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Product development of healthy avocado cake cream

15m1 Heussms’ nosmn inpf’ nFuR Hussus uay Sgn duvs’

Chanirat Phungbunhanr, Krisana KetKham', Karun Phungbunhan1 and Nirut Khantaree'

UNARER
b ad a7 %

Py o al -l Vo wd X X it v e
AR TdRnUszad Mednegrsimanzantesriuusmiindnifieguninaineslaa Taitlisunisuensy
- o - 5 o wl . « Ceeod w
anfiilnalatvinnis@nsiriinsesansifiaeuneiaiidas ienmuninassriuuramdindniequnimainesTaanls
- ) < IL‘I i ' o 174 -lﬂl 3 -
uaznBuuiiaunmemeingng wansinsngrsiivinzansesedaudaiingnidequninainestaanle sadiunnsiag
o el T S T P I IR P o ) o . g
ugesAsuusiuAntiatpnaiaTun i funailesludagiundiudeunaiaanimaunsueeafouilaestaan e
Fouar 100 47uu 3 gms TAun gmsil 1 189 Junjira’s Sweet & Class (2017) gAsHi 2 194 Junjira’s Sweet & Class (2017)
-J o - o & % - esn
uAzgmN 3 184 Loly channel (2017) Tagnagaunisniseesiurefjisvdiunsbinudssamdudalussduonlfifnns
. — b o ol
AU 45 A HaeE ALY 9-point hedonic scale Tudnudnwuzlsng A Medinul ndu sani ediia uay
y ' al af | ~ e & ol
AHTRLIALsIN AMNSANINLANGRIT I T AN B9AT LA winveganmanazlomianglnaseniuannigs
- P R e o 9 o B [T -l T T . T o el P =
A grsh 1 BeldFunisueniulunng Andnumy grensawsaniAnTilndnnefaturegns 1 Jdazuuwaie
el o cm 0 y . g
IN91gAs 2 uazgns 3 ad e ldodrAtyneadin (p<0.05) Tnuddaunanteaiieariaanln woansaidn unduis
12 k2
wmale®e uazatinn Anilufevay 26.74, 26.74, 16,04, 29.41 uax 1.07 Tngvinmin AuEFHU SINNITANEINALE
wEnangiNA A Tur wruumiy uasivensin sermunnreruusimiingndieqgunimainesianla wud
4 v & o 02 P T TSN T | =y
lunmsaugnaaeudanialy (3nueu 45 au) Winsseniurtuusantindniieguninainazlanlafididaunanees
o - = S e . \oww o e PN . P o < < 6y Y v
nuanLnuIngn lnoinnuenAetndivud 1 Ayneedia (p<0.05) Weifeuiugrstug Sellinawdiuaiunis
_ I NP - & , PR "
neaaunITBaNTUlnaEimu s YN sueantiudn gaitifideunanveaiienylonn e weansady wnduiasn tenaleda
afian uazinensndin 26.21, 26.21, 28.84,15.76,1.05 uaz 1.96 Tagiinwin mmadu grartuusiantinfinivegunin
P o oo o o ' a Vv oy ala < a o an ooy .
annezlaimiandhunsdmdandelindsnulioandngmsaduusiatindnifiugaci 1,925.62 iltaunasd udutioond
226.63 n¥u Hunadaunnnda 40 n¥u fwdualsiiuannnds 325 Tulasnin uasiflesududationnd 133.91 nfu
duiudniunassegunineediuiine wara1NsnligRsaInuiIdeiluRmunresesn snanggaiaiuine?
Twdenndadfedailugsssu

AdAty: Asushmtindn meveniuaediitng extenTa wiuuwuiy Anersiin

" angmalulsiimanunsuszmaluladignavns SAANENAL T ersysn
i Faculty of Agricultural and Industrial Technology. Phetchabun Rajabhat University
A Corregponding author e-mail: june_chani@hotmail.com

Received: November 4, 2020; Revised: January 7, 2021; Accepted: February 17, 2021



