnani P, et al (2010). BJN. 104: 233-40.
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Kruger CL, Mann SW. Safety evaluation of functional ingredients. Food and Chemical Toxicology. 2003 Jun 1,;41(6):793-805.
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FOOD ADDITIVES
DRUGS

* Infended to diagnose, cure, mitigale,
treat, or prevent disesss

+ PhysiclogicalPharmacalagic activity

« Duration of Exposurae varies

* No intendad affect an the body ather than
nutritonal

= Functional effect on food

* Poleniial for lifetime exposure

ELEMENTS

* Unsupsrvised consumption
* Given under medical supervision or required FUNCTIONAL « Usually a large margin of safety or Emitations
drug labeling INGREDIENTS of use

2. Fossible small therapeutic index

= Anlmal toxicology testing

* Predominant chinical avidence for satety
* Risk/Banafit analysis

|* Every batch tesiad o mest epacifications

« Pragominant animal toxicology evidence of safety
« Clinical studies not usualby required

« No Risk/Benefit analysis

* Pericdic batch testing to meel specifications

¥ Intended 10 produce health benedit
|« Physiclogecal/Pharmacologic actwvity
» Podential for liledime axposure

« Unsupervised consumgdion

= Poasible emall margin of safety

SAFETY

ELEMENTS

= Animal toxcology lesting

« Predominant chinical evidence of &afety

« Banafit explored

= Fossible need 10 test every batech 1o meet
spocifacations

SAFETY

NUTRIENTS

*m;ﬂmﬂg@::mﬁiﬁﬁmm Fig. 1 Elements underlying the

e nature of each category and the key
Pttt i pas ot R features from each that distinguish
the safety determination process for

a functional ingredient

ELEMENTS

[« Mo safaty testing necessary when consumed
as part of food

* Exaggesalad exposure necessiates safely
detarmanation

* Recommended dietary allowance establshed

» Parigdic bakch lesting to maet speciScations

SAFETY
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Kruger CL, Mann SW. Safety evaluation of functional ingredients. Food and Chemical Toxicology. 2003 Jun 1;41(6):793-805.
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Kruger CL, Mann SW. Safety evaluation of functional ingredients. Food and Chemical Toxicology. 2003 Jun 1;41(6):793-805.
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ASS:UAUANWEUzUAYAISNAUNTANLEUSaU 2193 10udovlddsms
S1AS1:ANKaINKa1gINDS:UALUAN B EUSUDY:
1. nduyavansnnsiukdamasnduansdrAey (Active ingredient)
2. nduyavansnwusiuAuais&1Aey (1Wu Related substances)
3. druusznaulac) adruwaunuldavialki (Unintended

constituents) wu aasuullounkanideviuld (Unavoidable
impurities)

Kruger CL, Mann SW. Safety evaluation of functional ingredients. Food and Chemical Toxicology. 2003 Jun 1;41(6):793-805.
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LKavvaua:
1. disiAmssSavINIvAISUWNEGNgSION
. Traditional Chinese medicine
. MsuwNgWuludu
. WHO, FAO, EFSA, CODEX databases
. 1IPAAISNVIBINMSIAYIAUUSIAMSIENAOAEUT
auulwsuazdruus:znautdazsialuvuuyd Nolu
sUnuummiswutiovuazguwulusieu
6. Certificate of free sale

o b W N

|--. - :I... .I..
PPl ScienceDirect | Scopus
el i Bl

World Health
{ ‘Jﬁf or ea

g Organization

e =

- efsam publffe

‘wropean Food Safety Authority

laﬂmss:quhé\)ﬁm(name, variety, species, genus,
family)

NAUNMLIATYVANSIDANHNS KSD a1suvTlpndanual
(Marker)
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Kruger CL, Mann SW. Safety evaluation of functional ingredients. Food and Chemical Toxicology. 2003 Jun 1;41(6):793-805.
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e WUSaoviudasnaaav (Animal models) ansathuldiias:uadod:ihkuisuaznans:nuitiaiududuma
uimnAuWuwela

e youwavavmMsnadaunsludksSudiuus=naulGOWOATUDIWULIATU KIadouianuihlathedraulamalu
mstaanulduwy Boiurauvimnamsinaanaurdlue Solulin1ss:unudnYaUzDE 1O INEOWD

a1saanqnsuUazaIsnAgdUliavAU IAISS:UAfUANYEUREIVFAIDU LasiiAULEN(D
agvwevwad lullomana:ziaannUWuwy au s:QuUSuIauNIU=UNIKUUYE (G
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luasseuASSUNMLIBINTS

Kruger CL, Mann SW. Safety evaluation of functional ingredients. Food and Chemical Toxicology. 2003 Jun 1;41(6):793-805.



Compositional Analysis

i l

Active Component (s) .
(with respect to label claim) Impurities
(active/inactive Ei;‘:‘ respect to label claim)
Well Characterized and Unknown or Well Characterized Well Characterized Unknown

Adequate Understanding of but Literature Database _
Potential for Toxicity of Single Inadequate Literature E-garch
Component andfor Complex to Determine Safety Mot Possible
Mixtures Based upon Currently

Available Literature

Adequate Understanding of
Potential for Toxicity of Single
Component andfor Complex
Mixtures Based upon Currently
Available Literature

Literature Database Inadequate
to Determine Safety

'

v /
Determination of >
ADI Toxicology Testing Necessary

Fig. 3 A decision tree approach for determining when toxicology testing is necessary.

Kruger CL, Mann SW. Safety evaluation of functional ingredients. Food and Chemical Toxicology. 2003 Jun 1;41(6):793-805.



03 msAaviludainaasv (€d)

to identify the target organs and/or systems for toxicity and the threshold doses for producing toxic effects

dose-response comparison between animals and humans, information related systemic exposure

[
fertility/reproductive performance, teratology, and prenatal/perinatal development in animals
o

This may or may not be needed, depending on the duration of intended exposure or any specific cause for
concern

modes and sites of action of the ingredient OECD* guideline (*Organization for Economic
Cooperation and Development)

Kruger CL, Mann SW. Safety evaluation of functional ingredients. Food and Chemical Toxicology. 2003 Jun 1;41(6):793-805.
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. the margin of safety between the no-observed-adverse-effect level (NOAEL) determined in
the animal studies and the anticipated human level of intake

Acceptable Daily Intake; ADI = NOAEL/UF

e If estimated human exposure to the ingredient falls below the ADI, then that exposure is
determined to be safe (US FDA, 1993)

e This concept works well for food additives where projected human intake is 1.5 g/day or less
(which is equal to or less than 25 mg/kg/day), since this level of intake can be supported by

applying a 100-fold safety factor to a NOAEL of 2500 mg/kg/day (about 5% of the rat’s diet)
in a rat stuay.
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e Good Clinical Practice; GCP

: e Ethically approved study

1“\?0(’("’*' e Well-designed human intervention study, at least 2 months

e intolerance, metabolic process, toxicokinetics, biomarkers, biochemical markers
e efficacy study

e Reproductive toxicity, Developmental toxicity

ADI = NOAEL
UF

Kruger CL, Mann SW. Safety evaluation of functional ingredients. Food and Chemical Toxicology. 2003 Jun 1;41(6):793-805.
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