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windad ndnaneau  wasned aalsand
aningamwuazenuaanssa1ns nsuinenmansmsuwng auudnuuy wunys 11000

undndga  wintuiunilslundasaiasdudinensiissuslnasguninars wasiimsndaiansuslng
Toaaseuazldfludulsznavrewmansasionms laimsusziiuenudswassezadalus (acrylamide, AA)
Tuamsaeaulnelud] w.e. 2550 - 2551 wuhludszsamanmsens o fdnwiy Wenluwu AA La‘ﬁ'ﬂgqqm uaz
msléfududa AA nansntuguilududu 3 sasnnaunguuidsihaniuddasuiliudds daiuiaan
mafia AA Tunsndu fIvefed@nwmnansenuzesgamngiuasszasnm lumsudaaninly wasdnmanuaeiizes
a5 AA MAeaulunindy Welinnuannzmsudansntuliiioms AA s wasnuwnlinanuasiiues AA
1uw%ﬂﬂuLfiaLﬁu%’ﬂmﬁqmwgﬁﬁ'm‘luswsnawﬁq 9 feghansniilddnm Ao w%ﬂﬁwgwaﬁlwnj (Capsicum
annuum Linn.) Tagas1230Usmn AA Tuw3nae wSouws (wSnanaufl 60°C wu 9 $lae) wazwinily
(W3nuksaudt 90, 110 uar 130°C fiszaziiandn 1) asadeniusina AA 166399 Liquid Chromatograph/
Triple quadrupole Mass Spectrometer (LC/MS-MS) wawunwinaauaznsnuialainu AA wazwsnilu

a a @

NUUSIND AA GSUA 0.07 - 6.48, 1.75 - 8.65 LAY 14.7 - 18.1 NaansNAdNlansu WahwInuiauNgmail

a

o = o P lﬂl o = o L
90°C ¥IU 20 - 300 WIN, 110°C WU 20 - 180 UM wazaunamigy 130 C U 20 - 180 UM MMUIIAU

Tumsdnmiinuidadenanimld AA gelumsudandndu Ao gamgll duumsudansnluialviie AA
g lunssuumsaursamninuumsideanldngavgiioualdnawnauazininmsligungigaudssaznaay
a3 AA Minedulundnduazlifienuady & AA azaeasuuuendlnuuu@es ToariausnazanatntnsIas
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UNU

a & o PR o a a = ~ o v 2 I v
winitweIsunaniianuanymuasegiagionis uaziianuduiusasanuiuaguassaulng
Ny iiesnnau nefisusudsemusmnssaudio ImMsinwsnanmedan i o anang wntwuduniialy
NANH DT BIFUMLNEA TN HaNUSTNABENUNIaNE wazimsuaatinamsuslnalaaasiuaszlfiludulsznau
a LY ' a v, < a LY o‘dl ¥ a 4'44' a CAl .
pandnn o5 wsnUudundanawinlannnsnnizemaInenmansin Capsicum frutescens L. waz
C. annuum L. fishunszvaumsimiudsnauihldue® swsuninduiieulnadsnuslaatuaziums
PWIAUNIAINT DAY Lﬁaamﬁmnﬁu‘wamgumﬂ‘w’%ﬂu.ﬁ'ﬁqﬁﬂﬂumaztﬁﬂﬂ FANTZUIUM S UM THNAANWI AL
TaamlUlHismsamnuea 819 vsaau
pzAsanlug (Acrylamide, AA) Wulalwwasmhinudalndazasalud Tddmsunsasdeanysn
90’ lﬂ' = W 1 T o Y 4 = 1 = l;l
Tuhdn nszviumsiie AA Tusmmsdslinsiuwide ddaduiivgrunaradssmsihanaiedulunszuiy
mandaamsiidanusaugilosmmezaimsiianslulawsage ildidadjiser Maillard reaction
U QI = [ %’ Na o Id 06191 dd%’ (2’3) N a d? 1 a
SEUINNINDLH IULAFIWITIIUN VMBI LWUNaM Y1 sidnma™® 2 #Iaa1nadUseHINNMSHEN
dld % v v o v =S % v = 1 = a aaa
sl ladugediaanusougs mlwnsesziilulusmsameiilauenluds drundasesaziialfizen
%) %’ [ v =l = al Ll YV aa o aaa % =
panheanililasseslasiu azlasduazgnaandlodaslaiiunsnazasanuazinujidennuuanluiiy
auans AAY adhalsionntadeniinadansiio AA Fusgiunm gamgll waznszuiumsiienusay
AUBIMNS LU MSAU B9 U9 &19 5INMEIUUsEnavzataIms Usannluaivns NuNEI2e991M5
Bmsu enulunse - o1 (pH) Wuau®
AA fiiwdaszvudszannuaziinadassuvdunugludainaass wnlasuasaananadaaiiia

