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The Effects of Coating Treatments on Enteric Coating of the
Soft Capsules Containing Omega-3 Fatty Acids

Won Hwa Ko, Jun Kee Hong, Sung Wan Lee, Ja Hyun Cha, Jae Uk Cha, Hyon Ho Baek, and Hyun Jin Park'*
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Abstract This article presents an evaluation of the effects of coating conditions on the enteric coating quality of soft
gelatin capsules containing Omega-3 fatty acids. Three conditions were controlled: concentration of hydroxypropyl
methylcellulose phthalate (6, 8, and 10 wt% in solution), temperature of the inlet air (32, 35, and 38°C), and the coating
solution feed rate (7.5, 11.25, and 15.0 g/min). The transparency of the enteric coated soft gelatin capsules was evaluated
by measuring the degree of whiteness of the surface using a spectrophotometer. Results showed that the most important
parameter in the enteric coating process was the coating solution feed rate. As the coating solution feed rate decreased and
inlet air temperature increased, the degree of whiteness of coating surfaces decreased. We also evaluated the disintegration
properties of the enteric coated capsules in accordance with the Korea Health Functional Food Code.
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IS EEA W YA E 2 Q 2~ (Hydroxypropyl
methylcellulose phthalate, ©]3} HPMCP)7} Uth4). SollA AF=
TFet 484 FZH A FollAl HPMCPE 1971d%FE <JokE
AR, 2 4 2 Heo FE ZRHAZR AREY] AR
Row, AAU=ZE ASZ o] 351y Fguiye] o8 s
A pH 2&7 AL E A TEACY, 53] AEE QX T
o] X3 28477t e pHY Sl E B 2 &5
JofuiA] =2 pHel M E B3l 2 SF0] wEA o
Aue 548 7

HPMCP(Fig. 1)= sle]ollAe= oln] A, AHA|, & 48
FYAR o¢F B A7 FAFe] HHER 2A;Ee 9 o) &
o] gr}(5-10). 53] HPMCPE= 71&9] e Ig7|&S o]
43l o2 7haAY BEe] AFA H7t glole A ¥
o] o]g=d £ Urk1l). Eg]obH € triacetin)g, E|]E AE
o] E(triethyl citrate) -2 Tlold E}ZEd o] E(diethyl tartrate)
o} 7+ H7AIZE 37 S HPMCPS m|A| )=} Baledo] 4
A Yoz AL IH(12). FHAME oI Fe=
HOo= HPMCP7I 3009 XFE AGXTA|, FAikt, E44 2
PPI(Proton Pump Inhibitor)A| €2 AL Sl F2 A=
gtony b2 F839 717(Acryl resin, Shellac 5ol 8] o+A
24, AR gol T AHoe] Wol 1 a7t Bolus FAlo]
ot 53] QoM Hu), f Tolx Al REAE A%
71573 21Fel o€ ksl Holdel HPMCPE 71771521%
& FEIAYAR g o]&stal Urh(Table 1).
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Fig. 1. The structure of hydroxypropyl methylcellulose phthalate. HPMCP characteristics, particularly at the pH where dissolution occurs,
are determined by the degree of substitution of the three substituent groups (i.e. methoxy, hydroxypropoxy, and carboxybenzoyl). Basically, this
polymer is prepared from phthalic acid-treated HPMC (20).

Table 1. The states of enteric coated dietary supplements in the North America

No. Product Manufacture Active Ingredient Effects of HPMCP enteric coating
. . ... Bromelain, Protease, Lipase, . . .
1 Vitalzyme Energeticnutrition Lactobacillus sporogenes efc. preventing the active ingredients
2 GNC Arginmax® GNC Multi Vitamin preventing the active ingredients
3 GARLIQUE® Sunsource Garlique GARLIC preventing gastroenteric trouble

Fish Oil 1200mg Enteric Coated
Softgel

SAMe (S-adenosyl-methionine)

Nattokinase Plus™ 60 caps
(NAT59)

Wakeupontime

Fe Tabs, 325mg, Enteric Coated

Kirkland Signature
Life extension

Davinci Labs

Wakeupontime

(Allium sativam L.)
Omega-3 fatty acid
S-adenosyl-methionine
Nattokinase

Guarana seed extract,
multi vitamin etc.

