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The Principle of Emulsifier in Food Application and Trends in Food Emulsifier Market
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Abstract

Emulsifiers are widely accepted ingredients in food
& beverage applications owing to their functional
properties. The multi—functionality of emulsifiers
increases its adoption in end—use applications. Also,
the growing demand of natural sources of ingredients
and increase in demand for convenience foods and
premium products have expanded the application
areas of food emulsifiers in the food & beverage
industries. Emulsifiers are increasingly used by food
processors to make their food products more cost—
efficient and robust, enabling them to endure the

rigors of harsh processing.

Key words : emulsion, emulsifier, kinds of emulsifier,
application of emulsifier
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2. $%Hemulsion)

1) 92te] g9

A 2HA| (emulsifier) = &4} Woll 214=2d71¢t 4=
3715 &7 AY L 9= A EHA, -5-3Hemulsion)
£ W=7 fsll Bedor dolgoiof sk A
Hrlgolt, Hehs SAY AR AOAE ok
MR JA % o2 = HA e wyt, «HE 59 7]
AR o JAE F=dsto] ko] HA|7E thE
A Aol EAl(dispersion)E o] Q= A E oJujsic},
% oA Tl A= o2 A oA E 7 = K
o] alA|Alo] A 5t= AFEfjoltt. 71 tiE A Q] A

FoRE S5 Hol oE 5ol Attt f3ki(
Ui ol T2 “-fof 7“’] E]er”E]rL pa

o] F & emulsion T3+ "to milk”2H= 529 3}5101
o] 2HE [afigict.
571 9] HA| = —r”“(dlspersed phase, or droplet)}

Bl (dispersed medium), 52 &1<4:AH continuous
phase)ol] wheba] o] 7] [EtAS AT &
AULE 7150 25 A= EX}EH, dt "B 7|5 o
27} BALE o] Q1= A" E oil in water (O/W) &
S, S = 2427 71 5ol B4t o] 9l 7
9”2 water in oil (W/O)2}al gtt} o] T 7[R =
ﬂo}oq o]%o] '8 4 (double emulsion) 32 Tt} Oﬂ
A (multiple emulsion)2 &4 4=~ JtHFig. 1).
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Fig. 1. Diagram of conventional emulsions and multiple emulsions,
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HAE T 7]¢3 o]gkela B4 whef Gz o
A Wrgsh7| = gt O/W o[BS 7| o= Unt
o HA, o] 2 2o EA, Yo O R FHEA| o]
AR o2 EFL Ayl 4= ik ok AWk o
Tl 73 52 oEAe DEYstHog Eqt
7 (thermodynamically unstable)3}L, 2)2] &} 27 o]
0.1 umoJA] 100 pm= 3)JTAT EFrger A2 o
t}. duta © 2 O/W emulsion Ao A 7] S tv] &
sHA| ] Fo] A2 ¢Fo] Hol7itt. 4715 hH] {3t
Aol 2 10:1 FEO] vl&-E Holn, 3 m/g9] &=
S FHAS IA—E}LHE}(Flg 2).

nlo| = 283} 3 © nlo| = 2 o] H A (microemulsion)
== 75 Tr§¥7“ﬂ——] A AN F=o|E9 &
o2 AL AAd”o|t) AE] micelled} S-AFSH

Fefol At G AR FHEA) gkt 7] 5] )
e o So| glo] thE e hehuict. ut

o] = 2 o ¥ A (microemulsion)-& n}o] A3} GA}5}HA|
sk oA Zwo|A] t]L oFABIE o] & A

2Aglolt), ARkl o ddut g DEHsH o2
() oy ] easoe sams
LA™Y (] - 2k 27] 0.1 to 100 pum)
: O ‘A e Amwen oy us
PR P yo.: 2 A|H 24 o] 2 H|E (<1:10)
BETR * 0 A Ve (3 =2 35’51(3 m¥/g)
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Fig. 2. Physicochemical properties of conventional emulsion
(Gupta et al., 2016).
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Fig. 3. Physicochemical properties of microemulsion (Naouli et
al,, 2011),
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Fig. 4. Physicochemical properties of nanoemulsion (Wooster
et al,, 2008),

