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Optimization of Ramen Flour Formulation by Mixture Experimental Design

Hye Ryong Park and Seung Ju Lee*

Department of Food Science and Biotechnology, Dongguk University

Abstract

Ramen flour formulation was optimized by applying a mixture experimental design. In the optimization, the overall
palatability (OP) of cooked ramen and the rheological properties of selected dough were maximized or minimized.
Blended ratios of the ingredients such as Dark Northern Spring (DNS), Hard Red Winter (HRW), and Soft White
(SW) were designed on a simplex-lattice. Dough rheological properties were measured by Rapid Visco Analyser
(RVA), Farinograph, and Extensograph, and the overall palatability by sensory evaluation. Several principal dough
rheological properties such as RVA peak viscosity (PV), Farinograph development time (DT), and Extensograph
resistance/extensibility after 45 min (R/E 45 min) were selected to influence the overall palatability by canonical cor-
relation analysis (CCA). Goals of the optimization were given as OP maximized, PV maximized, DT minimized,
and R/E at 45 min maximized. The optimization results were found to be DNS 33.3%, HRW 33.3%, and SW
33.3% with OP, 5.825; PV, 587.9 cP; DT, 3.1 min; R/E at 45 min, 2.339 BU/mm.

Key words: Ramen flour formulation, mixture experimental design, optimization, dough rheological properties

M B

ghHe] FH2 FUE AE FH s H9-Hrt
AR 8-14%2] T AT} oF 70%2] AWAROR A
ww, Wr1Re] vy sty AEe W 559 §AAE
Fofgith, dAAA s AR 719, BEY, 2
o] B4 o oy AdAZ A3 mjd vl Ay} AR
S A 283 HUAE Fo] YASIA & A o] Aol
t}. Crosbie et al.(2002)= H7I72] F%53 7o) ¥ €
2ol et YT WA USE B vl glom,
Graybosch et al.(2004)°] ¢stH 73 FFvith He| &
4 3 ad ek 5 osled Aol thE ZloE 4y
Z] 9lt}. Zhang et al(2007)S Ho] FFS FFEN] g}
g Sk A FAS A5k 89le] €8 BAEH
o}, mhEhA] M’J z710] dAsihd, 54 WrkRe| i
HE2A] 542 HE AFS] F4 2 dFE WA= A

*Corresponding author: Seung Ju Lee, Department of Food Science and
Biotechnology, Dongguk University, Seoul, 100-715, Republic of
Korea

Tel: +82-2-2260-3372; Fax: +82-2260-3372

E-mail: Iseungju@dongguk.edu

Received August 20, 2011; revised September 21, 2011; accepted Sep-
tember 21, 2011

297

iy

)
-
PN A A
T O

gl o

OH X
X

-

R

5 A A %O] AT AL 1ﬂ1 H“}Eﬂl —rﬁrﬂ
HH(Popper et al., 2010). =3 = 344
5, 743t A7 gty o) 33
S A-FE 7HA o] 71 A A 7ER AL Qo] 7Hi s
Az e Fahs vl Al S| AT w
= &21°] = th(Jayasena et al., 2008).

mo] Wyl Tl o Bl Ax] Fol|A] Tkl #hols)
A T Aol B BED AR L6
ol M o el 7o = )\HV}*
o] wreeha} HEA frefete £71
ZHE ghHe 727348 -7

a2AEa AT =E —
W FAE %ol 7 e BN
[e]

o

L
-

f

2 _!]lTI oX
o,

X

ok
o

o

3z
Y

b
X

it
o

i)

i)
2
4 %

T

AU = B TR RN

o

=
I
]

=

o
~

[o T 1o K

IOHUrSL

a}; a}uu JZHE?_] o] EH%% =,
1 FHsHA HHA vl=, 25, AuTiel

Al 2 e T ATk 587

ol H= 44



298 ds)g -

O 7 XA =HHA A
el DR A=
(Kim et al., 2002).