and oil reflux
preventing oil reflux
preventing the active ingredients

preventing the active ingredients

preventing the active ingredients

8 Tablets Windmill Ferrus sulfate preventing gastroenteric trouble

9 Equilon Equilon Herbal Equilon I(-)Irenrleogi1 ?/c6t}\9/evsv ;l:;xé ggalst Rice g;e:lvgﬁt;relﬁ l;l;(e active ingredients

10 GINKOGIN BLAIREX LABORATORIES  Ginkgo Biloba, Ginseng, Garlic ~ Preventing the active ingredients,

oil reflux and gastroenteric trouble

Qu7k-3 Agstolut DHAEPA $HAIF# 22 fish oilo] & = 2
4 Ao A od AR, & 29, 73, F2AE, A 2
2 FAEE AT doTh(13). 58] Al A 98k e F e ¥ 3E =4
Agor 8o 58S AL Atk WA olEd fes W Qu7E3 ApAte]l FXE AE e AldEe Hl7E3(EA
2520 wES XANT7] sl AL FEL Fo T o|dh o]f 100%, oblong type)E 2011 59 FYste] HAFR] ¢k
LS FaATIAL Fate] E84E AT Belluzz T 5 W washas ARgsisith ddfee] o2 ded
(14,15)°] E3lolA 48 2P Qv7l3 AlFS 588 A9 =2 40%, ZEAE 40%, AT 20%= FEEAT. ZRAZE 3
Ao AdE 9 AR d4%] WA BepHods =9l 873 7IAIQl eS| =EEA YA ER © 2~ (AnyCoat-P, Samsung
= Zo] AAE AAE B3 AAEe] . o3 AR e Fine Chemicals Co., Ltd., Incheon, Korea)$} ZE F ¥ o] A
A e oo E BF38tal 4K HB] Aoz sfdo] A gt < ol7] 93] A8 7HAAZE acethylated monoglyceride
oA A8 ARl ik o] Thsdithe JS AlAKE (°]3F AMG Esterol Sdn.Bhd., Selangor Darul Ehsan, Malaysia)
E3] 2bol|Ae] ebgAlo] Hox|E= R J&(16 18) vks AER, & 7} 2310, YR B3 (95%, Daejung Chemicals &
ole] WAL AAY N E dod & = u7k3 A Metals Co., Ltd., Siheung, Korea)} A4S E3sie] ARE-SIATH
A vk, wrel, AR AlF Foll A8e] ZvEnt

B dArdMe A2 A7 Fe 484 Z"8aAE 7P g =Y A Mz
FZFE AL 3= HPMCPE ARgsto] eu7k3 Arto] FX1% &+ FRHAL T S| 500g0] HEF ﬂh@}"ic’uﬂl A A
B AEfeS A8 Z9 A ZEd uE d@Ee] # <1 HPMCP®] *T—Q“OE WA A HPMCP s%7} ZA] g8
Hol| mAE TS AW R 8 AA I 28-S 9 S 6, 8, 10% Al 71X Age=z z13 0}922‘34, AMGS =
g 712 ARE A dde s T ALRE WY 10%E A7kt vlEs 2aFAat gl
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ZE Y 7|(Hi-Coater, Freund Corporate, Tokyo, Japan)& ©]&
ste] HPMCP %=, 7] 5%, IRZAL o] A< =
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Fig. 2. Surface profilers showing the effects of process parameters
on the experimental results of the solid contents, inlet air
temperature and the solution feed rate on the response, whiteness.
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Table 2. Effects of HPMCP concentration on the whiteness of the
coating surface of omega-3 fatty acids soft gelatin capsules at
feed rate 4 and inlet air temperature 32°C
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Table 3. Effects of inlet air temperature on the whiteness of the
coating surface of omega-3 fatty acids soft gelatin capsules at
feed rate 8 and HPMCP concentration 8%

HPMCP Solution feed  Inlet air temp.