RMUTSB Acad. J. 9(1) : 38-51 (2021) 39

Abstract

This research aims to study the proper recipe of healthy cake cream from avocado that most accepted by
consumer. The effect of stabilizer types on the characteristic of avocado cream and a comparison of nutritional value
were evaluated. The study of the proper recipe of the healthy cake cream from avocado was done by developing
from the popular butter cream recipe using 100% of avocado puree instead of shortening. There were 3 formulars,
including recipe 1 from Junjira’'s Sweet & Class (2017) (formula 1), recipe 2 from Junjira's Sweet & Class (2017)
(formula 2). and recipe 3 from Loly channel (2017). Sensory evaluation in laboratory level was tested as consumer
acceptance by 45 panelists. A nine-point hedonic scale was used for sensory attributes, including appearance
(color and odor), taste, texture, and overall liking. As the results, formula 1 had the highest consumer acceptance,
which was significantly higher scores for all attributes than formula 2 and 3 (p<0.05). The formula 1 contained
avocado, salted butter, unsweetened condensed milk, icing sugar and vanilla at 26.74%, 26.74%, 16.04%, 29.41%
and 1.07% by weight, respectively. Regarding to the study of the addition of stabilizers, including xanthan gum and
gum arabic on the quality of the cake cream, the result was found that the avocado cake cream with gum arabic had
the highest consumer acceptance by 45 panelists compared to the others (p<0.05). The result was in agreements
with the acceptance test by the experts. The proper recipe was avocado, salted butter, unsweetened condensed
milk, icing sugar, vanilla and gum arabic at 26.21%, 26.21%, 28.84%, 15.76%, 1.05% and 1.96% by weight,
respectively. The developed avocado cream contained less energy (1,925.62 keal), less fat (226.63 grams), more
calcium (40 grams), more beta-carotene (325 micrograms) and less saturated fat (133.91 grams) compared to the
cake cream with shortening. Therefore, this study has important good impact on consumer health and provided
information to support the bakery industry.

Keywords: cakecream, consumer acceptability, avocado, xanthan gum, gum arabic
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Table 1 Healthy avocado buttercream ingredients.

percentage by weight (%)

ingredients
formula (1*) formula (2**) formula (3***)

avocado 26.74 11.65 17.04
salted butter 26.74 23.40 25.57
icing sugar 29.41 61.86 0.00
unsweetened condensed milk 16.04 2.06 8.53
vanilla 1.07 1.03 0.00
sugar 0.00 0.00 37.50
salt 0.00 0.00 143
water 0.00 0.00 10.23

Note: Adapted from *Junjira’s Sweet & Class (2017), **Junjira’s Sweet & Class (2017) and ***Loly channel (2017).
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(Table 2)

Table 2 Healthy avocado buttercream ingredients with different stabilizers addition.

percentage by weight (%)

ingredients
formula 1 (control) formula 2 (xanthan gum) formula 3 (gum arabic)

avocado 26.74 26.21 26.21
salted butter 26.74 26.21 26.21
icing sugar 29.41 28.84 28.84
unsweetened condensed milk 16.04 16.76 15.76
vanilla 1.07 1.05 1.05
xanthan gum 0.00 1.96 0.00
gum arabic 0.00 0.00 1.96
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Table 3 Sensory score of healthy avocado buttercreams.

formula color odor taste texture overall liking

1 7.97°+0.94 8.04+0.93 8.06"+0.88 8.23°£0.87 8.23:0.89
2 7.73°+1.04 7.9141.06 7.73"+0.97 7.967+0.89 8.08+0.89

3 7.66°+0.91 7.92+0.94 7.57°40.90 7.94°+0.87 8.04+0.90

Note: Different letters within the same column are significantly different (p<0.05).
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Table 4 Sensory score of healthy avocado buttercream with different stabilizers (n=45).
formula color odor taste texture overall liking
control 7.52%1.33 7.79+1.34 7.98+0.97 7.62°+1.36 7.99+£1.14
xanthan gum 7.52+1.17 7.96+1.02 7.96+1.03 7.23°+1.44 8.02+0.95
gum arabic 7.73£1.01 7.73£0.91 8.01£0.94 7.77"1.01 8.11+0.93

Note: Different letters within the same column are significantly different (p<0.05).