2 GAlA Ao g AMgshe wFA WIMRRE S
Hard Red Winter(HRW)®} & F4F  Austrailian  Standard
White(ASW)7} 1t} Ziuebit H7HF 2+ Canada Western
Red Spring(CWRS)e| lom =2 FH ko] AHol| ARE-H
3 JHKim et al, 2002). BtHS BX| 9} 7io] XA FE|

7F A=, APl wet 2hie] e gebA AL, o]
o wel AHEEHE BUHRE 254 tes ¢ 7 Utk &
2] o] AYiboll= ASW, HRW 2 Western White(WW)7}
AR&-F 3L HRW, WW, ASWe] EjHEo] F=2 Abg-Hrh 3
o= Australian Hard(AH), Dark Northern Spring(DNS)
I & AHEEo] FE AMEY FEiE vEite] £
I ARE-H AL A HH(Kim et al., 2002).

e AHE AFE Jun et al(1998)> AW B F
3} o] A8+ Hard White(HW), Soft White(SW) 2
ASW E3HEo] eS| starch damage, gluten indexE
H] 3T} Liao et al.(2007)= @2 ko] t}E DNS,
HRW % WW &3] 21737 = (extensional viscosity)E
Z7438te] Bk vp vt o]#@ % g 7pR| o] "R o}
et ekt 50 4HRE £dete] AxE AW 54

of B AL AYHROH, FHRL ASFOEA
ok %

JAEE A AN Adobd7]

T el 2 dAe FaL v

et e aA ok A3He Hojhs BES AT S 9
Wleg g3 @ ERE o Aede ke WSS ¥
o)

A = glom UL WkE9] 22X (theology) 542
7+ B S dSske A HF AEF #4E HEES
=d 23421 AX7F Ek(Song & Zheng, 2007). HEE9]
d22X EA S £43= dlol+= Rapid Visco Analyser
(RVA), SH2)ie2g) 3 @ o xel e =7} =2 AL g,
RVAE 27H¢¢] S3te A&, s I g5 5
2 A A A AT ZE B /\]xLHJ,} Z 8-

—1

© KRN

(

&l A zzpe}h AH] 1}7 -%?3}% H AFe £
o] HA3tE o|F E F US Aolth
&35 4 F A & ¥ (mixture experimental design)< 4 &
TR AYES A= FAAH AP 27 Fe shHEA A
5o THHE HZHst=u A& H(Erksson et al,
1998). Karaman et al.2010)> 5 54L& 7|20z 3 &
cgaA =9 HAHsE dg BF Ak Kim(2003)2
2] u](surimi), E714F (alginate) 2 2] E3HH]o] w2

olsF

FEue] W] 2 HE2A] A o FFE vX= A

Arg vb ok gk WHel AxE LS BUHE, AF B

B E F(sodium carbonate) 0] 2] &

A@A o] &% vl Ark(Shelke et al., 19
2 AFoA = g gheFo] 7b7] th

HRW(%@#"?—) 2 SswErEhE 2

o7 A5l ?Z‘—% HlE A3}

ol Heis) 2 oqaa WE desA 5419 54 242
AR HATh Ik WA 2be] 37 Frel 2718k
H5st 242 WEAE AR ERE AP

W=

WrtEe S2udt gAY BHFHo 7 Algsle
ul=t2k g4 DNS, HRW 2 SW w-& 20 AJ7F 531
Z4 (tempering)3t] 20 kg A #|E7](Test Mill, Biihler AG,
Uzwil, Switzerland) = B7FHFEEHF 13.5%) A|l=23A
th &g AE AAGE, ddEiAe IV EFS AR

shiet.

aipte] Nz

DNS, HRW % swg Table 13} 2o
of wet 2 &3] st 7S FHIE T =
bR &% 2.0%, EHEF 0 %—3— @7%}1, E
7}‘2*‘2— ws7]o] ¥ wire WUk

< W 32 H|E&9] Fo' FYstA 15 -v*ﬂ HH=ek ATt
EgE UrrEe aF 2%, BRHER 02%5 H7bekal
13T 97HFE 10082 S o 32 H]&9] o
Z F3te] WE=7](SM-200, Sinmag Co., Taipei, Taiwan)
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Table 1. Blended ratios (%) of wheat flour for ramen
preparation according to mixture experimental design.

