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Abstract

Currently, interests in food nanotechnology and its research and development are at an initial stage in
the world, and food industry is slowly moving to embrace it and preparing for establishment of a final
goal achieving its commercialization. It is considered that the field of food nanomaterials in food nan-
otechnogy is a crucial means for commercialization of functional foods. Up to now, known bioactive
substances imparting functionality to human body lack in solubilization, stability, and bioavailability,
which results in unsuccessful quality enhancement and commercialization. Especially, fabrication tech-
nologies of food nanoemulsions are considered as a future technology to improve the above drawbacks
of bioactive ingredients and produce new functional foods. Accordingly, fabrication methods of food
nanoemulsion and their applications and a ripple effect in the food industry were studied in this

research.
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Table 1. Examples of research and applications of nanotechnology in food and agricultural field
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Fig. 1. Winsor classification system of oil- and water-rich
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Tegend oil

® OilTween 1:0.3

= Oil:Tween 1:0.5
Oil'Tween 1.0.7

4 Oil:Tween-1:1

* Oil:Tween=1:1.5

DW

I'ween 80

Fig. 2. Pseudoternary phase diagrams of nanoemulsions
composed of water, Tween 80 and oleoresin capsicum.
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7IZ2H o= 34 E= A2 E FFE 2
T4 SFEEA, 47 FHE xanthopylls(el:
lutein, zeaxanthin)} AFaE FHA3A] & carotenes
(@l lycopene, B-carotene)°] AT} 7lRE|x=ol= F
lutein3} zeaxanthin =914 Wb W o
Hh(Stringham and Hammond, 2005)¢l, lycopene->
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@ 2w7k-3 A4t

hEA el eH7k-3 XHMEe a-linoleic acid(ALA,
18:3), eicosapentaenoic acid(EPA, 20:5) % docosahex-
aenoic acid(DHA, 22:6) 5¢] d=d], 1% &2 A
ARl EPASH DHAZF 7R &40 Sle Aoz ¢
A2 e, AFEe] AWM ALAE 4 A7t
3AAe 2 g o] HA| ol FE A
of &3442 A4-& sh= 2 4°] EPA®t DHA
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® 2EA 228 E(Phytosterols)

e SHES HEA 7Y &, T4, A=A,
wd 35 5o $HE stigmasterol, B-sitosterol,
campesterol 57 -2 AJF9] phytochemicalse &
b, Ao A EA stanolS steroliT} e F:
2 A5, HEY ZEE s S F
3t A Aok AEA 2EHES 93

4B 37, A2AY, W} I IR S A,

o

Table 2. Major lipophilic active components that need to be delivered into foods

Name Types

Potential nutritional benefits

-3 Fatty acids, conjugated linoleic acid,

Fany apids butyric acid

Coronary heart disease, bone health, immune response disorder, weight
gain, stroke prevention, mental health, cancer and visual acuity

Carotenoids B-Carotene, lycopene, lutein, and zeaxanthin Cancer, coronary heart disease, mascular degeneration, and cataracts

Antioxidants Tocopherols, flavonoids, polyphenols
Phytosterols Stigmasterol, B-sitosterol, and campesterol

Coronary heart disease, cancer, and urinary tract disease
Coronary heart disease

(Source: McClements et al, 2007)
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Table 3. Major food-grade structural components that can be related to prepare emuision-based delivery systems for

bioactive components

Name Import.e?nt. Examples
characteristics
Animal fats: beef, pork, chicken
Liids Nonpolarity Fish oils: cod liver, menheadan, salmon, tuna
p Chemical stability Plant oils: palm, coconut, sunflower, safflower, corn, flax seed, soybean
Flavor oils: lemon, orange
Solubility(HLB) Non-ionic: Tween, Span
Surfactants Head group charge Ampm_c: SLS., DATEM, CITREM
Molecular geometry Cationic: lauric alginate
Surface load at saturation Zwitterionic: lecithin
Molar mass Globular proteins: whey, soy, egg
Conformation Flexible proteins: casein, gelatin
Biopolymers  Charge Nonionic polysaccharides: starch, dextran, agar, dextran, galactomannans, cellulose
Hydrophobicity Anionic polysaccharides: alginate, pectin, xanthan, carrageenan, gellan, gum arabic
Flexibility Cationic polysaccharides: chitosan .