7} @1, 5)FEH AL 30 mY/glo 2 YERdTtHFig. 4).
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olzze| UL 225t7] 4k, shAw AatAl
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25| T2 FREt. Hasol sojaze @A
3} Uhmo] A S LB o] AHgSHA] 91 A Hrfo]
22 o] QAHs B hmodh o EYstel

FEAA %43 g et

2) #-3te] oa) 7|2k
HEAQl 73t A= 4]o]A] §hal =A% oF
= oAE 9 Ui AE Fstel TRAL B
Al o= w9 BT AEfolnt. & ApEE
. 257|(shaking),
W HHstirring), 23K homogenizing), T+ %21
(ultra—sound)ol| =&A7]= 5 A E 7Ioh= A
o] F3tllE wh=th o) thA| WA {3 Al
S & Ak AIZHERE WA 3t by E
felf, & S3=7] Hor Zolrh= Aol St
Azl 350 wet f3te s s s AES
LrehIct, 4 0 2 3} a3l sl 712 )t
A w}y|o} 7t A w2 o] A 4= qlot.
7192 T}a 7122 [)flocculation 2)sedimentation
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Flocculation2 QI A}=-0] vt 242 (van der Waals)
Qofl w2 Q1] o] AH g 2reFolHY &
2|5 FA5H= AR LacHMcClemeats, 2015). ©]
L Qo] 217k A S Qe HAIAE
SAFL Qo] ThAl WS SjETHE o] 2K o2 9
o] offdd oz Fopd 4= QU o]} thH] &= 7|
HOZ coalescencer= YAFE0| H=o| sl FAH
o] FUAHN 2 YR AXE B Tt YAt
So] 9]8 BAFSH= SARS. creaming, o} 2 5175}
L AL sedimentation®] 2} 5}o] ©]= Stoke R 2]oj|
wje} BAATE BAle] WA, glake] D7), AL
we] Hw Sof ue} %7} A} Creaminge]
742 coalescence”} XY= AHo| L2 HASH o]
% creaming @AFo]2} Etslo] ALgslo] v7}e]
2 o @A ua7|2o 2w olsfE 4= Qlrt. Ostwald
ripening> YARS0] A= FEHFHA] Gholte YA 9]
F57190) Aol AL k) 571ke] e

o4 2 ko) 5 71%k0] L 3o 2 Shablo] 2
QA= A ] AR, e AR B H HolA
2R S w27 A AR A

SARE ZPotA| El=d| B vttt olE A AdE el

Al o]&]gt dARS 713} Elc), Phase inversionS &,
pH, o]& 7]e} A= A #slo| ulg} 7|E2] Ao)
O o]} EASHA] 92 AE = H|7HY A ofd A 1ty
of st (Fig. 5).
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Fig. 5. Destruction mechanism of emulsion (Tharwat, 2013; Particle sciences, 2011),
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TechNavio2] 2016\ Hi1z}g o] oJslH A|A &
SHA A2 AlEa shgsgoll A 9] Aol 36% <F
24%AHE E|l o, A Goek Bl oFs) Fofol A Z}
ZF 13%2] A1 25 HATE 2021d71A] A5,
SHHE 9 AR AlES oF 1% AEES HY
Aoz et chFig. 6).

A A 81O AR AlEokoll A AlatA|
wrol| 59.4%= 717 Tol ARg-Shs A= UL,
HOJAIE, A5, S71H% <9 AFgES Heloh
(Fig. 7).