Sample names DNS* HRW SW
T1 100 0 0
T2 0 100 0
T3 0 0 100
T4 66.7 333 0
T5 66.7 0 333
T6 333 66.7 0
T7 333 0 66.7
T8 0 66.7 333
T9 0 333 66.7

*DNS: Dark Northern Spring, HRW: Hard Red Winter, SW: Soft White
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2 E23sle] oA sheetingdlo] ALolA 158 7+ Wb
skt ol & SYEA(R.7 mm = 2.9 mm = 2.0 mm = 1.6 mm
= L1mm)ll AX FAE AAH o2 A A FHF T
£ 1L.ImmZ 32 Z& 1.5mmub 2 23k thJang et
al, 1999). Ad® WS 180 %7 100°C 712 A &
150-160°C2] F-follA 55 27+ 71 v A20A 1 AIZH
W 7Fs A tHKim & Lee, 1990).
CHYE Bt

A7LFo] ghld shake AACCS] FFEH ol uhel B4
SFATHAACC, 2000). A Kjeltee 4] 71(Auto-1030,
Tecator Co., Hogands, Sweden)S A3l 7|2 dT=
Kjeldhal s=27% ol A3t

RVA S35t o2&

Y7FF9] 53 542 RVA(Model 4, Newport Scientific
Pty, Ltd., Narrabeen, N.S.W., Australia)S ©]&3}o] =43}
k. W2 gE TRTE @6t 25mLE 2 H, ¥
7HEe] e 8%/t HES wErTh RVAS 7] 50°C,
95°Coll A 5 ¥7), 50°ColA 10 87 L2 fA5ke] A3
S AYPsg o, FJAEEE 160 pmSE 51T RVAS
53 FHIHEZ(PV, peak viscosity), =53 =(BD,
breakdown)= 74 3131t}

IR | e =

=g I gk Y] B F4EY
2 gk 548 Hrbsked ARSEE W olth Al
Yoy EAL a5 ARE-ste] AACC:
542190 we} ZASFATHAACC, 2000). v =222
B FE&8 (WA, water absorption rate), ¥H& &
(DT, development time, RF=9] 27171 HIHd| &
AIZF), RPEE(ST, stability, 7/ E.e] SIH-3E0] 500 BUO =
g3l AI7HRE wues $7H7EA19] A7), mechanical
tolerance index(MTI, ¥|ZLol|A 71H.¢] SIFLE 3} 5550
7AH] QIR #e] zFo])yE T8 TH(Shin & Kim, 2005).
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g L7HFe] EFH= DNS, HRW 3 SWE
simplex-lattice ¥ 2.2 A5t} A EFEA LA
Hol MR EANT o2 H2 T3v) 9] Fo] 1(Ee
100%)7} =oF 3l 718 o2 745+ A 2F(constraint)
ZZ1 o] th(Minitab, 2005). SHWFZA W7FFe] ZFH],
FTEUFEREHT)EA 22 2o HA 73E e
g w=o] HE2A] EAXE 247 skt 3%
AR & SYu] HF Eg0E Felr] flete H

o
rl

49 B4 2% s A ALRA 54
A AR LR} 7P Gl B e Hustel
A3

=7 #2|

SHEAFEAN, H5AA] teH | B g 2R 54
2] s 1% dAAAl E4 0= Minitab ver. 14(Minitab
Inc., State College, PA, USA), SAS ver. 9.1(SAS Institute,
Inc., Cary, NC, USA) % SPSS ver. 18(SPSS, Chicago, IL,
USA) 2ZEd o5 747} ARSIt d&=A] 544 A
S 9ste] A =244 (canonical correlation analysis,
CCAYE A&silon AL told 2534 7 g&=
A EAA HlolE] 255 AR st 2FTke] i B 7
W 817 RS A s EFEARAAN
o] HA3t BHoR HA 75 e] Hust ¢ 7} w59
HS2A] SRS 54 2ol thek A =9l ket

(lower bound), &-3% %t (target) 2 “33Hgk(upper bound)S Z}

DNS
100

/

100 0 100
HRW Sw

Fig. 1. Simplex-lattice design diagram. DNS: Dark Northern
Spring, HRW: Hard Red Winter, SW: Soft White.
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Table 2. The ramen dough rheological properties and the cooked ramen overall palatability.