Table 5 Sensory score of healthy avocado buttercream with different stabilizers from cake makeup

expert panelists (n1=3).

sharpness of

formula color viscosity stability overall liking
squeeze stripes

control 7.334£0.57 5.66+1.15 4.33+0.57 4.33£1.52 4.66+0.57

xanthan gum 7.66+0.57 6.00£0.00 6.00+0.00 5.00£0.00 5.66£0.57

gum arabic 7.66£1.15 6.66+0.57 7.00£0.00 7.33+0.57 7.00+£000

Table 6 Lightness, redness and yellowness of healthy avocado buttercream with different stabilizers.

formula lightness (L*) redness (a*) yellowness (b*)
control 74.02°+0.42 -1.950.20 26.26°+0.33
xanthan gum 73.47°0.26 -2.03+1.71 26.837+0.38
gum arabic 73.87°+0.28 -2.04+0.12 26.35°+0.23

Note: Different letters within the same column are significantly different (p<0.05).
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Table 7 Nutritional values of developed healthy avocado buttercream compare to commercial

buttercream.
nutritional values healthy avocado buttercream unit commercial buttercream unit
energy 3,445.35 keal 5,370.97 keal
carbohydrate 314.87 g 288.62 g
total fat 236.59 g 463.22 g
protein 14.13 g 11.88 g
plant - based protein 2.25 g 0.00 g
calcium 470.97 mg 430.97 mg
iron 2.97 mg 0.97 mg
plant iron 247 mg 0.17 mg
total vitamin A 1.569.49 RAE 1,542.42 RAE
vitamin C 36.50 mg 1.50 mg
vitamin E 0.21 mg 0.21 mg
beta-carotene 343.03 mcg 18.03 mcg
cholesterol 664.81 mg 664.81 mg
dietary fiber 4.25 g 0.00 g
niacin 5:65 mg 3.30 mg
saturated fat 145.15 g 279.06 g

a7n (Table 7) WU4Y gRIATHUFUTINAN
Weganmanazinla Vindawudieandngns
AN RTLeaa 1.925.62
flaumraes da5lulawmsmuinntn 26.25 nfu
Hlsfutioandn 226.63 nFu flUsAuanounnngn
2.25 nFu Juaaauninngn 40 nfu A3mdue
NN 27.07 RAE Hamiinduinnaa 35 Raaniy
Hwsiualsfuunnnda 325 ulasniu Tlaauns
anngn 4.25 n¥a waziiledudusadenndn
133.91 nfu aziulidngraasuudaniindnive
quawarnazlapnln fauAmialnaunnsiinee

AUNINNINNTNGATATHUAI UL ANTH LB 909

ataiuldte Tasanizet 1B AT UNA9NL
lusTu warlusiudus RN N ianatae 1NN
AaAARBITLINUIAE Y8 Nguyen et al. (2013) 17
8 v L -
AnunisldeslaanTauanaunulestsiinmeann
¥  alal ' g -
Tupnsdin NHNAFBAMNIINNNG BN Hadula
LATNI8BNSUN19lsza nduda Nnnsnnans
Tnefimsnaunineanasnaiiaas i launasiden
As¥AU 50, 75 WAL 100 wefidus wudn Ui
R A T A £
yavariaalafiindui @ niponauluanindu
WAZHATAIINOINANNIEAANAY N9 ATIZW
N aUsra g nudnIInaLNY 50 wWefidus

@ o o [P I~
Lﬂ‘m/]ﬂ’ﬂN?U‘H@GQU?TﬂﬂN'\ﬂWQﬂ NIINAGNULUE U



48

Q.4m3g. 9(1) : 38-51 (2564)

Fasazlna lannilasiusonanae 30 1lafidus
lusuduianad 33 Wosdud uazupasianas
136 wWedidud nnlanunsnanliuluauadnls
Beam, De Pinto, & Feltimo (2018) l@dszifiunng
ganfunarauAmainsuiniseeseziianin
Fnumaunilesiu 50 wWesifud waziug 100
wadidud mmfwﬁnlu@;m?Ufmqﬁqmﬁﬁgw

2

P v ' E
Hulingan 20 Au WAsuuudneusUsnng Wedula

LarsATIATe9UT9 11 AU hedonic 5 point
HARATU AEiN ANy 50 wWefidust 185unas
aamﬁ*nmnﬁqm mwﬁwqmﬁﬁjw E LD
oy 100 wefuius lAFuazus gAY

o J k74 24 1
ANANHUY Nan1sAnItiuansliiudanas

= o o

naunu 50 Wediius sevuaiuerloainlugns

‘?‘I o 2Y L e o f¢=; ar v '
usnivin W i ndn usineaniuls damainig

[N}
ol el

& . )
M sreusniinftulne i lusiumuiionas 23
wesiius upaeTtiasas 13 wesidusl lusiudusa
Hoeas 28 wWesiius wayluiuludusadanien
2 & i, T .
dinaw 61 wefidwd unassefniilulsaala
<o 2 o v
LALVaaALAeA warlsagauaNnTnFulsznulA
. . . o
Paciulli et al. (2020) wudn AnfeALIANTINIG

w0, 20, 40 uay 50 wesidus leelfea

i

al e
NN

Py

fiiadu uazAnmangnisiuinelugog 60

o o mw .