APPLICATION 2021 MARKET SHARE 2016 MARKET SHARE
FOOD AND FOOD AND
9
BEVERAGE 7.43% BEVERAGE
36%
OILFIELD
CHEMICALS

COSMETICS
AND
PERSONAL CARE

24%

13%

OTHERS
8%

7.91%

CHEMICALS AND
PETROCHEMICALS

6.72%

OILFIELD
CHEMICALS

Fig. 6. Growth of global emulsifier market (TechNavio, 2017).
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u Bakery & Confectionery = Convenience Foods
= Others

= Meat Products
® Dairy Products

Fig. 7. Proportion of usage for food emulsifier in the World (Grand
View Research, 2018),

5 kA A1 st 3] uhew faA)
AL 201600 A 9] Aol FA, of
2021130l oAlo} 2 BB 2] Aol mh
A F71e Aog B QIrkFig. 8).

o

Emulsifiers Market Snapshot

In Europe , agrochemicals are estimated to have least
growth during the forecast period

Largest Market in
@ 2016 (estimated)

@ Marketwthhighest
growth rate for 2016-
2021 (projected)

In Asia-Pacific , oilfield chemicals are
estimated to have highest growth during
the forecast period

Fig. 8. Prediction of Global emulsifier market (Markets and
Markets, 2018).
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Table 1. Amounts of using food additives in Asia (Asia Food & Beverage Databank, 2017)

Units: in Tonnes
Type of Ingredients Indonesia Malaysia Philippines Singapore Thailand Vietnam Australia
Cocoa Liquor 76,979 1,057 14,623 2,561 4154 1,075 1,849 1,191 23,872
Cocoa Powder 195,443 1,786 2731 6,001 6,984 1,677 6,672 4,873 12,842
Colours 54,040 1,065 7,948 1,636 8,043 504 8,870 5,556 12,164
Emulsifiers/Co-emulsifiers 76,680 1,560 16,600 2903 6,720 77 4,840 2,224 10,095
Oils & Fats 15,326,798 | 102,357 | 2400152 | 1,069,552 | 816545 | 78,307 T06,636 | 745435 | 497,845
Flavours 183,131 1,387 16,144 3,489 11,859 757 16,040 8,108 15,723
Flavor Enhancers 998,125 1,880 469,294 3,789 28910 1,639 122,540 79,909 10,632
Flours 14,399,038 | 127,638 | 2,357,997 373,258 612,337 96,416 357,201 781,420 948,829
Milk 20054174 | 184101 | 1,159,566 | 473,534 | 341870 | 146,569 | 1247964 | 1,080,317 | 3,468,273
Modified Flour 97,856 1,01 12,601 3,93 3,523 627 2,667 5,458 10,148
Preservatives/Antioxidants 28,709 402 4,342 1,085 1,525 286 1,699 902 2732
Proteins 338,178 5,21 35413 10,070 1,537 1,748 17,293 12,074 27,898
Raising Agents 146,439 1,853 19,946 5,350 9,173 1,924 4,840 10,740 21,894
Sweeteners 12035221 | 146,646 | 1,315012 | 370,950 | 1,031,531 | 77318 T#H,243 | 678115 | 761,755
Vitamins & Derivatives 16,859 34 2,840 607 1,149 195 1471 1,747 6,978
Note: figures are rounded to the closest decimal
obAlo}, BlEFEe] AE HA AMGE A7EE D) o] YeiHel £

274 2F 770ES AREE| Hhel F=0] 76,680
E Qmy|A|o} 16,600E, S5 12,164E2 A5}
= A0 & Yeh a7PHE Z AR 2ol B
THTable 1).

