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Development of Functional Milk and Dairy Products
by Nanotechnology

H. S. Kwak
Department of Food Science and Technology, Sejong University

ABSTRACT

The development of functional foods started booming from several years ago in the world. The size of functional
materials are in the range of micrometer level. This size can be much smaller into nanometer level to be more
effective. We face some problems from the materials, such as flavor, taste, color, viscosity, etc. in functional
materials. The problems can be solved by micro/nanoencapsulation technique. This paper showed some results of
the research related on the technique for functional milks and dairy products. The nono/microcapsules are the
form of liquid instead of solid. Coating materials used were fatty acid esters, and core materials were lactase,
iron, ascorbic acid, isoflavone, and chitooligosaccharide. The ranges of capsules are from 100nm to 200 um. The
sample milks added nano/microcapsules were homogeneous and prevented the defects of core materials. It was
observed that nano/microcapsules in milk and dairy products were effective as functional material without
defaults. It was indicated that targeted functional foods can be developed further in various foods by

nanotechnology.

(Key wonds : Nanotechnology, Nano / microencapsulation, Milk, Dairy products, Functional food)
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Medical treatment : .
and health Informative technique

Nanomedication, artificial organ
perception of disease,
emote diagnosi

Advanced materials

High modulus, high functional
nanomaterials

Micro spacecraft, process of
the avionic system

Energy / Environment

Ultra high efficient solar battery

Blology / Agriculture

Applied fields of
nanotechnology

Terastorage, quantum computer

Blotechnology

nanobiosensor, nanovitalrobot

Transportation

Ultrahigh light modulus
automobile, aircraft

Sclence / Education

The birth of a new study field
of study

National security

Gene, drug delivery Perception system for nuclear
proliferation

Fig. 1. The various applicable fields of nanotechnology.
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Fig. 2. Various fields of adaptation for encapsulation.
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Table 1. Sensory score of sweetness in mik containing B-galactosidase microcapsule during storage

for 12 days at 5 ¢’

Microcapsule

Storage period(day)

concentration( %) 1 3 5 8 12
0 1.0° 1.0° 1.0° 1.0° 1.0°
2 1.0° 1.0° 1.0° L12® 1.38°
4 1.0 1.0° 1.38° 1.63* 1.75°
SEM 0.12

! Sweetness scoring: 1:none, 2: slight, 3 : moderate, 4 : slightly strong, 5 : strong.
Means of 8 replicates. Means in column without the same letter are not significantly different(p <0.05).

? Control : commercial market milk.
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Fig. 3. Effect of ozone treatment on the activity
of microencapsulated lactase made by
polyglycerol monostearate in dispersion
fluid'.
Means of triplicate
10.05% polyethylene sorbitan monosterate
(Tween-60) solution.
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Fig. 4. Photomicrograph of microencapsulated
iron with polyglycerol monostearate.
The photograph was taken at 1,000 x

magnification.
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Fig. 5. Effect of different pHs on iron release
from microcapsules incubated in simu-
lated gastric condition in vitro.
Coating material : Polyglycerol monostearate,
Core material : Ferric ammonium sulfate,
Simulated gastric fluid contained pepsin and ad-
justed to different pHs with HCl and NaOH at
incubated at 37 T for 60 min. Each bar repre-
sents an average of three trials.
Each bar indicates a standard deviation and bar
with different letters are significantly different
(p<0.05).
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Fig. 6. Electrophotograph of vit C nanoencapsu-
lation.
* The range of nanocapsules are from 40 to
80 nm.
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Fig. 7. The release of ascorbic acid from micro-
capsules at 4 C during 12 day storage.
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Fig. 8. The ascorbic acid release from micro-
capsules made with MCT in a simulated-
gastric fluid during 60 min incubation.
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g. 9. The ascorbic acid release from micro-
capsules made with MCT in a simulated-
intestinal fluid during 60 min incubation.
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Table 2. Mean values of serum iron, total binding capacity, and transferring saturation with micro-
encapsulated iron and/or ascorbic acid added milk intake

Treatments (izr/uTO[i)rr?lT) Total ir(ongt;ir]wggni |gaoacity Transferr(ir;ﬁ :§aturation
Control’ 78 + 22 395 + 72 19+5

Trt 1° 89 + 24 358 £ 75 24 + 4

Trt 2* 106 + 27 337 £ 71 31+3 -

Trt 3° 119 + 30 279 + 51 2+6

' Means of 5 replicates. Means in a column without the same letter are different(p <0.05).

Control no addition of iron or ascorbic acid.
100 ppm uncapsulated iron added.
100 ppm microencapsulated iron added.

* 100 ppm microencapsulated iron and 250 ppm microencapsulated by ascorbic acid made by MCT.