s

f\wLﬁmmné’aunaﬂﬁﬂmﬂﬂs:mﬂuauaqﬁmuqumsﬁﬂui anud ldiianzBawaznamsnarawug
Tudainaass® U w.a. 2554 asdmsawmndea (WHO) lasmsusziiuves the Joint FAO/WHO Expert
Committee on Food Additive (JECFA) anne NOAEL (no observe adverse effect level) wanviang
msanwlagld end-point AlunalWiiouzi%s (non-carcinogenic) WuA NOAEL ﬁ@qumvhﬁ’u
0.2 fiadnsudathwin 1 Alansuaasy (mg/kg bw/day)® G'Z’%ﬂéfmﬂmsﬁnwﬂuwg (rat) Toglwauih
#il AA uaz end-point IunWiﬁﬂmf’:ﬁamiﬁﬂﬁlﬁﬂm'il,ﬂﬁ'slml,ﬂaqmqé’mgm%m (morphological)
gastazam dudulumsdnnluaywdiionuduiusmssniamsldiu AA fumsifanze wihesau
International Agency for Research on Cancer (IARC) {)Jﬂﬂlﬁ'mif}lagﬂuﬂéju 2A daflussiionn
ﬁaiﬁlﬁmmﬁﬂumgm’f (probably carcinogenic to humans, group 2A)"" ﬂﬁ]ﬁ!ﬂ’uﬂlﬂﬁlﬁﬁmiﬁﬂ%uﬂm
Tolerable intake uaztilasan AA L“fJumiﬂ'amﬁqﬁﬁﬂﬁlﬁmﬂmﬂﬁuﬁ: (genotoxic carcinogen) luda
nAaa9 ldA1 Margin of exposure (MOE) lunisusuananuiasadsdagunin Fenmsusziiu
289 JECFA wunU3anamslasudnia (exposure) AA 2asUszannsmly uhiu 0.001 mg/kg bw/day
LLaxﬂszﬁwﬂsﬁu’%Tﬂﬂgq 0.004 mg/kg bwsday uaze MOE uhiu 200 wuas 50 muaeu® Fee MOE
¥ NOAEL 7 0.2 mg/kg bw/day lumsewa Tag MOE whiu Point of Departure (POD) W5@a8
Usanamslasuans (exposure) @3 POD lumsenasiilde NOAEL

U w.@. 2556 ﬂmznssuﬁnwiﬂmawqu‘[sﬂl@ﬁauaLLus@hﬂq%waq AA (inductive acrylamide
values) Feuthmuziinanns deneaud 50 - 4,000 lulasniudanlansy ﬁagaﬁlﬁmnmsmamﬂﬁzi’q
ﬂ%mma:ﬂ%aﬂmﬂummswamﬂ’nimwuﬂaa@ffﬂmmmﬁqq‘hﬂ (The European Food Safety
Authority, EFSA) lul) w.a. 2550 - 2555® wazthagtudslafimsmuuainasgiuess AA Tuanms
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Acrylamide in Chili Powder Panawan Kluengklangdon and Mayuree Uraroongroj