AlFsAol IAIE AFH7EE 5 2016W0] =
oA 93lAe] S ALE H7FES Table 2
oF At} il o R O FReS Aetglo]
7P E=9hom(36.67%), ZE|AI-A AR A
2(25.68%), 717 1H(13.2%), ZEIAZZ
(12.87%) 5o] 7L HE ot 2 F7-&S 59|
= o] A7 FEAY] Rt oyt S
Al A, F2Al, A7|2A 59 §EE EZIS
= A7 diFES AR YEeH, f31A] &
L2 AREE S-S ET|obA||l, SHofH A4
s, dAE o2 YERit

=2,

g3 ANbdos WA BAY Ho| 4

%
A7) Bxpeke] H]o| 20L& F3 HLB(Hydrophilic

Table 2, Sales and market share of emulsifier in Korea, 2016
(MFDS, 2017a; 2017b)

==% Hofl (M) ERES(%)
Azt 17,100,354 36.67
S| Al A Ao A 2 11,974,721 25.68
7W g 6,157,767 13.20
zEddSeE 6,000,210 12.87
Ec]olA"l 2,121,600 4.55
AHoFd AAP 1,055,589 2.26
Al 1,000,138 2.14
A EH ]| AE 2 936,282 2.01
YA EE 282,340 0.61
zEAglF | ZA PA A = 6,400 0.01
A 46,635,401 100
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Fig. 9. Dispersion of emulsifier in system (left) and location of emulsifier according to hydrophilic properties in oil and water surface (right).

Lipophilic Balance)Zto.2 G3HA M= ZI4A
off 7I7hA| axgidell 77REAl A4S R Al
th. HLB gho] 245 Aol 77k f-3A| 24
O/W §-34A]250o]) Z13F5}h. 190 wjezi A
Atolof A ARt FIHAIE IS Al ATt
157 Abo] A F=stA Y1RIgket skA|wk
o) ke HLB g0l 5115 Asletol L4
P& Al 2 om B HAY 2 Ao
2 55071 73| 9] Aol agA o= o|Fof
A7) 932 % ck.

oAl gutaom gl itol|a= H74 A
S Wz, e HeAd7|F 443719 v,
FEAIE A8k = 71570l wet 2R
Aok 1y FEA AL AT a7

2 1% /b3 gleks Aot
3) |HIe] EF

(1) 2714 o] w2 57

FEHA| 5 8ol A o] 23}sto] /A 2] FA4|
7} golo] = AL Fol AUgdA 22 &
o] A FIAEtL gt FolA| f3Al= I
2] Z(pH 10-14)o| A= a4 o] o} miHH o]
Ak, A HoR2 Z4E(pH 1004 7502)H
31752 Gojxint. v, GEHAEEAY SOl
ofof] &3trh RIh= o] 23} slo] ¢Folo] H=

A& ol AMBAIA, &2 Fol2Al FapAl=t
ek pH7E W2 H oA Ba7E yebdt). Jg
offidEAsks, At Y, dEu et Edol
ofo] &Rith. FFIAIE 5l Foledt =
ol2o 2 HolEu, W= pHEPIolM frashA|Rt
SRR E Bt it 7]l otk
Al FAE o] SRttt vlo|2A] FEiAl= &5l
A w3t o] 2 FAJSIA] X3 pHeR= kst
AL R fepAof 2 A8t of7] ol mono-,
diglyceride, Eelod 22| EF 50] St

(2) 8 oAl 27

T FeHlE AR e R Hadt dEER A
T freHlE gtk diwQl A reAlRE A
FAGAL o AH 2, SEA-EAAL ol AEE, &
vl Ao A2, EE| S Ao /A Aol A

H= 5ol et
@ AFg AHFAE o AH| 2 (sucrose fatty acid esters)
1955 Shello] A4 QulEA  DMF

(dimethylformamide) & 73l DMF oA Adg
o} A4 RS RESAIA TR, =Ad0] &
Asl= DMFE A AsE7] o9 FA37t A&
ok 1%, 19599 YEAGAE, v 22H]| A5 4]
)7t o] 71&& WAds) FdsHE olHWlaL, 1971
d co|o] 2|5 A 2FAL7} Nebraska—ShellH © 2 <}
F-A A o AH 2 E /g sto] AAkskaL Qlek A