Table 3. Changes of viable cells of Streptococcus thermophilus in microencapsulated iron fortified
drink yogurt stored at 4 ‘C for 20 day storage

Storage period (days)

0 5 10 15 20
(cfu/ml)
Trt. 1' 22 x 10° £ 0.1° 24 x 10°£03° 24 x 10° £ 03 24 x 10° £ 0.1° 24 x 10° + 0.1°
Trt. 2 22 x 10°+ 02 25 % 10°+04* 22 x 10°+ 0.1° 23 x 10° £ 03 22 x 10° £ 02°
Trt. 3 26 x 10° £ 0.1° 24 x 10°+02° 24 x 10° £ 02° 21 x 10° £ 03 23 x 10° + 0.2°
Trt. 4 25 %x10° £ 01 23 x10°£01° 23 x10° £ 02° 22 x 10°+ 02* 26 x 10° + 0.0°
Trt. 5 23 x 10° £ 04 24 x10°+£03* 22 x10°+02° 23 x10°+ 03 22 x 10°+ 0.1°

lI DY; II. DY-I; 0. DY-MI; V. DY-MI-C; V. DY-MI-MC.
? Within the same column means with different superscrlpts are not significantly different(p <0.05).

AE A 90 %, HEHEANA 85%, WAL
Asveldl C A7l A T0%E Zastarh 3
TS(transferrin saturation) Z3elA TS7} 15% ©)3}
ojF AL AW WE @A, 30%A L ARG,
35+15%%" FA4He gAUH, 2 A A control
= TS7H 19%2 ARARA WdaA, qAesix ¢
HEZ3E Al 918o] o7t /M=o HePE
A&v gy ¢ 73] TS7F 40 % ojAo 2 A A}
AR IEgAHD,

Rl AsE] dEe A&y AR ved
CE S7EEd F3tsle] HA7|7b Weste] a3
& BEYAT. 4 QFEEQ) pHY) 422 HEY
LFEE AN G3E A ggton Asty
ZAE 9% TBANME hE#3 viastd A

8ot v

o7t ANT, FES} BEAHAMME g g3ty
o a3 AR B AR £E gxE:d 3
°]& Ho|x] &FotTHTable 3)'%.

i3 el cY fHad AUARAE 73lsly
=4 S "stste o3ety 2 ASHAE sk,
7CAXN T7hY T SA3WA AN =29 TBAS
4% A5} Yasx e AE 743 W= TBA
77t " BA dERA T fAe J7 g dExe
3} A9 FYstgy, 23 u|AE short-chain
fatty acid®] AANME A Fdsligic) w3 3o
A8 AAAANE L3 e G o (Table 4), o]u], o]
H T FEHA ZHAME o) HAo] TAER
Sob Awst FEH v CE AR 73s}
7H5e Aoz ARHYY?.
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Table 4. The production of neutral volatile flavor compounds in microencapsulated iron and/or L-
ascorbic acid fortified Cheddar cheese ripened at 7 C for 7 mo'

toestrogen)0. 2 &¥ FEA T JAERA I 5}t
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Treatment Ripen(ir:ﬁo;)eriOd Acetaldehyde Acetone 2-Butanone Ethanol 2-Heptanone
(pom)
0 0.08° 6.7° 1.18° 3.39° 2.79
1 0.18° 6.68° 1.19° 6.40° 2.86°
c 3 0.21° 6.94° 138" 116.80™ 2.78°
5 0.47 6.86° 1.63° 170.30° 2.72°
7 0.50° 6.93° 1.74° 182.00° 2.88°
0 0.07° 6.71° 1.20° 5.54° 2.82°
1 0.21° 7.71° 1.56* "5.50° 277°
r 3 0.20° 6.74 1.69° 7377 2.68"
5 0.50° 6.83° 1.60° 78.69" 3.12°
7 0.62° 6.84° 1.69° 96.25° 3.12°
0 0.13° 6.68" 1.18° 477 2.79°
i 0.23° 6.80° 1.18° 3.86° 273
M 3 0.34® 6.85° 2.96° 50.11° 2.94°
5 0.41° 6.77° 1.32° 127.70° 4.04°
7 0.52° 6.87° 1.42° 134.13* 3.00°
0 0.16° 6.78° 1.19° 12.00° 294°
1 0.33* 6.75° 233° 41.07° 292°
MIUC’ 3 0.23° 6.73" 2.50° 79.55° 2.81°
5 0.18" 6.91° 1.96° 126.33% 271°
7 0.26" 6.79° 2.20° 132.65" 296
0 0.07° 6.68 1.19° 4.63° 2.78°
1 0.20" 6.78° 2.05° 5.63° 2.86°
MIMC? 3 0.35® 6.83° 1.22° 104.55% 2.65°
5 027° 6.79° 1.82° 109.17% 2.70°
7 0.35% 6.92° 1.98° 116217 2.52°
! Means within column by the same capital letter are not significantly different(p <0.05).
Ic: control, *1:iron added, ‘MI: microencapsulated iron added.
* MIUC : microencapsulated iron and uncapsulated L-ascorbic acid added.
¢ MIMC : microencapsulated iron and microencapsulated L-ascorbic acid added.
o]Atell Al Hi= wish o] HE A3} wlgldl ¢ A FI7L Wl fALElY, AERAY 98-S de
7R Zasnag Azkst EAHE A4 © Aoz dEA Ak T olAZHER o8 75
AZA BANLD £ e Uk Ae 71eg AL o AdSHUEY, 53] #7737 J4Ee] J2ERA
o] 228 4L 3 AT W|utmy, o) 2 A AAe) FH3) tiHo AFE W o ANE F
FARE FF G 87 A 2AEY W Fo) v gasHEd, ow JJAERAS #Age B
HEAE A, AFsted 98€S 32 ith 2 Soll APElEEH o] 4 At FheEla, =
g dAEZAL HZ ZY2HEL HINAE B
V. 0| AZah=o| s} = glo] Hth T $4 2 AABA a2
E5 AAsE N AF AT A #4e] 3
ol&E e (isoflavone) HEAH AHITZBphy- THL oM, o] A7) HHE Bcyclodexirinel ]