ilasnnwindvywisiiisanihanihwintuiuiasTulawsege® Ssiiduwidu 50.50 nfuda
100 n¥u wanmnudanulusay oy 1 wavansefiundd whiu 15.80, 9.10, 20.8 UAL 3.80 NSNAD
100 ¥N MUTIGU Fandausznauma o ﬁwu‘luw‘%nﬁmmsnLﬂuﬁaﬁgﬁuﬂﬁﬁ%m (precursor) Tumsiia
AA T8 warmstia AA azeiiamhassnsiiemsluifluiihma dutuemsiimuiiiounasdudie
fuanudauldnnlamaiio AA g Fandniidnsazdanunanliidensiniheiuio AA g9 uasiie
indnuianmvieavieilomaiiaziio AA g1 mnmsnumnssanssudslipeinenumsenvie e
AA lundn damnlull w.d. 2550 - 2551 l@iimsUssiivemudsasas AA Tummsdenulng wuh
TudseLamamsen o Adnniiu wintuny AA Laaltlfgf%jﬂ HAwnnu 2.179 Taansuaedlansy (mg/ke)
wazUSinamslasududiaans AA was whiu 0.0415 lulasniuderiwiin 1 Alansueda’y (ug/kg bw/day)
Fuilududu 3 sesmnaunguuudmihanTueE wssuwguudnihanoutieiudds Seuhiu 0.0473
War 0.0646 pg/kg bw/day magau® demslasu AA nawsnluiionnimslasu AA Tudsznnsmlui
JECFA Uszidiuliuszana 25 wh uauannnwintuudidadaslesu AA :nensau ) windn aulneara
flomadesiiazldiu AA TasnwzauiaumuiiiaildwinlhuiioUssaviaUsznauems Idedednm
HanIENUEIgMMIuazsEaz I luMIKanwInly uazAnmanuaeizesas AA fiaduluwiniy vl
Tinnvanmemsndaninduliifioss AA m wasnnuwnlivenuasizes AA Tuwdndudlafiusnm

Ngaungiiviatlussazimeng 1

madnmileniumsludl w.a. 2553 - 2554 i 2 Tuseu fo AnvuansEUEUMgTLzNMGIMS
o AA lumsuaaninily uazanuaitizes AA Mnezulunwsnty
1. 380
1.1 e
- W3naR Lﬁaﬂiﬁw%ﬂ‘ﬁwgwaimy' (Capsicum annuum Linn.)™ {ludunulumsanuni
Fadlunsnunaaientu s 5 landa
- wWinuke lemnnmsihwsndansnananauliuie
- wintu Tdnnmahwinuiunauiigumaiiuazssaznmdn 4 wiumsm
1.2 wA3asile
- ousau (Hot air oven)
~ e3peuamagh
- wadasiie liquid chromatography/triple quadrupole mass spectrometer
(LC/MS-MS) (model Agilent 1100 - API 4000)
2. 29M3
2.1 Anwmanssnurasgauniuasssaznmaamaiie AA Tumswaansniu (mwﬁ 1)
2.1.1 ragenwinan 10U 300 n3u thanualwiiwilafenty udnhieszd AA
MAIETMINNIIANY TagmsIaney 1 9 (n = 1)
2.1.2 Sogawinwis wWinaaimdsamiduninuds Tasmseuilgamgishunuisms
mnuaaniate Tagdunndahminnindanauau 131L7i”1gi”auﬁqmwgﬁ 60 aeFEaded (°C) Wunm
6 #lus thesnnngauivliifuiigumpiivecudidnimin nntumhwindeumn ases 1 Halue uas
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(a)
©
(e)

(©) ' (h)

a a 1al ' a N v a v a ° ~
2NN 1 wsnwglwmwamasmaaww 9 (a) WInam (b) WINWKWI (c) WINLKN aun 90°C 240 UM
(d) W3NUWS auh 90°C 300 W (e) WINWIN BUN 110°C 90 WIH (F) WINLUWI BUN 110°C 120 W

(g) W3NUWI auN 130°C 40 ¥ (h) WINUWI aUN 130°C 60 W
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Acrylamide in Chili Powder Panawan Kluengklangdon and Mayuree Uraroongroj

AMEIUMIMNITHENNY IUINWUNWIALIIAIN FALFDIANG 9 7119 1IAIDENWSALI MUY 100 ASN
nualiilluiiadenu wdhindwsed AA MIAEM5TINATILA (n = 1) waraIpeanSauiawmae 1
MSLH38NAIDENINI N