Sl Tl T2 T3 T4 T5 T6 T7 T8 T9
amples
P D-100 H-100 S-100 D67-H33  D67-S33  D33-H67  D33-S67  H67-S33  H33-S67
RuA PVHEP)  632EIBIIY 6548 489123.76° 6381037 S80427.69° 645+10.07° 534%21.54 598+0.00° 540949
BD (cP) 168+12.51° 209+18.67° 114+£18.08° 188+17.28" 162+6.04° 208+6.71° 147+13.10° 158+6.71d° 14616.28°
WA (%)  66.5+2.86" 59+1.69%  55£1.97¢  63.74239% 61.442.10° 60.4+1.23% 58.5+1.407%57.141.451% 56.5+1.847%
Farinograp DT (Min)  5.50£0.98° 370£0.57  1.30:0.48°  4.56£0.38" 3.50£051d" 4.30:0.45% 2.500.59° 3.000.38 1.50£0.38¢
SN ST (min)  14.5041.19° 8.9040.63¢ 4.50£0.43% 12.46+0.68° 9.80+0.62° 10.30+0.80° 6.2+0.436" 7.50+0.58° 5.6:0.46'
MTI(BU)  5045.00¢  73+4.47°  103£2.74°  57£2.74"  6242.74°  63+2.74°  10242.74° 674274  98+4.47°
R(gfm 21)“ 2.5740.01° 2.44+0.01° 1.92+0.02" 2.4440.01° 235+0.01° 2.4040.01° 2.38£0.01¢ 2.3240.017 2.10+£0.03¢
Extensograph R(”BSU%?HQI)“ 2.97+0.01° 2.69+0.04° 225+0.04® 2.88+0.02° 2.82+0.01° 2.85+0.02% 2.60£0.04° 2.62+0.04° 2.49+0.03
RIEI3SMIn 510,001 2.8040.04¢ 2.5740.02" 328+0.05° 3.05+0.02¢ 3.15+0.02° 2.9240.02° 2.89+0.02° 2.81+0.04¢
(BUmmy 3-1020. 8240. 570, 2840. 0540. 1540. 9240. 8940. 8140.
Eggﬁf;’t%n OP  5.83+0.77% 6.02+0.60" 4.68+1.15° 5.94+0.60° 5.70+0.34% 6.20+0.76* 5.67+0.62™ 5.80+0.66™ 5.12+0.86™
g;;f;‘;gg; Protein (%) 12.62+0.524° 10.21£0.494% 9.0960.469" 11.8+0.394° 11.43+0.474" 11.00+0.374° 10.26:0.583¢ 9.83+0.427% 9.45+0.428°"

*PV: peak viscosity, BD: breakdown, WA: water absorption, DT: development time, ST: stability, MTI: mechanical tolerance index, R/E 45 min, 90 min
and 135 min: resistance/extensibility 45 min, 90 min and 135 min, respectively, OP: overall palatability
*¢ Average values with the same letters in the same rows mean that they do not have significant differences each other.
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a3 nH
A HH o= Hrhel A
|z 574 2318 2#ste] 1 e
REA QL Wk ZJ Q] RVA,
o] HERA SHAZRE
2P AAE zhe wE 54XE A
HEE Egshin

Fote] W SA4A9F AA| VEe
277+ RS AES T Fig
5%, RVA, S|z @ JXuls
Iz zy 159 JF™-S(first canonical variate, CV) 7F
o] #A 9 Table 3] T/ 4 (canonical correlation
coefficients)ZF-E], A 7|2 %29} RVA, S|z 2
iHlATYE IF e E2 A0 IS ¢ T
)~}\}~}\q— EEE]' Qgg(p)% @'77“ ‘j’q = U:H —‘6] Q—]l—/—\—‘:iﬂi
Yz TFo] HA| 7EEs} e 4EdE B

AA 7159} NN ] W5 59X 9] A 75ﬂ—r(correlatlon
coefficients)= ] 2~El AT 2§ =] R/E 45 min, 3| =2 =
o] W= A A1 ZHDT), RVAL] HZHE(PV)e] o7 =9k

o}, ShH, g FA 9 (standardized canonical coefficients)=

15.00

:

CV-Overall palatability
g g

Table 25 RVA, Fej=2ex @ Qxeliad)x 7z 2 7 289 2L Z$as 715X (weigh) 24 AEHS
& W oy v 54X 9 MA 71SEE vERd Zlojth. AbEd] o] &€tk 2 Auigte] oW dd 15 FE]
15.00 15.00
° 2 ool ° 2 o] °
° ] ° 1 o
° ° s o ° s 00
3 K]
B ° g ° ° g ° o
= 13007 ° = 100 °
[ [
§ §
5 12.00 3 12.00
o 1.0 ° 11,00 °
950 10000 10500 11000 11500 12000 12500 250 2w 2 B0 280 2400 2480 10000 11000 12000 13000 14000
CV-RVA CV-Farinograph CV-Extensograph

Fig. 2. Scatter plot between the first canonical variates (CV) of the RVA, Farinograph and Extensograph of the ramen dough, and
the cooked ramen overall palatability.
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Table 3. The canonical correlation analysis between the ramen dough rheological properties and the cooked ramen overall
palatability.