HPMCP Solution feed Inlet air temp.

concentration (%)  rate (g/min) °C) Whiteness concentration (%)  rate (g/min) °O) Whiteness
6 7.5 32 11.1£0.622 8 15.0 32 80.44+2.51
8 7.5 32 10.1+£0.205 8 15.0 35 79.27+2.75
10 7.5 32 9.14+0.650 8 15.0 38 60.80+1.74

Mean+SD based on 3 experiments

o, HPMCP 5x2] H3lo| w2 wac= & W3y} fisich
15.0 gmin®. 2 A 3}5L, HPMCP
8%2 IF3HE W, F7] 255 32, 35, 38°CE 7t
o, olu Zge e WNE=
7] 27t S7VEFE WAL ok
LRt SNESE FY
A &7t %

o
S0l W) FAEA Sk A

upz|eto 2 HPMCP F5+ 8%, 571 &5 35°CE 243
S v, IYEA AFS pump gage HOE 7.5, 11.25, 15.0 g/min
o2 2HNE W =Y F WARE SAU ojn) FF T
e Table 40 YERNSITE ZEEAL Qo] 71845 &9

5 HAL Hefo] 44 wf WA Ty
7P S22 Qo2 Bt ol IYFAF Afe] Tt E 2
B3 W] 257 WolRmA gyt HA FeER] ol Y

IR Ago] MAH}S doye AP IS F2
S-S & & o, FEFY A xHe] FYEE F7M717]
A el AxEAE Foof s wEA F7] &8 =
o|3 IRFEAL AHFE Foof sk ZoE Ahﬁlﬁ} (Fig. 3). %
7] A 32-38°C,

2719 Z8 BAMNE 7.5-15.0 g/min, §71&%
oA WAl o] WA FE M E A
ggdo] AERH| F2zlo] AZXE7] Ao air sprayZ HAE
© FA 7HREEUE AxE] Jgd] FAEo] AdHoR W
o] MIiyA] Al Erh FE =W Al air sprayoll A =EH

e

Mean£SD based on 3 experiments

Table 4. Effects of feed rate on the whiteness of the coating
surface of omega-3 fatty acids soft gelatin capsules at HPMCP
concentration 8% and inlet air temperature 35°C

HPMCP

Solution feed Inlet air temp.

concentration (%)  rate (g/min) (°C) Whiteness
8 7.5 35 6.73+£0.799
8 11.25 35 47.99+0.658
8 15.0 35 79.27+2.75

Mean+SD based on 3 experiments
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Table S. Screening analyze of the effects of process parameters on the experimental results of the solid contents, inlet air temperature,

and the solution feed rate

Term Contrast Length t-Ratio I;(fl\\;;ﬁ;al Slr;l_l\l/t:lnuee ous
Solution feed rate 26.9500 15.75 <.001* 0.0003*
Inlet air temp. -11.4358 -6.68 0.0006* 0.0060*
HPMCP concentration 0.1463 0.09 0.9380 1.0000
Solution feed rate * Solution feed rate -0.4170 -0.24 0.8240 1.0000
Solution feed rate * Inlet air temp. -7.3765 -4.31 0.0044* 0.0425*
Inlet air temp.* Inlet air temp. 5.1793 3.03 0.0173* 0.1728
Solution feed rate * HPMCP concentration -1.1976 -0.70 0.4774 1.0000
Inlet air temp.* HPMCP concentration -1.1405 -0.67 0.5159 1.0000
HPMCP concentration * HPMCP concentration -0.1631 -0.10 0.9304 1.0000
Solution feed rate * Solution feed rate * Inlet air temp. 7.5759 443 0.0039* 0.0384*
Solution feed rate * Inlet air temp.* Inlet air temp. 1.3516 0.79 0.4115 1.0000
Inlet air temp.* Inlet air temp.* Inlet air temp. 1.1012 0.64 0.5434 1.0000
Solution feed rate * Inlet air temp.* HPMCP concentration -3.3866 -1.98 0.0617 0.5340
Solution feed rate * HPMCP concentration * HPMCP concentration 1.3406 0.78 0.4173 1.0000
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A. soft gelatin capsule before enteric coating

Enteric
coating

Control side

layer

layer

Capsule

AN EASEA A 4 A A 25 (012)

B. soft gelatin capsule after enteric coating

Fig. 3. Scanning electron microscopic photographs of soft gelatin capsule and enteric-coated soft gelatin capsule. A, soft gelatin capsule;
B, enteric-coated soft gelatin capsule. Each photo was taken at x100 magnification. The even coating layer is observed picture B compared to

picture A.
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