(Source: McClements et al, 2007)
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H&S oA Hed, critical packing parameter

(CPPy= ofzf 2ol &f3fe] AN & Uth

XLO

CPP= v/a.l

q714, ve AREEA AHA FE9 partial
molar volume, a+= optimal head group area, 1<
extended surfactant chain lengtho]™, #|H 2417 <]
AdAZe) 1= &H 571 Thsdd dutre= |
= 19 70-80% ALE FA el Fig 3 vhUs
AR/ gA) 2] —TLZ‘Dﬂ we CPpo mlAE FFE
Eld Zo)tH(Flangan and Singh, 2006).

o]/ AHEAA Y & head group BHS 7

Larger, more hydrated headgroups Smaller, less hydrated headgroups
Lower temperature (nonionic) Higher temperature (nonionic)

=

<o ] [

EE—
Smaller a,
e

(SLmallsr V, Larger a. }
NI

Single. saturated chains
Shorter chains, larger D/lc
Less oil penetration
Higher molecular weight oil

l Larger V, shorter IB
1740

Branched, unsaturated chains
Double-chains, higher temperature
Greater oil penetration
Co-surfactant addition

Fig. 3. Effect of solution conditions on the headgroup size
and resulting effect on the surfactant molecule shape and
arrangement.
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A& A7k 87491 M head group—4 =S
HSAA A head group] B JaHE wFTh

CPPs} & ‘:i hydrophilic—hydrophobic balance
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=34 TP Aot

2) Bz AEEAA (Cosurfactant)

Bz AW 4 238 283 =84
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O 9 daAgess ZARY £35S F7M7)
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(Lawrence and Rees, 2000), =3+ B AHEA A
£ lamellar 9A] AAAES BoFEEA shcK Tenjarla,
1999). Ex AHEBAIAF 1-butanol, 2-butanol =
EAo] Qe Zlo2 RuEPT
A& T AEELE FVtE A
deht, Aol 44 /s &
7F AAIHE I 9

rr nlm o

ter-butanol &+
(Attwood, 1994),
o o g}z 0]

EE 10-20% ¥4
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:|° ruz

3) Ak
gl Ak oA Aol # Hiu %
7b =7] ol dA7A] vlolaR oEA Aol
FE AMEEY gton), ErgMEE 7
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Rl
Shd

Table 4. Food surfactants regulated in the US and EU

oM Aol Z7] we] AA™

2 o, r 32 7
2
Lo
_,VL
S 7
&
2
D
e
oo
i
i
-
i)
2

Mlgl}ol 80) = limonene 72 &

A&AT7F AW A

) OW HF tzddde w54 ]
2 FEREEAS) 992 A= 5

General class Examples US21 CFR*  EU no.
Lecithin and lecithin Pure phospholipid (e.g. phosphatidy] choline) and mixed phospholipids 184.1400° E322
derivatives Hydroxylated phospholipids/lecithin 172.814° E322

Lactylic esters of fatty acids 172.848
, Lactylated fatty acid esters of glycerol and propylene glycol 172.850
Lactylated esters Calcium stearoyl-2-lactylate 172.844 E482
Sodium stearoyl-2-lactylate 172.846 E481
Polyglycerol fatty acid esters 172.854 E475
Glycerol fatty esters Polyglycerol polyricinoleate E476
Propylene glycol fatty acid esters 172.856 E477
Mono- and di-glycerides 184.1505"
Monosodium esters of mono- and diglycerides 184.1521°
Acetic acid esters of mono- and diglycerides 172.828 E472a
Partial alycerides and Lactic acid esters of mono- and diglycerides 172.852 E472b
deri 1? ti%'zs s Citric acid esters of mono- and diglycerides E472c
erva Stearvl citrate 184.185° E484
Diacetyl tartaric acid esters of mono- and di-glycerides(DATEMS) 184.1101°
Succinylated monoglycerides 172.830
Ethoxylated mono- and di-glycerides 172.834 Ed472¢
Sucrose esters Mono-, di-, and tri-esters of sucrose with fatty acids 172.859 E473
Sorbitan monostearate E491
. . ) Sorbitan tristearate E492
Sorbitan fatty acid esters Sorbitan monolaurate E493
Sorbitan monoleate E494
Polvoxvethyl orbit Polyoxyethylene(20) sorbitan monostearate(Polysorbate 60) 172.836 E435
f(;tzv()x’g Y ; cne soroitan Polyoxyethylene(20) sorbitan tristearate(Polysorbate 65) 172.838 E436
atty acid esfers Polyoxyethylene(20) sorbitan monooleate(Polysorbate 80) 172.840 E433
Ox bile extract 184.1560°
Others Propylene glycol 184.1666°
Sodium lauryl sulfate 172.822

2United States Code of Federal Regulations.
*Generally recognised as safe(GRAS).
(Source: Flanagan and Singh, 2006)
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