W RNBuaaniAnddadu lugnteiniuse
o & i P R (e fp o

Bnnungeauiaziledudanudauiliemeuny

Punoninfgedu uaztfiunnlusiuianas annue

a

o & el am P g
?l'ﬂQvL’LluuLLﬂZUWV\NW'ﬂﬂm@NUE]L”Hﬂﬂ@"ﬂ‘ﬂﬂﬂﬂﬂ

- ' a2 =i” 9 @ g e -l 1
WUNTUATIV ALVNUY Tmmuwuﬁnumw@qmm

fuyAuMIneadesiuliidenmaanin (Maillard

. : A
reaction) Tuszudnan sdpfivAnIiaunatialIN

e lueenn @ uazmsFgnan mswsiuiiy
Wi namaunuiue 40 wWesdud aunsnan
nadlasaadasli Narkwichian, Tongyong,
& Patarapanich (2009) ANBINTTILATIZENTA
lasfunsudluemnsunesiag lidunnsugud
BneAamasininsalndl wudnlunAnfusiunes
20 Faeene uarAatratinTuReT RN alnsia
1198919 6 FreteismiheTinanaluing
ngamne TE5unnsmsraasum ladunsud Tnald
nsandninsaln? Adléuanafuniuaes
Tufumsud viavaesia 100 N3 faetnsemsl
8113 10 nau Heil twana 1.84-3.57 Anfls
0.25-5.27, weniley 1.54-1.89, auntlaiuedindiu
0.21-0.88, nrangau 0.41-0.58, U‘J"Wd 0.18-0.67,
AFIT89 0.14-0.83, ATaLANTIA 0.16-0.73, uAsnines
ND-0.15 uazwid3 s AnAdeninuan ND-0.14 #n
oafunsud wdgluemnsi Lﬁﬂnquuum@ghwdw
0.14-2.43 nFusin 100 n§ Tuanueiing lsfimend
TutBannigegaluaniing (5.07 ni i 100 nf)
nFENININERsTENanigauiTnILEtindtaniEing
Tysfumsudliningt 1 wefifusaesnisiising
WA URIMLA (2.20 nFuradw) oﬁ“ufutﬁu‘ﬁnm
mamwﬁmﬁ@qmmw WAZMBNLA S HBRTu
ﬁﬁiﬂﬁuﬂiﬁuﬁ@a Delicatoa, Schoutetena,
Dewettinckb, Gellyncka, & Tzompa-Sosab (2020)
NINITNAUNUNITIINAIUNANDDIUNAIAL 11

a o g A o g e
N@ﬁ]ﬂm‘VIﬂ'\M’WWQULﬂﬂLW’E)V}WIVLLN@QvLﬂSU

b %
o ]

MIEBNFUNINT U ANEDIANENINTRINA RS DA

Aada o

WINEINTAE AU UNAITUNMNTA NN AN

lostuilugannan "Mnmagaunadszanduda



RMUTSB Acad. J. 9(1) : 38-51 (2021)

49

LAZAITNOL A INTALNIURANITNALNULUEATE
s 1 ar d A o & o«
FOBAULNAITUNMIIAIN 0, 25 uay 50 iesidus
HANSANEINLIN IS0 LUNAIT NI SAIEINIT0
nawnwug A 25 wWefidus lundnsosmumngs
Tnaldilasulszaun1snivaz A NTaueIw s
Tngsan T Wiiaeafin s asusunuoegn
NN 50 wWediiud Tnelidenasianisaaniy
& e o { { Y2 o -‘J’ -y
w01 TnA grudnrusNosdesiuiuiouas
i WM v e 1 o a‘”
Auwnuarldlifunanseny srysnladuunasdl
| 9 o cdl v 8 ar - s o
UTANAET1UAZNIN LN AR L AR LA A TUA