. . . Standardized canonical Canonical correlation
Quality parameters Correlation coefficients coefficients coefficients p
RVA 0.810 0.041
PV* 0.7601 2.144
BD 0.6532 -1.255
Farinograph 0.877 0.120
WA 0.7119 1.781
DT 0.7882 2.656
ST 0.7118 -3.924
MTI -0.6813 -0.453
Extensograph 0.963 0.002
R/E 45 min 0.9302 1.487
R/E 90 min 0.8063 -1.091
R/E 135 min 0.7428 0.618

*PV: peak viscosity, BD: breakdown, WA: water absorption, DT: development time, ST: stability, MTI: mechanical tolerance index, R/E 45 min, 90 min
and 135 min: resistance/extensibility 45 min, 90 min and 135 min, respectively

i AAS oulsh=t, 4719k o] ¥ AAAFE vl AtHOda et al., 1980; Ohm et al., 2006).

zte= 2"l AT 2 o] R/E 45 min, I8 =2 Z o] b=

FAAZHDT)E RVAS] ATHEPV)E 4] B& G4 57 skAl 7

FEe Bl vl ARA o7 ukE B2 At Table 4= Scheffe 2 3} Thab R d S Aelste] 37548
Ak whs SA4A 0] oS oln| ByE A7 Ay AREAM U pit 2 F2 RS B 39 g W

S} vlaste] o33 o] A stk ol el o 7} gho] frojdnts aeeebd 1 A oRkrdo] AlY

RE= "l$- Ta3ste] A (E)e] wl- A =™ Az w9k ool oy, HlolE 9t fittingS Ve = RS 2¢
=S u]-.gyﬂ Qv,_’ E}Eﬂ/ﬂ(R)o] uH o o 34_% ;)rquq 7]. lr_o].zl oﬂ Lq.a} ﬁyl.o}Oi omg o o]/HJ,]. RAAL u]—_,_
AWk FAE 2H 7] ofHohal ¥He] 3L dth(Hou & Kru.k A e 2 2 TR d S A st AREsHAT
1998; Popper et al., 2010). RI5FZAZHDT)= AMEE < Fig. 32 A% 39 3¢ 202 7E Akke 59use}
73] sk dele SR Nise] £ g & FEES] HAIE AIH R B = SR |Th
At ez gheFo] FrhetH EolA| Al ETH(Nam et al,  Fig. 3-(@)¢t (b)ollAle SWe| o] 7HE TH5¥F S
2000, Lei et al., 2008; Sarker et al., 2008). HXHE=PV)  Adl=t] & JIFS B &, 22 559 F5HSF 3
= ol FoW Wo| didsiA Hu, HAXAEPVYE UF FES fXske Swel wi§elE ohE v e ]tk
wom gagdol] Zrate] W7t ofsta S o fA = 71 22 WElE Holth Popper et al(2010)0] w=H
A Erdo] Sk @@ uho] YA HE= Aoz SwiE wre g ks 7ky 9lo], 2 Ay 2 1]%1

de A ok ESE ANt o R AW LrFF B4 ofdE & WIRE o] &Hw AH o] §F ¢ W AL

T o] HIHE(PV)E 500-800 BUZF 233k Aog oA WE X & 7sstAl ste Zlo] B vt %ttﬂ
B EH JTH(Nam et al,, 2000). =3 H2H=PV)2 4 o] Fig. 3-(b)8] A E(PV)ol ek ahe} L]k},
T E(BD, HIFE} HAHFEL] 2o))e] gho] F5 olof H]3led Fig. 3-(c)¢} (d)= HRW v @H] H3lol] m
02 274 23y HuEge We A £ 90eS By 2 E5W5 wWele 7P Ze Aoz Helth wad

Table 4. Analysis of predicted Scheffe second model equations for the selected ramen dough rheological properties.

