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Influence of Drying on Properties and Bioactive Compounds of Ginger Orally Dissolving Film
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Abstract

The development of ginger orally dissolving film was conducted. The objective was to study the
influence of drying techniques and temperatures on drying kinetic, color value, morphology, functional
groups, crystallinity, in vitro dissolution time and bioactive compound contents of ginger film. Films were
prepared by a solvent-casting method. Films contained ginger extract, tapioca starch, gelatin, carboxymethyl
cellulose, sorbitol and sucralose of 9.87, 27.62, 18.83, 43.11, 0.19 and 0.38% (w/w), respectively. The drying
conditions included hot air drying and infrared drying at the range of 40-60 °C, compared to shade drying.
Infrared drying presented a higher drying rate than other drying methods. The drying rate of the film increased
with an increase in drying temperature. Infrared drying of film at 50 °C exhibited the shortest in vitro
dissolution time and the highest ginger bioactive compound contents, compared to other drying conditions.
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wisnasefiduEuTnmMawissmsaraeiutudmdananudidu 10% wA) asazaeaafuam
Wt 25% (wA) wagansuanTuiiaaglaaruduty 3% (wA) a1aiasn1sues Heinemann wazany (2016) wie
WHUIdLB e Snsulneandusvinazans (solvent-casting) (Heinemann wazaiz, 2016) dsUsznauseansarinds uil
fuduenas Wiy Asuendwiiawaglaa voiivea uazgasilad winiu 9.87 27.62 18.83 43.11 0.19 wag 0.38% (w/w)
mudsiy nusad iy antuiildlanesheameaaniesaniTaiaiinrnd 40 kHz Wunan 20 wit sndudnan
wildugdfud (10 x 13 x 0.4 cm) thlvsuuisigenniAseu (Redline by Binder, FD115, Tuttlingen, Germany) uag
Bunsusn (Niamnuy uazame, 2013) ﬁqmmﬁ 40-60 °C TngRnmuaumnaranimsouuiasusBImsauLt@unsits
mmsﬁwﬁﬂajamasau@a AT EinUSinaAIty (AOAC, 2000) Andluvitiiesyuud CIELAB (L* a* uay b¥) Tne L*
Aermmuaiuareuiin a* feAdunuardiden way b* AedduEsuardindu Tngldieiesind (Spectrophotometen)
(Ultra scan, Hunter lab, Virginia, USA) AU UBIMH U Az UNEN (X-ray diffraction, XRD) AUIDANTVDY
Hazirah wazmady (2016) daugnuinen nyilendu (Fourier-transform infrared (FTIR) spectroscopy) wagtiantunisazanelu
NABANAADINILIBNITVBY Heinemann uazAnly (2016) Ltaﬁ%ﬁLﬂiwzﬁmﬂ'%mmmiaaﬂqw%‘mq%amwéﬁ’ﬂLmaamﬂﬁ%'maq
Ghasemzadeh wazamy (2018) Tanhinegndildudunavangluthanefion (Sungsinchai uazan, 2017) euliurauas
avandlmisnadstoumuea YilU3eseviUsina 6- 8- 10-gingerol Wwag 6-shogaol @aeiARedasulnns Tlusavan
AN330Uze (SPD-M20A; Shimadzu, Kyoto, Japan) 7ifl UV detector firmuemadu 282 nm aedind Gemini Cig (5 um)
WA 250 x 4.6 mm gamniiaeaul 48 °C wiadeuiiiuiuarezdlalilpsdiisnsnsivavearandeuidy 08
ml/min Usuestunisdeme 50 pl Wfguiuansuinsgiy 6- 8- 10-gingerol Wag 6-shogaol (Chengdu Biopurify
Phytochemicals Ltd., Chengdu, China) fiavanglumueainrundudu 0-200 pg/mL TnewFeudisuasnefuiidudd
wihasemsisluiisy

NALAZINTAINANITNAGDY

MNMITAReIMUIIMIsUshEBuNT LSl N seuwisiiganiimseuwisheoniadey  (Figure 1)
iesnmssunishedunsualinistiomarfouuunisus$sd  (Radiation) anuvasidialnglsifesendonans
vluenavesildiuirfagaedundsny ianisdusaniannufoutuld shlvigamgivesTagistuegarniuas
adave  feduhmelulasfeszmelimasinidladisutumseunisvheenmesouilénsaemenuousuunsm
Au¥ou (convection) FrwiuldnUiinuetiy o annzaugavesmsauLisiEBurlsusadianinseuwis
Feeneseuiigaumniieatu (Table 2) warnuhmadfiugamgfiadldnatlunseuuisiduaniosniisninseuuts
figetuiiues (Namnuy wazmniy, 2013) Tngnanilldlumseuuiusuiiduaunssiemududdanneaunaiigumnd 40
50 way 60 °C YBINTAULIIAIEDINIASaUAD 2,280 1,980 WAy 1,680 U9l MINAIRU LarmedunsIsAAe 1,620 1,440
uaz 1,260 unil puddiu egslsimumuinnsiduiisalinalumssuuiasiuiidadanuiiaade 72 alus
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Figure 1 Drying kinetics of ginger orally dissolving film during (a) hot air drying and (b) infrared drying at 40, 50
and 60 °C
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ﬂiuﬁﬂﬂﬂ’ﬂui@uuﬁuﬂﬂii LMEJ‘ZJEN‘L!WM?!&I']LE#&I@ mmaimxlammimauwmwmuwmmmLLaumeﬂuLLmuWaamaamﬂu
ﬂsmmiammmamazam

Table 1 Appearance of ginger orally dissolving film after drying.