a

2.1.3 gpgnnantu ninuisannda 2.1.2 indnwdslasaufiguund 90, 110 waz

130°C N5zaznINEN 9 09l

a

- aMnQH 90°C NI 20, 40, 60, 90, 120, 150, 180, 240 WAL 300 U

a

- anQH 110°C NI 20, 40, 60, 90, 120 AT 180 UIN

U

a

- VN 130°C “7'inm 20, 40, 60, 90, 120 WL 180 W
ihdhathaninfiauudazanne s1wu 100 nin snualiifluila@ensy udanian
ANLA AA MINEMIATIINATIEA (n = 1)
2.2 NAFDUANNANG (Stability) 289 AA Hnalundniu
@andadrawsnluiildanmsaudi 90°C a1 300 Wi (5 Falue) wialudiunu
lumsdnmeamuadizesans AA (issndethaiinums AA lussdunans 1) Taautsdathaninesnesd
nadiou uszeznm 9 i@eu fetussylugawmadniahngsdeesda usnndagiigumniivias
3. NMIATIVIATIEY
AT aNziUsIna AA Tudaee meds In-house method based on J. Chromatography. A
Vol. 1120, 2006"® NanMIaRaas AA NNMIBENMEIIazMEHFNNMUDalUN 70% (v/v) Tl
U%qwgﬁaﬂawiagaWﬂ carrez I oz carrez II Mingumuassannnmsarmeiatlasmsssneds
uialulasay udafvluduh 1handwneilsing AA deie3esiia liquid chromatography/triple
quadrupole mass spectrometer (LC/MS-MS) ’“J%fiyﬁmsmnaaummﬂlﬁ’lﬁwaﬁﬁﬁLmﬂ::vf (method
validation) Lmﬂé’%’umﬁmmmmmmioﬁmﬂﬁﬁamimummgm ISO/IEC 17025: 2005
UseanSmMwaadIas1zH Limit of detection (LOD) 1A 0.02 mg/kg, Limit of quantita-
tion (LOQ) t¥NNU 0.04 mg/kg AIFDUANNUNLULA NN (accuracy and precision) lagmstanans
nasgulumang u,az‘iLﬂiwzﬁi’aqéﬁqﬁqmmgm standard reference material 2387 Peanut butter
(NIST) wuagluinasmimssansu 1o % recovery (MNU 84 - 101% waz % RSD AU 5 - 11% 113N
nagauANNINEaiBnuims (PT) Audwdszme lanaaglunasiihnela waziimsauanammn
nngamnadau (batch) loun wuaed (blank) msﬁw*z?w (duplicate) WazNMILANTITOLAIENINTFIU
Tughaghaitam % recovery
MINLNUND
~ aieneilamni LOD azsenulainy
~ mibenezlamai LOQ udganinuiawinny LOD asenua daenil LOQ
- ehiensdldhiunesgind LOQ asnanumiiasawy

We

HaMsANHIHaNIENUYBNaMU)luazssaznmfamia AA Tumsuaawintu (5199 1) wuhly
WINFAUATNINUI (BUTIAMNQHN 60°C Wuna 9 9lae) liwuans AA wazilaneassudawsniulosnmsih
Winuisaungamiinaznae 1 fu wuhwinluilaanmsauii 90°C szeza69 9 Gaue 20 - 300 W

WU AA G9U6 0.07 - 6.48 mg/kg wazwu AA gegatiiaauiiiunal 240 Wil wandunlannmssuil 110°C
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azAsa L luwsniu

windad nananeey wazaes anflsa

FEHZIMEN ) UG 20 - 180 W WU AA eaUG 1.75 - 8.65 mg/kg Uazwu AA gegaiiisauilunm

90 W wazndntunlaannmsaud 130°C SeaLIEN 9 AUE 20 - 180 H WU AA UG 14.7 - 18.1

mg/kg wazwu AA gegalisauilunan 40 wii Waldaamgidenulumsaunui AA azadumw

srezMIBUNiaZUIUnseNIinss AA Tuszauggauar ftinnaaudaludnaznuhnuinams AA

aeFnaaay (Mud 2) Swsulunsdinssaznanmssunniuudldgamgidnny msiiass AA sy

augaunRINY Wy winduiildaanmsauil 90, 110 uar 130°C Wunm 20 WAMAY wu AA vy

0.07, 1.75 Waz 14.7 mg/kg MNaIAU (MINN 1)