N
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Agake] At ool w2 7ol LE =
AA I 7t ~H 2R S Yoz AT 4
Utk Apgoll AgAte] dupekE Adshal =A
£ oaHEs HER ehd 5= gler, 27odle
AolAe] 7|ZA R AR AL HTols vl et
woll AS2o1A| ot AF B nt ofe} oJof
= P Sl 2]l oAl

@ Ze|A™ AHFAL o AHIZ (glycerin esters of
fatty acids)

SYAEA A AH 2= A AR 22 A

= Zo= AR dAHE W AR 4
& RIS Eollet S Al AAake 2 A 25
o AE|=23PH I} AR} FEAEE HRE A
Z3t o AaEH 2wghH o] Qlot YA o= o A=
wgho] ol o] &1 Qlrt. Mo AH| 2 JheF
o] 48~52%, 65~69%<1 AlFo] WA, £HSF
2 QI3 90%o1 Tfdts =2 Hiro|AHE g
T AlEE 2 4 Slok SR o 2]
25 BE A7 gAY Solgk A7t sl 4
of| Al B2 ZAO] B, oFe 27}, AL ol vt
A B A EAS Adh SAI=A
Al 2El 2= FEHA Sl 7Y Srl7E $4L, =
2 AF0 FuE AR ok B2 A o
B Qlrh MEa EHA|E whEo] HEo] wol
AR W Ao, W 59 A =3E A
g ey SE| Al A AR A H 2= Eo] B8l
x| o u g QR A7|E Eo|AY, BEAL &

1y

fr oo

X

off £APAIAN AHg-E sfok g, 1 ol 713
E(oto]~ad, 3P A 5)9) 7| ZAof 243t}

@) &H]er x|HkAF o AE|E2 (sorbitan fatty acid

ester)

SH|EA Aol AH 2= ESH| S AR 200~
250°C, I Algte] kS §oto] dojR|= %l
3 kAot &ulE EAF Yol geike-ES ¢
O A H3tE &8[E, SHbo|=9] o AHE IRtE
= SH[eA Ao A H =ekar FA g

@ Ee Aol AAF of 2E| =
(polyoxyethylene sorbitan fatty acid)

A7 2 O/WA 73} &A4F Soll axprt
Fojurh 2748 3191 EnletA Ak AH =
o} o] ARg-sto] F A ARgol 7Hssith =2 &
L= ofolaad, &R, AR, =44 59
sh, 7R3l A=A, 258, d5HE 5o 2
A=A o] &F

® zz2dd FEF APAE o AE (propylene
glycol esters of fatty acids)

S S e, v, Ik, Ueh B
ol = HESE HA|=A HAYZL gAY ol
2t HAHZF v gk glok Eof] =A] gL gk
oL} oA EAL] of| el 501 H]o]2 AHE/IA
ZollA 7V Fardo] 7Rt BkgkEoltt. nirlel 9
== B WA, £EY Y AR A, ofola=

23t 7|24 SRl AHgE

=

® ZUSHHIES (sodium lauryl sulfate)

LY AR E E(sodium dodecyl sulfate)o]2}al
%= 3t} $}8H4|CH,(CH,),,CH,0SO,Na. 314 T=
> =] A oA o Holgk WAjZL
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Table 3, Type and properties of emulsifier