Sample Appearance**
HAG0°C Avguszann dvlesanieun
HA50°C fugwseidntios fnesernidunn
HA60°C Arugeszann IreseiniAUunae
IR40°C fiSeu fivesonnmadniios
IR50°C aguszdnies flasenmmdnies
IR60°C fagesyann fvesomiadnios
Shade drying Ayv3ussann dvleserniauiunans

9 Figure 2 wuhidudsiinnuundntosaniedioufvasnofiduuiand wagnuiniia (peak) vos
wiuduTsiruniseunsieiidudiedunsnsed 50 °C Tanudy (ntensity) veafinfigaidefioufunsuiiduded
anmemseuuadun desuendsmnulundntesiigniues wazlu Figure 2b wudmgiladdulaifinruuansrsiuly
uiazan1IEATEULY Ingnuindidumiis 3320 2926 1639 waz 1080 cm deandeafumyilaridu O-H C-H amide
C=0 (amide-l) uay C-O mUa9u (Hazirah Lagaay, 2016)
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Figure 2 XRD (a) and FTIR (b) of starch, gelatin, CMC and dried ginger orally dissolving film.

Mnsamsveaedly Table 2 wulmseuwiseBunsLsalnsiameiigamnd 50 °C yhlilldudamaings
n wiilrdussuazdmdesihnimseuniuuuanfeunaswuuiduiisy uandiiviuieamaiuasnailunseuwisdma
semafinufAsomaindihnavesasesdussneuluusiuiidussrihoimivetauasyesdlulaedamusoudusaiss
UfjAzen (Riquelme wazAguz, 2015) dlofiansannatlunsesanglureeamaaeswesiands nuinmseuwissedunIsale
nalumsazangluvasameasstienindlofivuiunseuwishemaseuiigumgiiientu uaswuitiigumgll 50 °C 14
nanlumsasanetiosninfigamgll 40 °C way 60 °C TumseuussaTNIASeuLazBunlTIsA Bl s sauLaae
Surlsusafigamgll 50 °C lHailunsazanetiosiian deaenadesiunsiiusiufidsiimudundniian uandisuin
SumsisensEnigamgiuazialumseuwisinaianuaNsaluNM AT A8 UDIUHLTIAY oealsfmumuinnsilad
gamnivieddszasnalumaidisiuiiduarmeuuiian  feilormasndesnmnmsiiuiiidulidnvauranuudniiing
uasfifirvaailsrduisnumia 1639 cm” gsndmseuwisnsdldue Sauansisnnuannsalunisazaneiisn

Lﬁaﬁa'1izmU%mmaﬁaaﬂqwéwﬂﬁanww wuluansanaeiuisnaues 6-gingerol 8-gingerol 10-gingerol Wag
6-shogaol WU 336.61 2,164.82 4,235.45 az 8,529.15 ug/g dry solid LLasﬁﬂ%mmmﬁﬁy’mmLﬁﬁu 15,266.03 ug/g
dry solid 90 Table 2 wuihmssuwisiiddshemaiiauazaamgiinne viiliAsnsasuwamesSmnaensiana s
iesmniiansidenaanevesanseongvismaanmluszineouuis (Ghasemzadeh wazanz, 2018) lagnuinmseuusisd
gumgll 50 °C amnsadnuUSinaeseengrismsiinmildAniudlefisuiunseuuisiigumgll 40 °C Fdldnanlums
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ouusununhuasigamgll 60 °C Aufarlinmeuuriduniudligamgiifigainilumseuuis uenaniimuinge
finsaniigumglieuwiafenty  nsouwieedunsusaaunsninuUiinumsesngvsmaanwluwsiuiidudaldan
lasuiunseuwisheenmeaieu Tnslamzeidsnseunishedunsusaiigamgdl 50 °C aunsadnwiUTinaesesn
qvismstinwldgeiigndeieutumsouuiaianmedug  nuammaseshlimsuihianefeuargmgiiouuisdsa
SfusenssmUSuaseangrynadnwluukudL D

Table 2 Moisture content, color, in vitro dissolution time and the bioactive compound contents of ginger

orally dissolving film undergone different drying conditions

Moisture Color In vitro Bioactive compound contents (ug/ g dry solid)
Sample content (%, dissolution 6- 8- 10- 6-
L* a* b* ) . Total
d.b.) time (min) gingerol  gingerol  gingerol  shogaol
HA40°C 13.72 43.90 22.69 42.58 17.8 164.24 178.91 349.57 2244.59 2937.31
HA50°C 12.98 44.47 20.96 37.77 17.2 193.49  216.58 447.12 2322.39 3179.58
HA60°C 15.23 41.49 22.53 41.96 20.0 136.55 137.73 348.64 1310.46 1933.38
IR40°C 12.79 43.68 22.84 40.90 17.5 176.48 195.29 384.05 2511.62 3267.44
IR50°C 12.88 48.24 20.99 33.77 16.8 383.32  227.16 538.36 3269.83 4418.67
IR60°C 14.85 43.88 22.57 40.53 19.5 147.87  244.83 294.56 1809.76 2497.02
Shade drying 14.25 45.08 21.28 3573 255 22429 13398  753.62 2460.06 3571.95
dyuna

NFBULRLHUTIANTIMEBUNTLIA AN INNTOULIITIZINIINITBULAWIEINIATEN  UagdnsINITouLi
Winduileingmgiiluniseuuis uenanddmuiinmseuwisiiuiiaumeBunsisafigaumgil 50 °C wanwalunis
azangluvasananesdunan wazdusunumseengrsmeadininveslsganiaaideiieuiunmseuniasian1izau
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