o a o
LLLNBTIND NS LN LI

aq1

MsANENQAITINZ A TB AU VTAN
Lﬁﬂqmmwmn@ziqmim Atiunnsinatingns
At Ane famme feu iAo
lutdaqiundfudiunanlnanimaunuiug g
nuiifenrlannintenar 100 S1uou 3 469
Tnanagaunisnisuenfureddlszifliuniasinu
UszamdndaluszAutiesdjFnig 41mmm 45 Au
AneAs IMAZULULLL 9-point hedonic scale 1
Fausnnuzilsng fa nefiud nau semi il
durda uazAoutaulnesn ann1sAnEIwLdn
Qmﬁmmmmmﬂ?mwimﬁfuﬁmﬁ'@mmw
mnm%m‘[mﬁiﬁu‘%‘[mﬂau%umn%ﬂ A qs)
1 iﬂ&i%umsmu%u"tunm AnAN e lAun
gueaTuusiniiAnsinlmnesasuaes Junjira’s
Sweet & Class (2017)(gm35 1) frazuuedy
qandngnsfi 2 war 3 eeeilTudAynieadii

(0<0.05) Tnafidiunanteiinasinaln uaan

& b3 <l oll “ ~ o 5|
salAN wNduRa Wmalede uazadian Amilu
$auaz 26.74, 26.74, 16.04, 29.41 uay 1.07
TPeninwmin aNSIAL AMNNTANINATDIETNAT
dWinAuALEa THun wruunuia uaziuensin
AR AN TNUBIATHUASMTNANIND 4N INAN
arlaanln wudnlunansan fnaasudusinly

o > o e vy e
(@m9u 45 Aw) WinnsuenfursuuAmtinAning
qrnmaineriop innddiunanvasinensin
nnfign tnaiaouunnsnsaealvdadrAty
NNAfF (p<0.05) BB LTUgRTaU] Telfing
duAaiunismaseunisuaniulaefdiusanny

' ¥ } 24 Jd &i‘
NTUANUTNAN gRell Hdrunanaeuiiaaziaonin
weansaiAn unduan winialede oflan uay
nuen91iin 26.21, 26.21, 28.84,15.76,1.05 uay
1.96 Inendwiin mudndy gremsuuseantindn

- o e o o =
Wweguninanaziaaninndun1sdnaandedl
WA U ENI1gRIATHLAUTIANNR U2
04 1,925.62 Alaunas’s dludutioundn 226.63

as e al 1 ar a v al
NN Wura@aunInngn 40 NN Jwkualsfiu
1 nndn 325 lulasniu uwasillasiugnsmiiaandn
133.91 n¥u Aedudaidundniusindinanse
qunnaeeiiiina uazarunsntin luwmwise

@ 1] - ‘4 o o
HanNMINARggINaLLINes hadenniiad s

ANIBUATY

7
& o

MmAfulFFunuasuLlnanuInendy

Q k) q

Ay sal sudszunniuniufn Tnenu
AMNTUTELAINEIUNIIUANIENITHNI9A]Y
TR UszAnthutlszann 2562 uazaavauem

' 2 dl 2 o = as elvd. R ' A
vgnwwg‘mm"nmnm'mq'wuw'lumm?wuﬂ



Q.unes. 9(1) : 38-51 (2564)

wazdauaadiy aduayu WiasueuurAanem

audrFaganlylffons

LANRITDNNDY

Babpraserth, C. (2017). Avocado. Kehakaset, 41(7), 29-32.
(in Thai)

Babpraserth, C., Niraphat, S., Chomduang, P., Uttarakhien,
S., Khruakham, R., Prapthuk, W., & Phawasut, A.
(2008).  Avocado

varieties by royal project

foundation. Proceedings of the Royal Project
Foundation annual report 2008. (pp. 443). Chiang
Mai, Thailand: Royal Project Foundation. (in Thai)

Beam, J., De Pinto, S., & Feltimo, E. {(2018). Avocado as a
butter replacement in brownies to lower saturated
fats and increase monounsaturated fats. Joumal of
the Academy of Nutition and Dietetics, 118(10),
PA140.