Response F-value p R? Scheffe second model equations
Oop* 8.75 0.052 0.9359 0.0576D**+0.0609H+0.0486S+6.758 1 E-5DH+0.0002DS-7.1147E-6HS
PV 2935.49 0.000 0.9998 6.3180D+6.5436H+4.8884S-7.1167E-4DH-0.0015DS-0.0012HS
DT 27.72 0.010 0.9788 0.0540D+0.0384H+0.0126S-7.7054E-5DH-1.4790E-4DS-1.3523E-4HS
R/E 45 min 5.60 0.094 0.9032 0.0235D+0.0245H+0.0195S-3.4498E-5DH+5.3452E-5DS+5.3747E-6HS

* OP: overall palatability, PV: peak viscosity of RVA, DT: development time of Farinograph, R/E 45 min: resistance/extensibility 45 min of Extensograph
**D: DNS (Dark Nothern Spring), H: HRW (Hard Red Winter), S: SW (Soft White)
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Fig. 3. Contour plot of overall palatability (a), RVA peak viscosity (b), Farinograph development time (c), and Extensograph
resistance/extensibility 45 min (d) vs. blended ratios of DNS, HRW and SW.

o]l =SS NEIAAANZDT)e] AA 8] &
A QEdl(Lei et al2008), Fig. 3-()o14 DNSE 7

olw Swe HERow F iy S AAse T8
AEolEE 1 QJFo] WigdE Ro= Algdt &
Shiau et al.(2001)°] WEM whld ko] =SFE Q)

= el =17 =1

WA el e NS 4GS 7, destn

gEole We A & Qo skl =, Fig 3-(d)
oAM= DNS7F BaL SW7F Aojd 45 Add sk A

42 gol ARE & 5 e,

o382l =&t
AA 715x=9] s}, W o eMe] g &
o] 7Hg- W9 E BF WEATE T3S AT
w20 H23} %71S Minitab 229 Aol A Ul~—5ﬂr
o] ARttt WA A 7|E=e Huste] A9 shehgk
I Hx#E dgsliof sk=dl Fig. 3-(a)°t Table 2ENE
Pt = dAstgon, 6.0 o)/ H3x

e 5,59
HHEE A Hulghol =Eshs Ao 2 Yeht o]} 7o)

—
_4

_I}L o

m

ol _IE

555 slelgtdt 628 EHghS A%t E3 desirability
function= 3F3Hgkol A 0, A3kgholl A 1 Alold] AE AAE
743k o] == weight®l 18 F715}% th(Mainitab,
2005).

RVAOIA #2E HIHZ(PV)= 489-654 cPo] ™ (Table
2), oju AFE-E AE9] WM FEE 8%°lth d¥hF o

2 HTHEPVY 5952 e A7) 2L Aow

A JTHOda et al., 1980; Nam et al., 2000; Ohm et
al,, 2006). Wb HA3s 279 W= HIHEPV)
HYsts HH o= 3R on, sstgke 550 cP, s} 3t
= SXES 654 cPE A3t} Desirability function=
shekgkoll Al 0, gt Al 1 Atelol]l A& AAE 7Hg st
o]o] & B = weight¢l 1 F7Fat3it).

odg] dAqzte] ote] BE WEFHAAAZHDT)S HY
= 1.1-52min(Nam et al, 2007) % 1.7-3.5 min(Jeong,
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Table 5. Optimization response for the ramen blended ratios of DNS, HRW and SW with optimization goals.

o Blended ratios (%) L
Response Optimization goals Prediction
DNS HRW SW
OP* Maximize (5.5-6.2)** 5.825
PV (cP) Maximize (550-654) 133 133 13 587.9
DT (min) Minimize (1.5-3.5) ’ ’ ’ 3.100
R/E 45 min (BU/mm) Maximize (2.3-2.6) 2.339

* OP: overall palatability, PV: peak viscosity of RVA, DT: development time of Farinograph, R/E 45 min: resistance/extensibility 45 min of Extensograph
**Lower or upper bounds and target values used for maximization or minimization
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Fig. 4. Overlaid contour plot of overall palatability (OP), RVA
peak viscosity (PV), Farinograph development time (DT), and
Extensograph resistance/extensibility 45 min (R/E 45 min) vs.
blended ratios of DNS, HRW and SW. Blank area represents
the common condition for OP > 5.5, PV > 550 cP, DT < 3.5 min,
and R/E 45 min > 2.3 BU/mm.
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