M51N 1 USinaansasasalud (AA) aaeansnnanen luanizema 9

danzidnen USinaezasanlud (Nadnsuaanlansy)

nan (i) 0 20 40 60 90 120 150 180 240 300
W3Nan Tiwu - - - - - - - - -
WINUWAI
(aU 60°C 1381 9 %3.) Tawu - - - - - - - - -
W3NWHI auUf  90°C - 0.07 0.21 0.38 0.75 0.88 1.17 1.64 6.48* 4.29
W3NWHI 8UN 110°C - 1.75 4.54 5.10 8.65* 6.60 -  5.20 - -
W3NWHI 8UN 130°C - 14.7 18.1* 12.5 9.80 17.96 -  5.45 - -

winawmg  * wulRinaezesmludgigaluudazgumaindnen

PNUD UM TATIIATIES = 1

20,00 —[ == == === = === == e e e e e e e e e e emmeemmeeoeoeoo---

18.00

16.00

14.00

12.00

10.00

8.00

Aslud (mg/kg)

6.00

B

4.00

2.00

*

—- - 2amadl 110 avAaLged

—— gaumnil 130 eFNBALTEE

qmw{]ﬁ 90 aNFLTaged |~

0.00

MU 2 anuduNussznIUiinaasezasaludniialunindy sufigavail 9o,

90

120

240

300

130

na (W)

130 aNFNaLded NSLazaIfg 9

a

110 tae

u
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Acrylamide in Chili Powder Panawan Kluengklangdon and Mayuree Uraroongroj

HAMSANANNAIRIZEY AA nuhdaadansnluilaannmsaus 90°C Wuna s00 wi
(5 %la9) i AA 3u6Y 4.29 mg/kg mﬂﬁguLﬁué’hasiwﬁqmwgﬁﬁaﬂiﬂuixmwm 1,2, 3,5, 6,7, 8 Uaz
9 DU WU AA WhAU 1.68, 1.31, 0.86, 0.34, 0.32, 0.27, 0.25 War 0.27 mg/kg MUMAU wHUlaN
AA Tundnluazanaineasadilugnwsn warIanssad g 9 waztilaliul3Uszanas 6 - 9 Loy azwy
SN AA Guasi (mw‘ﬁ' 3)

5.00
4.50
4.00
3.50

3.00
2.50

2.00

asanlud (mg/kg)

1.50

Ak

1.00

0.50

0.00

0 Hau 108U 2 LU 3 LHBU 5 1HBU 6 LHBU 70U 8 Lhau 9 LHau

sEazNMSHU

MW 3 MsAnMIeMzaIasaras luduaansntu (91 90°C, 300 wH) Wiadubistaznaian
@U LUMSATIVNATIEA = 1)

130l

msdnmilidanwinduyualvajifludunuwinge esnnfuniniiiemhinkdaninuioey
wintu Msiia AA Iuw’%ﬂamﬁ'umuqmwgﬁuazswmmﬁLﬁuﬁuﬂmmsaw‘%aébﬁ udiilaiiinauiivzinm
AA Jegaud) MNTRZaaaUNTIE AA fiRatuezgnims Suulsiuanmgiuazszaznalumsnie
winduiiieazhans AA tu udwinduildas it dssouuasndumiulndldminsiiasiudssnu
(MW 1) nsdinszeznanfiouwh q fu ue ldgaumnianany wu ssazm 20 WMy auf 90, 110 U8z
130°C %Lﬁuﬁuﬁmﬁ'uqmwgﬁﬁu 20°C (310 90°C {lu 110°C) AA tiisdulszanas 24 wh (0.07 mg/kg
{1 1.75 mg/ke) uaziilauiia 40°C (3 90°C {1 130°C) AA ts@uUszaNaL 204 Wh (0.07 mg/kg 1 14.7
mg/kg) datugampiildlumandonintuiedaduiladondn mandanintuialiiioss AA o
Femsdanldmsauniammenamgicnudldnandiiniu asdnhmslfaamgigudssasnmay

msdnmanuAIiizes AA ihaluwinlunuhazanasuuuiendlnuuben (exponential) &3
azanavetnadlugusnud@endl adedu AA Adalumudievialnling Fazuandrannanns
dilvajiins AA esuluemsasAaudunsin Maanasas AA Tiiesusailssnndulsznaudiiay