& 2SS AAT 90% o4 Thssbl sRe
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Aoz 8% FH2HEL AAFA £
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£3E gk ZRHAE MCTZ 34 o)laF
Hgo} 15:19 o Q&9 o] 70% vgten, 3
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Atk £ o] AEE AF F(129) FFANE 4
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2 2ol M)A & pHR2~5) ¥ E 4.0~93%
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Table 5. Sensory scores of microencapsulated isoflavone fortified milk during storage at 4 for 12

days’
Storage period Conqi_tion of Sensory description
(day) fortification Color Oft-flavor  Bitterness  Astringency  Off-taste?

Control’ 50° 50 5.0¢ 5.0° 5.0f

0 Uncapsulated 5.1%® 5.5%% 6.2 6.5 6.4%¢
Encapsulated 50% 4.8% 5.6°% 5.7 6.0*
Control 49° 4.9°% 5.4%f 5.2 5.2

3 Uncapsulated 51® 5.9 6.8® 6.9% 6.9~
Encapsulated 507 4.9 6.1%% 6.0°* 6.1¢
Control 5.0° 4.78 5.1f 5.0 5.2

6 Uncapsulated 53* 5.5%% 6.1°% 6.5 6.5%
Encapsulated 54% 5.4% 5.8°%f 6.0° 6.3
Control 52% 5.4%% 5.2 5.4 5.8%f

9 Uncapsulated 54® 7.0% 6.2 6.8 8.0°
Encapsulated 5% 5.8%f% 6.4 6.6~ 7.5%
Control 53% 6.2>4 5.95f 5.5 6.4%

12 Uncapsulated 5.6° 1.7° 7.1° 76" 8.3°
Encapsulated 53® 6.6 7.1 7.1® 7.7°

" Means of 10 replicates. Means in a column by the same letter are not significantly different(P <0.01).

The scale of each score:1=very slight, 2=

and 7=very strong.
*Tastes except for bitter and astringency.

3 Control : Market milk at 4 °C for 12day storage.

slight, 3 =slight-moderate, 4 =moderate, 5=moderate-strong, 6 =strong
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Table 6. Effects of experimental diets with chitooligosaccharide added and cholesterol-reduced milk

on the change of blood triacylglycerol,
rats fed for 16 weeks'

total cholesterol and high density lipoprotein in

Total CH TG HDL
Treatment — - — - — -
Initial Final Initial Final Initial Final
(mg/dL)
Control® 120.8° 166.0° 45.8° 51.0° 41.8° 53.3°
co’ 105.8° 160.4° 443 476" 36.7° 63.7°

! Means in a column with the same letter are not significantly different(P <0.05).
?Milk with no chitooligosaccharide addition no cholesterol removal.
: Chitooligosaccharide added cholesterol reduced milk(50 mg/ day).

Fig. 10. Photomicrograph of microencapsulated
chitooligosaccharide with polyglycerol

monostearate. The photograph was
taken at 50 x magnification.

Table 7. Effect of viscosity on different concen-
trations of nanoencapsulated chitooli-
gosaccharide in cholesterol removed
milk’

Treatment Concentration (%) Viscosity (cps)

Control® 0.0 0.75%

0.5 3.24°

1.0 30.27°

Uncapsulated L5 43.00°
2.0 49.30°

0.5 0.79%

3 1.0 1.34°
Encapsulated 15 1,59
2.0 3.88¢

'Means of triplicates. Means with same letter are not
significantly different(P <0.05).

?Market milk stored at 4 C for 1 day.

3 Nanoencapsulated chitooligosaccharide by polyglycerol
monostearate.
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