22 SN 24 g M3
X192, 2aer] oful Al BRHEE Kok .
el s o I g otelnag 5
14o] 74 £& GIAL ok A|ek 24k0) _
o HES Fol Ui Y3t FEAYE (hvaand Johan,
g Ao) 2o oA A 2009; Ozturk and
z 8789 22 54 284, Esz McClements, 2016)
o 22 droplet 41o] 314 e |
VS
s SoET o aEEs S TR olokE SHE 7%
b A 54 HAE
PR oA AMBAAR DAY 0Olo]H AL AL B8A S (Jacob and Amini, 2008)
ek Ao 22, Ao SE0] AL S4E 295 (Barbara, 1998)
w0y WIo| 4 2B 584 A S, 24, 5 (Maria ctal, 2000)
AR AL . - Al o) 3w o
o2 A 9 A EA A Agsto] Al oFE 5lgE (Lee et al., 1999)
SeRAE 98 2 b E0)E 35, w Aol W 5o w, Ale] Sol
o 2H|2 AEoA] 5} 9 duw gope  (MDS20170)
ST HFA
SHIRAgA Sujet Qe Adtsiel Az S (Ahn et al., 2009)
34 BNz k=t
oo Ao|dan A 2144 SEAE O/WA 8, A So) ool g
o e anAel §57) a4 ’
ST TELER
- EE%/E\:/]H EX] °T e Be A, B AIE P GOl A EY, MEEF (Ivaand Johan, 2009)
SUTAUES  dASniERo BRER wEeo] Hold  AlAL Aok AR (Somni et al, 1993)
59} 542 Tble 3o Heokach. RS AR AmE ohS ol thrie] SaelA AFEE ol
= A= W2 Q)] AHEAA o 2eE AL, o} 92 sEoAE uf £ JA4S 7= %
AHREAAA Q] HRo A= F3HAI7F 71ZA Q] & & fHol YA FollA AREAIL, AlSTEEl
© o 4 9w, we] meb ZEAS B AL Al BRIAL Tolzle] 22 A8
¥ 5 e o T}, BAROIALE F2 FHHo] ALgElo|AIL,

(4) QO] A &

1) SERLAZ AL

5T R3H WYHL AL ofepulold RE o
L=

< A7 g2 AR =AM g7t v

2E|otdHMERS Aol vl zof =7

& ZhashiA I AT SRS A

Sofl W 2} S
ok EG ARE A% Yol 47 |
AEEELE TSRS SRy CLX
2 glek. BiFelA Aol L B

al

ES k)

Aol F2 ol8d

oo v

145
" Food Science and Industry (Vol.51 No.2)




oMb i
() 3 e
9 Scienca and W

146

Algtol=o] Ageis g714ke] £5

Aol Zpol7t 3lom, At & 5ol

o whet 1 4
Ag it

AEL 5, G SolA fEliEw kAo A
23 AMEE 22l gl o) gAjElo|H,
o= iiﬂﬂi‘ﬂ NES ARESEo] AL H 554

5ol §3MAI2 AMEIT BelR e Aol
Bl 2= foHE ofy ) "ITX]—‘] AR xH, Aol A
% 9 HLB ‘:”Hﬂeﬂoi THAE B AR,
x2 aEY ot 4 18IS Ak, A
SolA] FQ-%E}.

2) A& w3t AAA

71&o= §3HA| 2 monoglyceride, lecithin, sugar

ester, sucrose fatty acid ester, polysorbate, sodium
stearoyl lactylate 50| A& w=3lof n|x|&= Pk
Bk O uf AR | Aol A= Al kAol A 7]
AFPAR ARGEIL Q= ColaT g f3HAI7E
o *FQ—EJL Aotk TRl HE =3} A
9% YRE AY, ZHELe Y, o] AT el
A= /\}o]agtﬂ/\er;]_’ ETEZ oA ol
TR AT ol 9ot 1 A H AL 2
Golut slotS 24 ol *F%‘}ﬂ 9Ic}. Zgfo}
RS SoleA R, 2uga AY

At 9ol 2 Eﬂoﬂ 27 gl EAL )
25l aulrt ik AR} vk, Al7F 3R &
o] &I} 7HX)v Azt ‘3—4 Aol F2 A}

Amﬂ

Aol uiet %y

A FFBRA, AYF, & -3

Agagm 49 69= (2018)

U
ol

Tt A2 oAl = ARS-E

(&)
X

=

TeHAlE 7Rl A =71t
Al H7Holeh. @<t felehg A o] B4 Bt
ofzt SAN, AFEAl, ARebA] <, ofo]
a9, - AFwA T HT Se2E AN
ot o %t #EAolE &AL s AEH7E
=of et njAEe] FAA Y Aoz Qs g