waz/v3nUfisenniialundndaumindinadaszau AA 1y SH group Nilundanmwivinijisennu AA
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sz lWiiamsidenaats (degradation) 209 AA 180> ysmsnlufifulinuazny AA mnwsniy
fudelwi 9 udmsidunsntulinu dmsiuinmnlidweaawumsiivan@asuiy Wy azWamandu
Toasmendu 1o Fuiluamsdensdalduiu ﬁm%"upjﬂszﬂEmm'ﬂumﬂqmamnssumswamw%nﬂmﬁa
NWUIEAMITIAMI2UU Hazard Analysis and Critical Control Point (HACCP) Lﬁ'amuqumswﬁm
avwnaialildomsiilasads Taslunssunumslianuiaudanguvnfisngauasssasnaiiiansaniiag
wliviniufindunasaunnonin udldlilnd wasnsdidmminilarwintuiaulssmuadduasiZaunde
wtsimihe wushlildlgau 4 lumsmnan wazailaiinduvasguanwinlimslilvg iatlosiu
Tiliiio AA 99 dausmsnan

mafia AA Tuwintluasiims@nniduduuannniadodes aampiivaznm enaasditadedug
a0 Wy Flieveanin uardmiudumsanTiensiUsing AA lumsinmessdl salasienziaien
wiFenziivasfiamsldanaiens AA uldinaila isotope dilution lagld ds—acrylamide
Fuflulalalniuzes AA (I internal standard @99zgieanaNuAIIALARBLRBIAAAINTUABUNS
W3sufnteuazmsnraialinamaeias LC-MS/MS vhilwamsasaienuiias (precision) 6N
Tumsaniesed u,azuan’mmfuéTqa‘imimuQumsmm‘imswﬁnﬂqﬂmsmaau (batch)

GRNL

9

) & ' a a w oA A a &£ &£ a4 A
msdnmiwunlumsndenindulaingumnilunsaugeduasny AA gaau wastiatiy
& &£y @ od = = a 24 dog va v
FLEEIMBUNUTUILNY AA gUuuiL wastilaivannsaamgiivasnmninimliiie AA gegoua?
AU AA wana 9N AA Nifezuundazgniae  WaSsuieuny 2 Jade Ae gaumgil
wazsrazm wuhguugiilutadevanihiiie AA galumsudandnlu aaiumsudanintuialiife
13 AA 0 NIzINMIBUVSaMNINRUMsEanldngamgiaud ldssaznannuauasiniimsldaumgi
Fudszazoandy M3 AA Dieduluninduaslifinnuain Fazaaswwuuiendlnuuudes Taazaeusn
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daonTad Tsaunssauiing, wssaing fewus, g3 gngelsnd, wundad ndenaeau. matsufiuamandes
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Effect of Temperature and Duration of
Thermal Process on the Occurrence and

Stability of Acrylamide in Chili Powder

Panawan Kluengklangdon and Mayuree Uraroongroj
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi
11000, Thailand.

ABSTRACT Chili powder is an agricultural commodity, which is commonly consumed, produced and
used as a key ingredient in many food products. During 2007-2008, risk assessment of acrylamide (AA)
in foods for Thais was conducted and found that chili powder had the highest mean levels of AA among
foods subjected to the study and accounted for a third of dietary exposure to the AA, coming after
potato crisps and potato starch. Consequently, to reduce acrylamide formation in chili powder, the effect
of temperature and duration in chili powder processing was then investigated to obtain the processing
condition with low acrylamide formation. Studies on the stability of acrylamide in chili powder was also
examined to observe the trend in stability of AA in chili powder during storage at room temperature.
Samples used in this study are Capsicum annuum Linn. The levels of acrylamide in fresh chili, dried
chili (fresh chili heated at 60°C 9 h.) and chili powder (dried chili heated at 90, 110 and 130°C for various
times) were analyzed by liquid chromatograph/triple quadrupole mass spectrometer (LC/MS-MS).
The results showed that AA was not detected in both fresh and dried chili. Acrylamide was found at
0.07 - 6.48, 1.75 - 8.65 and 14.7 - 18.1 mg/kg in chili powder heated at 90°C for 20 - 300 min, 110°C for
20 -180 min and 130°C for 20 - 180 min, respectively. This study indicated that the main factor causing
the occurrence of acrylamide in chili powder was temperature used in process. Thus, low-temperature
long-time process should be applied instead of high-temperature short-time process to reduce levels
of acrylamide in chili powder. Acrylamide formed in chili powder is not stable. The acrylamide in chili
decreases exponentially, rapidly decreasing at the beginning of the process, and then dropping slowly

until being constant.
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