Chavasit, V., Kriengsinyos, W., Photi, J., Parinyasir, T., &
Ditmetharoj, M. (2018). Thailand: Trans-fat free
country and supervision of Thailand (research
report). Bangkok: Agricultural research development
agency. (in Thai)

Delicatoa, C., Schoutetena, J. J., Dewettinckb. K., Gellyncka,
X, & Tzompa-Sosab, D. A.(2020). Consumers’
perception of bakery products with insect fat as
partial

butter replacement. Food Qually —and

Preference, 79, 103755.

Food Division, Foocd and Drug Administration. (2018).
Notification of the Ministry of Public Health (No.
389), 2018 Food additives (issue 5). Retrieved 22
June 2019,  from http:/food.fda.moph.go.th/

law/data/announ_moph/P389.pdf (in Thai)

Institute of Nutrition, Mahidol University. (2017). Manual of
INMUCAL-Nutrients  V.3.2. NaKornpathom: Mahidol
University. (in Thai)

Junjira Sweet & Class. (2017). Butter cream recipe (Training
manual). Bangkok: Junjira Sweet & Class. (in Thai)

Khawthien, P. (2012). Stabilizers and emulsifiers. Retrieved
20 June 2019, from hittps:/ missicream.comy (in Thai)

Klinhom, J., Panturak, J., & Uttamaang, N. (2002).
Study of the composition of avocado [ruils
grown in Chiang Mai and dietary product

development guidelines from avocado results

(research report). Chiang Mai: Department
Product Development Technology, Faculty
of Agro-Industry, Chiang Mai  University.

(in Thai)

Loly Channel. (2017). Recipe butter cream with evaporated
milk for decorating cake. Retrieved 1 December
2018, from http://youtube.com/watch?v=
eku3mQOQ4axaul (in Thai)

Narkwichian, N., Tongyong, L.. & Patarapanich, C. (2009).
Analysis of trans fatty acid in some foods by

attenuated total reflection-fourier transform infrared
spectroscopy. Joumal of Health Research, 23(4),
185-190.

Nguyen, D., Carotenuto, M., Khan, S., Bhadur, S., Ghatak.
R., & Navder, K. P. (2013). Effect of avocacdo fruit
puree as fat replacer on the physical, textural and
sensory properties of shortened cakes.  Jounal

of The Academy of Nulrition and Dielelics,
113(9), A59.

Noidaung, P. (2012). Gum and mucilage from plants.
Journal of Food Technology Siam University,

7(1), 1-6. (in Thai)



RMUTSB Acad. J. 9(1) : 38-51 {2021)

51

Office of Agricultural Economics. (2017). The situation of
avocado cultivation in Thailand. Kehakaset, 41(7),
60-61. (in Thai)

Paciulli, M., Littardi, P., Carini, E., Paradiso, V. M., Castellino,
M., & Chiavaro, E. (2020). Inulin-based emulsion
filed gel as fat replacer in shortbread cookies:
Effects during storage. LWT, 133(1), 109888.

Papagiannopoulos, A., Sotiropoulos, K., & Radulescu, A.
(2016). Scattering  investigaton  of  multiscale
organization in aqueous solutions of native xanthan.
Carbohydrate polymers, 153, 196-202.

Photi, J., Chavasit, V., Kriengsinyos, W., & Ditietharoj,
M. (2019). Thailand's situation and food policy
on trans fat. Journal of Nutrition Association of
Thailand, 54(1), 85-92. (in Thai)

Stephen, A. M., Churms, S. C., Williams, P. A., & Phillips,
G. 0. (2006). Gums and mucilages. In A. M.
Stephen, G. O. Phillips, & P. A. Williams (Eds.),
Food Polysaccharices and Their Applications (pp.
455-495). New York: CRC.

Wanamethin, K., & Rattanadilok N. Phuket. P. (2015). Butter
cream whipping cream and chocolate. In N.
Plienbunlerd  (Ed.), Cake Deécor (pp.19 -20).
Bangkok: Sangdad. (in Thai)

Williams, P. A., & Phillips, G. Q. (2000). Gurns and stabilizers
of the food industry 10. Great Britain: Royal Society
of Chemistry.

World Health Organization. (2018). Replace (trans fat:
Frequently asked question. Retrieved 12 September
2019, from http://apps.who.intiris/bitstream/handle/

10665/331304/WHO-NMH-NHD-18.7-eng.pddf