AreHAlEel At o2 2E-E ol
Q1 w0 RAet. Rt SHrebAl Rt ofy e A
A= #2374 T F7180 52 Aoz QI

AlEA7RERA e B2 Q] SHol vk 2=
=oAL ME FepA S dat e D]
o] Fof Aok stal 53] R} A5, FE
oAl Aed A e S
A FEAIZE AR Bk A2 ST a5k A
A A= Az,

AgEE B4

T
k
N
N

¥n2Y

Ahn BJ, Lee JT, Lee CY, Lee CH. Cosmetic biology new material.
Kwangmoonkag, Gyeonggi—do, Korea. pp. 133-134 (2003)

Asia Food & Beverage Databank. Growing demand for F&B
ingredients in asia in 2016 (2017)

Barbara K. Properties and applications of xanthan gum. Polym.
Degrad. Stab. 59: 81-84 (1998)

Grand View Research. Food emulsifiers market size & share, industry
report, 2018-2025 (2017)

Gupta A, Eral HB, Hatton TA, Doyle PS. Nanoemulsions: formation,
properties and applications. Soft Matter 12(11): 2826-2841 (2016)

Iva K, Johan S. Surfactants used in food industry: A review. J.
Disper. Sci. Technol. 30(9): 1363-1383 (2009)

Jacob SE, Amini S. Cocamidopropy! betaine. Dermatitis 19(3): 157~
160 (2008)

Lee MJ, Mok CY, Chang HG. Effect of sucrose—fatty acid ester on
baking properties of white bread. Korean J. Food Sci. Technol.
31(4): 994-998 (1999)

Maria B, Perez G, John MK. Lipid particle size effect on water vapor
permeability and mechanical properties of whey protein/beeswax



emulsion flims. J. Agric. Food Chem. 49: 9961002 (2001)

Markets and markets. Emulsifiers market by source (Bio—based and
synthetic), application (Food emulsifiers, cosmetics & personal
care, oil field chemical, pharmaceutical, and agrochemical), and
region — global forecast to 2021 (2016)

MecClements DJ. Principles of ultrasonic droplet size determination in
emulsions. Langmuir 12: 34543461 (1996)

McClements DJ. Food emulsion. Crc Press, New york, USA. pp.
312-328 (2015)

Ministry of Food and Drug Safety (MFDS). Food and food additive
production statistics for 2016 (2017a)

Ministry of Food and Drug Safety (MFDS). Standard and specification
of food additives (2017b)

Naouli N, Rosano HL, Kanouni M. A model of microemulsion
formation and percolation: experimental validation. J. Dispersion
Sci. Technol. 32(3): 359-364 (2011)

Ozturk B, McClements DJ. Progress in natural emulsifiers for
utilization in food emulsions. Curr. Opin. Food Sci. 7: 1-6 (2016)

Particle sciences. Emulsion stability and testing. Available from:
hitps://www.particlesciences.com/news/technical —briefs/2011/
emulsion—stability—and-testing.html. Accessed 2011.

Sonni MW, Gunnar R, Kjeld KS, Bjorn O. Effects of oral rinsing
with triclosan and sodium lauryl sulfate on dental plaque formation:
a pilot study. J. Oral Sci. 101(4): 192-195 (1993)

TechNavio. Global emulsifier market to witness growth through
2021, owing to increasing demand for convenience foods:
Technavio (2017)

Tharwat FT. Emulsion formation and stability. Wiley—vch, Weinheim,
Germany. pp. 3-5 (2013)

Wooster TJ, Golding M, Sanguansri P. Impact of oil type on
nanoemulsion formation and Ostwald ripening stability. Langmuir
24(22): 12758-12765 (2008)

147

" Food Science and Industry (Vol.51 No.2)



